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Abstract: 100 Gb/s Physical Layer (PHY) specifications and management parameters for operation
on electrical backplanes and twinaxial copper cables are added by this amendment to
IEEE Std 802.3-2012. This amendment also specifies optional Energy Efficient Ethernet (EEE) for
40 Gb/s and 100 Gb/s operation over electrical backplanes and copper cables.
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Important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE documents are made available for use subject to important notices and legal disclaimers. These notices
and disclaimers, or a reference to this page, appear in all standards and may be found under the heading
“Important Notice” or “Important Notices and Disclaimers Concerning IEEE Standards Documents.”

Notice and Disclaimer of Liability Concerning the Use of IEEE Standards
Documents

IEEE Standards documents (standards, recommended practices, and guides), both full-use and trial-use, are
developed within IEEE Societies and the Standards Coordinating Committees of the IEEE Standards
Association (“IEEE-SA”) Standards Board. TEEE (“the Institute”) develops its standards through a
consensus development process, approved by the American National Standards Institute (“ANSI”), which
brings together volunteers representing varied viewpoints and interests to achieve the final product.
Volunteers are not necessarily members of the Institute and participate without compensation from IEEE.
While IEEE administers the process and establishes rules to promote fairness in the consensus development
process, IEEE does not independently evaluate, test, or verify the accuracy of any of the information or the
soundness of any judgments contained in its standards.

IEEE does not warrant or represent the accuracy or content of the material contained in its standards, and
expressly disclaims all warranties (express, implied and statutory) not included in this or any other
document relating to the standard, including, but not limited to, the warranties of: merchantability; fitness
for a particular purpose; non-infringement; and quality, accuracy, effectiveness, currency, or completeness of
material. In addition, IEEE disclaims any and all conditions relating to: results; and workmanlike effort.
IEEE standards documents are supplied “AS IS” and “WITH ALL FAULTS.”

Use of an IEEE standard is wholly voluntary. The existence of an IEEE standard does not imply that there
are no other ways to produce, test, measure, purchase, market, or provide other goods and services related to
the scope of the IEEE standard. Furthermore, the viewpoint expressed at the time a standard is approved and
issued is subject to change brought about through developments in the state of the art and comments
received from users of the standard.

In publishing and making its standards available, IEEE is not suggesting or rendering professional or other
services for, or on behalf of, any person or entity nor is IEEE undertaking to perform any duty owed by any
other person or entity to another. Any person utilizing any IEEE Standards document, should rely upon his
or her own independent judgment in the exercise of reasonable care in any given circumstances or, as
appropriate, seek the advice of a competent professional in determining the appropriateness of a given IEEE
standard.

IN NO EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO:
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR
BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY,
WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR
OTHERWISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE UPON
ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND
REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE.
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Translations

The IEEE consensus development process involves the review of documents in English only. In the event
that an IEEE standard is translated, only the English version published by IEEE should be considered the
approved IEEE standard.

Official statements

A statement, written or oral, that is not processed in accordance with the IEEE-SA Standards Board
Operations Manual shall not be considered or inferred to be the official position of IEEE or any of its
committees and shall not be considered to be, or be relied upon as, a formal position of IEEE. At lectures,
symposia, seminars, or educational courses, an individual presenting information on IEEE standards shall
make it clear that his or her views should be considered the personal views of that individual rather than the
formal position of IEEE.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless of
membership affiliation with IEEE. However, IEEE does not provide consulting information or advice
pertaining to IEEE Standards documents. Suggestions for changes in documents should be in the form of a
proposed change of text, together with appropriate supporting comments. Since IEEE standards represent a
consensus of concerned interests, it is important that any responses to comments and questions also receive
the concurrence of a balance of interests. For this reason, IEEE and the members of its societies and
Standards Coordinating Committees are not able to provide an instant response to comments or questions
except in those cases where the matter has previously been addressed. For the same reason, IEEE does not
respond to interpretation requests. Any person who would like to participate in revisions to an IEEE
standard is welcome to join the relevant IEEE working group.

Comments on standards should be submitted to the following address:

Secretary, IEEE-SA Standards Board
445 Hoes Lane
Piscataway, NJ 08854 USA

Laws and regulations

Users of IEEE Standards documents should consult all applicable laws and regulations. Compliance with the
provisions of any IEEE Standards document does not imply compliance to any applicable regulatory
requirements. Implementers of the standard are responsible for observing or referring to the applicable
regulatory requirements. IEEE does not, by the publication of its standards, intend to urge action that is not
in compliance with applicable laws, and these documents may not be construed as doing so.

Copyrights

IEEE draft and approved standards are copyrighted by IEEE under U.S. and international copyright laws.
They are made available by IEEE and are adopted for a wide variety of both public and private uses. These
include both use, by reference, in laws and regulations, and use in private self-regulation, standardization,
and the promotion of engineering practices and methods. By making these documents available for use and
adoption by public authorities and private users, IEEE does not waive any rights in copyright to the
documents.
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Photocopies

Subject to payment of the appropriate fee, IEEE will grant users a limited, non-exclusive license to
photocopy portions of any individual standard for company or organizational internal use or individual, non-
commercial use only. To arrange for payment of licensing fees, please contact Copyright Clearance Center,
Customer Service, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400. Permission to
photocopy portions of any individual standard for educational classroom use can also be obtained through
the Copyright Clearance Center.

Updating of IEEE Standards documents

Users of IEEE Standards documents should be aware that these documents may be superseded at any time
by the issuance of new editions or may be amended from time to time through the issuance of amendments,
corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the
document together with any amendments, corrigenda, or errata then in effect.

Every IEEE standard is subjected to review at least every ten years. When a document is more than ten years
old and has not undergone a revision process, it is reasonable to conclude that its contents, although still of
some value, do not wholly reflect the present state of the art. Users are cautioned to check to determine that
they have the latest edition of any IEEE standard.

In order to determine whether a given document is the current edition and whether it has been amended
through the issuance of amendments, corrigenda, or errata, visit the IEEE-SA Website at http://
ieeexplore.iece.org/expel/standards.jsp or contact IEEE at the address listed previously. For more
information about the IEEE-SA or IOWA's standards development process, visit the IEEE-SA Website at
http://standards.ieee.org.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE-SA Website at the following URL: http://
standards.ieee.org/findstds/errata/index.html. Users are encouraged to check this URL for errata
periodically.

Patents

Attention is called to the possibility that implementation of this standard may require use of subject matter
covered by patent rights. By publication of this standard, no position is taken by the IEEE with respect to the
existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant has
filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the IEEE-
SA Website at http://standards.ieee.org/about/sasb/patcom/patents.html. Letters of Assurance may indicate
whether the Submitter is willing or unwilling to grant licenses under patent rights without compensation or
under reasonable rates, with reasonable terms and conditions that are demonstrably free of any unfair
discrimination to applicants desiring to obtain such licenses.

Essential Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not
responsible for identifying Essential Patent Claims for which a license may be required, for conducting
inquiries into the legal validity or scope of Patents Claims, or determining whether any licensing terms or
conditions provided in connection with submission of a Letter of Assurance, if any, or in any licensing
agreements are reasonable or non-discriminatory. Users of this standard are expressly advised that
determination of the validity of any patent rights, and the risk of infringement of such rights, is entirely their
own responsibility. Further information may be obtained from the IEEE Standards Association.
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Introduction

This introduction is not part of IEEE Std 802.3bj-2014, IEEE Standard for Ethernet—Amendment 2: Physical Layer
Specifications and Management Parameters for 100 Gb/s Operation Over Backplanes and Copper Cables.

IEEE Std 802.3 was first published in 1985. Since the initial publication, many projects have added
functionality or provided maintenance updates to the specifications and text included in the standard. Each
IEEE 802.3 project/amendment is identified with a suffix (e.g., IEEE Std 802.3ba™-2010).

The Media Access Control (MAC) protocol specified in IEEE Std 802.3 is Carrier Sense Multiple Access
with Collision Detection (CSMA/CD). This MAC protocol was included in the experimental Ethernet
developed at Xerox Palo Alto Research Center. While the experimental Ethernet had a 2.94 Mb/s data rate,
IEEE Std 802.3-1985 specified operation at 10 Mb/s. Since 1985 new media options, new speeds of
operation, and new capabilities have been added to IEEE Std 802.3.

Some of the major additions to IEEE Std 802.3 are identified in the marketplace with their project number.
This is most common for projects adding higher speeds of operation or new protocols. For example,
IEEE Std 802.3u™ added 100 Mb/s operation (also called Fast Ethernet), IEEE Std 802.3x™ specified full
duplex operation and a flow control protocol, IEEE Std 802.3z2™ added 1000 Mb/s operation (also called
Gigabit Ethernet), IEEE Std 802.3a¢™ added 10 Gb/s operation (also called 10 Gigabit Ethernet),
IEEE Std 802.3ah™ specified access network Ethernet (also called Ethernet in the First Mile), and
IEEE Std 802.3ba™ added 40 Gb/s operation (also called 40 Gigabit Ethernet) and 100 Gb/s operation (also
called 100 Gigabit Ethernet). These major additions are all now included in and are superseded by
IEEE Std 802.3-2012 and are not maintained as separate documents.

At the date of IEEE Std 802.3bj-2014 publication, IEEE Std 802.3 is comprised of the following documents:
IEEE Std 802.3-2012

Section One—Includes Clause 1 through Clause 20 and Annex A through Annex H and Annex 4A.
Section One includes the specifications for 10 Mb/s operation and the MAC, frame formats and
service interfaces used for all speeds of operation.

Section Two—Includes Clause 21 through Clause 33 and Annex 22A through Annex 33E. Section
Two includes management attributes for multiple protocols and speed of operation as well as
specifications for providing power over twisted pair cabling for multiple operational speeds. It also
includes general information on 100 Mb/s operation as well as most of the 100 Mb/s Physical Layer
specifications.

Section Three—Includes Clause 34 through Clause 43 and Annex 36A through Annex 43C. Section
Three includes general information on 1000 Mb/s operation as well as most of the 1000 Mb/s
Physical Layer specifications.

Section Four—Includes Clause 44 through Clause 55 and Annex 44A through Annex 55B. Section
Four includes general information on 10 Gb/s operation as well as most of the 10 Gb/s Physical
Layer specifications.

Section Five—Includes Clause 56 through Clause 77 and Annex 57A through Annex 76A.
Clause 56 through Clause 67 and Clause 75 through Clause 77, as well as associated annexes,
specify subscriber access and other Physical Layers and sublayers for operation from 512 kb/s to
10 Gb/s, and defines services and protocol elements that enable the exchange of IEEE Std 802.3
format frames between stations in a subscriber access network. Clause 68 specifies a 10 Gb/s
Physical Layer specification. Clause 69 through Clause 74 and associated annexes specify Ethernet
operation over electrical backplanes at speeds of 1000 Mb/s and 10 Gb/s.
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Section Six—Includes Clause 78 through Clause 90 and Annex 83A through Annex 86A. Clause 78
specifies Energy-Efficient Ethernet. Clause 79 specifies IEEE 802.3 Organizationally Specific Link
Layer Discovery Protocol (LLDP) type, length, and value (TLV) information elements. Clause 80
through Clause 89 and associated annexes includes general information on 40 Gb/s and 100 Gb/s
operation as well the 40 Gb/s and 100 Gb/s Physical Layer specifications. Clause 90 specifies
Ethernet support for time synchronization protocols.

IEEE Std 802.3bk-2013

Amendment 1—This amendment includes changes to EPON as defined in IEEE Std 802.3-2012 and
adds the physical layer specifications and management parameters for EPON operation on point-to-
multipoint passive optical networks supporting extended power budget classes of PX30 (29 dB for
1G-EPON), PX40 (33 dB for 1G-EPON), PRX40 (33 dB for 10/1G-EPON), and PR40 (33 dB for
10/10G-EPON).

IEEE Std 802.3bj-2014

Amendment 2—This amendment includes changes to IEEE Std 802.3-2012 and adds Clause 91
through Clause 94 as well as associated annexes. This amendment adds 100 Gb/s Physical Layer
(PHY) specifications and management parameters for operation on electrical backplanes and
twinaxial copper cables. This amendment also specifies optional Energy Efficient Ethernet (EEE)
for 40 Gb/s and 100 Gb/s operation over electrical backplanes and copper cables.

A companion document IEEE Std 802.3.1™ describes Ethernet management information base (MIB)
modules for use with the Simple Network Management Protocol (SNMP). IEEE Std 802.3.1 is updated to
add management capability for enhancements to IEEE Std 802.3 after approval of the enhancements.

IEEE Std 802.3 will continue to evolve. New Ethernet capabilities are anticipated to be added within the
next few years as amendments to this standard.
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IEEE Std 802.3bj-2014
AMENDMENT TO IEEE Std 802.3-2012: Ethernet

1. Introduction

1.4 Definitions

Insert the following definition after 1.4.49 “10GBASE-X” (renumbered from 1.4.50 due to the deletion of
1.4.27 by IEEE Std 802.3bk-2013) as follows:

1.4.49a 100GBASE-P: An IEEE 802.3 family of Physical Layer devices using 100GBASE-R encoding and
a PMD that employs pulse amplitude modulation with more than 2 levels. (See IEEE Std 802.3, Clause 80.)

Change 1.4.50 (renumbered from 1.4.51 due to the deletion of 1.4.27 by IEEE Std 802.3bk-2013) as
follows:

peration ee atse—82: An IEEE 802 3 famlly of
ths1ca1 Laver devices using 100GBASE- R encoding and a PMD that employs 2-level pulse amplitude

modulation. (See IEEE Std 802.3, Clause 80.)

Insert the following definitions after 1.4.50 “100GBASE-R” (renumbered from 1.4.51 due to the deletion
of 1.4.27 by IEEE Std 802.3bk-2013):

1.4.50a 100GBASE-R encoding: The physical coding sublayer encoding defined in Clause 82 for 100 Gb/s
operation. (See IEEE Std 802.3, Clause 82.)

1.4.50b 100GBASE-CR4: IEEE 802.3 Physical Layer specification for 100 Gb/s using 100GBASE-R
encoding and Clause 91 RS-FEC over four lanes of shielded balanced copper cabling, with reach up to at
least 5 m. (See IEEE Std 802.3, Clause 92.)

Insert the following definitions after 1.4.52 “100GBASE-CR10” (renumbered from 1.4.53 due to the
deletion of 1.4.27 by IEEE Std 802.3bk-2013):

1.4.52a 100GBASE-KP4: IEEE 802.3 Physical Layer specification for 100 Gb/s using 100GBASE-R
encoding, Clause 91 RS-FEC, and 4-level pulse amplitude modulation over four lanes of an electrical
backplane, with a total insertion loss up to 33 dB at 7 GHz. (See IEEE Std 802.3, Clause 94.)

1.4.52b 100GBASE-KR4: IEEE 802.3 Physical Layer specification for 100 Gb/s using 100GBASE-R
encoding, Clause 91 RS-FEC, and 2-level pulse amplitude modulation over four lanes of an electrical
backplane, with a total insertion loss up to 35 dB at 12.9 GHz. (See IEEE Std 802.3 Clause 93.)

Change 1.4.59 (renumbered from 1.4.60 due to the deletion of 1.4.27 by IEEE Std 802.3bk-2013) as
follows:

¢ i S e—82- An IEEE 802 3 famlly of
hyswal Layer dev1ces using 4OGBASE R encodlng (See IEEE Std 802 3, Clause 80.)

Insert the following definition after 1.4.59 “40GBASE-R” (renumbered from 1.4.60 due to the deletion of
1.4.27 by IEEE Std 802.3bk-2013):

1.4.59a 40GBASE-R encoding: The physical coding sublayer encoding defined in Clause 82 for 40 Gb/s
operation. (See IEEE Std 802.3, Clause 82.)
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IEEE Std 802.3bj-2014
AMENDMENT TO IEEE Std 802.3-2012: Ethernet

Insert the following definition after 1.4.127 “channel insertion loss” (renumbered from 1.4.128 due to the
deletion of 1.4.27 by IEEE Std 802.3bk-2013):

1.4.128a Channel Operating Margin (COM): A figure of merit for a channel derived from a measurement
of its scattering parameters. (See IEEE Std 802.3, Clause 93A.1.)

Insert the following definition after 1.4.166 “dedicated service:” (renumbered from 1.4.167 due to the
deletion of 1.4.27 by IEEE Std 802.3bk-2013):

1.4.166a deep sleep: One of the two modes of operation for Energy-Efficient Ethernet. Deep sleep refers to
the mode for which the transmitter ceases transmission during Low Power Idle to maximize the energy
saving potential. (See IEEE Std 802.3, Figure 78-3).

Insert the following definition after 1.4.182 “End-of-Stream Delimiter (ESD)” (renumbered from 1.4.183
due to the deletion of 1.4.27 by IEEE Std 802.3bk-2013):

1.4.182a Energy-Efficient Ethernet (EEE): Provides a protocol for PHYs to coordinate transitions to or
from a lower level of power consumption, without changing the link status and without dropping or

corrupting frames. (See IEEE Std 802.3, Clause 78).

Insert the following definition after 1.4.190 “Fast Link Pulse (FLP) Burst Sequence” (renumbered from
1.4.191 due to the deletion of 1.4.27 by IEEE Std 802.3bk-2013):

1.4.190a fast wake: One of the two modes of operation for Energy-Efficient Ethernet (EEE). Fast wake
refers to the mode for which the transmitter continues to transmit signals during Low Power Idle so that the

receiver can resume operation with a shorter wake time. (See IEEE Std 802.3, Figure 78-3a).

Insert the following definition after 1.4.209 “frame ground” (renumbered from 1.4.210 due to the
deletion of 1.4.27 by IEEE Std 802.3bk-2013):

1.4.209a frame loss ratio: The number of transmitted frames not received as valid by the MAC divided by
the total number of transmitted frames.

1.5 Abbreviations

Insert the following new abbreviations into the abbreviations list in alphabetical order:

COM Channel Operating Margin
DLL Data Link Layer
RS-FEC Reed-Solomon Forward Error Correction
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IEEE Std 802.3bj-2014
AMENDMENT TO IEEE Std 802.3-2012: Ethernet

30. Management

30.2 Managed objects

30.2.5 Capabilities

Insert two new objects into Table 30-1e before aldleErrorCount

Table 30-1e—Capabilities

(A1ojepuew) wmmxumn_ :o_um:omwz-ou:d.

(IEUOI}IPUOD) abB)oed UOND3110)) 10113 pIemio

Jeuonipuod) abeyoed uibiepy Bunesado 1-3SVEO0L

(feuondo) Anjiqeded J03uo 10413 AHd

Xl

Xl

(reuonipuoo) Ayjiqeded 1IN

MAU

(feuonipuod) abexyoed NVIN 310 pueqpeo.g

(Jeuonyipuod) abeyoed Bunjoe] sso eipap

(jeuondo) abeyoed |043uo) NVYIN

(A1ojepuew) abeyoed siseg

(reuonydo) Ayjiqeded Jo3uop 3sing S/qIN 0001

euondo) Ayjigedeq 10}iUO\ S

(reuondo) Ayjiqeden Bujoel] ssaippy

Repeater

(jeuondo) Ajjiqedeq Jojuol doueWIOLDd

(A1oyepuew) Ayjigede) josyuo) oiseg

(feuondo) Ayjiqeded J0juo 10113 AHd

(feuonydo) abexyoed AHd @1dnIniy

(jeuondo) abeyoed |eiia}aq aAISS9IX]

DTE

(jeuondo) abeyoed Aeuy

(jeuondo) abeyoed jeuondo

(leuondo) abeyoed papuswwosay

(A10jepuew) abeyoed Aiojepuely

(A1ojepuew) abeyoed siseg

GET
GET

ATTRIBUTE

ATTRIBUTE

oMAU managed object class (30.5.1)

aRSFECBIPErrorCount

aRSFECLaneMa

in

Copyright © 2014 IEEE. All rights reserved.

Authorized licensed use limited to: Zhejiang University. Downloaded on September 25,2014 at 02:23:24 UTC from IEEE Xplore. Restrictions apply.



IEEE Std 802.3bj-2014
AMENDMENT TO IEEE Std 802.3-2012: Ethernet

Insert four new objects into Table 30-1e, before aSNROpMarginChnlA:

Table 30—1e—Capabilities
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oMAU managed object class (30.5.1)

Insert the following at the end of Table 30-7:

Table 30—7—LLDP capabilities
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IEEE Std 802.3bj-2014
AMENDMENT TO IEEE Std 802.3-2012: Ethernet

Table 30—-7—LLDP capabilities (continued)

LLDP EEE Remote Package (optional

X |IX |LLDP EEE Local Package (optional)

alldpXdot3LocRxFw ATTRIBUTE GET
aLldpXdot3LocRxFwEcho ATTRIBUTE GET
_oLIdedot3RemSystemsGroup managed object class (30.12.3)
alldpXdot3RemTxFw ATTRIBUTE GET X
alldpXdot3RemTxFwEcho ATTRIBUTE GET X
alldpXdot3RemRxFw ATTRIBUTE GET X
aLldpXdot3RemRxFwEcho ATTRIBUTE GET X

30.3 Layer management for DTEs

30.3.2.1.2 aPhyType

Change entry in APPROPRIATE SYNTAX and insert a new entry below that as follows:
APPROPRIATE SYNTAX:

100GBASE-R  Clause 82 100 Gb/s multi-PCS lane 64B/66B using 2-level PAM
100GBASE-P  Clause 82 100 Gb/s multi-PCS lane using >2-level PAM

30.3.2.1.3 aPhyTypeList
Change entry in APPROPRIATE SYNTAX and insert a new entry below that as follows:
APPROPRIATE SYNTAX:

100GBASE-R  Clause 82 100 Gb/s multi-PCS lane 64B/66B using 2-level PAM
100GBASE-P  Clause 82 100 Gb/s multi-PCS lane using >2-level PAM

30.5 Layer management for medium attachment units (MAUSs)

30.5.1.1.2 aMAUType

Change entry in APPROPRIATE SYNTAX and insert new entries below that as follows:
APPROPRIATE SYNTAX:

100GBASE-R  Multi-lane PCS as specified in Clause 82 over undefined_100GBASE-R or
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IEEE Std 802.3bj-2014
AMENDMENT TO IEEE Std 802.3-2012: Ethernet

100GBASE-P PMA/PMD

100GBASE-CR4 100GBASE-R PCS/PMA over 4 lane shielded copper balanced cable PMD
as specified in Clause 92

100GBASE-KR4 100GBASE-R PCS/PMA over an electrical backplane PMD as specified
in Clause 93

100GBASE-KP4 100GBASE-P PCS/PMA over an electrical backplane PMD as specified
in Clause 94

30.5.1.1.11 aBIPErrorCount
Change the first paragraph in BEHAVIOUR DEFINED AS section of 30.5.1.1.11 as follows:

BEHAVIOUR DEFINED AS:
For 40/100GBASE-R PHYs and 100GBASE-P PHYs, an array of BIP error counters. The
counters wildo not increment for other PHY types. The indices of this array (0 to n— 1) denote the
PCS lane number where n is the number of PCS lanes in use. Each element of this array contains
a count of BIP errors for that PCS lane. Increment the counter by one for each BIP error detected
during alignment marker removal in the PCS for the corresponding lane.

30.5.1.1.12 aLaneMapping
Change the first paragraph in BEHAVIOUR DEFINED AS section of 30.5.1.1.12 as follows:

BEHAVIOUR DEFINED AS:
For 40/100GBASE-R PHYs and 100GBASE-P PHYSs, an array of PCS lane identifiers. The
indices of this array (0 to n — 1) denote the service interface lane number where n is the number of
PCS lanes in use. Each element of this array contains the PCS lane number for the PCS lane that
has been detected in the corresponding service interface lane.

Change 30.5.1.1.15, 30.5.1.1.16, 30.5.1.1.17, and 30.5.1.1.18 for RS-FEC as follows:
30.5.1.1.15 aFECability

ATTRIBUTE

APPROPRIATE SYNTAX:
AENUMERATHON An ENUMERATED VALUE that meets the requirement of the description

below
unknown initializing, true state not yet known
supported FEC supported
not supported ~ FEC not supported
BEHAVIOUR DEFINED AS:

A read-only value that indicates if the PHY supports an optional FEC sublayer for forward error
correction (see 65.2 and Clause 74) or supports the Clause 91 mandatory RS-FEC.

If a Clause 45 MDIO Interface to-the-PES is present, then this attribute sl maps to the FEC
capability register (see 45.2.8.2 or 45.2.1.89).;

30.5.1.1.16 aFECmode

ATTRIBUTE
APPROPRIATE SYNTAX:
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AENUMERAHON An ENUMERATED VALUE that meets the requirement of the description

below
unknown initializing, true state not yet known
disabled FEC disabled
enabled FEC enabled
BEHAVIOUR DEFINED AS:

A read-write value that indicates the mode of operation of the optional FEC sublayer for forward
error correction (see 65.2 and Clause 74).

A GET operation returns the current mode of operation of the PHY. A SET operation changes the
mode of operation of the PHY to the indicated value. When Clause 73 Auto-Negotiation is enabled
for a PHY supporting Clause 74 FEC a SET operation is not allowed and a GET operation maps
to the variable FEC-enabled FEC enable in Clause 74.

If a Clause 45 MDIO Interface to-the-PES is present, then this attribute sl maps to the FEC
control register (see 45.2.8.3) for I000BASE-PX or FEC enable bit in BASE-R FEC control
register (see 45.2.1.90).;

30.5.1.1.17 aFECCorrectedBlocks

ATTRIBUTE

APPROPRIATE SYNTAX:
A SEQUENCE of generalized nonresettable counters. Each counter has a maximum increment
rate of 1 200 000 counts per second for 1000 Mb/s implementations, 5 000 000 counts per second
for 10 Gb/s and 40 Gb/s implementations, and 2 500 000 counts per second for 100 Gb/s
implementations.

BEHAVIOUR DEFINED AS:
For 1000BASE-PX, 10/40/100GBASE-R, 100GBASE-P, I0GBASE-PR, or 10/1GBASE-PRX
PHYs, an array of corrected FEC block counters. The counters do not increment for other PHY
types. The indices of this array (0 to N — 1) denote the PESHane the FEC sublayer instance number
where N is the number of PESHanes FEC sublayer instances in use. The number of PESHanes FEC
sublayer instances in use is set to one for PHY's that do not use PCS lanes or use a single FEC
instance for multiple FEC lanes. Each element of this array contains a count of corrected FEC
blocks for that PESHane FEC sublayer instance.

Increment the counter by one for each received block that is corrected by the FEC function in the
PHY for the corresponding lane or FEC sublayer instance.

If a Clause 45 MDIO Interface te-the PES is present, then this attribute maps to the FEC corrected
blocks counter(s) (see 45.2.7.5 and 45.2.1.91 for I0GBASE-R, 45.2.3.39 for I0GBASE-PR and
10/1GBASE-PRX, and 45.2.1.93 for BASE-R, and 45.2.1.92¢ for RS-FEC).;

30.5.1.1.18 aFECUncorrectableBlocks

ATTRIBUTE

APPROPRIATE SYNTAX:
A SEQUENCE of generalized nonresettable counters. Each counter has a maximum increment
rate of 1 200 000 counts per second for 1000 Mb/s implementations, and 5 000 000 counts per
second for 10 Gb/s and 40 Gb/s implementations, and 2 500 000 counts per second for 100 Gb/s
implementations.

BEHAVIOUR DEFINED AS:
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For 1000BASE-PX, 10/40/100GBASE-R, 100GBASE-P, 10GBASE-PR, or 10/1GBASE-PRX
PHYs, an array of uncorrectable FEC block counters. The counters do not increment for other PHY
types. The indices of this array (0 to N — 1) denote the PEStane the FEC sublayer instance number
where N is the number of PEStanes FEC sublayer instances in use. The number of PCStanes FEC
sublayer instances in use is set to one for PHY's that do not use PCS lanes or use a single FEC
instance for multiple FEC lanes. Each element of this array contains a count of corrected FEC
blocks for that PESHane FEC sublayer instance.

Increment the counter by one for each FEC block that is determined to be uncorrectable by the FEC
function in the PHY for the corresponding lane or FEC sublayer instance.

If a Clause 45 MDIO Interface to-the PES is present, then this attribute st maps to the FEC
uncorrectable blocks counter(s) (see 45.2.7.5 and 45.2.1.92 for 10GBASE-R, 45.2.3.40 for
10GBASE-PR and 10/1GBASE-PRX, and 45.2.1.94 for BASE-R, and 45.2.1.92d for RS-FEC).;

Insert 30.5.1.1.26, 30.5.1.1.27, 30.5.1.1.28, 30.5.1.1.29, 30.5.1.1.30, and 30.5.1.1.31 after 30.5.1.1.25:
30.5.1.1.26 aRSFECBIPErrorCount

ATTRIBUTE

APPROPRIATE SYNTAX:
A SEQUENCE of generalized nonresetable counters. Each counter has a maximum increment rate
of 5 000 counts per second for 100 Gb/s implementations.

BEHAVIOUR DEFINED AS:
For 100GBASE-R and 100GBASE-P PHYSs, an array of BIP error counters. The counters do not
increment for other PHY types. The indices of this array (0 to N — 1) denote the PCS lane number
where N is the number of PCS lanes in use. Each element of this array contains a count of BIP
errors for that PCS lane.
Increment the counter by one for each BIP error detected during alignment marker removal in the
PCS for the corresponding lane.
If a Clause 45 MDIO Interface is present, then this attribute maps to the BIP error counters (see
45.2.1.92h and 45.2.1.92i).;

30.5.1.1.27 aRSFECLaneMapping

ATTRIBUTE

APPROPRIATE SYNTAX:
A SEQUENCE of INTEGERS.

BEHAVIOUR DEFINED AS:
For 100GBASE-R and 100GBASE-P PHYs, an array of PCS lane identifiers. The indices of this
array (0 to N — 1) denote the service interface lane number where N is the number of PCS lanes in
use. Each element of this array contains the PCS lane number for the PCS lane that has been
detected in the corresponding service interface lane.
If a Clause 45 MDIO Interface is present, then this attribute maps to the Lane mapping registers
(see 45.2.1.92j and 45.2.1.92k).;

30.5.1.1.28 aRSFECBypassAbility

ATTRIBUTE

APPROPRIATE SYNTAX:
An ENUMERATED VALUE that meets the requirement of the following description:
unknown initializing, true state not yet known

9
Copyright © 2014 IEEE. All rights reserved.

Authorized licensed use limited to: Zhejiang University. Downloaded on September 25,2014 at 02:23:24 UTC from IEEE Xplore. Restrictions apply.



IEEE Std 802.3bj-2014
AMENDMENT TO IEEE Std 802.3-2012: Ethernet

supported FEC bypass ability supported
not supported ~ FEC bypass ability not supported
BEHAVIOUR DEFINED AS:

A read-only value that indicates if the PHY supports an optional RS-FEC bypass ability (see
91.5.3.3).

If a Clause 45 MDIO Interface is present, then this attribute maps to the RS-FEC status register
(see 45.2.1.92b).;

30.5.1.1.29 aRSFECIndicationAbility

ATTRIBUTE
APPROPRIATE SYNTAX:
An ENUMERATED VALUE that meets the requirement of the following description:
unknown initializing, true state not yet known
supported FEC error indication bypass ability supported
not supported  FEC error indication bypass ability not supported
BEHAVIOUR DEFINED AS:

A read-only value that indicates if the PHY supports an optional RS-FEC error indication bypass
ability (see 91.5.3.3).

If a Clause 45 MDIO Interface is present, then this attribute maps to the RS-FEC status register
(see 45.2.1.92b).;

30.5.1.1.30 aRSFECBypassEnable

ATTRIBUTE

APPROPRIATE SYNTAX:
An ENUMERATED VALUE that meets the requirement of the following description:
unknown initializing, true state not yet known
disabled FEC bypass disabled
enabled FEC bypass enabled

BEHAVIOUR DEFINED AS:
A read-write value that indicates the mode of operation of the RS-FEC bypass function (see
91.5.3.3).

A GET operation returns the current mode of operation of the RS-FEC. A SET operation changes
the mode of operation of the RS-FEC to the indicated value.

If a Clause 45 MDIO Interface is present, then this attribute maps to the RS-FEC control register
(see 45.2.1.92a).;

30.5.1.1.31 aRSFECIndicationEnable

ATTRIBUTE
APPROPRIATE SYNTAX:
An ENUMERATED VALUE that meets the requirement of the following description:
unknown initializing, true state not yet known
disabled FEC error indication bypass disabled
enabled FEC error indication bypass enabled
BEHAVIOUR DEFINED AS:

A read-write value that indicates the mode of operation of the RS-FEC error indication bypass
function (see 91.5.3.3).
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A GET operation returns the current mode of operation of the RS-FEC. A SET operation changes
the mode of operation of the RS-FEC to the indicated value.

If a Clause 45 MDIO Interface is present, then this attribute maps to the RS-FEC control register
(see 45.2.1.92a).;

30.6 Management for link Auto-Negotiation
30.6.1.1.5 aAutoNegLocalTechnologyAbility

Insert 100GBASE-CR4, 100GBASE-KR4, and 100GBASE-KP4 after 100GBASE-CR10 as follows:

APPROPRIATE SYNTAX:
A SEQUENCE that meets the requirements of the description below:
global Reserved for future use
other See 30.2.5
unknown Initializing, true state or type not yet known
10BASE-T 10BASE-T half duplex as defined in Clause 14

10BASE-TFD Full duplex 10BASE-T as defined in Clause 14 and Clause 31

100BASE-T4 100BASE-T4 half duplex as defined in Clause 23

100BASE-TX 100BASE-TX half duplex as defined in Clause 25

100BASE-TXFD  Full duplex 100BASE-TX as defined in Clause 25 and Clause 31

FDX PAUSE PAUSE operation for full duplex links as defined in Annex 31B

FDX APAUSE Asymmetric PAUSE operation for full duplex links as defined in Clause 37,
Annex 28B, and Annex 31B

FDX SPAUSE Symmetric PAUSE operation for full duplex links as defined in Clause 37,
Annex 28B, and Annex 31B

FDX BPAUSE Asymmetric and Symmetric PAUSE operation for full duplex links as defined
in Clause 37, Annex 28B, and Annex 31B

100BASE-T2 100BASE-T?2 half duplex as defined in Clause 32

100BASE-T2FD  Full duplex 100BASE-T2 as defined in Clause 31 and Clause 32

1000BASE-X 1000BASE-X half duplex as specified in Clause 36

1000BASE-XFD  Full duplex 1000BASE-X as specified in Clause 31 and Clause 36

1000BASE-T 1000BASE-T half duplex PHY as specified in Clause 40

1000BASE-TFD  Full duplex 1000BASE-T PHY as specified in Clause 31 and as specified in

Clause 40
Rem Faultl Remote fault bit 1 (RF1) as specified in Clause 37
Rem Fault2 Remote fault bit 2 (RF2) as specified in Clause 37
10GBASE-T 10GBASE-T PHY as specified in Clause 55

1000BASE-KXFD Full duplex 1000BASE-KX as specified in Clause 70
10GBASE-KX4FD Full duplex 10GBASE-KX4 as specified in Clause 71
10GBASE-KRFD Full duplex I0GBASE-KR as specified in Clause 72
40GBASE-KR4  40GBASE-KR4 as specified in Clause 84

40GBASE-CR4  40GBASE-CR4 as specified in Clause 85

100GBASE-CR10 100GBASE-CR10 as specified in Clause 85

100GBASE-CR4 100GBASE-CR4 as specified in Clause 92

100GBASE-KR4 100GBASE-KR4 as specified in Clause 93

100GBASE-KP4 100GBASE-KP4 as specified in Clause 94

Rem Fault Remote fault bit (RF) as specified in Clause 73

FEC Capable FEC ability as specified in Clause 73 (see 73.7) and Clause 74
FEC Requested ~ FEC requested as specified in Clause 73 (see 73.7) and Clause 74
isoethernet IEEE Std 802.9 ISLAN-16T
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30.12 Layer Management for Link Layer Discovery Protocol (LLDP)
30.12.2 LLDP Local System Group managed object class

30.12.2.1 LLDP Local System Group attributes

Insert new subclauses 30.12.2.1.30 through 30.12.2.1.33 after 30.12.2.1.29:
30.12.2.1.30 aLldpXdot3LocTxFw

ATTRIBUTE

APPROPRIATE SYNTAX:
BOOLEAN

BEHAVIOUR DEFINED AS:
A GET attribute that returns the value of LPI _FW that the local system
can support in the transmit direction. This attribute maps to the variable
LocTxSystemFW as defined in 78.4.2.3;

30.12.2.1.31 aLldpXdot3LocTxFwEcho

ATTRIBUTE

APPROPRIATE SYNTAX:
BOOLEAN

BEHAVIOUR DEFINED AS:
A GET attribute that returns the value of LPI _FW that the remote system
is advertising that it can support in the transmit direction and is echoed by
the local system under the control of the EEE DLL receiver state diagram.
This attribute maps to the variable LocTxSystemFWEcho as defined in
78.4.2.3;

30.12.2.1.32 aLldpXdot3LocRxFw

ATTRIBUTE

APPROPRIATE SYNTAX:
BOOLEAN

BEHAVIOUR DEFINED AS:
A GET attribute that returns the value of LPI _FW that the local system is
requesting in the receive direction. This attribute maps to the variable
LocRxSystemFW as defined in 78.4.2.3;

30.12.2.1.33 aLldpXdot3LocRxFwEcho

ATTRIBUTE

APPROPRIATE SYNTAX:
BOOLEAN

BEHAVIOUR DEFINED AS:
A GET attribute that returns the value of LPI _FW that the remote system
is advertising that it is requesting in the receive direction and is echoed by
the local system under the control of the EEE DLL transmitter state
diagram. This attribute maps to the variable LocRxSystemFWZEcho as
defined in 78.4.2.3;
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30.12.3 LLDP Remote System Group managed object class
30.12.3.1 LLDP Remote System Group attributes

Insert new subclauses 30.12.3.1.24 through 30.12.2.1.27 after 30.12.2.1.23:
30.12.3.1.24 aLldpXdot3RemTxFw

ATTRIBUTE

APPROPRIATE SYNTAX:
BOOLEAN

BEHAVIOUR DEFINED AS:
A GET attribute that returns the value of LPI_FW that the remote system
can support in the transmit direction. This attribute maps to the variable
RemTxSystemFW as defined in 78.4.2.3;

30.12.3.1.25 aLldpXdot3RemTxFwEcho

ATTRIBUTE

APPROPRIATE SYNTAX:
BOOLEAN

BEHAVIOUR DEFINED AS:
A GET attribute that returns the value of LPI_FW that the local system is
advertising that it can support in the transmit direction as echoed by the
remote system under the control of the EEE DLL receiver state diagram.
This attribute maps to the variable RemTxSystemFWEcho as defined in
78.4.2.3;

30.12.3.1.26 aLldpXdot3RemRxFw

ATTRIBUTE

APPROPRIATE SYNTAX:
BOOLEAN

BEHAVIOUR DEFINED AS:
A GET attribute that returns the value of LPI_FW that the remote system
is requesting in the receive direction. This attribute maps to the variable
RemRxSystemFW as defined in 78.4.2.3;

30.12.3.1.27 aLldpXdot3RemRxFwEcho

ATTRIBUTE

APPROPRIATE SYNTAX:
BOOLEAN

BEHAVIOUR DEFINED AS:
A GET attribute that returns the value of LPI_FW that the local system is
advertising that it is requesting in the receive direction as echoed by the
remote system under the control of the EEE DLL transmitter state
diagram. This attribute maps to the variable RemRxSystemFWEcho as
defined in 78.4.2.3;
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45. Management Data Input/Output (MDIO) Interface
45.2.1 PMA/PMD registers

Change the identified Reserved row in Table 45-3 as follows:

Table 45-3—PMA/PMD registers

Register address Register name Subclause
+16-threugh 129 Reserved
1.16 EEE capability register 45.2.1.13a
1.17 through 1.29 Reserved

Change Table 45-3 from register addresses 1.162 through 1.1499 as follows:

Table 45-3—PMA/PMD registers

Register address Register name Subclause
+162-threugh 1169 Reserved
1.162 through 1.164 PMA overhead control 1, 2, and 3 registers 45.2.1.88a
1.165.1.166 PMA overhead status 1 and 2 registers 45.2.1.88b
1.167 through 1.169 Reserved
1.170 BASE-R FEC ability 45.2.1.89
1.171 BASE-R FEC control 45.2.1.90
1.172 through 1.173 10GBASE-R FEC corrected blocks counter 45.2.1.91
1.174 through 1.175 10GBASE-R FEC uncorrected blocks counter 45.2.1.92
+176-threugh1299 Reserved
1.176 through 1.199 Reserved
1.200 RS-FEC control register 45.2.1.92a
1.201 RS-FEC status register 45.2.1.92b
1.202, 1.203 RS-FEC corrected codewords counter 45.2.1.92¢
1.204. 1.205 RS-FEC uncorrected codewords counter 45.2.1.92d
1.206 RS-FEC lane mapping register 45.2.1.92¢
1.207 through 1.209 Reserved
1.210 through 1.217 RS-FEC symbol error counter, lane 0 to 3 i—ngiggf
1.218 through 1.229 Reserved
1.230 through 1.249 RS-FEC BIP error counter, lane 0 to 19 i—‘m?
1.250 through 1.269 RS-FEC PCS lane mapping, lane 0 to 19 %‘}2‘
1.270 through 1.279 Reserved
1.280 through 1.283 RS-FEC PCS alignment status 1 through 4 45.2.1.921
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Table 45-3—PMA/PMD registers (continued)

Register address Register name Subclause
1.284 through 1.299 Reserved
1.300 through 1.339 BASE-R FEC corrected blocks counter, lanes 0 452.1.93
through 19
1.340 through 1.699 Reserved
1.700 through 1.739 BASE-R FEC uncorrected blocks counter, lanes 0 45.2.1.94
through 19
1.740 through 1.1099 Reserved
1.1100 BASE-R LP coefficient update, lane 0 (copy) 452.1.81
1.1101 through 1.1109 BASE-R LP coefficient update, lanes 1 through 9 45.2.1.95
1.1110 through 1.1199 Reserved
1.1200 BASE-R LP status report, lane 0 (copy) 452.1.82
1.1201 through 1.1209 BASE-R LP status report, lanes 1 through 9 45.2.1.96
1.1210 through 1.1299 Reserved
1.1300 BASE-R LD coefficient update, lane 0 (copy) 45.2.1.83
1.1301 through 1.1309 BASE-R LD coefficient update, lanes 1 through 9 45.2.1.97
1.1310 through 1.1399 Reserved
1.1400 BASE-R LD status report, lane 0 (copy) 452.1.84
1.1401 through 1.1409 BASE-R LD status report, lanes 1 through 9 45.2.1.98
+1410-threugh 11499 Reserved
1.1410 through 1.1449 Reserved
1.1450 through 1.1453 PMD training pattern, lanes 0 to 3 45.2.1.98a
1.1454 through 1.1499 Reserved
45.2.1.2 PMA/PMD status 1 register (Register 1.1)
Change the first row of Table 45-5 and insert the following rows below that row:
Table 45-5—PMA/PMD status 1 register bit definitions
Bit(s) Name Description R/W?
1.1.15:810 Reserved Ienere-onread-Value always 0. writes ignored RO
1.1.9 PIASA PMA ingress AUI stop ability RO
1.1.8 PEASA PMA egress AUI stop ability RO

#RO = Read only, LL = Latching low
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Insert the following subclauses after 45.2.1.2 (before 45.2.1.2.1):
45.2.1.2.a PMA ingress AUI stop ability (1.1.9)

If bit 1.1.9 is set to one, then the PMA is indicating that the PMA sublayer attached by the ingress AUI is
permitted to stop signaling during LPI. If the bit is set to zero, then the PMA is indicating that the PMA
sublayer attached by the ingress AUI is not permitted to stop signaling during LPI. If the PMA sublayer
attached by the ingress AUI does not support EEE capability or is not capable to stop signaling, then this bit
has no effect.

45.2.1.2.b PMA egress AUI stop ability (1.1.8)

If bit 1.1.8 is set to one, then the PMA is indicating that the PMA sublayer attached by the egress AUI is
permitted to stop signaling during LPI. If the bit is set to zero, then the PMA is indicating that the PMA
sublayer attached by the egress AUI is not permitted to stop signaling during LPI. If the PMA sublayer
attached by the egress AUI does not support EEE capability or is not capable to stop signaling, then this bit
has no effect.

45.2.1.6 PMA/PMD control 2 register (Register 1.7)

Change Table 45-7 as follows:

Table 45-7—PMA/PMD control 2 register bit definitions

Bit(s) Name Description R/W?
1.7.15:610 Reserved Value always 0, writes ignored R/W
1.7.9 PIASE PMA ingress AUI stop enable R/W
1.7.8 PEASE PMA egress AUI stop enable R/W
1.7.7:6 Reserved Value always 0, writes ignored R/W
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Table 45-7—PMA/PMD control 2 register bit definitions (continued)

Bit(s) Name Description R/W?*
1.7.5:0 PMA/PMD type selection | 543210 R/W
1 1 x x X x = reserved for future use
e =reservedforfutttretise
101111 =reserved for future use
101110=100GBASE-CR4 PMA/PMD

101101=100GBASE-KR4 PMA/PMD
101100=100GBASE-KP4 PMA/PMD
10101 1=100GBASE-ER4 PMA/PMD
10101 0=100GBASE-LR4 PMA/PMD
10100 1=100GBASE-SR10 PMA/PMD
101000=100GBASE-CR10 PMA/PMD
1001 1x=reserved for future use
10010 1=reserved for future use
1001 00=40GBASE-FR PMA/PMD
10001 1=40GBASE-LR4 PMA/PMD
10001 0=40GBASE-SR4 PMA/PMD
10000 1=40GBASE-CR4 PMA/PMD
10000 0=40GBASE-KR4 PMA/PMD
011111=10/1GBASE-PRX-U4
011110=10GBASE-PR-U4
011101=10/1GBASE-PRX-D4
011100=10GBASE-PR-D4

01101 1=reserved

01101 0=10GBASE-PR-U3
011001=10GBASE-PR-U1
011000=10/1GBASE-PRX-U3
010111=10/1GBASE-PRX-U2
010110=10/1GBASE-PRX-U1
010101=10GBASE-PR-D3
010100=10GBASE-PR-D2

01001 1=10GBASE-PR-D1
010010=10/1GBASE-PRX-D3
010001=10/1GBASE-PRX-D2
010000=10/1GBASE-PRX-D1
00111 1=10BASE-T PMA/PMD
001110=100BASE-TX PMA/PMD
001101=1000BASE-KX PMA/PMD
001100=1000BASE-T PMA/PMD
00101 1=10GBASE-KR PMA/PMD
00101 0=10GBASE-KX4 PMA/PMD
00100 1=10GBASE-T PMA
001000=10GBASE-LRM PMA/PMD
00011 1=10GBASE-SR PMA/PMD
000110=10GBASE-LR PMA/PMD
00010 1=10GBASE-ER PMA/PMD
000100=10GBASE-LX4 PMA/PMD
00001 1=10GBASE-SW PMA/PMD
00001 0=10GBASE-LW PMA/PMD
00000 1=10GBASE-EW PMA/PMD
000000=10GBASE-CX4 PMA/PMD

4R/W = Read/Write
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Insert the following new subclauses after 45.2.1.6 (before 45.2.1.6.1):

45.2.1.6.a PMA ingress AUI stop enable (1.7.9)

If bit 1.7.9 is set to 1 then the PMA may stop the ingress direction AUI signaling during LPI otherwise it
shall keep active signaling on that AUI If the PMA does not support EEE capability or is not able to stop the
ingress direction AUI signaling (see 45.2.1.2.a) then this bit has no effect.

45.2.1.6.b PMA egress AUI stop enable (1.7.8)

Ifbit 1.7.8 is set to 1 then the PMA may stop the egress direction AUI signaling during LPI otherwise it shall
keep active signaling on that AUIL If the PMA does not support EEE capability or is not able to stop the
egress direction AUI signaling (see 45.2.1.2.b) then this bit has no effect.

45.2.1.7.4 Transmit fault (1.8.11)

Insert the following rows between “40GBASE-FR” and “100GBASE-LR4, 100GBASE-ER4” in
Table 45-9:

Table 45-9—Transmit fault description location

PMA/PMD Description location
100GBASE-KP4 94.3.8
100GBASE-KR4 93.7.10
100GBASE-CR4 92.7.10

45.2.1.7.5 Receive fault (1.8.10)

Insert the following rows between “40GBASE-FR” and “l100GBASE-LR4, 100GBASE-ER4” in
Table 45-10:

Table 45—10—Receive fault description location

PMA/PMD Description location
100GBASE-KP4 94.3.9
100GBASE-KR4 93.7.11
100GBASE-CR4 92.7.11

Change 45.2.1.8 for transmit disable as follows:
45.2.1.8 PMD transmit disable register (Register 1.9)

The assignment of bits in the PMD transmit disable register is shown in Table 45-11. The transmit disable
functionality is optional and a PMD’s ability to perform the transmit disable functionality is advertised in the
PMD transmit disable ability bit 1.8.8. A PMD that does not implement the transmit disable functionality
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shall ignore writes to the PMD transmit disable register and may return a value of zero for all bits. A PMD
device that operates using a single lane and has implemented the transmit disable function shall use bit 1.9.0
to control the function. Such devices shall ignore writes to bits 1.9.10:1 and return a value of zero for those
bits when they are read. The description of the transmit disable function for the various PMA/PMDs is given
in Table 45-11a. Thetransmit-disable—funection—for the t0GBASE-KRPMD-is—deseribed—in72-:6-5Fo

A

NOTE—Disabling the transmitter on one or more lanes stops the entire link from carrying data.

Table 45-11a—Transmit disable description location

PMA/PMD Description location
10GBASE-KR 72.6.5
10GBASE-LRM 68.4.7
Other 10GBASE-R 52.4.7
10GBASE-LX4 53.4.7
10GBASE-CX4 54.5.6
10GBASE-T 55.4.2.3
10GBASE-KX4 71.6.6
40GBASE-KR4 84.7.6
40GBASE-CR4 and 100GBASE-CR10 85.7.6
40GBASE-SR4 and 100GBASE-SR10 86.5.7
40GBASE-LR4 87.5.7
40GBASE-FR 89.5.6
100GBASE-KP4 94.3.6.6
100GBASE-KR4 93.7.6
100GBASE-CR4 92.7.6
100GBASE-LR4 and 100GBASE-ER4 88.5.7
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45.2.1.12 40G/100G PMA/PMD extended ability register (Register 1.13)

Insert the following rows into Table 4515 in place of the reserved row for bits 1.13.14:12:

Table 45-15—40G/100G PMA/PMD extended ability register bit definitions

Bit(s) Name Description R/W?

1.13.14 100GBASE-CR4 ability 1 =PMA/PMD is able to perform 100GBASE-CR4 RO
0 =PMA/PMD is not able to perform 100GBASE-CR4

1.13.13 100GBASE-KR4 ability 1 =PMA/PMD is able to perform 100GBASE-KR4 RO
0 =PMA/PMD is not able to perform 100GBASE-KR4

1.13.12 100GBASE-KP4 ability 1 =PMA/PMD is able to perform 100GBASE-KP4 RO
0 =PMA/PMD is not able to perform 100GBASE-KP4

#RO = Read only

Insert the following new subclauses before 45.2.1.12.2 (after 45.2.1.12.1):

45.2.1.12.1a 100GBASE-CR4 ability (1.13.14)

When read as a one, bit 1.13.14 indicates that the PMA/PMD is able to operate as a 100GBASE-CR4
PMA/PMD type. When read as a zero, bit 1.13.14 indicates that the PMA/PMD is not able to operate as a
100GBASE-CR4 PMA/PMD type.

45.2.1.12.1b 100GBASE-KR4 ability (1.13.13)

When read as a one, bit 1.13.13 indicates that the PMA/PMD is able to operate as a 100GBASE-KR4
PMA/PMD type. When read as a zero, bit 1.13.13 indicates that the PMA/PMD is not able to operate as a
100GBASE-KR4 PMA/PMD type.

45.2.1.12.1c 100GBASE-KP4 ability (1.13.12)

When read as a one, bit 1.13.12 indicates that the PMA/PMD is able to operate as a 100GBASE-KP4
PMA/PMD type. When read as a zero, bit 1.13.12 indicates that the PMA/PMD is not able to operate as a
100GBASE-KP4 PMA/PMD type.

Insert the following subclause after 45.2.1.13 (before 45.2.1.14) as follows:

45.2.1.13a EEE capability (Register 1.16)

This register is used to indicate the capability of the PMA/PMD to support EEE functions for each PHY
type. The assignment of bits in the EEE capability register is shown in Table 45—15a.
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Table 45—-15a—EEE capability register bit definitions

Bit(s) Name Description R/W?
1.16.15:12 | Reserved Ignore on read RO
LIGI | 100GBASE-CRAdespsleep | o ZEr Gec) Ject s notsupported for 100GBASE.CR4 | RO
LIGI0  100GBASEKRA deepsieep | B 4Ech SECh s notsupported for 100GBASE KRS | RO
1.16.9 100GBASE-KP4 deep sleep 1 = EEE deep sleep is supported for 100GBASE-KP4 RO

0 = EEE deep sleep is not supported for I00GBASE-KP4

1 = EEE deep sleep is supported for 100GBASE-CR10
1.16.8 100GBASE-CR10 deep sleep | 0= EEE deep sleep is not supported for RO
100GBASE-CR10

1.16.7:2 Reserved Value always 0, writes ignored RO
1 = EEE deep sleep is supported for 40GBASE-CR4

L16.1 40GBASE-CR#4 deep sleep 0 = EEE deep sleep is not supported for 40GBASE-CR4 RO

116.0 40GBASE-KR4 deep sleep 1 = EEE deep sleep is supported for 40GBASE-KR4 RO

0 = EEE deep sleep is not supported for 40GBASE-KR4

4RO = Read only

45.2.1.13a.1 100GBASE-CR4 EEE deep sleep supported (1.16.11)

If the device supports EEE deep sleep operation for 100GBASE-CR4 as defined in 92.1, this bit shall be set
to a one; otherwise this bit shall be set to a zero.

45.2.1.13a.2 100GBASE-KR4 EEE deep sleep supported (1.16.10)

If the device supports EEE deep sleep operation for I00GBASE-KR4 as defined in 93.1, this bit shall be set
to a one; otherwise this bit shall be set to a zero.

45.2.1.13a.3 100GBASE-KP4 EEE deep sleep supported (1.16.9)

If the device supports EEE deep sleep operation for I00GBASE-KP4 as defined in 94.1, this bit shall be set
to a one; otherwise this bit shall be set to a zero.

45.2.1.13a.4 100GBASE-CR10 EEE deep sleep supported (1.16.8)

If the device supports EEE deep sleep operation for I00GBASE-CR10 as defined in 85.1, this bit shall be set
to a one; otherwise this bit shall be set to a zero.

45.2.1.13a.5 40GBASE-CR4 EEE deep sleep supported (1.16.1)

If the device supports EEE deep sleep operation for 40GBASE-CR4 as defined in 85.1, this bit shall be set to
a one; otherwise this bit shall be set to a zero.

45.2.1.13a.6 40GBASE-KR4 EEE deep sleep supported (1.16.0)

If the device supports EEE deep sleep operation for 40GBASE-KR4 as defined in 84.1, this bit shall be set to
a one; otherwise this bit shall be set to a zero.
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Change 45.2.1.79 as follows:
45.2.1.79 BASE-R PMD control register (Register 1.150)
The BASE-R PMD control register is used for 10GBASE-KR and other PHY types using the PMDs

described in Clause 72, Clause 84, er Clause 85, Clause 92, Clause 93, or Clause 94. The assignment of bits
in the BASE-R PMD control register is shown in Table 45-58.

Change 45.2.1.80 as follows:
45.2.1.80 BASE-R PMD status register (Register 1.151)
The BASE-R PMD status register is used for I0GBASE-KR and other PHY types using the PMDs described

in Clause 72, Clause 84, er Clause 85, Clause 92, Clause 93, or Clause 94. The assignment of bits in the
BASE-R PMD status register is shown in Table 45-59.

Change the first paragraph of 45.2.1.81 as follows:
45.2.1.81 BASE-R LP coefficient update, lane 0 register (Register 1.152)

The BASE-R LP coefficient update, lane 0 register is used for IGBASE-KR and other PHY types using the
PMDs described in Clause 72, Clause 84, er Clause 85, Clause 92, Clause 93, or Clause 94. The BASE-R
LP coefficient update, lane 0 register reflects the contents of the first 16-bit word of the training frame most
recently received from the control channel for lane 0 or for a single-lane PHY.

Change the first paragraph of 45.2.1.82 as follows:
45.2.1.82 BASE-R LP status report, lane 0 register (Register 1.153)

The BASE-R LP status report, lane 0 register is used for I0GBASE-KR and other PHY types using the
PMDs described in Clause 72, Clause 84, er Clause 85, Clause 92, Clause 93, or Clause 94. The BASE-R
LP status report, lane 0 register reflects the contents of the second 16-bit word of the training frame most
recently received from the control channel for lane 0 or for a single-lane PHY.

Change the first paragraph of 45.2.1.83 as follows:
45.2.1.83 BASE-R LD coefficient update, lane 0 register (Register 1.154)

The BASE-R LD coefficient update, lane 0 register is used for I0GBASE-KR and other PHY types using
the PMDs described in Clause 72, Clause 84, or Clause 85, Clause 92, Clause 93, or Clause 94. The BASE-
R LD coefficient update, lane 0 register reflects the contents of the first 16-bit word of the outgoing training
frame as defined by the LD receiver adaptation process in 72.6.10.2.5 for lane 0 or for a single-lane PHY.

Change the first paragraph of 45.2.1.84 as follows:
45.2.1.84 BASE-R LD status report, lane 0 register (Register 1.155)

The BASE-R LD status report, lane 0 register is used for I0GBASE-KR and other PHY types using the
PMDs described in Clause 72, Clause 84, er Clause 85, Clause 92, Clause 93, or Clause 94. The BASE-R
LD status report, lane 0 register reflects the contents of the second 16-bit word of the current outgoing
training frame, as defined in the training state diagram in Figure 72—5 for lane 0 or for a single-lane PHY.
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Insert 45.2.1.88a and 45.2.1.88b after 45.2.1.88.6 (before 45.2.1.89) for PMA overhead control and status
as follows:

45.2.1.88a PMA overhead control 1, 2, and 3 registers (Register 1.162 through 1.164)
Assignment of bits in the PMA overhead control 1, 2, and 3 registers is shown in Table 45—67a. These bits

shall be reset to the default values indicated in Table 45—67a upon PHY reset. For the 100GBASE-KP4 PHY
the use of these registers is specified in 94.2.2.3 and 94.2.3.1.

Table 45-67a—PMA overhead control 1, 2, and 3 register bit definitions

Bit(s) Name Description R/W?
1.162.15:13 | Reserved Value always zero, writes ignored RO
. PMA transmit overhead Sequence of overhead groups for lane 0 RIW
1.162.12:8 sequence 0 Default =00110
) . Bit pattern for 8-bit transmit overhead group
1.162.7:0 PMA transmit overhead pattern Default = 01100110 R/W
1.163.15 Reserved Value always zero, writes ignored RO
. PMA transmit overhead Sequence of overhead groups for lane 3 RIW
1.163.14:10 sequence 3 Default = 11001
. PMA transmit overhead Sequence of overhead groups for lane 2 RIW
1.163.9:5 sequence 2 Default =10101
. PMA transmit overhead Sequence of overhead groups for lane 1
1.163.4:0 sequence 1 Default=01010 RAW
1.164.15:8 Reserved Value always zero, writes ignored RO
) . Bit pattern for 8-bit receive overhead group
1.164.7:0 PMA receive overhead pattern Default = 01100110 R/W

aR/W = Read/Write, RO = Read only

45.2.1.88b PMA overhead status 1 and 2 registers (Register 1.165, 1.166)

Assignment of bits in the PMA overhead status 1 and 2 registers is shown in Table 45-67b. These bits shall
be reset to all zeros upon PHY reset. For the I00GBASE-KP4 PHY the use of these registers is specified in
94.2.3.1.
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Table 45-67b—PMA overhead status 1 and 2 register bit definitions

Bit(s) Name Description R/W?
1.165.15:12 | Reserved Value always zero, writes ignored RO
1.165.11:6 PMA receive overhead sequence 1 Sequence of overhead groups for lane 1 RO
1.165.5:0 PMA receive overhead sequence 0 Sequence of overhead groups for lane 0 RO
1.166.15:12 | Reserved Value always zero, writes ignored RO
1.166.11:6 PMA receive overhead sequence 3 Sequence of overhead groups for lane 3 RO
1.166.5:0 PMA receive overhead sequence 2 Sequence of overhead groups for lane 2 RO

4R/W = Read/Write, RO = Read only

Insert 45.2.1.92a through 45.2.1.920 after 45.2.1.92 (before 45.2.1.93) for RS-FEC registers:
45.2.1.92a RS-FEC control register (Register 1.200)

The assignment of bits in the RS-FEC control register is shown in Table 45-71a.

Table 45-71a—RS-FEC control register bit definitions

Bit(s) Name Description R/W?

1.200.15:2 Reserved Value always zero, writes ignored RO

1 = FEC decoder does not indicate errors to the PCS

12001 FEC bypass indication enable 0 = FEC decoder indicates errors to the PCS layer R/W
1 = FEC decoder performs error detection without error
. correction
.200. . W
12000 FEC bypass correction enable 0 = FEC decoder performs error detection and error R/
correction

2R/W = Read/Write, RO = Read only

45.2.1.92a.1 FEC bypass indication enable (1.200.1)

This bit enables the RS-FEC decoder to bypass error indication to the upper layers (PCS) through the sync
bits for the BASE-R PHY in the Local Device. When set to a one, this bit enables bypass of the error
indication. When set to a zero, errors are indicated to the PCS through the sync bits. Writes to this bit are
ignored and reads return a zero if the RS-FEC does not have the ability to bypass indicating decoding errors
to the PCS layer (see 91.5.3.3).

45.2.1.92a.2 FEC bypass correction enable (1.200.0)

When this bit is set to one the Reed-Solomon decoder performs error detection without error correction (see
91.5.3.3). When this bit is set to zero, the decoder also performs error correction. Writes to this bit are
ignored and reads return a zero if the RS-FEC does not have the ability to bypass correction (see 91.5.3.3).
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45.2.1.92b RS-FEC status register (Register 1.201)

The assignment of bits in the RS-FEC status register is shown in Table 45-71b.

Table 45-71b—RS-FEC status register bit definitions

Bit(s) Name Description R/W?
. 1 = FEC encoder has locked and aligned all PCS lanes
120115 PCS lane alignment status 0 =FEC encoder has not locked and aligned all PCS lanes RO
. 1 = RS-FEC receive lanes locked and aligned
1.201.14 FEC1 1 t stat . RO
anc allgnment status 0 = RS-FEC receive lanes not locked and aligned
1.201.13:12 | Reserved Value always zero, writes ignored RO
1 =RS-FEC receive lane 3 locked and aligned
1.201.11 FEC AM lock 3 . . RO
o 0 =RS-FEC receive lane 3 not locked and aligned
1 =RS-FEC receive lane 2 locked and aligned
1.201.10 FEC AM lock 2 R
¢ o¢ 0 =RS-FEC receive lane 2 not locked and aligned 0
1 =RS-FEC receive lane 1 locked and aligned
1.201.9 FEC AM lock 1 . . R
¢ o¢ 0 =RS-FEC receive lane 1 not locked and aligned 0
1 = RS-FEC receive lane 0 locked and aligned
1.201.8 FEC AM lock 0 . . RO
oc 0 = RS-FEC receive lane 0 not locked and aligned
1.201.7:3 Reserved Value always zero, writes ignored RO
. 1 = FEC errors have exceeded threshold
1.201.2 RS-FEC high SER 0 = FEC errors have not exceeded threshold ROLH
e 1 = FEC decoder has the ability to bypass error indication
1.201.1 FEC Dypass Indication 0 = FEC decoder does not have the ability to bypass error | RO
Y indication
FEC bypass correction 1 = FEC decoder has the ability to bypass error correction
1.201.0 o VP 0 =FEC decoder does not have the ability to bypass error | RO
ability correction

#RO = Read only, LH = Latching high

45.2.1.92b.1 PCS align status (1.201.15)

When read as a one, bit 1.201.15 indicates that the RS-FEC described in Clause 91 has locked and aligned
all transmit PCS lanes. When read as a zero, bit 1.201.15 indicates that the RS-FEC has not locked and
aligned all transmit PCS lanes. A device that implements the RS-FEC status register but does not implement
a separated RS-FEC shall return a one for bit 1.201.15.

45.2.1.92b.2 RS-FEC align status (1.201.14)
When read as a one, bit 1.201.14 indicates that the RS-FEC described in Clause 91 has locked and aligned

all receive RS-FEC lanes. When read as a zero, bit 1.201.14 indicates that the RS-FEC has not locked and
aligned all receive RS-FEC lanes.
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45.2.1.92b.3 FEC AM lock 3 (1.201.11)

When read as a one, bit 1.201.11 indicates that the RS-FEC described in Clause 91 has locked and aligned
FEC lane 3. When read as a zero, bit 1.201.11 indicates that the RS-FEC has not locked and aligned FEC
lane 3. This bit reflects the state of amps_lock[3] (see 91.5.3.1).

45.2.1.92b.4 FEC AM lock 2 (1.201.10)

When read as a one, bit 1.201.10 indicates that the RS-FEC described in Clause 91 has locked and aligned
FEC lane 2. When read as a zero, bit 1.201.10 indicates that the RS-FEC has not locked and aligned FEC
lane 2. This bit reflects the state of amps_lock[2] (see 91.5.3.1).

45.2.1.92b.5 FEC AM lock 1 (1.201.9)

When read as a one, bit 1.201.9 indicates that the RS-FEC described in Clause 91 has locked and aligned
FEC lane 1. When read as a zero, bit 1.201.9 indicates that the RS-FEC has not locked and aligned FEC lane
1. This bit reflects the state of amps_lock[1] (see 91.5.3.1).

45.2.1.92b.6 FEC AM lock 0 (1.201.8)

When read as a one, bit 1.201.8 indicates that the RS-FEC described in Clause 91 has locked and aligned
FEC lane 0. When read as a zero, bit 1.201.8 indicates that the RS-FEC has not locked and aligned FEC lane
0. This bit reflects the state of amps_lock[0] (see 91.5.3.1).

45.2.1.92b.7 RS-FEC high SER (1.201.2)

When FEC bypass_indication_enable is set to one, this bit is set to one if the number of RS-FEC symbol
errors in a window of 8192 codewords exceeds the threshold (see 91.5.3.3) and is set to zero otherwise. The
bit is set to zero if FEC bypass_indication enable is set to zero. This bit shall be implemented with latching
high behavior.

45.2.1.92b.8 FEC bypass indication ability (1.201.1)

The Reed-Solomon decoder may have the option to perform error detection without error indication (see
91.5.3.3) to reduce the delay contributed by the RS-FEC sublayer. This bit is set to one to indicate that the
decoder has this ability to bypass error indication. The bit is set to zero if this ability is not supported.

45.2.1.92b.9 FEC bypass correction ability (1.201.0)

The Reed-Solomon decoder may have the option to perform error detection without error correction (see
91.5.3.3) to reduce the delay contributed by the RS-FEC sublayer. This bit is set to one to indicate that the
decoder has this ability to bypass error correction. The bit is set to zero if this ability is not supported.

45.2.1.92c RS-FEC corrected codewords counter (Register 1.202, 1.203)

The assignment of bits in the RS-FEC corrected codewords counter register is shown in Table 45—71c. See
91.6.8 for a definition of this register. These bits shall be reset to all zeros when the register is read by the
management function or upon PHY reset. These bits shall be held at all ones in the case of overflow. Regis-
ters 1.202, 1.203 are used to read the value of a 32-bit counter. When registers 1.202 and 1.203 are used to
read the 32-bit counter value, the register 1.202 is read first, the value of the register 1.203 is latched when
(and only when) register 1.202 is read, and reads of register 1.203 return the latched value rather than the
current value of the counter.
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Table 45-71c—RS-FEC corrected codewords counter register bit definitions

Bit(s) Name Description R/W?
1.202.15:0 FEC corrected codewords lower FEC corrected cw_counter[15:0] RO, NR
1.203.15:0 FEC corrected codewords upper FEC corrected cw_counter[31:16] RO, NR

#RO = Read only, NR = Non Roll-over

45.2.1.92d RS-FEC uncorrected codewords counter (Register 1.204, 1.205)

The assignment of bits in the RS-FEC uncorrected codewords counter register is shown in Table 45-71d.
See 91.6.9 for a definition of this register. These bits shall be reset to all zeros when the register is read by
the management function or upon PHY reset. These bits shall be held at all ones in the case of overflow.
Registers 1.204, 1.205 are used to read the value of a 32-bit counter. When registers 1.204 and 1.205 are
used to read the 32-bit counter value, the register 1.204 is read first, the value of the register 1.205 is latched
when (and only when) register 1.204 is read, and reads of register 1.205 return the latched value rather than
the current value of the counter.

Table 45-71d—RS-FEC uncorrected codewords counter register bit definitions

Bit(s) Name Description R/W?
1.204.15:0 FEC uncorrected codewords lower FEC_uncorrected_cw_counter[15:0] RO, NR
1.205.15:0 FEC uncorrected codewords upper FEC uncorrected cw_counter[31:16] RO, NR

#RO = Read only, NR = Non Roll-over

45.2.1.92e RS-FEC lane mapping register (Register 1.206)

The assignment of bits in the RS-FEC lane mapping register is shown in Table 45-71e. When the RS-FEC
detects and locks the RS-FEC for PMA service interface lane 0, the detected RS-FEC lane number is
recorded bits 1:0 in this register. Similarly, the detected RS-FEC lane numbers for PMA service lanes 1, 2,
and 3 are recorded in register bits 3:2, 5:4, and 7:6, respectively. The contents of the RS-FEC lane mapping
register bits 7:0 are valid when RS-FEC align status (1.201.14) is set to one and are invalid otherwise.

Table 45-71e—RS-FEC lane mapping register

Bit(s) Name Description R/W?
1.206.15:8 Reserved RO
1.206.7:6 RS-FEC lane 3 mapping RS-FEC lane mapped to PMA lane 3 RO
1.206.5:4 RS-FEC lane 2 mapping RS-FEC lane mapped to PMA lane 2 RO
1.206.3:2 RS-FEC lane 1 mapping RS-FEC lane mapped to PMA lane 1 RO
1.206.1:0 RS-FEC lane 0 mapping RS-FEC lane mapped to PMA lane 0 RO

#RO = Read only
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45.2.1.92f RS-FEC symbol error counter lane 0 (Register 1.210, 1.211)

The assignment of bits in the RS-FEC symbol error counter lane 0 register is shown in Table 45-71f. Sym-
bol errors detected in FEC lane 0 are counted and shown in register 1.210.15:0 and 1.211.15:0. See 91.6.11
for a definition of this register. These bits shall be reset to all zeros when the register is read by the manage-
ment function or upon PHY reset. These bits shall be held at all ones in the case of overflow. Registers
1.210, 1.211 are used to read the value of a 32-bit counter. When registers 1.210 and 1.211 are used to read
the 32-bit counter value, the register 1.210 is read first, the value of the register 1.211 is latched when (and
only when) register 1.210 is read, and reads of register 1.211 return the latched value rather than the current
value of the counter.

Table 45-71f—RS-FEC symbol error counter register bit definitions

Bit(s) Name Description R/W?
1.210.15:0 FEC symbol errors, lane 0 lower FEC_symbol_error_counter 0[15:0] RO, NR
1.211.15:0 FEC symbol errors, lane 0 upper FEC_symbol error_counter 0[31:16] RO, NR

#RO = Read only, NR = Non Roll-over

45.2.1.92g RS-FEC symbol error counter lane 1 through 3 (Register 1.212, 1.213, 1.214,
1.215, 1.216, 1.217)

The behavior of the RS-FEC symbol error counters, lane 1 through 3 is identical to that described for FEC
lane 0 in 45.2.1.92f. Errors detected in each FEC lane are counted and shown in the corresponding register.
FEC lane 1, lower 16 bits are shown in register 1.212; FEC lane 1, upper 16 bits are shown in register 1.213;
FEC lane 2, lower 16 bits are shown in register 1.214; through register 1.217 for FEC lane 3, upper 16 bits.

45.2.1.92h RS-FEC BIP error counter lane 0 (Register 1.230)

The assignment of bits in the RS-FEC BIP error counter lane 0 is shown in Table 45-71g. The RS-FEC
described in Clause 91 calculates a BIP value for each PCS lane (see 91.5.2.4, 91.6.13). Errors detected in
PCS lane 0 are counted and shown in register 1.230.15:0. The 16-bit counter shall be reset to all zeros when
register 1.230 is read or upon PMA/PMD reset. The 16-bit counter shall be held at all ones in the case of
overflow. A device that does not implement a separated RS-FEC shall return a zero for all bits in the RS-
FEC BIP error counter, lane O register.

Table 45-71g—RS-FEC BIP error counter lane 0 register bit definitions

Bit(s) Name Description R/W?

1.230.15:0 BIP error counter, lane 0 Errors detected by BIP in PCS lane 0 RO, NR

2RO = Read only, NR = Non Roll-over

45.2.1.92i RS-FEC BIP error counter, lane 1 through 19 (Registers 1.231 through 1.249)

The behavior of the RS-FEC BIP error counters, lane 1 through 19 is identical to that described for lane 0 in
45.2.1.92h. Errors detected in each PCS lane are counted and shown in register bits 15:0 in the
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corresponding register. PCS lane 1 is shown in register 1.231; PCS lane 2 is shown in register 1.232; through
register 1.249 for PCS lane 19.

45.2.1.92j RS-FEC PCS lane 0 mapping register (Register 1.250)

The assignment of bits in the RS-FEC PCS lane 0 mapping register is shown in Table 45—71h. When the RS-
FEC instance of the multi-lane PCS described in Clause 82 detects and locks the alignment marker for
service interface lane 0, the detected PCS lane number is recorded in this register. The contents of the Lane 0
mapping register is valid when the transmit PCS lane alignment status bit (register 1.201.15) is set to one
and is invalid otherwise (see 45.2.1.92b). A device that does not implement a separated RS-FEC shall return
a zero for all bits in the RS-FEC PCS lane 0 mapping register.

Table 45-71h—Lane 0 mapping register bit definitions

Bit(s) Name Description R/W?
1.250.15:5 Reserved Value always 0, writes ignored RO
1.250.4:0 Lane 0 mapping PCS lane received in service interface lane 0 RO

4RO = Read only

45.2.1.92k RS-FEC PCS lanes 1 through 19 mapping registers (Registers 1.251 through
1.269)

The definition of lanes 1 through 19 mapping registers is identical to that described for lane 0 in 45.2.1.92j.
The lane mapping for lane 1 is in register 1.251; lane 2 is in register 1.252; etc.

45.2.1.921 RS-FEC PCS alignment status 1 register (Register 1.280)

The assignment of bits in the RS-FEC PCS alignment status 1 register is shown in Table 45-71i. All the bits
in the RS-FEC PCS alignment status 1 register are read only; a write to the RS-FEC PCS alignment status 1
register shall have no effect. A device that does not implement a separated RS-FEC shall return a zero for all
bits in the RS-FEC PCS alignment status 1 register. It is the responsibility of the STA management entity to
ensure that a port type is supported by all MMDs before interrogating any of its status bits.

Table 45-71i—RS-FEC PCS alignment status 1 register bit definitions

Bit(s) Name Description R/W?
1.280.15:8 Reserved Value always zero, writes ignored RO
1.280.7 Block 7 lock 1 =Lane 7 is locked RO

0 = Lane 7 is not locked

1.280.6 Block 6 lock 1 = Lane 6 is locked RO
0 = Lane 6 is not locked

1.280.5 Block 5 lock 1 = Lane 5 is locked RO
0 = Lane 5 is not locked
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Table 45-71i—RS-FEC PCS alignment status 1 register bit definitions (continued)

Bit(s) Name Description R/W?

1.280.4 Block 4 lock 1 = Lane 4 is locked RO
0 = Lane 4 is not locked

1.280.3 Block 3 lock 1 = Lane 3 is locked RO
0 = Lane 3 is not locked

1.280.2 Block 2 lock 1 = Lane 2 is locked RO
0 = Lane 2 is not locked

1.280.1 Block 1 lock 1 =Lane 1 is locked RO
0 = Lane 1 is not locked

1.280.0 Block 0 lock 1 = Lane 0 is locked RO
0 = Lane 0 is not locked

RO = Read only

45.2.1.921.1 Block 7 lock (1.280.7)

When read as a one, bit 1.280.7 indicates that the RS-FEC transmit function has achieved block lock for ser-
vice interface lane 7. When read as a zero, bit 1.280.7 indicates that the RS-FEC transmit function lane 7 has
not achieved block lock. This bit reflects the state of block lock[7] (see 91.5.2.1).

45.2.1.921.2 Block 6 lock (1.280.6)
When read as a one, bit 1.280.6 indicates that the RS-FEC transmit function has achieved block lock for ser-

vice interface lane 6. When read as a zero, bit 1.280.6 indicates that the RS-FEC transmit function lane 6 has
not achieved block lock. This bit reflects the state of block lock[6] (see 91.5.2.1).

45.2.1.921.3 Block 5 lock (1.280.5)
When read as a one, bit 1.280.5 indicates that the RS-FEC transmit function has achieved block lock for ser-

vice interface lane 5. When read as a zero, bit 1.280.5 indicates that the RS-FEC transmit function lane 5 has
not achieved block lock. This bit reflects the state of block lock[5] (see 91.5.2.1).

45.2.1.921.4 Block 4 lock (1.280.4)
When read as a one, bit 1.280.4 indicates that the RS-FEC transmit function has achieved block lock for ser-

vice interface lane 4. When read as a zero, bit 1.280.4 indicates that the RS-FEC transmit function lane 4 has
not achieved block lock. This bit reflects the state of block lock[4] (see 91.5.2.1).

45.2.1.921.5 Block 3 lock (1.280.3)
When read as a one, bit 1.280.3 indicates that the RS-FEC transmit function has achieved block lock for ser-

vice interface lane 3. When read as a zero, bit 1.280.3 indicates that the RS-FEC transmit function lane 3 has
not achieved block lock. This bit reflects the state of block lock[3] (see 91.5.2.1).
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45.2.1.921.6 Block 2 lock (1.280.2)

When read as a one, bit 1.280.2 indicates that the RS-FEC transmit function has achieved block lock for ser-
vice interface lane 2. When read as a zero, bit 1.280.2 indicates that the RS-FEC transmit function lane 2 has
not achieved block lock. This bit reflects the state of block lock[2] (see 91.5.2.1).

45.2.1.921.7 Block 1 lock (1.280.1)

When read as a one, bit 1.280.1 indicates that the RS-FEC transmit function has achieved block lock for ser-
vice interface lane 1. When read as a zero, bit 1.280.1 indicates that the RS-FEC transmit function lane 1 has
not achieved block lock. This bit reflects the state of block lock[1] (see 91.5.2.1).

45.2.1.921.8 Block 0 lock (1.280.0)

When read as a one, bit 1.280.0 indicates that the RS-FEC transmit function has achieved block lock for ser-
vice interface lane 0. When read as a zero, bit 1.280.0 indicates that the RS-FEC transmit function lane 0 has
not achieved block lock. This bit reflects the state of block lock[0] (see 91.5.2.1).

45.2.1.92m RS-FEC PCS alignment status 2 register (Register 1.281)

The assignment of bits in the RS-FEC PCS alignment status 2 register is shown in Table 45-71j. All the bits
in the RS-FEC PCS alignment status 2 register are read only; a write to the RS-FEC PCS alignment status 2
register shall have no effect. A device that does not implement a separated RS-FEC shall return a zero for all
bits in the RS-FEC PCS alignment status 2 register. It is the responsibility of the STA management entity to
ensure that a port type is supported by all MMDs before interrogating any of its status bits.

Table 45-71j—RS-FEC PCS alignment status 2 register bit definitions

Bit(s) Name Description R/W?
1.281.15:12 Reserved Value always zero, writes ignored RO
1.281.11 Block 19 lock 1 =Lane 19 is locked RO

0 =Lane 19 is not locked

1.281.10 Block 18 lock 1 = Lane 18 is locked RO
0 = Lane 18 is not locked

1.281.9 Block 17 lock 1 =Lane 17 is locked RO
0 = Lane 17 is not locked

1.281.8 Block 16 lock 1 =Lane 16 is locked RO
0 = Lane 16 is not locked

1.281.7 Block 15 lock 1 = Lane 15 is locked RO
0 = Lane 15 is not locked

1.281.6 Block 14 lock 1 =Lane 14 is locked RO
0 = Lane 14 is not locked

1.281.5 Block 13 lock 1 =Lane 13 is locked RO
0 = Lane 13 is not locked

1.281.4 Block 12 lock 1 =Lane 12 is locked RO
0 = Lane 12 is not locked
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Table 45-71j—RS-FEC PCS alignment status 2 register bit definitions (continued)

Bit(s) Name Description R/W?

1.281.3 Block 11 lock 1 = Lane 11 is locked RO
0 = Lane 11 is not locked

1.281.2 Block 10 lock 1 =Lane 10 is locked RO
0 = Lane 10 is not locked

1.281.1 Block 9 lock 1 = Lane 9 is locked RO
0 = Lane 9 is not locked

1.281.0 Block 8 lock 1 = Lane 8 is locked RO
0 = Lane 8 is not locked

8RO = Read only

45.2.1.92m.1 Block 19 lock (1.281.11)

When read as a one, bit 1.281.11 indicates that the RS-FEC transmit function has achieved block lock for
service interface lane 19. When read as a zero, bit 1.281.11 indicates that the RS-FEC transmit function lane
19 has not achieved block lock. This bit reflects the state of block lock[19] (see 91.5.2.1).

45.2.1.92m.2 Block 18 lock (1.281.10)

When read as a one, bit 1.281.10 indicates that the RS-FEC transmit function has achieved block lock for
service interface lane 18. When read as a zero, bit 1.281.10 indicates that the RS-FEC transmit function lane
18 has not achieved block lock. This bit reflects the state of block lock[18] (see 91.5.2.1).

45.2.1.92m.3 Block 17 lock (1.281.9)

When read as a one, bit 1.281.9 indicates that the RS-FEC transmit function has achieved block lock for ser-
vice interface lane 17. When read as a zero, bit 1.281.9 indicates that the RS-FEC transmit function lane 17
has not achieved block lock. This bit reflects the state of block lock[17] (see 91.5.2.1).

45.2.1.92m.4 Block 16 lock (1.281.8)

When read as a one, bit 1.281.8 indicates that the RS-FEC transmit function has achieved block lock for ser-
vice interface lane 16. When read as a zero, bit 1.281.8 indicates that the RS-FEC transmit function lane 16
has not achieved block lock. This bit reflects the state of block lock[16] (see 91.5.2.1).

45.2.1.92m.5 Block 15 lock (1.281.7)

When read as a one, bit 1.281.7 indicates that the RS-FEC transmit function has achieved block lock for ser-
vice interface lane 15. When read as a zero, bit 1.281.7 indicates that the RS-FEC transmit function lane 15
has not achieved block lock. This bit reflects the state of block lock[15] (see 91.5.2.1).

45.2.1.92m.6 Block 14 lock (1.281.6)

When read as a one, bit 1.281.6 indicates that the RS-FEC transmit function has achieved block lock for ser-

vice interface lane 14. When read as a zero, bit 1.281.6 indicates that the RS-FEC transmit function lane 14
has not achieved block lock. This bit reflects the state of block lock[14] (see 91.5.2.1).
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45.2.1.92m.7 Block 13 lock (1.281.5)

When read as a one, bit 1.281.5 indicates that the RS-FEC transmit function has achieved block lock for ser-
vice interface lane 13. When read as a zero, bit 1.281.5 indicates that the RS-FEC transmit function lane 13
has not achieved block lock. This bit reflects the state of block lock[13] (see 91.5.2.1).

45.2.1.92m.8 Block 12 lock (1.281.4)

When read as a one, bit 1.281.4 indicates that the RS-FEC transmit function has achieved block lock for ser-
vice interface lane 12. When read as a zero, bit 1.281.4 indicates that the RS-FEC transmit function lane 12
has not achieved block lock. This bit reflects the state of block lock[12] (see 91.5.2.1).

45.2.1.92m.9 Block 11 lock (1.281.3)

When read as a one, bit 1.281.3 indicates that the RS-FEC transmit function has achieved block lock for ser-
vice interface lane 11. When read as a zero, bit 1.281.3 indicates that the RS-FEC transmit function lane 11
has not achieved block lock. This bit reflects the state of block lock[11] (see 91.5.2.1).

45.2.1.92m.10 Block 10 lock (1.281.2)

When read as a one, bit 1.281.2 indicates that the RS-FEC transmit function has achieved block lock for ser-
vice interface lane 10. When read as a zero, bit 1.281.2 indicates that the RS-FEC transmit function lane 10
has not achieved block lock. This bit reflects the state of block lock[10] (see 91.5.2.1).

45.2.1.92m.11 Block 9 lock (1.281.1)

When read as a one, bit 1.281.1 indicates that the RS-FEC transmit function has achieved block lock for ser-
vice interface lane 9. When read as a zero, bit 1.281.1 indicates that the RS-FEC transmit function lane 9 has
not achieved block lock. This bit reflects the state of block lock[9] (see 91.5.2.1).

45.2.1.92m.12 Block 8 lock (1.281.0)

When read as a one, bit 1.281.0 indicates that the RS-FEC transmit function has achieved block lock for ser-
vice interface lane 8. When read as a zero, bit 1.281.0 indicates that the RS-FEC transmit function lane 8 has
not achieved block lock. This bit reflects the state of block lock[8] (see 91.5.2.1).

45.2.1.92n RS-FEC PCS alignment status 3 register (Register 1.282)

The assignment of bits in the RS-FEC PCS alignment status 3 register is shown in Table 45-71k. All the bits
in the RS-FEC PCS alignment status 3 register are read only; a write to the RS-FEC PCS alignment status 3
register shall have no effect. A device that does not implement a separated RS-FEC shall return a zero for all
bits in the RS-FEC PCS alignment status 3 register. It is the responsibility of the STA management entity to
ensure that a port type is supported by all MMDs before interrogating any of its status bits.

45.2.1.92n.1 Lane 7 aligned (1.282.7)

When read as a one, bit 1.282.7 indicates that the RS-FEC transmit function has achieved alignment marker
lock for service interface lane 7. When read as a zero, bit 1.282.7 indicates that the RS-FEC transmit func-
tion lane 7 has not achieved alignment marker lock. This bit reflects the state of am_lock[7] (see 91.5.2.2).
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Table 45-71k—RS-FEC PCS alignment status 3 register bit definitions

Bit(s) Name Description R/W?
1.282.15:8 | Reserved Value always zero, writes ignored RO
1.282.7 Lane 7 aligned 1 = Lane 7 alignment marker is locked RO

0 = Lane 7 alignment marker is not locked

1.282.6 Lane 6 aligned 1 = Lane 6 alignment marker is locked RO
0 = Lane 6 alignment marker is not locked

1.282.5 Lane 5 aligned 1 = Lane 5 alignment marker is locked RO
0 = Lane 5 alignment marker is not locked

1.282.4 Lane 4 aligned 1 = Lane 4 alignment marker is locked RO
0 = Lane 4 alignment marker is not locked

1.282.3 Lane 3 aligned 1 = Lane 3 alignment marker is locked RO
0 = Lane 3 alignment marker is not locked

1.282.2 Lane 2 aligned 1 = Lane 2 alignment marker is locked RO
0 = Lane 2 alignment marker is not locked

1.282.1 Lane 1 aligned 1 =Lane 1 alignment marker is locked RO
0 =Lane 1 alignment marker is not locked

1.282.0 Lane 0 aligned 1 = Lane 0 alignment marker is locked RO
0 = Lane 0 alignment marker is not locked

#RO = Read only

45.2.1.92n.2 Lane 6 aligned (1.282.6)

When read as a one, bit 1.282.6 indicates that the RS-FEC transmit function has achieved alignment marker
lock for service interface lane 6. When read as a zero, bit 1.282.6 indicates that the RS-FEC transmit func-
tion lane 6 has not achieved alignment marker lock. This bit reflects the state of am_lock[6] (see 91.5.2.2).

45.2.1.92n.3 Lane 5 aligned (1.282.5)

When read as a one, bit 1.282.5 indicates that the RS-FEC transmit function has achieved alignment marker
lock for service interface lane 5. When read as a zero, bit 1.282.5 indicates that the RS-FEC transmit func-
tion lane 5 has not achieved alignment marker lock. This bit reflects the state of am_lock[5] (see 91.5.2.2).

45.2.1.92n.4 Lane 4 aligned (1.282.4)

When read as a one, bit 1.282.4 indicates that the RS-FEC transmit function has achieved alignment marker
lock for service interface lane 4. When read as a zero, bit 1.282.4 indicates that the RS-FEC transmit func-
tion lane 4 has not achieved alignment marker lock. This bit reflects the state of am_lock[4] (see 91.5.2.2).

45.2.1.92n.5 Lane 3 aligned (1.282.3)

When read as a one, bit 1.282.3 indicates that the RS-FEC transmit function has achieved alignment marker
lock for service interface lane 3. When read as a zero, bit 1.282.3 indicates that the RS-FEC transmit func-
tion lane 3 has not achieved alignment marker lock. This bit reflects the state of am_lock[3] (see 91.5.2.2).
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45.2.1.92n.6 Lane 2 aligned (1.282.2)

When read as a one, bit 1.282.2 indicates that the RS-FEC transmit function has achieved alignment marker
lock for service interface lane 2. When read as a zero, bit 1.282.2 indicates that the RS-FEC transmit func-
tion lane 2 has not achieved alignment marker lock. This bit reflects the state of am_lock[2] (see 91.5.2.2).

45.2.1.92n.7 Lane 1 aligned (1.282.1)

When read as a one, bit 1.282.1 indicates that the RS-FEC transmit function has achieved alignment marker
lock for service interface lane 1. When read as a zero, bit 1.282.1 indicates that the RS-FEC transmit func-
tion lane 1 has not achieved alignment marker lock. This bit reflects the state of am_lock[1] (see 91.5.2.2).

45.2.1.92n.8 Lane 0 aligned (1.282.0)

When read as a one, bit 1.282.0 indicates that the RS-FEC transmit function has achieved alignment marker
lock for service interface lane 0. When read as a zero, bit 1.282.0 indicates that the RS-FEC transmit func-
tion lane 0 has not achieved alignment marker lock. This bit reflects the state of am_lock[0] (see 91.5.2.2).

45.2.1.920 RS-FEC PCS alignment status 4 register (Register 1.283)

The assignment of bits in the RS-FEC PCS alignment status 4 register is shown in Table 45-711. All the bits
in the RS-FEC PCS alignment status 4 register are read only; a write to the RS-FEC PCS alignment status 4
register shall have no effect. A device that does not implement a separated RS-FEC shall return a zero for all
bits in the RS-FEC PCS alignment status 4 register. It is the responsibility of the STA management entity to
ensure that a port type is supported by all MMDs before interrogating any of its status bits.

Table 45-711—RS-FEC PCS alignment status 4 register bit definitions

Bit(s) Name Description R/W?
1.283.15:12 Reserved Value always zero, writes ignored RO
1.283.11 Lane 19 aligned 1 = Lane 19 alignment marker is locked RO

0 = Lane 19 alignment marker is not locked

1.283.10 Lane 18 aligned 1 = Lane 18 alignment marker is locked RO
0 =Lane 18 alignment marker is not locked

1.283.9 Lane 17 aligned 1 = Lane 17 alignment marker is locked RO
0 = Lane 17 alignment marker is not locked

1.283.8 Lane 16 aligned 1 = Lane 16 alignment marker is locked RO
0 = Lane 16 alignment marker is not locked

1.283.7 Lane 15 aligned 1 =Lane 15 alignment marker is locked RO
0 =Lane 15 alignment marker is not locked

1.283.6 Lane 14 aligned 1 = Lane 14 alignment marker is locked RO
0 = Lane 14 alignment marker is not locked

1.283.5 Lane 13 aligned 1 = Lane 13 alignment marker is locked RO
0 = Lane 13 alignment marker is not locked

1.283.4 Lane 12 aligned 1 = Lane 12 alignment marker is locked RO
0 =Lane 12 alignment marker is not locked
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Table 45-711—RS-FEC PCS alignment status 4 register bit definitions (continued)

Bit(s) Name Description R/W?

1.283.3 Lane 11 aligned 1 =Lane 11 alignment marker is locked RO
0 =Lane 11 alignment marker is not locked

1.283.2 Lane 10 aligned 1 = Lane 10 alignment marker is locked RO
0 = Lane 10 alignment marker is not locked

1.283.1 Lane 9 aligned 1 = Lane 9 alignment marker is locked RO
0 = Lane 9 alignment marker is not locked

1.283.0 Lane 8 aligned 1 = Lane 8 alignment marker is locked RO
0 = Lane 8 alignment marker is not locked

2RO = Read only

45.2.1.920.1 Lane 19 aligned (1.283.11)

When read as a one, bit 1.283.11 indicates that the RS-FEC transmit function has achieved alignment marker
lock for service interface lane 19. When read as a zero, bit 1.283.11 indicates that the RS-FEC transmit func-
tion lane 19 has not achieved alignment marker lock. This bit reflects the state of am_lock[19] (see
91.5.2.2).

45.2.1.920.2 Lane 18 aligned (1.283.10)

When read as a one, bit 1.283.10 indicates that the RS-FEC transmit function has achieved alignment
marker lock for service interface lane 18. When read as a zero, bit 1.283.10 indicates that the RS-FEC trans-
mit function lane 18 has not achieved alignment marker lock. This bit reflects the state of am_lock[18] (see
91.5.2.2).

45.2.1.920.3 Lane 17 aligned (1.283.9)

When read as a one, bit 1.283.9 indicates that the RS-FEC transmit function has achieved alignment marker
lock for service interface lane 17. When read as a zero, bit 1.283.9 indicates that the RS-FEC transmit func-
tion lane 17 has not achieved alignment marker lock. This bit reflects the state of am_lock[17] (see
91.5.2.2).

45.2.1.920.4 Lane 16 aligned (1.283.8)

When read as a one, bit 1.283.8 indicates that the RS-FEC transmit function has achieved alignment marker
lock for service interface lane 16. When read as a zero, bit 1.283.8 indicates that the RS-FEC transmit func-
tion lane 16 has not achieved alignment marker lock. This bit reflects the state of am_lock[16] (see
91.5.2.2).

45.2.1.920.5 Lane 15 aligned (1.283.7)

When read as a one, bit 1.283.7 indicates that the RS-FEC transmit function has achieved alignment marker
lock for service interface lane 15. When read as a zero, bit 1.283.7 indicates that the RS-FEC transmit func-
tion lane 15 has not achieved alignment marker lock. This bit reflects the state of am_lock[15] (see
91.5.2.2).
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45.2.1.920.6 Lane 14 aligned (1.283.6)

When read as a one, bit 1.283.6 indicates that the RS-FEC transmit function has achieved alignment marker
lock for service interface lane 14. When read as a zero, bit 1.283.6 indicates that the RS-FEC transmit func-

tion lane 14 has not achieved alignment marker lock. This bit reflects the state of am lock[14] (see
91.5.2.2).

45.2.1.920.7 Lane 13 aligned (1.283.5)

When read as a one, bit 1.283.5 indicates that the RS-FEC transmit function has achieved alignment marker
lock for service interface lane 13. When read as a zero, bit 1.283.5 indicates that the RS-FEC transmit func-

tion lane 13 has not achieved alignment marker lock. This bit reflects the state of am lock[13] (see
91.5.2.2).

45.2.1.920.8 Lane 12 aligned (1.283.4)

When read as a one, bit 1.283.4 indicates that the RS-FEC transmit function has achieved alignment marker
lock for service interface lane 12. When read as a zero, bit 1.283.4 indicates that the RS-FEC transmit func-

tion lane 12 has not achieved alignment marker lock. This bit reflects the state of am_ lock[12] (see
91.5.2.2).

45.2.1.920.9 Lane 11 aligned (1.283.3)

When read as a one, bit 1.283.3 indicates that the RS-FEC transmit function has achieved alignment marker
lock for service interface lane 11. When read as a zero, bit 1.283.3 indicates that the RS-FEC transmit func-
tion lane 11 has not achieved alignment marker lock. This bit reflects the state of am_lock[11] (see 91.5.2.2).

45.2.1.920.10 Lane 10 aligned (1.283.2)

When read as a one, bit 1.283.2 indicates that the RS-FEC transmit function has achieved alignment marker
lock for service interface lane 10. When read as a zero, bit 1.283.2 indicates that the RS-FEC transmit func-
tion lane 10 has not achieved alignment marker lock. This bit reflects the state of am lock[10] (see
91.5.2.2).

45.2.1.920.11 Lane 9 aligned (1.283.1)

When read as a one, bit 1.283.1 indicates that the RS-FEC transmit function has achieved alignment marker
lock for service interface lane 9. When read as a zero, bit 1.283.1 indicates that the RS-FEC transmit func-
tion lane 9 has not achieved alignment marker lock. This bit reflects the state of am_lock[9] (see 91.5.2.2).

45.2.1.920.12 Lane 8 aligned (1.283.0)

When read as a one, bit 1.283.0 indicates that the RS-FEC transmit function has achieved alignment marker
lock for service interface lane 8. When read as a zero, bit 1.283.0 indicates that the RS-FEC transmit func-
tion lane 8 has not achieved alignment marker lock. This bit reflects the state of am_lock[8] (see 91.5.2.2).

Insert 45.2.1.98a after 45.2.1.98 (before 45.2.1.99) for PMD training pattern:
45.2.1.98a PMD training pattern lanes 0 through 3 (Register 1.1450 through 1.1453)

The assignment of bits in the PMD training pattern lane 0 register is shown in Table 45—71m. The assign-
ment of bits in the PMD training pattern lanes 1 through 3 registers are defined similarly to lane 0. Register
1.1450 controls the PMD training pattern for PMD lane 0; register 1.1451 controls the PMD training pattern
for PMD lane 1; etc.
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Table 45-71m—PMD training pattern lane 0 bit definitions

Bit(s) Name Description R/W?

1.1450.15:13 Reserved Value always zero, writes ignored RO

1.1450.12:11 Polynomial identifier Identifier (0, 1, 2, or 3) selecting polynomial for PRBS R/W

1.1450.10:0 Seed 11 bit, binary seed for sequence R/W

aR/W = Read/Write, RO = Read only

Register bits 12:11 contain a 2-bit identifier that selects the polynomial used for training in the particular
PMD lane according to the definition in 92.7.12. The polynomial identifier for each lane should be unique;
two lanes having the same identifier could impair operation of the PMD control function. The default identi-
fiers are (binary): for lane 0, 00; for lane 1, 01; for lane 2, 10; for lane 3, 11. Register bits 10:0 contain the
11-bit seed for the sequence, where register bit 0 gives seed bit SO; register bit 1 gives seed bit S1; etc.,
through register bit 10 gives seed bit S10. The default seeds are (binary, SO is left-most bit): for lane 0,
10101111110; for lane 1, 11001000101; for lane 2, 11100101101; for lane 3, 11110110110. This produces
the following initial output (hexadecimal representation where the hex symbols are transmitted from left to
right and the most significant bit of each hex symbol is transmitted first): for lane 0, fbflcb3e; for lane 1,
fbb1e665; for lane 2, f3fdae46; for lane 3, f2ffad6b.

Change the reserved row in Table 45-73, insert new rows immediately below it, and insert the following
paragraph at the end of 45.2.1.100 as follows (unchanged rows not shown):

45.2.1.100 PRBS pattern testing control (Register 1.1501)

Table 45-73—PRBS pattern testing control register bit definitions

Bit(s) Name Description R/W?
51;.112501.15: Reserved Value always zero, writes ignored RO
1.1501.11 Transmitter linearity test 1 = Enable transmitter linearity test-pattern RIW

’ ' pattern enable 0 = Disable transmitter linearity test-pattern

1 = Enable QPRBS13 test-pattern

1.1501.10 QPRBSI13 pattern enable 0 = Disable QPRBS13 test-pattern R/W
1 = Enable JP0O3B test-pattern

1.1501.9 JPO3B pattern enable 0 = Disable JP03B test-pattern R/W

1.1501.8 | JPO3A pattern enable | = Enable JPO3A test-pattern R/W

0 = Disable JPO3A test-pattern

#R/W = Read/Write, RO = Read only

Register 1.1501 bit 8 enables testing with the JPO3A pattern defined in 94.2.9.1 for 100GBASE-KP4
PMA/PMD. Register 1.1501 bit 9 enables testing with the JPO3B pattern defined in 94.2.9.2 for
100GBASE-KP4 PMA/PMD. Register field 1.1501 bit 10 enables testing with the QPRBS13 pattern
defined in 94.2.9.3 for 100GBASE-KP4 PMA/PMD. Register field 1.1501 bit 11 enables the transmitter
linearity test pattern defined in 94.2.9.4 for lI00GBASE-KP4 PMA/PMD. The assertion of bits 1.1501.8,
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1.1501.9, 1.1501.10, 1.1501.11 are mutually exclusive. If more than one bit is asserted, the behavior is
undefined. The assertion of 1.1501.8, 1.1501.9, 1.501.10, and 1.1501.11 operates in conjunction with
register 1.1501 bit 3 for I00GBASE-KP4 PMA/PMD. For other PMA/PMD types or if bit 1.1501.3 is not
asserted, then 1.1501.8, 1.1501.9, 1.501.10, and 1.1501.11 have no effect.

45.2.3 PCS registers

Change one row of Table 45-99 as follows:

Table 45-99—PMA/PMD registers

Register address Register name Subclause

3.20 EEE control and capability register 452.3.9

Change the title of 45.2.3.9 as follows:
45.2.3.9 EEE control and capability (Register 3.20)

Change the title of Table 45-105, replace the reserved row for bits 3.20.15:7, and replace the reserved row
for bit 3.20.0 as follows (unchanged rows not shown here):

Table 45-105—EEE control and capability register bit definitions

Bit(s) Name Description R/W?

3.20.15:14 | Reserved Ignore on read RO
1 = EEE deep sleep is supported for 100GBASE-R

3.20.13 100GBASE-R deep sleep 0 = EEE deep sleep is not supported for I00GBASE-R RO
1 = EEE fast wake is supported for I00GBASE-R

3.20.12 100GBASE-R fast wake 0 = EEE fast wake is not supported for I00GBASE-R RO

3.20.11:10 | Reserved Ignore on read RO
1 = EEE deep sleep is supported for 40GBASE-R

3209 40GBASE-R deep sleep 0 = EEE deep sleep is not supported for 40GBASE-R RO
1 = EEE fast wake is supported for 40GBASE-R

3208 40GBASE-R fast wake 0 = EEE fast wake is not supported for 40GBASE-R RO

3.20.7 Reserved Value always 0, writes ignored RO
tenere-onread

3.20.0 Reserved LPI FW 1 = Fast wake mode is used for LPI function %NQW
0 = Deep sleep is used for LPI function —

2 R/W = Read/Write, RO = Read only
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Insert the following subclauses after 45.2.3.9 (before 45.2.3.9.1):
45.2.3.9.a 100GBASE-R EEE deep sleep supported (3.20.13)

If the PCS supports EEE deep sleep operation for 100GBASE-R, this bit shall be set to a one; otherwise this
bit shall be set to a zero.

45.2.3.9.b 100GBASE-R EEE fast wake supported (3.20.12)

If the PCS supports EEE fast wake operation for 100GBASE-R, this bit shall be set to a one; otherwise this
bit shall be set to a zero.

45.2.3.9.c 40GBASE-R EEE deep sleep supported (3.20.9)

If the PCS supports EEE deep sleep operation for 40GBASE-R, as defined in 78.1, this bit shall be set to a
one; otherwise this bit shall be set to a zero.

45.2.3.9.d 40GBASE-R EEE fast wake supported (3.20.8)

If the PCS supports EEE fast wake operation for 40GBASE-R, as defined in 78.1, this bit shall be set to a
one; otherwise this bit shall be set to a zero.

Insert the following subclause after 45.2.3.9.6:

45.2.3.9.7 LPI_FW (3.20.0)

If the device supports fast wake as defined in 78.5, this bit selects fast wake or deep sleep operation. Setting
3.20.0 to one selects fast wake, setting to zero selects deep sleep. This bit is ignored by devices that do not
support fast wake, and this bit defaults to one for devices that support fast wake.

45.2.7 Auto-Negotiation registers

45.2.7.12 Backplane Ethernet, BASE-R copper status (Register 7.48)

Change Table 45-189 as follows:

Table 45-189—Backplane Ethernet, BASE-R copper status register
(Register 7.48) bit definitions

Bit(s) Name Description RO?
7.48.15:912 | Reserved Ienere-enread-Value always 0, writes ignored RO
7.48.11 100GBASE-CR4 1 = PMA/PMD is negotiated to perform 100GBASE-CR4 RO
0 =PMA/PMD is not negotiated to perform 100GBASE-CR4

7.48.10 100GBASE-KR4 1 = PMA/PMD is negotiated to perform 100GBASE-KR4 RO
0 =PMA/PMD is not negotiated to perform 100GBASE-KR4

7.48.9 100GBASE-KP4 1 = PMA/PMD is negotiated to perform 100GBASE-KP4 RO
0 =PMA/PMD is not negotiated to perform 100GBASE-KP4

7.48.8 100GBASE-CR10 1 =PMA/PMD is negotiated to perform 100GBASE-CR10 RO
0 =PMA/PMD is not negotiated to perform 100GBASE-CR10

7.48.7 Reserved Ienere-enread-Value always 0, writes ignored RO
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Table 45-189—Backplane Ethernet, BASE-R copper status register
(Register 7.48) bit definitions (continued)

7.48.6 40GBASE-CR4 1 = PMA/PMD is negotiated to perform 40GBASE-CR4 RO
0 =PMA/PMD is not negotiated to perform 40GBASE-CR4

7.48.5 40GBASE-KR4 1 = PMA/PMD is negotiated to perform 40GBASE-KR4 RO
0 =PMA/PMD is not negotiated to perform 40GBASE-KR4

7.48.4 BASE-R FEC 1 =PMA/PMD is negotiated to perform BASE-R FEC RO

negotiated 0 =PMA/PMD is not negotiated to perform BASE-R FEC

7.48.3 10GBASE-KR 1 =PMA/PMD is negotiated to perform 10GBASE-KR RO
0 =PMA/PMD is not negotiated to perform 10GBASE-KR

7.48.2 10GBASE-KX4 1 =PMA/PMD is negotiated to perform 10GBASE-KX4 or CX4 RO
0 =PMA/PMD is not negotiated to perform 10GBASE-KX4/CX4

7.48.1 1000BASE-KX 1 =PMA/PMD is negotiated to perform 1000BASE-KX RO
0 =PMA/PMD is not negotiated to perform 1000BASE-KX

7.48.0 BP AN ability If a Backplane, BASE-R copper PHY type is implemented, this bit | RO
issetto 1

4RO = Read only

Change 45.2.7.12.2 as follows:

45.2.7.12.2 Negotiated Port Type (7.48.1, 7.48.2, 7.48.3, 7.48.5, 7.48.6, 7.48.8, 7.48.9. 7.48.10.
7.48.11)

When the AN process has been completed as indicated by the AN complete bit, these bits (1000BASE-KX,
10GBASE-KX4, 10GBASE-KR, 40GBASE-KR4, 40GBASE-CR4, 100GBASE-CR10, 100GBASE-KP4,
100GBASE-KR4., 100GBASE-CR4) indicate the negotiated port type. Only one of these bits is set depend-
ing on the priority resolution function. System developers need to distinguish between parallel detection of
10GBASE-KX4 and 10GBASE-CX4 based on the MDI and media type present.

45.2.7.13 EEE advertisement (Register 7.60)

Change Table 45-190 as follows:

Table 45-190—EEE advertisement register (Register 7.60) bit definitions

Clause reference; Next R/WA

Bit(s) Name Description Page bit number
7.60.15:7 | Reserved Ienere-enread-Value always 0, writes RO
14 ignored
7.60.13 100GBASE- 1 = Advertise that the 100GBASE-CR4 73.7.7.1; U13 R/W
CR4 EEE has EEE deep sleep capability

0 = Do not advertise that the I00GBASE-
CR4 has EEE deep sleep capability

7.60.12 100GBASE- 1 = Advertise that the I00GBASE-KR4 73.7.7.1; U12 R/W
KR4 EEE has EEE deep sleep capability

0 = Do not advertise that the I00GBASE-
KR4 has EEE deep sleep capability
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Table 45-190—EEE advertisement register (Register 7.60) bit definitions (continued)

7.60.11 100GBASE- 1 = Advertise that the 100GBASE-KP4 73.7.7.1; U1l R/W
KP4 EEE has EEE deep sleep capability
0 = Do not advertise that the I00GBASE-
KP4 has EEE deep sleep capability
7.60.10 100GBASE- 1 = Advertise that the I00GBASE-CR10 73.7.7.1; U10 R/W
CR10 EEE has EEE deep sleep capability
0 = Do not advertise that the I00GBASE-
CR10 has EEE deep sleep capability
7.60.9 Reserved Value always 0, writes ignored RO
7.60.8 40GBASE- 1 = Advertise that the 40GBASE-CR4 has | 73.7.7.1; U8 R/W
CR4 EEE EEE deep sleep capability
0 = Do not advertise that the 40GBASE-
CR4 has EEE deep sleep capability
7.60.7 40GBASE- 1 = Advertise that the 40GBASE-KR4 has | 73.7.7.1; U7 R/W
KR4 EEE EEE deep sleep capability
0 = Do not advertise that the 40GBASE-
KR4 has EEE deep sleep capability
7.60.6 10GBASE-KR | 1= Advertise that the 10GBASE-KR has 73.7.7.1; U6 R/W
EEE EEE capability
0 = Do not advertise that the I0GBASE-
KR has EEE capability
7.60.5 10GBASE- 1 = Advertise that the 10GBASE-KX4 has | 73.7.7.1; U5 R/W
KX4 EEE EEE capability
0 = Do not advertise that the I0GBASE-
KX4 has EEE capability
7.60.4 1000BASE- 1 = Advertise that the 1000BASE-KX has | 73.7.7.1; U4 R/W
KX EEE EEE capability
0 = Do not advertise that the 1000BASE-
KX has EEE capability
7.60.3 10GBASE-T 1 = Advertise that the I0GBASE-T has 282.3.4.1;U3/55.6.1;U24 | R/'W
EEE EEE capability
0 = Do not advertise that the I0GBASE-T
has EEE capability
7.60.2 1000BASE-T 1 = Advertise that the 1000BASE-T has 282.3.4.1;U2/55.6.1;U23 | R/'W
EEE EEE capability
0 = Do not advertise that the 1000BASE-T
has EEE capability
7.60.1 100BASE-TX 1 = Advertise that the 100BASE-TX has 282.3.4.1;U1/55.6.1;U22 | R/'W
EEE EEE capability
0 = Do not advertise that the I00BASE-
TX has EEE capability
7.60.0 Reserved Ienere-enread-Value always 0, writes RO
ignored

aR/W = Read/Write, RO = Read only
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Insert 45.2.7.13.a through 45.2.7.13.f after 45.2.7.13 (before 45.2.7.13.1) as follows:
45.2.7.13.a 100GBASE-CR4 EEE supported (7.60.13)

Support for EEE deep sleep operation for I00GBASE-CR4, as defined in 92.1, shall be advertised if this bit
is set to one. Support for EEE deep sleep operation should only be advertised if it is supported on all sublay-
ers of the PHY as well as physical instantiations of the PMA service interface as appropriate.

45.2.7.13.b 100GBASE-KR4 EEE supported (7.60.12)

Support for EEE deep sleep operation for 100GBASE-KR4, as defined in 93.1, shall be advertised if this bit
is set to one. Support for EEE deep sleep operation should only be advertised if it is supported on all sublay-
ers of the PHY as well as physical instantiations of the PMA service interface as appropriate.

45.2.7.13.c 100GBASE-KP4 EEE supported (7.60.11)

Support for EEE deep sleep operation for I00GBASE-KP4, as defined in 94.1, shall be advertised if this bit
is set to one. Support for EEE deep sleep operation should only be advertised if it is supported on all sublay-
ers of the PHY as well as physical instantiations of the PMA service interface as appropriate.

45.2.7.13.d 100GBASE-CR10 EEE supported (7.60.10)

Support for EEE deep sleep operation for 100GBASE-CR10, as defined in 85.1, shall be advertised if this
bit is set to one. Support for EEE deep sleep operation should only be advertised if it is supported on all sub-
layers of the PHY as well as physical instantiations of the PMA service interface as appropriate.

45.2.7.13.e 40GBASE-CR4 EEE supported (7.60.8)
Support for EEE deep sleep operation for 40GBASE-CRA4, as defined in 85.1, shall be advertised if this bit is

set to one. Support for EEE deep sleep operation should only be advertised if it is supported on all sublayers
of the PHY as well as physical instantiations of the PMA service interface as appropriate.

45.2.7.13.f 40GBASE-KR4 EEE supported (7.60.7)
Support for EEE deep sleep operation for 40GBASE-KR4, as defined in 84.1, shall be advertised if this bit is

set to one. Support for EEE deep sleep operation should only be advertised if it is supported on all sublayers
of the PHY as well as physical instantiations of the PMA service interface as appropriate.

45.2.7.14 EEE link partner ability (Register 7.61)

Change Table 45-191 as follows:

Table 45-191—EEE link partner ability (Register 7.61) bit definitions

. o e Clause reference; a
Bit(s) Name Description Next Page bit number R/W
1461.15:4 Reserved Isnere-enread-Value always 0, writes ignored RO
1 = Link partner is advertising EEE deep
100GBASE- sleep capability for 100GBASE-CR4 .
161.13 CR4 EEE 0 = Link partner is not advertising EEE deep 73771, U13 RO
sleep capability for 100GBASE-CR4
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Table 45-191—EEE link partner ability (Register 7.61) bit definitions (continued)

100GBASE-
KR4 EEE

1 = Link partner is advertising EEE deep
sleep capability for I00GBASE-KR4

0 = Link partner is not advertising EEE deep
sleep capability for 100GBASE-KR4

73.7.7.1; U112

100GBASE-
KP4 EEE

1 = Link partner is advertising EEE deep
sleep capability for I00GBASE-KP4

0 = Link partner is not advertising EEE deep
sleep capability for I00GBASE-KP4

73.7.7.1; U1l

100GBASE-
CR10 EEE

1 = Link partner is advertising EEE deep
sleep capability for I00GBASE-CR10

0 = Link partner is not advertising EEE deep
sleep capability for I00GBASE-CR10

73.7.7.1; U10

Reserved

Value always 0, writes ignored

40GBASE-CR4

1 = Link partner is advertising EEE deep
sleep capability for 40GBASE-CR4

EEE

0 = Link partner is not advertising EEE deep
sleep capability for 40GBASE-CR4

73.7.7.1; U8

40GBASE-KR4

1 = Link partner is advertising EEE deep
sleep capability for 40GBASE-KR4

EEE

0 = Link partner is not advertising EEE deep
sleep capability for 40GBASE-KR4

73.7.7.1; U7

7.61.6

10GBASE-KR
EEE

1 =Link partner is advertising EEE capability
for I0GBASE-KR

0 = Link partner is not advertising EEE
capability for I0GBASE-KR

73.7.7.1; U6

RO

7.61.5

10GBASE-KX4
EEE

1 =Link partner is advertising EEE capability
for I0GBASE-KX4

0 = Link partner is not advertising EEE
capability for I0GBASE-KX4

73.7.7.1; US

RO

7.61.4

1000BASE-KX
EEE

1 =Link partner is advertising EEE capability
for 1000BASE-KX

0 = Link partner is not advertising EEE
capability for I000BASE-KX

73.7.7.1; U4

RO

7.61.3

10GBASE-T
EEE

1 =Link partner is advertising EEE capability
for I0GBASE-T

0 = Link partner is not advertising EEE
capability for I0GBASE-T

28.2.3.4.1;U3/55.6.1;
U24

RO

7.61.2

1000BASE-T
EEE

1 =Link partner is advertising EEE capability
for 1000BASE-T

0 = Link partner is not advertising EEE
capability for 1000BASE-T

28.2.3.4.1;U2/55.6.1;
u23

RO

7.61.1

100BASE-TX
EEE

1 =Link partner is advertising EEE capability
for I00BASE-TX

0 = Link partner is not advertising EEE
capability for I00BASE-TX

28.2.3.4.1;U1/55.6.1;
U22

RO

7.61.0

Reserved

Ienere-enread-Value always 0, writes ignored

RO

#R/W = Read/Write, RO = Read only
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45.5 Protocol implementation conformance statement (PICS) proforma for

Clause 45, Management Data Input/Output (MDIO) Interface?
45.5.3.2 PMA/PMD MMD options

Insert the following row below FEC-R at the end of the table in 45.5.3.2 as follows:

Item Feature Subclause Value/Comment Status Support
*RS-FEC | Implementation of 45.2.1.92b PMA:O | Yes|[]
RS-FEC No []

45.5.3.3 PMA/PMD management functions

Insert the following rows immediately below MM117 in the table in 45.5.3.3 as follows, unchanged rows
are not shown:

Item Feature Subclause Value/Comment Status Support

MMI117a | RS-FEC counters are reset 45.2.1.92c, RS-FEC:M Yes [ ]
when read or upon PHY reset. 45.2.1.92d, N/AT]
45.2.1.92e,
45.2.1.92g,
45.2.1.92h,
45.2.1.92i

MM117b | RS-FEC counters are held at 45.2.1.92c, RS-FEC:M Yes [ ]
all ones in the case of overflow | 45.2.1.92d, N/AT]
45.2.1.92e,
45.2.1.92¢,
45.2.1.92h,
45.2.1.92i

2Copyright release for PICS proformas: Users of this standard may freely reproduce the PICS proforma in this subclause so that it can
be used for its intended purpose and may further publish the completed PICS.
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69. Introduction to Ethernet operation over electrical backplanes

69.1 Overview
69.1.1 Scope
Change the second, third, and fourth paragraphs as follows:

Backplane Ethernet supports the IEEE 802.3 full duplex MAC operating at 1000 Mb/s, 10 Gb/s, er 40 Gb/s,
or 100 Gb/s providing a bit error ratio (BER) better than or equal to 10~12 at the MAC/PLS service interface.
For 1000 Mb/s operation, the family of 1000BASE-X Physical Layer signaling systems is extended to
include 1000BASE-KX. For 10 Gb/s operation, two Physical Layer signaling systems are defined. For oper-
ation over four logical lanes, the 1I0GBASE-X family is extended to include 10GBASE-KX4. For serial
operation, the 10GBASE-R family is extended to include 10GBASE-KR. For 40 Gb/s operation, there is
40GBASE-KR4 that operates over four lanes. For 100 Gb/s operation, the I00GBASE-R family is extended
to include 100GBASE-KR4 and 100GBASE-KP4 that operate over four lanes.

enables PHY selection amongst Backplane Ethernet Physical Layer signaling systems.

Delete subclause 69.1.2 and renumber 69.1.3 to 69.1.2.

e} SuppertaBERef 101 2-erbetter
) Optionathy-suppertEEEAAor 10-Gb/srates-or-dlower:

Change the first paragraph of 69.1.3 (now renumbered to 69.1.2) as follows:
69.1.2 Relationship of Backplane Ethernet to the ISO OSI reference model

Backplane Ethernet couples the IEEE 802.3 (ESMAACD)>MAC to a family of Physical Layers defined for
operation over electrical backplanes. The relationships among Backplane Ethernet, the IEEE 802.3 MAC,
and the ISO Open System Interconnection (OSI) reference model are shown in Figure 69—1_and

Figure 69—1a.
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Replace Figure 69-1 and insert Figure 69—1a as follows:

LAN
CSMA/CD
LAYERS
|
HIGHER LAYERS
LLC OR OTHER MAC CLIENT
osl /
REFERENCE / MAC CONTROL (OPTIONAL)
MODEL
LAYERS / MAC
/ RECONCILIATION
APPLICATION |/
PRESENTATION| /| / GMIl— XGMIl —p XGMIl —p
I/
SESSION | 10GBASER
/ 1000BASE-X 10GBASE-X
TRANSPORT | / PCS PCS FEC'
>_
I
NETWORK |/ / PMA > PMA z PMA x
/ PMD o PMD o PMD
DATA LINK
AN AN AN
PHYSICAL MDI —p MDI —p MDI —p
MEDIUM MEDIUM MEDIUM
1000BASE-KX 10GBASE-KX4 10GBASE-KR
AN = AUTO-NEGOTIATION PCS = PHYSICAL CODING SUBLAYER
FEC = FORWARD ERROR CORRECTION PHY = PHYSICAL LAYER DEVICE
GMII = GIGABIT MEDIA INDEPENDENT INTERFACE PMA = PHYSICAL MEDIUM ATTACHMENT
LLC = LOGICAL LINK CONTROL PMD = PHYSICAL MEDIUM DEPENDENT
MAC = MEDIA ACCESS CONTROL XGMII = 10 GIGABIT MEDIA INDEPENDENT INTERFACE

MDI = MEDIUM DEPENDENT INTERFACE
NOTE 1—OPTIONAL

Figure 69—1—Architectural positioning of 1 Gb/s and 10 Gb/s Backplane Ethernet
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LAN
CSMA/CD
LAYERS
|
HIGHER LAYERS
LLC OR OTHER MAC CLIENT
os| /
REFERENCE / MAC CONTROL (OPTIONAL)
MODEL
LAYERS / MAGC
/ RECONCILIATION
APPLICATION !/ /
PRESENTATION| | / XLGMIE—> coMIl—»
I
40GBASE-R 100GBASE-R
SESSION y bCS PCS
TRANSPORT | / FEC' RS-FEC
* x
NETWORK / / PMA o PMA ol
/ PMD PMD
DATA LINK
AN AN
PHYSICAL MDI —p MDI —p
MEDIUM MEDIUM
H—/ H'—/
40GBASE-KR4 100GBASE-KR4
100GBASE-KP4
AN = AUTO-NEGOTIATION PHY = PHYSICAL LAYER DEVICE
CGMII = 100 GIGABIT MEDIA INDEPENDENT INTERFACE
FEC = FORWARD ERROR CORRECTION PMA = PHYSICAL MEDIUM ATTACHMENT
LLC = LOGICAL LINK CONTROL PMD = PHYSICAL MEDIUM DEPENDENT
MAC = MEDIA ACCESS CONTROL RS-FEC = REED-SOLOMON FEC
MDI = MEDIUM DEPENDENT INTERFACE XLGMII = 40 GIGABIT MEDIA INDEPENDENT INTERFACE

PCS = PHYSICAL CODING SUBLAYER
NOTE 1—OPTIONAL

Figure 69—1a—Architectural positioning of 40 Gb/s and 100 Gb/s Backplane Ethernet

Change item f) and insert item g) and h) as follows:

ha NMDI 4 N ad 11
vii1—a P

S atl
s

f)

B

for HOGBASE-KR—or-Clause-84—for 40GBASE-KR4-—The PMA service interface, which, when
physically implemented as XIL.AUI (40 Gigabit Attachment Unit Interface) at an observable
interconnection port, uses a four-lane data path as specified in Annex 83A.

g) The PMA service interface, which, when physically implemented as CAUI (100 Gigabit Attachment
Unit Interface) at an observable interconnection port, uses a ten-lane data path as specified in
Annex 83A.

h) The MDIs for 1000BASE-KX and 10GBASE-KR use a serial data path while the MDIs for
10GBASE-KX4, 40GBASE-KR4, 100GBASE-KR4, and 100GBASE-KP4 use a four-lane data
path.

69.2 Summary of Backplane Ethernet Sublayers
69.2.1 Reconciliation sublayer and media independent interfaces

Change the first paragraph as follows:
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The Clause 35 RS and GMII, the Clause 46 RS and XGMII, and the Clause 81 RS-and, XLGMII, and
CGMII are employed for the same purpose in Backplane Ethernet, that being the interconnection between
the MAC sublayer and the PHY.

69.2.3 Physical Layer signaling systems
Insert the following two paragraphs after the fourth paragraph:

Backplane Ethernet also specifies 100GBASE-KR4 for 100 Gb/s operation using 2-level pulse amplitude
modulation (PAM) over four differential signal pairs in each direction for a total of eight pairs where the
insertion loss of each pair does not exceed 35 dB at 12.9 GHz. The embodiment of 100GBASE-KR4
employs the PCS defined in Clause 82, the RS-FEC defined in Clause 91, the PMA defined in Clause 83,
and the PMD defined in Clause 93.

Backplane Ethernet also specifies l00GBASE-KP4 for 100 Gb/s operation using 4-level PAM over four dif-
ferential signal pairs in each direction for a total of eight pairs where the insertion loss of each pair does not
exceed 33 dB at 7 GHz. The embodiment of 100GBASE-KP4 employs the PCS defined in Clause 82, the
RS-FEC defined in Clause 91, and the PMA and PMD defined in Clause 94.

Change the last paragraph, replace Table 69-1 (moving 40GBASE-KR4 to Table 69-1a), and insert
Table 69-1a as follows:

Table 69—-1 and Table 69—1a specifyspeeifies the correlation between nomenclature and clauses. A complete
implementation conforming to one or more nomenclatures meets the requirements of the corresponding
clauses.

Table 69—1—Nomenclature and clause correlation for 1 Gb/s and 10 Gb/s Backplane
Ethernet Physical Layers

Clause

35 36 46 48 49 51 70 71 72 73 74

~
=]

Nomenclature

RS
GMII
1000BASE-X PCS/PMA
RS
XGMII
10GBASE-X PCS/PMA
10GBASE-R PCS
Serial PMA
1000BASE-KX PMD
10GBASE-KX4 PMD
10GBASE-KR PMD
Auto-Negotiation
BASE-R FEC

1000BASE-KX M? o?

<
<
<

<
<

10GBASE-KX4 M (6] M

O | © | © | Energy-Efficient Ethernet (EEE)

10GBASE-KR M (6] M M M M (6]

20 = Optional, M = Mandatory
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Table 69—1a—Nomenclature and clause correlation for 40 Gb/s and 100 Gb/s Backplane
Ethernet Physical Layers

Clause
73 74 78 81 82 83 83A 84 91 93 94
=)
£ g
= a g | £
< 7)) < < =
S, g S| 9 2|z E E S
Nomenclature =t = 5 & A~ = a s -« >
£ | & | £ S /% % %2/ % 5|=z|&8 % /8|5%
- = n = = = = i i = 5 = ¥ T
N E 2| Q52 2|8 2|35 & %= ¥
V-4 & 2 =) &) < < < < > Q n @« »n [
| 2| 3 > @ | & P 2| 4 | =
e < = 3) [T 2] 3 < P 7}
%5 $ £ € ¢ g ¢ |z
5 D I 2 CRNC
5 S
= -
=
40GBASE-KR4 M? o? (0] M (6] M M (0] M
100GBASE-KR4 M (0] M M M M M
100GBASE-KP4 M (0] M (0] M (6] M M

20 = Optional, M = Mandatory

69.2.6 Low-Power Idle
Change the first sentence as follows:

With the optional EEE feature, described in Clause 78, Backplane Ethernet PHY's for106Gb/s-erlewer can
achieve lower power consumption during periods of low link utilization.

69.3 Delay constraints
Insert the following two paragraphs after the last paragraph:

For 100GBASE-KR4, normative delay specifications may be found in 81.1.4, 82.5, 83.5.4, 91.4, and 93.4
and also referenced in 80.4.

For 100GBASE-KP4, normative delay specifications may be found in 81.1.4, 82.5, 91.4, and 94.3.3 and also
referenced in 80.4.

69.5 Protocol implementation conformance statement (PICS) proforma
Change the first paragraph as follows:
The supplier of a protocol implementation that is claimed to conform to any part of IEEE Std 802.3,

Clause 70 through Clause 74, Clause 84, Clause 91, Clause 93, Clause 94, and related annexes demonstrates
compliance by completing a protocol implementation conformance statement (PICS) proforma.
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73. Auto-Negotiation for backplane and copper cable assembly

Change the first paragraph of Clause 73 as follows:

Auto-Negotiation, as defined in this clause, is specified for use with Ethernet PHYs operating over a
backplane and for use with certain Ethernet PHY's operating over a copper cable assembly.

73.3 Functional specifications
Change the last sentence of the third paragraph as follows:

These functions shall comply with the state diagrams from Figure 73-9 through Figure 73—11. The Auto-
Negotiation functions shall interact with the technology-dependent PHYs through the Technology-
Dependent interface (see 73.9). Technology-Dependent PHY's include 1000BASE-KX, 10GBASE-KX4,
10GBASE-KR, 40GBASE-KR4, 40GBASE-CR4, and 100GBASE-CR10, 100GBASE-KP4,
100GBASE-KR4, and 100GBASE-CR4.

73.5 DME transmission
73.5.1 DME electrical specifications
Change the last paragraph as follows:

For any multi-lane PHY, DME pages shall be transmitted only on lane 0. The transmitters on other lanes
should be disabled as specified in 71.6.7, 84.7.7, e¥-85.7.7,92.7.7, 93.7.7. or 94.3.6.7.

73.6 Link codeword encoding
73.6.4 Technology Ability Field

Change Table 73—4 as follows:

Table 73—4—Technology Ability Field encoding

Bit Technology
A0 1000BASE-KX
Al 10GBASE-KX4
A2 10GBASE-KR
A3 40GBASE-KR4
A4 40GBASE-CR4
AS 100GBASE-CR10
A6 100GBASE-KP4
A7 100GBASE-KR4
A8 100GBASE-CR4
A6A9 through Reserved for future technology
A24
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Replace the second to last paragraph (“40GBASE-CR4 and...”) with the following:

A PHY for operation over an electrical backplane (e.g., lI000BASE-KX, 10GBASE-KX4, I0GBASE-KR,
40GBASE-KR4, 100GBASE-KP4, 100GBASE-KR4) shall not be advertised simultaneously with a PHY
for operation over a copper cable assembly (e.g., 40GBASE-CR4, 100GBASE-CR10, 100GBASE-CR4) as
the MDI and physical medium are different.

Change the last paragraph as follows:

The fields A[24:69] are reserved for future use. Reserved fields shall be sent as zero and ignored on receive.

73.6.10 Transmit Switch function

Change 73.6.10 as follows:

During Auto-Negotiation and prior to entry into the AN GOOD_ CHECK state, the Transmit Switch
function shall connect only the DME page generator controlled by the Transmit State Diagram to the MDI.

Upon entry into the AN_GOOD_CHECK state, the Transmit Switch function shall connect the transmit path
from a single technology-dependent (highest common denominator) PHY to the MDI.

When a PHY is connected to the MDI through the Transmit Switch function, the signals at the MDI shall
conform to all of the PHYs specifications_within 20 ms.

73.7 Receive function requirements
Change the last sentence as follows:
The receive function incorporates a receive switch to control connection to the 1000BASE-KX, 10GBASE-

KX4, 10GBASE-KR 40GBASE-KR4, 40GBASE-CR4, er 100GBASE-CR10. 100GBASE-KR4,
100GBASE-KP4, or I00GBASE-CR4 PHYs.

73.7.1 DME page reception
Change 73.7.1 as follows:

To be able to detect the DME bits, the receiver should have the capability to receive DME signals sent with
the electrical specifications of the PHY (1000BASE-KX, I0GBASE-KX4, 10GBASE-KR, 40GBASE-KR4,
40GBASE-CR4, er—100GBASE-CR10, 100GBASE-KP4, 100GBASE-KR4, or 100GBASE-CR4). The
DME transmit signal level and receive sensitivity are specified in 73.5.1.

73.7.2 Receive Switch function

Change 73.7.2 as follows:
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During Auto-Negotiation and prior to entry into the AN_GOOD_CHECK state, the Receive Switch function

shall connect the DME page receiver to the MDI. For the Parallel Detection function, the Receive Switch

function shall also connect the receive path of the 1000BASE-KX and 10GBASE-KX4 PHY to the MDI
when those PHY's are present.

Upon entry into the AN_GOOD_CHECK state, the Receive Switch function shall connect the receive path
from a single technology-dependent (highest comment denominator) PHY to the MDI.

73.7.6 Priority Resolution function

Change Table 73-5 as follows:

Table 73-5—Priority Resolution

Priority Technology Capability
1 100GBASE-CR4 100 Gb/s 4 lane, highest priority
2 100GBASE-KR4 100 Gb/s 4 lane
3 100GBASE-KP4 100 Gb/s 4 lane
4 100GBASE-CR10 100 Gb/s 10 lane;-highest-priority
25 40GBASE-CR4 40 Gb/s 4 lane
36 40GBASE-KR4 40 Gb/s 4 lane
47 10GBASE-KR 10 Gb/s 1 lane
58 10GBASE-KX4 10 Gb/s 4 lane
69 1000BASE-KX 1 Gb/s 1 lane, lowest priority

73.10 State diagrams and variable definitions
73.10.1 State diagram variables
Insert new values for the variable “x” as follows:

A variable with “ [x]” appended to the end of the variable name indicates a variable or set of variables as
defined by “x”. “x” may be as follows:

all; represents all specific technology-dependent PMAs supported in the local device.
1GKX; represents that the 1000BASE-KX PMA is the signal source.

10GKR;  represents that the I0GBASE-KR PMA is the signal source.

10GKX4; represents that the I0GBASE-KX4 or I0GBASE-CX4 PMA is the signal source.
40GKR4; represents that the 40GBASE-KR4 PMD is the signal source.
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40GCR4; represents that the 40GBASE-CR4 PMD is the signal source.
100GCR10; represents that the I00GBASE-CR10 PMD is the signal source.

100GKP4; represents that the I00GBASE-KP4 PMD is the signal source.
100GKR4:; represents that the 100GBASE-KR4 PMD is the signal source.

100GCR4; represents that the I00GBASE-CR4 PMD is the signal source.

HCD; represents the single technology-dependent PMA chosen by Auto-Negotiation as the
highest common denominator technology through the Priority Resolution or parallel
detection function.

notHCD;  represents all technology-dependent PMAs not chosen by Auto-Negotiation as the
highest common denominator technology through the Priority Resolution or parallel
detection function.

PD; represents all of the following that are present: 1000BASE-KX PMA, 10GBASE-
KX4 PMA or 10GBASE-CX4 PMA, 10GBASE-KR PMA, 40GBASE-KR4 PMD,
40GBASE-CR4 PMD, and 100GBASE-CR10 PMD.

Change the definition of the variable single _link_ready as follows:

single link ready
Status indicating that an_receive idle = true and only one the of the following indications is being
received:

1) link status [1GKX] = OK

2) link_status_[10GKX4] = OK
3) link status [I0GKR] = OK

4) link_status [40GKR4] = OK
5) link_status [40GCR4]=OK
6) link status [100GCR10] = OK
7) link status [100GKP4] = OK
8) link status [100GKR4] = OK
9) link status [100GCR4] =0OK

Values: false; either zero or more than one of the above indications are true or an_receive_idle
= false.
true; Exactly one of the above indications is true and an_receive idle = true.

NOTE—This variable is set by this variable definition; it is not set explicitly in the state diagrams.
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73.11 Protocol implementation conformance statement (PICS) proforma for
Clause 73, Auto-Negotiation for backplane and copper cable assembly3

73.11.4 PICS proforma tables for Auto-Negotiation for backplane and copper cable
assembly

73.11.4.3 Link codeword encoding

Insert item LES8a after item LES and change LE14, LE15, LE16, and LE17 as follows:

Item Feature Subclause Value/Comment Status Support
LES8a Technology ability reserved 73.6.4 Sent as zero and ignored by M Yes [ ]
fields the receiver
LE14 Transmit switch function after | 73.6.10 Enable-transmitpath-upen- M Yes [ ]
i upon entry completion-ofAvto-
into the AN_GOOD_CHECK Negotiation
state Connect the transmit path of
HCD PHY to the MDI
LE15 Transmit switch function 73.6.10 Connect only DME page M Yes [ ]
during Auto-Negotiation_and generator to MDI
prior to entry into the
AN GOOD_CHECK state
LEI6 PHY connection to MDI 73.6.10 Signals at MDI conform to all | M Yes [ ]
PHY specifications_ within
20 ms
LE17 Incompatible abilities 73.6.4 40GBASE-CR4-and- M Yes [ ]
40GBASE-KR4-shall-not-be-
. . |
PHYs for operation over
clectrical backplane are not
simultaneously advertised
with PHY's for operation over
copper cable

3 Copyright release for PICS proformas: Users of this standard may freely reproduce the PICS proforma in this subclause so that it can
be used for its intended purpose and may further publish the completed PICS.
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73.11.4.4 Receive function requirements

Change RF1 through RF3 as follows:
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Item Feature Subclause Value/Comment Status Support
RF1 Receive switch function after | 73.7.2 Enablerecetvepathat M Yes [ ]
upon entry completion-ofAuto-
into the AN_GOOD_CHECK Negotiation
state Connect the receive path of
HCD PHY to the MDI
RF2 Receive switch function 73.7.2 Connect DME page receiver M Yes [ ]
during Auto-Negotiation and to MDI
prior to entry into the
AN GOOD_CHECK state
RF3 Receive switch function 73.7.2 Connect present PMA- M Yes [ ]
during Auto-Negotiation_and reeetversto-MBlreceive path
prior to entry into the of the 1000BASE-KX and
AN_GOOD_CHECK state 10GBASE-KX4 PHY when
present
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74. Forward Error Correction (FEC) sublayer for BASE-R PHYs

74.5 FEC service interface
74.5.2 40GBASE-R and 100GBASE-R service primitives

Change the list of service primitives in the first paragraph to a lettered list with additional items d)
through h), and insert the following sentence after the list as follows:

a) FEC:IS UNITDATA i.request

b) FEC:IS UNITDATA i.indication

¢) FEC:IS_SIGNAL.indication

d) FEC _TX MODE.request(tx_mode)

e) FEC RX MODE.request(rx_mode)

f) FEC RX TX MODE.indication(rx_tx_mode)
g) FEC LPI ACTIVE.request(rx_lpi_active)

h) FEC ENERGY.indication(energy detect)

Items d), e), f), g), and h) are only required for the optional EEE capability.
Insert the following at the end of 74.5.2:

If the optional Energy-Efficient Ethernet (EEE) capability is supported (see Clause 78) then the interface
with the PMA sublayer (or FEC sublayer) includes rx_mode and tx_mode to control power states in lower
sublayers and energy detect that indicates whether the PMD sublayer has detected a signal at the receiver. If
the optional EEE deep sleep capability is supported, rx_tx_mode is passed through the FEC but is not used
by it.

The tx_mode parameter in FEC_TX MODE.request is sent from the PCS. It is set to QUIET while the
transmitter is in the TX QUIET state, it is set to ALERT while the transmitter is in the TX ALERT state and
is set to DATA otherwise.

The rx_mode parameter in FEC_RX MODE.request is sent from the PCS. It is set to QUIET while the
receiver is in the RX_QUIET state and is set to DATA otherwise.

The FEC_ RX TX MODE.indication primitive communicates the rx_tx mode parameter. This parameter
indicates the value of tx_mode that the PMA sublayer has inferred from the received signal. Without EEE
deep sleep capability, the primitive is never generated and the sublayer behaves as if rx_tx_mode=DATA.

The parameter rx_tx_mode is assigned one of the following values: DATA, QUIET, or ALERT.

The rx_lpi_active parameter in FEC_LPI ACTIVE.request is a Boolean variable sent from the PCS that is
set to TRUE when LPI mode is active at the receiver and set to FALSE otherwise.

The energy detect parameter in FEC_ENERGY.indication is a Boolean variable that indicates to the PCS
that energy has been detected at the PMD.

74.7 FEC principle of operation
74.7.4 Functions within FEC sublayer

Change the first two paragraphs of 74.7.4.8 as follows:
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74.7.4.8 FEC rapid block synchronization for EEE (optional)

If the optional EEE capability is supported then during the wake and refresh states the FEC decoder will-be
reeetving receives one of the two types of deterministic blocks to achieve rapid block synchronization.
During these states the reverse gearbox of the remote FEC encoder will-beis receiving unscrambled data
from the PCS sublayer via 16-bit FEC_UNITDATA request primitive. A Clause 49 PCS sublayer will-be
eneeding encodes /I/ during the wake state and /LI/ during the refresh state, which produces the two types of
deterministic FEC blocks. If the optional EEE deep sleep capability is supported, then a Clause 82 PCS
sublayer also encodes /I/ during the wake state and /L1/ during the refresh state, but in addition inserts Rapid

Alignment Markers into each of the PCS Lanes (see 82.2.8a). This causes the two types of deterministic
FEC blocks to have a number of 65-bit words within the deterministic FEC block replaced with Rapid
Alignment Markers, thus not matching the two deterministic patterns as shown in Table 74A-5 and
Table 74A-6. The locations of the Rapid Alignment Markers within the Rapid FEC block are consistent for a
given entry into the wake or refresh states, but the locations can vary for subsequent entries. This
modification to the two deterministic patterns needs to be taken into account by the Rapid FEC Lock
implementation.

When rx_Ipi_active is TRUE and rx_mode (or rx_tx_mode if appropriate) transitions is-set to DATA, start a
hold-off timer whose duration is greater than or equal to 13.7 ps and enable the FEC Rapid block lock
mechanism, which wil attempts to determine the FEC start of block location based on the deterministic
pattern. When the rapid block lock is locked, the determined start of block location is used as the FEC lock
state diagram candidate start of block location until the rapid block lock loses lock. Assuming the rapid
block lock determined the correct start of block location, the FEC lock state diagram il achieves lock
without requiring subsequent slips. The rapid block lock mechanism is implementation dependent and
outside the scope of this standard. The FEC sublayer shall hold off asserting SIGNAL OK until one of the
following two events occurs:
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78. Energy-Efficient Ethernet (EEE)

Change 78.1 to add 100 Gb/s Ethernet:

78.1 Overview

The optional EEE capability combines the IEEE 802.3 Media Access Control (MAC) Sublayer with a
family of Physical Layers defined to support operation in the Low Power Idle (LPI) mode. When the LPI
mode is enabled, systems on both sides of the link can save power during periods of low link utilization.

EEE also provides a protocol to coordinate transitions to or from a lower level of power consumption and
does this without changing the link status and without dropping or corrupting frames. The transition time in
to and out of the lower level of power consumption is kept small enough to be transparent to upper layer
protocols and applications.

EEE supports operation over twisted-pair cabling systems, twinax cable, electrical backplanes, the XGXS
for 10 Gb/s PHYs. the XLAUI for 40 Gb/s PHYs, and the CAUI for 100 Gb/s PHYSs. Table 78-1 lists the
supported PHY's and interfaces and their associated clauses.

In addition to the above, EEE defines a 10 Mb/s MAU (10BASE-Te) with reduced transmit amplitude
requirements. The 10BASE-Te MAU is fully interoperable with I0BASE-T MAUSs over 100 m of class D
(Category 5) or better cabling as specified in ISO/IEC 11801:1995. These requirements can also be met by
Category 5 cable and components as specified in ANSI/TIA/EIA-568-B-1995. The definition of 10BASE-
Te allows a reduction in power consumption.

EEE also specifies means to exchange capabilities between link partners to determine whether EEE is
supported and to select the best set of parameters common to both devices. Clause 78 provides an overview
of EEE operation. PICS for the optional EEE capability for each specific PHY type are specified in the
respective PHY clauses. Normative requirements for Data Link Layer capabilities are contained in 78.4.

78.1.1 LPI Signaling
Insert the following at the end of 78.1.1:

The LPI Client connects to the RS service interface. LPI signaling between the RS and PCS is performed by
LPI encoding on the Media Independent Interface. The transmit PCS encodes LPI symbols, which are
decoded by the link partner receive PCS. The receive and transmit PCS also generate service interface
signals, which are passed down to the lower PHY sublayers and indicate when receive and transmit PHY
functions may be powered down.

The EEE request signals from the PCS control transitions between quiescent and normal operation. The
Clause 49 PCS and Clause 82 PCS also request transmit alert operation to assist the partner device PMD to
detect the end of the quiescent state. Additionally the Clause 49 PCS and Clause 82 PCS generate the
RX LPI ACTIVE signal, which indicates to the Clause 74 BASE-R FEC that it can use rapid block lock
because the link partner PCS has bypassed scrambling.

Coding defined in Clause 83 also allows LPI transmit quiet and alert requests from the PCS to be signaled
over the XLAUI and CAUI interfaces. The XLAUI and CAUI receive interfaces infer the quiet and alert
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requests from the data received over the interface and use that to recreate the transmit or receive direction
signaling. (See 83.5.11.1.)

The receive PCS checks that the link cycles out of the quiescent state at the correct time and that the received
signals return to their expected state within the required time. The ENERGY DETECT indicate signal is
passed up from the PMA to the PCS to allow the PCS to monitor the waking process.

Change the title of 78.1.1.1 as follows:

78.1.1.1 Interlayer Reconciliation sublayer service interfaces

78.1.2 LPI Client service interface
78.1.2.2 LP_IDLE.indication
Change 78.1.2.2.3 as follows:

78.1.2.2.3 When generated

This primitive is generated by the RS when it starts or stops receiving Assert LPI encoded on the receive
xMII according to the rules defined in 78.1.3.2.

78.1.3 Reconciliation sublayer operation

78.1.3.3 PHY LPI operation

78.1.3.3.1 PHY LPI transmit operation

Insert the following text, figure, and warning at the end of 78.1.3.3.1

For PHYs with an operating speed of 40 Gb/s or greater that implement the optional EEE capability, two
modes of LPI operation may be supported: deep sleep and fast wake. Deep sleep refers to the mode for
which the transmitter ceases transmission during Low Power Idle (as shown in Figure 78-3) and is
equivalent to the only mechanism defined for PHYs with an operating speed less than 40 Gb/s. Deep sleep
support is optional for PHYs with an operating speed of 40 Gb/s or greater that implement EEE. Fast wake
refers to the mode for which the transmitter continues to transmit signals during Low Power Idle so that the
receiver can resume operation with a shorter wake time (as shown in Figure 78-3a). For transmit, other than
the PCS encoding LPI, there is no difference between fast wake and normal operation. Fast wake support is
mandatory for PHY's with an operating speed of 40 Gb/s or greater that implement EEE.

Physical Layer signaling continues with higher layer functions suspended during fast wake signaling

Active Fast wake Idle Active
signaling (or wake)

v

NOTE—Fast wake signaling continually indicates LPI in a normally constituted data stream.

Figure 78-3a—Overview of fast wake operation
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WARNING
The signaling in deep sleep operation precludes transparent mapping of the link over
Optical Transport Networks. Only fast wake operation should be enabled for any link
that is intended for transparent OTN mapping.

78.1.3.3.2 PHY LPI receive operation
Change 78.1.3.3.2 as follows:

In the receive direction, entering the LPI mode is triggered by the reception of a sleep signal from the link
partner, which indicates that the link partner is about to enter the LPI mode. After sending the sleep signal,
the link partner ceases transmission if not in fast wake mode. When the receiver detects the sleep signal, the
local PHY indicates “Assert LPI” on the xMII and the local receiver can disable some functionality to
reduce power consumption.

If not in fast wake mode the Fhe link partner periodically transmits refresh signals that are used by the local
PHY to update adaptive coefficients and timing circuits. This quiet-refresh cycle continues until the link
partner initiates transition back to normal mode by transmitting the wake signal for a predetermined period
of time controlled by the LPI assert function in the RS. This allows the local receiver to prepare for normal
operation and transition from the “Assert LPI” encoding to the normal interframe encoding on the xMIIL.
After a system specified recovery time, the link supports the nominal operational data rate.

Change the title and text of 78.1.4, replacing Table 78-1, as follows:

78.1.4 PHY types optionally supporting EEE Supperted-PHY-types

EEE defines a low power mode of operation for the IEEE 802.3 PHY's and the XGXS interfaces listed in
Table 78—1. The table also lists the clauses associated with each PHY or sublayer. Normative requirements
for the EEE capability for each PHY type and fer2XGXS interface are in the associated clauses.

Table 78—1—Clauses associated with each PHY or interface type

PHY or interface type Clause
10BASE-Te 14
100BASE-TX 24,25
1000BASE-KX 70, 36
1000BASE-T 40
XGXS (XAUID 47, 48
10GBASE-KX4 71,48
10GBASE-KR 72,51,49, 74
10GBASE-T 55
XLAUI/CAUI 83A
40GBASE-KR4 82, 83, 84, 74
40GBASE-CR4 82, 83, 85, 74
100GBASE-KP4 82,91, 94
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Table 78—1—Clauses associated with each PHY or interface type (continued)

PHY or interface type Clause
100GBASE-KR4 82,83,91,93
100GBASE-CR10 82, 83,85, 74
100GBASE-CR4 82,83,91,92

78.2 LPI mode timing parameters description

Replace Table 78-2 as follows:

Table 78—2—Summary of the key EEE parameters for supported PHYs or interfaces

T, T, T,
PHY or interface (ns) (ns) (ps)
type
Min Max Min Max Min Max
100BASE-TX 200 220 20 000 22 000 200 220
1000BASE-KX 19.9 20.1 2500 2 600 19.9 20.1
1000BASE-T 182 202 20 000 24 000 198 218.2
XGXS (XAUI) 19.9 20.1 2 500 2 600 19.9 20.1
10GBASE-KX4 19.9 20.1 2500 2 600 19.9 20.1
10GBASE-KR 4.9 5.1 1700 1 800 16.9 17.5
10GBASE-T 2.88 32 39.68 39.68 1.28 1.28
40GBASE-KR4 0.9 1.1 1700 1 800 59 6.5
40GBASE-CR4 0.9 1.1 1700 1 800 59 6.5
100GBASE-KP4 0.9 1.1 1700 1 800 59 6.5
100GBASE-KR4 0.9 1.1 1700 1 800 59 6.5
100GBASE-CR10 0.9 1.1 1700 1 800 59 6.5
100GBASE-CR4 0.9 1.1 1700 1 800 59 6.5

78.3 Capabilities Negotiation
Change the first two paragraphs of 78.3 as follows:

The EEE capability shall be advertised during the Auto-Negotiation stage, except for PHYs that only
support fast wake operation. Auto-Negotiation provides a linked device with the capability to detect the
abilities (modes of operation) supported by the device at the other end of the link, determine common
abilities, and configure for joint operation. Auto-Negotiation is performed at power up, on command from
management, due to link failure, or due to user intervention. Fast wake capability shall be advertised using
L2 protocol frames as described in 78.4.
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During Auto-Negotiation, both link partners indicate their EEE capabilities. EEE is supported only if during
Auto-Negotiation both the local device and link partner advertise the EEE capability for the resolved PHY
type. If EEE is not supported, all EEE functionality is disabled and the LPI client does not assert LPI. EEE
deep sleep operation shall not be enabled unless both the local device and link partner advertise deep sleep
capability during Auto-Negotiation for the resolved PHY type. If EEE is supported by both link partners for
the negotiated PHY type, then the EEE function can be used independently in either direction.

78.4 Data Link Layer Capabilities
Change the second and third paragraphs of 78.4 as follows:

The Data Link Layer capabilities shall be implemented for devices with an operating speed equal to or
greater than 10 Gb/s and may be implemented for all other devices. The use of the EEE Fast Wake TLV shall
be interpreted as an indication that the device supports EEE fast wake operation, regardless of the capability
advertised during the Auto-Negotiation stage. A device shall not indicate deep sleep capability using the
EEE Fast Wake TLV unless both the local device and link partner advertise deep sleep capability during
Auto-Negotiation for the resolved PHY type.

Implementations that use the Data Link Layer capabilities shall comply with all mandatory parts of
IEEE Std 802.1AB-2009; shall support the EEE Type, Length, Value (TLV) defined in 79.3.5; timing
requirement in 78.4.1; and shall support the control state diagrams defined in 78.4.2. Devices with an

operating speed equal to or greater than 40 Gb/s shall support EEE Fast Wake TLV as defined in 79.3.6.

78.4.2 Control state diagrams
78.4.2.3 Variables
Insert the following variable definitions into 78.4.2.3 preserving alphabetical order:

LPI FW
Boolean variable controlling the wake mode for the LPI transmit and receive functions as defined
in 82.2.18.2.2.

LocTxSystemFW
Boolean variable that indicates the state of LPI_FW that the local transmit system can support.
This value is updated by the EEE DLL Transmit fast wake state diagram. This variable maps into
the aLldpXdot3LocTxFw attribute.

RemTxSystemFWEcho
Boolean variable that indicates the state of transmit LPI_FW echoed back by the remote system.
This value maps from the aLldpXdot3RemTxFwEcho attribute.

LocRxSystemFW
Boolean variable that indicates the state of LPI_FW that the local receive system requests from the
remote system. This value is updated by the EEE DLL Receive fast wake state diagram. This vari-
able maps into the al.ldpXdot3LocRxFw attribute.

RemRxSystemFWEcho
Boolean variable that indicates the state of receive LPI_FW echoed back by the remote system.
This value maps from the aL.ldpXdot3RemRxFwEcho attribute.
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RemTxSystemFW
Boolean variable that indicates the LPI FW that the remote transmit system requests from the
local system. This value maps from the aLldpXdot3RemTxFw attribute.

LocTxSystemFWEcho
Boolean variable that indicates the remote system’s transmit LPI FW that was used by the local
system to decide the LPI_FW that it wants to request from the remote system. This value maps into
the aLldpXdot3LocTxFwEcho attribute.

RemRxSystemFW
Boolean variable that indicates the LPI_FW that the remote receive system requests from the local
system. This value maps from the al.ldpXdot3RemRxFw attribute.

LocRxSystemFWEcho
Boolean variable that indicates the remote system’s receive LPI_FW that was used by the local
system to decide the LPI_FW that it can support. This value maps into the aL.ldpXdot3LocRxF-
wEcho attribute.

LocResolvedTxSystemFW
Boolean variable that indicates the current LPI FW supported by the local system.

LocResolvedRxSystemFW
Boolean variable that indicates the current LPI_FW supported by the remote system.

TempTxFW
Boolean variable used to store the value of LPI FW.

TempRxFW
Boolean variable used to store the value of LPI FW.

local_system FW _change
An implementation-specific control variable that indicates that the local system wants to change
either the Transmit LPI FW or the Receive LPI FW.

NEW TX FW
Boolean variable that indicates the value of transmit LPI_FW that the local system can support.

NEW_RX FW
Boolean variable that indicates the value of receive LPI_FW that the local system wants the remote
system to support.
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Change Table 78-3 as follows:

Table 78-3—Attribute to state diagram variable cross-reference

Entity Object class Attribute Mapping | State diagram variable
TX oLldpXdot3Loc- aLldpXdot3LocTxTwSys = LocTxSystemValue
SystemsGroup
aLldpXdot3LocRxTwSysEcho = LocRxSystemValueEcho
aLldpXdot3LocDIIEnabled = tx_dll_enabled
al.ldpXdot3LocTxDIIReady &= tx_dll_ready
alldpXdot3LocTxFw = LocTxSystemFW
alldpXdot3LocRxFwEcho = LocRxSystemFWEcho
oLldpXdot3Rem- aLldpXdot3RemRxTwSys = RemRxSystemValue
SystemsGroup
alldpXdot3RemTxTwSysEcho = RemTxSystemValueEcho
alldpXdot3RemRxFw = RemRxSystemFW
alldpXdot3RemTxFwEcho = RemTxSystemFWEcho
RX oLldpXdot3Loc- aLldpXdot3LocRxTwSys & LocRxSystemValue
SystemsGroup
aLldpXdot3LocTxTwSysEcho &= LocTxSystemValueEcho
aLldpXdot3LocFbTwSys = LocFbSystemValue
alldpXdot3LocDIIEnabled = rx_dll_enabled
aLldpXdot3LocRxDIIReady &= rx_dll _ready
alLldpXdot3LocRxFw = LocRxSystemFW
aLldpXdot3LocTxFwEcho = LocTxSystemFWEcho
oLldpXdot3Rem- aLldpXdot3RemTxTwSys = RemTxSystemValue
SystemsGroup
aLldpXdot3RemRxTwSysEcho &= RemRxSystemValueEcho
alldpXdot3RemTxFw = RemTxSystemFW
alldpXdot3RemRxFwEcho = RemRxSystemFWEcho

78.4.2.4 Functions
Insert the following functions into 78.4.2.4 preserving alphabetical order:

examine TxFW_change
This function decides if the new value of LPI FW is acceptable by the local transmit system when
there is an updated request from the remote system or if local system conditions require a change
in the value of the presently supported LPI FW.

examine RxFW_change
This function decides if the new value of LPI FW is acceptable by the local receive system when
there is an updated request from the remote system or if local system conditions require a change
in the value of the presently supported LPI FW.
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78.4.2.5 State diagrams
Insert the following text and Figure 78-7 and Figure 78-8 at the end of 78.4.2.5:

The general state change procedure for transmitter fast wake is shown in Figure 78-7.

i ltx_dll_ready

INITIALIZE

LocTxSystemFW < TRUE
RemTxSystemFWEcho < TRUE
RemRxSystemFW < TRUE
LocRxSystemFWEcho < TRUE
LocResolvedTxSystemFW < TRUE
TempRxFW < TRUE

tx_dll_ready

A

RUNNING

llocal_system_FW_change *
(RemRxSystemFW # TempRxFW) *
(LocTxSystemFW = RemTxSystemFWEcho)

¢ v

local_system_FW_change

REMOTE CHANGE LOCAL CHANGE
TempRxFW < RemRxSystemFW TempRxFW < RemRxSystemFW
examine_TxFW_change examine_TxFW_change
LocTxSystemFW =
ucTt f?emeS);/stemFWEcho)
A
TX UPDATE

LocTxSystemFW < NEW_TX_FW

(NEW_TX_FW = (NEW_TX_FW # LocTxSystemFW) *

LocResolvedTxSystemFW) + (LocTxSystemFW = RemTxSystemFWEcho)
(NEW_TX_FW = TempRxFW)

v

(NEW_TX_FW = LocResolvedTxSystemFW)
SYSTEM REALLOCATION *(NEW_TX_FW = TempRxFW)

LocResolvedTxSystemFW < NEW_TX_FW

UCTl
v

MIRROR UPDATE
LocRxSystemFWEcho < TempRxFW

UcT

Figure 78—7—EEE DLL Transmitter fast wake state diagram
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The general state change procedure for receiver is shown in Figure 78-8.
l Irx_dlIl_ready

INITIALIZE

LocRxSystemFW < PHY WAKE VALUE
RemRxSystemFWEcho < PHY WAKE VALUE
RemTxSystemFW < PHY WAKE VALUE
LocTxSystemFWEcho < PHY WAKE VALUE
LocResolvedRxSystemFW < PHY WAKE VALUE
TempTxFW < PHY WAKE VALUE

rx_dll_ready

RUNNING

A

local_system_FW_change +
RemTxSystemFW # TempTxFW

y
CHANGE

TempTxFW < RemTxSystemFW
examine_RxFW_change

(NEW_RX_FW # LocResolvedRxSystemFW) +
(NEW_RX_FW = (NEW_RX_FW # TempTxFW)
LocResolvedRxSystemFW) *
(NEW_RX_FW = TempTxFW) v
SYSTEM REALLOCATION
LocResolvedRxSystemFW < NEW_RX_FW
UCT
v A4
RX UPDATE

LocRxSystemFW < NEW_RX_FW

UCT

A4
UPDATE MIRROR

LocTxSystemFWEcho < TempTxFW

UcCT

Figure 78—8—EEE DLL Receiver fast wake state diagram

78.4.3 State change procedure across a link
Insert the following text at the end of 78.4.3:

The default state of Fast Wake Enable is TRUE for all PHY's that support the function. This provides for
EEE operation and functionality on initialization and prior to the exchange and processing of the TLVs.

The receiving link partner may request a change of Fast Wake Enable through the al.ldpXdot3LocRxFW
(30.12.2.1.32) attribute in the LldpXdot3LocSystemsGroup managed object class (30.12.2). The request
appears to the transmitting link partner as a change to the al.ldpXdot3RemRxFW (30.12.3.1.26) attribute in
the LldpXdot3RemSystemsGroup managed (30.12.3) object class. The transmitting link partner responds to
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its receiving partner's request through the alldpXdot3LocTxFW (30.12.2.1.30) attribute in the LldpX-
dot3LocSystemsGroup managed object class (30.12.2). The transmitting link partner also copies the value
of the alLldpXdot3RemRxFW (30.12.3.1.26) attribute in the LldpXdot3RemSystemsGroup managed
(30.12.3) object class to the aLldpXdot3LocRxFWEcho (30.12.2.1.33) attribute in the LldpXdot3LocSys-
temsGroup managed object class (30.12.2).

The transmitting link partner may advertise a change of Fast Wake Enable through the alldpX-
dot3LocTxFW (30.12.3.1.24) attribute in the LldpXdot3LocSystemsGroup managed object class (30.12.2).
This appears to the receiving link partner as a change to the alLldpXdot3RemTxFW (30.12.3.1.24) attribute
in the LldpXdot3RemSystemsGroup managed (30.12.3) object class. The receiving link partner responds to
a transmitter’s request through the al.ldpXdot3LocRxFW (30.12.2.1.32) attribute in the LldpXdot3LocSys-
temsGroup managed object class (30.12.2). The receiving link partner also copies the value of the alL.ldpX-
dot3RemTxFW (30.12.3.1.24) attribute in the LIdpXdot3RemSystemsGroup managed (30.12.3) object class
to the alldpXdot3LocTxFWEcho (30.12.2.1.31) attribute in the LldpXdot3LocSystemsGroup managed
object class (30.12.2). This appears to the transmitting link partner as a change to the aLldpXdot3RemTxF-
WEcho (30.12.3.1.25) attribute in the LldpXdot3RemSystemsGroup managed (30.12.3).

The state diagrams in Figure 78—7 and Figure 78-8 describe the preceding behavior.
78.4.3.1 Transmitting link partner’s state change procedure across a link
Insert the following text at the end of 78.4.3.1:

A transmitting link partner is said to be in sync with the receiving link partner if the presently advertised
value of Transmit Fast Wake Enable and the corresponding echoed value are equal.

During normal operation, the transmitting link partner is in the RUNNING state. If the transmitting link
partner wants to initiate a change to the presently resolved value of Fast Wake Enable, the local sys-
tem_change is asserted and the transmitting link partner enters the LOCAL CHANGE state where
NEW_TX FW is computed. If the transmitting link partner is in sync with the receiving link partner, then it
enters TX UPDATE state. Otherwise, it returns to the RUNNING state.

If the transmitting link partner sees a change in the Fast Wake Enable requested by the receiving link
partner, it recognizes the request only if it is in sync with the transmitting link partner. The transmitting link
partner examines the request by entering the REMOTE CHANGE state where a NEW_TX FW is computed
and it then enters the TX UPDATE state.

Upon entering the TX UPDATE state, the transmitter updates the advertised value of Transmit
Fast Wake Enable with NEW_TX FW. If the NEW_TX FW is different to either the resolved
Fast Wake Enable value or the value requested by the receiving link partner then it enters the SYSTEM
REALLOCATION state where it updates the value of resolved Fast Wake Enable with NEW_TX FW. The
transmitting link partner enters the MIRROR UPDATE state either from the SYSTEM REALLOCATION
state or directly from the TX UPDATE state. The UPDATE MIRROR state then updates the echo for the
Receive Fast Wake Enable and returns to the RUNNING state.

78.4.3.2 Receiving link partner’s state change procedure across a link
Insert the following text at the end of 78.4.3.2

A receiving link partner is said to be in sync with the transmitting link partner if the presently requested
value of Receive Fast Wake Enable and the corresponding echoed value are equal.

During normal operation, the receiving link partner is in the RUNNING state. If the receiving link partner
wants to request a change to the presently resolved value of Fast Wake Enable, the local system change is
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asserted. When local system change is asserted or when the receiving link partner sees a change in the
Fast Wake Enable advertised by the transmitting link partner, it enters the CHANGE state where
NEW_RX FW is computed. If NEW_RX FW is different from either the presently resolved value of
Fast Wake Enable or the presently advertised value by the transmitting link partner, it enters the SYSTEM
REALLOCATION state where it updates the resolved value of Fast Wake Enable to NEW_RX FW. The
receiving link partner ultimately enters the RX UPDATE state, either from the SYSTEM REALLOCATION
state or directly from the CHANGE state.

In the RX UPDATE state, it updates the presently requested value to NEW_RX FW, then it updates the

echo for the Transmit Fast Wake Enable in the UPDATE MIRROR state and finally goes back to the
RUNNING state.

78.5 Communication link access latency

Insert text above Table 78-4, change the table title and column heading, and insert the following rows at
the end of the table as follows:

Case-1 of the 40GBASE-CR4, 40GBASE-KR4, and 100GBASE-CR10 PHYs applies to PHY's without FEC
in deep sleep. Case-2 of these PHY's applies to PHY's with FEC in deep sleep.

Table 78—4—Summary of the LPI timing parameters for supported PHYs
or interfaces

PHY or interface Tw_sys_tx T, w_phy T, phy_shrink_tx T, phy_shrink_rx T, W_Sys_rx
type Case (min) (min) (max) (max) (min)
(ns) (ns) (ns) (ns) (ns)
40GBASE-R fast 0.34 0.3 0 0 0.25
wake
Case-1 5.5 55 2 3 1.2
40GBASE-CR4
Case-2 6.5 6.5 2 3 1.2
Case-1 5.5 55 2 3 1.2
40GBASE-KR4
Case-2 6.5 6.5 2 3 1.2
100GBASE-R fast 0.34 0.3 0 0 0.25
wake
Case-1 5.5 5.5 2 3 1
100GBASE-CR10
Case-2 7.5 7.5 2 3 1
100GBASE-CR4 5.5 5.5 2 3 1
100GBASE-KR4 5.5 5.5 2 3 1
100GBASE-KP4 5.5 55 2 3 1
XLAUI/CAUI ? 1

* Ty, sys tx is increased by 1 ps for each instance of XLAUI/CAUI with shutdown enabled on the transmit path. The re-

ceiver should negotiate an increase for remote T

with shutdown enabled on the receive path.

W_Sys
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Insert 78.5.2 after 78.5.1 for PHY extension:
78.5.2 40 Gb/s and 100 Gb/s PHY extension using XLAUI or CAUI

40 Gb/s and 100 Gb/s PHYs may be extended using XLAUI and CAUI as a physical instantiation of the
inter-sublayer service interface to separate functions between devices. The LPI signaling can operate across
XLAUI/CAUI with no change to the PHY timing parameters described in Table 78—4 or the operation of the
Data Link Layer Capabilities negotiation described in 78.4.

If PMA Egress AUI Stop Enable (PEASE, see 83.3; MDIO register bit 1.7.8) is asserted for any of the PMA
sublayers, the PMA may stop signaling on the XLAUI/CAUI in the transmit direction to conserve energy. If
PEASE is asserted, the RS defers sending data following deassertion of LPI by an additional time equal to
Ty sys txTw sys rx as shown in Table 78—4 for each PMA with PEASE asserted (see 81.3a.2.1).
If PMA Ingress AUI Stop Enable (PIASE, see 83.3; MDIO register bit 1.7.9) is asserted for any of the PMA
sublayers, the PMA may stop signaling on the XLAUI/CAUI in the receive direction to conserve energy.
The receiver should negotiate an additional time for the remote T, ¢ (equal to Ty ou¢ Ty gys rx fOr the
XLAUI/CAUI as shown in Table 78—4) for each PMA with PIASE to be asserted before setting the PIASE
bits.
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79. IEEE 802.3 Organizationally Specific Link Layer Discovery Protocol
(LLDP) type, length, and value (TLV) information elements

79.3 IEEE 802.3 Organizationally Specific TLVs

Change the reserved row of Table 79-1 and insert a new row above it as follows:

Table 79—1—IEEE 802.3 Organizationally Specific TLVs

IEEE 802.3 subtype TLV name Subclause reference
6 EEE fast wake 79.3.6
67-255 Reserved —

Insert the following subclause after 79.3.5:
79.3.6 EEE Fast Wake TLV
The EEE Fast Wake TLV is used to exchange information about the EEE fast wake capabilities. This TLV is

only used by systems with links operating at speeds greater than 10 Gb/s. Figure 79-7 shows the format of
this TLV.

TLV TLV information 802.3 OUI 802.3 Transmit Receive
type =127 | stringlength =8 | 00-12-OF subtype = 6 fastwake | fast wake
7 bits 9 bits 3 octets 1 octet 1 octet 1 octet
P TLV header - TLV information string
Echo Echo
anm Transmit Receive
fast wake fast wake
1 octet 1 octet
[TLV information string (contd)
< >

Figure 79-7—EEE Fast Wake TLV format

79.3.6.1 Transmit fast wake

Transmit fast wake (1 octet wide) is a logical indication that the transmit LPI state diagram intends to use the
fast wake function (corresponding to the variable LPI FW in 82.2.18.2.2). Transmit fast wake = 1
corresponds to LPI FW being TRUE; Transmit fast wake = 0 corresponds to LPI FW being FALSE. The
default value for Transmit fast wake is 1 (TRUE). Transmit fast wake is set to TRUE unless the PHY is
capable of deep sleep operation as determined by the PHY type and the results of auto-negotiation.
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79.3.6.2 Receive fast wake

Receive fast wake (1 octet wide) is a logical indication that the receive LPI state diagram is expecting its link
partner to use the fast wake function (corresponding to the variable LPI FW in 82.2.18.2.2). Receive fast
wake = 1 corresponds to LPI FW being TRUE; Receive fast wake = 0 corresponds to LPI FW being
FALSE. The default value for Receive fast wake is 1 (TRUE). Receive fast wake is set to TRUE unless the
PHY is capable of deep sleep operation as determined by the PHY type and the results of auto-negotiation.

79.3.6.3 Echo of Transmit fast wake and Receive fast wake

The respective echo values are the local link partner’s reflection (echo) of the remote link partner’s
respective values. When a local link partner receives its echoed values from the remote link partner, it can
determine whether or not the remote link partner has received, registered, and processed its most recent
values. For example, if the local link partner receives echoed parameters that do not match the values in its
local MIB, then the local link partner infers that the remote link partner’s request was based on stale
information.

79.3.6.4 EEE Fast Wake TLV usage rules

An LLDPDU should contain no more than one EEE Fast Wake TLV.

79.4 IEEE 802.3 Organizationally Specific TLV selection management

79.4.2 IEEE 802.3 Organizationally Specific TLV/LLDP Local and Remote System group
managed object class cross references

Change the second paragraph of 79.4.2 and insert rows following the last rows of Table 79-9 and
Table 79—10 as follows:

The cross-references between the EEE TLV, the EEE Fast Wake TLV, and the EEE local (30.12.2) and
remote (30.12.3) object class attributes are listed in Table 79—-9 and Table 79-10.

Table 79-9—IEEE 802.3 Organizationally Specific TLV/LLDP Local System Group
managed object class cross references

TLV name TLYV variable LLDP Loc?l System Gr9up
managed object class attribute
EEE Fast Wake Transmit fast wake aLldpXdot3LocTxFw
Receive fast wake aledeOt3LOCRXFW

Echo Transmit fast wake aLldpXdot3LocTxFwEcho

Echo Receive fast wake aLldpXdot3LocRxFwEcho
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Table 79-10—IEEE 802.3 Organizationally Specific TLV/ILLDP Remote System Group
managed object class cross references

LLDP Remote System Group

TLV name TLV variable managed object class attribute
EEE Fast Wake Transmit fast wake aLldpXdot3RemTxFw
Receive fast wake al.ldpXdot3RemRxFw

Echo Transmit fast wake aLldpXdot3RemTxFwEcho

Echo Receive fast wake aLldpXdot3RemRxFwEcho

79.5 Protocol implementation conformance statement (PICS) proforma for IEEE 802.3
Organizationally Specific Link Layer Discovery Protocol (LLDP) type, length, and
values (TLV) information elements*

79.5.3 Major capabilities/options

Insert the following row after the last row of the major capabilities table in 79.5.3 as follows:

Item Feature Subclause Value/Comment Status Support
*EEFW EEE Fast Wake TLV 79.5.6a (0] Yes [ ]
No[]

4Copyright release for PICS proformas: Users of this standard may freely reproduce the PICS proforma in this subclause so that it can
be used for its intended purpose and may further publish the completed PICS.
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Insert the following new subclause after 79.5.6:

79.5.6a EEE Fast Wake TLV

Item Feature Subclause Value/Comment Status Support
EFW1 Transmit fast wake field 79.3.6.1 1 octet representing fast wake EEFW: Yes [ ]
option for transmit LPI M N/AT]
function
EFW2 Receive fast wake field 79.3.6.2 1 octet representing fast wake EEFW: Yes [ ]
option for receive LPI function | M N/AT]
EFW3 Echo Transmit and Receive | o 5 ¢ 5 2 octets representing received | EEFW: Yes [ ]
fast wake fields T fast wake options M N/AT]
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80. Introduction to 40 Gb/s and 100 Gb/s networks

80.1 Overview

Change the first paragraph of 80.1.1 as follows:

80.1.1 Scope

This clause describes the general requirements for 40 Gigabit and 100 Gigabit Ethernet. 40 Gigabit Ethernet

uses the IEEE 802.3 MAC sublayer operating at a data rate of 40 Gb/s, coupled with any IEEE 802.3
40GBASE Physical Layer implementation. 100 Gigabit Ethernet uses the IEEE 802.3 MAC sublayer

operating at a data rate of 100 Gb/s, coupled with any IEEE 802.3 100GBASE Physical Layer
implementation. 40 Gb/s and 100 Gb/s Physical Layer entities, such as those specified in Table 80-1,

provide a bit error ratio (BER) better than or equal to 10~12 at the MAC/PLS service interface.

80.1.2 Objectives
Delete the contents of 80.1.2 and add a Note as follows:

NOTE—The contents of this subclause have been deleted.

TPE2TE

80.1.3 Relationship of 40 Gigabit and 100 Gigabit Ethernet to the ISO OSI reference model
Change item h) and insert item j) in the second paragraph list as follows:
h) The MDIs as specified in—Clause-84—For40GBASE-KR4; in Clause 85 for 40GBASE-CR4, in

Clause 86 for 40GBASE-SR4, in Clause 87 for 40GBASE-LR4, and in Clause 88 for I00GBASE-
LR4 and 100GBASE-ER4, and in Clause 92 for 100GBASE-CR4 all use a 4 lane data path.
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j)  Although there is no electrical or mechanical specification of the MDI for backplane Physical
Layers, the PMDs as specified in Clause 84 for 40GBASE-KR4, in Clause 93 for 100GBASE-KR4,
and in Clause 94 for I00GBASE-KP4 all use a 4 lane data path.

Change Figure 80-1 as follows:

LAN
CSMA/CD
LAYERS
| HIGHER LAYERS
osl / LLC OR OTHER MAC CLIENT
REFERENCE
VODEL / MAC CONTROL (OPTIONAL)
LAYERS / MAC
APPLICATION ;o RECONCILIATION
PRESENTATION /" / XLGMI —» CGMII—»
/ /
SESSION L 40GBASE-R PCS 100GBASE-R PCS
/ FEC' FEC*2
TRANSPORT | /
) / PMA PHY PMA PHY
NETWORK | "/ PMD PMD
DATALINK |/ AN?Z N2
PHYSICAL MDI —» MDI —»
‘ MEDIUM | MEDIUM
40GBASE-R 100GBASE-R or 100GBASE-P
AN = AUTO-NEGOTIATION PHY = PHYSICAL LAYER DEVICE
CGMIl = 100 Gb/s MEDIA INDEPENDENT INTERFACE PMA = PHYSICAL MEDIUM ATTACHMENT
FEC = FORWARD ERROR CORRECTION PMD = PHYSICAL MEDIUM DEPENDENT
LLC = LOGICAL LINK CONTROL XLGMII = 40 Gb/s MEDIA INDEPENDENT INTERFACE
MAC = MEDIA ACCESS CONTROL
MDI = MEDIUM DEPENDENT INTERFACE NOTE 1—OPTIONAL OR OMITTED DEPENDING ON PHY TYPE
PCS = PHYSICAL CODING SUBLAYER NOTE 2—CONDITIONAL BASED ON PHY TYPE

Figure 80—1—Architectural positioning of 40 Gigabit and 100 Gigabit Ethernet

80.1.4 Nomenclature
Change 80.1.4 as follows:
The nomenclature employed by the 40 Gigabit and 100 Gigabit Physical Layers is explained as follows.

The alpha-numeric prefix 40GBASE in the port type (e.g., 40GBASE-R) represents a family of Physical
Layer devices operating at a speed of 40 Gb/s. The alpha-numeric prefix 100GBASE in the port type (e.g.,
100GBASE-R) represents a family of Physical Layer devices operating at a speed of 100 Gb/s.

40GBASE-R e+100GBASE-R represents a family of Physical Layer devices using the Clause 82 Physical
Coding Sublayer aphysical-coding-sublayer for 40 Gb/s er100-Gb/s operation over multiple PCS lanes (see

Clause 82) based-on-64B/66B-bleckencoding. Some 40GBASE-R Physical Layer devices may also use the
FEC of Clause 74.
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100GBASE-R represents a family of Physical Layer devices using the Clause 82 Physical Coding Sublayer
for 100 Gb/s operation over multiple PCS lanes (see Clause 82) and a PMD implementing 2-level pulse

amplitude modulation (PAM). Some 100GBASE-R Physical Layer devices also use the transcoding and
FEC of Clause 91 and some may also use the FEC of Clause 74.

100GBASE-P represents Physical Layer devices using the Clause 82 Physical Coding Sublayer for 100 Gb/s

operation over multiple PCS lanes (see Clause 82) and a PMD implementing more than 2-level pulse
amplitude modulation (PAM). Some 100GBASE-P Physical Layer devices also use the transcoding and
FEC of Clause 91.

Physical Layer devices listed in Table 80—1 are defined for operation at 40 Gb/s and 100 Gb/s.

Insert the following rows between 40GBASE-LR4 and 100GBASE-CR10 in Table 80-1:

Table 80-1—40 Gb/s and 100 Gb/s PHYs

Name Description

100GBASE-KR4 100 Gb/s PHY using 100GBASE-R encoding, Clause 91 RS-FEC and
2-level pulse amplitude modulation over four lanes of an electrical
backplane, with a total insertion loss up to 35 dB at 12.9 GHz (see
Clause 93)

100GBASE-KP4 100 Gb/s PHY using 100GBASE-R encoding, Clause 91 RS-FEC and
4-level pulse amplitude modulation over four lanes of an electrical
backplane, with a total insertion loss up to 33 dB at 7 GHz (see
Clause 94)

100GBASE-CR4 100 Gb/s PHY using 100GBASE-R encoding and Clause 91 RS-FEC
over four lanes of shielded balanced copper cabling, with reach up to at
least 5 m (see Clause 92)

80.1.5 Physical Layer signaling systems

Change 80.1.5 as follows:

This standard specrﬁes a famrly of Physrcal Layer 1mplernentat10ns 31"—he—geneﬂc—term—49—@rgabﬁ—and

fmp}ementat-xens—Table 80 2 and Table 80 2a snecrfv speerﬁes the correlatron between nomenclature and

clauses. Implementations conforming to one or more nomenclatures must meet the requirements of the
corresponding clauses.
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Replace Table 80-2 and insert Table 80-2a as follows:

Table 80—2—Nomenclature and clause correlation (40GBASE)

Clause?
73 | 74 | 78 81 82 | 83 | 83A | 83B | 84 | 85 | 86 | 86A | 87 | 89
Q a a
5 s | 2 = 2|8 g e
Nomenclature | € | & £ | 2 A A A A
] = ) < < - <
= | = E |l 2| = =5 | g | 2| 2| & | 2| %
1 = E [ . =) =) M @) @ [~ =] =]
S = =g o« < O N - |
3 . & Q| » | Z 3 3 g | =) - m | =
z | B R S| < | 4 21812 = | B @
g2 o2 2 " 22 < < | =
€| & O | O - - P~ 5
2 Ik g 2 g g ¢
EEEE N T | ¥
40GBASE-KR4 M (¢} (¢} MOl M| M (¢} M
40GBASE-CR4 M| O O MO | M M (6] M
40GBASE-SR4 M| O | M | M (6] M (6]
40GBASE-FR M| O | M | M (6] M
40GBASE-LR4 MO | M | M (¢} o M
40 = Optional, M = Mandatory.
Table 80—2a—Nomenclature and clause correlation (100GBASE)
Clause?
73 | 74 | 78 81 82 | 83 83A 83B | 85 | 86 | 86A 88 91 | 92 | 93 | 94
g 8 gl e el ele
s @ g Z |2 =z Z = 2|2
gl o o | = & A Al A R ST
Nomenclature £ A~ A | = < = < | < | =
s B ~ Z |z x| | =
- = : 1 ~ and - [~ =4 - g
S | x| = Sl w|a| S S |J|@| B[R R | B |Q % X
gl 2| H |25 2= < < |2l a| & =28 5% a | 2
z | B | R 3 < | < 8} &) 7 ) Q n K| 2w »w|®
&% 2 o < | < <l < | | <) < | <
2| 3z Q| O | o B | | o
= | & S | = g 2 V| O Q| Q| Q
< = S Q 4 S| S S S S
= = S| 8 S| S S| S| S
— — — - — — —
100GBASE-KR4 M (0} MO M| M (0] M
100GBASE-KP4 M O | M O M| O (6] M M
100GBASE-CR4 M O | MO M| M (6] M| M
100GBASE-CR10 | M | O O MO M| M (6] M
100GBASE-SR10 MO M| M (0] M (6]
100GBASE-LR4 MO M| M (0] M
100GBASE-ER4 MO M| M (0] M

40 = Optional, M = Mandatory.
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80.2 Summary of 40 Gigabit and 100 Gigabit Ethernet sublayers
80.2.2 Physical Coding Sublayer (PCS)
Change 80.2.2 as follows:

The terms 40GBASE-R, and 100GBASE-R, and 100GBASE-P refer to a specific family of Physical Layer
implementations based upon the 64B/66B data coding method specified in Clause 82 and the PMA specifi-
cations defined in Clause 83 or Clause 94. The 40GBASE-R-and100GBASE-R Clause 82 PCSs perform
encoding (decoding) of data from (to) the XLGMII/CGMII to 64B/66B code blocks, distribute the data to
multiple lanes, and transfer the encoded data to the PMA.

Change the title and text of 80.2.3 as follows:
80.2.3 Forward Error Correction (FEC) sublayers

Fhe A Forward Error Correction sublayer is an-eptienal-sublayer—for available for all 40GBASE-R and
100GBASE-R copper and backplane PHYs. It is optional for 40GBASE-KR4, 40GBASE-CR4, and
100GBASE-CR10 PHYs and mandatory for 100GBASE-CR4, 100GBASE-KR4, and 100GBASE-KP4
PHYs. The FEC sublayer can be placed in between the PCS and PMA sublayers or between two PMA
sublayers-is-nstantia : e Atesat usly-on-a-pe ane-ba

The BASE-R FEC sublayer (see Clause 74) is instantiated for each PCS lane and operates autonomously on
a per PCS lane basis speeified-in-Clause-74. The Reed-Solomon FEC (see Clause 91) is instantiated once

and requires 20 PCS lanes and 4 PMA lanes for operation.

80.2.4 Physical Medium Attachment (PMA) sublayer
Change the second paragraph of 80.2.4 as follows:

The 40GBASE-R and 100GBASE-R PMAs are specified in Clause 83. The PMA specific to the
100GBASE-KP4 PHY is specified in Clause 94.

80.2.5 Physical Medium Dependent (PMD) sublayer
Change the second paragraph of 80.2.5 as follows:

The 40GBASE-R, and 100GBASE-R, and 100GBASE-P PMDs and their corresponding media are specified
in Clause 84 through Clause 89 and Clause 92 through Clause 94.

80.2.6 Auto-Negotiation
Change the last sentence as follows:
Clause 73 Auto-Negotiation is used by the 40 Gb/s_and 100 Gb/s backplane PHYs (40GBASE-KR4,

100GBASE-KP4, and 100GBASE-KR4see—Clause84) and the 40 Gb/s and 100 Gb/s copper PHYs
(40GBASE-CR4, and-100GBASE-CR10, and 100GBASE-CR4see-Clause-85).
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80.3 Service interface specification method and notation
Change the first paragraph of 80.3 as follows:

The service interface specification for 40GBASE-R, and 100GBASE-R, and 100GBASE-P Physical Layers
is as per the definition in 1.2.2. Note that the 40GBASE-R, and 100GBASE-R, and 100GBASE-P inter-
sublayer service interfaces use multiple scalar REQUEST and INDICATION primitives, to indicate the
transfer of multiple independent streams of data units, as explained in 80.3.1 through 80.3.3.

80.3.1 Inter-sublayer service interface
Insert the following at the end of 80.3.1:

If the optional Energy Efficient Ethernet (EEE) capability with the deep sleep mode option is supported (see
Clause 78, 78.1.3.3.1), then the inter-sublayer service interface includes five additional primitives defined as
follows:

IS TX MODE.request

IS RX MODE.request

IS ENERGY DETECT.indication
IS RX LPI ACTIVE.request

IS RX TX MODE.indication

The IS TX MODE.request primitive is used to communicate the state of the PCS LPI transmit function to
other sublayers in the PHY. The IS RX MODE.request primitive is used to communicate the state of the
PCS LPI receive function to other sublayers. The IS RX TX MODE.indication primitive is used to
communicate the state of the rx tx mode parameter that reflects the inferred state of the link partner’s
tx_mode parameter from the PMA to other sublayers. The IS RX LPI ACTIVE.request primitive is used to
communicate to the BASE-R FEC (see Clause 74) that the PCS has detected LPI signaling. This allows the
FEC to use rapid block lock; the RS-FEC (see Clause 91) does not use this signal. The
IS ENERGY DETECT.indication primitive is used to communicate that the PMD has detected the return of
energy on the interface following a period of quiescence.

80.3.2 Instances of the Inter-sublayer service interface
Change the second paragraph of 80.3.2 as follows:

Examples of inter-sublayer service interfaces for 40GBASE-R, ard 100GBASE-R, and 100GBASE-P with
their corresponding instance names are illustrated in Figure 80-2, and Figure 80-3, Figure 80-3a, and
Figure 80-3b. For example, the primitives for one instance of the inter-sublayer service interface, named the
PMD service interface, are identified as follows:
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Insert Figure 80-3a and Figure 80-3b after Figure 80-3:

MAC AND HIGHER LAYERS

| RECONCILIATION SUBLAYER |

CGMIl —»
| 100GBASE-R PCS |
| ] |
FEC:IS_ UNITDATA 0. request FEC:IS_UNl'erA'er_O.inIdication
FEC:IS UNITDATA 1. request FEC:IS_UNITDATA_1.indication
FEC SERVICE , oo | iae
INTERFACE FEC: |s UNITDATA 19.request FEC:IS_UNITDATA_19.indication
i i LFEC IS_SIGNAL.indication ‘ ’ ‘
RS-FEC
[ |
PMA:IS_ UNITDATA 0. request PMA:IS_UNITDATA_0.indication
PMA:IS_| UNITDATA 1request PMA:IS_UNITDATA_1.indication
PMA SERVICE || Fee
INTERFACE > PMAIS UNITDATA 3 request PMA:IS_UNITDATA_3.indication
i i LPMA IS_SIGNAL.indication ‘ ‘
| || |
PMA (4:4)
L] |
PMD:IS_ UNITDATA 0. request PMD:IS_UNITDATA_0.indication
| | I
PMD:IS_ UNITDATA 1request PMD:IS_UNITDATA 1.indication
PMD SERVICE | | poo
INTERFACE PM IS UNITDATA 3.request PMD:IS_UNITDATA_3.indication
i LPMD IS_SIGNAL.indication ‘ ' ‘
PMD - '
MDI —»

MEDIUM §
H_/

100GBASE-R or 100GBASE-P

CGMII = 100 Gb/s MEDIA INDEPENDENT INTERFACE = MDI = MEDIUM DEPENDENT INTERFACE

RS-FEC = REED-SOLOMON FORWARD PCS = PHYSICAL CODING SUBLAYER
ERROR CORRECTION PMA = PHYSICAL MEDIUM ATTACHMENT
MAC = MEDIA ACCESS CONTROL PMD = PHYSICAL MEDIUM DEPENDENT

Figure 80—-3a—100GBASE-R and 100GBASE-P inter-sublayer service
interfaces with RS-FEC
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MAC AND HIGHER LAYERS

| RECONCILIATION SUBLAYER |

XLGMIl or CGMII —» l T

‘ 40GBASE-R or 100GBASE-R PCS |

[T 1
PMA:IS_RX_MODE.request 15 4 G CTindicati
PMA SERVICE PMA:IS_TX_MODE. request PMA:IS_ENERGY_DETECT.indication
INTERFACE > PMA:IS_RX_LPI_ACTIVE.request
PMA
[T 1
FEC:IS_RX_MODE.request FECHIS EANER(g( DETECTiIndlcatl
FEC SERVICE ___ FEC:IS_TX_MODE.request o - -Indication
INTERFACE FEC:IS_RX_LPI_ACTIVE.request FEC:IS_RX_TX_MODE.indication
FEC or RS-FEC'
[T
PMA:IS_RX_MODE. t
PMA SERVICE 7 reques PMA:IS_ENERGY_DETECT.indication
INTERFACE —> PMA:IS_TX_MODE.request R
i L PMA:IS_RX_TX_MODE.indication
PMA
[
PMA:IS_RX_MODE.request PMAIS ENERGY DETECTindicati
PMA SERVICE ___ PMA:IS_TX_MODE.request S — -ndication
INTERFACE L L PMA:IS_RX_TX_MODE.indication
| PMA |
|
PMD:IS_RX_MODE.request
PMD SERVICE =
INTERFACE —> PMD:IS_TX_MODE.request
\ A 4
| PMD |
MDI —»

Note: this diagram illustrates only
the service interfaces associated with | MEDIUM

the optional EEE deep sleep function \ )

40GBASE-R, 100GBASE-R or 100GBASE-P

CGMII = 100 Gb/s MEDIA INDEPENDENT INTERFACE PCS = PHYSICAL CODING SUBLAYER
XLGMII = 40 Gb/s MEDIA INDEPENDENT INTERFACE PMA = PHYSICAL MEDIUM ATTACHMENT

FEC = FORWARD ERROR CORRECTION PMD = PHYSICAL MEDIUM DEPENDENT
MAC = MEDIA ACCESS CONTROL

MDI = MEDIUM DEPENDENT INTERFACE NOTE 1—CONDITIONAL BASED ON PHY TYPE

Figure 80-3b—Optional inter-sublayer service interfaces for EEE deep sleep support
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80.3.3 Semantics of inter-sublayer service interface primitives
Insert 80.3.3.4 through 80.3.3.8 after 80.3.3.3.3 as follows:
80.3.3.4 IS_TX_MODE.request
The IS_TX MODE.request primitive communicates the tx_mode parameter generated by the PCS Transmit
Process for EEE capability to invoke the appropriate PMA, FEC, and PMD transmit EEE states. Without
EEE deep sleep mode capability, the primitive is never invoked and the sublayers behave as if tx_mode =
DATA.
80.3.3.4.1 Semantics of the service primitive

IS TX MODE.request(tx_mode)
The tx_mode parameter takes on one of up to three values: DATA, QUIET, or ALERT.
80.3.3.4.2 When generated
This primitive is generated to indicate the low power mode of the transmit path.
80.3.3.4.3 Effect of receipt
The specific effect of receipt of this primitive is defined by the sublayer that receives this primitive. In gen-
eral, when tx_mode is DATA the sublayer operates normally and when tx_mode is QUIET, the sublayer may
go into a low power mode.
80.3.3.5IS_RX_MODE.request
The IS RX MODE.request primitive communicates the rx_mode parameter generated by the PCS LPI
receive function to other sublayers. Without EEE deep sleep mode capability, the primitive is never invoked
and the sublayers behave as if rx_mode = DATA.
80.3.3.5.1 Semantics of the service primitive

IS RX MODE.request(rx_mode)
The rx_mode parameter takes on one of two values: DATA or QUIET.
80.3.3.5.2 When generated
This primitive is generated to indicate the state of the PCS LPI receive function.
80.3.3.5.3 Effect of receipt
The specific effect of receipt of this primitive is defined by the sublayer that receives this primitive. In gen-
eral, when rx_mode is DATA the sublayer operates normally and when rx_mode is QUIET, the sublayer may
go into a low power mode.
80.3.3.6 IS_RX_LPI_ACTIVE.request
The IS RX LPI ACTIVE.request primitive communicates to the FEC that the PCS LPI receive function is

active. This primitive may be passed through a PMA sublayer but has no effect on that sublayer. This
primitive is only used for a PMA sublayer that is between the PCS and a Clause 74 FEC sublayer; in all
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other cases the primitive is never invoked and has no effect. Without EEE deep sleep mode capability, the
primitive is never invoked and has no effect.

80.3.3.6.1 Semantics of the service primitive
IS RX LPI ACTIVE.request(rx_lpi_active)

The parameter rx_Ipi_active is Boolean.

80.3.3.6.2 When generated

This primitive is generated to indicate the state of the PCS LPI receive function. It is FALSE when in the
RX_ ACTIVE state and TRUE in all other states.

80.3.3.6.3 Effect of receipt
The specific effect of receipt of this primitive is defined by the FEC sublayer that receives this primitive.
When rx_Ipi_active is true the FEC sublayer uses rapid block lock to reestablish FEC operation following a
period of quiescence.
80.3.3.7 IS_ENERGY_DETECT.indication
The IS ENERGY_DETECT.indication primitive is used to communicate that the PMD has detected the
return of energy on the interface following a period of quiescence. Without EEE deep sleep mode capability,
the primitive is never invoked and has no effect.
80.3.3.7.1 Semantics of the service primitive

IS ENERGY_ DETECT.indication(energy detect)
The parameter energy detect is Boolean.

80.3.3.7.2 When generated

This primitive is generated by the PMA, reflecting the state of the signal detect parameter received from the
PMD.

80.3.3.7.3 Effect of receipt

The specific effect of receipt of this primitive is defined by the PCS sublayer that receives this primitive.
This parameter is used to indicate that activity has returned on the interface following a period of
quiescence.

80.3.3.8 IS_RX_TX_MODE.indication

The IS RX TX MODE.indication primitive communicates the rx tx mode parameter. This parameter
indicates the value of tx_mode that the PMA sublayer has inferred from the received signal. Without EEE
deep sleep capability, the primitive is never generated and the sublayers behave as if rx_tx_mode=DATA.
80.3.3.8.1 Semantics of the service primitive

IS RX TX MODE.indication(rx_tx_mode)

The parameter rx_tx_mode is assigned one of the following values: DATA, QUIET, or ALERT.
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80.3.3.8.2 When generated
This primitive is generated whenever there is change in the value of the rx_tx_mode parameter.
80.3.3.8.3 Effect of receipt

The specific effect of receipt of this primitive is defined by the sublayer that receives it.

80.4 Delay constraints

Insert rows in Table 80-3 by inserting 100GBASE-R RS-FEC below 100GBASE-R FEC, and inserting
the other three rows below 100GBASE-R PMA.

Table 80-3—Sublayer delay constraints

Sublaver Maximum Maximum Maximum Notes®
y (bit time)? (pause_quanta)h (ns)

100GBASE-R RS-FEC 40960 80 409.60 See 91.4.

100GBASE-KR4 PMD 2048 4 20.48 Includes delay of one
direction through
backplane medium.See
93.4.

100GBASE-KP4 PMA/PMD 8192 16 81.92 Includes delay of one
direction through
backplane medium.See
94.2.5.

100GBASE-CR4 PMD 2048 4 20.48 Does not include delay of
cable medium. See 92.4.

2 For 40GBASE-R, 1 bit time (BT) is equal to 25 ps and for I00GBASE-R, 1 bit time (BT) is equal to 10 ps. (See
1.4.110 for the definition of bit time.)

b For 40GBASE-R, 1 pause_quantum is equal to 12.8 ns and for I00GBASE-R, 1 pause_quantum is equal to 5.12 ns.
(See 31B.2 for the definition of pause_quanta.)

¢ Should there be a discrepancy between this table and the delay requirements of the relevant sublayer clause, the sub-

layer clause prevails.
80.5 Skew constraints

Change NOTE 1 in Figure 80-4 as follows:

NOTE1—ORPHONAL-OR-OMIFED-DEPENDING CONDITIONAL BASED ON PHY TYPE

Change NOTE 1 in Figure 80-5 as follows:
NOTE1—ORHONAL-OR-OMITTED-DERENBING CONDITIONAL BASED ON PHY TYPE
Insert Figure 80-5a with introductory text after Figure 80-5:

The skew points are similarly illustrated for a PHY incorporating RS-FEC (see Clause 91) in Figure 80-5a.
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MAC AND HIGHER LAYERS

RECONCILIATION

<4— CGMII
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PMA (10:20)
RS-FEC
PMA (4:4)
« PMA SERVICE
SP1y| |4 sPé INTERFACE
| PvMA@a) |
¢ PMD SERVICE
SP2y| |4 sP5 INTERFACE

‘ PMD

SP3y| |4SP4 <«— MDI

‘ MEDIUM
-

100GBASE-R
CAUI = 100 Gb/s ATTACHMENT UNIT INTERFACE PCS = PHYSICAL CODING SUBLAYER
CGMII = 100 Gb/s MEDIA INDEPENDENT INTERFACE ~ PMA = PHYSICAL MEDIUM ATTACHMENT
MAC = MEDIA ACCESS CONTROL PMD = PHYSICAL MEDIUM DEPENDENT
MDI = MEDIUM DEPENDENT INTERFACE RS-FEC = REED-SOLOMON FORWARD

ERROR CORRECTION

Figure 80—-5a—100GBASE-R Skew points with RS-FEC and CAUI
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Change Table 80-4 and Table 80-5 as follows:

Table 80—-4—Summary of Skew constraints

Maximum Maximum
Maximum Skew for Skew for
Skew points Skew 40GBASE-R 100GBASE-R Notes?
(ns)? PCS lane PCS lane
unP (UD*
SPO 29 N/A ~ 150 See 83.5.3.1
SP1 29 ~ 299 ~ 150 See 83.5.3.1
SP2 43 ~ 443 ~ 222 See 83.5.3.3, er 84.5, o 85.5, of
86.3.2,0r87.3.2, 06r 88.3.2, o1
89.3.2,92.5,93.5.0r94.3.4
SP3 54 ~ 557 ~278 See 84.5, or 85.5, or 86.3.2, o
87.3.2,0r 88.3.2, £ 89.3.2, 92.5,
93.5,0r94.34
SP4 134 ~ 1382 ~ 691 See 84.5, or 85.5, ot 86.3.2, o
87.3.2,0r 88.3.2,0r 89.3.2,92.5,
93.5,0r94.3.4
SP5 145 ~ 1495 ~ 748 See 84.5, or 85.5, or 86.3.2, o
87.3.2, £ 88.3.2, 6+ 89.3.2,92.5,
93.5,0r94.3.4
SP6 160 ~ 1649 ~ 824 See 83.5.3.5
SP7 29 N/A ~ 150 See 83.5.3.5
At PCS receive 180 ~ 1856 ~ 928 See 82.2.12
At RS-FEC transmit 49 N/A ~ 253 See 91.5.2.2
At RS-FEC receive® 180 N/A ~ 4641 See 91.5.3.1
At PCS receive 49 N/A ~ 253 See 82.2.12
(with RS-FEC)

8The Skew limit includes 1 ns allowance for PCB traces that are associated with the Skew points.

5The symbol ~ indicates approximate equivalent of maximum Skew in UI for 40GBASE-R, based on 1 UI equals
96.969697 ps at PCS lane signaling rate of 10.3125 GBd.

“The symbol ~ indicates approximate equivalent of maximum Skew in UI for 100GBASE-R, based on 1 Ul equals
193.939394 ps at PCS lane signaling rate of 5.15625 GBd.

4Should there be a discrepancy between this table and the Skew requirements of the relevant sublayer clause, the sub-
layer clause prevails.

®The skew at the RS-FEC receive is the skew between RS-FEC lanes. The symbol ~ indicates approximate equivalent

of maximum Skew in UI for RS-FEC lanes with a signaling rate of 25.78125 GBd.
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Table 80—-5—Summary of Skew Variation constraints

Maximum Maximum Skew Maximum Skew
Ske Variation for Variation for
Skew points Varia:ivon 10.3125 GBd 25.78125 GBd Notes®
(ns) PMD lane PMD lane
un? (un®

SPO 0.2 =2 N/A See 83.5.3.1

SP1 0.2 ~2 N/A See 83.5.3.1

SP2 0.4 ~4 ~ 10 See 83.5.3.3, 6 84.5, er 85.5, or
86.3.2,0r87.3.2, £ 88.3.2, ot
89.3.2,92.5,93.5,0r94.3.4

SP3 0.6 ~6 ~ 15 See 84.5, or 85.5, or 86.3.2, o
87.3.2,0r 88.3.2, £ 89.3.2,92.5,
93.5,0r94.34

SP4 34 ~ 35 ~ 88 See 84.5, or 85.5, or 86.3.2, o
87.3.2,6r88.3.2,06r89.3.2,92.5,
93.5,0r94.3.4

SP5 3.6 ~ 37 ~ 93 See 83.5.3.4, o 84.5, or 85.5, o
86.3.2, 6+ 87.3.2, 6 88.3.2, ot
89.3.2,92.5,93.5,0r94.3.4

SP6 3.8 ~ 39 N/A~ 98 See 83.5.3.5

SP7 0.2 =2 N/A See 83.5.3.5

At PCS receive 4 ~ 41 N/A See 82.2.12

At RS-FEC 0.4 N/A ~ 10 See 91.5.2.2

transmit

At RS-FEC 4 N/A ~ 103 See 91.5.3.1

receive

At PCS receive 04 N/A =2 See 82.2.12

(with RS-FEC)

2The symbol ~ indicates approximate equivalent of maximum Skew Variation in UI for 40GBASE-R, based on 1 Ul
equals 96.969697 ps at PMD lane signaling rate of 10.3125 GBd.

5The symbol = indicates approximate equivalent of maximum Skew Variation in UI for I00GBASE-R, based on 1 UI
equals 38.787879 ps at PMD lane signaling rate of 25.78125 GBd.

°Should there be a discrepancy between this table and the Skew requirements of the relevant sublayer clause, the sub-
layer clause prevails.

IThe skew at the RS-FEC receive is the skew between RS-FEC lanes.
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80.7 Protocol implementation conformance statement (PICS) proforma

Change the first paragraph of 80.7 as follows:

The supplier of a protocol implementation that is claimed to conform to any part of IEEE Std 802.3, Clause
45, Clause 73, Clause 74, Clause 81 through Clause 89, Clause 91 through Clause 94, and related annexes
demonstrates compliance by completing a protocol implementation conformance statement (PICS)
proforma.
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81. Reconciliation Sublayer (RS) and Media Independent Interface for
40 Gb/s and 100 Gb/s operation (XLGMII and CGMII)

81.1 Overview

Change NOTE 1 in Figure 81-1 as follows:

NOTE 1—ORHONAL-OR-OMHFED-BDERENDING CONDITIONAL BASED ON PHY TYPE
81.1.1 Summary of major concepts

Insert item g) at the end of the list of major concepts as follows:

g) The XLGMII and CGMII may also support Low Power Idle (LPI) signaling for PHY types support-
ing Energy Efficient Ethernet (EEE) (see Clause 78).

81.1.7 Mapping of XLGMII/CGMII signals to PLS service primitives
Change 81.1.7 for LPI operation as follows:

The Reconciliation Sublayer (RS) shall map the signals provided at the XLGMII/CGMII to the PLS service
primitives defined in Clause 6. The PLS service primitives provided by the RS and described here behave in
exactly the same manner as defined in Clause 6. Full duplex operation only is implemented at 40 Gb/s and
100 Gb/s; therefore, PLS service primitives supporting CSMA/CD operation are not mapped through the RS
to the XLGMII/CGMII. This behavior and restrictions are the same as described in 22.7, with the details of
the signaling described in 81.3. LPI REQUEST shall not be set to ASSERT unless the attached link has

been operational for at least one second (i.e., link_status = OK, according to the underlying PCS/PMA).

EEE capability requires the use of the MAC defined in Annex 4A for simplified full duplex operation (with

carrier sense deferral). This provides full duplex operation but uses the carrier sense signal to defer transmis-

sion when the PHY is in its low power state.

Mappings for the following primitives are defined for 40 Gb/s and 100 Gb/s operation:
PLS DATA request
PLS DATA.indication
PLS CARRIER.indication
PLS SIGNAL.indication
PLS_DATA_VALID.indication

81.1.7.3 Mapping of PLS_CARRIER.indication
Change 81.1.7.3 for carrier indication definition:

40 Gb/s and 100 Gb/s operation supports full duplex operation only. The RS never generates this primitive
for PHY's that do not support EEE.

For PHY s that support EEE capability, CARRIER STATUS is set in response to LPI REQUEST as shown
in Figure 81-10a.
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81.3 XLGMII/CGMII functional specifications
81.3.1 Transmit

81.3.1.2 TXC<7:0> (transmit control)

Insert the following at the end of 81.3.1.2:

A PHY with EEE capability shall interpret the combination of TXC and TXD as shown in Table 81-3 as an
assertion of LPI. Transition into and out of the LPI state is shown in Figure 81-6a.

Change the first reserved row of Table 81-3 and insert a new row immediately below it as follows:

Table 81-3—Permissible encodings of TXC and TXD

TXC TXD Description PLS_DATA.request parameter
1 00 through 0566 | Reserved —
1 06 Only valid on all 8 lanes No applicable parameter
simultaneously to request LPI (normal inter-frame)

Insert 81.3.1.5 for transmit LPI transition after 81.3.1.4:

81.3.1.5 Transmit direction LPI transition

LPI operation and the LPI client are described in 78.1. The RS requests the PHY to transition to the LPI state
by asserting TXC and setting TXD to 0x06 (in all lanes). The RS maintains the same state for these signals
for the entire time that the PHY is to remain in the LPI state.

The RS asserts TXC and asserts IDLE on lanes 0 to 7 in order to make the PHY transition out of the LPI
state. The RS should not present a start code for valid transmit data until after the wake-up time specified for

the PHY (T, 45 ). The wake times are shown in Table 78—4.

Figure 81—-6a shows the behavior of TXC and TXD<7:0> during the transition into and out of the LPI state.

xp<r0s 97 X 06 X 07 XFBXXXXXX\

AN
)3

wake time
\Q\ \\\\
TXC enter low exit low \
power idle power idle
mode mode

NOTE—TXC and TXD are shown for one lane, all 8 lanes behave identically during LPI.
Figure 81—6a—LPI transition

Table 81-3 summarizes the permissible encodings of TXD<63:0>, TXC<7:0>.
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81.3.2 Receive
81.3.2.2 RXC<7:0> (receive control)

Change the first reserved row of Table 81-4 and insert a new row immediately below it as follows:

Table 81—-4—Permissible lane encodings of RXD and RXC

RXC RXD Description PLS_DATA.indication parameter
1 00 through Reserved —
0506
1 06 Only valid on all 8 lanes simultaneously No applicable parameter
to indicate LP_IDLE is asserted (normal inter-frame)

Insert 81.3.2.4 for receive LPI transition after 81.3.2.3 as follows:
81.3.2.4 Receive direction LPI transition

LPI operation and the LPI client are described in 78.1. When the PHY receives signals from the link partner
to indicate transition into the low power state, it indicates this to the RS by asserting RXC and setting RXD
to 0x06 (in all lanes). The PHY maintains these signals in this state while it remains in the LPI state. When
the PHY receives signals from the link partner to indicate transition out of the LPI state, it indicates this to
the RS by asserting RXC and asserting idle on all lanes 0 to 7 to return to a normal interframe state. The RS
shall interpret the LPI coding as shown in Table 8§1-4.

Figure 81-8a shows the behavior of RXC and RXD<7:0> during LPI transitions.

o [UUUUUUUUTUUUUYUUUUUL
L X 06 X o7 XFBXX Xx Xx \

AN
AN

wake time
A N
RXC enter low exit low \
power idle power idle
mode mode

NOTE 1—RXC and RXD are shown for one lane, all 8 lanes behave identically during LPI.
NOTE 2—In some instances, LPI may be followed by characters other than IDLE during wake time.

Figure 81-8a—LPI transition

81.3.4 Link fault signaling
Change the third paragraph of 81.3.4 as follows:

Sublayers within the PHY are capable of detecting faults that render a link unreliable for communication.
Upon recognition of a fault condition, a PHY sublayer indicates Local Fault status on the data path. When
this Local Fault status reaches an RS, the RS stops sending MAC data_or LPI, and continuously generates a
Remote Fault status on the transmit data path (possibly truncating a MAC frame being transmitted). When
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Remote Fault status is received by an RS, the RS stops sending MAC data_or LPI, and continuously
generates Idle control characters. When the RS no longer receives fault status messages, it returns to normal
operation, sending MAC data_or LPI. Note that this behavior only supports bidirectional operation.

Insert a new subclause 81.3a at the end of 81.3 (before 81.4) as follows:

81.3a LPI Assertion and Detection

Certain PHY's support Energy Efficient Ethernet (see Clause 78). PHYs with EEE capability support LPI
assertion and detection. LPI operation and the LPI client are described in 78.1. LPI signaling allows the RS
to signal to the PHY and to the link partner that a break in the data stream is expected and components may
use this information to enter power saving modes that require additional time to resume normal operation.
Similarly, it allows the LPI client to understand that the link partner has sent such an indication.

The LPI assertion and detection mechanism fits conceptually between the PLS Service Primitives and the
XLGMII and CGMII signals as shown in Figure 81-9a.

CGMII Signals
(LPI client service interface) Reconciliation sublayer
LP_IDLE.request >l
PLS Service Primitives re-mapping for LPI p TXD<63:0>
Fr—— - — — — — . .
PLS_DATA.request —— B TXC<7:0>
| | B  TX_CLK
| |
MAC
|PLS_SIGNAL.indication | <

| |
|PLS_CARRIER.indication | g
| |

| |
| PLS_DATA.indication | -

—<—— RXD<63:0>
—<—— RXC<7:0>
——— RX CLK

re-mapping for LPI

|PLS_DATA_VALID.indication | -

LP_IDLE.indication
(LPI client service interface)

Figure 81-9a—LPI assertion and detection mechanism

The definition of TXC<7:0> and TXD<63:0> is derived from the state of PLS DATA request (81.1.7),
except when it is overridden by an assertion of Remote Fault or LP_IDLE.request.

Similarly, RXC<7:0> and RXD<63:0> are mapped to PLS DATA.indication except when LP IDLE is
detected.

PLS CARRIER.indication(CARRIER STATUS) is set to CARRIER ON when the link is in LPI mode.
See 81.1.7.3.

The timing of PLS CARRIER.indication when used for the LPI function is controlled by the LPI transmit
state diagram.
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81.3a.1 LPI messages
LP IDLE.indication(LPI INDICATION)

A primitive that indicates to the LPI client that the PHY has detected the assertion or de-assertion of LPI
from the link partner.

Values: DEASSERT: The link partner is operating with normal inter-frame behavior (default).
ASSERT: The link partner has asserted LPI.

LP_IDLE.request(LPI_REQUEST)

The LPI_REQUEST parameter can take one of two values: ASSERT or DE-ASSERT. ASSERT initiates the
signaling of LPI to the link partner. DE-ASSERT stops the signaling of LPI to the link partner. The effect of
receipt of this primitive is undefined if link status is not OK (see 73.9.1.1) or within 1 s of the change of
link_status to OK.

81.3a.2 Transmit LPI state diagram

The operation of LPI in the PHY requires that the MAC does not send valid data for a time after LPI has
been de-asserted as governed by resolved Transmit T;, ¢ defined in 78.4.2.3.

This wake-up time is enforced by the transmit LPI state diagram using PLS CARRIER .indication(CARRI-
ER_STATUS). The implementation shall conform to the behavior described by the transmit LPI state dia-
gram shown in Figure 81-10a.

81.3a.2.1 Variables and counters
The transmit LPI state diagram uses the following variables and counters:

LPI CARRIER STATUS
The LPI_CARRIER _STATUS variable indicates how the CARRIER STATUS parameter is con-
trolled by the LPI REQUEST parameter. The LPI CARRIER STATUS is either TRUE or FALSE
as determined by the Transmit LPI state diagram in Figure 81—10a.
power_on
Condition that is true until such time as the power supply for the device that contains the RS has
reached the operating region.
Values: FALSE: The device is completely powered (default).
TRUE: The device has not been completely powered.
reset
Used by management to control the resetting of the RS.
Values: FALSE: Do not reset the RS (default).
TRUE: Reset the RS.
tw_timer
A timer that counts the time since the de-assertion of LPI. The terminal count of the timer is the

value of the resolved T, ¢y x as defined in 78.2. If PMA Ingress AUI Stop Enable (PIASE) bit
(1.7.9) is asserted for any of the PMA sublayers, the terminal count of the timer is the value of the
resolved T§, ¢y 1x as defined in 78.2 plus additional time equal to Ty ¢ys x—T sys rx for the

XLAUI and CAUI as shown in Table 78—4 for each PMA with PIASE to be asserted. The signal
tw_timer done is asserted when tw_timer reaches its terminal count.
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81.3a.2.2 State diagram

reset + power_on

I

LPI_DEASSERTED

tw_timer < 0
LPI_CARRIER_STATUS < FALSE

LPI_REQUEST = ASSERT

v
LPI_ASSERTED

LPI_CARRIER_STATUS < TRUE

LPI_REQUEST = DEASSERT

y
LPI_WAIT

start_tw_timer

tw_timer_done

Figure 81-10a—Transmit LPI state diagram

81.3a.3 Considerations for transmit system behavior

The transmit system should expect that egress data flow is halted for at least resolved Ty, s ¢ (see 78.2)
time after it requests the de-assertion of LPI. Buffering and queue management should be designed to
accommodate this behavior.

81.3a.4 Considerations for receive system behavior

The mapping function of the Reconciliation Sublayer shall continue to signal DATA NOT_ VALID on
PLS DATA_ VALID.indication while it is detecting LP_IDLE on the XLGMII and CGMII. The receive sys-
tem should be aware that data frames may arrive at the XLGMII and CGMII following the de-assertion of
LPI_INDICATION with a delay corresponding to the link partner’s resolved 7§, ¢y 1 (as specified in 78.5)
time.

If the PMA Ingress AUI Stop Enable (PIASE) bit (1.7.9) is asserted for any of the PMA sublayers, the PMA
may stop signaling on the XLAUI and CAUI in the receive direction to conserve energy. The receiver should
negotiate an additional time for the remote 75, ¢ (equal to Ty ys Ty sys rx for the XLAUI and CAUI as

shown in Table 78—4) for each PMA with PIASE to be asserted before setting the PIASE bits.
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81.4 Protocol implementation conformance statement (PICS) proforma for Clause 81,
Reconciliation Sublayer (RS) and Media Independent Interface for 40 Gb/s and
100 Gb/s operation®

81.4.2 Identification
81.4.2.3 Major capabilities/options

Insert the following row at the end of the table in 81.4.2.3:

Item Feature Subclause Value/Comment Status Support
*LPI Implementation of LPI 81.1.7 (0] Yes [ ]
No []

81.4.3 PICS proforma tables for Reconciliation Sublayer and Media Independent Interface
for 40 Gb/s and 100 Gb/s operation

Insert the new subclause 81.4.3.6 for LPI functions after 81.4.3.5:

81.4.3.6 LPI functions

Item Feature Subclause Value/Comment Status Support

L1 Assertion of LPI in Tx direction | 81.3.1.2 As defined in Table 81-3 LPI:M Yes [ ]
N/AT]

L2 Assertion of LPI wake time 81.3a.2 As described by Figure 81-10a LPI:M Yes [ ]
N/A T[]

L3 Assertion of LPI in Rx direction | 81.3.2.2 As defined in Table 814 LPI:M Yes [ ]
N/A[]

L4 Signal DATA NOT VALIDon | 81.3a4 While detecting LP_IDLE on LPI:M Yes [ ]
PLS_DATA_VALID.indication XLGMII or CGMII N/AT]

3 Copyright release for PICS proformas: Users of this standard may freely reproduce the PICS proforma in this subclause so that it can
be used for its intended purpose and may further publish the completed PICS.
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82. Physical Coding Sublayer (PCS) for 64B/66B, type 40GBASE-R and
100GBASE-R

82.1 Overview

82.1.3 Summary of 40GBASE-R and 100GBASE-R sublayers
Change NOTE 1 in Figure 82-1 as follows:

NOTE 1—ORHONAL-OR-OMHFED-BDERENDING CONDITIONAL BASED ON PHY TYPE
82.1.4 Inter-sublayer interfaces

Change 82.1.4 as follows:

The upper interface of the PCS may connect to the Reconciliation Sublayer through the XLGMII/CGMII.
The lower interface of the PCS connects to the PMA sublayer to support a PMD. If the optional FEC
sublayer is implemented (see Clause 74) and an optional physical instantiation, i.e., XLAUI or CAUI, is not
implemented directly below the PCS sublayer, then the lower interface connects to the FEC sublayer. For
Physical Layers that use Clause 91 RS-FEC, if an optional physical instantiation (i.e., CAUI) is not
implemented directly below the PCS sublayer, then the lower interface connects to the RS-FEC sublayer.
The 40GBASE-R PCS has a nominal rate at the PMA/FEC service interface of 10.3125 Gtransfers/s per
PCS lane, which provides capacity for the MAC data rate of 40 Gb/s. The 100GBASE-R PCS has a nominal
rate at the PMA/FEC service interface of 5.15625 Gtransfers/s per PCS lane, which provides capacity for the
MAC data rate of 100 Gb/s.

It is important to note that, while this specification defines interfaces in terms of bits, octets, and frames,
implementations may choose other data-path widths for implementation convenience.

82.1.4.2 Physical Medium Attachment (PMA) or Forward Error Correction (FEC) service
interface

Change 82.1.4.2 as follows:

The PMA or FEC service interface for the PCS is described in an abstract manner and does not imply any
particular implementation. The PMA/FEC Service Interface supports the exchange of encoded data between
the PCS and PMA or FEC sublayer. The PMA or FEC service interface is defined in 83.3 or 94.2.1 and is an
instance of the inter-sublayer service interface definition in 80.3_or 91.2.
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Change Figure 82-2 in 82.1.5 for the functional block diagram:

82.1.5 Functional block diagram

XLGMII/
CGMiII A
TXD<63:0> RXD<63:0>
TXC<7:0> RXC<7:0>
TX_CLK RX_CLK
PCS
\ 4
Encode Decode
Scramble Descramble
Block distribution Alignment
removal
Alignment Lane reorder
insertion
BER W Alignment lock
monitor h ) Lane deskew
Lane block sync

FF 11 A

instIS_UNITDATA_j.request inst!S_ENERGY_DETECT.indication! jnst:IS_UNITDATA_i.indication

(i=0to 3 for 40GBASE-R) or  inst:IS_SIGNAL.indication (i=0to 3 for 40GBASE-R) or
(i=0to 19 for 100GBASE-R) inst1S_TX_MODE.request! (i=0to 19 for 100GBASE-R)

inst1S_RX MODE.regues;tl
inst:IS_RX_LPI_ACTIVE.request!

| [ vvv

PMA or FEC sublayer

NOTE 1—FOR OPTIONAL EEE DEEP SLEEP CAPABILITY

Figure 82—2—Functional block diagram
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82.2 Physical Coding Sublayer (PCS)

82.2.3 64B/66B transmission code

82.2.3.4 Control codes

Change the second paragraph in 82.2.3.4 for the control codes as follows:

The control characters and their mappings to 40GBASE-R and 100GBASE-R control codes and
XLGMII/CGMII control codes are specified in Table 82-1. All XLGMII/CGMII, 40GBASE-R, and
100GBASE-R control code values that do not appear in the table shall not be transmitted and shall be

considered an error if received. The ability to transmit or receive Low Power Idle (LPI) is required for PHYs
that support EEE (see Clause 78). If EEE has not been negotiated, LPI shall not be transmitted and shall be

treated as an error if received.

Insert LPI row in Table 82-1 between the idle and start rows as follows:

Table 82—-1—Control codes

XLGMII/
Control character Notation CGMII 40/100GBASE-R 40GBASE-R and 100GBASE-R
O code control code
control code
LPI /L1/ 0x06 0x06

82.2.3.6 Idle (/1))
Insert a paragraph at the end of 82.2.3.6 as follows:

To communicate LPI, the LPI control character /LI/ is sent continuously in place of /I/. LPI control
characters are transmitted when LPI control characters are received from the XLGMII or CGMII. LPI
characters may be added or deleted by the PCS to adapt between clock rates in a similar manner to idle
control characters. /LI/ insertion and deletion shall occur in groups of eight. /LI/s inserted for clock
compensation may only be inserted following other LPI characters.

82.2.8 BIP calculations

Insert a paragraph at the end of 82.2.8 as follows:

If the EEE capability is supported, BIP statistics are only updated when the receiver is in the RX ACTIVE
state (see Figure 82—17). In all other states, the running parity is not calculated. The BIP statistics shall be

first updated after transitioning from RAMs to normal AMs on the first received normal AM when LPI_FW
is FALSE and on the second received AM after entering the RX ACTIVE state when LPI_FW is TRUE.

Insert 82.2.8a for RAM definition after 82.2.8 as follows:
82.2.8a Rapid alignment marker insertion
For the optional EEE capability, an alternate method of alignment is used when operating in the deep sleep

low power state. Rapid Alignment Markers (RAMs) function in a similar manner to the alignment markers
described in 82.2.7. Normal alignment markers are sent when the transmitter has an LPI transmit state of
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TX ACTIVE; RAMs are sent in the TX_WAKE?2 state until down_count_done is TRUE and in all the other
LPI transmit states. Additionally, the BIP component defined for alignment markers is replaced by a count
down field (CD) so that the transition from RAMs to normal alignment markers can be indicated. The
RAMs shall be inserted after every seven 66-bit blocks on each 100G PCS lane and every fifteen 66-bit
blocks on each 40G PCS lane. RAM insertion is performed in the same manner as shown in Figure 82—7 and
Figure 82-9a. The transition from RAMs to normal alignment markers is shown in Figure 82—9a. The count
down field is also used to communicate some of the states of the tx_mode when it is not being used to
coordinate the transition. After the LPI Transmit state diagram transitions from TX ACTIVE to TX SLEEP,
the first RAM shall be inserted after at least one block of /LI/ has been transmitted on PCS lane 0. In order to
force the RAMs to coincide with the start of an FEC block, the distance between the first RAM and
preceding normal alignment marker shall be a multiple of four 66-bit blocks.

‘(alignmel?t down_count =1 down_count =2\A
marker ,,
PCSlLane0 | I/l FII/IIII O 17278 10 11 11 10T 11 11T g 11
PCSLane1 [T 11 IIII'II'II 17/ 11 11T 11T 10 11 11 12/ 11
PCSLane2 [ TN T 10/ T 1T THEN T 1T 1T [ 1T T [N T
N /

° V

g 7 or 15 blocks between RAMs
PCS Lanen-1 | III [T 11 %////%% 1T 10T 1T 1T 1T 1g 1

"Y16383 blocks before
normal alignment marker

Figure 82-9a—RAM transition

The format of the RAMs is shown in Figure 82—9b.

Bit Position: 0 1 2 910 17 18 2526 3334 4142 4950 57 58 65

10 M, Ms Me cD, Mo M, M, CDy

Figure 82-9b—RAM format

The content of the RAMs shall be as shown in Table 82—4a for 100GBASE-R or Table 82-4b for
40GBASE-R. Note that these are similar to normal alignment markers, with CD5 replacing BIP; and CD,
replacing BIP,, and also M, through M, and CD5; swapped with M, through My and CD5, respectively. As
an example, the lane marker for I0OGBASE-R lane number 0 is sent as (left most bit sent first):

1001111100 11101001 01111011 CD5 10000011 00010110 10000100 CD4
After the RAMs are inserted, data is sent to the PMA or FEC sublayer adjacent to the PCS.

The value of the CDj field is derived by the bit-wise XOR of the down_count variable with the M, value for
the lane (therefore the last 5 RAMs sent by a 100GBASE-R PCS on PCS lane 0 would have CDj5 values:
0xC4, 0xC5, 0xC2, 0xC3, 0xCO0; for PCS lane 1 these would be: 0x98, 0x99, 0x9E, 0x9F, 0x9C). The CD,
field is the bit-wise inversion of CDs. The CD field is used by the link partner to understand the expected
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transition from RAMs to normal AMs. It may also be used by a device with a detached PMA or FEC
sublayer to infer the state of the PCS.

Table 82—4a—100GBASE-R RAM encodings

{:‘?12 Encoding?® }:1?12 Encoding?
number {My, M5, Mg, CD4, My, M, M,, CD3} number {My, M5, Mg, CD5, My, M, M,, CD3}
0 0x3E, 0x97, 0xDE, CD, 0xC1, 0x68, 0x21, CD3 10 0x02, 0x93, 0x66, CD;, 0xFD, 0x6C, 0x99, CD;
1 0x62, 0x8E, 0x71, CD, 0x9D, 0x71, 0x8E, CD; 11 0x46, 0x6E, 0xAA, CD5, 0xB9, 0x91, 0x55, CD3
2 0xA6, 0xB4, 0x17, CD5, 0x59, 0x4B, 0xE8, CD3 12 0xA3, 0x46, 0x4D, CD, 0x5C, 0xB9, 0xB2, CD;
3 0xB2, 0x6A, 0x84, CD5, 0x4D, 0x95, 0x7B, CD3 13 0xES, 0x07, 0x42, CD5, 0x1A, 0xF8, 0xBD, CD;
4 0x0A, 0xF8, 0xF6, CD5, 0xF5, 0x07, 0x09, CD3 14 0x7C, 0x38, 0x35, CD7, 0x83, 0xC7, 0xCA, CDj3
5 0x22, 0xEB, 0x3D, CD5, 0xDD, 0x14, 0xC2, CD3 15 0xCA, 0xC9, 0x32, CD, 0x35, 0x36, 0xCD, CD5
6 0x65, 0xB5, 0xD9, CD5, 0x9A, 0x4A, 0x26, CD5 16 0x3B, 0xCE, 0xB3, CD5, 0xC4, 0x31, 0x4C, CD;
7 0x84, 0xBA, 0x99, CD~, 0x7B, 0x45, 0x66, CD; 17 0x52, 0x29, 0x48, CD-, 0xAD, 0xD6, 0xB7, CD3
8 0x5F, 0xDB, 0x89, CD7, 0xA0, 0x24, 0x76, CD3 18 0xA0, 0x99, 0xD5, CD-, 0x5F, 0x66, 0x2A, CD5
9 0x97, 0x36, 0x04, CD~, 0x68, 0xC9, 0xFB, CD5 19 0x3F, 0x0F, 0x1A, CD5, 0xCO0, 0xFO0, 0OXxES, CD5

3Bach octet is transmitted LSB to MSB.

Table 82-4b—40GBASE-R RAM encodings

PCS lane Encoding®

number {My, M5, Mg, CD5, My, My, M,, CD3}
0 0x6F, 0x89, 0xB8, CD7, 0x90, 0x76, 0x47, CDj3
1 0xO0F, 0x3B, 0x19, CD5, 0xF0, 0xC4, 0xE6, CD3
2 0x3A, 0x9A, 0x64, CD5, 0xCS, 0x65, 0x9B, CD;3
3 0x5D, 0x86, 0xC2, CD, 0xA2, 0x79, 0x3D, CD5

4Each octet is transmitted LSB to MSB.

Change 82.2.11 and Figure 82-10 for LPI override of synchronization as follows:
82.2.11 Block synchronization

When the receive channel is operating in normal mode, the block synchronization function receives data via
4 (for 40GBASE-R) or 20 (for 100GBASE-R) IS UNITDATA i.indication primitives. The PCS forms 4 or
20 bit streams from the primitives by concatenating the bits from the indications of each primitive
in order from each inst:IS UNITDATA O.indication to inst:IS UNITDATA 3.indication or
inst:1IS_UNITDATA _0.indication to inst:IS UNITDATA 19.indication. It obtains lock to the 66-bit blocks
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in each bit stream using the sync headers and outputs 66-bit blocks. Block lock is obtained as specified in the
block lock state diagram shown in Figure 82—10.

If EEE is not supported then block lock is identical to rx_block lock. Otherwise the relationship between
block lock and rx_block lock is given by Figure 82—17.

82.2.12 PCS lane deskew
Insert the following at the end of 82.2.12:

If EEE is not supported then align_status is identical to rx_align_status. Otherwise the relationship between
align_status and rx_align_status is given by Figure 82—17.

Insert a row at the end of Table 82-5 as follows:

Table 82—-5—Skew tolerance requirements

PCS Maximum Skew Maximum Skew Variation

100GBASE-R with RS-FEC 49 ns (~253 bits) 0.4 ns (~2 bits)

82.2.18 Detailed functions and state diagrams

82.2.18.2 State variables

82.2.18.2.2 Variables

Change the definitions for am_valid, current_am, and first_am in 82.2.18.2.2 as follows:

am_valid
Boolean variable that is set true if received block rx_coded is a valid alignment marker. A valid
alignment marker sill matches one of the encodings in Table 82-2, er Table 82-3, Table 82—4a, or

Table 82-4b, excluding the BIP; and BIP; fields;-and-it-will-berepeated-every16384-blecks.
current_am
This variable holds the valaelane number of the current alignment marker. This is compared to the
variable first am to determine if we have alignment marker lock and is always n x 16384 66-bit
blocks away from the first am.
first_am
A variable that holds the walaelane number of the first alignment marker that is recognized on a
given lane. This is used later to compare to future alignment markers.

Insert a NOTE in 82.2.18.2.2 below the definition for “align_status”:

NOTE—If the EEE capability is supported, then this variable is affected by the LPI receive state diagram. If the EEE
capability is not supported then this variable is identical to rx_align_status controlled according to Figure 82—11.

Insert a NOTE in 82.2.18.2.2 below the definition for “block _lock<x>":

NOTE—If the EEE capability is supported, then this variable is affected by the LPI receive state diagram. If the EEE
capability is not supported, then this variable is identical to rx_block lock controlled according to Figure 82—10.
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Insert the following new variables at appropriate places in 82.2.18.2.2:

rx_align_status
Variable used by the PCS lane deskew process to reflect the status of the PCS lane-to-lane
alignment. This variable is set true when all lanes are synchronized and aligned, set false when the
deskew process is not complete.

rx_block lock<x>
Variable used in Figure 82—-10 to reflect the status of the code-group delineation for each lane. This
variable is set true when the receiver acquires block delineation.

Insert the following new text and variables at the end of the existing subclause 82.2.18.2.2:
The following variables are used only for the EEE capability:

down_count done
Boolean variable that indicates that the down_count counter has reached zero.

down_count enable
Boolean variable controlling decrement of the counter down_count. This variable is set by the LPI
transmit state diagram.

energy_detect
A parameter generated by the PMA/PMD sublayer to reflect the state of the received signal. In the
PMD this has the same definition as parameter signal detect and is passed through without
modification by the PMA (and FEC).

first rx_lIpi active
Boolean variable first rx_lpi_active is set true when the receiver is in state RX LPI ACTIVE in
the LPI receive state diagram and R TYPE(rx_coded) = LI and is otherwise false.

LPI FW
Boolean variable controlling the wake mode for the LPI transmit and receive functions. This
variable is set true when the link is to use the fast wake mechanism, and false when the link is to
use the optional deep sleep mechanism for each direction. This variable defaults true and may only
be set to false if the optional deep sleep mode is supported.

rx_lpi_active
A Boolean variable that is set to true when the receiver is in a low power state and set to false when
it is in an active state and capable of receiving data.

Rx LPI indication:
A Boolean variable indicating the current state of the receive LPI function. This flag is set to true
(register bit set to one) when the LPI receive state diagram is in any state other than RX ACTIVE.
This status is reflected in MDIO register 3.1.8. A latch high view of this status is reflected in MDIO
register 3.1.10 (Rx LPI received).

rx_mode
A variable reflecting state of the LPI receive function as defined in Figure 82—17.The parameter
has one of two values: DATA and QUIET.

scrambler_bypass
This Boolean variable indicates whether the Tx PCS scrambler is to be bypassed in order to assist
rapid synchronization following low power idle. When set to TRUE, the PCS passes the
unscrambled data from the scrambler input rather than the scrambled data from the scrambler
output. The scrambler continues to operate normally, shifting input data into the delay line. When
scrambler bypass is set to FALSE the PCS passes scrambled data from the scrambler output.
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scr_bypass_enable
A Boolean variable used to indicate to the transmit LPI state diagram that the scrambler bypass
option is required. The PHY shall set scr_bypass_enable = TRUE if Clause 74 FEC is in use. The
PHY shall set scr_bypass_enable = FALSE if this FEC is not in use.

tx_mode
A variable reflecting state of the LPI transmit function as defined in Figure 82—16. When tx_mode
is set to QUIET the sublayer may go into a low power state.

82.2.18.2.3 Functions
Change 82.2.18.2.3 function definitions for LPI block types as follows:

AM_SLIP
Causes the next candidate block position to be tested. The precise method for determining the next
candidate block position is not specified and is implementation dependent. However, an
implementation shall ensure that all possible blocks are evaluated.

DECODE(rx_coded<65:0>)
Decodes the 66-bit vector returning rx_raw<71:0>, which is sent to the XLGMII/CGMII. The
DECODE function shall decode the block as specified in 82.2.3.

ENCODE(tx_raw<71:0>)
Encodes the 72-bit vector returning tx coded<65:0> of which tx coded<65:2> is sent to the
scrambler. The two bits of the sync header bypass the scrambler. The ENCODE function shall
encode the block as specified in 82.2.3.

R TYPE(rx_coded<65:0>)
This function classifies the current rx coded<65:0> vector as belonging to one of the following
five types, depending on its contents. The classification results are returned via the r_block type
variable.

Values: C; The vector contains a sync header of 10 and one of the following:
a) A block type field of Ox1E and eight valid control characters other than /E/ or
[L1/;
b) A block type field of 0x4B.
LI; For EEE capability, the LI type is supported where the vector contains a sync header
of 10, a block type field of 0x1E and eight control characters of 0x06 (/LL/).
S; The vector contains a sync header of 10 and the following:
a) A block type field of 0x78.
T; The vector contains a sync header of 10, a block type field of 0x87, 0x99, 0xAA,
0xB4, 0xCC, 0xD2, 0xE1 or OXFF and all control characters are valid.
D; The vector contains a sync header of O1.
E; The vector does not meet the criteria for any other value.

Valid control characters are specified in Table 82—1.

NOTE—A PCS that does not support EEE classifies vectors containing one or more /LI/ control characters as
type E.

R TYPE NEXT
This function classifies the 66-bit rx coded vector that immediately follows the current
rx_coded<65:0> vector as belonging to one of the five types defined in R TYPE, depending on its
contents. It is intended to perform a prescient end of packet check. The classification results are
returned via the r_block type next variable.

SLIP
Causes the next candidate block sync position to be tested. The precise method for determining the
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next candidate block sync position is not specified and is implementation dependent. However, an
implementation shall ensure that all possible bit positions are evaluated.

T TYPE = (tx_raw<71:0>)
This function classifies each 72-bit tx_raw vector as belonging to one of the following five-types
depending on its contents. The classification results are returned via the t block type variable.

Values: C; The vector contains one of the following:
a) Eight valid control characters other than /O/, /S/, /T/, /L1/, and /E/;
b) One valid ordered set.

LI; For EEE capability, this vector contains eight /LI/ characters.

S; The vector contains an /S/ in its first character, and all characters following the /S/ are
data characters.

T; The vector contains a /T/ in one of its characters, all characters before the /T/ are data
characters, and all characters following the /T/ are valid control characters other
than /O/, /S/ and /T/.

D; The vector contains eight data characters.

E; The vector does not meet the criteria for any other value.

A tx_raw character is a control character if its associated TXC bit is asserted. A valid control
character is one containing an XLGMII/CGMII control code specified in Table 82-1. A valid
ordered_set consists of a valid /O/ character in the first character and data characters in the seven
characters following the /O/. A valid /O/ is any character with a value for O code in Table 82—1.
NOTE—A PCS that does not support EEE classifies vectors containing one or more /LI/ control characters as
type E.

82.2.18.2.4 Counters
Change the definition for am_counter in 82.2.18.2.4 for RAMs as follows:

am_counter
This counter counts +6383 66-bit blocks that separate two consecutive alignment markers. If the
optional EEE deep sleep capability is supported, when rx_lIpi active is TRUE and LPI FW is
FALSE, the terminal count is 7 for 100GBASE-R PCS and 15 for 40GBASE-R PCS. If the

optional EEE deep sleep capability is not supported, or rx_Ipi_active is FALSE, the terminal count
is 16383.

Insert new counters into 82.2.18.2.4 and new timers into 82.2.18.2.5 in support of the LPI state diagrams.
In each case, insert the new text at the end of the existing subclause:

The following counters are used only for the EEE capability:

down_count
A counter that is used in rapid alignment markers and is decremented each time a RAM is sent
while variable down_count_enable = true. The counter initial value is set by the LPI transmit state
diagram. When the down_count counter reaches zero, it sets the variable down count done = true.
wake error counter
A counter that is incremented each time that the LPI receive state diagram enters the RX WTF
state indicating that a wake time fault has been detected. The counter is reflected in register 3.22
(see 45.2.3.10).

82.2.18.2.5 Timers

The following timers are used only for the EEE capability:
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one us_timer
A timer used to count approximately 1 ps intervals. The timer terminal count is set to T;;. When
the timer reaches terminal count, it sets one_us_timer_done = true.

rx_tq timer
This timer is started when the PCS receiver enters the RX SLEEP state. The timer terminal count
is set to Tor. When the timer reaches terminal count, it sets rx_tq_timer_done = true.

rx_tw_timer
This timer is started when the PCS receiver enters the RX WAKE state. The timer terminal count
is set to a value no larger than the maximum value given for Ty in Table 82—-5b. When the timer

reaches terminal count, it sets rx_tw_timer_done = true.
rx_wf timer
This timer is started when the PCS receiver enters the RX WTF state, indicating that the receiver
has encountered a wake time fault. The rx_wf timer allows the receiver an additional period in
which to synchronize or return to the QUIET state before a link failure is indicated. The timer
terminal count is set to Tywr. When the timer reaches terminal count, it sets the rx_wf timer done
= true.
scr_byp_timer
This timer is started when the PCS transmitter enters the TX SCR _BYPASS state. The timer
terminal count is set to Tgyp When the timer reaches terminal count, it sets the
scr_byp_timer_done = true.
tx_ts timer
This timer is started when the PCS transmitter enters the TX SLEEP state. The timer terminal
count is set to Tgr . When the timer reaches terminal count, it sets the tx_ts_timer_done = true.
tx_tq_timer
This timer is started when the PCS transmitter enters the TX QUIET state. The timer terminal
count is set to Tr. When the timer reaches terminal count, it sets the tx_tq_timer_done = true.
tx_tw_timer
This timer is started when the PCS transmitter enters the TX WAKE or FW_TX WAKE state.
The timer terminal count is set to Ty, . When the timer reaches terminal count, it sets the tx_tw_-
timer done = true.
tx_tw2_timer
This timer is started when the PCS transmitter enters the TX WAKE2 state. The timer terminal
count is set to Ty . When the timer reaches terminal count, it sets the tx_tw2_timer_done = true.

82.2.18.3 State diagrams
Insert 82.2.18.3.1, Table 82—5a, and Table 82—5b at the end of 82.2.18.3:
82.2.18.3.1 LPI state diagrams

A PCS that supports the EEE capability shall implement the LPI transmit and receive processes as shown in
Figure 82—16 and Figure 82—17. The transmit LPI state diagram controls tx_mode, which disables the trans-
mitter when it is set to QUIET. The receive LPI state diagram controls block lock during LPI and signals the
end of LPI to the receive state diagram.

Following a period of LPI, the receiver is required to achieve block synchronization within the wake-up time
specified (see Figure 82—17). The implementation of the block synchronization state diagram should use
techniques to ensure that block lock is achieved with minimal numbers of slip attempts. If fast wake is
selected then the receiver is expected to maintain sufficient state to allow much faster wake up.

The LPI functions shall use timer values for these state diagrams as shown in Table 82—5a for transmit and
Table 82—5Db for receive.
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Table 82-5a—Transmitter LPI timing parameters

Parameter Description Min | Max | Units

Tsr Local Sleep Time from entering the TX SLEEP state to when tx_mode is 0.9 1.1 us
set to QUIET.

ToL Local Quiet Time from when tx_mode is set to QUIET to entry into the 1.7 1.8 ms
TX WAKE state.

TwL Time spent in the TX WAKE state. 1.5 1.6 us

Twr2 Time spent in the TX WAKE?2 state. 24 2.5 us

Tgyp Time spent in the TX SCR_BYPASS state, 40 Gb/s operation. 0.9 1.1 us

Tgyp Time spent in the TX SCR_BYPASS state, 100 Gb/s operation. 1.9 2.1 us

Ty Time spent in the TX ALERT state. 1.15 | 1.3 us

Table 82-5b—Receiver LPI timing parameters

Parameter Description Min | Max | Units

Tor Time the receiver waits for energy detect to be set to true while in the 2 3 ms
RX_ QUIET state before asserting receive fault.

Twr Time the receiver waits in the RX WAKE state before indicating a wake — 4.5 us
time fault, scr_bypass_enable = FALSE.

Twr Time the receiver waits in the RX WAKE state before indicating a wake — 5.5 us
time fault, scr_bypass_enable = TRUE, 40 Gb/s.

Twr Time the receiver waits in the RX WAKE state before indicating a wake — 6.5 us
time fault, scr_bypass_enable = TRUE, 100 Gb/s.

Twrr Wake time fault recovery time. — 10 ms

82.3 PCS Management
82.3.1 PMD MDIO function mapping

Change the table title and insert the following row at the bottom of Table 82-6 in 82.3.1:

Table 82-6—MDIO/PMBPCS control variable mapping

MDIO control variable PCS register name Register/ bit PCS control variable
number
LPI FW LPI fast wake enable 3.20.0 LPI FW
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Insert the following rows at the bottom of Table 82-7 in 82.3.1:

Table 82—7—MDIO/PMD status variable mapping

MDIO status variable PCS register name Reilg;slrlgélpit PCS status variable
Tx LPI indication Tx LPI indication 3.1.9 Tx LPI indication
Tx LPI received Tx LPI received 3.1.11 Tx LPI received
Rx LPI indication Rx LPI indication 3.1.8 Rx LPI indication
Rx LPI received Rx LPI received 3.1.10 Rx LPI received
Wake_error_counter Wake_error_counter 3.22 Wake_error_counter

82.6 Auto-Negotiation
Change 82.6 to add new PHY types as follows:

The following requirements apply to a PCS used with a 40GBASE-KR4 PMD, 40GBASE-CR4 PMD, et
100GBASE-CR10, 100GBASE-CR4, 100GBASE-KR4, or 100GBASE-KP4 PMD where support for the
Auto-Negotiation process defined in Clause 73 is mandatory. The PCS shall support the primitive
AN_LINK.indication(link _status) (see 73.9). The parameter link status shall take the value FAIL when
PCS_status=false and the value OK when PCS_status=true. The primitive shall be generated when the value
of link status changes.
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Change Figure 82-10 as follows:

reset +
Isignal_ok

v

LOCK_INIT

rx_block_lock<x> < false
test_sh < false

UCT

RESET_CNT

sh_cnt< 0
sh_invld_cnt < 0
slip_done « false

test_sh * *
B test_sh * test_sh
Irx_block_lockgx> x b—lock lock<x> Sh_Cnt <1024
I test_sh = l i
TEST_SH sh_cnt <1024 * ¢
sh_invld_cnt < 65 TEST_SH2
test_sh «< false - - -
test_sh < false
sh_valid Ish_valid
Ish_valid sh_valid
VALID_SH i i
sh_cnt ++ INVALID_SH VALID_SH2
sh_cnt ++ sh_cnt ++
sh_invld cnt++
test_sh =* )
sh_cnt < 64
- 4 sh_cnt =1024 *
sh_invild_cnt < 65

sh_cnt = 64 j sh_invid_cnt = 65
sh_cnt =1024

64_GOOD SLIP
rx_block lock<x> < true rx_block_lock<x> «< false
- - SLIP

‘UCT Slip_donei l
A 4

NOTE— rx_block_lock<x> refers to the received lane x of the service interface,
where x = 0:3 (for 40GBASE-R) or 0:19 (for 100GBASE-R)

Figure 82-10—Block lock state diagram
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Replace Figure 82-11 as follows:

reset +
Irx_block_lock<x> first_rx_LPI_active
AM_LOCK_INIT
am_lock<x> < false QUICK_FIND

test_am «< false

test_am «< false
UCT first_am «< current_am

am_valid lam_valid

AM_RESET_CNT

am_invld_cnt< 0
am_slip_done «< false

am_counter_done

ltest_am i

FIND_1ST COMP_AM

test_am «< false
first_am < current_am

lam_valid i
B am_valid current am = current_am!=
first_am first_am
\4 ;
COUNT_1
start am_counter
GOOD_AM INVALID_AM
am_counter_done am_invld_cnt <0 am_invld_cnt ++
COMP_2ND UCT
am_invld_cnt< 4 am_invld_cnt=4

current_am

first_am
COUNT_2
2 _GOOD start am_counter

am_lock<x> < true

lane_mapping<x> <= \ 4

current_am SLIP

UCT

current_am!= am_lock<x> < false
first_am AM_SLIP

am_slip_done

NOTE 1— am_lock<x> refers to the received lane x of the service interface, where x = 0:3 (for 40GBASE-R)
or 0:19 (for 100GBASE-R)

NOTE 2—Optional state (inside the dotted box) is only required to support EEE capability

Figure 82—11—Alignment marker lock state diagram
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Change Figure 82-12, Figure 82-13, Figure 82-14, and Figure 82-15 as follows:

reset + lam_status

— 4

LOSS_OF_ALIGNMENT

1ali ; rx_align_status < false
falignment_valid enable_deskew «< true

alignment_valid

y 6

ALIGN_ACQUIRED

rx_align_status < true
enable_deskew < false

L

alignment_valid

lalignment_valid

Figure 82—-12—PCS deskew state diagram
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reset + r_test_mode +
Irx_align_status

v

BER_MT_INIT

hi_ber < false
ber_test sh < false

@ 3
START_TIMER
ber_cnt <0
start xus_timer
ber_test_sh
ber_test_sh
BER_TEST_SH
ber_test_sh < false
. sh_valid *
'sh_valid Ixus_timer_done
BER_BAD_SH BER_TEST_SH_WAIT
ber_cnt ++
sh_valid *
ber_test_sh = xus_timer_done
ber_cnt < 97 *
xus_timer_not_done ber_cnt < 97 *
xus_timer_done

ber_cnt =97

v
HI_BER

hi_ber < true

GOOD_BER

hi_ber < false

xus_timer_done ucT

Figure 82—-13—BER monitor state diagram
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reset

TX LI

TX_INIT
tx_coded < ENCODE(tx_raw)

tx_coded < LBLOCK_T

|
|
|
|
T_TYPE(tx_raw) = SI [ T_TYPE(tx_raw)=(E+D+T+ L||I
[
|
|
L

I
I
I
I
T_TYPE(tx_raw) = LII l |
I
I
I

@ T_TYPE(tx_raw) =C @
T_TYPE(tx_raw) = C
- | = |
A 4
TX C
tx_coded < ENCODE(tx_raw) (TE_IYEE’E(g:rTa)vv)=
<
T_TYPE(tx_raw) = C| i [ T_TYPE(x_raw)= (E+D +T) >
T TYPE(tx_raw)=s| (B I_TYPE(tx raw)= LI
\ 4
TX D
tx_coded <= ENCODE(tx_raw)
T_TYPE(tx_raw) =D | | T_TYPE(tx_raw) = (E + C + S + LI)
v v
TX_E

T_TYPE(tx_raw) = T)

tx_coded < EBLOCK_T

T_TYPE(b_raw) =T | | T_TYPE(b_raw) = (E +S)

v T_TYPE(tx_raw) = LI

\ 4
T T_TYPE(tx_raw) =D T_TYPE(tx_raw) =C

tx_coded <= ENCODE(tx_raw)

T_TYPE(tx_raw) =C T_TYPE(tx_raw)=(E+D +T)

T _TYPE(tx_raw) = LI

T_TYPE(tx_raw) = S

NOTE—Optional state (inside the dotted box) and transition E
are only required to support EEE capability.

Figure 82-14—Transmit state diagram
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F— - — - — — — — — — — — —
reset+ r_test_mode +
hi_ber + Iblock_lock |
|
RX_INIT | RX_LI
rx_raw < LBLOCK_R | rx_raw < LI
|
R_TYPE(rx_coded) = S | R_TYPE(rx_coded) = (E + D + T+ LI) i
T
R_TYPE(rx_coded) = C | . . @
| Irx_Ipi_active *
L R_TYPE(rx_coded) =C
\ 4
RX_C Irx_lpi_active *
rx_raw < DECODE(rx_coded) P (RE— T:) E (er+_|q<)3ded) N
R_TYPE(rx_coded) = C | | R_TYPE(rx_coded)= (E+D +T) >
R_TYPE(rx_coded) = S @ R_TYPE(rx_coded) = LI
RX_D
rx_raw < DECODE(rx_coded)
R_TYPE(rx_coded) = D | (R_TYPE(rx_coded) =
R TYPE_NEXT = (E + D +T)) +
R_TYPE(rx_coded) = (E + C + S_+ L|)>
R_TYPE(rx_coded) = T* v ¢
RCTYPE_NEXT = (S + C + L) RX E

rx_raw < EBLOCK_R

R_TYPE(rx_coded) = Tx*
R_TYPE_NEXT = (S + C_+ Ll)

v v

RX_T

rx_raw < DECODE(rx_coded)

R_TYPE(rx_coded) = C iR_TYPE(rx_coded)= s

@ R_TYPE(rx_coded) =D

R_TYPE(rx_coded) =

R

(R_TYPE(rx_coded) =T *
R_TYPE NEXT=(E+D +T))
+ R_TYPE(rx_coded) = (E + S)

TYPE(rx_coded) =

bt

R_TYPE(rx_coded) =C

NOTE—Optional state (inside the dotted box) and transition E are

only required to support EEE capability.

Figure 82—15—Receive state diagram
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Insert Figure 82-16 and Figure 82-17 as follows:

reset
TX_ACTIVE

tx_mode < DATA
scrambler_bypass < FALSE

| T_TYPE(tx_raw) = LI

LPI_FW = FALSE *
T_TYPE(tx_raw) = LI

TX_SLEEP

Start tx_ts_timer
scrambler_bypass < FALSE
down_count_done < FALSE
down_count_enable < FALSE
down_count < 255

T_TYPE(tx_raw) = LI *
tx_ts_timer_done

|
T_TYPE(tx_raw) = LI 1
TX_QUIET

tx_mode < QUIET
Start tx_tq_timer
down_count < 242

«
T_TYPE(tx_raw) = LI +
tx_tq_timer_done

TX_ALERT

tx_mode < ALERT $

Start one_us_timer

down_count < 213 TX_SCR_BYPASS

; scrambler_bypass < TRUE
one_us_timer_done Start scr_byp, timer
4
TX_WAKE

scr_byp_timer_done

tx_mode < DATA

Start tx_tw_timer
down_count_enable < TRUE
IF scr_bypass_enable
down_count < 54

ELSE down_count < 36
\ 4

tx_tw_timer_done * TX _WAKE2
scr_bypass_enable tx_mode < DATA

Start tx_tw2_timer
down_count_enable < TRUE
down_count < 22

tx_tw_timer_done *
Iscr_bypass_enable

T_TYPE(tx_raw) = LI *
T_TYPE(tx_raw) = LI % tx_tw2_timer_done
tx_tw2_timer_done

Figure 82-16—LPI Transmit state diagram
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reset ﬁ @ *

RX_ACTIVE

rx_|Ipi_active < FALSE
block_lock <= rx_block_lock
align_status < rx_align_status
rx_mode < DATA

l block_lock = rx_block_lock +

rx_align_status * align_status *  align_status = rx_align_status
R_TYPE(rx_coded) = LI

RX_TIMER

rx_lIpi_active < TRUE
Start rx_tq_timer

¢ UCT¢
RX_SLEEP
LPI_FW = FALSE *
rx_align_status *
Irx_tq_timer_done * LPI FW = FALSE *
rx_down_count = 255 rx_tq_timer_done
LPI FW = TRUE Irx_tq_timer_done
= LPI_FW = FALSE * * Irx_align_status
rx_down_count < 255 * *LPI_FW = FALSE
Irx_tq_timer_done *
RX FW rx_align_status RX_QUIET
- rx_mode < QUIET
lenergy_detect *
i R_TYPE(rx_coded) = C rx_tq_timer_done >
@ energy_detect
v
RX_WAKE
Start rx_tw_timer
rx_mode < DATA
Irx_tw_timer_done *
rx_align_status * rx_tw_timer_done
rx_down_count = 255
<
Irx_tw_timer_done *
rx_align_status *
rx_down_count = 1
RX_WTF
wake_error_counter++
Start rx_wf_timer
!rx_wf__timer_done* * r_wi_timer_done
rx_align_status
< rx_down_count = 255 * v
RX_LINK_FAIL

Irx_wf_timer_done *
rx_align_status * block_lock < FALSE

rx_down_count = 1
iUCT

A

Figure 82-17—LPI Receive state diagram
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82.7 Protocol implementation conformance statement (PICS) proforma for Clause 82,
Physical Coding Sublayer (PCS) for 64B/66B, type 40GBASE-R and 100GBASE-R®

Insert the following row at the end of the table in 82.7.3:

82.7.3 Major capabilities/options

Item Feature Subclause Value/Comment Status Support
" . Yes [ ]
LPI Implementation of LPI 82.2.34 o No|]

Change rows AN1* and AN2 in 82.7.6.5.

82.7.6.5 Auto-Negotiation for Backplane Ethernet functions

Item Feature Subclause Value/Comment Status Support
ANT1* Support for use with a 82.6 AN technology dependent o Yes [ ]
40GBASE-KR4, 40GBASE- interface described in
CR4, or I00GBASE-CR10 Clause 73

PMD, 100GBASE-CR4
100GBASE-KR4, or
100GBASE-KP4

AN2 AN_LINK.indication primitive | 82.6 Support of the primitive AN1:M Yes [ ]
AN_LINK.indica-
tion(link_status),

when the PCS is used with
H0GBASE-KRPMD
40GBASE-KR4, 40GBASE-
CR4, 100GBASE-CR10 PMD,
100GBASE-CR4
100GBASE-KR4, or
100GBASE-KP4

6Copyright release for PICS proformas: Users of this standard may freely reproduce the PICS proforma in this subclause so that it can
be used for its intended purpose and may further publish the completed PICS.
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Insert the new subclause 82.7.6.6 for LPI functions after 82.7.6.5:

82.7.6.6 LPI functions

Item Feature Subclause Value/Comment Status Support

LP-01 Support for both wake modes 82.2.18.2.2 | Variable LPI_FW may be true | LPL:O Yes [ ]

or false No[]
LP-02 Insertion and deletion of LPIs 82.2.3.6 LPI:M Yes [ ]
in groups of § No[]
LP-03 BIP statistics during LPI 82.2.8 BIP statistics not updated LPI:M Yes [ ]
during LPI No[]
LP-04 RAM insertion 82.2.8a Insertion of Rapid Alignment LPI:M Yes [ ]
Markers meets the No []

requirements of 82.2.8a
LP-05 Transmit state diagrams 82.2.18.3 Support LPI operation in LPI:M Yes [ ]
Figure 82-14 No[]
LP-06 Receive state diagrams 82.2.18.3 Support LPI operation in LPI:M Yes [ ]
Figure 8215 No[]
LP-07 LPI transmit state diagrams 82.2.18.3.1 | Meets the requirements of LPI:M Yes [ ]
Figure 82—-16 No[]
LP-08 LPI receive state diagrams 82.2.18.3.1 | Meets the requirements of LPI:M Yes [ ]
Figure 82—17 No[]
LP-09 LPI transmit timing 82.2.18.3.1 | Meets the requirements of LPI:M Yes [ ]
Table 82—5a No[]
LP-10 LPI receive timing 82.2.18.3.1 Meets the requirements of LPI:M Yes [ ]
Table 82—-5b No[]
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83. Physical Medium Attachment (PMA) sublayer, type 40GBASE-R and
100GBASE-R

83.1 Overview

Change NOTE 1 in Figure 83-1 as follows:

NOTE 1—ORHONAL-OR-OMHFED-BDERENDING CONDITIONAL BASED ON PHY TYPE
83.1.1 Scope

Change the first paragraph of 83.1.1 as follows:

This clause specifies the Physical Medium Attachment sublayer (PMA) that is common to two families of
(40 Gb/s and 100 Gb/s) Physical Layer implementations, known as 40GBASE-R and 100GBASE-R. The
PMA allows the PCS (specified in Clause 82) to connect in a media-independent way with a range of
physical media. The 40GBASE-R PMA(s) can support any of the 40 Gb/s PMDs in Table 80-2. The
100GBASE-R PMAC(s) can support any of the 100 Gb/s PMDs in Fable-860—2Table 80—2a, but does not
provide the PMD service interface for 100GBASE-KP4 (Clause 94). The terms 40GBASE-R and
100GBASE-R are used when referring generally to Physical Layers using the PMA defined in this clause.

83.3 PMA service interface
Change third paragraph of 83.3 for FEC types:

If the PMA client is the PCS or an a BASE-R FEC sublayer (see Clause 74), the PMA (or PMA client)
continuously sends four (for 40GBASE-R) or twenty (for I00GBASE-R) parallel bit streams to the PMA
client (or PMA), each at the nominal signaling rate of the PCSL. If the PMA client is the 100GBASE-R RS-
FEC sublayer (see Clause 91), the PMA continuously sends four parallel bit streams to the PMA client (or
PMA), each at 25.78125 GBd.

Insert the following at the end of 83.3 for the EEE service interface:

If the optional Energy Efficient Ethernet (EEE) capability with the deep sleep mode option is supported (see
Clause 78, 78.1.3.3.1) then the inter-sublayer service interface includes four additional primitives defined as
follows:

IS TX MODE.request

IS RX MODE.request

IS ENERGY_ DETECT.indication
IS RX TX MODE.indication

The IS TX MODE.request primitive is used to communicate the state of the PCS LPI transmit function to
other sublayers in the PHY. The IS RX MODE.request primitive is used to communicate the state of the
PCS LPI receive function to other sublayers. The IS RX TX MODE.indication primitive is used to
communicate the state of the rx_tx mode parameter, that reflects the inferred state of the link partner’s
tx_mode parameter, from the PMA to other sublayers. The IS ENERGY DETECT.indication primitive is
used to communicate that the PMD has detected the return of energy on the interface following a period of
quiescence.

A physically instantiated service interface with the optional Energy Efficient Ethernet (EEE) capability with
the deep sleep mode option (see 78.1.3.3.1) may enter a low power state to conserve energy during periods
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of low link utilization. The ability to support transition to a low power state in the ingress direction is
indicated by register 1.1.9 (PMA Ingress AUI Stop Ability, PIASA) and register 1.1.8 for the egress
direction (PMA Egress AUI Stop Ability, PEASA). Transition to the low power state is enabled in the
ingress direction by register 1.7.9 (PMA Ingress AUI Stop Enable, PIASE) and register 1.7.8 for the egress
direction (PMA Egress AUI Stop Enable, PEASE). The system shall not assert the enable bit for an interface
unless the corresponding ability bit at the other side of the interface is also asserted. If the PIASE bit is
TRUE, then the PMA may disable transmitters on the physical instantiation of the ingress AUI when
aui_tx_mode is QUIET. If the PEASE bit is TRUE, then the PMA may disable transmitters on the physical
instantiation of the egress AUI when tx_mode is QUIET.

83.5 Functions within the PMA
Change the second paragraph of 83.5.3 as follows:
83.5.3 Skew and Skew Variation

Any PMA that combines PCSLs from different input lanes onto the same output lane must tolerate Skew
Variation between the input lanes without changing the PCSL positions on the output. Skew and Skew
Variation are defined in 80.5. The limits for Skew and Skew Variation at physically instantiated interfaces
are specified at Skew points SP0O, SP1, and SP2 in the transmit direction and SP5, and SP6, and SP7 in the
receive direction as defined in 80.5 and illustrated in Figure 804, and Figure 80-5, and Figure 80—5a.

Insert 83.5.3.a after 83.5.3 (before 83.5.3.1) as follows:
83.5.3.a Skew generation toward SP0

In an implementation with one or more physically instantiated CAUI interfaces, the PMA that sends data in
the transmit direction toward the CAUI that is closest to the RS-FEC (SP0 in Figure 80—5a) shall produce no
more than 29 ns of Skew between PCSLs toward the CAUI, and no more than 200 ps of Skew Variation.

Insert 83.5.3.7 after 83.5.3.6 as follows:
83.5.3.7 Skew generation toward SP7

In an implementation with one or more physically instantiated CAUI interfaces and RS-FEC, at SP7 (the
receive direction of the CAUI closest to the PCS), the PMA or group of PMAs between the RS-FEC and the
CAUI closest to the PCS shall deliver no more than 160 ns of Skew, and no more than 3.8 ns of Skew
Variation between output lanes toward the CAUI in the Rx direction.

83.5.8 PMA local loopback mode
Change the first paragraph of 83.5.8 as follows:

PMA local loopback shall be provided by the PMA adjacent to the PMD for 40GBASE-KR4, 40GBASE-
CR4, and 100BASE-CR10, 100GBASE-KR4, and 100GBASE-CR4 PMDs. PMA local loopback mode is
optional for other PMDs or for PMAs not adjacent to the PMD. If it is implemented, it shall be as described
in this subclause (83.5.8).
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Insert 83.5.11 after 83.5.10 as follows:
83.5.11 Energy Efficient Ethernet

When the optional Energy Efficient Ethernet (EEE) deep sleep capability is supported and the PMA service
interface is physically instantiated as XLAUI or CAUI, the additional functions listed in this subclause are
required. These functions enable the communication of service interface parameters that are essential to the
operation of the EEE deep sleep capability. The timing parameters for EEE operation are shown in
Table 83—1a.

Table 83—1a—EEE timing parameters

Timer Symbol Min. Max. Units
PMA quiet signal duration Tpq 200 225 ns
Energy detect hold-off time Tho 750 800 ns
Time to assert PMA quiet detect Tyq 25 50 ns
Time to assert PMA alert detect Tya — 25 ns
Time to hold rx_Ipi_active = true The 4000 5500 ns

83.5.11.1 PMA quiet and alert signals

The PMA quiet and alert signals are generated on each lane with a self-synchronizing scrambler. The
scrambler shall produce the same result as the implementation shown in Figure 83—7. This implements the
scrambler polynomial defined by Equation (83—1).

Gx) = 1+x"+x" (83-1)

To generate the PMA quiet signal the input to the scrambler shall be 0. To generate the PMA alert signal the
input to the scrambler shall be 1.

The initial state the scrambler of a given lane of PMA service interface is chosen to minimize the correlation
between lanes.

0 =PMA quiet, 1 = PMA alert

+< ?<
S0 S1 S2 _>$$_> S27 | L] S28 _,ss_, S29 || S30

A

PMA quiet or alert signal output

Figure 83—7—Scrambler for PMA quiet and alert signals
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83.5.11.2 Detection of PMA quiet and alert signals

Each lane detects the PMA quiet and alert signals at the output of a self-synchronizing descrambler that
implements the polynomial defined in Equation (83—1). The descrambler shall produce the same result as
the implementation shown in Figure 83-8.

The output of the descrambler is considered in consecutive, non-overlapping blocks of 256 bits. If the
number of zeros detected in a given 256-bit block is greater than or equal 224, then the lane shall indicate
that the PMA quiet signal is detected. If the number of ones detected in a given block is greater than or equal
to 224, then the lane shall indicate that the PMA alert signal has been detected. Otherwise, the lane infers
that normal data is being received and shall not indicate that either the PMA quiet or PMA alert signal has
been detected.

The PMA shall indicate that the quiet signal is detected when all lanes of the PMA service interface have
detected the quiet signal. The PMA shall indicate that the alert signal is detected when all lanes of the PMA
service interface have detected the alert signal. Otherwise, the PMA infers that normal data is being received
and shall not indicate that either the PMA quiet or PMA alert signal has been detected.

Serial data input

SO S1

A

Y

S2 —>SS—> S27 i= S28 _>S$_, S29 |_p| S30

?: T

Descrambled data output

Figure 83—8—Descrambler for PMA quiet and alert signals

83.5.11.3 Additional transmit functions in the Tx direction

If the PMA client is the PCS, BASE-R FEC, or RS-FEC sublayer or is a PMA sublayer where the number of
input lanes is not equal to the number of output lanes, then the PMA sublayer shall insert the PMA quiet and
alert signals as follows: When the value of tx mode is QUIET, the PMA inserts the PMA quiet signal
defined in 83.5.11.1. When the value of tx_mode is ALERT, the PMA inserts the PMA alert signal defined
in 83.5.11.1. For all other values of tx_mode, the PMA output is defined by the bit multiplexing function.

If XLAUI or CAUI is permitted to shut down (see 83.3), the variable aui_tx_mode shall be assigned the
current value of tx_mode with the following exception. When tx_mode transitions from DATA to QUIET,
the value of aui_tx_mode is held at DATA and the timer pma_quiet_timer (Tp) is started. If tx_mode is
QUIET when the timer expires, then aui_tx_mode is set to QUIET. If tx_mode is set to a value other than
QUIET before the timer expires, then aui_tx_mode is set to DATA.

If XLAUI or CAUI is not permitted to shut down, aui_tx_mode shall be assigned the value DATA.

PMA functions in the Tx direction may be disabled in order to conserve energy while aui_tx mode is
QUIET.
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83.5.11.4 Additional receive functions in the Tx direction

For a PMA that is separated from the PCS by XLAUI or CAUI, the value of tx_mode shall be assigned as
follows: If the PMA quiet signal is detected, the value of tx_mode is set to QUIET. If the PMA alert signal is
detected, the value of tx_mode is set to ALERT. Otherwise, the value of tx_mode is DATA.

If XLAUI or CAUI is permitted to shut down (see 83.3), then the variable aui_rx_mode shall be assigned as
follows: The variable aui_rx_mode is initialized to DATA upon PMA power on or reset. When the PMA
quiet signal is detected, the timer hold_off timer (Tj},,) is started. If the PMA alert signal is not detected
before the timer expires, then aui_rx_mode is set to QUIET and SIGNAL DETECT is set to FAIL. While
aui_rx_mode is QUIET, it shall be set to DATA when SIGNAL DETECT transitions from FAIL to OK. The
value of tx_mode is inferred to be ALERT and the timer alert timer (T,) started upon a transition of
aui_rx_mode from QUIET to DATA. The value of ALERT shall be held until alert_timer expires after which
the value of tx_mode shall be set to DATA.

If XLAUI or CAUI is not permitted to shut down, aui_rx_mode shall be assigned the value DATA.

PMA functions in the Tx direction may be disabled in order to conserve energy while aui_rx_mode is
QUIET.

83.5.11.5 Additional transmit functions in the Rx direction

For a PMA that is separated from the PCS by XLAUI or CAUI, the value of rx_mode shall be assigned as
follows. The value of rx_mode is initialized to DATA upon PMA power on or reset. When the PMA quiet
signal is detected, the timer hold_off timer (Tj,,) is started. If the PMA alert signal is not detected before the
timer expires, then rx_mode is set to QUIET. While rx_mode is QUIET, it shall be set to DATA when the
PMA alert signal is detected or energy detect (or SIGNAL_OK) transitions from false to true.

The value of rx_tx_mode may be passed via the PMA:IS RX TX MODE.indication primitive, otherwise it
shall be assigned as follows. If the PMA quiet signal is detected, the value of rx_tx_mode is set to QUIET.
The value of rx_tx_mode is set to be ALERT and the timer alert_timer (T,) started upon a transition of the
value of rx_mode from QUIET to DATA. The value of ALERT shall be held until alert_timer expires after
which the value of rx_tx_mode shall be set to DATA.

If XLAUI or CAUI is permitted to shut down (see 83.3), the variable aui_tx_mode shall be assigned the
current value of rx_tx_mode with the following exception. When rx_tx_mode transitions from DATA to
QUIET, the value of aui_tx_mode is held at DATA and the timer pma_quiet_timer (T,) is started. If
rx_tx_mode is QUIET when the timer expires, then aui_tx_mode is set to QUIET. If rx_tx_mode is set to a
value other than QUIET before the timer expires, then aui_tx_mode is set to DATA.

If XLAUI or CAUI is not permitted to shut down, aui_tx_mode shall be assigned the value DATA.

PMA functions in the Rx direction may be disabled in order to conserve energy while aui_tx_mode is
QUIET.

If the PMA is the client of the BASE-R FEC or RS-FEC sublayer or a PMA sublayer where the number of
input lanes is not equal to the number of output lanes, then the PMA sublayer shall insert the PMA quiet and
alert signals as follows. When the value of rx_tx_mode is QUIET, the PMA inserts the PMA quiet signal
defined in 83.5.11.1. When the value of rx_tx _mode is ALERT, the PMA inserts the PMA alert signal
defined in 83.5.11.1. For all other values of rx_tx_mode, the PMA output is defined by the bit multiplexing
function.

123
Copyright © 2014 IEEE. All rights reserved.

Authorized licensed use limited to: Zhejiang University. Downloaded on September 25,2014 at 02:23:24 UTC from IEEE Xplore. Restrictions apply.



IEEE Std 802.3bj-2014
AMENDMENT TO IEEE Std 802.3-2012: Ethernet

83.5.11.6 Additional receive functions in the Rx direction

For a PMA that is separated from the PMD by XLAUI or CAUI, the value of energy detect shall be
assigned as follows. The value of energy detect is initialized to true upon PMA power on or reset. When the
value of rx_mode is set to QUIET, the value of energy_detect is set to false. The value of energy detect is set
to true when the PMA alert signal is detected or SIGNAL DETECT transitions from FAIL to OK.

The value of rx_tx_mode shall be inferred as follows. If the PMA quiet signal is detected, the value of
rx_tx_mode is set to QUIET. The value of rx_tx_mode is set to be ALERT and the timer alert_timer (T,)
started upon a transition of the value of rx_mode from QUIET to DATA. The value of ALERT shall be held
until alert_timer expires after which the value of rx_tx_mode shall be set to DATA.

If XLAUI or CAUI is permitted to shut down (see 83.3), then the variable aui_rx_mode shall be assigned as
follows. The variable aui_rx_mode is initialized to DATA upon PMA power on or reset. When the PMA
quiet signal is detected, the timer hold_off timer (Tj,,) is started. If the PMA alert signal is not detected
before the timer expires, then aui_rx_mode is set to QUIET. While aui_rx_mode is QUIET, it shall be set to
DATA when SIGNAL DETECT transitions from FAIL to OK. The value of tx_mode is assigned to be
ALERT and the timer alert_timer (T,) started upon a transition of aui_rx_mode from QUIET to DATA. The
value of ALERT shall be held until alert timer expires after which the value of tx_mode shall be set to
DATA.

If XLAUI or CAUI is not permitted to shut down, aui_rx_mode shall be assigned the value DATA.

PMA functions in the Rx direction may be disabled in order to conserve energy while aui rx_mode is
QUIET.

83.5.11.7 Support for BASE-R FEC

When the PMA is a client of the BASE-R FEC sublayer, the rx Ipi active parameter of the
IS RX LPI ACTIVE.request primitive shall be defined as follows. The value of rx_lpi_active is initialized
to false upon PMA power on or reset. The value of rx lpi active is set to true and the timer

rx_Ipi_active timer (T},) started upon a transition of the value of rx_mode from QUIET to DATA. When the
timer expires, the value of rx_Ipi_active is set to false.

83.6 PMA MDIO function mapping

Insert the following rows at the end of Table 83-2:

Table 83—2—MDIO/PMA control variable mapping

MDIO variable PMA/PMD register name Beglster/ PMA control variable
bit number
PIASE PMA ingress AUI stop enable 1.7.9 PIASE
PEASE PMA egress AUI stop enable 1.7.8 PEASE
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Insert the following rows at the end of Table 83-3:

Table 83—3—MDIO/PMA status variable mapping

MDIO status variable PMA/PMD register name Rflgl::;%l;/?lt PMA status variable
PIASA PMA ingress AUI stop ability | 1.1.9 PIASA
PEASA PMA egress AUI stop ability 1.1.8 PEASA

83.7 Protocol implementation conformance statement (PICS) proforma for Clause 83,
Physical Medium Attachment (PMA) sublayer, type 40GBASE-R and 100GBASE-R’

Change the row shown and insert the *LPI row at the end of the table in 83.7.3:

83.7.3 Major capabilities/options

Item Feature Subclause Value/Comment Status Support

PMA adjacent to the PMD for
40GBASE-KR4, 40GBASE-

*KRCR | CR4, 100GBASE-KR4 83.5.8 (0] S{\is) H
100GBASE-CRA4, or
100GBASE-CR10
Implementation of LPI with Yes [ ]
%
LPI the deep sleep mode option 83.3 0 No[]

Insert the following subclause title and table of 83.7.7 after 83.7.6:

83.7.7 EEE deep sleep with XLAUI/CAUI

Item Feature Subclause Value/Comment Status Support
LPI*USPIS

s | A s R ot e
P6:M
LPI*USPIS

mos | AU s

P6:M

7Copyright release for PICS proformas: Users of this standard may freely reproduce the PICS proforma in this subclause so that it can
be used for its intended purpose and may further publish the completed PICS.
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84. Physical Medium Dependent sublayer and baseband medium, type
40GBASE-KR4

84.1 Overview

Insert a row for EEE at the end of Table 84-1:

Table 84—1—Physical Layer clauses associated with the 40GBASE-KR4 PMD

Associated clause 40GBASE-KR4

78—Energy Efficient Ethernet Optional

Insert the following at the end of 84.1:

40GBASE-KR4 PHYs with the optional Energy Efficient Ethernet (EEE) capability with the deep sleep
mode option may optionally enter the Low Power Idle (LPI) mode to conserve energy during periods of low
link utilization (see Clause 78).

84.2 Physical Medium Dependent (PMD) service interface
Insert the following at the end of 84.2 for the EEE service interface:

If the optional Energy Efficient Ethernet (EEE) capability with the deep sleep mode option is supported (see
Clause 78, 78.1.3.3.1), then the inter-sublayer service interface includes two additional primitives defined as
follows:

PMD:IS_TX MODE.request(tx_mode)
PMD:IS RX MODE.request(rx_mode)

The tx_mode parameter takes on one of up to three values: DATA, QUIET, or ALERT. When tx_mode =
QUIET, transmission is disabled; when tx_mode = ALERT, the alert signal is transmitted (see 84.7.2).

The rx_mode parameter is used to communicate the state of the PCS LPI receive function and takes the
value QUIET or DATA.

84.3 PCS requirements for Auto-Negotiation (AN) service interface
Insert the following paragraph at the end of 84.3:

The 40GBASE-KR4 PHY may be extended using XLAUI as a physical instantiation of the inter-sublayer
service interface between devices. If XLAUI is instantiated, the AN_LINK(link_status).indication is relayed
from the device with the PCS sublayer to the device with the AN sublayer by means at the discretion of the
implementor. As examples, the implementor may employ use of pervasive management or employ a dedi-
cated electrical signal to relay the state of link _status as indicated by the PCS sublayer on one device to the
AN sublayer on the other device.
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84.6 PMD MDIO function mapping

Insert a row in Table 84-3 after the row with register/bit number 1.10.1 as follows:

Table 84—-3—MDIO/PMD status variable mapping

MDIO status variable PMA/PMD register name Beglster/ PMD status variable
bit number
40GBASE-KR4 deep sleep EEE capability 1.16.0 —

84.7 PMD functional specifications
84.7.2 PMD Transmit function
Insert the following at the end of 84.7.2 for the EEE function:

If the optional Energy Efficient Ethernet (EEE) capability with the deep sleep mode option is supported (see
Clause 78), then when tx_mode is set to ALERT, the PMD transmit function shall transmit a repeating 16-bit
pattern, hexadecimal 0xFF00, on each lane. This sequence is transmitted regardless of the value of tx_bit
presented by the PMD:IS UNITDATA i.request primitive. When tx_mode is ALERT, the transmitter equal-
izer taps shall be set to the preset state specified in 72.6.10.2.3.1. When tx_mode is QUIET, the transmitter
shall be disabled as specified in 84.7.6. For all other states of tx_mode, the driver coefficients are restored to
their states resolved during training.

84.7.4 Global PMD signal detect function
Insert the following at the end of the first paragraph:

When the PHY supports the optional EEE capability with the deep sleep mode, PMD SIGNAL.indication is
also used to indicate when the ALERT signal is detected, which corresponds to the beginning of a refresh or
a wake.

Change the second and third paragraphs as follows:

When the PHY does not support the EEE capability or if the PHY supports the EEE capability and rx_mode
is set to DATA, SIGNAL DETECT shall be set to FAIL following system reset or the manual reset of the
training state diagram. Upon successful completion of training on all lanes, SIGNAL DETECT shall be set
to OK.

When the PHY does not support the EEE capability or if the PHY supports the EEE capability and rx_mode
is set to DATA, %if training is disabled by management, SIGNAL DETECT shall be set to OK. When the
PHY supports the EEE capability with the deep sleep mode, SIGNAL_DETECT is set to FAIL following a
transition from rx_mode = DATA to rx_mode = QUIET. When rx_mode = QUIET, SIGNAL DETECT shall
be set to OK within 500 ns following the application of a signal at the receiver input that corresponds to an
ALERT transmission (see 84.7.2) from the link partner. While rx_mode = QUIET, SIGNAL_DETECT shall
be held at FAIL as long as the signal at the receiver input corresponds to a QUIET tx_mode (see 84.7.6) of
the link partner.
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84.7.6 Global PMD transmit disable function
Change 84.7.6 for EEE transmit_disable as follows:
The Global PMD transmit_disable function is mandatory if EEE with the deep sleep mode option is

supported and is otherwise optional. When implemented, it allows all of the transmitters to be disabled with
a single variable.

a)  When Global PMD transmit_disable variable is set to one, this function shall turn off all of the
transmitters such that each transmitter drives a constant level (i.e., no transitions) and does not
exceed the maximum differential peak-to-peak output voltage in Table 72—7.

b) IfaPMD_fault (84.7.9) is detected, then the PMD may turn off the electrical transmitter in all lanes.

c¢) Loopback, as defined in 84.7.8, shall not be affected by Global PMD _transmit_disable.

d) For EEE capability, the PMD _transmit disable function shall turn off the transmitter after tx_mode

is set to QUIET within a time and voltage level specified in 72.7.1.4. The PMD_transmit_disable

function shall turn on the transmitter after tx_mode is set to DATA or ALERT within the time and
voltage level specified in 72.7.1.4.

If the MDIO interface is implemented, then this function shall map to the Global PMD _transmit_disable bit
as specified in 45.2.1.8.7.
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84.11 Protocol implementation conformance statement (PICS) proforma for
Clause 84, Physical Medium Dependent (PMD) sublayer and baseband medium,
type 40GBASE-KR4®

Insert the following row at the end of the table in 84.11.3:

84.11.3 Major capabilities/options

Item Feature Subclause Value/Comment Status Support
Implementation of LPI with Yes [ ]
%
LPI the deep sleep mode option 841 o No[]

84.11.4 PICS proforma tables for Physical Medium Dependent (PMD) sublayer and
baseband medium, type 40GBASE-CR4 and 100GBASE-CR10

Insert the following rows at the end of the table in 84.11.4.1:

84.11.4.1 PMD functional specifications

Item Feature Subclause Value/Comment Status Support
FS13 Transmit function for EEE 84.7.2 Transmitter behavior during LPI:M | Yes|[]
ALERT and QUIET No[]
FS14 Signal detect function for EEE 84.7.4 LPLM | Yes|[]
No[]
FS15 Transmit disable during LPI 84.7.6 Disable transmitter during LPI:M | Yes[]
tx_mode = QUIET No[]

Insert the following rows at the end of the table in 84.11.4.3:

84.11.4.3 Transmitter electrical characteristics

Item Feature Subclause Value/Comment Status Support
TC3 Output Amplitude LPI voltage 84.7.6 Less than 30 mV within 500 ns | LPI:M Yes [ ]
of tx_quiet No[]
TC4 Output Amplitude ON voltage 84.7.6 Greater than 90% of previous LPI:M Yes [ ]
level within 500 ns of tx_quiet No[]
de-asserted

8Copyrighz‘ release for PICS proformas: Users of this standard may freely reproduce the PICS proforma in this subclause so that it can
be used for its intended purpose and may further publish the completed PICS.
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85. Physical Medium Dependent sublayer and baseband medium, type
40GBASE-CR4 and 100GBASE-CR10

85.1 Overview

Insert a row for EEE at the end of Table 85-1:

Table 85—1—Physical Layer clauses associated with the 40GBASE-CR4 and
100GBASE-CR10 PMDs

Associated clause 40GBASE-CR4 100GBASE-CR10

78—Energy Efficient Ethernet Optional Optional

Insert the following at the end of 85.1:

100GBASE-CR10 and 40GBASE-CR4 PHY's with the optional Energy Efficient Ethernet (EEE) capability
with the deep sleep mode option may optionally enter the Low Power Idle (LPI) mode to conserve energy
during periods of low link utilization (see Clause 78).

85.2 Physical Medium Dependent (PMD) service interface
Insert the following at the end of 85.2 for the EEE service interface:

If the optional EEE capability with the deep sleep mode option is supported (see 78.1.3.3.1) then the inter-
sublayer service interface includes two additional primitives defined as follows:

PMD:IS_TX MODE.request(tx_mode)
PMD:IS RX MODE.request(rx_mode)

The tx_mode parameter takes on one of up to three values: DATA, QUIET, or ALERT. When tx_mode =
QUIET, transmission is disabled; when tx_mode = ALERT, the alert signal is transmitted (see 85.7.2).

The rx_mode parameter is used to communicate the state of the PCS LPI receive function and takes the
value QUIET or DATA.

85.3 PCS requirements for Auto-Negotiation (AN) service interface
Insert the following paragraph at the end of 85.3:

The 40GBASE-CR4 PHY may be extended using XLAUI, a physical instantiation of the inter-sublayer
service interface between devices. Similarly, the I00GBASE-CR10 PHY may be extended using CAUL If
XLAUI or CAUI is instantiated, the AN_LINK(link_status).indication is relayed from the device with the
PCS sublayer to the device with the AN sublayer by means at the discretion of the implementor. As
examples, the implementor may employ use of pervasive management or employ a dedicated electrical
signal to relay the state of link_status as indicated by the PCS sublayer on one device to the AN sublayer on
the other device.
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85.6 PMD MDIO function mapping

Insert two rows in Table 85-3 after the row with register/bit number 1.10.1 as follows:

Table 85-3— 40GBASE-CR4 and 100GBASE-CR10 MDIO/PMD status variable mapping

MDIO status variable PMA/PMD register name Beglster/ PMD status variable
bit number
40GBASE-CR4 deep sleep EEE capability 1.16.1 —
;&ggBASE‘CRw deep EEE capability 1168 —

85.7 PMD functional specifications
85.7.2 PMD Transmit function
Insert the following at the end of 85.7.2 for the EEE function:

If the EEE capability with the deep sleep mode option is supported (see Clause 78), then when tx_mode is
set to ALERT, the PMD transmit function shall transmit a repeating 16-bit pattern, hexadecimal 0xFF00, on
each lane. This sequence is transmitted regardless of the value of tx_bit presented by the PMD:IS UNIT-
DATA i.request primitive. When tx_mode is ALERT, the transmitter equalizer taps are set to the preset state
specified in 85.8.3.3.1. When tx_mode is QUIET, the transmitter is disabled as specified in 85.7.6. For all
other states of tx_mode, the driver coefficients are restored to their states resolved during training.

85.7.4 Global PMD signal detect function
Insert the following at the end of the first paragraph:

When the PHY supports the optional EEE capability with deep sleep mode, PMD_SIGNAL.indication is
also used to indicate when the ALERT signal is detected, which corresponds to the beginning of a refresh or
a wake.

Change the second and third paragraphs as follows:

When the PHY does not support the EEE capability or if the PHY supports the EEE capability and rx_mode
is set to DATA, SIGNAL DETECT shall be set to FAIL following system reset or the manual reset of the
training state diagram. Upon successful completion of training on all lanes, SIGNAL DETECT shall be set
to OK.

When the PHY does not support the EEE capability or if the PHY supports the EEE capability and rx_mode
is set to DATA, ¥if training is disabled by management, SIGNAL DETECT shall be set to OK. When the
PHY supports the EEE capability with deep sleep mode, SIGNAL _DETECT is set to FAIL following a tran-
sition from rx_mode = DATA to rx_mode = QUIET. When rx_mode = QUIET, SIGNAL DETECT shall be
set to OK within 500 ns following the application of a signal at the receiver input that corresponds to an
ALERT transmission (see 85.7.2) from the link partner. While rx_mode = QUIET, SIGNAL_DETECT shall
be held at FAIL as long as the signal at the receiver input corresponds to a QUIET tx_mode (see 85.7.6) of
the link partner.
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85.7.6 Global PMD transmit disable function
Change 85.7.6 for the EEE transmit_disable:
The Global PMD transmit_disable function is mandatory if EEE with the deep sleep mode option is

supported and is otherwise optional. When implemented, it allows all of the transmitters to be disabled with
a single variable.

a)  When Global PMD transmit_disable variable is set to one, this function shall turn off all of the
transmitters such that each transmitter drives a constant level (i.e., no transitions) and does not
exceed the maximum differential peak-to-peak output voltage in Table 85-5.

b) IfaPMD_fault (85.7.9) is detected, then the PMD may turn off the electrical transmitter in all lanes.

c¢) Loopback, as defined in 85.7.8, shall not be affected by Global PMD _transmit_disable.

d) For EEE capability, the PMD _transmit disable function shall turn off the transmitter after tx_mode

is set to QUIET within a time and voltage level specified in 72.7.1.4. The PMD_transmit_disable

function shall turn on the transmitter after tx_mode is set to DATA or ALERT within the time and
voltage level specified in 72.7.1.4.

85.8.3 Transmitter characteristics

Insert the following row immediately above the row for Amplitude peak-to-peak (max) in Table 85-5:

Table 85-5—Transmitter characteristics at TP2 summary

Parameter Subclause Value Units
reference
Common-mode voltage deviation (max) during LPI 72.7.1.4 150 mV

85.13 Protocol implementation conformance statement (PICS) proforma for
Clause 85, Physical Medium Dependent (PMD) sublayer and baseband medium,
type 40GBASE-CR4 and 100GBASE-CR10°

Insert the following row at the end of the table in 85.13.3:

85.13.3 Major capabilities/options

Item Feature Subclause Value/Comment Status Support
Implementation of LPI with Yes [ ]
%
LPI the deep sleep mode option 852 o No[]

9C0pyright release for PICS proformas: Users of this standard may freely reproduce the PICS proforma in this subclause so that it can
be used for its intended purpose and may further publish the completed PICS.
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85.13.4 PICS proforma tables for Physical Medium Dependent (PMD) sublayer and base-
band medium, type 40GBASE-CR4 and 100GBASE-CR10

Insert the following rows at the end of the table in 85.13.4.1:

85.13.4.1 PMD functional specifications

Item Feature Sub Value/Comment Status Support
clause
PF19 | Signal detect during LPI 85.7.4 Detect signal energy during LPI LPIIM | Yes[]
No[]
PF20 | Signal detect for EEE 85.7.4 Transition timing to set SIGNAL - | LPL:M | Yes[ ]
DETECT No []
PF21 | Transmit disable during LPI 85.7.6 Disable transmitter duringtx mode | LPI:M | Yes[ ]
= QUIET No []
Insert the following rows at the end of the table in 85.13.4.3:
85.13.4.3 Transmitter specifications
Item Feature Subclause Value/Comment Status Support
DS6 Output Amplitude LPI voltage 85.7.6 Less than 30 mV within 500 ns | LPI:M Yes [ ]
of tx_quiet No[]
DS7 Output Amplitude ON voltage 85.7.6 Greater than 90% of previous LPI:M Yes [ ]
level within 500 ns of tx_quiet No[]
de-asserted
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91. Reed-Solomon Forward Error Correction (RS-FEC) sublayer for
100GBASE-R PHYs

91.1 Overview

91.1.1 Scope

This clause specifies a Reed-Solomon Forward Error Correction (RS-FEC) sublayer for 100GBASE-R
PHYs. Annex 91A provides examples of RS-FEC codewords constructed with the method specified in this
clause.

91.1.2 Position of RS-FEC in the 100GBASE-R sublayers

Figure 91-1 shows the relationship of the RS-FEC sublayer to the ISO/IEC Open System Interconnection
(OSI) reference model.

LAN
CSMA/CD
LAYERS
| HIGHER LAYERS
osl / LLC OR OTHER MAC CLIENT
REFERENCE
VODEL / MAGC CONTROL (OPTIONAL)
LAYERS / MAC
APPLICATION Iy | RECONCILIATION
PRESENTATION [/ CGMIl—>
SESSION / // 100GBASE-R PCS
/ -
TRANSPORT | / / ] L
S PMA PHY
NETWORK |/, -
DATALINK |/ AN
PHYSICAL MDI —»
___________ MEDIUM <
AN = AUTO-NEGOTATION PHY = PHYSICAL LAYER DEVICE
CGMII = 100 Gb/s MEDIA INDEPENDENT INTERFACE ~ PMA = PHYSICAL MEDIUM ATTACHMENT
LLC = LOGICAL LINK CONTROL PMD = PHYSICAL MEDIUM DEPENDENT
MAG = MEDIA ACCESS CONTROL RS-FEC = REED-SOLOMON FORWARD ERROR
MDI = MEDIUM DEPENDENT INTERFACE CORRECTION

PCS = PHYSICAL CODING SUBLAYER
NOTE 1—CONDITIONAL BASED ON PHY TYPE

Figure 91-1—RS-FEC relationship to the ISO/IEC Open Systems Interconnection (OSI)
reference model and the IEEE 802.3 CSMA/CD LAN model

91.2 FEC service interface

This subclause specifies the services provided by the RS-FEC sublayer. The service interface is described in
an abstract manner and does not imply any particular implementation.
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The FEC service interface is provided to allow the PCS to transfer information to and from the RS-FEC. The
PCS may be connected to the RS-FEC using an optional instantiation of the PMA service interface (refer to
Annex 83A) in which case a PMA is the client of the FEC service interface.

The FEC service interface is an instance of the inter-sublayer service interface defined in 80.3. The FEC ser-
vice interface primitives are summarized as follows:

FEC:IS_UNITDATA i.request
FEC:IS_UNITDATA i.indication
FEC:IS_SIGNAL.indication

The RS-FEC operates on 20 parallel bit streams, hence i = 0 to 19. The PCS (or PMA) continuously sends
20 parallel bit streams to the RS-FEC, one per lane, each at a nominal signaling rate of 5.15625 GBd. The
RS-FEC continuously sends 20 parallel bit streams to the PCS (or PMA), one per lane, each at a nominal
signaling rate of 5.15625 GBd

The SIGNAL _OK parameter of the FEC:IS_SIGNAL.indication primitive can take one of two values: OK
or FAIL. The value is set to OK when the FEC receive function has identified codeword boundaries as indi-
cated by fec_align_status equal to true. That value is set to FAIL when the FEC receive function is unable to
reliably establish codeword boundaries as indicated by fec_align_status equal to false. When SIGNAL OK
is FAIL, the rx_bit parameters of the FEC:IS_ UNITDATA _i.indication primitives are undefined.

If the optional EEE deep sleep capability is supported, then the FEC service interface includes four addi-
tional primitives as follows:

FEC:IS_TX MODE.request
FEC:IS_RX MODE.request

FEC:IS_ RX TX MODE.indication
FEC:IS ENERGY DETECT.indication

When the tx_mode parameter of the FEC:IS TX MODE.request primitive is QUIET or ALERT, the
RS-FEC sublayer may disable transmit functional blocks to conserve energy. Otherwise the RS-FEC trans-
mit function operates normally. The value of tx_mode is passed to the client sublayer via the PMA:IS TX -
MODE.request primitive.

When the rx_mode parameter of the FEC:IS_ RX MODE.request primitive is QUIET, the RS-FEC sublayer
may disable receive functional blocks to conserve energy. Otherwise the RS-FEC receive function operates
normally. The value of rx_mode is passed to the client sublayer via the PMA:IS RX MODE.request
primitive.

The rx_tx_mode parameter of the FEC:IS RX TX MODE.indication primitive is used to communicate the
link partner’s value of tx_mode as inferred by the PMA. It is assigned the value that is received via the
PMA:IS RX TX MODE.indication primitive.

The energy detect parameter of the FEC:IS ENERGY DETECT.indication primitive is used to
communicate that the PMD has detected the return of energy on the interface following a period of
quiescence. It is assigned the value that is received via the PMA:IS ENERGY DETECT.indication
primitive.

91.3 PMA compatibility

The RS-FEC sublayer requires that the PMA service interface consist of exactly four upstream lanes and
exactly four downstream lanes. Therefore, the RS-FEC sublayer may be a client of the PMA sublayer
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defined in Clause 83 when the PMA service interface width, p, is set to 4. The RS-FEC sublayer may also be
a client of the PMA sublayer defined in Clause 94.

In addition, all PMA service interfaces between the RS-FEC sublayer and the PMD sublayer are required to
consist of four or fewer upstream lanes and four or fewer downstream lanes. A consequence of this con-
straint is that a physical instantiation of the ten-lane PMA service interface (CAUI) may not be used below
the RS-FEC sublayer.

91.4 Delay constraints

The maximum delay contributed by the RS-FEC sublayer (sum of transmit and receive delays at one end of
the link) shall be no more than 40960 bit times (80 pause quanta or 409.6 ns). A description of overall
system delay constraints and the definitions for bit times and pause quanta can be found in 80.4 and its
references.

91.5 Functions within the RS-FEC sublayer

91.5.1 Functional block diagram

A functional block diagram of the RS-FEC sublayer is shown in Figure 91-2.
91.5.2 Transmit function

91.5.2.1 Lane block synchronization

The RS-FEC transmit function forms 20 bit streams by concatenating the bits from each of the
20 FEC:IS_UNITDATA i.request primitives in the order they are received. It obtains lock to the 66-bit
blocks in each bit stream using the sync headers and outputs 66-bit blocks. Block lock is obtained as speci-
fied in the block lock state diagram shown in Figure 82—10.

91.5.2.2 Alignment lock and deskew

Once the RS-FEC transmit function achieves block lock on a PCS lane, it then begins obtaining alignment
marker lock as specified by the alignment marker lock state diagram shown in Figure 82—11. This process
identifies the PCS lane number received on a particular lane of the service interface. After alignment marker
lock is achieved on all 20 lanes, all inter-lane Skew is removed as specified by the PCS deskew state dia-
gram shown in Figure 82—12. The RS-FEC transmit function shall support a maximum Skew of 49 ns
between PCS lanes and a maximum Skew Variation of 400 ps. Skew and Skew Variation are defined in
80.5.

91.5.2.3 Lane reorder

PCS lanes can be received on different lanes of the service interface from which they were originally trans-
mitted due to Skew between lanes and multiplexing by the PMA. The RS-FEC transmit function shall order
the PCS lanes according to the PCS lane number.

91.5.2.4 Alignment marker removal

After all PCS lanes are aligned and deskewed, the PCS lanes are multiplexed together in the proper order to
reconstruct the original stream of blocks and the alignment markers are removed from the data stream. Note
that an alignment marker is always removed when am_lock is true for a given PCS lane even if it does not
match the expected alignment marker value (due to a bit error for example). Repeated alignment marker
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errors result in am_lock being set to false for a given PCS lane, but until that happens it is sufficient to
remove the block in the alignment marker position.

CIS_SIG Y cicaion 1 |
FEC:IS_SIGNAL.indication _ ]
FEC:IS_ENERGY DETECT.indication! | & =C/S-TX MODErequest

|
FEC:IS_RX_TX_MODE.indication’ FEC:IS_RX_MODE request’
FEC:IS_UNITDATA_O.request to FEC:IS_UNITDATA_O.indication to
FEC:IS_UNITDATA_19.request FEC:IS_UNITDATA_19.indication
|
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ranscode mapping decoder
A
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ingertion Lane reorder
A
4
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PMA sublayer

|
PMA:IS_UNITDATA_0.request to T T TPMA:IS_UNITDATA_O.indication to

NOTE 1—FOR OPTIONAL EEE DEEP SLEEP CAPABILITY
Figure 91-2—Functional block diagram
For the optional EEE deep sleep capability, transitions between normal alignment markers and Rapid Align-
ment Markers (RAMs) result in changes in relative position and frequency of alignment markers. These

transitions are detected by the Transmit LPI state diagram (see Figure 91-10), and this information is used
by the alignment marker removal function to determine which 66-bit blocks are to be removed.
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As part of the alignment marker removal process, the BIP; field is compared to the calculated Bit
Interleaved Parity (BIP) value (see 82.2.8) for each PCS lane. If a Clause 45 MDIO is implemented, then the
appropriate BIP error counter register (registers 1.230 to 1.249) is incremented by one each time the
calculated BIP value does not equal the value received in the BIP; field. The incoming bit error ratio can be
estimated by dividing the BIP block error ratio by a factor of 1081344.

91.5.2.5 64B/66B to 256B/257B transcoder

The transcoder constructs a 257-bit block, tx_scrambled<256:0>, from a group of four 66-bit blocks,
tx_coded j<65:0> where j=0 to 3. For each group of four 66-bit blocks, j/=3 corresponds to the most recently
received block. Bit 0 in each 66-bit block is the first bit received and corresponds to the first bit of the syn-
chronization header.

If for all j=0 to 3, tx_coded j<0>=0 and tx_coded j<1>=1, tx xcoded<256:0> shall be constructed as
follows:

a) tx_xcoded<0>=1
b) tx_xcoded<(64j+64):(64j+1)> = tx_coded j<65:2> for j=0 to 3

If for all j=0 to 3, tx_coded j<0> =« tx coded j<1> (valid synchronization header) and for any ;=0 to 3,
tx_coded j<0>=1 and tx_coded j<1>=0, tx_xcoded<256:0> shall be constructed as follows:

al) tx_xcoded<0>=0

bl) tx xcoded<j+1>=tx_coded j<1> for =0 to 3

cl) Let c be the smallest value of j such that tx_coded ¢<0>=1. In other words, tx_coded c is the first
66-bit control block that was received in the current group of four blocks.

dl) Lettx_payloads<(64j+63):64/> = tx_coded_j<65:2> for j=0 to 3

el) Omit tx_coded ¢<9:6>, which is the second nibble (based on transmission order) of the block type
field for tx_coded ¢, from tx_xcoded per the following expressions.
tx_xcoded<(64c¢+8):5> = tx_payloads<(64c+3):0>
tx_xcoded<256:(64c+9)> = tx_payloads<255:(64c+8)>

If for any j=0 to 3, tx_coded j<0>=tx_coded j<I> (invalid synchronization header), tx_xcoded<256:0>
shall be constructed as follows:

a2) tx_xcoded<0>=0

b2) tx xcoded<j+1>=1 forj=0to 3

c2) Lettx_payloads<(64j+63):64/> = tx_coded_j<65:2> for j=0 to 3

d2) Omit the second nibble (based on transmission order) of tx_coded 0 per the following expressions.
tx_xcoded<8:5> = tx_payloads<3:0>
tx_xcoded<256:9> = tx_payloads<255:8>

Several examples of the construction of tx_xcoded<256:0> are shown in Figure 91-3. In Figure 91-3, d j
indicates the jth 66-bit block contains only data octets, ¢ _j indicates the jth 66-bit block contains one or more
control characters, f j denotes the first nibble of the block type field for 66-bit block j, and s_j denotes the
second nibble of the block type field for 66-bit block ;.

Finally, scramble the first 5 bits, based on transmission order, of tx xcoded<256:0> to yield tx_scram-
bled<256:0> as follows:

a3) Set tx_scrambled<4:0> to the result of the bit-wise exclusive-OR of the tx_xcoded<4:0> and tx_x-
coded<12:8>.
b3) Settx_scrambled<256:5> to tx_xcoded<256:5>
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For each 257-bit block, bit 0 shall be the first bit transmitted.
91.5.2.6 Alignment marker mapping and insertion

The alignment markers that were removed per 91.5.2.4 are re-inserted after being processed by the
alignment marker mapping function. The alignment marker mapping function compensates for the operation
of the symbol distribution function defined in 91.5.2.8 and rearranges the alignment marker bits so that they
appear on the FEC lanes intact and in the desired sequence. This preserves the properties of the alignment
markers (e.g., DC balance, transition density) and provides a deterministic pattern for the purpose of
synchronization. The RS-FEC receive function uses knowledge of this mapping to determine the FEC lane
that is received on a given lane of the PMA service interface, to compensate for skew between FEC lanes,
and to identify RS-FEC codeword boundaries.

The alignment marker mapping function operates on a group of 20 aligned and reordered alignment
markers. Let am_tx_x<65:0> be the alignment marker for PCS lane x, x=0 to 19, where bit 0 is the first bit
transmitted. The alignment markers shall be mapped to am_txmapped<1284:0> in a manner that yields the
same result as the following process.

For x=0 to 19, amp_tx_x<63:0> is constructed as follows:

a) Sety=0whenx <3, sety=16 whenx > 16, otherwise set y = x.

b) amp_tx_x<23:0>is set to My, M, and M, as shown in Figure 829 (bits 25 to 2) using the values in
Table 82-2 for PCS lane number y. If am_tx_x corresponds to a Rapid Alignment marker, then the
My, M, and Mg values are used instead (see Figure 82-9b).

c) amp_tx x<31:24>=am tx x<33:26>

d) amp_ tx x<55:32>1is set to My, M5, and Mg as shown in Figure 829 (bits 57 to 34) using the values
in Table 82-2 for PCS lane number y. If am_tx_x corresponds to a Rapid Alignment marker, then the
My, M, and M, values are used instead (see Figure 82-9b).

e) amp_tx x<63:56>=am tx x<65:58>

This process replaces the fixed bytes of the alignment markers received, possibly with errors, with the values
from Table 82-2. In addition it substitutes the fixed bytes of the alignment markers corresponding to PCS
lanes 1, 2, and 3 with the fixed bytes for the alignment marker corresponding to PCS lane 0. Similarly, it
substitutes the fixed bytes of the alignment markers corresponding to PCS lanes 17, 18, and 19 with the
fixed bytes for the alignment marker corresponding to PCS lane 16. The variable bytes BIP or CD are
unchanged. This process simplifies receiver synchronization since the receiver only needs to search for the
fixed bytes corresponding to PCS lane 0 on each FEC lane. When the optional EEE deep sleep capability is
supported, the receiver only needs to search for the fixed bytes corresponding to PCS lanes 0 and 16.

Construct a matrix of 4 rows and 320 columns, am_txpayloads, as shown in Figure 91-4. Given i=0 to 3, j=0
to 4, and x=i+4j, the matrix is derived per the following expression:

am_txpayloads<i, (64j+63):64/> = amp_tx x<63:0>

Given =0 to 3, k=0 to 31, and y=i+4k, am_txmapped may then be derived from am_txpayloads per the fol-
lowing expression:

am_txmapped<(10y+9):10y> = am_txpayloads<i, (10k+9):104>
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Figure 91-3—Examples of the construction of tx_xcoded
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A 5-bit pad is appended to the mapped alignment markers to yield the equivalent of five 257-bit blocks. The
pad bits, am_txmapped<1284:1280>, shall be set to the binary values 00101 and 11010 (the leftmost bit is
assigned to the highest bit index) in an alternating pattern. In other words, if a pad value of 00101 is used for
the current iteration of the mapping function, a value of 11010 is used in the next iteration and vice versa.

The result of the alignment marker mapping function is a deterministic mapping between alignment marker
payloads and FEC lanes. The alignment marker payloads corresponding to PCS lanes 0, 4, 8, 12, and 16 are
transmitted on FEC lane 0, the alignment marker payloads corresponding to PCS lanes 0, 5, 9, 13, and 16 are
transmitted on FEC lane 1, and so on (see Figure 91-4).

As a result of this process, the BIP; and BIP; fields from normal alignment markers are carried across the
link protected by FEC. These fields cannot be used to monitor errors on the link protected by FEC as
64B/66B to 256B/257B transcoding and Reed-Solomon encoding alters the bit sequence. However, these
fields may again be used to monitor errors after the original bit sequence is restored, i.e., following Reed-
Solomon decoding and 256B/257B to 64B/66B transcoding.

One group of aligned and reordered alignment markers are mapped every 20 x 16384 66-bit blocks. This
corresponds to 4096 Reed-Solomon codewords (refer to 91.5.2.7). The mapped alignment markers,
am_txmapped<1284:0> shall be inserted as the first 1285 message bits to be transmitted from every 4096th
codeword.

For the optional EEE deep sleep capability, when tx_lpi_active is true, one group of Rapid Alignment Mark-
ers (see 82.2.8a) are mapped every 20 x 8 66-bit blocks. This corresponds to 2 Reed-Solomon codewords.
The mapped Rapid Alignment Markers, am_txmapped<1284:0> shall be inserted as the first 1285 message
bits to be transmitted from every other codeword.

The first 257-bit block inserted after am_txmapped shall correspond to the four 66-bit blocks received on
PCS lanes 0, 1, 2, and 3 that immediately followed the alignment marker on each respective lane.

FEC Reed-Solomon symbol index, k (10-bit symbols)

lane, i 15 [1]2]3]4][5]6]7]8]9[10[11[12[13[14[15[16[17[18]19]20[21]22]23]24]25]26]27]28]29]30]31]32[33
0 0 amp_tx_0 elo amp_tx_4 63l amp_tx_8 e3lo amp_tx_12 e3lo amp_tx_16 Gst
1 0 amp_tx_1 e3lo amp_tx_5 e3lo amp_tx_9 e3lo amp_tx_13 e3lo amp_tx_17 o3
2 o amp_tx_2 s3lo amp_tx_6 salo amp_tx_10 s3lo amp_tx_14 s3lo amp_tx_18 6
3 0 amp_tx_3 e3lo amp_tx_7 e3lo amp_tx_11 ealo amp_tx_15 e3lo amp_tx_19 63

I = 5-bit pad tx_scrambled

Figure 91—4—Alignment marker mapping to FEC lanes

91.5.2.7 Reed-Solomon encoder

The RS-FEC sublayer employs a Reed-Solomon code operating over the Galois Field GF(210) where the
symbol size is 10 bits. The encoder processes k message symbols to generate 2¢ parity symbols, which are
then appended to the message to produce a codeword of n=k+2¢ symbols. For the purposes of this clause, a
particular Reed-Solomon code is denoted RS(n,k).

When used to form a 100GBASE-CR4 or 100GBASE-KR4 PHY, the RS-FEC sublayer shall implement
RS(528,514). When used to form a 100GBASE-KP4 PHY, the RS-FEC sublayer shall implement
RS(544,514). Each k-symbol message corresponds to 20 257-bit blocks produced by the transcoder. Each
code is based on the generating polynomial given by Equation (91-1).
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j 2 2t-1
gx) = J]-o) = gox '+ gy ¥+ tgxtyg (91-1)

i=0

In Equation (91-1), « is a primitive element of the finite field defined by the polynomial x1 04341,

Equation (91-2) defines the message polynomial m(x) whose coefficients are the message symbols m;_; to
my.

n—1 n—-2 2t+1 2t
m(x) = my_;x +m_,x “+..+mx +myx

(91-2)
Each message sﬁymbol my; is the bit vector (m; g, m; g, ..., m; |, m; ), which is identified with the element
m; g tm; g + ... +m; ya+m;, of the finite field. The message symbols are composed of the bits of
the transcoded blocks tx_scrambled (including a mapped group of alignment markers when appropriate)
such that bit 0 of the first transcoded block in the message (or am_txmapped<0>) is bit 0 of m;_; and bit 256
of the last transcoded block in the message is bit 9 of m,. The first symbol input to the encoder is m;_.

Equation (91-3) defines the parity polynomial p(x) whose coefficients are the parity symbols p,, | to py.

2t—1 2t-2
P(X) = Py X Hpy ,x L tpxtp, (91-3)

The parity polynomial is the remainder from the division of m(x) by g(x). This may be computed using the
shift register implementation illustrated in Figure 91-5. The outputs of the delay elements are initialized to
zero prior to the computation of the parity for a given message. After the last message symbol, m, is
processed by the encoder, the outputs of the delay elements are the parity symbols for that message.

The codeword polynomial c(x) is then the sum of m(x) and p(x) where the coefficient of the highest power of
X, ¢,_1 = my_y is transmitted first and the coefficient of the lowest power of x, ¢y = p is transmitted last. The
first bit transmitted from each symbol is bit 0.

@ % @ 91 @ 92 @ G2t 2 @ 9ot @ ot
—» o P1 - Pat-2 4>‘_> Pat1 ¢ M

Pi || = symbol delay element, holds a 10-bit symbol

Output
Cph—1, Cp—2, ---

Figure 91-5—Reed-Solomon encoder functional model

The coefficients of the generator polynomial for each code are presented in Table 91—1. Example codewords
for each code are provided in Annex 91A.
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i | RS(528,514) | RS(544,514) | i | RS(528,514) | RS(544,514) | i | RS(528,514) | RS(544,514)
0 432 523 11 701 883 22 565
1 290 834 12 6 503 23 108
2 945 128 13 904 942 24 1
3 265 158 14 1 385 25 552
4 592 185 15 495 26 230
5 391 127 16 720 27 187
6 614 392 17 94 28 552
7 900 193 18 132 29 575
8 925 610 19 593 30 1
9 656 788 20 249

10 32 361 21 282

91.5.2.8 Symbol distribution

Once the data has been Reed-Solomon encoded, it shall be distributed to 4 FEC lanes, one 10-bit symbol at
a time in a round robin distribution from the lowest to the highest numbered FEC lane. The distribution pro-
cess is shown in Figure 91-6.

When used to form a 100GBASE-KP4 PHY, the PMA:IS UNITDATA i.request primitive is defined to
include an additional parameter (refer to 94.2.1.1.1). At the beginning of an FEC codeword, the parameter
start=TRUE is asserted for the first bit of the first four symbols of the codeword transferred across the four
primitives. Otherwise the parameter start is set to FALSE.

91.5.2.9 Transmit bit ordering

The transmit bit ordering is illustrated in Figure 91-6.

91.5.3 Receive function

91.5.3.1 Alignment lock and deskew

The RS-FEC receive function forms four bit streams by concatenating the bits from each of the four

PMA:IS UNITDATA i.indication primitives in the order they are received. It obtains lock to the alignment
markers as specified by the FEC synchronization state diagram shown in Figure 91-8.
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After alignment marker lock is achieved on all four lanes, all inter-lane Skew is removed as specified by the
FEC alignment state diagram shown in Figure 91-9. The FEC receive function shall support a maximum
Skew of 180 ns between FEC lanes and a maximum Skew Variation of 4 ns.

The 100GBASE-KP4 PMA transmit function (refer to 94.2.2) inserts PMA-specific overhead that is aligned
with the start of a Reed-Solomon codeword. The 100GBASE-KP4 PMA receive function (refer to 94.2.3)
synchronizes to this overhead and indicates the first bit of each of the first four symbols in a codeword by
setting the PMA:IS UNITDATA i.indication parameter start=TRUE (see 94.2.1.2).

91.5.3.2 Lane reorder

FEC lanes can be received on different lanes of the service interface from which they were originally trans-
mitted. The FEC receive function shall order the FEC lanes according to the FEC lane number (see
91.5.2.6). The FEC lane number is defined by the sequence of alignment markers that are mapped to each
FEC lane.

After all FEC lanes are aligned, deskewed, and reordered, the FEC lanes are multiplexed together in the
proper order to reconstruct the original stream of FEC codewords.

91.5.3.3 Reed-Solomon decoder

The Reed-Solomon decoder extracts the message symbols from the codeword, corrects them as necessary,
and discards the parity symbols. The message symbols correspond to 20 transcoded blocks rx_scrambled.

When used to form a 100GBASE-CR4 or 100GBASE-KR4 PHY, the RS-FEC sublayer shall be capable of
correcting any combination of up to =7 symbol errors in a codeword. When used to form a 100GBASE-
KP4 PHY, the RS-FEC sublayer shall be capable of correcting any combination of up to /=15 symbol errors
in a codeword. The RS-FEC sublayer shall also be capable of indicating when an errored codeword was not
corrected. The probability that the decoder fails to indicate a codeword with #+1 errors as uncorrected is not
expected to exceed 1075, This limit is also expected to apply for ++2 errors, +3 errors, and so on.

The Reed-Solomon decoder may provide the option to perform error detection without error correction to
reduce the delay contributed by the RS-FEC sublayer. The presence of this option is indicated by the asser-
tion of the FEC bypass_correction_ability variable (see 91.6.3). When the option is provided, it is enabled
by the assertion of the FEC bypass_correction_enable variable (see 91.6.1).

NOTE—The PHY may rely on the error correction capability of the RS-FEC sublayer to achieve its performance
objectives. It is recommended that acceptable performance of the underlying link is verified before error correction is
bypassed.

The Reed-Solomon decoder indicates errors to the PCS sublayer by intentionally corrupting 66-bit block
synchronization headers. When the decoder determines that a codeword contains errors (when the bypass
correction feature is enabled) or contains errors that were not corrected (when the bypass correction feature
is not supported or not enabled), it shall ensure that, for every other 257-bit block within the codeword
starting with the first (1st, 3rd, 5th, etc.), the synchronization header for the first 66-bit block at the output of
the 256B/257B to 64B/66B transcoder, rx_coded 0<1:0>, is set to 11. In addition, it shall ensure
rx_coded 3<1:0> corresponding to the last (20th) 257-bit block in the codeword is set to 11. This causes the
PCS to discard all frames 64 bytes and larger that are fully or partially within the codeword.

The Reed-Solomon decoder may optionally provide the ability to bypass the error indication feature to
reduce the delay contributed by the RS-FEC sublayer. The presence of this option is indicated by the asser-
tion of the FEC_bypass_indication_ability variable (see 91.6.4). When the option is provided it is enabled
by the assertion of the FEC bypass_indication_enable variable (see 91.6.2).
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When FEC_bypass_correction_enable is asserted, the decoder shall not bypass error indication and the value
of FEC bypass_indication_enable has no effect.

When FEC bypass_indication_enable is asserted, additional error monitoring is performed by the RS-FEC
sublayer to reduce the likelihood that errors in a packet are not detected. The Reed-Solomon decoder counts
the number of symbol errors detected on all four FEC lanes in consecutive non-overlapping blocks of 8192
codewords. When the number of symbol errors in a block of 8192 codewords exceeds K, the Reed-Solomon
decoder shall cause synchronization header rx_coded<1:0> of each subsequent 66-bit block that is delivered
to the PCS to be assigned a value of 00 or 11 for a period of 60 ms to 75 ms. As a result, the PCS sets
hi_ber=true, which inhibits the processing of received packets. When Auto-Negotiation is supported and
enabled, assertion of hi_ber causes Auto-Negotiation to restart.

For the optional EEE deep sleep capability, the error monitor employed when FEC bypass_indication_en-
able is asserted shall be disabled when rx_Ipi_active=true. The next block of 8192 codewords considered by
the error monitor shall begin on the codeword boundary following the transition of rx_Ipi_active from true
to false.

When the RS-FEC sublayer is used to form a 100GBASE-CR4 or 100GBASE-KR4 PHY, the symbol error
threshold shall be K=417. When the RS-FEC sublayer used to form a 100GBASE-KP4 PHY, the symbol
error threshold shall be K=6380.

91.5.3.4 Alignment marker removal

The first 1285 message bits in every 4096th codeword is the vector am_rxmapped<1284:0> where bit 0 is
the first bit received. The specific codewords that include this vector are indicated by the alignment lock and
deskew function (refer to 91.5.3.1).

For the optional EEE deep sleep capability, transitions between normal alignment markers and Rapid Align-
ment Markers result in changes in the relative position and frequency of am_rxmapped<1284:0>. These
transitions are detected by the Receive LPI state diagram (see Figure 91-11) and this information is used by
the alignment marker removal function to determine which bits are to be removed. When rx_Ipi_active is
true, the first 1285 message bits in every other codeword is the vector am_rxmapped<1284:0>.

The vector am_rxmapped shall be removed prior to transcoding.
91.5.3.5 256B/257B to 64B/66B transcoder

The transcoder extracts a group of four 66-bit blocks, rx_coded j<65:0> where j=0 to 3, from each 257-bit
block rx_scrambled<256:0>. Bit 0 of the 257-bit block is the first bit received.

First, descramble the first five bits, based on reception order, of rx scrambled<256:0> to yield
rx_xcoded<256:0> as follows:

a)  Set rx_xcoded<4:0> to the result of the bit-wise exclusive-OR of the rx_scrambled<4:0> and
rx_scrambled<12:8>.
b) Setrx xcoded<256:5>to rx_scrambled<256:5>.
If rx_xcoded<0>is 1, rx_coded j<65:0> for j=0 to 3 shall be derived as follows:

al) rx_coded j<65:2>=rx_xcoded<(64j+64):(64j+1)> for j=0 to 3
bl) rx_coded j<0>=0 and rx_coded j<1>=1 for all j/=0 to 3

If rx_xcoded<0> is 0 and any rx_xcoded<j+1>=0 for j=0 to 3, rx_coded j<65:0> for j=0 to 3 shall be
derived as follows:
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a2) Let c be the smallest value of j such that rx_xcoded<j+1>=0. In other words, rx_coded _c is the first
66-bit control block in the resulting group of four blocks.

b2) Let rx_payloads be a vector representing the payloads of the four 66-bit blocks. It is derived using
the following expressions:
rx_payloads<(64¢+3):0> = rx_xcoded<(64c+8):5>
rx_payloads<(64c+7):(64c+4)> = 0000 (an arbitrary value that is later replaced by s_c)
rx_payloads<255:(64c+8)> = rx_xcoded<256:(64c+9)>

c2) rx_coded j<65:2>=rx_payloads<(64/+63):64;> for j=0 to 3

d2) Letf ¢<3:0>=rx_coded ¢<5:2> be the scrambled first nibble (based on transmission order) of the
block type field for rx_coded c.

e2) Descramble f ¢<3:0> to yield g<3:0> per the following expression where denotes the exclusive-
OR operation. When ¢=0, rx_coded (c—1) corresponds to rx_coded 3 from the previous 257-bit
block.
g<i>={f ¢<i>"rx_coded (c—1)<i+8>"rx_coded (c—1)<i+27> for i=0 to 3

f2) The block type field may be uniquely identified by either its most or least significant nibble. Since
2<3:0> is the least significant nibble of the block type field (per the transmission order), derive
h<3:0> by cross-referencing to g<3:0> using Figure 82—5. For example, if g<3:0> is OxE then
h<3:0> is 0x1. If no match to g<3:0> is found, h<3:0> is set to 0000.

g2) Ifrx xcoded<j+1>=0, rx_coded j<0>=1 and rx_coded j<1>=0 for j=0 to 3

h2) Ifrx_xcoded<j+1>=I, rx_coded j<0>=0 and rx_coded j<1>=1 for j=0to 3

i2) Ifh<3:0>=0000, rx_coded c<I1>=1 (invalidate synchronization header)

A

If rx_xcoded<0>is 0 and all rx_xcoded<j+1>=1 for j=0 to 3, rx_coded j<65:0> for j=0 to 3 shall be derived
as follows:

a3) Set c=0and h<3:0>=0000.

b3) Let rx_payloads be a vector representing the payloads of the four 66-bit blocks. It is derived using
the following expressions.
rx_payloads<(64¢+3):0> = rx_xcoded<(64c+8):5>
rx_payloads<(64c+7):(64c+4)> = 0000 (an arbitrary value that is later replaced by s_c)
rx_payloads<255:(64c+8)> = rx_xcoded<256:(64c+9)>

c3) rx_coded j<65:2>=rx_payloads<(64;+63):(64j)> for j=0 to 3

d3) rx_coded j<0>=0 and rx_coded j<1>=0 for j/=0 and 2

e3) rx_coded j<0>=1 and rx_coded j<1>=I for j=1 and 3

If rx_xcoded<0> is 0, scramble h<3:0> to yield s_¢<3:0> and assign it to rx_coded c per the following
expressions:

ad4) s c<i>=h<i>"rx_coded (c-1)<i+12>"rx_coded (c-1)<i+31> for i=0 to 3
b4) rx_coded ¢<9:6>=5s ¢<3:0>

The 66-bit blocks are transmitted in order from j=0 to 3. Bit 0 of each block is the first bit transmitted.
91.5.3.6 Block distribution

After the data has been transcoded, it shall be distributed to multiple PCS lanes, one 66-bit block at a time in
a round robin distribution from the lowest to the highest numbered PCS lanes. The distribution process is
shown in Figure 82—6.

91.5.3.7 Alignment marker mapping and insertion

The alignment marker mapping function compensates for operation of lane reorder function (refer to

91.53.2) to derive the PCS lane alignment markers, am_rx x<65:0> for x=0 to 19, from
am_rxmapped<1284:0> (refer to 91.5.3.4).
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The alignment markers shall be derived from am_rxmapped<1284:0> in a manner that yields the same result
as the following process.

Given i=0 to 3, k=0 to 31, and y=i+4k, am_rxpayloads may be derived from am_rxmapped per the following
expression:

am_rxpayloads<i, (10k+9):10k> = am_rxmapped<(10y+9):10y>

The 5-bit pad am_rxmapped<1284:1280> is ignored. Given i=0 to 3, /=0 to 4, and x=i+4j, amp_rx_x may be
derived from am_rxpayloads by the following expression:

amp_rx_x<63:0>=am_rxpayloads<i, (64j+63):64/>
For x=0 to 19, am_rx_x<65:0> is constructed as follows:

a) am_rx x<0>=] and am_rx_x<1>=0.

b) am rx x<25:2>is set to My, M;, and M, as shown in Figure 82-9 using the values in Table 822
for PCS lane number x. If amp_rx_x corresponds to a Rapid Alignment marker, then the My, Mg,
and Mg values are used instead (see Figure 82-9b).

c) am_rx x<33:26>=amp_rx x<31:24>.

d) am_rx_x<57:34> is set to My, M5, and Mg as shown in Figure 82-9 using the values in Table 82-2
for PCS lane number x. If amp_rx_x corresponds to a Rapid Alignment marker, then the My, M,
and M, values are used instead (see Figure §2-9b).

e) am_rx x<65:58>=amp rx x<63:56>.

One vector is mapped to 20 alignment markers every 4096 Reed-Solomon codewords (see 91.5.3.4). The
alignment markers are simultaneously transmitted on the 20 PCS lanes after every 163 83" column of 20 66-
bit blocks.

For the optional EEE deep sleep capability, when rx_Ipi_active is true, one vector is mapped to 20 Rapid
Alignment Markers every 2 Reed-Solomon codewords. The Rapid Alignment Markers are simultaneously
transmitted on the 20 PCS lanes after every 7th column of 20 66-bit blocks.

The alignment markers am_rx_0 to am_rx_3 shall be inserted so that they are immediately followed by
rx_coded 0 to rx_coded 3, respectively, as derived from the first 257-bit block following am_rxmapped.
Similarly am_rx_4 to am_rx_7 are followed by the 66-bit blocks corresponding to the second 257-bit block
following am_rxmapped, and so on.

91.5.3.8 Receive bit ordering

The receive bit ordering is illustrated in Figure 91-7. This illustration shows the case where the FEC lanes
appear across the PMA:IS UNITDATA i.indication primitives in the correct order.

91.5.4 Detailed functions and state diagrams

91.5.4.1 State diagram conventions

The body of this subclause is comprised of state diagrams, including the associated definitions of variables,
functions, and counters. Should there be a discrepancy between a state diagram and descriptive text, the state

diagram prevails.

The notation used in the state diagrams follows the conventions of 21.5. The notation ++ after a counter or
integer variable indicates that its value is to be incremented.
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91.5.4.2 State variables
91.5.4.2.1 Variables

all locked
A Boolean variable that is set to true when amps_lock<x> is true for all x and is set to false when
amps_lock<x> is false for any x.

amp_counter_done
Boolean variable that indicates that amp_counter has reached its terminal count.

amp_match
Boolean variable that holds the output of the function AMP_COMPARE.

amp_valid
Boolean variable that is set to true if the received 64-bit block is a valid alignment marker payload.
The alignment marker payload, mapped to an FEC lane according to the process described in
91.5.2.6, consists of 48 known bits and 16 variable bits (the BIP; or CDj field and its complement

BIP; or CD5, see 82.2.7). The bits of the candidate block that are in the positions of the known bits

in the alignment marker payload are compared on a nibble-wise basis (12 comparisons). If no more
than 3 nibbles in the candidate block fail to match the corresponding known nibbles in the align-
ment marker payload, the candidate block is considered a valid alignment marker payload. For the
normal mode of operation, each FEC lane compares the candidate block to the alignment marker
payload for PCS lane 0. For the optional EEE deep sleep capability, each FEC lane also compares
the candidate block to the alignment marker payload for PCS lane 16 when rx_Ipi_active is true.

amps_lock<x>
Boolean variable that is set to true when the receiver has detected the location of the alignment
marker payload sequence for a given FEC lane where x = 0:3.

current_pcsl
A variable that holds the PCS lane number corresponding to the current alignment marker payload
that is recognized on a given FEC lane. It is compared to the variable first pscl to confirm that the
location of the alignment marker payload sequence has been detected.

cw_bad
A Boolean variable that is set to true if the Reed-Solomon decoder (see 91.5.3.3) fails to correct the
current FEC codeword and is set to false otherwise.

deskew done
A Boolean variable that is set to true when fec_enable deskew is set to true and the deskew pro-
cess is completed. Otherwise, this variable is set to false.

fec align status
A variable set by the FEC alignment process to reflect the status of FEC lane-to-lane alignment.
Set to true when all lanes are synchronized and aligned and set to false when the deskew process is
not complete.

fec alignment valid
Boolean variable that is set to true if all FEC lanes are aligned. FEC lanes are considered to be
aligned when amps_lock<x> is true for all x, each FEC lane is locked to a unique alignment marker
payload sequence (see 91.5.2.6), and the FEC lanes are deskewed. Otherwise, this variable is set to
false.

fec_enable deskew
A Boolean variable that enables and disables the deskew process. Received bits may be discarded
whenever deskew is enabled. It is set to true when deskew is enabled and set to false when deskew
is disabled.

fec lane
A variable that holds the FEC lane number (0 to 3) received on lane x of the PMA service interface
when amps_lock<x>=true. The FEC lane number is determined by the alignment marker payloads
in the 2nd, 3rd, or 4th positions of the sequence based on the mapping defined in 91.5.2.6. The 48
bits that are in the positions of the known bits in the received alignment marker payload are
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compared to the expected values for a given payload position and FEC lane on a nibble-wise basis
(12 comparisons). If no more than 3 nibbles in the candidate block fail to match the corresponding
known nibbles for any payload position on a given FEC lane, then the FEC lane number is
assigned accordingly.

first_pcsl
A variable that holds the PCS lane number that corresponds to the first alignment marker payload
that is recognized on a given FEC lane. It is compared to the PCS lane number corresponding to
the second alignment marker payload that is tested.

reset
Boolean variable that controls the resetting of the RS-FEC sublayer. It is true whenever a reset is
necessary including when reset is initiated from the MDIO, during power on, and when the MDIO
has put the RS-FEC sublayer into low-power mode.

restart_lock
Boolean variable that is set by the FEC alignment process to reset the synchronization process on
all FEC lanes. It is set to true after 3 consecutive uncorrected codewords are received (3_BAD
state) and set to false upon entry into the LOSS _OF ALIGNMENT state.

rx_align_status
Boolean variable that is set by the alignment lock and deskew function (see 91.5.2.2).

signal ok
Boolean variable that is set based on the most recently received value of ins:IS_SIGNAL.indica-
tion(SIGNAL_OK). It is true if the value was OK and false if the value was FAIL.

slip_done
Boolean variable that is set to true when the SLIP requested by the synchronization state diagram
has been completed indicating that the next candidate 64-bit block position can be tested.

test amp
Boolean variable this is set to true when a candidate block position is available for testing and false
when the FIND 1ST state is entered.

test cw
Boolean variable that is set to true when a new FEC codeword is available for decoding and is set
to false when the TEST CW state is entered.

The following variables are only used for the optional EEE deep sleep capability. If this capability is not
supported, the values of tx_Ipi_active and rx_lpi_active are set to false.

Ist ram_counter done
Boolean variable that indicates that 1st ram_counter has reached its terminal count.

Ist ramps_counter_done
Boolean variable that indicates that 1st ramps_counter has reached its terminal count.

fec_lpi_fw
Boolean variable that controls the behavior of the Transmit LPI and Receive LPI state diagrams.
This variable is set to true when the local PCS is configured to use the fast wake mechanism and
set to false otherwise.

ram_counter_done
Boolean variable that indicates that ram_counter has reached its terminal count.

ram_valid
Boolean variable that is set to true when the 66-bit blocks concurrently received on at least 2 PCS
lanes are valid Rapid Alignment Markers with identical values for rx_down_count and is set to
false otherwise.

ram_valid_prev
Boolean variable that holds the value of ram_valid from the previous expected Rapid Alignment
Marker position.

ramps_counter _done
Boolean variable that indicates that ramps_counter has reached its terminal count.
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ramps_valid
Boolean variable that is set to true when the 64-bit block payloads concurrently received on at least
2 FEC lanes are valid Rapid Alignment Marker payloads with identical values for rx_down_count
and is set to false otherwise.

ramps_valid_prev
Boolean variable that holds that value of ramps_valid from the previous expected Rapid Alignment
Marker payload position.

rx_down_count
The value that results from the bit-wise exclusive-OR of the Count Down (CD3) byte and the M,

byte of the current Rapid Alignment Marker payload (see 82.2.8a).
rx_lpi_active
A Boolean variable that is set to true when the RS-FEC sublayer infers that the Low Power Idle is
being received from the link partner and is set to false otherwise.
rx_quiet_timer done
A Boolean variable that indicates that rx_quiet_timer has reached its terminal count.
tx_down_count
The value that results from the bit-wise exclusive-OR of the Count Down (CD3) byte and the M,
byte of the current Rapid Alignment Marker (see 82.2.8a).
tx_lpi_active
A Boolean variable that is set to true when the RS-FEC sublayer infers that the local PCS is trans-
mitting Low Power Idle and is set to false otherwise.
tx_quiet timer done
Boolean variable that indicates that tx_quiet timer has reached its terminal count.

91.5.4.2.2 Functions

AMP COMPARE
This function compares the values of first pcsl and current pcsl to determine if a valid alignment
marker payload sequence has been detected and returns the result of the comparison using the
variable amp match. When rx_Ipi_active is false, if current pcsl and first pcsl are 0, amp match
is set to true. When rx_Ipi_active is true, the comparison is performed as follows. If first pcsl is 0
then amp match is set to true if current_pcsl is 16. If first_pcsl is 16 then amp_match is set to true
if current pcsl is 0. Otherwise, amp_match is set to false.

SLIP
Causes the next candidate block position to be tested. The precise method for determining the next
candidate block position is not specified and is implementation dependent. However, an
implementation shall ensure that all possible block positions are evaluated.

91.5.4.2.3 Counters

amp_counter
When rx_Ipi_active is false, this counter counts the 4096 FEC codewords that separate the ends of
two consecutive normal alignment marker payload sequences. An FEC codeword is 1320 bits per
FEC lane for 100GBASE-KR4 and 1360 bits per FEC lane for 100GBASE-KP4. When
rx_Ipi_active is true, then amp_counter is defined as follows. If first pcsl corresponds to PCS lane
0, it counts the 256 bits to the end of the expected location of the Rapid Alignment Marker payload
corresponding to PCS lane 16. If first_pcsl corresponds to PCS lane 16, this counter counts the 2
FEC codewords minus 256 bits to the end of the expected location of the next Rapid Alignment
Marker payload corresponding to PCS lane 0.

cw_bad count
Counts the number of consecutive uncorrected FEC codewords. This counter is set to zero when an
FEC codeword is received and cw_bad is false for that codeword.
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The following counters are only used for the optional EEE deep sleep capability.

Ist ram_counter
This counter counts 4 66-bit blocks from the end of one candidate RAM position to the end of the
next candidate RAM position. The first instance of the counter counts from the end of the last
normal alignment marker received.

Ist ramps_counter
This counter counts one FEC codeword from the end of one candidate RAM payload to the end of
the next RAM payload position. An FEC codeword is 1320 bits per FEC lane for 100GBASE-KR4
and 1360 bits per FEC lane for 100GBASE-KP4

ram_counter
This counter counts 8 66-bit blocks from the end of the current RAM to the end of the next
expected RAM position.

ramps_counter
This counter counts 2 FEC codewords from the end of the current RAM payload to the end of the
next expected RAM payload position.

rx_quiet_timer
This timer limits the maximum time fec align_status may be deasserted before the Transmit LPI
state diagram concludes that the link has failed. The value of this timer is between 2 ms and
2.8 ms.

tx_quiet_timer
This timer limits the maximum time rx_align_status may be deasserted before the Transmit LPI
state diagram concludes that the link has failed. The value of this timer is between 1.8 ms and
2 ms.

91.5.4.3 State diagrams

The FEC shall implement four synchronization processes as shown in Figure 91-8. The synchronization
process operates independently on each lane. The synchronization state diagram determines when the FEC
has detected the location of the alignment marker payload sequence in the received bit stream for a given
lane of the service interface.

The FEC shall implement the alignment process as shown in Figure 91-9.

When the optional EEE deep sleep capability is supported, the FEC shall also implement the Transmit LPI
process as shown in Figure 91-10 and the Receive LPI process as shown in Figure 91—11. The Transmit LPI
state diagram infers when Low Power Idle is being transmitted by the local PCS by checking for the
presence of Rapid Alignment Markers. The Receive LPI state diagram infers when Low Power Idle is being
received from the link partner using a similar mechanism. Monitoring the position and frequency of
alignment markers is also critical to the operation of the alignment marker removal function (see 91.5.2.4
and 91.5.3.4).
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reset

S

TX_FAULT

tx_Ipi_active < false

rx_align_status
L h 4 l
TX_ACTIVE

tx_Ipi_active < false
start 1st_ram_counter

1st_ram_counter_done *

Ifec_lpi_fw v
TX_TEST_1ST
Iram_valid +
o tx_down_count # 255
ram_valid
tx_down_count = 255
TX_LPI

tx_Ipi_active < true
ram_valid_prev < ram_valid
start ram_counter

ram_counter_done

v
TX_TEST_NEXT

rx_align_status *
(('ram_valid * ram_valid_prev) +
(ram_valid * tx_down_count # 1))

»

rx_align_status *
(('ram_valid * Iram_valid_prev) +
(ram_valid * tx_down_count = 1))

Irx_align_status

TX_QUIET

start tx_quiet_timer

tx_quiet_timer_done rx_align_status * ltx_quiet_timer_done

Figure 91-10—Transmit LPI state diagram
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reset

by

RX_FAULT

rx_lpi_active < false

fec_align_status
L h 4 l
RX_ACTIVE

rx_|pi_active < false
start 1st_ramps_counter

1st_ramps_counter_done *

Ifec_lIpi_fw v
RX_TEST_1ST
Iramps_valid +
. rx_down_count # 255
ramps_valid * |
rx_down_count = 255
RX_LPI

rx_lpi_active < true
ramps_valid_prev < ramps_valid
start ramps_counter

ramps_counter_done

v
RX_TEST_NEXT

fec_align_status *

fec alian SES™ ((framps_valid * ramps_valid_prev) +
((!rgmgs__valid * Iramps_valid_prev) + (ramps_valid * rx_down_count # 1))
(ramps_valid * rx_down_count = 1))

Ifec_align_status

A 4
RX_QUIET

start rx_quiet_timer

rx_quiet_timer_done fec_align_status * Irx_quiet_timer_done

Figure 91-11—Receive LPI state diagram

91.6 RS-FEC MDIO function mapping

The optional MDIO capability described in Clause 45 defines several registers that provide control and
status information for and about the RS-FEC. If MDIO is implemented, it shall map MDIO control bits to
RS-FEC control variables as shown in Table 91-2, and MDIO status bits to RS-FEC status variables as
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shown in Table 91-3, and if a separated PMA (see 45.2.1) is connected to the FEC service interface it shall
map additional MDIO status bits to additional RS-FEC status variables as shown in Table 91-4.

Table 91-2—MDIO/RS-FEC control variable mapping

MDIO control variable PMA/PMD register name Register/bit FEC variable
number
FEC bypass correction enable RS-FEC control register 1.200.0 FEC bypass_correction_enable
FEC bypass indication enable RS-FEC control register 1.200.1 FEC bypass_indication_enable
Table 91-3—MDIO/RS-FEC status variable mapping
MDIO control variable PMA/PMD register name Register/bit FEC variable
number

FEC bypass correction ability RS-FEC status register 1.201.0 FEC bypass_correction_ability

FEC bypass indication ability RS-FEC status register 1.201.1 FEC bypass_indication_ability

RS-FEC high SER RS-FEC status register 1.201.2 hi_ser

FEC AM lock x, x=0to 3 RS-FEC status register 1.201.8:11 amps_lock<x>

FEC lane alignment status RS-FEC status register 1.201.14 fec align_status

FEC corrected codewords RS-FEC corrected 1.202, 1.203 | FEC corrected cw_counter
codewords counter register

FEC uncorrected codewords RS-FEC uncorrected 1.204, 1.205 | FEC uncorrected cw_counter
codewords counter register

FEC lane x mapping RS-FEC lane mapping 1.206 FEC_lane mapping<x>
register

FEC symbol errors, FEC lanes RS-FEC symbol error 1.210 to FEC symbol error counter i

0to3 counter register, FEC lanes 0 1.217
to3

Table 91-4—MDIO/RS-FEC status variable mapping for separated PMA

MDIO control variable PMA/PMD register name Register/bit FEC variable
number

PCS lane alignment status RS-FEC status register 1.201.15 align_status

BIP errors, PCS lanes 0 to 19 RS-FEC BIP error counter 1.230 to BIP_error_counter i
register, PCS lanes 0 to 19 1.249

PCS lane x mapping PCS lane x mapping register 1.250 to lane_mapping<x>

1.269

Block x lock RS-FEC PCS alignment 1.280 to block lock<x>
status 1 and 2 registers 1.281

Lane x aligned RS-FEC PCS alignment 1.282 to am_lock<x>
status 3 and 4 registers 1.283
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The following subclauses define variables that are not otherwise defined, e.g., for use by state diagrams.
91.6.1 FEC_bypass_correction_enable

When this variable is set to one, the Reed-Solomon decoder performs error detection without error correc-
tion (see 91.5.3.3). When this variable is set to zero, the decoder also performs error correction. The default
value of the variable is zero. This variable is mapped to the bit defined in 45.2.1.92a (1.200.0).

91.6.2 FEC_bypass_indication_enable

This variable is set to one to bypass the error indication function (see 91.5.3.3) when this ability is sup-
ported. When this variable is set to zero, the decoder indicates errors to the PCS sublayer. This variable has
no effect (the decoder does not bypass error indication) if FEC bypass correction enable (1.200.0) is set to
one. The default value of this variable is zero. This variable is mapped to the bit defined in 45.2.1.92a
(1.200.1).

91.6.3 FEC_bypass_correction_ability

The Reed-Solomon decoder may have the option to perform error detection without error correction (see
91.5.3.3) to reduce the delay contributed by the RS-FEC sublayer. This variable is set to one to indicate that
the decoder has the ability to bypass error correction. The variable is set to zero if this ability is not sup-
ported. This variable is mapped to the bit defined in 45.2.1.92b (1.201.0).

91.6.4 FEC_bypass_indication_ability

The Reed-Solomon decoder may have the option to bypass the error indication function (see 91.5.3.3) to
reduce the delay contributed by the RS-FEC sublayer. This variable is set to one to indicate that the decoder
has the ability to bypass error indication. The variable is set to zero if this ability is not supported. This vari-
able is mapped to the bit defined in 45.2.1.92b (1.201.1).

91.6.5 hi_ser

This variable is defined when the FEC bypass_indication_ability variable is set to one. When FEC by-
pass_indication_enable is set to one, this bit is set to one if the number of RS-FEC symbol errors in a win-
dow of 8192 codewords exceeds the threshold (see 91.5.3.3) and is set to zero otherwise. This variable is
mapped to the bit defined in 45.2.1.92b (1.201.2).

91.6.6 amps_lock<x>

These variables are assigned by the FEC alignment state diagram shown in Figure 91-9 (see 91.5.4.3). They
are mapped to the bits defined in 45.2.1.92b (1.201.8 to 1.201.11 for FEC lanes 0 to 3, respectively).

91.6.7 fec_align_status

This variable assigned by the FEC alignment state diagram shown in Figure 91-9 (see 91.5.4.3). It is
mapped to the bit defined in 45.2.1.92b (1.201.14).

91.6.8 FEC_corrected_cw_counter
A corrected FEC codeword is a codeword that contains errors and was corrected.

FEC corrected cw_counter is a 32-bit counter that counts once for each corrected FEC codeword processed
when fec_align_status is true. This variable is mapped to the registers defined in 45.2.1.92¢ (1.202, 1.203).
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91.6.9 FEC_uncorrected_cw_counter

An uncorrected FEC codeword is a codeword that contains errors (when the bypass correction feature is
supported and enabled) or contains errors that were not corrected (when the bypass correction feature is not
supported or not enabled).

FEC uncorrected cw_counter is a 32-bit counter that counts once for each uncorrected FEC codeword
processed when fec align_status is true. This variable is mapped to the registers defined in 45.2.1.92d
(1.204, 1.205).

91.6.10 FEC_lane_mapping<x>

When the RS-FEC receive function detects and locks to an alignment marker payload on PMA service inter-
face lane x, the FEC lane number corresponding to the detected alignment marker payload is assigned to the
variable FEC lane mapping<x>. These variables are mapped to the register defined in 45.2.1.92¢ (1.206).
91.6.11 FEC_symbol_error_counter_i

FEC _symbol_error _counter i, where i=0 to 3, is a 32-bit counter that counts once for each 10-bit symbol
corrected on FEC lane i when fec_align_status is true. These variables are mapped to the registers defined in
45.2.1.92f and 45.2.1.92g (1.210 to 1.217).

91.6.12 align_status

This variable is assigned the value of rx_align_status as defined by the PCS deskew state diagram shown in
Figure 82—12 (see 91.5.2.2). It is mapped to the bit defined in 45.2.1.92b (1.201.15).

91.6.13 BIP_error_counter_i

BIP_error_counter i, where i=0 to 19, is a 16-bit counter that holds the BIP error count for PCS lane i as cal-
culated by the RS-FEC transmit function (see 91.5.2.4). These variables are mapped to the registers defined
in 45.2.1.92h and 45.2.1.92i (1.230 to 1.249).

91.6.14 lane_mapping<x>

When the RS-FEC transmit function detects and locks to an alignment marker on FEC service interface lane
x, the PCS lane number corresponding to the detected alignment marker is assigned to the variable
lane_mapping<x>. These variables are mapped to the registers defined in 45.2.1.92j and 45.2.1.92k (1.250
to 1.269).

91.6.15 block_lock<x>

These variables are assigned by the block lock state diagram shown in Figure 82—10 (see 91.5.2.1). They are
mapped to the registers defined in 45.2.1.921 and 45.2.1.92m (1.280 to 1.281).

91.6.16 am_lock<x>

These variables are assigned by the alignment marker lock state diagram shown in Figure 82-11 (see
91.5.2.2). They are mapped to the registers defined in 45.2.1.92n and 45.2.1.920 (1.282 to 1.283).
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91.7 Protocol implementation conformance statement (PICS) proforma for
Clause 91, Reed-Solomon Forward Error Correction (RS-FEC) sublayer for
100GBASE-R PHYs'?

91.7.1 Introduction
The supplier of a protocol implementation that is claimed to conform to Clause 91, Reed-Solomon Forward
Error Correction (RS-FEC) sublayer for I00GBASE-R PHYs, shall complete the following protocol imple-

mentation conformance statement (PICS) proforma.

A detailed description of the symbols used in the PICS proforma, along with instructions for completing the
PICS proforma, can be found in Clause 21.

91.7.2 Identification

91.7.2.1 Implementation identification

Supplier1

Contact point for enquiries about the PICS!

Implementation Name(s) and Version(s)] 3

Other information necessary for full identification—e.g.,
name(s) and version(s) for machines and/or operating
systems; System Name(s)2

NOTE 1— Required for all implementations.

NOTE 2— May be completed as appropriate in meeting the requirements for the identification.

NOTE 3—The terms Name and Version should be interpreted appropriately to correspond with a supplier’s
terminology (e.g., Type, Series, Model).

91.7.2.2 Protocol summary

Identification of protocol standard IEEE Std 802.3bj-2014, Clause 91, Reed-Solomon For-
ward Error Correction (RS-FEC) sublayer for
100GBASE-R PHYs

Identification of amendments and corrigenda to this
PICS proforma that have been completed as part of this
PICS

Have any Exception items been required?  No [ ] Yes [ ]
(See Clause 21; the answer Yes means that the implementation does not conform to IEEE Std 802.3bj-2014.)

Date of Statement

1OCapyright release for PICS proformas: Users of this standard may freely reproduce the PICS proforma in this subclause so that it can
be used for its intended purpose and may further publish the completed PICS.
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91.7.3 Major capabilities/options

Item Feature Subclause Value/Comment Status Support
*KR4 100GBASE-CR4 or Used to form complete (0] Yes [ ]
100GBASE-KR4 100GBASE-CR4 or No[]
100GBASE-KR4 PHY

*KP4 100GBASE-KP4 Used to form complete (0] Yes [ ]

100GBASE-KP4 PHY No[]

DC Delay constraints 91.4 Conforms to delay con- M Yes [ ]
straints specified in 91.4

*MD MDIO capability 91.6 Registers and interface (0] Yes [ ]

supported No[]

*BEC Bypass error correction 91.53.3 Capability is supported (6] Yes [ ]

No[]

*BEI Bypass error indication 91.533 Capability is supported (0] Yes [ ]

No[]

*EEE EEE capability 91.5.4.3 Capability is supported (0] Yes [ ]

No[]

91.7.4 PICS proforma tables for Reed-Solomon Forward Error Correction (RS-FEC)
sublayer for 100GBASE-R PHYs

91.7.4.1 Transmit function

Item Feature Subclause Value/Comment Status Support

TF1 Skew tolerance 91.5.2.2 Maximum Skew of 49 ns M Yes [ ]
between PCS lanes and a
maximum Skew Variation of

400 ps
TF2 Lane reorder 91.5.2.3 Order the PCS lanes accord- M Yes [ ]
ing to the PCS lane number
TF3 64B/66B to 256B/257B 91.52.5 tx_xcoded<256:0> M Yes [ ]
transcoder constructed per 91.5.2.5
TF4 257-bit block transmission 91.5.2.5 First bit transmitted is bit 0 M Yes [ ]
order
TF5 Alignment maker mapping 91.5.2.6 Map to am_tx- M Yes [ ]

mapped<1284:0> per 91.5.2.6

TF6 Pad value 91.5.2.6 Binary values 00101 and M Yes [ ]
11010 (the leftmost bit is
assigned to the highest bit
index) in an alternating
pattern

TF7 Alignment marker insertion 91.5.2.6 First 1285 message bitstobe | M Yes [ ]
transmitted from every 4096th
codeword
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Item Feature Subclause Value/Comment Status Support
TF8 Alignment marker insertion 91.5.2.6 First 1285 message bits to be | EEE:M Yes [ ]
when tx_lpi_active is true transmitted from every other N/AT]
codeword
TF9 Alignment marker insertion 91.5.2.6 First 257-bit block inserted M Yes [ ]
point after am_txmapped corre-

sponds to the four 66-bit
blocks received on PCS lanes
0, 1,2, and 3 that immediately
followed the alignment
marker on each respective

lane
TF10 Reed-Solomon encoder for 91.5.2.7 RS(528,514) KR4:M Yes [ ]
100GBASE-CR4 or N/AT]
100GBASE-KR4
TF11 Reed-Solomon encoder for 91.5.2.7 RS(544,514) KP4:M Yes [ ]
100GBASE-KP4 N/AT]
TF12 Symbol distribution 91.5.2.8 Distributed to 4 FEC lanes, M Yes [ ]

one 10-bit symbol at a time in
a round robin distribution
from the lowest to the highest

numbered FEC lane
91.7.4.2 Receive function
Item Feature Subclause Value/Comment Status Support
RF1 Skew tolerance 91.5.3.1 Maximum Skew of 180 ns M Yes [ ]

between FEC lanes and a
maximum Skew Variation of

4 ns
RF2 Lane reorder 91.5.3.2 Order the FEC lanes M Yes [ ]
according to the FEC lane
number
RF3 Reed-Solomon decoder for 91.5.3.3 Corrects any combination of KR4:M Yes [ ]
100GBASE-CR4 or up to =7 symbol errors in a N/AT]
100GBASE-KR4 codeword unless error
correction bypassed
RF4 Reed-Solomon decoder for 91.5.3.3 Corrects any combination of KP4:M Yes [ ]
100GBASE-KP4 up to =15 symbol errors in a N/AT]

codeword unless error
correction bypassed

RF5 Reed-Solomon decoder 91.5.3.3 Capable of indicating whena | M Yes [ ]
codeword was not corrected.

RF6 Error indication function 91533 Corrupts 66-bit block M Yes [ ]
synchronization headers for
uncorrected errored
codewords (or errored
codewords when correction is
bypassed)
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Item Feature Subclause Value/Comment Status Support
RF7 Error indication when error 91.5.3.3 Error indication is not BEI:M Yes [ ]
correction is bypassed bypassed N/AT]
RF8 Error monitoring while error 91.5.3.3 When the number of symbols | BEI:M Yes [ ]
indication is bypassed errors in a block of 8192 N/AT]
codewords exceeds K, corrupt
66-bit block synchronization
headers
RF9 Symbol error threshold for 91533 K=417 BET* Yes [ ]
100GBASE-CR4 and KR4:M N/A[]
100GBASE-KR4
RF10 Symbol error threshold for 91.5.3.3 K=6380 BEI* Yes [ ]
100GBASE-KP4 KP4:M N/A[]
RF11 Error monitoring during LPI 91533 Error monitor disabled when BET* Yes [ ]
rx_lpi_active=true EEE:M N/AT[]
RF12 Start of error monitoring 91.533 Begins on the codeword BEI* Yes [ ]
window boundary following the EEE:M N/AT]
transition of rx_lIpi_active
from true to false
RF13 Alignment marker removal 91.53.4 am_rxmapped removed prior | M Yes [ ]
to transcoding
RF14 256B/257B to 64B/66B trans- | 91.5.3.5 rx_coded_j<65:0>, j=0to 3 M Yes [ ]
coder constructed per 91.5.3.5
RF15 Block distribution 91.5.3.6 One 66-bit block atatimeina | M Yes [ ]
round robin fashion from the
lowest to the highest num-
bered PCS lane
RF16 Alignment marker mapping 91.5.3.7 Map to am_rx_x, x=0to 19 M Yes [ ]
per 91.5.3.7
RF17 Alignment marker insertion 91.5.3.7 Alignment markers M Yes [ ]
point immediately followed by the
66-bit blocks derived from the
257-blocks immediately
following am_rxmapped
91.7.4.3 State diagrams
Item Feature Subclause Value/Comment Status Support
SD1 SLIP function 91.54.2.2 Ensure that all possible block | M Yes [ ]
positions are evaluated
SD2 Synchronization process 91.5.43 One instance per FEC lane per | M Yes [ ]
Figure 91-8
SD3 Alignment process 91.543 Per Figure 91-9 M Yes [ ]
SD4 Transmit LPI process 91.543 Per Figure 91-10 EEE:M Yes [ ]
N/A[]
SD5 Receive LPI process 91.543 Per Figure 91-11 EEE:M Yes [ ]
N/A[]
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92. Physical Medium Dependent (PMD) sublayer and baseband medium,
type 100GBASE-CR4

92.1 Overview

This clause specifies the 100GBASE-CR4 PMD and baseband medium. Annex 92A, an associated annex,
provides information on parameters with test points that may not be testable in an implemented system.

When forming a complete Physical Layer, a PMD shall be connected as illustrated in Figure 921, to the

appropriate PMA as shown in Table 92—1, to the medium through the MDI and to the management functions
that are optionally accessible through the management interface defined in Clause 45, or equivalent.

Table 92—-1—Physical Layer clauses associated with the 100GBASE-CR4 PMD

Associated clause 100GBASE-CR4
81—RS Required
81—CGMII? Optional
82—PCS for 100GBASE-R Required
91—RS-FEC Required
83—PMA for 100GBASE-R? Required
83A—CAUI Optional
73—Auto-Negotiation Required
78—Energy Efficient Ethernet Optional

8The CGMII is an optional interface. However, if the CGMII is not imple-
mented, a conforming implementation must behave functionally as though
the RS and CGMII were present.
There are limitations on the number of PMA lanes that may be used between
sublayers, see 83.3.

When forming a complete 100GBASE-CR4 Physical Layer, the following guidelines apply.

Differential signals received at the MDI from a transmitter that meets the requirements of 92.8.3 and have
passed through the cable assembly specified in 92.10 are received with a BER less than 107>.

For a complete Physical Layer, this specification is considered to be satisfied by a frame loss ratio (see
1.4.209a) less than 6.2 x 10710 for 64-octet frames with minimum inter-packet gap.

A 100GBASE-CR4 PHY with the optional Energy-Efficient Ethernet (EEE) capability may optionally enter
the Low Power Idle (LPI) mode to conserve energy during periods of low link utilization.

Figure 92—1 shows the relationship of the 100GBASE-CR4 PMD sublayers and MDI to the ISO/IEC Open
System Interconnection (OSI) reference model.
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LAN
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TRANSPORT | /
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DATALINK |/ AN
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AN = AUTO-NEGOTATION PCS = PHYSICAL CODING SUBLAYER
CGMII = 100 Gb/s MEDIA INDEPENDENT INTERFACE ~ PHY = PHYSICAL LAYER DEVICE
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MAC = MEDIA ACCESS CONTROL PMD = PHYSICAL MEDIUM DEPENDENT
MDI = MEDIUM DEPENDENT INTERFACE RS-FEC = REED-SOLOMON FORWARD ERROR

CORRECTION

Figure 92-1—100GBASE-CR4 PMD relationship to the ISO/IEC Open Systems
Interconnection (OSI) reference model and the IEEE 802.3 CSMA/CD LAN model

92.2 Physical Medium Dependent (PMD) service interface

This subclause specifies the services provided by the 100GBASE-CR4 PMD. The service interface for this
PMD is described in an abstract manner and does not imply any particular implementation. The PMD
service interface supports the exchange of encoded data. The PMD translates the encoded data to and from
signals suitable for the medium.

The PMD service interface is an instance of the inter-sublayer service interface defined in 80.3. The PMD
service interface primitives are summarized as follows:

PMD:IS _UNITDATA i.request
PMD:IS _UNITDATA i.indication
PMD:IS_SIGNAL.indication

The 100GBASE-CR4 PMD has four parallel bit streams, hence i = 0 to 3. The PMA (or the PMD) continu-
ously sends four parallel bit streams to the PMD (or the PMA), one per lane, each at a nominal signaling rate
0f 25.78125 GBd.
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The SIGNAL OK parameter of the PMD:IS SIGNAL.indication primitive corresponds to the variable
Global PMD signal detect as defined in 92.7.4. When Global PMD signal detect is one, SIGNAL OK
shall be assigned the value OK. When Global PMD signal detect is zero, SIGNAL OK shall be assigned
the value FAIL. When SIGNAL OK is FAIL, the PMD:IS UNITDATA i.indication parameters are
undefined.

If the optional EEE deep sleep capability is supported, then the PMD service interface includes two addi-
tional primitives as follows:

PMD:IS_TX MODE.request
PMD:IS RX MODE.request

92.3 PCS requirements for Auto-Negotiation (AN) service interface

The PCS associated with this PMD is required to support the AN service interface primitive AN_LINK.indi-
cation defined in 73.9. (See 82.6.).

The 100GBASE-CR4 PHY may be extended using CAUI as a physical instantiation of the inter-sublayer
service interface between devices. If CAUI is instantiated, the AN LINK(link status).indication is relayed
from the device with the PCS sublayer to the device with the AN sublayer by means at the discretion of the
implementor. As examples, the implementor may employ use of pervasive management or employ a dedi-
cated electrical signal to relay the state of link status as indicated by the PCS sublayer on one device to the
AN sublayer on the other device.

92.4 Delay constraints

The sum of the transmit and the receive delays at one end of the link contributed by the 100GBASE-CR4
PMD and AN shall be no more than 2048 bit times (4 pause _quanta or 20.48 ns). It is assumed that the one
way delay through the medium is no more than 6000 bit times (60 ns).

A description of overall system delay constraints and the definitions for bit times and pause quanta can be
found in 80.4 and its references.

92.5 Skew constraints

The Skew (relative delay) between the lanes must be kept within limits so that the information on the lanes
can be reassembled by the RS-FEC sublayer. Skew and Skew Variation are defined in 80.5 and specified at
the points SP1 to SP6 shown in Figure 80—5a.

If the PMD service interface is physically instantiated so that the Skew at SP2 can be measured, then the
Skew at SP2 is limited to 43 ns and the Skew Variation at SP2 is limited to 400 ps.

The Skew at SP3 (the transmitter MDI) shall be less than 54 ns and the Skew Variation at SP3 shall be less
than 600 ps.

The Skew at SP4 (the receiver MDI) shall be less than 134 ns and the Skew Variation at SP4 shall be less
than 3.4 ns.

If the PMD service interface is physically instantiated so that the Skew at SP5 can be measured, then the
Skew at SP5 shall be less than 145 ns and the Skew Variation at SP5 shall be less than 3.6 ns.

For more information on Skew and Skew Variation see 80.5.
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92.6 PMD MDIO function mapping

The optional MDIO capability described in Clause 45 defines several registers that provide control and sta-
tus information for and about the PMD. If MDIO is implemented, it shall map MDIO control bits to PMD
control variables as shown in Table 92—2, and MDIO status bits to PMD status variables as shown in

Table 92-3.

Table 92—2—100GBASE-CR4 MDIO/PMD control variable mapping

MDIO control variable PMA/PMD register name R(:lgl:::)l;/?it PMD control variable
Reset PMA/PMD control 1 1.0.15 PMD _reset
Global PMD transmit PMD transmit disable 1.9.0 Global PMD _transmit_disable
disable
PMD transmit disable 3 to PMD transmit disable 1.9.4to0 PMD _transmit_disable 3 to
PMD transmit disable 0 1.9.1 PMD _transmit_disable 0
Restart training BASE-R PMD control 1.150.0 mr_restart_training
Training enable BASE-R PMD control 1.150.1 mr_training_enable
Polynomial identifier 3 PMD training pattern 3 1.1453.12:11 | identifier 3
Seed 3 PMD training pattern 3 1.1453.10:0 seed 3
Polynomial identifier 2 PMD training pattern 2 1.1452.12:11 | identifier 2
Seed 2 PMD training pattern 2 1.1452.10:0 seed 2
Polynomial identifier 1 PMD training pattern 1 1.1451.12:11 | identifier 1
Seed 1 PMD training pattern 1 1.1451.10:0 seed 1
Polynomial identifier 0 PMD training pattern 0 1.1450.12:11 | identifier O
Seed 0 PMD training pattern 0 1.1450.10:0 seed 0

Table 92-3—100GBASE-CR4 MDIO/PMD status variable mapping

MDIO status variable PMA/PMD register name Rflgui;tli:;/?it PMD status variable
Fault PMA/PMD status 1 1.1.7 PMD _fault
Transmit fault PMA/PMD status 2 1.8.11 PMD _transmit_fault
Receive fault PMA/PMD status 2 1.8.10 PMD receive_fault
Global PMD receive signal PMD receive signal detect 1.10.0 Global PMD signal detect
detect
PMD receive signal detect 3 to | PMD receive signal detect 1.10.4 to PMD _signal detect 3 to
PMD receive signal detect 0 1.10.1 PMD signal detect 0
100GBASE-CR4 deep sleep EEE capability 1.16.11 —
Receiver status 3 BASE-R PMD status 1.151.12 rx_trained 3
Frame lock 3 BASE-R PMD status 1.151.13 frame lock 3

Authorized licensed use limited to: Zhejiang University. Downloaded on September 25,2014 at 02:23:24 UTC from IEEE Xplore. Restrictions apply.
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Table 92-3—100GBASE-CR4 MDIO/PMD status variable mapping (continued)

MDIO status variable PMA/PMD register name Rflg;f;;lzrit PMD status variable
Start-up protocol status 3 BASE-R PMD status 1.151.14 training_3
Training failure 3 BASE-R PMD status 1.151.15 training_failure 3
Receiver status 2 BASE-R PMD status 1.151.8 rx_trained 2
Frame lock 2 BASE-R PMD status 1.151.9 frame lock 2
Start-up protocol status 2 BASE-R PMD status 1.151.10 training_2
Training failure 2 BASE-R PMD status 1.151.11 training_failure 2
Receiver status 1 BASE-R PMD status 1.151.4 rx_trained 1
Frame lock 1 BASE-R PMD status 1.151.5 frame_lock 1
Start-up protocol status 1 BASE-R PMD status 1.151.6 training_1
Training failure 1 BASE-R PMD status 1.151.7 training_failure 1
Receiver status 0 BASE-R PMD status 1.151.0 rx_trained 0
Frame lock 0 BASE-R PMD status 1.151.1 frame lock 0
Start-up protocol status 0 BASE-R PMD status 1.151.2 training 0
Training failure 0 BASE-R PMD status 1.151.3 training_failure 0

92.7 PMD functional specifications
92.7.1 Link block diagram

A 100GBASE-CR4 link in one direction is illustrated in Figure 92—2. For purposes of system conformance,
the PMD sublayer is standardized at the test points described in this subclause. The electrical transmit signal
is defined at TP2. Unless specified otherwise, all transmitter measurements and tests defined in 92.8.3 are
made at TP2 utilizing the test fixture specified in 92.11.1. Unless specified otherwise, all receiver
measurements and tests defined in 92.8.4 are performed at TP3 utilizing the test fixture specified in 92.11.1.
A mated connector pair has been included in both the transmitter and receiver specifications defined in
92.8.3 and 92.8.4. The recommended maximum insertion loss from TPO to TP2 or TP3 to TP5 including the
test fixture is specified in 92.8.3.6.

The 100GBASE-CR4 channel is defined between the transmitter (TP0) and receiver (TP5) blocks to include
the transmitter and receiver differential controlled impedance printed circuit board insertion loss and the
cable assembly insertion loss, as illustrated in Figure 92-2. Annex 92A provides information on parameters
associated with test points TPO and TP5 that may not be testable in an implemented system. All cable
assembly measurements are to be made between TP1 and TP4 as illustrated in Figure 92-2. The cable
assembly test fixture of Figure 92—-17, or its equivalent, is required for measuring the cable assembly
specifications in 92.10 at TP1 and TP4. Two mated connector pairs and the cable assembly test fixture have
been included in the cable assembly specifications defined in 92.10. Transmitter and receiver differential
controlled impedance printed circuit board insertion losses defined between TPO-TP1 and TP4-TP5,
respectively, are provided informatively in Annex 92A.

169
Copyright © 2014 IEEE. All rights reserved.

Authorized licensed use limited to: Zhejiang University. Downloaded on September 25,2014 at 02:23:24 UTC from IEEE Xplore. Restrictions apply.



IEEE Std 802.3bj-2014
AMENDMENT TO IEEE Std 802.3-2012: Ethernet

PMD PMD
service service
interface @ MDI MDI @ interface
I I I I
| ™) | @ GG |
| | | |
| _ | 4x | ) |
| SLi<p> | Signal<p> / | DLi<p> | |
| PMD | SLi<n> | Signal<n> / | DLi<n> PMD |
> transmit i —t»
function - — - | | Signal shield —/Z - — — | - ] frecetl've
| A —~— —~ A~ aneton 1
| T L\|LL_ R — - — - — JJlli_ ] |
| | | |
| ¢ > | | ¢ > |
| PR R |
Channel |
| < I I > |
| | | | : |
| PMD L Cable assembly Ll PMD N
N L] L] Ll
I I I I
PMD:IS_UNITDATA_O.request PMD:IS_UNITDATA_O.indication
to PMD:IS_UNITDATA_3.request to PMD:IS_UNITDATA_3.indication

Figure 92—-2—100GBASE-CR4 link (one direction is illustrated)
Note that the source lanes (SL), signals SLi<p>, and SLi<n> are the positive and negative sides of the
transmitters differential signal pairs and the destination lanes (DL) signals, DLi<p>, and DLi<n> are the

positive and negative sides of the receivers differential signal pairs for lane i (i =0, 1, 2, 3).

Table 92—4 describes the defined test points illustrated in Figure 92-2.

Table 92-4—100GBASE-CR4 test points

Test points Description

TPO to TPS The 100GBASE-CR4 channel including the transmitter and receiver differential controlled
impedance printed circuit board insertion loss and the cable assembly insertion loss.

TP1 to TP4 All cable assembly measurements are to be made between TP1 and TP4 as illustrated in
Figure 92-2. The cable assembly test fixture of Figure 92—17 or its equivalent, is required
for measuring the cable assembly specifications in 92.10 at TP1 and TP4.

TPO to TP2 A mated connector pair has been included in both the transmitter and receiver specifica-
TP3 to TPS | tions defined in 92.8.3 and 92.8.4. The recommended maximum insertion loss from TPO to
TP2 or TP3 to TPS including the test fixture is specified in 92.8.3.6.

TP2 Unless specified otherwise, all transmitter measurements defined in Table 92—6 are made at
TP2 utilizing the test fixture specified in 92.11.1.

Unless specified otherwise, all receiver measurements and tests defined in 92.8.4 are made

P3 at TP3 utilizing the test fixture specified in 92.11.1.
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92.7.2 PMD Transmit function

The PMD transmit function shall convert the four bit streams requested by the PMD service interface
messages PMD:IS UNITDATA i.request (i=0 to 3) into four separate electrical signals. The four electrical
signals shall then be delivered to the MDI, all according to the transmit electrical specifications in 92.8.3. A
positive differential output voltage (SLi<p> minus SLi<n>) shall correspond to tx_bit = one.

If the optional EEE deep sleep capability is supported, the following requirements apply. When tx_mode is
set to ALERT, the PMD transmit function shall transmit a periodic sequence, where each period of the
sequence consists of 8 ones followed by 8 zeros, on each lane, with the transmit equalizer coefficients set to
the preset values (see 92.7.12 and 92.8.3.5). This sequence is transmitted regardless of the value of tx_bit
presented by the PMD:IS UNITDATA i.request primitive. When tx_mode is not set to ALERT, the trans-
mit equalizer coefficients are set to the values determined via the start-up protocol (see 92.7.12).

92.7.3 PMD Receive function

The PMD receive function shall convert the four electrical signals from the MDI into four bit streams for
delivery to the PMD service interface using the messages PMD:IS UNITDATA i.indication (=0 to 3). A
positive differential input voltage (DLi<p> minus DLi<n>) shall correspond to rx_bit = one.

92.7.4 Global PMD signal detect function

The variable Global PMD _signal detect is the logical AND of the values of PMD signal detect i for i=0
to 3.

When the MDIO is implemented, this function maps the variable Global PMD _signal detect to the register
and bit defined in 92.6.

92.7.5 PMD lane-by-lane signal detect function

The PMD lane-by-lane signal detect function is used by the I00GBASE-CR4 PMD to indicate the success-
ful completion of the start-up protocol by the PMD control function (see 92.7.12). PMD _signal detect i
(where i represents the lane number in the range 0 to 3) is set to zero when the value of the variable signal -
detect is set to false by the Training state diagram for lane i (see Figure 72-5). PMD _signal detect i is set to
one when the value of signal detect for lane i is set to true.

If training is disabled by the management variable mr training_enable (see 92.6), PMD signal detect i
shall be set to one for /=0 to 3.

If the optional EEE deep sleep capability is supported, the following requirements apply. The value of
PMD signal detect i (for i=0 to 3) is set to zero when rx_mode is first set to QUIET. While rx_mode is set
to QUIET, PMD _signal detect i shall be set to one within 500 ns of the application of the ALERT pattern
defined in 92.7.2, with peak-to-peak differential voltage of 720 mV measured at TP2, to the differential pair
at the input of the cable assembly that connects the transmitter to the receiver of lane i. While rx_mode is set
to QUIET, PMD _signal detect i shall not be set to one when the voltage input to the differential pair of the
cable assembly that connects the transmitter to the receiver of lane i is less than or equal to 70 mV peak-to-
peak differential.

When the MDIO is implemented, this function maps the variables to registers and bits as defined in 92.6.
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92.7.6 Global PMD transmit disable function

The Global PMD transmit disable function is mandatory if EEE deep sleep capability is supported and is
otherwise optional. When implemented, it allows all of the transmitters to be disabled with a single variable.

a)  When Global PMD transmit_disable variable is set to one, this function shall turn off all of the
transmitters such that each transmitter drives a constant level (i.e., no transitions) and does not
exceed the maximum differential peak-to-peak output voltage in Table 92—6.

b) IfaPMD fault (92.7.9) is detected, then the PMD may set Global PMD transmit disable to one.

c¢) Loopback, as defined in 92.7.8, shall not be affected by Global PMD _transmit_disable.

d) The following additional requirements apply when the optional EEE deep sleep capability is
supported. The Global PMD transmit disable function shall turn off all of the transmitters as
specified in 92.8.3.1 when tx_mode transitions to QUIET from any other value. The Global PMD
transmit disable function shall turn on all of the transmitters as specified in 92.8.3.1 when tx_mode
transitions from QUIET to any other value.

92.7.7 PMD lane-by-lane transmit disable function

The PMD lane-by-lane transmit disable function is optional and allows the electrical transmitter in each lane
to be selectively disabled. When this function is supported, it shall meet the following requirements:

a)  When a PMD_transmit_disable i variable (where 7 represents the lane number in the range 0 to 3) is
set to one, this function shall turn off the transmitter associated with that variable such that it drives
a constant level (i.e., no transitions) and does not exceed the maximum differential peak-to-peak
output voltage specified in Table 92—6.

b) If a PMD fault (92.7.9) is detected, then the PMD may set each PMD _transmit disable i to one,
turning off the electrical transmitter in each lane.

c¢) Loopback, as defined in 92.7.8, shall not be affected by PMD _transmit_disable i.

92.7.8 Loopback mode

Local loopback mode is provided by the adjacent PMA (see 83.5.8) as a test function. When loopback mode
is enabled, transmission requests passed to each transmitter are sent directly to the corresponding receiver,
overriding any signal detected by each receiver on its attached link. Note that loopback mode does not affect
the state of the transmitter, which continues to send data (unless disabled).

Control of the loopback function is specified in 83.5.8.

NOTE 1—The signal path that is exercised in the loopback mode is implementation specific, but it is recommended that
this signal path encompass as much of the circuitry as is practical. The intention of providing this loopback mode of
operation is to permit diagnostic or self-test functions to test the transmit and receive data paths using actual data. Other
loopback signal paths may also be enabled independently using loopback controls within other devices or sublayers.

NOTE 2—Placing a network port into loopback mode can be disruptive to a network.

92.7.9 PMD fault function

If the MDIO is implemented, PMD _fault shall be mapped to the fault bit as specified in 45.2.1.2.1.
PMD fault is the logical OR of PMD receive fault, PMD_transmit fault, and any other implementation
specific fault.

92.7.10 PMD transmit fault function

The PMD transmit fault function is optional. The faults detected by this function are implementation spe-
cific, but the assertion of Global PMD _transmit_disable is not considered a transmit fault.
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If PMD _transmit_fault is set to one, then Global PMD transmit disable should also be set to one.

If the MDIO interface is implemented, then this function shall be mapped to the Transmit fault bit as speci-
fied in 45.2.1.7.4.

92.7.11 PMD receive fault function

The PMD receive fault function is optional. The faults detected by this function are implementation specific.
A fault is indicated by setting the variable PMD receive fault to one.

If the MDIO interface is implemented, then PMD receive fault shall be mapped to the Receive fault bit as
specified in 45.2.1.7.5.

92.7.12 PMD control function

Each lane of the 100GBASE-CR4 PMD shall use the same control function as 10GBASE-KR, as defined in
72.6.10, with the following differences:

a)  The training frame structure used by the 100GBASE-CR4 PMD control function shall be as defined
in 72.6.10 with the exception that 25.78125 GBd symbols replace 10.3125 GBd symbols and
100GBASE-CR4 Ul replace I0GBASE-KR UL

b) In addition to the coefficient update process specified in 72.6.10.2.5, the period from receiving a
new request to responding to that request shall be less than 2 ms, except during the first 50 ms
following the beginning of the start-up protocol. The beginning of the start-up protocol is defined to
be entry into the AN_GOOD_CHECK state in Figure 73-11. The start of the period is the frame
marker of the training frame with the new request and the end of the period is the frame marker of
the training frame with the corresponding response. A new request occurs when the coefficient
update field is different from the coefficient field in the preceding frame. The response occurs when
the coefficient status report field is updated to indicate that the corresponding action is complete.

¢) In addition, the training pattern defined in 72.6.10.2.6 is replaced with a set of training patterns
designed to minimize the correlation between physical lanes. The training pattern for each lane shall
consist of 4094 bits from the output of a pseudo-random bit sequence (PRBS) generator followed by
two zeros. The PRBS generator for each lane shall implement each of the four generator polynomi-
als (polynomial n where n goes from 0 to 3) given in Table 92-5, selectable by identifier i (where i
is the lane number). By default identifier i is set to lane number i (i.e., identifier 0 = 0; identifier 1
= 1, etc.). At the start of the training pattern, the state of the generator shall be set to the value in
seed_i (where i is the lane number), with the default values given in Table 92-5. Note that a seed
value of 0x000 is invalid. An example implementation of the PRBS generator for n = 0 with default
settings is given in Figure 92-3. The first 32 bits of the training pattern for each polynomial is also
provided in Table 92-5.

SO | (¢l S4 (el S9 T; S10

Y

\
Training pattern output

Figure 92-3—PRBS generator for polynomial_0
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Table 92-5—PRBS parameters for each physical lane

. Default seed bits, SO is . a

n Polynomial _n, G(x) the left most bit Initial output
0 T+x" + 0+ x4+ 5" 10101111110 fbflcb3e

5 6 9 11
1 T+ +x°+x" +x 11001000101 fbb1e665

4 6 8 11
2 T+xt+x0+ 8 +x 11100101101 f3fdac46

4 6 7 11
3 T+x +x%+x +x 11110110110 f2ffad6b

The first 32 bits of the training pattern are presented in a hexadecimal representation where the hex
symbols are transmitted from left to right and the most significant bit of each hex symbol is trans-
mitted first

The variables rx_trained i, frame lock i, training i, and training_failure i (where i goes from 0 to 3) report
status for each lane and are equivalent to rx_trained, frame lock, training, and training_failure as defined in
72.6.10.3.1.

If the MDIO interface is implemented, then this function shall map the variables polynomial i, seed i,
rx_trained i, frame lock i, training 7, and training_failure i to the registers and bits defined in 92.6.

92.8 100GBASE-CRA4 electrical characteristics
92.8.1 Signal levels

The 100GBASE-CR4 MDI is a low-swing AC-coupled differential interface. AC-coupling within the plug
connectors, as defined in 92.12.1, allows for interoperability between components operating from different
supply voltages.

92.8.2 Signal paths

The 100GBASE-CR4 MDI signal paths are point-to-point connections. Each path corresponds to a
100GBASE-CR4 MDI lane and comprises two complementary signals, which form a balanced differential
pair. For 100GBASE-CRA4, there are four differential paths in each direction for a total of eight pairs, or
sixteen connections. The signal paths are intended to operate on twinaxial cable assemblies ranging from
0.5 m to 5 m in length, as described in 92.10.

92.8.3 Transmitter characteristics

Transmitter characteristics are summarized in Table 92—-6. Unless specified otherwise, all transmitter
measurements defined in Table 92—6 are made at TP2 utilizing the test fixtures specified in 92.11.1. A test
system with a fourth-order Bessel-Thomson low-pass response with 33 GHz 3 dB bandwidth is to be used
for all transmitter signal measurements, unless otherwise specified. The transmitter specifications at TPO are
provided informatively in Annex 92A.
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Table 92—6—Transmitter characteristics at TP2 summary

Parameter Subclause Value Units
reference

Differential peak-to-peak output voltage (max.) with Tx disabled | 92.8.3.1 35 mV
DC common-mode voltage (max.) 92.8.3.1 1.9 \Y
AC common-mode output voltage, v,,,,; (max., RMS) 92.8.3.1 30 mV
Differential peak-to-peak voltage, v;; (max.) 92.8.3.1 1200 mV
Differential output return loss (min.) 92.8.3.2 See Equation (92-1) dB
Common-mode to differential mode output return loss (min.) 92.8.3.3 See Equation (92-2) dB
Common-mode to common-mode output return loss (min.) 92.83.4 See Equation (92-3) dB
Transmitter steady-state voltage, vf(min.) 92.83.5.2 0.34 \Y
Transmitter steady-state voltage, v‘f(max.) 0.6
Linear fit pulse peak (min.) 92.8.3.5.2 0.45 x vr A%
Transmitted waveform

abs coefficient step size (min.) 92.8.3.5.4 0.0083

abs coefficient step size (max.) 92.8.3.5.4 0.05

minimum precursor full-scale ratio 92.8.3.5.5 1.54

minimum post cursor full-scale ratio 92.8.3.5.5 4
Signal-to-noise-and-distortion ratio (min.) 92.8.3.7 26 dB
Output jitter (max.)

Even-odd jitter, peak-to-peak 92.8.3.8.1 0.035 Ul

Effective bounded uncorrelated jitter, peak-to-peak 92.8.3.8.2 0.1 Ul

Effective total uncorrelated jitter, peak-to-peak 92.8.3.8.2 0.18 Ul
Signaling rate, per lane 92.8.3.9 25.78125+100 ppm GBd
Unit interval nominal 92.8.3.9 38.787879 ps

92.8.3.1 Signal levels

The differential output voltage v; is defined to be SLi<p> minus SLi<n>. The common-mode output volt-
age v,,,,; is defined to be one half of the sum of SLi<p> and SLi<n>. These definitions are illustrated by
Figure 92—4.

SLi<p>

SLi<p>+SLi<n>
2

— = Vemi T

- — Ground

Figure 92—4—Transmitter output voltage definitions
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The peak-to-peak differential output voltage shall be less than or equal to 1200 mV regardless of the trans-
mit equalizer setting. The peak-to-peak differential output voltage shall be less than or equal to 35 mV while
the transmitter is disabled (refer to 92.7.6 and 92.7.7).

The 100GBASE-CR4 Style-1 connector may support 100GBASE-CR4 or XLPPI interfaces. For implemen-
tations that support both interfaces, the transmitter should not exceed the XLPPI voltage maximum until a
100GBASE-CR4 cable assembly has been identified.

The DC common-mode output voltage shall be between 0 V and 1.9 V with respect to signal ground. The
AC common-mode output voltage shall be less than or equal to 30 mV RMS with respect to signal ground.
Common-mode output voltage requirements shall be met regardless of the transmit equalizer setting.

If the optional EEE deep sleep capability is supported the following requirements also apply. The peak-to-
peak differential output voltage shall be less than 35 mV within 500 ns of the transmitter being disabled. The
peak-to-peak differential output voltage shall be greater than 720 mV within 500 ns of the transmitter being
enabled. The transmitter is enabled by the assertion of tx_mode=ALERT, and the preceding requirement
applies when the transmitted symbols are the periodic pattern defined in 92.8.1 and the transmitter equalizer
coefficients are assigned their preset values. The transmitter shall meet the requirements of 92.8.3 within
1 us of the transmitter being enabled. While the transmitter is disabled, the DC common-mode output volt-
age shall be maintained to within =150 mV of the value for the enabled transmitter.

Differential and common-mode signal levels are measured with a PRBS9 test pattern.
92.8.3.2 Transmitter differential output return loss
The differential output return loss, in dB, of the transmitter shall meet Equation (92—1). This output

impedance requirement applies to all valid output levels. The reference impedance for differential return loss
measurements shall be 100 Q.

Return_loss(f) = 9.5-037f 0.01<f<8 (dB) 92-1)
4.75-7.41og,,(f/ 14) 8<f<19
where
f is the frequency in GHz

Return_loss(f)  is the return loss at frequency f

The transmitter differential output return loss is illustrated in Figure 92-5.
92.8.3.3 Common-mode to differential mode output return loss

The common-mode to differential mode output return loss, in dB, of the transmitter shall meet
Equation (92-2).

Return_loss(f) > { 22-(20/25.78)f  0.01 <f<12.89 } (dB) ©922)
15-(6/25.78)f  12.89<f<19
where
f is the frequency in GHz

Return_loss(f)  is the return loss at frequency f

The common-mode to differential mode output return loss is illustrated in Figure 92—6.
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Figure 92-5—Transmitter differential output return loss
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Figure 92—-6—Common-mode to differential mode return loss

92.8.3.4 Common-mode to common-mode output return loss

of the transmitter shall meet

>

The common-mode to common-mode output return loss, in dB

Equation (92-3).
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Return_loss(f) =2 (dB) (92-3)

for 0.2 <f<19 GHz

where
f is the frequency in GHz
Return_loss(f)  is the common-mode to common-mode return loss at frequency f

92.8.3.5 Transmitter output waveform
The 100GBASE-CR4 transmit function includes programmable equalization to compensate for the

frequency-dependent loss of the channel and facilitate data recovery at the receiver. The functional model
for the transmit equalizer is the three tap transversal filter shown in Figure 92-7.

Input Output

_\
c

delay

1Ul c(0)
delay

c(1)

Figure 92—-7—Transmit equalizer functional model

The state of the transmit equalizer and hence the transmitted output waveform may be manipulated via the
PMD control function defined in 92.7.12 or via the management interface. The transmit function responds to
a set of commands issued by the link partner’s receive function and conveyed by a back-channel
communications path.

This command set includes instructions to

a) Increment coefficient c(i).

b) Decrement coefficient c(i).

¢) Hold coefficient c(i) at its current value.

d)  Set the coefficients to a predefined value (preset or initialize).

In response, the transmit function relays status information to the link partner’s receive function. The status
messages indicate that

al) The requested update to coefficient c¢(i) has completed (updated).
bl) Coefficient c(i) is at its minimum value.

cl) Coefficient c(i) is at its maximum value.

dl) Coefficient c(i) is ready for the next update request (not_updated).
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92.8.3.5.1 Linear fit to the measured waveform

For each configuration of the transmit equalizer, capture at least one complete cycle of the test pattern
PRBS9 as specified in 83.5.10 at TP2 per 85.8.3.3.4. In the following calculation, M should be an integer not
less than 32. Interpolation of the captured waveform may be used to achieve this. Compute the linear fit
pulse response p(k) from the captured waveform per 85.8.3.3.5 using N, = 14 and D), = 2. Define r(k) to be
the linear fit pulse response when transmit equalizer coefficients have been set to the “preset” values. The
normalized coefficients for any configuration of the transmit equalizer are computed using the following
method.

Define an MN,-by-3 matrix R,,. The elements of R, are assigned values per Equation (92—4) where i = -1 to
1,j=1to MN,, and m =-M/2 to M/2—1 when M is even and —(M-1)/2 to (M-1)/2 when M is odd.

Rm09i+2):{r(m+jiM) 1Sm+jiMSMNp} ©92-4)
0 otherwise

The normalized coefficients of the transmit equalizer are computed using Equation (92-5).

cn(=1) | e
cu(0) ] = (RiRm) R; (92-5)
¢, (1) p(MN,)

The linear fit pulse response is reconstructed from the matrix R,, and the normalized coefficients using
Equation (92-6).

Pu(1) cu(=1)
e - Rm cm(o) (92_6)
pm(MNp) Cm(l)

The sum of the squared error between p(k) and p,,(k) is computed using Equation (92-7). The normalized
transmit equalizer coefficients c(i) for a given linear fit pulse p(k) are the values c,,(i) for the value of m that
minimizes sz(m).

MN,

Em) = 2 (p(k)—p, (k) (92-7)

k=1
92.8.3.5.2 Steady-state voltage and linear fit pulse peak
The steady-state voltage v,is defined to be the sum of the linear fit pulse p(k) divided by M (refer to 85.8.3.3
step 3). The steady-state voltage shall be greater than or equal to 0.34 V and less than or equal to 0.6 V after

the transmit equalizer coefficients have been set to the “preset” values.

The peak value of p(k) shall be greater than 0.45 x vafter the transmit equalizer coefficients have been set
to the “preset” values.
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92.8.3.5.3 Coefficient initialization

When the PMD enters the INITIALIZE state of the Training state diagram (Figure 72—-5) or receives a valid
request to “initialize” from the link partner, the coefficients of the transmit equalizer shall be configured
such that the ratio (c(0)+c(1)—c(-1)Ac(0)+c(1)+c(-1)) is 1.29+10% and the ratio
(c(0)y—c(D)+c(=1)Ac(0)+c(1)+e(-1)) is 2.57 = 10%. These requirements apply upon the assertion of a
coefficient status report of “updated” for all coefficients.

92.8.3.5.4 Coefficient step size

The change in the normalized amplitude of coefficient c(i) corresponding to a request to “increment” that
coefficient shall be between 0.0083 and 0.05. The change in the normalized amplitude of coefficient c(7)
corresponding to a request to “decrement” that coefficient shall be between —0.0083 and —0.05.

The change in the normalized amplitude of the coefficient is defined to be the difference in the value
measured prior to the assertion of the “increment” or “decrement” request (e.g., the coefficient update
request for all coefficients is “hold”) and the value upon the assertion of a coefficient status report of
“updated” for that coefficient.

92.8.3.5.5 Coefficient range

When sufficient “increment” or “decrement” requests have been received for a given coefficient, the
coefficient reaches a lower or upper bound based on the coefficient range or restrictions placed on the
minimum steady-state differential output voltage or the maximum peak-to-peak differential output voltage.

With ¢(-1) set to zero and both ¢(0) and ¢(1) having received sufficient “decrement” requests so that they are
at their respective minimum values, the ratio (c(0) — ¢(1))/(c(0) + ¢(1)) shall be greater than or equal to 4.

With ¢(1) set to zero and both ¢(—1) and ¢(0) having received sufficient “decrement” requests so that they are
at their respective minimum values, the ratio (c(0) — ¢(—1))/(c(0) + c¢(—1)) shall be greater than or equal to
1.54.

Note that a coefficient may be set to zero by first asserting a coefficient preset request and then manipulating
the other coefficients as required by the test.

92.8.3.6 Insertion loss TPO to TP2 or TP3 to TP5

The recommended maximum insertion loss from TPO to TP2 or TP3 to TP5 including the test fixture is
given by Equation (92-8). Note that the recommended maximum insertion loss from TPO to TP2 or from
TP3 to TPS is 9.85 dB at 12.8906 GHz.

Insertion_loss(f) < { 0.08 +0.57./f+0.599f  0.01<f<14 } (dB) (92-8)
—19.067 +2.119f 14<f<19
where
f is the frequency in GHz

Insertion_loss(f) is the insertion loss at frequency f

The maximum insertion loss of TPO to TP2 or TP3 to TP5 is illustrated in Figure 92-8.
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Figure 92—8—Maximum insertion loss TPO to TP2 or TP3 to TP5

92.8.3.7 Transmitter output noise and distortion

Signal-to-noise-and-distortion ratio (SNDR) is measured at the transmitter output using the following
method, with transmitters on all PMD lanes enabled and transmitting the same pattern with identical trans-
mit equalizer settings.

Given a configuration of the transmit equalizer, capture at least one complete cycle of the test pattern PRBS9
as specified in 83.5.10 at TPOa per 85.8.3.3.4. Compute the linear fit pulse response p(k) and the linear fit
error waveform e(k) from the captured waveform per 85.8.3.3.5 using N, =14 and D, =2. Denote the
standard deviation of e(k) as o,.

Given the same configuration of the transmit equalizer, measure the RMS deviation from the mean voltage
at a fixed point in a run of at least 8 consecutive identical bits in a suitable pattern. PRBS9 is an example of
a pattern that includes runs suitable to perform the measurement. It is recommended that the deviation is
measured within the flattest portion of the waveform at a point where the slope is closest to zero. The RMS
deviation is measured for a run of zeros and also a run of ones. The average of the two measurements is
denoted as o,

SNDR is defined by Equation (92-9) where p,,,, is the maximum value of p(k).

2
SNDR = 101og10[#"7j dB 92-9)

c,to

SNDR shall be greater than 26 dB regardless of the transmit equalizer setting.
92.8.3.8 Transmitter output jitter

Three components of the transmitter output jitter are specified in this subclause: even-odd jitter, effective
bounded uncorrelated jitter, and effective total uncorrelated jitter.
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The effect of a single-pole high-pass filter with a 3 dB frequency of 10 MHz is applied to the jitter. The
voltage threshold for the measurement of BER or crossing times is the mid-point (0 V) of the AC-coupled
differential signal.

Jitter measurements are performed with transmitters on all PMD lanes enabled and transmitting the same
pattern with identical transmit equalizer settings.

92.8.3.8.1 Even-odd jitter

Even-odd jitter is measured using two repetitions of a PRBS9 pattern. The deviation of the time of each tran-
sition from an ideal clock at the signaling rate is measured. Even-odd jitter is defined as the magnitude of the
difference between the average deviation of all even-numbered transitions and the average deviation of all
odd-numbered transitions, where determining if a transition is even or odd is based on possible transitions
but only actual transitions are measured and averaged.

Even-odd jitter shall be less than or equal to 0.035 Ul regardless of the transmit equalization setting.

NOTE—Even-odd jitter has been referred to as duty cycle distortion by other Physical Layer specifications for operation
over electrical backplane or twinaxial copper cable assemblies (see 72.7.1.9). The term even-odd jitter is used here to
distinguish it from the duty cycle distortion referred to by Physical Layer specifications for operation over fiber optic
cabling.

92.8.3.8.2 Effective bounded uncorrelated jitter and effective random jitter

Effective bounded uncorrelated jitter and effective random jitter are measured on each of two specific
transitions in a PRBS9 pattern (see 83.5.10). The two transitions occur in the sequence of five zeros and four
ones and nine ones and five zeros, respectively. The sequences are located at bits 10 to 18 and 1 to 14,
respectively, where bits 1 to 9 are the run of nine ones.

a)  The jitter components are determined according to the following method. Acquire a horizontal histo-
gram of a transition around the zero-crossing point. The number of acquired samples should be suf-
ficiently large to yield consistent measurement results. Designate the total number of samples as NS,
the number of bins as NB, the number of samples in each bin as N; where i is the bin number from 1
to NB, and the sample time corresponding with the center of each bin as ¢;.

b) Create two cumulative distribution curves CDFL; and CDFR; according to Equation (92-10) and
Equation (92-11) and two corresponding curves OR; and QL; according to Equation (92-12) and
Equation (92—13), where erfc™!(x) is the inverse of the complementary error function erfc(x) defined
by Equation (92—-14).

c) Determine the parameters m o5 and by of Equation (92—15) that best fit OL; as a function of ¢; for
bins with CDFL; in the range of 1073 to 2.5 x 1072, Similarly determine the parameters of Myoh: and
bright that best fit OR; as a function of #; for bins with CDFR; in the range of 102 t02.5 x 102

d) Calculate the values of effective bounded uncorrelated jitter and effective total uncorrelated jitter
according to Equation (92—17) and Equation (92-19), respectively. The peak-to-peak contribution of
the effective random jitter in the effective total uncorrelated jitter is related to a bit error ratio of

107,
"N
CDFL, = % ]Tg (92-10)
k=1
NB
Nk
CDFR, = ZATS (92-11)
k=i
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OL, = J2-erfc”'(2- CDFL)) (92-12)
-1
OR, = 2 -erfc” (2 - CDFR,) (92-13)
erfo(x) = = - [¢ "t (92-14)
Jn
Olefi = Mg~ 1+ Diegy (92-15)
Qright = Miight t+ bright (92-16)
effective bounded uncorrelated jitter = EBUJ = byoq/ Mye; = Digne/ Mg, (92-17)
. . Miefy — Mijgnt
effective random jitter = ERJ = ——— [0 (92-18)
2 Myjgne - Mgy
effective total uncorrelated jitter = 7.9 - ERJ+ EBUJ (92-19)

Effective bounded uncorrelated jitter shall be less than or equal to 0.1 UI peak-to-peak regardless of the
transmit equalization setting.

The effective total uncorrelated jitter shall be less than or equal to 0.18 UI peak-to-peak regardless of the
transmit equalization setting.

92.8.3.9 Signaling rate range

The 100GBASE-CR4 MDI signaling rate shall be 25.78125 GBd +100 ppm per lane. The corresponding
unit interval is approximately 38.787879 ps.

92.8.4 Receiver characteristics

The receiver characteristics are summarized in Table 92-7. Unless specified otherwise, all receiver
measurements defined in Table 92—7 are made at TP3 utilizing the test fixtures specified in 92.11.1. Unless
otherwise specified, a test system with a fourth-order Bessel-Thomson low-pass response with 33 GHz 3 dB
bandwidth is to be used for all receiver input signal measurements. The receiver specifications at TP5 are
provided informatively in Annex 92A.

Table 92-7—Receiver characteristics at TP3 summary

Parameter Subclause Value Units
reference
Receiver input amplitude tolerance 92.8.4.1 1200 mV as measured at TP2 mV
Differential input return loss (min) 92.8.4.2 Equation (92-20) dB
Differential to common-mode input return loss 92.8.4.3 Equation (92-21) dB
Interference Tolerance 92.8.4.4 Table 92-8 —
Signaling rate, per lane 92.8.4.6 25.78125 £ 100 ppm GBd
Unit interval (UI) nominal 92.8.4.6 38.787879 ps
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92.8.4.1 Receiver input amplitude tolerance

100GBASE-CR4 receiver shall operate at a BER better than 107 when connected to a compliant transmitter
whose peak-to-peak differential output voltage, as defined by 92.8.3.1 using preset equalizer coefficients, is
1200 mV using a compliant cable assembly with the minimum insertion loss defined in 92.10.2. The
receiver is allowed to control the transmitter equalizer coefficients, using the protocol defined in 92.7.12 or
an equivalent process, to meet this requirement.

92.8.4.2 Receiver differential input return loss
The differential input return loss, in dB, of the receiver shall meet Equation (92-20). This return loss

requirement applies at all valid input levels. The reference impedance for differential return loss
measurements shall be 100 Q.

Return_loss(f) > 9.5-0.37f 0.01<f<8 (dB) (92-20)
4.75-7.4log,,(f/14) 8§<f<19
where
f is the frequency in GHz

Return_loss(f)  is the return loss at frequency f
92.8.4.3 Differential to common-mode input return loss

The differential to common-mode input return loss, in dB, of the receiver shall meet Equation (92-21).

Return_loss(f) > { 22 -(20/25.78)f 0.01 £f<12.89 } (dB) 92-21)
15-(6/25.78)f 12.89<f<19
where
f is the frequency in GHz

Return_loss(f)  is the return loss at frequency f
92.8.4.4 Receiver interference tolerance test

The receiver interference tolerance of each lane shall comply with both test 1 and test 2 using the parameters
of Table 92—-8 when measured according to the requirements of 92.8.4.4.1 to 92.8.4.4.5. The cable assembly
used in the test channel specified in 92.8.4.4.2 shall meet the cable assembly Channel Operating Margin
(COM) specified in 92.10.7.
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Table 92—-8—100GBASE-CR4 interference tolerance parameters

Parameter Test 1 values Test 2 values Units

RS-FEC symbol error ratio® 1074 1074

Fitted insertion loss coefficients a;=1.7 a;=43 dB/GHz
a, =0.546 a, =0.571 dB/GHz
ay=0.01 ay=0.04 dB/GHz?

Applied SJb (peak-to-peak) 0.1 0.1 Ul

Applied RJ (RMS) 0.01 0.01 Ul

Even-odd jitter 0.035 0.035 Ul

COM (max) 3 3 dB

¥The FEC symbol error ratio is measured in step 11 of the receiver interference tolerance method de-
fined in 93C.2.
bApplied SJ frequency >100 MHz, specified at TPO.

92.8.4.4.1 Test setup

The interference tolerance test is performed with the setup shown in Figure 92-9. The requirements of this
subclause are verified at the pattern generator connection (PGC) or test references in Figure 92-9 and
Figure 92—10. The lanes under test (LUT) are illustrated in Figure 92-9 and Figure 92—-10. The cable
assembly single-ended receive lanes are terminated in 50 Q to provide 100 Q differential termination.

Transmitter
control

MDI
< Test Channel — ¢

TLUT_Tx F— = — — - — o

Pattern ® o A
Generator ,&P > Rx under |
: PGC as%ZPrllgly Tx/Rx test 1]
| 3 Tx [_, test fixture CR4 Cable Assembly PCB - — — A
‘ 4 Rx terminations ‘:4— Tx |
Host under test |

Test reference

Figure 92-9—Interference tolerance test setup

92.8.4.4.2 Test channel

The test channel consists of the following:

a) A cable assembly that meets the cable assembly COM specified in 92.10.7.
b) A cable assembly test fixture
¢) A connecting path from the pattern generator to the cable assembly test fixture
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92.8.4.4.3 Test channel calibration

The scattering parameters of the test channels are characterized at the test references as illustrated in
Figure 92—10 using the cable assembly test fixtures specified in 92.11.2.

' LUT_Tx TLUT_Rx

*  p| Cable Cable |—»
: asserbly CR4 Cable Assembl Goetinel
' test fixture y test fixture HTx
3 Tx «—
, , v
Test reference HTx = 4 transmit lanes corresponding Test reference

to 4 near-end crosstalk disturbers

Figure 92-10—Test channel calibration

The fitted insertion loss coefficients of the lane under test (LUT), derived using the fitting procedure in
92.10.2, shall meet the test values in Table 92-8. It is recommended that the deviation between the insertion
loss and the fitted insertion loss be as small as practical and that the fitting parameters be as close as practical
to the values given in Table 92-8.

The far-end crosstalk disturbers consist of 100GBASE-CR4 transmitters. It is recommended that the
transition time, equalization setting, and path from the far-end crosstalk disturbers to the cable assembly test
fixture emulate the pattern generator as much as practical. For 100GBASE-CR4 test channels, the crosstalk
that is coupled into a receive lane is from three transmitters. The disturber transmitters send scrambled idle
encoded by RS-FEC. The amplitudes of each of the disturbers should be set to the value that results in the
COM value given in Table 92—-8 when calculated by the method given below.

The COM shall be calculated using the method and parameters of 92.10.7 with the following exceptions:

CTSP) .

a)  The channel signal path is S CHS](Jk) = cascade(cascade(S(CTSP), S(HOSP))) , Where s is the

measured channel between the test references for the LUT in Figure 92—10.

b) The channel far-end crosstalk path is SCHNX' T;,k) = cascade(cascade(S(CTFXTk), S(HOSP))) , where
SCTFXTO i the measured FEXT channel between the test references [3 Tx] and LUT Rx in
Figure 92-10.

¢)  The value of the far-end aggressor amplitude 4, is adjusted until the required COM is achieved. The
far end aggressors ([3 Tx] in Figure 92-9) peak-to-peak amplitude is set to twice the resulting value
for the test.

d) If the test transmitter presents a high-quality termination, e.g., it is a piece of test equipment, the
transmitter device package model S7) is omitted from the calculation of S[(,k) . Instead, the voltage
transfer function is multiplied by the filter H/(f) defined by Equation (92-22) where 7, is the 20 to
80% transition time (see 86A.5.3.3) of the signal as measured at TPOa.

H(f) = exp(—(nfT,/1.6832)2) (92-22)
92.8.4.4.4 Pattern generator

The pattern generator transmits data to the device under test. At the start of transmitter training, the pattern
generator output amplitude shall be 800 mV peak-to-peak differential when measured on an alternating one-
zero pattern. The output amplitude, measured on an alternating one zero pattern, is not permitted to exceed
800 mV peak-to-peak differential during transmitter training. The pattern generator shall be set to match the
jitter specification in Table 92—8. The output waveform of the pattern generator shall comply to 93.8.1.
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92.8.4.4.5 Test procedure

For 100GBASE-CR4 testing, the pattern generator is first configured to transmit the training pattern defined
in 92.7.12. During this initialization period, the device under test (DUT) configures the pattern generator
equalizer, via transmitter control, to the coefficient settings it would select using the protocol described in
72.6.10 and the receiver is tuned using its optimization method.

After the pattern generator equalizer has been configured and the receiver tuned, the pattern generator is set
to generate scrambled idle encoded by RS-FEC. The receiver under test shall meet the target RS-FEC
symbol error ratio listed in Table 92—8. During the tests, the disturbers transmit at their calibrated level and
all of the transmitters in the device under test transmit scrambled idle encoded by RS-FEC, with the
maximum compliant amplitude and equalization turned off (preset condition).

92.8.4.5 Receiver jitter tolerance

Receiver jitter tolerance is defined by the procedure in this subclause. When measured using the test setup
shown in Figure 92-9, or its equivalent, the RS-FEC symbol error ratio for each lane of the receiver shall be
less than or equal to 10~* for each case listed in Table 92-9. The pattern generator meets the requirements of
92.8.4.4.4. The test channel meets the requirements of the interference tolerance test channel using Test 2
values listed in Table 92-8.

The test procedure is as described in 92.8.4.4.5 except that during the test the disturber transmitters are off
and the pattern generator jitter is set to the frequency and peak-to-peak amplitude specified in Table 92-9.

Table 92-9—Receiver jitter tolerance parameters

Parameter Case A Case B Units
values values
Jitter frequency 190 940 kHz
Peak-to-peak jitter amplitude 5 1 Ul

92.8.4.6 Signaling rate range

A 100GBASE-CR4 receiver shall comply with the requirements of 92.8.4.4 for any signaling rate in the
range 25.78125 GBd £ 100 ppm. The corresponding unit interval is approximately 38.787879 ps.

92.9 Channel characteristics

The 100GBASE-CR4 channel is defined between TPO and TPS to include the transmitter and receiver
differential controlled impedance printed circuit board and the cable assembly as illustrated in Figure 92-2.
The channel parameters insertion loss, return loss, COM and the transmitter and receiver differential
controlled impedance printed circuit board parameters for each differential lane are provided informatively
in 92A.4 through 92A.7.

92.10 Cable assembly characteristics

The 100GBASE-CR4 cable assembly contains insulated conductors terminated in a connector at each end
for use as a link segment between MDIs. This cable assembly is primarily intended as a point-to-point
interface of up to 5 m between network ports using controlled impedance cables. All cable assembly
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measurements are to be made between TP1 and TP4 with cable assembly test fixtures as specified in 92.11.2
and illustrated in Figure 92—-17. These cable assembly specifications are based upon twinaxial cable
characteristics, but other cable types are acceptable if the specifications of 92.10 are met.

The cable assembly COM is specified in 92.10.7.

Table 92—10 provides a summary of the cable assembly characteristics and references to the subclauses

addressing each parameter; reported values are at 12.8906 GHz.

Table 92—-10—Cable assembly differential characteristics summary

Description Reference Value Unit
Maximum insertion loss at 12.8906 GHz 92.10.2 22.48 dB
Minimum insertion loss at 12.8906 GHz 92.10.2 8 dB
Minimum return loss at 12.8906 GHz 92.10.3 6 dB
Differential to common-mode return loss 92.10.4 Equation (92-28) dB
Differential to common-mode conversion loss | 92.10.5 Equation (92-29) dB
Common-mode to common-mode return loss | 92.10.6 Equation (92-30) dB

92.10.1 Characteristic impedance and reference impedance

The nominal differential characteristic impedance of the cable assembly is 100 0 The differential reference
impedance for cable assembly specifications shall be 100 €.

92.10.2 Cable assembly insertion loss

The fitted cable assembly insertion loss ILﬁ”ed(f) as a function of frequency f'is defined in Equation (92-23).

ILgueal) = ayf+arf+a,f (dB) (92-23)
where
f is the frequency in GHz

ILgyeq(f) 1 the fitted cable assembly insertion loss at frequency f

Given the cable assembly insertion loss measured between TPl and TP4 is at N uniformly-spaced
frequencies f,, spanning the frequency range 50 MHz to 19 000 MHz with a maximum frequency spacing of
10 MHz, the coefficients of the fitted insertion loss are determined using Equation (92-24) and
Equation (92-25).

Define the frequency matrix F as shown in Equation (92-24).

Jh kA
Fo (b5 fa (92-24)
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The polynomial coefficients a;, a,, and a, are determined using Equation (92-25). In Equation (92-25), T
denotes the matrix transpose operator and /L is a column vector of the measured insertion loss values, IL,, at
each frequency f,.

a
| = (F'F) 'F'IL (92-25)
ay

The fitted insertion loss corresponding to one example of the maximum insertion loss at 12.8906 GHz is
illustrated in Figure 92—11.

Insertion loss (dB)

Frequency (GHz)

Figure 92—11—Example maximum cable assembly insertion loss

The measured insertion loss of the cable assembly shall be greater than or equal to the minimum cable
assembly insertion loss given in Equation (92-26) and illustrated in Figure 92—12. The measured insertion

loss of the cable assembly shall be less than or equal to the maximum cable insertion loss of 22.48 dB at
12.8906 GHz.

ILcypmin®) = 0.Tf+03f+0.01f  (dB) (92-26)
where
f is the frequency in GHz

ILCabmin(H 1 the minimum cable assembly insertion loss at frequency f’

Table 92-11—Maximum and minimum cable assembly insertion loss characteristics

Description Value Unit
Maximum insertion loss at 12.8906 GHz 2248 dB
Minimum insertion loss at 12.8906 GHz 8 dB
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Frequency (GHz)

Figure 92—12—Minimum cable assembly insertion loss

92.10.3 Cable assembly differential return loss

The differential return loss of each pair of the 100GBASE-CR4 cable assembly shall meet the values
determined using Equation (92-27).

Return_loss(f) > 16.5 - 2“0 0.05=f<4.1 (dB) (92-27)
10.66—14log,,(f/5.5) 41<f<19

where
f is the frequency in GHz
Return_loss(f)  is the return loss at frequency f
The minimum cable assembly return loss is illustrated in Figure 92—13.

92.10.4 Differential to common-mode return loss

The differential to common-mode return loss, in dB, of the cable assembly shall meet Equation (92-28).

Return loss(/) > { 22-(20/25.78)f  0.01 <f<12.89 } (dB) (©92-28)
15-(6/2578)f  12.89<f<19
where
f is the frequency in GHz

Return_loss(f)  is the return loss at frequency f

The differential to common-mode cable assembly return loss is illustrated in Figure 92—14.
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(gp) sso| wnyey

)

Frequency (GHz

Figure 92—13—Minimum cable assembly return loss

(gp) sso| wnjey

Frequency (GHz)

Figure 92—14—Differential to common-mode cable assembly return loss

92.10.5 Differential to common-mode conversion loss

The difference between the cable assembly differential to common-mode conversion loss and the cable

assembly insertion loss shall meet Equation (92

-29).
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10 0.01 <f<12.89
Conversion loss (f)—IL(f) =4 27-(29/22)f 12.89 <f<15.7 (92-29)
6.3 15.7<f<19
where
f is the frequency in GHz
Conversion_loss(f) 1is the cable assembly differential to common-mode conversion loss
IL(f) is the cable assembly insertion loss

92.10.6 Common-mode to common-mode return loss

The common-mode to common-mode return loss, in dB, of the cable assembly shall meet Equation (92-30).

Return_loss(f) =2 (dB) (92-30)

for 0.2 <f<19 GHz

where
f is the frequency in GHz
Return_loss(f)  is the common-mode to common-mode return loss at frequency f

92.10.7 Cable assembly Channel Operating Margin

The cable assembly Channel Operating Margin (COM) for each victim signal path (receive lane) is derived
from measurements of the cable assembly victim signal path, the four individual near-end crosstalk paths,
and the three far-end crosstalk paths that can couple into a victim signal path. COM is computed using the
procedure in 93A.1 with the Test 1 and Test 2 values in Table 93—8 and the signal paths defined in 92.10.7.1
and 92.10.7.2. Test 1 and Test 2 differ in the value of the device package model transmission line length z,,.

NOTE—For cable lengths greater than 4 m a frequency step (Af) no larger than 5 MHz is recommended.

The cable assembly COM shall be greater than or equal to 3 dB for each test. This minimum value allocates
margin for practical limitations on the receiver implementation as well as the largest step size allowed for
transmitter equalizer coefficients.

92.10.7.1 Channel signal path

The channel signal path between TPO and TP5 for the cable assembly COM consists of the measured cable
assembly signal path (TP1 and TP4), a representative transmitter PCB signal path (TPO to TP1), and a
representative receiver PCB signal path (TP4 to TPS).

The channel signal path to be used in COM (93A.1.2) is the concatenation of the cable assembly signal path
measurement, the transmitter PCB signal path, and the receiver PCB signal path using Equation (92-31)
(see 93A.1.2.1). The transmitter and receiver PCB signal paths are calculated according to 92.10.7.1.1.
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SCHS;k) = cascade(cascade(S(HOSP), S(CASP)), S(HOSP)) (92-31)
where

S CHS;k) is the channel signal path

SHOSP) s the signal path calculated according to 92.10.7.1.1

S5 i the cable assembly signal path

k is equal to zero

92.10.7.1.1 TPO to TP1 and TP4 to TP5 signal paths

The additional transmitter and receiver PCB signal paths are calculated using the method defined in
93A.1.2.3. The scattering parameters for a PCB of length z, are defined by Equation (93A-13),
Equation (93A-14), and the parameter values given in Table 92—12.

For the channel signal path defined in 92.10.7.1 and calculated using Equation (92-31), the transmitter and
receiver PCB model are each z, = 151 mm in length representing an insertion loss of 6.26 dB at 12.89 GHz
and are each denoted as S#OS” f

For the channel crosstalk paths defined in 92.10.7.2 and calculated using Equation (92-32) and
Equation (92-33), the receiver PCB model is SHOSP) The transmitter PCB model is z, = 72 mm in length
representing an insertion loss of 3 dB at 12.89 GHz and is denoted as SHOTYSP)  The transmitter PCB
insertion loss for the crosstalk channel is less than that for the signal channel to allow for a reasonable worst-
case crosstalk in the COM calculation.

Table 92-12—Transmission line model parameters

Parameter Value Units
) 0 1/mm
a 4.114 x 107 ns'2/mm
a, 2.547 x 1074 ns/mm
T 6.191 x 1073 ns/mm
Z, 109.8 Q

92.10.7.2 Channel crosstalk paths

The channel structure includes three far-end and four near-end crosstalk paths. The MDI is the significant
contributor to the channel crosstalk and is included in and characterized by the cable assembly crosstalk
measurements. The cable assembly crosstalk signal paths to be used in COM are the four individual near-
end crosstalk paths and the three far-end crosstalk paths that can couple into a victim signal path using the
cascaded function defined in 93A.1.2.1 given in Equation (92-32) and Equation (92-33).
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SCHNX T;k) = cascade(cascade(S(HOTXSP), S(CANXTk)), S(HOSP)) (92-32)
where

SCHNX T;k) is the channel near-end crosstalk path

SHOSP) is the signal path calculated according to 92.10.7.1.1

SUHOTXSE) is the signal path calculated according to 92.10.7.1.1

S{CANXTE) is the cable assembly near-end crosstalk path k&

k is 1 to 4 near-end crosstalk paths

GUHOTxSP) ’ §(CASFXTE) ), S(HOSP))

SCHFXT;k) = cascade(cascade( (92-33)

where

SCHFX T;k) is the channel far-end crosstalk path

§HOSP) is the signal path calculated according to 92.10.7.1.1

SUHOTESP) is the signal path calculated according to 92.10.7.1.1
(CAFXTK) .

S is the cable assembly far-end crosstalk path &

k is 1 to 3 far-end crosstalk paths

92.11 Test fixtures

Transmitter and receiver measurements are made at TP2 or TP3 utilizing the test fixture specified in 92.11.1.
and illustrated in Figure 92—15. All cable assembly measurements are to be made between TP1 and TP4
with cable assembly test fixtures as specified in 92.11.2 and illustrated in Figure 92—17. The test fixtures of
Figure 92—15 and Figure 92—17 are specified in a mated state, illustrated in Figure 92—18, to enable connec-
tions to measurement equipment. The requirements in this subclause are not MDI connector specifications
for an implemented design.

92.11.1 TP2 or TP3 test fixture

The test fixture (also known as Host Compliance Board) of Figure 92—15, or its equivalent, is required for
measuring the transmitter specifications in 92.8.3 at TP2 and the receiver return loss at TP3. The TP2 and
TP3 test points are illustrated in Figure 92-2. Figure 92—15 illustrates the test fixture attached to TP2 or TP3.

92.11.1.1 Test fixture return loss

The differential return loss, in dB, of the test fixture is specified in a mated state and shall meet the
requirements of 92.11.3.2.

92.11.1.2 Test fixture insertion loss

The test fixture printed circuit board insertion loss values determined using Equation (92—34) shall be used
as the reference test fixture insertion loss. The effects of differences between the insertion loss of an actual
test fixture and the reference insertion loss are to be accounted for in the measurements.
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| Signal Shield
Lo 4
Figure 92-15—Transmitter and receiver test setup
IL,/-,,ef(f) = —-0.00144 + 0.13824A/f+ 0.06624 f (dB) (92-34)

for 0.01 < f<25GHz

where
f is the frequency in GHz
ILyg0Af)  is the reference test fixture PCB insertion loss at frequency f

The reference test fixtures PCB insertion loss is illustrated in Figure 92—-16.
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Figure 92—-16—Reference test fixture insertion loss
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92.11.2 Cable assembly test fixture

The test fixture of Figure 92—17 (also known as Module Compliance Board) or its equivalent, is required for
measuring the cable assembly specifications in 92.10 at TP1 and TP4. The TP1 and TP4 test points are
illustrated in Figure 92-2 and Figure 92—17. The test fixture return loss is equivalent to the test fixture return
loss specified in 92.11.3.2. The test fixture printed circuit board insertion loss values determined using
Equation (92-35) shall be used as the reference test fixture insertion loss. The effects of differences between
the insertion loss of an actual test fixture and the reference insertion loss are to be accounted for in the
measurements.

°

MDI MD
| ! lu | |
receptacle | P plug | receptacle
1, ] 1, C]¥
Test Cable : : Cable Test
assembly test €s
Interface ass%rﬁglr)étest | Cable assembly | fixtur):e interface
excluding excluding
connector | | connector
I |
S - Ry
| I |
<—|ﬁr—> o
| ca I ILcatf |
Figure 92—17—Cable assembly test fixtures
IL () = —0.00125 + 0.12./f+ 0.0575/  (dB) (92-35)

for 0.01 GHz < /< 25 GHz

where
f is the frequency in GHz
1L i6(f) is the reference test fixture printed circuit board insertion loss at frequency f'

92.11.3 Mated test fixtures

The test fixtures of Figure 92—15 and Figure 92—17 are specified in a mated state illustrated in Figure 92—18.
The mated test fixtures specifications shall be verified in both directions indicated by the arrows illustrated
in Figure 92—-18 except insertion loss, which shall be verified at either test interface illustrated in
Figure 92—-18.

92.11.3.1 Mated test fixtures insertion loss

The insertion loss of the mated test fixtures shall meet the values determined using Equation (92-36) and
Equation (92-37).

FOM; p is calculated according to 93A.4 with £,=25.78125 GHz, T;=9.6 ps, and f,=0.75 x f;,. The fitted
insertion loss and insertion loss deviation are computed over the range f,,;,=0.01 GHz to f,,,,=25 GHz.
FOM; p shall be less than 0.13 dB.

IL(f) < ILygrpma () = { 0.12 +0.475 A/]—(‘-Jr 0.221f 0.01<f<14 } (dB) (92-36)
—-4.25+0.66f 14 <f<25
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_— | test fixture P E—
b
I |
M l
Figure 92—18—Mated test fixtures
IL(f) 2 ILyyrpmin() = 0.0656 Jf+ 0.164f 0.01 <f<25 (dB) (92-37)
where
f is the frequency in GHz

IL(f) is the mated test fixture insertion loss at frequency f

The mated test fixtures insertion loss limits are illustrated in Figure 92—19.

-y el

Insertion loss (dB)

Frequency (GHz)

Figure 92—19—Mated test fixtures Insertion loss

92.11.3.2 Mated test fixtures return loss

The return loss of the mated test fixtures measured at each test fixture interface shall meet the values deter-
mined using Equation (92-38).
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Return_loss(f) 2{ 20-f  001<f<4 } (dB) (92-38)

18-0.5f  4<f<25

where

f is the frequency in GHz
Return_loss(f)  is the return loss at frequency f

The mated test fixtures return loss is illustrated in Figure 92-20.

Return loss (dB)

| | | |

1 1 1 1

L L L L
0 2 4 6 8 10 12 14 16 18 20 22 24
Frequency (GHz)

Figure 92—20—Mated test fixtures return loss
92.11.3.3 Mated test fixtures common-mode conversion insertion loss

The common-mode conversion insertion loss of the mated test fixtures measured at either test fixture test
interface shall meet the values determined using Equation (92-39).

Conversion_loss(f) z{ 30-(29/22)f 001<f <16~5} (dB) (92-39)

8.25 16.5<f<25

where

f is the frequency in GHz
Conversion_loss(f)  is the conversion insertion loss at frequency f

The mated test fixtures common-mode conversion insertion loss is illustrated in Figure 92-21.

92.11.3.4 Mated test fixtures common-mode return loss

The common-mode return loss of the mated test fixtures measured at each test fixture test interface shall
meet the values determined using Equation (92—-40).
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Figure 92—21—Common-mode conversion loss
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The mated test fixtures common-mode return loss is illustrated in Figure 92-22.
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Figure 92-22—Common-mode return loss
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92.11.3.5 Mated test fixtures common-mode to differential mode return loss

The common-mode to differential mode return loss of the mated test fixtures measured at each test fixture
test interface shall meet the values determined using Equation (92—41).

Remn_loss(f)z{ 30-(30/25.78)f  0.01 <f< 12.89} (@B) ©2-41)

18— (6/25.78)f 12.89 < <25

where
f is the frequency in GHz
Return_loss(f)  is the common-mode to differential mode return loss at frequency f

The mated test fixtures common-mode to differential mode return loss is illustrated in Figure 92-23.

Return loss (dB)

| | | |

1 1 1 1

1 1 1 1

2 4 6 8 10 12 14 16 18 20 22 24
Frequency (GHz)

Figure 92-23—Common-mode to differential return loss

92.11.3.6 Mated test fixtures integrated crosstalk noise

The values of the mated test fixtures integrated crosstalk RMS noise voltages determined using
Equation (92—44) through Equation (92—48) for the multiple disturber near-end crosstalk loss, and the multi-
ple disturber far-end crosstalk loss shall meet the specifications in Table 92—13.

Table 92-13—Mated test fixtures integrated crosstalk noise

Parameter 100GBASE-CR4 Units
MDNEXT integrated crosstalk noise voltage Less than 1.8 mV
MDFEXT integrated crosstalk noise voltage Less than 4.8 mV
200

Copyright © 2014 IEEE. All rights reserved.

Authorized licensed use limited to: Zhejiang University. Downloaded on September 25,2014 at 02:23:24 UTC from IEEE Xplore. Restrictions apply.



IEEE Std 802.3bj-2014
AMENDMENT TO IEEE Std 802.3-2012: Ethernet

92.11.3.6.1 Mated test fixture multiple disturber near-end crosstalk (MDNEXT) loss

Since four lanes are used to transfer data between PMDs, the NEXT that is coupled into a receive lane is
from the four transmit lanes. Multiple Disturber Near-End Crosstalk (MDNEXT) loss is determined using
the individual NEXT losses.

MDNEXT loss is determined from the four individual pair-to-pair differential NEXT loss values using
Equation (92-42).
i=3
MDNEXT loss(f) = 101og10[z 10NL’“)“OJ (dB) (92-42)
i=0

for 0.05 GHz < /< 19 GHz

where
MDNEXT loss(f) is the MDNEXT loss at frequency f
NL{f) is the NEXT loss at frequency f of pair combination 7, in dB
f is the frequency in GHz
i is the 0 to 3 (pair-to-pair combination)

92.11.3.6.2 Mated test fixture multiple disturber far-end crosstalk (MDFEXT) loss

Since four lanes are used to transfer data between PMDs, the FEXT that is coupled into a data carrying lane
is from the three other lanes in the same direction. MDFEXT loss is specified using the individual FEXT
losses. MDFEXT loss is determined from the three individual pair-to-pair differential FEXT loss values
using Equation (92—43).

i=2
MDFEXT loss(f) = —101og10( > 10”“””(’] (dB) (92-43)
i=0
for 0.05 GHz < <19 GHz
where
MDFEXT loss(f) is the MDFEXT loss at frequency f
NL{f) is the FEXT loss at frequency f of pair combination 7, in dB
f is the frequency in GHz
i is the 0 to 2 (pair-to-pair combination)

92.11.3.6.3 Mated test fixture integrated crosstalk noise (ICN)

ICN is calculated from the MDFEXT and MDNEXT. Given the multiple disturber near-end crosstalk loss
MDNEXT loss(f) and multiple disturber far-end crosstalk loss MDFEXT loss(f) measured over N
uniformly-spaced frequencies f, spanning the frequency range 50 MHz to 19 000 MHz with a maximum
frequency spacing of 10 MHz, the RMS value of the integrated crosstalk noise is determined using
Equation (92—44) through Equation (92—48). The RMS crosstalk noise is characterized at the output of a
specified receive filter utilizing a specified transmitter waveform and the measured multiple disturber
crosstalk transfer functions. The transmitter and receiver filters are defined in Equation (92—44) and
Equation (92-45) as weighting functions to the multiple disturber crosstalk in Equation (92—46) and
Equation (92—47). The sinc function is defined by sinc(x) = sin(mx)/(mx).

Define the weight at each frequency f;, using Equation (92-44) and Equation (92-45).
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ol = i isind U/ ) [ (92-44)
Walfy) = G/ fosing’7, /) — — ] b - f)g} (92-45)
n’ Jft n’Jr

where the equation parameters are given in Table 92—14.
Note that the 3 dB transmit filter bandwidths f,; and f; are inversely proportional to the 20% to 80% rise and
fall times T}, and T respectively. The constant of proportionality is 0.2365 (e.g., T /ot = 0.2365; with £, in

hertz and 7 in seconds). In addition, f; is the 3 dB reference receiver bandwidth, which is set to 18.75 GHz.

The near-end integrated crosstalk noise ,, is calculated using Equation (92—46).

_ - 172
O = 2003 Wy (10 (92-46)
The far-end integrated crosstalk noise o, is calculated using Equation (92-47).
~ 1/2
o = [ZAfZ W(f,)10 MDFEXT’””“")”O] (92-47)

where Af is the uniform frequency step of f,,.

The total integrated crosstalk noise O, is calculated using Equation (92—48).

Oy = A anz + Gfxz (92—48)

The total integrated crosstalk noise for the mated test fixture is computed using the parameters shown in
Table 92—-14.

Table 92-14—Mated test fixture integrated crosstalk noise parameters

Description Symbol Value Units
Symbol rate fo 2578125 | GBd
Near-end disturber peak differential output amplitude | A4, 600 mV
Far-end disturber peak differential output amplitude Ag 600 mV
Near-end disturber 20% to 80% rise and fall times T, 9.6 ps
Far-end disturber 20% to 80% rise and fall times T i 9.6 ps

92.12 MDI specification

This subclause defines the Media Dependent Interface (MDI). The 100GBASE-CR4 PMD, as per 92.7, is
coupled to the cable assembly, as per 92.10, by the MDI.
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92.12.1 100GBASE-CR4 MDI connectors

Connectors meeting the requirements of 92.12.1.1 (Style-1) or 92.12.1.2 (Style-2) are used as the mechani-
cal interface between the PMD of 92.7 and the cable assembly of 92.10. The plug connector is used on the
cable assembly and the receptacle on the PHY. Style-1 or Style-2 connectors may be used as the MDI.

For Style-1 and Style-2 100GBASE-CR4 plug connectors, the receive lanes are AC-coupled; the AC-
coupling shall be within the plug connectors. It should be noted that there may be various methods for AC-
coupling in actual implementations. The low-frequency 3 dB cutoff of the AC-coupling shall be less than
50 kHz. It is recommended that the value of the coupling capacitors be 100 nF. The capacitor limits the
inrush charge and baseline wander.

92.12.1.1 Style-1 100GBASE-CR4 MDI connectors

The plug connector for each end of the cable assembly shall be the QSFP+ 28 Gb/s 4X Pluggable (QSFP28)
plugs defined in SFF-8665 and illustrated in Figure 92-24. The MDI connector shall be the QSFP+ 28 Gb/s
4X Pluggable (QSFP28) receptacle with the mechanical mating interface defined in SFF-8665 and
illustrated in Figure 92-25. These connectors have contact assignments that are listed in Table 92—15 and
electrical performance consistent with the signal quality and electrical requirements of 92.8 and 92.9.

20 | | /38
N I
19//7| |'\\1

Figure 92—24—Style-1 example cable assembly

38 20

\\SWMMNWWWWW //
1 JWTHWWHWW 19

Figure 92-25—Style-1 example MDI board receptacle

The Style-1 MDI connector of the 100GBASE-CR4 PMD comprises 38 signal connections. The Style-1
100GBASE-CR4 MDI connector contact assignments shall be as defined in Table 92—15.

203
Copyright © 2014 IEEE. All rights reserved.

Authorized licensed use limited to: Zhejiang University. Downloaded on September 25,2014 at 02:23:24 UTC from IEEE Xplore. Restrictions apply.



IEEE Std 802.3bj-2014
AMENDMENT TO IEEE Std 802.3-2012: Ethernet

Table 92-15—100GBASE-CR4 lane to MDI connector contact mapping

Tx lane MDI connector Rx lane MDI connector
contact contact
signal gnd S1 signal gnd S13
SL1<n> S2 DL2<p> S14
SL1<p> S3 DL2<n> S15
signal gnd S4 signal gnd S16
SL3<n> S5 DLO<p> S17
SL3<p> S6 DLO<n> S18
signal gnd S7 signal gnd S19
signal gnd S32 signal gnd S20
SL2<p> S33 DL1<n> S21
SL2<n> S34 DL1<p> S22
signal gnd S35 signal gnd S23
SLO<p> S36 DL3<n> S24
SLO<n> S37 DL3<p> S25
signal gnd S38 signal gnd S26

92.12.1.2 Style-2 100GBASE-CR4 MDI connectors

The connector for each end of the cable assembly shall be the 100G Form Factor Pluggable 4 (CFP4) with
the mechanical mating interface defined in CFP4 MSA HW Specification and illustrated in Figure 92-26.
The MDI connector shall be the 100G Form Factor Pluggable (CFP4) receptacle with the mechanical mating
interface defined by CFP4 MSA HW Specification and illustrated in Figure 92-27. These connectors have
contact assignments that are listed in Table 92—16, and electrical performance consistent with the signal
quality and electrical requirements of 92.8 and 92.9.

PIN 29 PIN 56

PIN 28 (1 - PINT

Figure 92—26—Style-2 example cable assembly
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PIN 56 PIN 29

PIN1 -

Figure 92—27—Style-2 example MDI board receptacle

The Style-2 MDI connector of the I00GBASE-CR4 PMD comprises 56 signal connections. The Style-2
100GBASE-CR4 MDI connector contact assignments shall be as defined in Table 92—16. Note that the
source lanes (SL), signals SLi<p>, and SLi<n> are the positive and negative sides of the transmitters
differential signal pairs and the destination lanes (DL) signals, DLi<p>, and DLi<n> are the positive and
negative sides of the receivers differential signal pairs for lane i (i=0, 1, 2, 3).

Table 92-16—100GBASE-CR4 lane to MDI connector contact mapping

Tx lanes MDI connector Rx lanes MDI connector
contact contact
signal gnd 44 signal gnd 29
SLO<p> 45 DLO<p> 30
SLO<n> 46 DLO<n> 31
signal gnd 47 signal gnd 32
SL1<p> 48 DL1<p> 33
SL1<n> 49 DL1<n> 34
signal gnd 50 signal gnd 35
SL2<p> 51 DL2<p> 36
SL2<n> 52 DL2<n> 37
signal gnd 53 signal gnd 38
SL3<p> 54 DL3<p> 39
SL3<n> 55 DL3<n> 40
signal gnd 56 signal gnd 41

92.13 Environmental specifications

All equipment subject to this clause shall conform to the applicable requirements of 14.7.

205
Copyright © 2014 IEEE. All rights reserved.

Authorized licensed use limited to: Zhejiang University. Downloaded on September 25,2014 at 02:23:24 UTC from IEEE Xplore. Restrictions apply.



IEEE Std 802.3bj-2014
AMENDMENT TO IEEE Std 802.3-2012: Ethernet

92.14 Protocol implementation conformance statement (PICS) proforma for
Clause 92, Physical Medium Dependent (PMD) sublayer and baseband medium,
type 100GBASE-CR4'

92.14.1 Introduction
The supplier of a protocol implementation that is claimed to conform to Clause 92, Physical Medium
Dependent (PMD) sublayer and baseband medium, type 100GBASE-CRA4, shall complete the following pro-

tocol implementation conformance statement (PICS) proforma.

A detailed description of the symbols used in the PICS proforma, along with instructions for completing the
PICS proforma, can be found in Clause 21.

92.14.2 Identification

92.14.2.1 Implementation identification

Supplier1

Contact point for enquiries about the PICS!

Implementation Name(s) and Version(s)] 3

Other information necessary for full identification—e.g.,
name(s) and version(s) for machines and/or operating
systems; System Name(s)2

NOTE 1— Required for all implementations.

NOTE 2— May be completed as appropriate in meeting the requirements for the identification.

NOTE 3—The terms Name and Version should be interpreted appropriately to correspond with a supplier’s
terminology (e.g., Type, Series, Model).

92.14.2.2 Protocol summary

Identification of protocol standard IEEE Std 802.3bj-2014, Clause 92, Physical Medium
Dependent (PMD) sublayer and baseband medium, type
100GBASE-CR4

Identification of amendments and corrigenda to this
PICS proforma that have been completed as part of this
PICS

Have any Exception items been required?  No [ ] Yes [ ]
(See Clause 21; the answer Yes means that the implementation does not conform to IEEE Std 802.3bj-2014.)

Date of Statement

11Copyrzght release for PICS proformas: Users of this standard may freely reproduce the PICS proforma in this subclause so that it can
be used for its intended purpose and may further publish the completed PICS.
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Item?® Feature Subclause Value/Comment Status Support
CGMIIL CGMIIL 92.1 Interface is supported 0} Yes [ ]
No[]
PCS 100GBASE-R PCS 92.1 M Yes [ ]
RS-FEC | 100GBASE-R RS-FEC 92.1 M Yes [ ]
PMA 100GBASE-R PMA 92.1 M Yes [ ]
CAUI CAUI 92.1 Interface is supported (0] Yes [ ]
No[]
CR4 100GBASE-CR4 PMD 92.1 Can operate as 100GBASE- M Yes [ ]
CR4 PMD
AN Auto-negotiation 92.1 Device implements M Yes [ ]
Auto-Negotiation
DC Delay constraints 92.4 Device conforms to delay M Yes [ ]
constraints specified in 92.4
DSC Skew constraints 92.5 Device conforms to Skew and M Yes [ ]
Skew Variation constraints
specified in 92.5
*MD MDIO capability 92.6 Registers and interface ¢ Yes [ ]
supported No[]
*EEE EEE deep sleep capability 92.1 Capability is supported o Yes [ ]
No[]
*GTD Global PMD transmit disable 92.7.6 Function is supported EEE:M Yes [ ]
function No[]
*LTD PMD lane-by-lane transmit 92.7.7 Function is supported ¢ Yes [ ]
disable function No[]
*CBL Cable assembly 92.10 Items marked with CBL 0] Yes [ ]
include cable assembly specifi- No[]
cations not applicable to a PHY
manufacturer
CAST1 100GBASE-CR4 Style-1 cable | 92.10 Cable assembly supports CBL:O.1 | Yes[]
assembly 100GBASE-CR4 Style-1 No []
CAST2 100GBASE-CR4 Style-2 cable | 92.10 Cable assembly supports CBL:O.1 | Yes|[]
assembly 100GBASE-CR4 Style-2 No[]
MDIST1 | Style-1 MDI connector 92.12.1.1 100GBASE-CR4 device uses 0:2 Yes [ ]
Style-1 MDI N/AT]
MDIST2 | Style-2 MDI connector 92.12.1.2 100GBASE-CR4 device uses 0:2 Yes [ ]
Style-2 MDI N/A T[]

2A “*” preceding an “Item” identifier indicates there are other PICS that depend on whether or not this item is supported.
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baseband medium, type 100GBASE-CR4

92.14.4.1 PMD functional specifications

Item Feature Sub- Value/Comment Status Support
clause
PF1 Transmit function 92.7.2 Converts four logical bit streams M Yes [ ]
from the PMD service interface
into four electrical signals and
delivers them to the MDI
PF2 Transmitter signal 92.7.2 A positive differential voltage M Yes [ ]
corresponds to tx_bit = one
PF3 ALERT signal 92.7.2 Transmit a periodic sequence, EEE:M | Yes|[]
where each period of the sequence N/AT]
consists of § ones followed by 8
zeros, on each lane when tx_mode
is set to ALERT
PF4 Receive function 92.7.3 Converts four electrical signals M Yes [ ]
from the MDI into four logical bit
streams delivers them to the PMD
service interface
PF5 Receiver signal 92.7.3 A positive differential voltage M Yes [ ]
corresponds to rx_bit = one
PF6 Training disabled by management 92.7.5 PMD signal detect isettoonefor | M Yes [ ]
i=0to3
PF7 PMD signal detect i asserted, 92.7.5 Set to one within 500 ns following | EEE:M | Yes|[ ]
rx_mode=QUIET the application of the signal
defined in 92.7.5 to the input of the
channel corresponding to the
receiver of lane i
PF8 PMD _signal detect i not asserted, | 92.7.5 Not set to one when the signal EEEXM | Yes|[]
rx_mode=QUIET applied to the input of the channel
corresponding to the receiver of
lane i is less than or equal to 70 mV
peak-to-peak differential
PF9 Global PMD_transmit disable 92.7.6 Disables all transmitters by forcing | GTD:M | Yes[ ]
a constant output level N/AT]
PF10 | Global PMD _transmit_disable 92.7.6 No effect GTD:M | Yes|[]
affect on loopback N/AT]
PF11 | Global PMD transmit disable func- | 92.7.6 Turn off all transmitters when EEE:M | Yes[]
tion, tx_mode transition to QUIET tx_mode transitions to QUIET N/AT]
from any other value
PF12 | Global PMD transmit disable func- | 92.7.6 Turn on all transmitters when EEE:M | Yes|[]
tion, tx_mode transition from tx_mode transitions from QUIET N/AT]
QUIET to any other value
PF13 | PMD transmit_disable i variable 92.7.7 When set to one, the transmitter for | LTD:M | Yes [ ]
lane i satisfies the requirements of N/AT[]
Table 926
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Sub-

Item Feature Value/Comment Status Support
clause

PF14 | PMD lane-by-lane transmit disable | 92.7.7 No effect LTD:M | Yes[]
function affect on loopback N/AT]

PF15 | PMD_fault variable mapping to 92.7.9 Mapped to the fault bit as specified | MD:M Yes [ ]
MDIO in452.1.2.1 N/AT]

PF16 | PMD _transmit_fault variable 92.7.10 | Mapped to Transmit fault bit as MD:M Yes [ ]
mapping to MDIO specified in 45.2.1.7.4 N/AT]

PF17 | PMD receive fault variable 92.7.11 | Mapped to Receive fault bit as MD:M Yes [ ]
mapping to MDIO specified in 45.2.1.7.5 N/AT]

PF18 | PMD control function 92.7.12 | Each lane uses the same M Yes [ ]

control function as
10GBASE-KR, as defined in

72.6.10
PF19 | PMD control response time 92.7.12 | Response time less than 2 ms. M Yes []
PF20 | Training frame structure 92.7.12 | Defined in 72.6.10 but adjusted for | M Yes [ ]

100GBASE-CR4 signaling rate
and use of uncorrelated training
patterns

PF21 | Training pattern 92.7.12 | 4094 bits from the output of a M Yes [ ]
pseudo-random bit sequence
(PRBS) generator defined in
Table 92-5 followed by two zeros

PF22 | Training pattern seed 92.7.12 | Set to the value in Table 925 at M Yes [ ]
the start of the training pattern

PF23 | PMD control function variable 92.7.12 | Map variables to the appropriate MD:M Yes [ ]

mapping bits as specified in 45.2.1.80 N/AT]

92.14.4.2 Management functions

Item Feature Subclause Value/Comment Status Support

MF1 Global PMD signal detect 92.7.4 Set to the value describedin | O Yes [ ]
45.2.1.9.7

MEF2 Global PMD signal detect 92.7.4 Set defined by the training O Yes [ ]
state diagram in Figure 72-5 No [ ]

MF3 Lane-by-Lane Signal Detect function | 92.7.5 Sets PMD _signal detect n MD:M Yes [ ]
values on a lane-by-lane N/AT]
basis per requirements of
92.7.5

MF4 Lane-by-Lane Signal Detect function | 92.7.5 If training is disabled by MD:M Yes [ ]
management, N/AT]
PMD signal detect i is set
to one for i=0 to 3.

MF5 Lane-by-Lane Signal Detect function | 92.7.5 Apply EEE requirements as EEEM | Yes[]
specified in 92.7.5 N/AT]
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Item Feature Subclause Value/Comment Status Support
MF6 Global PMD _transmit disable 92.7.6 Apply EEE requirements as EEE:M | Yes[]
specified in 92.7.6.
MF7 PMD _fault function 92.7.9 Mapped to the fault bit as MD:M Yes [ ]
specified in 45.2.1.2.1 N/AT]
MF8 PMD_transmit_fault function 92.7.10 Mapped to the MD:M Yes [ ]
PMD _transmit fault bit as N/AT[]
specified in 45.2.1.7.4
MF9 PMD receive fault function 92.7.11 Contributes to the MD:M | Yes[]
PMA/PMD receive fault bit N/AT]
as specified in 45.2.1.7.5
MF10 | PMD receive fault function 92.7.11 Contributes to the MD:M Yes [ ]
PMA/PMD receive fault bit N/AT]
as specified in 45.2.1.7.5
92.14.4.3 Transmitter specifications
Item Feature Subclause Value/Comment Status Support
TC1 Test fixture return loss 92.11.1.1 Meets equation constraints M Yes [ ]
TC2 Test fixture insertion loss 92.11.1.2 Meets equation constraints M Yes [ ]
TC3 Signaling rate per lane 92.8.3.9 25.78125 GBd + 100 ppm M Yes [ ]
TC4 Peak-to-peak differential out- | 92.8.3.1 Less than or equal to M Yes [ ]
put voltage 1200 mV regardless of
transmit equalizer setting
TCS Peak-to-peak differential 92.8.3.1 Less than or equal to 35 mV M Yes [ ]
output voltage, transmitter
disabled
TC6 DC common-mode output 92.8.3.1 Between 0 V and 1.9 V with M Yes [ ]
voltage respect to signal ground
TC7 AC common-mode output 92.8.3.1 Less than or equal to 30 mV M Yes [ ]
voltage RMS with respect to signal
ground
TC8 The peak-to-peak differential | 92.8.3.1 Less than 30 mV within EEE:M Yes [ ]
output voltage 500 ns of the transmitter
being disabled.
TC9 The peak-to-peak differential | 92.8.3.1 Greater than 720 mV within EEE:M Yes [ ]
output voltage 500 ns of the transmitter
being enabled
TC10 The peak-to-peak differential | 92.8.3.1 Meets the requirements of EEE:M Yes [ ]
output voltage 92.8.3 within 1 ps of the
transmitter being enabled.
TCI11 DC common-mode output 92.8.3.1 Maintained to within EEE:M Yes [ ]
voltage while the transmitter +150 mV of the value for the
is disabled. enabled transmitter.
TC12 Common-mode output 92.8.3.1 Met regardless of the transmit | M Yes [ ]
voltage requirements equalizer setting
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Item Feature Subclause Value/Comment Status Support
TC13 Differential output return loss | 92.8.3.2 Meets equation constraints M Yes [ ]
(min)
TC14 Reference impedance for 92.8.3.2 100 Q M Yes [ ]
differential return loss
measurements
TC15 Common-mode to differen- 92.8.3.3 Meets equation constraints M Yes [ ]
tial mode output return loss
TC16 Steady-state voltage, vy 92.8.3.5.2 0.34 min, 0.6 max M Yes [ ]
TC17 Linear fit pulse peak (min) 92.8.3.5.2 0.45 x v, M Yes [ ]
TC18 Coefficient initialization 92.8.3.5.3 Satisfies the requirements of M Yes [ ]
92.8.3.5.3.
TC19 Normalized coefficient step 92.83.5.4 Between 0.0083 and 0.05 M Yes [ ]
size for “increment”
TC20 Normalized coefficient step 92.8.3.5.4 Between —0.05 and —0.0083 M Yes [ ]
size for “decrement”
TC21 Maximum post-cursor 92.8.3.5.5 Greater than or equal to 4 M Yes [ ]
equalization ratio
TC22 Maximum pre-cursor 92.8.3.5.5 Greater than or equal to 1.54 M Yes [ ]
equalization ratio
TC23 Transmitter output SNDR 92.8.3.7 Greater than or equal to 26 dB | M Yes [ ]
TC24 Even-odd jitter 92.8.3.8.1 Less than or equal t0 0.035 Ul | M Yes [ ]
regardless of the transmit
equalization setting
TC25 Effective bounded 92.8.3.8.2 Less than or equal to 0.1 UL M Yes [ ]
uncorrelated jitter peak-to-peak regardless of the
transmit equalization setting
TC26 Effective total uncorrelated 92.8.3.8.2 Less than or equal to 0.18 Ul M Yes [ ]
jitter RMS regardless of the
transmit equalization setting
92.14.4.4 Receiver specifications
Item Feature Subclause Value/Comment Status Support
RC1 Test fixture return loss 92.11.1.1 Meets the requirements of M Yes [ ]
92.11.3.2
RC2 Test fixture insertion loss 92.11.1.2 Meets equation constraints M Yes [ ]
RC3 Receiver input amplitude tol- | 92.8.4.1 1200 mV measured at TP2 M Yes [ ]
erance
RC4 Differential input return loss 92.8.4.2 Meets equation constraints M Yes [ ]
RC5 Reference impedance for 92.8.4.2 100 Q M Yes [ ]
differential return loss
measurements
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Item Feature Subclause Value/Comment Status Support
RC6 Common-mode input return 92.8.4.3 Meets equation constraints M Yes [ ]
loss
RC7 Interference tolerance 92.8.4.4 Satisfy requirements M Yes [ ]
summarized in Table 92-8
RCS8 Interference tolerance 92.8.4.4.4 Pattern generator output M Yes [ ]
amplitude
RC9 Interference tolerance 92.8.4.4.4 Pattern generator jitter M Yes [ ]
specification
RC10 Receiver jitter tolerance for 92.8.4.5 The RS-FEC symbol error M Yes [ ]
each lane ratio less than or equal to 1074
for each test case
RCl11 Signaling rate, per lane 92.8.4.6 25.78125 GBd + 100 ppm M Yes [ ]
92.14.4.5 Cable assembly specifications
Item Feature Subclause Value/Comment Status Support
CAl Differential reference 92.10.1 100 Q CBL:M Yes [ ]
impedance N/AT]
CA2 Minimum insertion loss 92.10.2 Per Equation (92-26) CBL:M Yes [ ]
N/AT]
CA3 Maximum insertion loss 92.10.2 Less than or equal to 22.48 dB | CBL:M Yes [ ]
at 12.8906 GHz. N/AT]
CA4 Return loss 92.10.3 Per Equation (92-27) CBL:M Yes [ ]
N/AT]
CAS Differential to common-mode 92.10.4 Per Equation (92-28) CBL:M Yes [ ]
input and output return loss N/AT]
CA6 Differential to common-mode 92.10.5 Per Equation (92-29) CBL:M Yes [ ]
conversion loss N/AT]
CA7 Common-mode to common- 92.10.6 Per Equation (92-30) CBL:M Yes [ ]
mode return loss N/AT]
CA8 Cable assembly Channel 92.10.7 Greater than 3 dB CBL:M Yes [ ]
Operating Margin (COM) N/AT]
CA9 Test fixture reference printed 92.11.2 Per Equation (92-35) CBL:M Yes [ ]
circuit board insertion loss N/AT]
CAI10 Mated test fixture 92.11.3 Verified in both directions CBL:M Yes [ ]
specifications illustrated in Figure 92—18 N/AT]
except insertion loss verified at
either test interface in
directions illustrated in
Figure 92-18.
CALll Mated test fixture insertion 92.11.3.1 Per Equation (92-36) CBL:M Yes [ ]
loss and Equation (92-37) N/AT]
CAI12 Mated test fixture RMS 92.11.3.1 Less than 0.13 dB CBL:M Yes [ ]
insertion loss deviation N/AT]
212
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Item Feature Subclause Value/Comment Status Support
CA13 Mated test fixture return loss 92.11.3.2 Per Equation (92-38) CBL:M Yes [ ]
N/AT]
CAl4 Mated test fixture common- 92.11.3.3 Per Equation (92-39) CBL:M Yes [ ]
mode conversion loss N/AT]
CAIlS Mated test fixture common- 92.11.3.4 Per Equation (92-40) CBL:M Yes [ ]
mode return loss N/AT]
CAl6 Mated test fixture common- 92.11.3.5 Per Equation (92—41) CBL:M Yes [ ]
mode to differential mode N/AT]
return loss

CA17 Mated test fixtures integrated 92.11.3.6 Per Equation (92—44), through | CBL:M Yes [ ]

crosstalk noise Equation (92-48) and N/AT]
Table 92-13
CA18 Cable assembly connector type | 92.12.1.1 100GBASE-CR4 Style-1 plug | CAST1I:M | Yes[]
(SFF-8665 plug) N/AT]
CAI19 Pin assignments 92.12.1.1 Per Table 9215 CASTI:M | Yes[]
N/AT]
CA20 Cable assembly connector type | 92.12.1.2 100GBASE-CR4 Style-2 plug | CAST2:M | Yes|[ |
(CFP4) N/AT]
CA21 Pin assignments 92.12.1.2 Per Table 92-16 CAST2:M | Yes|[]
N/AT]
CA22 AC-coupling 92.12.1 3 dB cutoff CBL:M Yes [ ]
92.14.4.6 MDI connector specifications
Item Feature Subclause Value/Comment Status Support
MDC1 MDI connector type 92.12.1.1 100GBASE-CR4 Style-1 MDIST1:M Yes [ ]
receptacle N/AT]

(SFF-8665 receptacle)

MDC2 | MDI connector type 92.12.1.2 100GBASE-CR4 Style-2 MDIST2:M Yes [ ]
receptacle (CFP4 receptacle)

92.14.4.7 Environmental specifications

Item Feature Subclause Value/Comment Status Support

CC1 Environmental specifications 92.13 M Yes [ ]
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93. Physical Medium Dependent (PMD) sublayer and baseband medium,
type 100GBASE-KR4

93.1 Overview

This clause specifies the I00GBASE-KR4 PMD and baseband medium. There are three associated annexes.
Annex 93A defines characteristics of electrical backplanes, Annex 93B extends the electrical backplane
reference model with additional informative test points, and Annex 93C defines the test method for receiver
interference tolerance.

When forming a complete Physical Layer, a PMD shall be connected to the appropriate PMA as shown in

Table 93—1, to the medium through the MDI and to the management functions that are optionally accessible
through the management interface defined in Clause 45, or equivalent.

Table 93—1—Physical Layer clauses associated with the 100GBASE-KR4 PMD

Associated clause 100GBASE-KR4
81—RS Required
81—CGMII? Optional
82—PCS for 100GBASE-R Required
91—RS-FEC Required
83—PMA for 100GBASE-R? Required
83A—CAUI Optional
73—Auto-Negotiation Required
78—Energy-Efficient Ethernet Optional

8The CGMII is an optional interface. However, if the CGMII is not implement-
ed, a conforming implementation must behave functionally as though the RS
and CGMII were present.

There are limitations on the number of PMA lanes that may be used between
sublayers, see 83.3.

A 100GBASE-KR4 PHY with the optional Energy-Efficient Ethernet (EEE) capability may optionally enter
the Low Power Idle (LPI) mode to conserve energy during periods of low link utilization.

Figure 93—1 shows the relationship of the I00GBASE-KR4 PMD sublayers and MDI to the ISO/IEC Open
System Interconnection (OSI) reference model.

The receive path of the RS-FEC sublayer may have the option to perform error detection without correction
to reduce the data delay (see 91.5.3.3). When the receive path of the RS-FEC sublayer performs error
correction, the link is required to operate with a BER of 10~ or better. When the RS-FEC sublayer is
configured to bypass error correction, the link is required to operate with a BER of 10712 or better. In this
context, a link consists of a compliant PMD transmitter, a compliant PMD receiver, and a channel meeting
the requirements of 93.9.1.

For a complete Physical Layer, this specification is considered to be satisfied by a frame loss ratio (see
1.4.209a) of less than 6.2 x 1079 for 64-octet frames with minimum inter-packet gap.
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MDI = MEDIUM DEPENDENT INTERFACE RS-FEC = REED-SOLOMON FORWARD ERROR

CORRECTION

Figure 93—-1—100GBASE-KR4 PMD relationship to the ISO/IEC Open Systems
Interconnection (OSI) reference model and the IEEE 802.3 CSMA/CD LAN model

93.2 Physical Medium Dependent (PMD) service interface

This subclause specifies the services provided by the I00GBASE-KR4 PMD. The service interface for this
PMD is described in an abstract manner and does not imply any particular implementation. The PMD
service interface supports the exchange of encoded data. The PMD translates the encoded data to and from
signals suitable for the medium.

The PMD service interface is an instance of the inter-sublayer service interface defined in 80.3. The PMD
service interface primitives are summarized as follows:

PMD:IS _UNITDATA i.request
PMD:IS _UNITDATA i.indication
PMD:IS_SIGNAL.indication

The 100GBASE-KR4 PMD has four parallel bit streams, hence i = 0 to 3. The PMA (or the PMD) continu-

ously sends four parallel bit streams to the PMD (or the PMA), one per lane, each at a nominal signaling rate
0f 25.78125 GBd.
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The SIGNAL OK parameter of the PMD:IS SIGNAL.indication primitive corresponds to the variable
Global PMD signal detect as defined in 93.7.4. When Global PMD signal detect is one, SIGNAL OK
shall be assigned the value OK. When Global PMD signal detect is zero, SIGNAL OK shall be assigned
the value FAIL. When SIGNAL OK is FAIL, the PMD:IS UNITDATA i.indication parameters are
undefined.

If the optional EEE deep sleep capability is supported, then the PMD service interface includes two
additional primitives as follows:

PMD:IS_TX MODE.request
PMD:IS RX MODE.request

93.3 PCS requirements for Auto-Negotiation (AN) service interface

The PCS associated with this PMD is required to support the AN service interface primitive AN_LINK.indi-
cation defined in 73.9. (See 82.6.)

The 100GBASE-KR4 PHY may be extended using CAUI as a physical instantiation of the inter-sublayer
service interface between devices. If CAUI is instantiated, the AN LINK(link status).indication is relayed
from the device with the PCS sublayer to the device with the AN sublayer by means at the discretion of the
implementor. As examples, the implementor may employ use of pervasive management or employ a
dedicated electrical signal to relay the state of link status as indicated by the PCS sublayer on one device to
the AN sublayer on the other device.

93.4 Delay constraints

The sum of the transmit and the receive delays at one end of the link contributed by the 100GBASE-KR4
PMD, AN, and the medium in one direction shall be no more than 2048 bit times (4 pause_quanta or
20.48 ns). It is assumed that the one way delay through the medium is no more than 800 bit times (8 ns).

A description of overall system delay constraints and the definitions for bit times and pause quanta can be
found in 80.4 and its references.

93.5 Skew constraints

The Skew (relative delay) between the lanes must be kept within limits so that the information on the lanes
can be reassembled by the RS-FEC sublayer. Skew and Skew Variation are defined in 80.5 and specified at
the points SP1 to SP6 shown in Figure 80—5a.

If the PMD service interface is physically instantiated so that the Skew at SP2 can be measured, then the
Skew at SP2 is limited to 43 ns and the Skew Variation at SP2 is limited to 400 ps.

The Skew at SP3 (the transmitter MDI) shall be less than 54 ns and the Skew Variation at SP3 shall be less
than 600 ps.

The Skew at SP4 (the receiver MDI) shall be less than 134 ns and the Skew Variation at SP4 shall be less
than 3.4 ns.

If the PMD service interface is physically instantiated so that the Skew at SP5 can be measured, then the
Skew at SP5 shall be less than 145 ns and the Skew Variation at SP5 shall be less than 3.6 ns.

For more information on Skew and Skew Variation see 80.5.
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93.6 PMD MDIO function mapping

The optional MDIO capability described in Clause 45 defines several registers that provide control and sta-
tus information for and about the PMD. If MDIO is implemented, it shall map MDIO control bits to PMD
control variables as shown in Table 93-2, and MDIO status bits to PMD status variables as shown in Table

93-3.

Table 93—2—100GBASE-KR4 MDIO/PMD control variable mapping

MDIO control variable PMA/PMD register name R(:lgl:::)l;/?it PMD control variable
Reset PMA/PMD control 1 1.0.15 PMD _reset
Global PMD transmit PMD transmit disable 1.9.0 Global PMD _transmit_disable
disable
PMD transmit disable 3 to PMD transmit disable 1.9.4to0 PMD _transmit_disable 3 to
PMD transmit disable 0 1.9.1 PMD _transmit_disable 0
Restart training BASE-R PMD control 1.150.0 mr_restart_training
Training enable BASE-R PMD control 1.150.1 mr_training_enable
Polynomial identifier 3 PMD training pattern 3 1.1453.12:11 | identifier 3
Seed 3 PMD training pattern 3 1.1453.10:0 seed 3
Polynomial identifier 2 PMD training pattern 2 1.1452.12:11 | identifier 2
Seed 2 PMD training pattern 2 1.1452.10:0 seed 2
Polynomial identifier 1 PMD training pattern 1 1.1451.12:11 | identifier 1
Seed 1 PMD training pattern 1 1.1451.10:0 seed 1
Polynomial identifier 0 PMD training pattern 0 1.1450.12:11 | identifier O
Seed 0 PMD training pattern 0 1.1450.10:0 seed 0

Table 93—3—100GBASE-KR4 MDIO/PMD status variable mapping

MDIO status variable PMA/PMD register name R‘:lgl:;tlilzll?it PMD status variable
Fault PMA/PMD status 1 1.1.7 PMD _fault
Transmit fault PMA/PMD status 2 1.8.11 PMD _transmit_fault
Receive fault PMA/PMD status 2 1.8.10 PMD receive fault
Global PMD receive signal PMD receive signal detect 1.10.0 Global PMD signal detect
detect
PMD receive signal detect 3 to | PMD receive signal detect 1.10.4 to PMD signal detect 3 to
PMD receive signal detect O 1.10.1 PMD signal detect 0
100GBASE-KR4 deep sleep EEE capability 1.16.10 —
Receiver status 3 BASE-R PMD status 1.151.12 rx_trained 3
Frame lock 3 BASE-R PMD status 1.151.13 frame lock 3
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Table 93—-3—100GBASE-KR4 MDIO/PMD status variable mapping (continued)

MDIO status variable PMA/PMD register name Rigui::li:zll.)it PMD status variable
Start-up protocol status 3 BASE-R PMD status 1.151.14 training_3
Training failure 3 BASE-R PMD status 1.151.15 training_failure 3
Receiver status 2 BASE-R PMD status 1.151.8 rx_trained 2
Frame lock 2 BASE-R PMD status 1.151.9 frame lock 2
Start-up protocol status 2 BASE-R PMD status 1.151.10 training_2
Training failure 2 BASE-R PMD status 1.151.11 training_failure 2
Receiver status 1 BASE-R PMD status 1.151.4 rx_trained 1
Frame lock 1 BASE-R PMD status 1.151.5 frame lock 1
Start-up protocol status 1 BASE-R PMD status 1.151.6 training_1
Training failure 1 BASE-R PMD status 1.151.7 training_failure 1
Receiver status 0 BASE-R PMD status 1.151.0 rx_trained_0
Frame lock 0 BASE-R PMD status 1.151.1 frame _lock 0
Start-up protocol status 0 BASE-R PMD status 1.151.2 training_0
Training failure 0 BASE-R PMD status 1.151.3 training_failure 0

93.7 PMD functional specifications

93.7.1 Link block diagram

One direction for one lane of a 100GBASE-KR4 link is shown in Figure 93-2.

PMD PMD
service service
interface interface

I PMD = Channel ., PMD !
| | | |
PMD | | PMD
—l—> transmit | | receive —l—b
| function function |
| |
| I
| |
Device | |  Device
| Mated | package
S | connector AC-coupling | SS
e ! VR
SLi<p> DLi<p>
=P (—» 1 =P
SLi<n> 5 ' DLin>
Package-to » il
board-interface

Figure 93—2—100GBASE-KR4 link (one direction for one lane is illustrated)
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93.7.2 PMD Transmit function

The PMD transmit function shall convert the four bit streams requested by the PMD service interface
messages PMD:IS UNITDATA i.request (i=0 to 3) into four separate electrical signals. The four electrical
signals shall then be delivered to the MDI, all according to the transmit electrical specifications in 93.8.1. A
positive differential output voltage (SLi<p> minus SLi<n>) shall correspond to tx_bit = one.

If the optional EEE deep sleep capability is supported, the following requirements apply. When tx_mode is
set to ALERT, the PMD transmit function shall transmit a periodic sequence, where each period of the
sequence consists of 8 ones followed by 8 zeros, on each lane, with the transmit equalizer coefficients set to
the preset values (see 93.7.12 and 93.8.1.5). This sequence is transmitted regardless of the value of tx_bit
presented by the PMD:IS UNITDATA _i.request primitive. When tx_mode is not set to ALERT, the transmit
equalizer coefficients are set to the values determined via the start-up protocol (see 93.7.12).

93.7.3 PMD Receive function

The PMD receive function shall convert the four electrical signals from the MDI into four bit streams for
delivery to the PMD service interface using the messages PMD:IS UNITDATA i.indication (=0 to 3). A
positive differential input voltage (DLi<p> minus DLi<n>) shall correspond to rx_bit = one.

93.7.4 Global PMD signal detect function

The variable Global PMD _signal detect is the logical AND of the values of PMD signal detect i for i=0
to 3.

When the MDIO is implemented, this function maps the variable Global PMD _signal detect to the register
and bit defined in 93.6.

93.7.5 PMD lane-by-lane signal detect function

The PMD lane-by-lane signal detect function is used by the 100GBASE-KR4 PMD to indicate the success-
ful completion of the start-up protocol by the PMD control function (see 93.7.12). PMD _signal detect i
(where i represents the lane number in the range 0 to 3) is set to zero when the value of the variable signal -
detect is set to false by the Training state diagram for lane 7 (see Figure 72-5). PMD _signal _detect i is set to
one when the value of signal detect for lane i is set to true.

If training is disabled by the management variable mr_training_enable (see 93.6), PMD signal detect i
shall be set to one for /=0 to 3.

If the optional EEE deep sleep capability is supported, the following requirements apply. The value of
PMD signal detect i (for i=0 to 3) is set to zero when rx_mode is first set to QUIET. While rx_mode is set
to QUIET, PMD _signal detect i shall be set to one within 500 ns of the application of the ALERT pattern
defined in 93.7.2, with peak-to-peak differential voltage of 720 mV as measured at TPOa, to the differential
pair at the input of the channel that connects the transmitter to the receiver of lane i. While rx_mode is set to
QUIET, PMD signal detect i shall not be set to one when the voltage applied to the input of the differential
pair of the channel that connects the transmitter to the receiver of lane 7 is less than or equal to 60 mV peak-
to-peak differential.

When the MDIO is implemented, this function maps the variables to registers and bits as defined in 93.6.
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93.7.6 Global PMD transmit disable function

The Global PMD transmit disable function is mandatory if the EEE deep sleep capability is supported and is
otherwise optional. When implemented, it allows all of the transmitters to be disabled with a single variable.

a)  When Global PMD transmit_disable variable is set to one, this function shall turn off all of the
transmitters such that each transmitter drives a constant level (i.e., no transitions) and does not
exceed the maximum differential peak-to-peak output voltage in Table 93—4.

b) IfaPMD fault (93.7.9) is detected, then the PMD may set Global PMD transmit disable to one.

c¢) Loopback, as defined in 93.7.8, shall not be affected by Global PMD _transmit_disable.

d) The following additional requirements apply when the optional EEE deep sleep capability is
supported. The Global PMD transmit disable function shall turn off all of the transmitters as
specified in 93.8.1.3 when tx_mode transitions to QUIET from any other value. The Global PMD
transmit disable function shall turn on all of the transmitters as specified in 93.8.1.3 when tx_mode
transitions from QUIET to any other value.

93.7.7 PMD lane-by-lane transmit disable function

The PMD transmit disable function is optional and allows the electrical transmitter in each lane to be
selectively disabled. When this function is supported, it shall meet the following requirements:

a)  When a PMD_transmit_disable i variable (where 7 represents the lane number in the range 0 to 3) is
set to one, this function shall turn off the transmitter associated with that variable such that it drives
a constant level (i.e., no transitions) and does not exceed the maximum differential peak-to-peak
output voltage specified in Table 93—4.

b) If a PMD fault (93.7.9) is detected, then the PMD may set each PMD _transmit_disable i to one,
turning off the electrical transmitter in each lane.

c¢) Loopback, as defined in 93.7.8, shall not be affected by PMD _transmit_disable i.

93.7.8 Loopback mode

Local loopback mode is provided by the adjacent PMA (see 83.5.8) as a test function to the device. When
loopback mode is enabled, transmission requests passed to each transmitter are sent directly to the corre-
sponding receiver, overriding any signal detected by each receiver on its attached link. Note that loopback
mode does not affect the state of the transmitter, which continues to send data (unless disabled).

Control of the loopback function is specified in 83.5.8.

NOTE 1—The signal path that is exercised in the loopback mode is implementation specific, but it is recommended that
this signal path encompass as much of the circuitry as is practical. The intention of providing this loopback mode of
operation is to permit diagnostic or self-test functions to test the transmit and receive data paths using actual data. Other
loopback signal paths may also be enabled independently using loopback controls within other devices or sublayers.

NOTE 2—Placing a network port into loopback mode can be disruptive to a network.

93.7.9 PMD fault function

PMD fault is the logical OR of PMD receive fault, PMD_transmit fault, and any other implementation
specific fault. If the MDIO is implemented, PMD_fault shall be mapped to the fault bit as specified in
452.1.2.1.

93.7.10 PMD transmit fault function
The PMD transmit fault function is optional. The faults detected by this function are implementation spe-

cific, but the assertion of Global PMD _transmit_disable is not considered a transmit fault.
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If PMD _transmit_fault is set to one, then Global PMD transmit disable should also be set to one.

If the MDIO interface is implemented, then PMD _transmit_fault shall be mapped to the Transmit fault bit as
specified in 45.2.1.7.4.

93.7.11 PMD receive fault function

The PMD receive fault function is optional. The faults detected by this function are implementation specific.
A fault is indicated by setting the variable PMD receive fault to one.

If the MDIO interface is implemented, then PMD receive_fault shall be mapped to the Receive fault bit
specified in 45.2.1.7.5.

93.7.12 PMD control function

Each lane of the 100GBASE-KR4 PMD shall use the same control function as 10GBASE-KR, as defined in
72.6.10, with the following differences:

a)  The training frame structure used by the I00GBASE-KR4 PMD control function shall be as defined
in 72.6.10 with the exception that 25.78125 GBd symbols replace 10.3125 GBd symbols and
100GBASE-KR4 UI replace 10GBASE-KR UL

b) In addition to the coefficient update process specified in 72.6.10.2.5, the period from receiving a
new request to responding to that request shall be less than 2 ms, except during the first 50 ms
following the beginning of the start-up protocol. The beginning of the start-up protocol is defined to
be entry into the AN_GOOD_CHECK state in Figure 73—11. The start of the period is the frame
marker of the training frame with the new request and the end of the period is the frame marker of
the training frame with the corresponding response. A new request occurs when the coefficient
update field is different from the coefficient field in the preceding frame. The response occurs when
the coefficient status report field is updated to indicate that the corresponding action is complete.

¢) The training pattern defined in 72.6.10.2.6 shall be replaced with the set of training patterns defined
in 92.7.12, which are designed to minimize the correlation between physical lanes.

The variables rx_trained i, frame lock i, training i, and training_failure i (where i goes from 0 to 3) report
status for each lane and are equivalent to rx_trained, frame lock, training, and training_failure as defined in
72.6.10.3.1.

If the MDIO interface is implemented, then this function shall map these variables to the appropriate bits in
the BASE-R PMD status register (Register 1.151) as specified in 45.2.1.80.
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93.8 100GBASE-KR4 electrical characteristics
93.8.1 Transmitter characteristics

Transmitter characteristics measured at TPOa are summarized in Table 93-4.

Table 93—4—Summary of transmitter characteristics at TP0a

Parameter Subclause Value Units
reference

Signaling rate 93.8.1.2 25.78125+100 ppm | GBd
Differential peak-to-peak output voltage (max.) 93.8.1.3

Transmitter disabled 30 mV

Transmitter enabled 1200 mV
DC common-mode output voltage (max.) 93.8.1.3 1.9 A"
DC common-mode output voltage (min.) 93.8.1.3 0 v
AC common-mode output voltage (RMS, max.) 93.8.1.3 12 mV
Differential output return loss (min.) 93.8.1.4 Equation (93-3) dB
Common-mode output return loss (min.) 93.8.1.4 Equation (93-4) dB
Output waveform

Steady-state voltage v, (max.) 93.8.1.5.2 0.6 v

Steady-state voltage v (min.) 93.8.1.5.2 0.4 A%

Linear fit pulse peak (min.) 93.8.1.5.2 0.71 x v, v

Normalized coefficient step size (min.) 93.8.1.5.4 0.0083 —

Normalized coefficient step size (max.) 93.8.1.5.4 0.05 —

Pre-cursor full-scale range (min.) 93.8.1.5.5 1.54 —

Post-cursor full-scale range (min.) 93.8.1.5.5 4 —
Signal-to-noise-and-distortion ratio (min.) 93.8.1.6 27 dB
Output jitter (max.) 93.8.1.7

Even-odd jitter 0.035 Ul

Effective bounded uncorrelated jitter, peak-to-peak 0.1 Ul

Effective total uncorrelated jitter, peak-to-peak 0.18 Ul

93.8.1.1 Transmitter test fixture

Unless otherwise noted, measurements of the transmitter are made at the output of a test fixture (TP0Oa) as
shown in Figure 93-5.

The insertion loss of the test fixture shall be between 1.2 dB and 1.6 dB at 12.89 GHz. The magnitude of the
insertion loss deviation of the test fixture shall be less than or equal to 0.1 dB from 0.05 to 13 GHz.

The reference insertion loss of the test fixture is defined by Equation (93—1) where fis the frequency in GHz.

IL, (f) = —0.0015 +0.144./f+ 0.069f dB  0.05<f<25 (93-1)

The effects of differences between the insertion loss of an actual test fixture and the reference insertion loss
are to be accounted for in the measurements. The reference insertion loss is illustrated in Figure 93-3.
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Figure 93—-3—Test fixture reference insertion loss

The differential return loss of the test fixture, in dB, shall meet Equation (93-2) where f'is the frequency in
GHz.

20—f 0.05</<5
RL, (N =9 15 5<f<13 dB (93-2)
20.57 - 0.4286f 13 <f<25

The return loss limit is illustrated by Figure 93—4.
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Figure 93—4—Test fixture differential return loss limit
The common-mode return loss of the test fixture shall be greater than or equal to 10 dB from 0.05 to

13 GHz.

A test system with a fourth-order Bessel-Thomson low-pass response with 33 GHz 3 dB bandwidth is to be
used for all transmitter signal measurements, unless otherwise specified.
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Figure 93—-5—Transmitter test fixture and test points
93.8.1.2 Signaling rate and range
The 100GBASE-KR4 signaling rate shall be 25.78125 GBd + 100 ppm per lane.
93.8.1.3 Signal levels
The differential output voltage v,; is defined to be SLi<p> minus SLi<n>. The common-mode output volt-

age v, is defined to be one half of the sum of SLi<p> and SLi<n>. These definitions are illustrated by
Figure 93-6.

SLi<p>

SLi<p>+SLi<n>
2

— = Vemi T

- — Ground

Figure 93—6—Transmitter output voltage definitions

The peak-to-peak differential output voltage shall be less than or equal to 1200 mV regardless of the trans-
mit equalizer setting. The peak-to-peak differential output voltage shall be less than or equal to 30 mV while
the transmitter is disabled (refer to 93.7.6 and 93.7.7).

The DC common-mode output voltage shall be between 0 V and 1.9 V with respect to signal ground. The
AC common-mode output voltage shall be less than or equal to 12 mV RMS with respect to signal ground.
Common-mode output voltage requirements shall be met regardless of the transmit equalizer setting.

If the optional EEE deep sleep capability is supported the following requirements also apply. The peak-to-
peak differential output voltage shall be less than 30 mV within 500 ns of the transmitter being disabled. The
peak-to-peak differential output voltage shall be greater than 720 mV within 500 ns of the transmitter being
enabled. The transmitter is enabled by the assertion of tx_mode=ALERT and the preceding requirement
applies when the transmitted symbols are the periodic pattern defined in 93.7.2 and the transmitter equalizer
coefficients are assigned their preset values. The transmitter shall meet the requirements of 93.8.1 within
1 us of the transmitter being enabled. While the transmitter is disabled, the DC common-mode output volt-
age shall be maintained to within £150 mV of the value for the enabled transmitter.
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Unless otherwise noted, differential and common-mode signal levels are measured with a PRBS9 test
pattern.

93.8.1.4 Transmitter output return loss
The differential output return loss, in dB, of the transmitter shall meet Equation (93-3) where f is the

frequency in GHz. This output impedance requirement applies to all valid output levels. The reference
impedance for differential return loss measurements shall be 100 Q

RL() 2 { 1205—f  0.05<f<6 } B (©93-3)
6.5-0.075f 6<f<19

The differential return loss limit is illustrated by Figure 93-7.
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Figure 93-7—Differential return loss limit
The common-mode output return loss, in dB, of the transmitter shall meet Equation (93—4) where f'is the

frequency in GHz. This output impedance requirement applies to all valid output levels. The reference
impedance for common-mode return loss measurements shall be 25 Q.

RLcm(f)Z{ 9.05—f  0.05 sf£6} B (©93-4)
35200757 6<f<19

The common-mode return loss limit is illustrated by Figure 93-8.
93.8.1.5 Transmitter output waveform

The 100GBASE-KR4 transmit function includes programmable equalization to compensate for the
frequency-dependent loss of the channel and facilitate data recovery at the receiver. The functional model
for the transmit equalizer is the three tap transversal filter shown in Figure 93-9.

The state of the transmit equalizer and hence the transmitted output waveform may be manipulated via the
PMD control function defined in 93.7.12 or via the management interface. The transmit function responds to
a set of commands issued by the link partner’s receive function and conveyed by a back-channel
communications path.
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Figure 93—8—Common-mode return loss limit
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Figure 93-9—Transmit equalizer functional model
This command set includes instructions to:

Increment coefficient c(i).

Decrement coefficient c(i).

Hold coefficient c(i) at its current value.

Set the coefficients to a predefined value (preset or initialize).

In response, the transmit function relays status information to the link partner’s receive function. The status
messages indicate that:

The requested update to coefficient c(7) has completed (updated).
Coefficient ¢(7) is at its minimum value.

226
Copyright © 2014 |IEEE. All rights reserved.

Authorized licensed use limited to: Zhejiang University. Downloaded on September 25,2014 at 02:23:24 UTC from IEEE Xplore. Restrictions apply.



IEEE Std 802.3bj-2014
AMENDMENT TO IEEE Std 802.3-2012: Ethernet

Coefficient c(i) is at its maximum value.
Coefficient c(i) is ready for the next update request (not_updated).

93.8.1.5.1 Linear fit to the measured waveform

The transmitter output waveform is characterized using the procedure described in 92.8.3.5.1 with the
exception that the measurement is performed at TPOa rather than TP2.

93.8.1.5.2 Steady-state voltage and linear fit pulse peak

The steady-state voltage v,is defined to be the sum of the linear fit pulse p(k) divided by M (refer to 85.8.3.3
step 3). The steady-state voltage shall be greater than or equal to 0.4 V and less than or equal to 0.6 V after
the transmit equalizer coefficients have been set to the “preset” values.

The peak value of p(k) shall be greater than 0.71 x veafter the transmit equalizer coefficients have been set
to the “preset” values.

93.8.1.5.3 Coefficient initialization

When the PMD enters the INITIALIZE state of the Training state diagram (Figure 72-5) or receives a valid
request to “initialize” from the link partner, the coefficients of the transmit equalizer shall be configured
such that the ratio (c(0)+c(1)—c(—1)Ac(0)+c(1)+c(-1)) is 1.29+10% and the ratio (c(0)—c(1)+c(—
D) Ac(0)+c(1)+ce(-1)) is 2.57+£10%. These requirements apply upon the assertion a coefficient status report
of “updated” for all coefficients.

93.8.1.5.4 Coefficient step size

The change in the normalized amplitude of coefficient c(i) corresponding to a request to “increment” that
coefficient shall be between 0.0083 and 0.05. The change in the normalized amplitude of coefficient c(7)
corresponding to a request to “decrement” that coefficient shall be between —0.05 and —0.0083.

The change in the normalized amplitude of the coefficient is defined to be the difference in the value
measured prior to the assertion of the “increment” or “decrement” request (e.g., the coefficient update
request for all coefficients is “hold”) and the value upon the assertion of a coefficient status report of
“updated” for that coefficient.

93.8.1.5.5 Coefficient range

When sufficient “increment” or “decrement” requests have been received for a given coefficient, the coeffi-
cient reaches a lower or upper bound based on the coefficient range or restrictions placed on the minimum
steady-state differential output voltage or the maximum peak-to-peak differential output voltage.

With ¢(—1) set to zero and both ¢(0) and ¢(1) having received sufficient “decrement” requests so that they are
at their respective minimum values, the ratio (c(0)—c(1))/(c(0)+c(1)) shall be greater than or equal to 4.

With ¢(1) set to zero and both ¢(—1) and ¢(0) having received sufficient “decrement” requests so that they are
at their respective minimum values, the ratio (¢(0)—c(—1))/(c(0)+c(—1)) shall be greater than or equal to 1.54.

Note that a coefficient may be set to zero by first asserting the preset control and then manipulating the other
coefficients as required by the test.
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93.8.1.6 Transmitter output noise and distortion

Signal-to-noise-and-distortion ratio (SNDR) measured at the transmitter output using the method described
in 92.8.3.7 shall be greater than 27 dB regardless of the transmit equalizer setting.

93.8.1.7 Transmitter output jitter

The conditions for the measurement of transmitter output jitter (jitter filter, test pattern, etc.) are defined in
92.8.3.8.

Even-odd jitter is defined in 92.8.3.8.1. Even-odd jitter shall be less than or equal to 0.035 UI regardless of
the transmit equalization setting.

Effective bounded uncorrelated jitter and effective total uncorrelated jitter are defined in 92.8.3.8.2. The
effective bounded uncorrelated jitter shall be less than or equal to 0.1 UI peak-to-peak regardless of the
transmit equalization setting. The effective total uncorrelated jitter shall be less than or equal to 0.18 UI
peak-to-peak regardless of the transmit equalization setting.

93.8.2 Receiver characteristics

Receiver characteristics measured at TP5a are summarized in Table 93-5.

Table 93—-5—Summary of receiver characteristics at TP5a

Parameter Subclause Value Units
reference
Differential input return loss (min.) 93.8.2.2 Equation (93-3) dB
Differential to common-mode return loss (min.) 93.8.2.2 Equation (93-5) dB
Interference tolerance 93.8.2.3 Table 93—6 —
Jitter tolerance 93.8.2.4 Table 937 —

93.8.2.1 Receiver test fixture

Unless otherwise noted, measurements of the receiver are made at the input to a test fixture as shown in
Figure 93-10.

The insertion loss of the test fixture shall be between 1.2 dB and 1.6 dB at 12.89 GHz. The magnitude of the
insertion loss deviation of the test fixture shall be less than or equal to 0.1 dB from 0.05 to 13 GHz.

The reference insertion loss of the test fixture is defined by Equation (93—1) where fis the frequency in GHz.
The effects of differences between the insertion loss of an actual test fixture and the reference insertion loss
are to be accounted for in the measurements. The reference insertion loss is illustrated in Figure 93-3.

The differential return loss of the test fixture, in dB, shall meet Equation (93-2) where f'is the frequency in
GHz. The return loss limit is illustrated by Figure 93—4.

The common-mode return loss of the test fixture shall be greater than or equal to 10 dB from 0.05 GHz to
13 GHz.
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Figure 93—10—Receiver test fixture and test points

93.8.2.2 Receiver input return loss

The differential input return loss, in dB, of the receiver shall meet Equation (93—3) where f'is the frequency
in GHz. The reference impedance for differential return loss measurements shall be 100 Q. The differential
input return loss limit is illustrated by Figure 93-7.

The differential to common-mode return loss, in dB, of the receiver shall meet Equation (93-5).

RL(f) - { 25 1.44f 0.05<f<695 } B 93.5)
15 6.95 <f<19

The differential to common-mode return loss limit is illustrated by Figure 93—11.
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Figure 93—11—Receiver differential to common-mode return loss limit

93.8.2.3 Receiver interference tolerance

The receiver interference tolerance test setup and method are defined in Annex 93C. The receiver on each
lane shall meet the RS-FEC symbol error ratio requirement with the channel defined for each test listed in
Table 93—6. The parameter RSS_DFE4 is a figure of merit for the test channel that is defined in 93A.2.

229
Copyright © 2014 IEEE. All rights reserved.

Authorized licensed use limited to: Zhejiang University. Downloaded on September 25,2014 at 02:23:24 UTC from IEEE Xplore. Restrictions apply.



IEEE Std 802.3bj-2014
AMENDMENT TO IEEE Std 802.3-2012: Ethernet

The following considerations apply to the interference tolerance test. The test transmitter meets the
specifications in 93.8.1 as measured at TPOa (see Figure 93C-3). The test transmitter is constrained such
that for any transmit equalizer setting the differential peak-to-peak voltage (see 93.8.1.3) is less than or
equal to 800 mV and the pre- and post-cursor equalization ratios (see 93.8.1.5.5) are less than or equal to
1.54 and 4, respectively. The lowest frequency fyqp; for constraints on the noise spectral density is 1 GHz.
The return loss of the test setup in Figure 93C—4 measured at TP5 replica meets the requirements of
Equation (93-2).

The values of the parameters required for the calculation of Channel Operating Margin (COM) are given in
Table 93-8 with the following exceptions. The COM parameter G is set to the measured value of effective
random jitter (see 92.8.3.8.2), the COM parameter A, is set to half the measured value of effective
bounded uncorrelated jitter (see 93.8.1.7), and the COM parameter SNR;y is set to the value of SNDR
measured at TPOa (see 93.8.1.6). Tests 1 and 2 are for the case when error correction is bypassed in the RS-
FEC sublayer (see 91.5.3.3) and for these cases COM is computed with a DER, value of 1012, The test
pattern to be used is any valid PCS output (such as scrambled idle), which is subsequently encoded by the
RS-FEC sublayer.

A test system with a fourth-order Bessel-Thomson low-pass response with 33 GHz 3 dB bandwidth is to be

used for measurement of the signal applied by the pattern generator and for measurements of the broadband
noise.

Table 93—6—Receiver interference tolerance parameters

Test 1 values Test 2 values Test 3 values Test 4 values
Parameter Units
Min Max Min Max Min Max Min Max

RS-FEC symbol error ratio® | — ! — 1071 | — 104 | — 104 | —
Insertion loss at 12.89 GHzP — 16 30 — — 30 35 — dB
Coefficients of fitted insertion
loss®
ag -0.9 0.9 -0.9 0.9 -0.9 0.9 -0.9 0.9 dB
a 0 33 0 33 0 33 0 33 dB/GHz'?
a 0 — 0 — 0 — 0 — dB/GHz
ay 0 0.022 | 0 0.03 0 0.03 0 0.043 | dB/GHZ?
RSS DFE4 0.05 — 0.05 — 0.05 — 0.05 — —
COM, including effects of — 3 — 3 — 3 — 3 dB

broadband noise

4The FEC symbol error ratio is measured in step 10 of the receiver interference tolerance method defined in 93C.2.

YMeasured between TPt and TP5 (see Figure 93C—4).

Coefficients are calculated from the insertion loss measured between TPt and TP5 (see Figure 93C—4) using the method in
93A.3 with fi;, = 0.05 GHz, f;,,,, = 25.78125 GHz, and maximum Af= 0.01 GHz.

93.8.2.4 Receiver jitter tolerance

Receiver jitter tolerance is measured using the test setup shown in Figure 93—12, or its equivalent, for the
receiver of each lane.
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The test transmitter meets the specifications of 93.8.1. It is constrained so that its differential peak-to-peak
output voltage does not exceed 800 mV at TPOa regardless of the transmitter equalizer setting (see 93.8.1.3).
It is further constrained so that its maximum pre-cursor equalization ratio is 1.54 and its maximum
post-cursor equalization ratio is 4 (see 93.8.1.5.5).

The test channel meets the requirements of the interference tolerance test channel using Test 4 values (see
93.8.2.3). No broadband noise is added for this test.

Receiver jitter tolerance is verified for each pair of jitter frequency and peak-to-peak amplitude values listed
in Table 93—7. The synthesizer frequency is set to the specified jitter frequency and the synthesizer output
amplitude is adjusted until the specified peak-to-peak jitter amplitude for that frequency is measured at
TPOa. The output of the ISI channel is connected to the input of the receiver under test at TP5a. The link is
initialized and the PMD start-up protocol is allowed to complete, thereby optimizing the test transmitter
equalizer. The test transmitter then transmits any valid PCS output (such as scrambled idle), which is subse-
quently encoded by the RS-FEC sublayer. The RS-FEC symbol error ratio is measured using the errored
symbol counter FEC _symbol_error i where i is the lane number of the receiver under test.

The RS-FEC symbol error ratio shall be less than or equal to 10~# for each case listed in Table 93-7.

Frequency
synthesizer
Modulation port
v
Clock
source
TPO TPOa TP5a TP5
Test N Test . ISI ‘ . Test Receiver
transmitter » fixture | » channel ‘ » fixture ®»  under test
TPO replica TP5 replica
.| TPOto TPOa . 1SI .| TP5ato TP5 R
»| trace replica » channel »| trace replica »
Test channel g

Figure 93—-12—Jitter tolerance test setup

Table 93—-7—Receiver jitter tolerance parameters

Parameter Case A Case B Units
values values
Jitter frequency 190 940 kHz
Peak-to-peak jitter amplitude 5 1 Ul
231

Copyright © 2014 IEEE. All rights reserved.

Authorized licensed use limited to: Zhejiang University. Downloaded on September 25,2014 at 02:23:24 UTC from IEEE Xplore. Restrictions apply.



IEEE Std 802.3bj-2014
AMENDMENT TO IEEE Std 802.3-2012: Ethernet

93.9 Channel characteristics
93.9.1 Channel Operating Margin

The Channel Operating Margin (COM) is computed using the procedure in 93A.1 with the Test 1 and Test 2
values in Table 93—8. Test 1 and Test 2 differ in the value of the device package model transmission line
length z,,.

COM shall be greater than or equal to 3 dB for each test. This minimum value allocates margin for practical
limitations on the receiver implementation as well as the largest step size allowed for transmitter equalizer
coefficients.

The receive path of the RS-FEC sublayer may have the option to perform error detection without correction
to reduce the data delay (see 91.5.3.3). Channels that are compatible with this mode of operation shall meet
this COM requirement with the value of DER, set to 10712,

93.9.2 Insertion loss

The insertion loss, in dB, of the channel is recommended to meet Equation (93-6).

1L < 1.5+4.6.f+1318f  0.05<f<f,/2

(dB) (93-6)
- 12.71 +3.7f 1/2<f<f,
where

f is the frequency in GHz

/b is the signaling rate (25.78125) in GHz

IL(f)  is the insertion loss at frequency f

The insertion loss limit is illustrated by Figure 93—13.
0
N |
20 \\ Meets equation constraints
\

30 —~

40 ™~
N

50 ™

60 \\
70 \
N

0 4 8 12 16 20 24 28
Frequency (GHz)

Insertion loss (dB)

Figure 93—-13—Insertion loss limit

93.9.3 Return loss

The return loss, in dB, of the channel is recommended to meet Equation (93-7).
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Table 93—8—COM parameter values

Parameter Symbol Value Units

Signaling rate /b 25.78125 GBd
Maximum start frequency Jnin 0.05 GHz
Maximum frequency step Af 0.01 GHz
Device package model

Single-ended device capacitance Cy 25x% 107 nF

Transmission line length, Test 1 zZ, 12 mm

Transmission line length, Test 2 zZ, 30 mm

Single-ended package capacitance at package-to-board interface G, 1.8x107* nF
Single-ended reference resistance Ry 50 Q
Single-ended termination resistance Ry 55 Q
Receiver 3 dB bandwidth | 0.75 % fy, GHz
Transmitter equalizer, minimum cursor coefficient c(0) 0.62 —
Transmitter equalizer, pre-cursor coefficient c(-1)

Minimum value -0.18 —

Maximum value 0 —

Step size 0.02 —
Transmitter equalizer, post-cursor coefficient c(1)

Minimum value —0.38 —

Maximum value 0 —

Step size 0.02 —
Continuous time filter, DC gain gpe

Minimum value -12 dB

Maximum value 0 dB

Step size 1 dB
Continuous time filter, zero frequency I frl4 GHz
Continuous time filter, pole frequencies Il frl4 GHz

fiz I

Transmitter differential peak output voltage

Victim A, 0.4 A%

Far-end aggressor Ag 0.4 \Y

Near-end aggressor A, 0.6 A%
Number of signal levels L 2 —
Level separation mismatch ratio Riy 1 —
Transmitter signal-to-noise ratio SNR1x 27 dB
Number of samples per unit interval M 32 —
Decision feedback equalizer (DFE) length Ny, 14 Ul
Normalized DFE coefficient magnitude limit, forn =1 to N bax(1) 1 —
Random jitter, RMS GRrJ 0.01 Ul
Dual-Dirac jitter, peak App 0.05 Ul
One-sided noise spectral density No 52x10°% V2/GHz
Target detector error ratio DER, 107 —
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<f<
RL () 2{ 12 005 </</p/4 } dB (93-7)
12— 15log o (417 1) [/ 4 <f<f,
where
f is the frequency in GHz
/b is the signaling rate (25.78125) in GHz
RL(f) is the return loss at frequency f
The differential return loss limit is illustrated by Figure 93—14.
0
/
5 //
hC
& 1 //
£ v . :
g Meets equation constraints
15
20
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Frequency (GHz)

Figure 93—14—Differential return loss limit

93.9.4 AC-coupling

The 100GBASE-KR4 transmitter shall be AC-coupled to the receiver. Common-mode specifications are
defined as if the DC-blocking capacitor is implemented between TPO and TP5. Should the capacitor be
implemented outside TPO and TPS5, the common-mode specifications in Table 93—4 may not be appropriate.

The impact of a DC-blocking capacitor implemented between TPO and TPS5 is accounted for within the
channel specifications. Should the capacitor be implemented outside TPO and TP5, it is the responsibility of
implementors to consider any necessary modifications to common-mode and channel specifications required

for interoperability as well as any impact on the verification of transmitter and receiver compliance.

The low-frequency 3 dB cutoff of the AC-coupling shall be less than 50 kHz.

93.10 Environmental specifications

93.10.1 General safety

All equipment subject to this clause shall conform to applicable sections (including isolation requirements)
of IEC 60950-1.

234
Copyright © 2014 |IEEE. All rights reserved.

Authorized licensed use limited to: Zhejiang University. Downloaded on September 25,2014 at 02:23:24 UTC from IEEE Xplore. Restrictions apply.



IEEE Std 802.3bj-2014
AMENDMENT TO IEEE Std 802.3-2012: Ethernet

93.10.2 Network safety

The designer is urged to consult the relevant local, national, and international safety regulations to ensure
compliance with the appropriate requirements.

93.10.3 Installation and maintenance guidelines

It is recommended that sound installation practice, as defined by applicable local codes and regulations, be
followed in every instance in which such practice is applicable.

93.10.4 Electromagnetic compatibility

A system integrating the 100GBASE-KR4 PHY shall comply with applicable local and national codes for
the limitation of electromagnetic interference.

93.10.5 Temperature and humidity

A system integrating the 100GBASE-KR4 PHY is expected to operate over a reasonable range of
environmental conditions related to temperature, humidity, and physical handling (such as shock and
vibration). Specific requirements and values for these parameters are considered to be beyond the scope of
this standard.
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93.11 Protocol implementation conformance statement (PICS) proforma for
Clause 93, Physical Medium Dependent (PMD) sublayer and baseband medium,
type 100GBASE-KR412

93.11.1 Introduction
The supplier of a protocol implementation that is claimed to conform to Clause 93, Physical Medium
Dependent (PMD) sublayer and baseband medium, type 100GBASE-KR4, shall complete the following

protocol implementation conformance statement (PICS) proforma.

A detailed description of the symbols used in the PICS proforma, along with instructions for completing the
PICS proforma, can be found in Clause 21.

93.11.2 Identification

93.11.2.1 Implementation identification

Supplier1

Contact point for enquiries about the PICS!

Implementation Name(s) and Version(s)] 3

Other information necessary for full identification—e.g.,
name(s) and version(s) for machines and/or operating
systems; System Name(s)2

NOTE 1— Required for all implementations.

NOTE 2— May be completed as appropriate in meeting the requirements for the identification.

NOTE 3—The terms Name and Version should be interpreted appropriately to correspond with a supplier’s
terminology (e.g., Type, Series, Model).

93.11.2.2 Protocol summary

Identification of protocol standard IEEE Std 802.3bj-2014, Clause 93, Physical Medium
Dependent (PMD) sublayer and baseband medium, type
100GBASE-KR4

Identification of amendments and corrigenda to this
PICS proforma that have been completed as part of this
PICS

Have any Exception items been required?  No [ ] Yes [ ]
(See Clause 21; the answer Yes means that the implementation does not conform to IEEE Std 802.3bj-2014.)

Date of Statement

12Capyright release for PICS proformas: Users of this standard may freely reproduce the PICS proforma in this subclause so that it can
be used for its intended purpose and may further publish the completed PICS.
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93.11.3 Major capabilities/options

Item Feature Subclause Value/Comment Status Support

CGMII cGMII 93.1 Interface is supported o Yes [ ]

No []
PCS 100GBASE-R PCS 93.1 M Yes [ ]
RS-FEC | 100GBASE-R RS-FEC 93.1 M Yes [ ]
PMA 100GBASE-R PMA 93.1 M Yes [ ]
CAUI CAUI 93.1 Interface is supported o Yes [ ]

No[]
AN Auto-negotiation 93.1 M Yes [ ]
DC Delay constraints 93.4 Conforms to delay con- M Yes [ ]

straints specified in 93.4

DSC Skew constraints 93.5 Conforms to the Skew and M Yes [ ]
Skew Variation constraints
specified in 93.5

*MD MDIO capability 93.6 Registers and interface (0] Yes [ ]
supported No[]
*EEE EEE capability 93.1 Capability is supported (0] Yes [ ]
No[]
*GTD Global PMD transmit disable | 93.7.6 Function is supported EEE:M Yes [ ]
function No[]
*LTD PMD lane-by-lane transmit 93.7.7 Function is supported (0] Yes [ ]
disable function No[]
*CHNL Channel 93.9 Channel specifications not (0] Yes [ ]
applicable to a PHY No[]

manufacturer.
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93.11.4 PICS proforma tables for Physical Medium Dependent (PMD) sublayer and
baseband medium, type 100GBASE-KR4

93.11.4.1 Functional specifications

Item Feature Subclause Value/Comment Status Support

FS1 PMD transmit function 93.7.2 Converts four logical bit M Yes [ ]
streams from the PMD
service interface into four
electrical signals and
delivers them to the MDI

FS2 Mapping of logical signals to 93.7.2 Positive differential output M Yes [ ]
electrical signals voltage corresponds to
tx_bit=one
FS3 ALERT signal 93.7.2 Transmit a periodic EEE:M Yes [ ]
sequence, where each period N/AT[]

of the sequence consists of 8
ones followed by 8 zeros, on
each lane when tx_mode is
set to ALERT

FS4 PMD receive function 93.7.3 Converts four electrical sig- | M Yes [ ]
nals from the MDI into four
logical bit streams delivers
them to the PMD service

interface
FS5 Mapping of electrical signalsto | 93.7.3 Positive differential input M Yes [ ]
logical signals voltage corresponds to rx-
_bit=one
FS6 SIGNAL_OK mapping 93.2 Set to OK when Global PM- | M Yes [ ]

D signal detect is one and
set to FAIL when Global P-
MD signal detect is zero

FS7 Training disabled by variable 93.7.5 PMD signal detect isetto | M Yes [ ]
mr_training_enable one for =0 to 3

FS8 PMD signal detect iasserted, | 93.7.5 Set to one within 500 ns EEE:M Yes [ ]
rx_mode=QUIET following the application of N/A[]

the signal defined in 93.7.5
to the input of the channel
corresponding to the receiver

of lane i
FS9 PMD _signal detect i not 93.7.5 Not set to one when the EEE:M Yes [ ]
asserted, rx_mode=QUIET signal applied to the input of N/A[]

the channel corresponding to
the receiver of lane i is less
than or equal to 60 mV peak-
to-peak differential

FS10 Global PMD _transmit_dis- 93.7.6 When set to one, all GTD:M | Yes[ ]

able variable transmitters satisfy the N/A[]
requirements of 93.7.6

FS11 Global PMD transmit disable 93.7.6 No effect GTD:M Yes [ ]
function affect on loopback N/AT]

FS12 Global PMD transmit disable 93.7.6 Turn off all transmitters EEE:M Yes [ ]
function, tx_mode transition to when tx_mode transitions to N/AT]
QUIET QUIET from any other value
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Item Feature Subclause Value/Comment Status Support
FS13 Global PMD transmit disable 93.7.6 Turn on all transmitters EEE:M Yes [ ]
function, tx_mode transition when tx_mode transitions N/AT]
from QUIET from QUIET to any other
value
FS14 PMD _transmit disable i vari- | 93.7.7 When set to one, the trans- LTD:M Yes [ ]
able mitter for lane i satisfies the N/AT]
requirements of 93.8.1.3
FS15 PMD lane-by-lane transmit 93.7.7 No effect LTD:M Yes [ ]
disable function affect on loop- N/AT]
back
FS16 PMD _fault variable mapping 93.7.9 Mapped to the fault bit as MD:M Yes [ ]
to MDIO specified in 45.2.1.2.1 N/AT]
FS17 PMD _transmit_fault variable 93.7.10 Mapped to Transmit fault bit | MD:M Yes [ ]
mapping to MDIO as specified in 45.2.1.7.4 N/AT]
FS18 PMD receive fault variable 93.7.11 Mapped to Receive fault bit | MD:M Yes [ ]
mapping to MDIO as specified in 45.2.1.7.5 N/AT]
FS19 PMD control function 93.7.12 Defined in 72.6.10 M Yes [ ]
FS20 Training frame structure 93.7.12 Defined in 72.6.10 but M Yes [ ]

adjusted for 100GBASE-
KR4 signaling rate

FS21 Training patterns 93.7.12 Training patterns defined in M Yes [ ]
92.7.12.
FS22 PMD control function variable | 93.7.12 Map variables as specifiedin | MD:M Yes [ ]
mapping to MDIO 93.7.12 N/AT]
FS23 PMD control response time 93.7.12 Response time less than M Yes [ ]
2 ms

93.11.4.2 Transmitter characteristics

Item Feature Subclause Value/Comment Status Support
TC1 Test fixture insertion loss 93.8.1.1 Between 1.2 dBand 1.6 dBat | M Yes [ ]
12.89 GHz
TC2 Test fixture insertion loss 93.8.1.1 Magnitude less than 0.1 dB M Yes [ ]
deviation
TC3 Test fixture differential return | 93.8.1.1 Meets equation constraints M Yes [ ]
loss
TC4 Test fixture common-mode 93.8.1.1 Greater than or equalto 10 dB | M Yes [ ]
return loss from 0.05 to 13 GHz
TCS Signaling rate per lane 93.8.1.2 25.78125 GBd + 100 ppm M Yes [ ]
TCé6 Peak-to-peak differential out- | 93.8.1.3 Less than or equal to M Yes [ ]
put voltage 1200 mV regardless of
transmit equalizer setting
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Item Feature Subclause Value/Comment Status Support
TC7 Peak-to-peak differential 93.8.1.3 Less than or equal to 30 mV M Yes [ ]
output voltage, transmitter
disabled
TC8 DC common-mode output 93.8.1.3 Between 0 V and 1.9 V with M Yes [ ]
voltage respect to signal ground
TC9 AC common-mode output 93.8.1.3 Less than or equal to 12 mV M Yes [ ]
voltage RMS with respect to signal
ground
TC10 Common-mode output 93.8.1.3 Met regardless of the transmit | M Yes [ ]
voltage requirements equalizer setting
TC11 Transmitter disable timing 93.8.1.3 Peak-to-peak differential out- | EEE:M Yes [ ]
put voltage less than 30 mV N/AT]
within 500 ns of the transmit-
ter being disabled
TC12 Transmitter enable timing 93.8.1.3 Peak-to-peak differential out- | EEE:M Yes [ ]
put voltage greater than N/AT]
720 mV within 500 ns of the
transmitter being enabled and
meet all requirements of
93.8.1 within 1 ps
TC13 Common-mode output volt- 93.8.1.3 Maintained to within EEE:M Yes [ ]
age, transmitter disabled +150 mV of the value for the N/AT]
enabled transmitter
TC14 Differential input return loss 93.8.1.4 Meets equation constraints M Yes [ ]
TC15 Reference impedance for 93.8.1.4 100 Q M Yes [ ]
differential return loss
measurements
TC16 Common-mode output return | 93.8.1.4 Meets equation constraints M Yes [ ]
loss
TC17 Reference impedance for 93.8.1.4 25Q M Yes [ ]
common-mode return loss
measurements
TC18 Steady-state voltage, v, 93.8.1.5.2 Greater than or equal to 0.4V | M Yes [ ]
' and less than or equal to 0.6 V
after the transmit equalizer
coefficients have been set to
the “preset” values
TC19 Linear fit pulse peak 93.8.1.5.2 Greater than 0.71 x v after M Yes [ ]
the transmit equalizer coeffi-
cients have been set to the
“preset” values
TC20 Coefficient initialization 93.8.1.5.3 Satisfies the requirements of M Yes [ ]
93.8.1.5.3
TC21 Normalized coefficient step 93.8.1.5.4 Between 0.0083 and 0.05 M Yes [ ]
size for “increment”
TC22 Normalized coefficient step 93.8.1.5.4 Between —0.05 and —0.0083 M Yes [ ]
size for “decrement”
TC23 Maximum post-cursor 93.8.1.5.5 Greater than or equal to 4 M Yes [ ]
equalization ratio
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Item Feature Subclause Value/Comment Status Support
TC24 Maximum pre-cursor 93.8.1.5.5 Greater than or equal to 1.54 M Yes [ ]
equalization ratio
TC25 Transmitter output noise and 93.8.1.6 SNDR greater than or equalto | M Yes [ ]
distortion 27 dB
TC26 Even-odd jitter 93.8.1.7 Less than or equal to 0.035 Ul | M Yes [ ]
regardless of the transmit
equalization setting
TC27 Effective bounded uncor- 93.8.1.7 Less than or equal to 0.1 UL M Yes [ ]
related jitter peak-to-peak regardless of the
transmit equalization setting
TC28 Effective total uncorrelated 93.8.1.7 Less than or equal to 0.18 Ul M Yes [ ]
jitter peak-to-peak regardless of the
transmit equalization setting
93.11.4.3 Receiver characteristics
Item Feature Subclause Value/Comment Status Support
RC1 Test fixture insertion loss 93.8.2.1 Between 1.2 dBand 1.6 dBat | M Yes [ ]
12.89 GHz
RC2 Test fixture insertion loss 93.8.2.1 Magnitude less than 0.1 dB M Yes [ ]
deviation
RC3 Test fixture differential return | 93.8.2.1 Meets equation constraints M Yes [ ]
loss
RC4 Test fixture common-mode 93.8.2.1 Greater than or equalto 10 dB | M Yes [ ]
return loss from 0.05 to 13 GHz
RC5 Differential input return loss 93.8.2.2 Meets equation constraints M Yes [ ]
RC6 Reference impedance for 93.8.2.2 100 Q M Yes [ ]
differential return loss
measurements
RC7 Differential to common-mode | 93.8.2.2 Meets equation constraints M Yes [ ]
return loss
RC8 Receiver interference toler- 93.8.2.3 Satisfy requirements M Yes [ ]
ance summarized in Table 93-6
RC9 Receiver jitter tolerance 93.8.2.4 RS-FEC symbol error ratio M Yes [ ]
less than or equal to 107* for
each case listed in Table 93—7
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Item Feature Subclause Value/Comment Status Support
CCl1 Channel Operating Margin 93.9.1 Greater than or equal to 3 dB CHNL:M | Yes[]
(COM) for each test listed in N/AT]
Table 93-8
CC2 COM when error correctionis | 93.9.1 Greater than or equal to 3 dB CHNL:M | Yes|[]
bypassed by the RS-FEC for each test listed in N/AT]
sublayer Table 93—8 but with
DERy=10"12
CC3 AC-coupling 93.9.4 Channel AC-couples the CHNL:M | Yes|]
transmitter to the receiver N/AT]
CC4 AC-coupling 3 dB cut-off 93.9.4 Less than 50 kHz CHNL:M | Yes|[]
frequency N/A[]
93.11.4.5 Environmental specifications
Item Feature Subclause Value/Comment Status Support
ES1 Generate safety 93.10.1 Conform to applicable M Yes [ ]
sections of IEC 60950-1
ES2 Electromagnetic compatibility | 93.10.4 Comply with applicable local | M Yes [ ]
and national codes
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94. Physical Medium Attachment (PMA) sublayer, Physical Medium
Dependent (PMD) sublayer, and baseband medium, type 100GBASE-KP4

94.1 Overview

This clause specifies the Physical Medium Attachment (PMA) sublayers, Physical Medium Dependent
(PMD) sublayer, and medium for the I00GBASE-KP4 PHY.

When forming a complete Physical Layer, the PMA shall be connected to the RS-FEC, the PMD shall be
connected to the medium through the MDI as shown in Figure 94—1, and the PMA and PMD shall be
connected to the management functions that are optionally accessible through the management interface
defined in Clause 45, or equivalent.

Table 94—-1—Physical Layer clauses associated with the 100GBASE-KP4 PMD

Associated clause 100GBASE-KP4
81—RS Required
81—CGMII? Optional
82—PCS for 100GBASE-R Required
83—PMA for 100GBASE-R Optional
83A—CAUI Optional
91—RS-FEC Required
73—Auto-Negotiation Required
78—Energy-Efficient Ethernet Optional

8The CGMII is an optional interface. However, if the CGMII is not imple-
mented, a conforming implementation must behave functionally as though
the RS and CGMII were present.

Figure 94—1 shows the relationship of the 100GBASE-KP4 PMA and PMD sublayers and MDI to the
ISO/IEC Open System Interconnection (OSI) reference model.

Differential signals received at the MDI from a transmitter that meets the requirements of 94.2.2 and 94.3.12
and have passed through the channel specified in 94.4 are received with a BER less than 107> as measured at
the PMA service interface.

For a complete Physical Layer, this specification is considered to be satisfied by a frame loss ratio (see
1.4.209a) of less than 6.2 x 10-'? for 64-octet frames with minimum inter-packet gap.

A 100GBASE-KP4 PHY with the optional Energy-Efficient Ethernet (EEE) capability may optionally enter
the Low Power Idle (LPI) mode to conserve energy during periods of low link utilization.
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LAN
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LAYERS
| HIGHER LAYERS
osl / LLC OR OTHER MAC CLIENT
REFERENCE
MODEL / MAC CONTROL (OPTIONAL)
LAYERS / VAG
APPLICATION /) RECONCILIATION
PRESENTATION /7 CGMIl—»
/
SESSION Y 100GBASE-R PCS
/ RS-FEC
TRANSPORT | /

;! f////// | B
NETWORK / %// //%

DATALINK |/ AN

PHYSICAL
100GBASE-KP4
AN = AUTO-NEGOTATION PCS = PHYSICAL CODING SUBLAYER
CGMII = 100 Gb/s MEDIA INDEPENDENT INTERFACE ~ PHY = PHYSICAL LAYER DEVICE
LLC = LOGICAL LINK CONTROL PMA = PHYSICAL MEDIUM ATTACHMENT
MAC = MEDIA ACCESS CONTROL PMD = PHYSICAL MEDIUM DEPENDENT
MDI = MEDIUM DEPENDENT INTERFACE RS-FEC = REED-SOLOMON FORWARD ERROR

CORRECTION

Figure 94-1—100GBASE-KP4 PMA and PMD relationship to the ISO/IEC Open Systems
Interconnection (OSI) reference model and the IEEE 802.3 CSMA/CD LAN model

94.2 Physical Medium Attachment (PMA) Sublayer

94.2.1 PMA Service Interface

The PMA service interface for 100GBASE-KP4 PMA is based on the inter-sublayer service interface

defined in 80.3. This interface is defined in an abstract manner and does not imply any particular
implementation.

The PMA service interface primitives are summarized as follows:

PMA:IS _UNITDATA i.request
PMA:IS UNITDATA i.indication
PMA:IS_SIGNAL.indication
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If the optional EEE deep sleep capability is supported (see Clause 78, 78.1.3.3.1), then the PMA service
interface includes four additional primitives as follows:

PMA:IS_TX MODE.request

PMA:IS RX MODE.request

PMA:IS ENERGY DETECT.indication
PMA:IS RX TX MODE.indication

94.2.1.1 PMA:IS_UNITDATA i.request

The PMA:IS_UNITDATA_i.request (where i=0 to 3) primitive is used to define the transfer of four streams
of data units from the PMA client to the PMA.

94.2.1.1.1 Semantics of the service primitive

PMA:IS _UNITDATA 0.request(tx_bit,start)
PMA:IS _UNITDATA 1.request(tx_bit,start)
PMA:IS UNITDATA 2.request(tx_bit,start)
PMA:IS UNITDATA 3.request(tx_bit,start)

The data conveyed by PMA:IS UNITDATA O.request to IS UNITDATA 3.request consists of four
parallel continuous streams of encoded bits, one stream for each lane. Each of the tx_bit parameters can take
one of two values: one or zero. The start parameter is TRUE to indicate that the concurrent tx_bit is the first
bit of the first, second, third, or fourth FEC symbol in a FEC codeword and is otherwise FALSE.

94.2.1.1.2 When generated

The PMA client continuously sends four parallel bit streams PMA:IS UNITDATA i.request(tx_bit,start) to
the PMA, each at a nominal signaling rate of 26.5625 Gb/s.

94.2.1.1.3 Effect of receipt

Upon receiving each instance of PMA:IS UNITDATA i.request, the tx_bit and start parameters are passed
to the PMA framing process corresponding to each stream.

94.2.1.2 PMA:IS_UNITDATA_i.indication

The PMA:IS UNITDATA i.indication (where i =0 to 3) primitive is used to define the transfer of four
streams of data units from the PMA to the PMA client.

94.2.1.2.1 Semantics of the service primitive

PMA:IS_UNITDATA 0.indication(rx_bit, start)
PMA:IS _UNITDATA 1.indication(rx_bit, start)
PMA:IS_UNITDATA 2.indication(rx_bit, start)
PMA:IS_UNITDATA 3.indication(rx_bit, start)

The data conveyed by PMA:IS UNITDATA 0.indication to PMA:IS UNITDATA 3.indication consists of
four parallel continuous streams of encoded bits, one stream for each lane. Each of the rx_bit parameters can
take one of two values: one or zero. The start parameter is TRUE to indicate that the concurrent rx_bit is the
first bit of the first, second, third, or fourth FEC symbol in the FEC codeword and is otherwise FALSE.

245
Copyright © 2014 IEEE. All rights reserved.

Authorized licensed use limited to: Zhejiang University. Downloaded on September 25,2014 at 02:23:24 UTC from IEEE Xplore. Restrictions apply.



IEEE Std 802.3bj-2014
AMENDMENT TO IEEE Std 802.3-2012: Ethernet

94.2.1.2.2 When generated

The PMA continuously sends four parallel bit streams PMA:IS UNITDATA i.indication(rx_bit,start) to the
PMA client, each at a nominal signaling rate of 26.5625 Gb/s.

94.2.1.2.3 Effect of receipt
The effect of receipt of this primitive is defined by the PMA client.
94.2.1.3 PMA:IS_SIGNAL.indication
The PMA:IS_SIGNAL.indication primitive is generated by the PMA to the PMA client to indicate the status
of the receive process. This primitive is generated by the receive process to propagate the detection of severe
error conditions (e.g., loss of synchronization) to the PMA client.
94.2.1.3.1 Semantics of the service primitive

PMA:IS SIGNAL.indication(SIGNAL OK)
The SIGNAL OK parameter can take on one of two values: OK or FAIL. A value of FAIL denotes that
invalid data is being presented (rx_bit parameters undefined) by the PMA to the PMA client. A value of OK
does not guarantee valid data is being presented by the PMA to the PMA client.

94.2.1.3.2 When generated

The PMA generates the PMA:IS SIGNAL.indication primitive to the PMA client whenever there is a
change in the value of the SIGNAL OK parameter.

94.2.1.3.3 Effect of receipt
The effect of receipt of this primitive is defined by the PMA client.
94.2.1.4 PMA:IS_TX_MODE.request
The PMA:IS TX MODE.request primitive communicates the tx_mode parameter generated by the PCS
LPI transmit process to invoke the appropriate PMA, FEC, and PMD transmit EEE states. Without EEE
deep sleep capability, this primitive is never invoked and the sublayers behave as if tx_mode = DATA.
94.2.1.4.1 Semantics of the service primitive
PMA:IS_TX MODE.request(tx_mode)
The tx_mode parameter takes on one of up to three values: DATA, QUIET, or ALERT.
94.2.1.4.2 When generated
This primitive is generated to indicate the state of the PCS LPI transmit function.

94.2.1.4.3 Effect of receipt

When this primitive is received, PMD:IS TX MODE.request(tx_mode) is generated with the value
received in PMA:IS TX MODE.request(tx_mode).

If the value is DATA or ALERT, the PMA operates normally.
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If the value is QUIET, the PMA may go into a low power mode.
94.2.1.5 PMA:IS_RX_MODE.request
The PMA:IS RX MODE.request primitive communicates the rx_mode parameter generated by the PCS
LPI receive process. Without EEE deep sleep capability, this primitive is never invoked and the sublayers
behave as if rx_mode = DATA.
94.2.1.5.1 Semantics of the service primitive
PMA:IS_RX MODE.request(rx_mode)
The rx_mode parameter takes on one of two values: DATA or QUIET.
94.2.1.5.2 When generated
This primitive is generated to indicate the state of the PCS LPI receive function.

94.2.1.5.3 Effect of receipt

When this primitive is received, PMD:IS RX MODE.request(rx_mode) is generated with the value
received in PMA:IS RX MODE.request(rx_mode).

If the value is DATA, the PMA operates normally.
If the value is QUIET, the PMA may be go into a low power mode.
94.2.1.6 PMA:IS_ENERGY_DETECT.indication
The PMA:IS ENERGY DETECT.indication primitive is used to communicate that the PMD has detected
the presence of energy on the interface following a period of quiescence. Without EEE deep sleep capability,
this primitive is never invoked and has no effect.
94.2.1.6.1 Semantics of the service primitive
PMA:IS ENERGY_ DETECT.indication(energy detect)
The parameter energy detect is Boolean.
94.2.1.6.2 When generated
This primitive is generated by the PMA, reflecting the state of PMD:IS SIGNAL.indication(SIGNAL OK)
received from the PMD (see 94.3.1.3). When SIGNAL OK indicates OK, energy detect indicates TRUE.
When SIGNAL OK indicates FAIL, energy detect indicates FALSE.
94.2.1.6.3 Effect of receipt
The effect of receipt of this primitive is defined by the PMA client sublayers that receive it.

94.2.1.7 PMA:IS_RX_TX_MODE.indication

The PMA:IS RX TX MODE.indication primitive communicates the value of the rx_tx_mode parameter.
This parameter indicates the value of tx_mode that the PMA sublayer has inferred from the received signal.
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Without EEE deep sleep capability, the primitive is never generated and the sublayers behave as if
rx_tx_mode=DATA.

94.2.1.7.1 Semantics of the service primitive

PMA:IS RX TX MODE.indication(rx_tx_mode)
The parameter rx_tx_mode is assigned one of the following values: DATA, QUIET, or ALERT. DATA is
assigned when the PMA is reset or when PMA frames are being received. QUIET is assigned if PMA frame
reception ceases. ALERT is assigned if rx_tx_mode = QUIET and
PMD:IS_SIGNAL.indication(SIGNAL _OK) transitions from FAIL to OK.
94.2.1.7.2 When generated
This primitive is generated whenever there is change in the value of the rx_tx_mode parameter.
94.2.1.7.3 Effect of receipt
The RS-FEC sublayer passes this primitive through to the PMA sublayer that may exist above.
94.2.2 PMA Transmit Functional Specifications
In the transmit direction, the role of the I00GBASE-KP4 PMA is to adapt the signal from the FEC (the
PMA client) to a PAM4 encoded signal to be passed to the PMD for transfer over the attached medium. The

adaptation processes shown in Figure 94-2 include insert overhead, insert termination bits, apply Gray
coding, apply 1/(1+D) mod 4 precoding, and apply PAM4 encoding.

PMA:IS_UNITDATA_/.request(tx_bit, start)
F(i, m, n)i bits from FEC on lane i

| insert overhead |

V(i, p, q) | overhead frame

| insert termination bits |

T(i, r, 8) | termination blocks, PMA frames

| Gray coding |

G(i, r, t) | Gray-coded symbols

| [1/(1+D) mod 4] precoding |

P(i, r, t) | precoded symbols

| PAM4 encoding |
M(i, u) | PAM4 symbols

PMD:IS_UNITDATA_i.request(tx_symbol)

Figure 94-2—Transmit adaptation process diagram
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94.2.2.1 FEC Interface

The PMA transmit process receives FEC bits via the PMA:IS UNITDATA i(tx_bit, start) primitive (see
94.2.1.1). The index i indicates the PMA lane number: 0, 1, 2, or 3.

On each transaction, tx_bit is assigned to F(i, m, n), where
i is the lane number
m is an index indicating the FEC codeword number and increments at the start of each codeword
n is an index indicating the bit number within a codeword with a range 1 to 1360

The start of a codeword is determined by the start parameter associated with the tx_bit parameter being
equal to TRUE.

94.2.2.2 Overhead Frame

The PMA transmit process shall create a sequence of overhead frames by inserting 40 overhead bits for
every 31280 FEC bits as specified in this subclause.

The FEC bits, F(i, m, n), are mapped into a continuous sequence of overhead frames. The overhead frame is
31320 bits in length.

Each bit in the overhead frame is denoted V(i, p, ¢), where:
i is the lane number
p is an index that indicates the frame number and increments at the start of each frame
q is an index that indicates the bit number within a frame with a range 1 to 31320

The first 40 bits of the frame, V(i, p, 1) to V(i, p, 40), are the overhead bits (see 94.2.2.3). The next 31280
bits, V(i, p, 41) to V(i, p, 31320), are composed of the bits from 23 consecutive FEC codewords.

The overhead bits are inserted in the frame as follows:
V@, p, )=H(,p, 1)
V@i, p,2)=H(, p, 2)
V@, p,..)=H(G,p,..)
V(i, p, 40) = H(i, p, 40)

The FEC codeword bits are aligned such that V(i p,41) is the first bit of a codeword, e.g.,
V(i, p,41) =F(i, m, 1). The FEC bits are inserted into the frame in the order in which they were received
from the FEC, e.g., V(i, p, 42) =F(i, m, 2), V(i, p, 43) = F(i, m, 3), and so on. The method for aligning the
FEC codeword with the start of the overhead frame is outside the scope of this standard.

94.2.2.3 Overhead

The PMA transmit process shall form the overhead bits in each overhead frame as specified in this
subclause.

The overhead bits are denoted H(7, p, k), where
i is the lane number
p is an index that indicates the frame number and increments at the start of each frame
k is an index that indicates the header bit number with a range 1 to 40

Bits are mapped to the overhead in a sequence of five groups of 8 bits each. Each 8-bit group takes on the
value A or An. The values of the 8 bits in A are such that A(7:0) = TX_ OH_pattern(7:0). The values of the
8 bits in An are such that each bit is the inverse of the corresponding bit in A. For each lane i, the sequence
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of 8-bit groups is according to the bits in TX OH_sequence_i(4:0) such that H(i,p,((a+1)*8):(a*8+1)) is
equal to A(7:0) or An(7:0) if TX OH_sequence_i(a) is equal to 0 or 1, respectively, where a € {0,1,2,3,4}.

If the optional Clause 45 MDIO is implemented, the overhead function maps the TX OH_pattern and

TX OH_sequence i status variables to the registers and bits defined in 94.2.10. The default values for each
of the variables are summarized in Table 94-2.

Table 94—2—Default overhead configuration values

Parameter Values (binary)
TX OH_pattern(7:0) 01100110
TX OH_sequence 0(4:0) 00110
TX OH_sequence 1(4:0) 01010
TX OH_sequence 2(4:0) 10101
TX OH_sequence 3(4:0) 11001

94.2.2.4 Termination Blocks

The PMA transmit process shall create a sequence of termination blocks by inserting two termination bits
for every 90 overhead frame bits as specified in this subclause. The termination block is 92 bits in length.
The overhead frame mapped into 348 consecutive termination blocks forms a PMA frame.

Each bit in a termination block is denoted T(i, 7, s), where:
i is the lane number
r is an index indicating block number and increments at the start of each block
s is an index indicating the bit number within a termination block with a range 1 to 92

The first two bits in each termination block, T(i, , 1) and T(i, r, 2), are populated with the output of a
PRBS13 generator of the form specified in 94.3.10.8. For each termination block, the PRBS13 generator
generates a block of 92 pseudo-random bits, R(7,1:92). The first two bits are used for the termination bits
such that T(i r, 1)=R(i, 1) and T(i r, 2)=R(i,2). The PRBS13 generator is initialized during training
(94.3.10.8). Upon the transition from the last training frame to the first PMA frame the PRBS13 generator
used during training advances without reseeding (see 94.3.10.7.2) and without inversion, and the output is
used to generate the termination bits. The PRBS13 generator continues to advance without reseeding and
without inversion.

The remaining 90 bits of each termination block, T(7, r, 3) to T(i, r, 92), are overhead frame bits (see
94.2.2.2). The overhead frame bits are aligned with the termination blocks such that the first overhead bit,
V(i, p, 1), corresponds to the third bit of a termination block, T(7, r, 3).

Overhead frame bits are mapped to the termination blocks in order of location within the overhead frame,
e.g., T(i,r,4)=V(,p,2), T, r, 5) =V(, p, 3), and so on.

The termination bit PRBS13 generator is initialized during the training process. When training is complete
the state of the termination bit PRBS13 generator is retained and the resulting output is used for the
termination bits in the PMA frame.
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94.2.2.5 Gray Mapping

The PMA transmit process shall map consecutive pairs of bits to one of four Gray-coded symbols as
specified in this subclause.

Each pair of bits, {A, B}, of each termination block are converted to a Gray-coded symbol with one of the
four Gray-coded levels as follows:

{0, 0} maps to 0,

{0, 1} maps to 1,

{1, 1} maps to 2, and

{1, 0} maps to 3.

Gray-coded symbols corresponding to each termination block are denoted G(i, 7, £), where:
i is the lane number
r is an index indicating the termination block number
t is an index indicating the symbol number within a termination block with a range 1 to 46

Pairing of bits is such that the first two bits of each termination block, T(i, r, 1) and T(i, r, 2), form a pair.
Each bit pair {T(7, r, 2t-1), T(i, r, 2¢)} maps to {A, B} and the Gray-coded result is assigned to G(i, r, t). The
Gray-coded symbol G(i, r, 1) is formed from the first two bits of a termination block, the termination bits,
thus forming a termination symbol.

94.2.2.6 Precoding
The PMA transmit process shall precode the Gray-coded symbols as specified in this subclause.
The precoder output symbols are denoted, P(7, r, f), where:

i is the lane number

r is an index indicating the termination block number
t is an index indicating the symbol number within a termination block with a range 1 to 46.

For each Gray-coded symbol G(i,r, t), a precoded symbol, P(i, r, ) is determined by the following
algorithm:

If =1 then

PG, r,)=G(,r, 1)
Else

PG, r, t)=(G(@,r,t)— P(i, r, 1)) mod 4
End If

The bits contributing to the Gray-coded termination symbol, G(i, r, 1), are the termination bits. The
precoding algorithm applies this symbol directly to the output rather than combining it with the previous
non-deterministic symbols and thus this termination symbol is always deterministic.

94.2.2.7 PAM4 encoding

The PMA transmit process shall encode each precoder output symbol to one of four PAM4 levels as
specified in this subclause.

The PAM4 encoded symbols are denoted M(i, u), where
i is the lane number
u is an index indicating the symbol number
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Each consecutive precoder output symbol, P(i, r, £), is mapped to one of four PAM4 levels and assigned to
the PAM4 encoder output M(i, u).

Mapping from the precoder output symbol P(i, , £) to a PAM4 encoded symbol M(i, u) is as follows:
0 maps to —1,
1 maps to —1/3,
2 maps to +1/3, and
3 maps to +1.

94.2.2.8 PMD Interface

The PMA transmit process shall transmit each PAM4 encoded symbol, M(i, #) to the PMD via the
PMD:IS_UNITDATA i(tx_symbol) primitive at a symbol transfer rate of 13.59375 GBd.

94.2.3 PMA Receive Functional Specifications

The receive process shall recover the data encoded by the transmit process meeting the performance
requirements specified in 94.1 after the overhead and termination bits have been removed.

The process by which the receiver recovers the data to meet this requirement is outside the scope of this
standard. The signal structure encoded by the transmitter process including the overhead bits, Gray coding,
and termination symbols may be leveraged by the receiver implementation at the discretion of the
implementor. The remainder of this subclause specifies the receiver processes to reverse the transmitter
encoding and report status.

In the received direction, the role of the 100GBASE-KP4 PMA is to adapt the PAM4 encoded signal from
the PMD to a FEC encoded signal to be passed to the FEC for further processing. The adaptation processes
shown in Figure 94-3 include PAM4 decoding, (1+D) mod 4 decoding, inverse Gray coding, remove
termination bits, and remove overhead.

PMA:IS_UNITDATA_j.indication(tx_bit,start)

FG, m, H)T decoded bits to FEC

| remove overhead |

V(i, p, q)4 overhead frame

| remove termination bits |

T(i, r, s)® termination blocks, PMA frames

| inverse Gray coding |

G(i, r, t)] Gray-coded symbols

| [(1+D) mod 4] coding |

P(i, r, {)® precoded symbols

| PAM4 decoding |
M(i, u)T PAM4 symbols from PMD

PMD:IS_UNITDATA_i.indication(rx_symbol)

Figure 94-3—Receive adaptation process diagram
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94.2.3.1 Overhead

The PMA receive process shall decode the overhead bits in each overhead frame as specified in this
subclause. The format of the overhead bits is specified in 94.2.2.3.

The receive process decodes the received overhead bits in a sequence of five groups of 8 bits each into a
sequence of 5 bits. Each group of 8 bits is compared with A and An, where A(7:0) = RX_OH_pattern(7:0)
and the values of the 8 bits in An are such that each bit is the inverse of the corresponding bit in A. A match
of each 8-bit group with A or An results in a decoded value of 0 or 1, respectively. The decoded value when
the 8-bit group matches neither A or An is not specified. The decoded values from H(i,p,((a+1)*8):(a*8+1))
are assigned to RX _OH_sequence i(a), where a € {0,1,2,3,4}. If all of the 8-bit groups match either A or
An, the RX OH_sequence_i(5) is set to 1 and is otherwise set to 0.

If the optional Clause 45 MDIO is implemented, the PMA receive process maps the RX OH_pattern and

RX OH_sequence i variables to the registers and bits defined in 94.2.10. The default values for each of the
control variables are summarized in Table 94-3.

Table 94-3—Default overhead control values

Parameter Values (binary)

RX OH_pattern(7:0) 01100110

94.2.4 Skew constraints

Skew considerations for the 100GBASE-KP4 PMA, PMD, and AN are specified in 94.3.4.

94.2.5 Delay constraints

Delay considerations for the I00GBASE-KP4 PMA, PMD, AN, and medium are specified in 94.3.3.
94.2.6 Link status

The PMA shall provide link status information to the PMA client using the PMA:IS_SIGNAL.indication
primitive (see 94.2.1.3). The PMA continuously monitors the link status reported by the PMD from the
PMD:IS_SIGNAL.indication primitive, and uses this as input to Signal Indication Logic (SIL) to determine
the link status to report to the PMA client. Other inputs to the SIL may include status of clock and data
recovery on the lanes from the PMD and frame synchronization.

94.2.7 PMA local loopback mode

PMA local loopback shall be provided. This function involves looping back each input lane from the PMA
service interface to the corresponding output lane on the PMA service interface. Each received instance of
the PMA:IS UNITDATA i.request(tx bit,start) primitive is looped back in the direction of the PMA client
using the PMA:IS UNITDATA i.indication(rx_bit,start) primitive.

During local loopback, the PMA performs normal framing and precoding onto the lanes in the Tx direction
toward the PMD service interface.

Ability to perform this function is indicated by the Local loopback ability status variable. The
Local loopback ability status variable is always set to 1. If a Clause 45 MDIO is implemented, this variable
is accessible through bit 1.8.0 (45.2.1.7.15). A device is placed in local loopback mode when the
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Local loopback enable control variable is set to one, and removed from local loopback mode when this
variable is set to zero. If a Clause 45 MDIO is implemented, this variable is accessible through PMA/PMD
control 1 register (bit 1.0.0, see 45.2.1.1.5).

94.2.8 PMA remote loopback mode (optional)
PMA remote loopback mode is optional. If implemented, it shall be as described in this subclause.

Remote loopback, if provided, should be implemented close enough to the PMD to maintain the bit
sequence on each individual PMD lane. When remote loopback is enabled, each bit received over a lane of
the service interface below the PMA via PMD:IS UNITDATA i.indication is looped back to the
corresponding output lane toward the PMD via PMD:IS UNITDATA _i.request.

During remote loopback, the PMA performs normal bit processing operation in the Rx direction towards the
PMA client.

The ability to perform this function is indicated by the Remote loopback ability status variable. If a
Clause 45 MDIO is implemented, this variable is accessible through bit 1.13.15 (45.2.1.12.1). A device is
placed in remote loopback mode when the Remote loopback enable control variable is set to one, and
removed from remote loopback mode when this variable is set to zero. If a Clause 45 MDIO is implemented,
this variable is accessible through PMA/PMD Control register 1 (bit 1.0.1, see 45.2.1.1.4).

94.2.9 PMA test patterns
94.2.9.1 JPO3A test pattern
A 100GBASE-KP4 PMA shall include a JPO3A test pattern generator as specified in this subclause.

The JPO3A test pattern is generated prior to PAM4 encoding. When the JPO3A test pattern is enabled, it
replaces the signal from the precoder. The JPO3A test pattern is a repeating {0,3} sequence.

The JPO3A test pattern is enabled by the test pattern enable and JPO3A_enable control variables. If the
optional Clause 45 MDIO is implemented, the control variables map to the registers and bits defined in
94.2.10.

94.2.9.2 JP03B test pattern
A 100GBASE-KP4 PMA shall include a JPO3B test pattern generator as specified in this subclause.

The JPO3B test pattern is generated prior to PAM4 encoding. When the JPO3B test pattern is enabled, it
replaces the signal from the precoder. The JP03B test pattern is a repeating sequence of {0,3} repeated 15
times followed by {3,0} repeated 16 times. The entire 62-symbol pattern is shown in Equation (94-1).

03030303030303030303030303030330303030303030303030303030303030 94-1)

The JPO3B test pattern is enabled by the test pattern enable and JPO3B enable control variables. If the
optional Clause 45 MDIO is implemented, the control variables map to the registers and bits defined in
94.2.10.

94.2.9.3 Quaternary PRBS13 test pattern

A 100GBASE-KP4 PMA shall include a quaternary PRBS13 (QPRBS13) pattern generator as specified in
this subclause.
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The QPRBS13 test pattern is a repeating 15548-symbol (338 training frame words) sequence equivalent to
the training pattern specified in 94.3.10.8.

The PRBS13 pattern generator is re-initialized for each repetition of QPRBSI13 with the same seeds
specified in Table 94-11.

The QPRBS13 test pattern is enabled by the test pattern enable and QPRBS13_enable control variables. If
the optional Clause 45 MDIO is implemented, the control variables map to the registers and bits defined in
94.2.10.

94.2.9.4 Transmitter linearity test pattern

A 100GBASE-KP4 PMA shall include a transmitter linearity test pattern generator as specified in this
subclause.

The transmitter linearity test pattern is a repeating 160-symbol pattern with a sequence of 10 symbol values
each 16 Ul in duration. The 10 values correspond to the set of PAM4 symbols shown in Equation (94-2).

{~1,-1/3,+1/3,+1,-1,+1,-1,+1,+1/3,-1/3} (94-2)

The transmitter linearity test pattern is enabled by the test pattern_enable and TX linearity enable control
variables. If the optional Clause 45 MDIO is implemented, the control variables map to the registers and bits
defined in 94.2.10.

94.2.10 PMA MDIO function mapping

Clause 45 specifies the optional MDIO capability that describes several registers that provide control and
status information for and about the PMA. 45.2.1 describes the Management Data Input/Output (MDIO)
Manageable Device (MMD) addresses. If MDIO is implemented, it shall map MDIO control bits to PMA
control variables as shown in Table 94-4, and MDIO status bits to PMA status variables as shown in
Table 94-5.

Table 94-4—100GBASE-KP4 MDIO/PMA control variable mapping

MDIO control variable PMA/PMD register name R‘:lglli;tl%lzl?it PMA control variable
PMA local loopback PMA/PMD control 1 1.0.0 Local_loopback enable
PMA remote loopback PMA/PMD status 2 1.0.1 Remote loopback enable
PMA Tx generator enable PRBS pattern testing control | 1.1501.3 test_pattern_enable
JPO3A pattern enable PRBS pattern testing control 1.1501.8 JPO3A_enable
JPO3B pattern enable PRBS pattern testing control 1.1501.9 JPO3B_enable
QPRBSI13 pattern enable PRBS pattern testing control 1.1501.10 QPRBS13_enable
TX linearity pattern enable PRBS pattern testing control 1.1501.11 TX linearity enable
PMA transmit overhead pattern | PMA overhead control 1 1.162.7:0 TX OH_pattern
PMA transmit overhead PMA overhead control 1 1.162.12:8 TX OH_sequence 0
sequence 0
PMA transmit overhead PMA overhead control 2 1.163.4:0 TX OH_sequence 1
sequence |
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Table 94-4—100GBASE-KP4 MDIO/PMA control variable mapping (continued)

MDIO control variable PMA/PMD register name Rilgl::;%lzll?lt PMA control variable
PMA transmit overhead PMA overhead control 2 1.163.9:5 TX OH_sequence 2
sequence 2
PMA transmit overhead PMA overhead control 2 1.163.14:10 TX OH_sequence 3
sequence 3
PMA receive overhead pattern PMA overhead control 3 1.164.7:0 RX OH_pattern

Table 94-5—100GBASE-KP4 MDIO/PMA status variable mapping

MDIO status variable PMA/PMD register name Rflgl:fltlfe/?lt PMA status variable
PMA local loopback ability PMA/PMD status 2 1.8.0 Local loopback ability
PMA remote loopback ability 40G/100G PMA/PMD 1.13.15 Remote loopback ability

extended ability
PMA receive overhead PMA overhead status 1 1.165.5:0 RX OH_sequence 0
sequence 0
PMA receive overhead PMA overhead status 1 1.165.11:6 RX OH_sequence 1
sequence 1
PMA receive overhead PMA overhead status 2 1.166.5:0 RX OH_sequence 2
sequence 2
PMA receive overhead PMA overhead status 2 1.166.11:6 RX OH_sequence 3
sequence 3

94.3 Physical Medium Dependent (PMD) Sublayer

94.3.1 Physical Medium Dependent (PMD) service interface

This subclause specifies the services provided by the I00GBASE-KP4 PMD. The service interface for this
PMD is described in an abstract manner and does not imply any particular implementation. The PMD
service interface supports the exchange of encoded data. The PMD translates the encoded data to and from
signals suitable for the medium.

The PMD service interface is based on the inter-sublayer service interface defined in 80.3. The PMD service
interface primitives are summarized as follows:

PMD:IS_UNITDATA _i.request
PMD:IS_UNITDATA i.indication
PMD:IS_SIGNAL.indication

If the optional EEE deep sleep capability is supported, then the PMD service interface includes two addi-
tional primitives as follows:

PMD:IS_TX MODE.request
PMD:IS RX MODE.request
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94.3.1.1 PMD:IS_UNITDATA _i.request

The PMD:IS_UNITDATA_i.request (where i=0 to 3) primitive is used to define the transfer of four streams
of data units from the PMA to the PMD.

94.3.1.1.1 Semantics of the service primitive

PMD:IS_UNITDATA_0.request(tx_symbol)
PMD:IS_UNITDATA _1.request(tx_symbol)
PMD:IS_UNITDATA 2.request(tx_symbol)
PMD:IS_UNITDATA 3.request(tx_symbol)

The data conveyed by PMD:IS UNITDATA i.request consists of four parallel continuous streams of
encoded symbols, tx_symbol, one stream for each lane. Each of the tx_symbol parameters can take one of
four values: -1, —1/3, +1/3, or +1.

94.3.1.1.2 When generated

The PMA continuously sends four parallel symbol streams PMD:IS UNITDATA i.request(tx_symbol) to
the PMD, each at a nominal signaling rate of 13.59375 GBd.

94.3.1.1.3 Effect of receipt

Upon receiving each instance of PMD:IS_UNITDATA _i.request, the tx_symbol parameter is passed to the
PMD transmit process corresponding to each stream.

94.3.1.2 PMD:IS_UNITDATA_i.indication

The PMD:IS UNITDATA i.indication (where i=0 to 3) primitive is used to define the transfer of four
streams of data units from the PMD to the PMA.

94.3.1.2.1 Semantics of the service primitive

PMD:IS _UNITDATA 0.indication(rx_symbol)
PMD:IS _UNITDATA 1.indication(rx_symbol)
PMD:IS _UNITDATA 2.indication(rx_symbol)
PMD:IS _UNITDATA 3.indication(rx_symbol)

The data conveyed by PMD:IS UNITDATA _0.indication to PMD:IS UNITDATA _3.indication consists of
four parallel continuous streams of encoded symbols, one stream for each lane. Each of the rx_symbol
parameters can take one of four values: —1, —1/3, +1/3, or +1.

94.3.1.2.2 When generated

The PMD continuously sends four parallel encoded symbol streams
PMD:IS UNITDATA i.indication(rx_symbol) to the PMD client, each at a nominal signaling rate of
13.59375 GBd.

94.3.1.2.3 Effect of receipt

The effect of receipt of this primitive is undefined by the PMD.
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94.3.1.3 PMD:IS_SIGNAL.indication

The PMD:IS_SIGNAL.indication primitive is generated by the PMD to the PMA to indicate the status of the
PMD receive process. This primitive is generated by the PMD receive process to propagate the detection of
severe error conditions (e.g., loss of synchronization) to the PMA.

94.3.1.3.1 Semantics of the service primitive
PMD:IS_SIGNAL.indication(SIGNAL OK).

The SIGNAL_OK parameter corresponds to the variable Global PMD _signal detect as defined in 94.3.6.4.
When Global PMD signal detect is one, SIGNAL OK shall be assigned the value OK. When
Global PMD signal detect is zero, SIGNAL OK shall be assigned the value FAIL. When
SIGNAL DETECT = FAIL, the PMD:IS_UNITDATA _i.indication parameters are undefined.

94.3.1.3.2 When generated

The PMD generates the PMD:IS_SIGNAL.indication primitive to the PMD client whenever there is change
in the value of the Global PMD _signal detect parameter.

94.3.1.3.3 Effect of receipt
The effect of receipt of this primitive is undefined by the PMD.
94.3.2 PCS requirements for Auto-Negotiation (AN) service interface

The PCS associated with this PMD is required to support the AN service interface primitive
AN_LINK.indication defined in 73.9. (See 82.6.)

The 100GBASE-KP4 PHY may be extended using CAUI as a physical instantiation of the inter-sublayer
service interface between devices. If CAUI is instantiated, the AN LINK(link status).indication is relayed
from the device with the PCS sublayer to the device with the AN sublayer by means at the discretion of the
implementor. As examples, the implementor may employ use of pervasive management or employ a
dedicated electrical signal to relay the state of link status as indicated by the PCS sublayer on one device to
the AN sublayer on the other device.

94.3.3 Delay constraints

The sum of the transmit and the receive delays contributed by the I00GBASE-KP4 PMA, PMD, AN, and
the medium in one direction shall be no more than 8192 bit times (16 pause quanta or 81.92 ns). It is
assumed that the one way delay through the medium is no more than 800 bit times (8 ns).

A description of overall system delay constraints and the definitions for bit times and pause quanta can be
found in 80.4 and its references.

94.3.4 Skew constraints

The Skew (relative delay) between the lanes must be kept within limits so that the information on the lanes
can be reassembled by the RS-FEC sublayer. Skew and Skew Variation are defined in 80.5 and specified at
the points SP1 to SP6 shown in Figure 80—5a.

If the PMD service interface is physically instantiated so that the Skew at SP2 can be measured, then the
Skew at SP2 is limited to 43 ns and the Skew Variation at SP2 is limited to 0.4 ns.
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The Skew at SP3 (the transmitter MDI) shall be less than 54 ns and the Skew Variation at SP3 shall be less
than 0.6 ns.

The Skew at SP4 (the receiver MDI) shall be less than 134 ns and the Skew Variation at SP4 shall be less
than 3.4 ns.

If the PMD service interface is physically instantiated so that the Skew at SP5 can be measured, then the
Skew at SP5 shall be less than 145 ns and the Skew Variation at SP5 shall be less than 3.6 ns.

For more information on Skew and Skew Variation see 80.5.
94.3.5 PMD MDIO function mapping
The optional MDIO capability described in Clause 45 defines several registers that provide control and sta-

tus information for and about the PMD. If MDIO is implemented, it shall map MDIO control bits to PMD
control variables as shown in Table 94-6, and MDIO status bits to PMD status variables as shown in

Table 94-7.

Table 94—-6—100GBASE-KP4 MDIO/PMD control variable mapping

MDIO control variable PMA/PMD register name R(:lgl::%IZ:)It PMD control variable
Reset PMA/PMD control 1 1.0.15 PMD _reset
Global PMD transmit PMD transmit disable 1.9.0 Global PMD _transmit_disable
disable
PMD transmit disable 3 to PMD transmit disable 1.9.4 to PMD_transmit_disable 3 to
PMD transmit disable 0 1.9.1 PMD _transmit_disable 0
Restart training BASE-R PMD control 1.150.0 mr_restart_training
Training enable BASE-R PMD control 1.150.1 mr_training_enable

Table 94-7—100GBASE-KP4 MDIO/PMD status variable mapping

MDIO status variable PMA/PMD register name Register/bit PMD status variable
number

Fault PMA/PMD status 1 1.1.7 PMD_fault
Transmit fault PMA/PMD status 2 1.8.11 PMD_transmit_fault
Receive fault PMA/PMD status 2 1.8.10 PMD _receive_fault
Global PMD receive signal PMD receive signal detect 1.10.0 Global_PMD _signal detect
detect
PMD receive signal detect 3 to | PMD receive signal detect 1.10.4 to PMD signal detect 3 to
PMD receive signal detect 0 1.10.1 PMD _signal detect 0
100GBASE-KP4 deep sleep EEE capability 1.16.9 —
Receiver status 3 BASE-R PMD status 1.151.12 rx_trained 3
Frame lock 3 BASE-R PMD status 1.151.13 frame lock 3
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Table 94-7—100GBASE-KP4 MDIO/PMD status variable mapping (continued)

MDIO status variable PMA/PMD register name Rigui::li:zll.)it PMD status variable
Start-up protocol status 3 BASE-R PMD status 1.151.14 training_3
Training failure 3 BASE-R PMD status 1.151.15 training_failure 3
Receiver status 2 BASE-R PMD status 1.151.8 rx_trained 2
Frame lock 2 BASE-R PMD status 1.151.9 frame lock 2
Start-up protocol status 2 BASE-R PMD status 1.151.10 training_2
Training failure 2 BASE-R PMD status 1.151.11 training_failure 2
Receiver status 1 BASE-R PMD status 1.151.4 rx_trained 1
Frame lock 1 BASE-R PMD status 1.151.5 frame lock 1
Start-up protocol status 1 BASE-R PMD status 1.151.6 training_1
Training failure 1 BASE-R PMD status 1.151.7 training_failure 1
Receiver status 0 BASE-R PMD status 1.151.0 rx_trained_0
Frame lock 0 BASE-R PMD status 1.151.1 frame _lock 0
Start-up protocol status 0 BASE-R PMD status 1.151.2 training_0
Training failure 0 BASE-R PMD status 1.151.3 training_failure 0

94.3.6 PMD functional specifications

94.3.6.1 Link block diagram

One direction for one lane of a 100GBASE-KP4 link is shown in Figure 94—4.

PMD PMD
service service
interface interface

| PMD Channel PMD |
i »d b »
| | | |
PMD | | PMD
—|—> transmit | | P receive —l—>
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Package-to » il
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Figure 94-4—100GBASE-KP4 link (one direction for one lane is illustrated)
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94.3.6.2 PMD Transmit function

The PMD transmit function shall convert the four encoded symbol streams requested by the PMD service
interface messages PMD:IS UNITDATA i.request (i=0 to 3) into four separate electrical signals. The four
electrical signals shall then be delivered to the MDI, all according to the transmit electrical specifications in
94.3.12. A positive differential output voltage (SLi<p> minus SLi<n>) shall correspond to a positive
tx_symbol value.

If the optional EEE deep sleep capability is supported, the PMD transmit function shall transmit a periodic
sequence, where each period of the sequence is an ALERT frame (see 94.3.11.1) when tx_mode is set to
ALERT. Regardless of tx_mode, the transmit equalizer coefficients shall be set to the values determined via
the start-up protocol (see 94.3.10).

94.3.6.3 PMD Receive function

The PMD receive function shall convert the four electrical signals from the MDI into four encoded symbol
streams for delivery to the PMD service interface using the messages PMD:IS UNITDATA i.indication
(i=0 to 3). A positive differential input voltage of (DLi<p> minus DLi<n>) shall correspond to a positive
rx_symbol value.

94.3.6.4 Global PMD signal detect function

The variable Global PMD _signal detect is the logical AND of the values of PMD signal detect i for i=0
to 3.

When the MDIO is implemented, this function maps the variable Global PMD _signal detect to the register
and bit specified in 94.3.5.

94.3.6.5 PMD lane-by-lane signal detect function

The PMD lane-by-lane signal detect function is used by the 100GBASE-KP4 PMD to indicate the success-
ful completion of the start-up protocol by the PMD control function (see 94.3.10). PMD_signal detect i
(where i represents the lane number in the range 0 to 3) is set to zero when the value of the variable signal -
detect is set to false by the Training state diagram for lane i (see Figure 72-5). PMD signal detect i is set to
one when the value of signal detect for lane i is set to true.

If training is disabled by the management variable mr_training_enable (see 94.3.5), PMD_signal detect i
shall be set to one for i=0 to 3.

If the optional EEE deep sleep capability is supported, the following requirements apply. The value of
PMD signal detect i (for i=0 to 3) is set to zero when rx_mode is first set to QUIET. While rx_mode is set
to QUIET, PMD _signal detect i shall be set to one within 500 ns of the application of the ALERT pattern
defined in 94.3.6.2 and meeting the EEE transmit-enabled amplitude requirement of 94.3.12.3. While rx_-
mode is set to QUIET, PMD signal detect i shall not be set to one when the output of the transmitter on the
same lane meets the EEE transmit-disabled amplitude requirement of 94.3.12.3.

When the MDIO is implemented, this function maps the variables to registers and bits as defined in 94.3.5.
94.3.6.6 Global PMD transmit disable function

The Global PMD transmit disable function is mandatory if EEE deep sleep capability is supported and is
otherwise optional. When implemented, it allows all of the transmitters to be disabled with a single variable.

261
Copyright © 2014 IEEE. All rights reserved.

Authorized licensed use limited to: Zhejiang University. Downloaded on September 25,2014 at 02:23:24 UTC from IEEE Xplore. Restrictions apply.



IEEE Std 802.3bj-2014
AMENDMENT TO IEEE Std 802.3-2012: Ethernet

a)  When Global PMD transmit_disable variable is set to one, this function shall turn off all of the
transmitters such that each transmitter drives a constant level (i.e., no transitions) and does not
exceed the maximum differential peak-to-peak output voltage in Table 94—13.

b) IfaPMD fault (94.3.7) is detected, then the PMD may set Global PMD _transmit disable to one.
¢) Loopback, as defined in 94.3.6.8, shall not be affected by Global PMD _transmit_disable.

d) The following additional requirements apply when the optional EEE deep sleep capability is
supported. The Global PMD transmit disable function shall turn off all of the transmitters as
specified in 94.3.12.3 when tx_mode transitions to QUIET from any other value. The Global PMD
transmit disable function shall turn on all of the transmitters as specified in 94.3.12.3 when tx_mode
transitions from QUIET to any other value.

94.3.6.7 PMD lane-by-lane transmit disable function

The PMD lane-by-lane transmit disable function is optional and allows the electrical transmitter in each lane
to be selectively disabled. When this function is supported, it shall meet the following requirements:

a)  When a PMD_transmit_disable i variable (where i represents the lane number in the range 0 to 3) is
set to one, this function shall turn off the transmitter associated with that variable such that it drives
a constant level (i.e., no transitions) and does not exceed the maximum differential peak-to-peak
output voltage specified in Table 94-13.

b) If a PMD_fault (94.3.7) is detected, then the PMD may set each PMD_transmit_disable i to one,
turning off the electrical transmitter in each lane.

c¢) Loopback, as defined in 94.3.6.8, shall not be affected by PMD _transmit_disable i.
94.3.6.8 Loopback mode

Local loopback mode is provided by the PMA (94.2.7). Loopback shall not affect the state of the transmitter,
which continues to send data unless disabled (94.3.6.7).

NOTE—Placing a network port into loopback mode can be disruptive to a network.

94.3.7 PMD fault function

PMD fault is the logical OR of PMD receive fault, PMD transmit fault, and any other implementation
specific fault.

If the MDIO is implemented, PMD _fault shall be mapped to the fault bit as specified in 45.2.1.2.1.

94.3.8 PMD transmit fault function

The PMD transmit fault function is optional. The faults detected by this function are implementation
specific, but the assertion of Global PMD transmit disable is not considered a transmit fault. A fault is
indicated by setting the variable PMD _transmit fault to one.

If PMD _transmit_fault is asserted, then Global PMD _transmit_disable should also be asserted.

If the MDIO interface is implemented, then this function shall be mapped to the Transmit fault bit as
specified in 45.2.1.7.4.
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94.3.9 PMD receive fault function

The PMD receive fault function is optional. The faults detected by this function are implementation specific.
A fault is indicated by setting the variable PMD receive fault to one.

If the MDIO interface is implemented, then PMD_receive fault shall contribute to the Receive fault bit as
specified in 45.2.1.7.5.

94.3.10 PMD control function
94.3.10.1 Overview

The PMD control function generates the control actions required to bring the PMD from initialization to a
mode in which data may be exchanged with the link partner.

The PMD control function is based upon the 10GBASE-KR start-up protocol. This protocol facilitates tim-
ing recovery and equalization while also providing a mechanism through which the receiver can tune the
transmit equalizer to optimize performance over the backplane interconnect. The protocol supports these
mechanisms through the continuous exchange of fixed-length training frames.

Each lane of the 100GBASE-KP4 PMD shall have an independent control function as defined in this
subclause.

The variables rx_trained i, frame lock i, training_i, and training_failure i (where i goes from 0 to 3) report
status for each lane and are equivalent to rx_trained, frame lock, training, and training_failure as defined in
72.6.10.3.1. If the MDIO interface is implemented, then this function shall map these variables to the appro-
priate bits in the BASE-R PMD status register (Register 1.151) as specified in 45.2.1.80.

94.3.10.2 Training frame structure

The training frame is a fixed length structure that is sent continuously during training. The training frame,
shown in Figure 94-5, is 348 training frame words (94.3.10.3) in length and contains a frame marker, a
control channel, and training pattern. The frame marker delimits the beginning of a training frame. The
control channel provides a means for the each receiver to control the taps on the link partner transmitter and
communicate status. The training pattern provides content rich pattern for receiver convergence.

Training frame words

1 | Frame marker

4 | Coefficient update

Control channel
5 | Status report

338 | Training pattern

Figure 94-5—Training frame structure
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94.3.10.3 Training frame words

Each training frame is composed of a series of 348 training frame words. Each training frame word is
46 symbols in length, equivalent in size to a termination block described in 94.2.2.4.

94.3.10.4 Frame marker

Each training frame shall be delimited by a frame marker as described in this subclause. The frame marker is
a training frame word composed of a 46-symbol pattern of 23 +1 symbols followed by 23 —1 symbols. This
pattern does not appear in the control channel or the training pattern and therefore serves as a unique
indicator of the start of a training frame.

94.3.10.5 Control channel encoding
94.3.10.5.1 Differential Manchester encoding

The control channel shall be transmitted using differential Manchester encoding (DME). DME guarantees
transition density and DC balance while the reduced rate of transmission facilitates reception over non-
optimally equalized channels.

DME cells shall be encoded using the following rules:

a) Each DME cell represents one bit of information.

b) The upper value is represented by a series of PAM4 +1 symbols.

c¢) The lower value is represented by a series of PAM4 —1 symbols.

d) A data transition occurs at each cell boundary.

e) A mid-cell data transition is used to signal a logical one.

f)  The absence of a mid-cell data transition is used to signal a logical zero.

If a coding violation is detected within the bounds of the control channel in a given training frame, the
contents of the control channel for that frame shall be ignored.

94.3.10.5.2 Control channel structure
The control channel shall be constructed of a series of DME cells as described in this subclause.

The control channel is composed of a series of 9 training frame words. Each training frame word is
composed of four 10-symbol control channel DME cells and a 6-symbol control overhead DME cell.

The control overhead cell is always transmitted as a one following the DME rules. In other words, the
control overhead cell is transmitted as either three +1 symbols followed by three —1 symbols or vice versa
depending on the previously transmitted control channel cell.

The coefficient update field is transmitted in the first 16 control channel DME cells. The status report field is
transmitted in the next 24 control channel DME cells. The structure of the frame marker and control channel
are shown in Table 94-8.

94.3.10.6 Coefficient update field

The coefficient update field carries correction information from the local receiver to the link partner transmit
equalizer. The field consists of preset controls, initialization controls, coefficient updates for three transmit
equalizer taps, and parity. The coefficient update field is mapped into the first 16 control channel DME
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Table 94-8—Frame marker and control channel structure

Training Symbols Symbols Symbols Symbols Symbols Training
frame word 1:10 11:20 21:30 31:40 41:46 frame fields
1 cell 15 cell 14 cell 13 cell 12 overhead coefficient

update
2 cell 11 cell 10 cell 9 cell 8 overhead
3 cell 7 cell 6 cell 5 cell 4 overhead
4 cell 3 cell 2 cell 1 cell 0 overhead
5 cell 19 cell 18 cell 17 cell 16 overhead status report
6 cell 15 cell 14 cell 13 cell 12 overhead
7 cell 11 cell 10 cell 9 cell 8 overhead
8 cell 7 cell 6 cell 5 cell 4 overhead
9 cell 3 cell 2 cell 1 cell 0 overhead

The format of the coefficient update field shall be as shown in Table 94-9. Cell 15 of the coefficient update
field shall be transmitted first. The preset, initialize, and coefficient update fields are set by the receiver
adaptation process. The algorithm employed by the receiver adaptation process is beyond the scope of this
standard.

Table 94-9—Coefficient update field

Cell(s) Name Description
15:14 Reserved Transmitted as 0, ignored on reception.
13 Preset 1 = Preset coefficients
0 = Normal operation
12 Initialize 1 = Initialize coefficients
0 = Normal operation
11:7 Reserved Transmitted as 0, ignored on reception.
6 Parity Even parity of all other coefficient update cells.
5:4 Coefficient (+1) update 5 4
1 1=reserved
0 1 =increment
1 0= decrement
0 O=hold
3:2 Coefficient (0) update 3 2
1 1=reserved
0 1=increment
1 0= decrement
0 O0=hold
1:0 Coefficient (—1) update 1 0
1 1 =reserved
0 1 =increment
1 0=decrement
0 O0=hold
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94.3.10.6.1 Preset
The behavior in response to the preset field shall be as specified in 72.6.10.2.3.1.
94.3.10.6.2 Initialize

The behavior in response to the initialize field shall be as specified in 72.6.10.2.3.2, except that the
conditions for the INITIALIZE state are specified in 94.3.12.5.4 instead of 72.6.10.4.2.

94.3.10.6.3 Parity

The parity bit shall be set so that all bits in the coefficient update field including the parity bit exhibit even
parity. The parity bit protects against acceptance of errored control messages and preserves DC balance. If a
parity violation is detected within a received coefficient update field, that field shall not be used to update
the transmitter coefficients.

94.3.10.6.4 Coefficient (k) update
The coefficient update fields shall be encoded as described in this subclause.

Each coefficient, identified by the index £, is assigned a 2-bit field describing a requested update, where
ke {-1,0, 1} denoting the pre-cursor, main, and post-cursor taps, respectively. The encoding of the
coefficient update fields are as shown in Table 94-9.

Three request encodings are defined: increment, decrement, and hold. The default state of each tap is hold,
which corresponds to no change in the coefficient. The increment or decrement encodings are transmitted to
request that the corresponding coefficient be increased or decreased. The amount of change implemented by
the transmitter in response to the coefficient update request meets the requirements of 94.3.12.5.5. An
increment or decrement request is transmitted continuously until the update status (94.3.10.7.4) for that tap
indicates updated, maximum, or minimum. At that point, the outgoing requests for that tap may be set to
hold. The hold setting must be maintained until the incoming status message for that tap reverts to
not_updated. A new request to increment or decrement a tap may be sent only when the incoming status
message for that tap is not_updated.

Coefficient increment and decrement update requests must not be sent in combination with initialize or
preset.

94.3.10.7 Status report field
The status report field is used to signal state information from the local PMD to the link partner. The format

of the status report field of training frames shall be as shown in Table 94-10. Cell 19 of the status report
field shall be transmitted first.

Table 94—10—Status report field for training and alert frames

Cell(s) Name Description
19 Parity Set to achieve even parity for status report field.
18 Mode 0: Training
1: EEE
17:16 Frame countdown Number of frames remaining before transition to
data mode.
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Table 94—10—Status report field for training and alert frames (continued)

Cell(s) Name Description
15:13 PMA alignment offset Relative location of the next alert frame within the
PMA frame (set to zero for training frames).
12:7 Reserved Transmitted as zeros.
6 Receiver ready 1 = The local receiver has determined that training
is complete and is prepared to receive data.
0 = The local receiver is requesting that training
continue.
5:4 Coefficient (+1) status 5 4
1 1=maximum
1 0=minimum
0 1 =updated
0 0=not updated (and for EEE alert frames)
3:2 Coefficient (0) status 3 2
1 1=maximum
1 0=minimum
0 1=updated
0 0=not_updated (and for EEE alert frames)
1:0 Coefficient (—1) status 1 0
1 1=maximum
1 0=minimum
0 1=updated
0  0=not updated (and for EEE alert frames)

94.3.10.7.1 Parity

The parity cell shall be set so that all bits in the status report field including the parity bit exhibit even parity.
The parity bit protects against acceptance of errored status messages and preserves DC balance. If a parity
violation is detected within a received status field, that field shall not be used to determine the link partner
status.

94.3.10.7.2 Training frame countdown

The training frame countdown cell shall signal the transition from training to data mode as described in this
subclause. When training begins, countdown is set to the value 3 and remains so until all receivers have
completed training. When the received status report receiver ready is 1 in all four received lanes and the
transmitted status report receiver ready is 1 in all four transmitted lanes, the transmitter on each transmitted
lane decrements the countdown in three successive frames. The countdown values are equal in all four lanes.
In other words, in the last three training frames countdown contains 2, 1, and 0, respectively. Immediately
after the last training frame word of the last training frame is sent, transmission of the PMA frame begins
starting with the termination block containing the PMA overhead (see 94.3.10.9).

94.3.10.7.3 Receiver ready

The receiver ready bit shall signal the local receiver state to the link partner as described in this subclause.
When training begins the receiver ready bit is de-asserted and remains so until the receiver has concluded
training. The receiver ready bit is asserted to indicate that the local receiver has concluded training and is
prepared to receive data. The encoding of the receiver ready bit is as shown in Table 94—10.
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94.3.10.7.4 Coefficient (k) status

The behavior of the coefficient (k) status fields shall be as specified in 72.6.10.2.4.5.
94.3.10.7.5 Coefficient update process

The coefficient update process shall behave as specified in 72.6.10.2.5.

In addition, the period from receiving a new request to responding to that request shall be less than 2 ms,
except during the first 50 ms following the beginning of the start-up protocol. The beginning of the start-up
protocol is defined to be entry into the AN_GOOD_CHECK state in Figure 73-11. The start of the period is
the frame marker of the training frame with the new request and the end of the period is the frame marker of
the training frame with the corresponding response. A new request occurs when the coefficient update field
is different from the coefficient field in the preceding frame. The response occurs when the coefficient status
report field is updated to indicate that the corresponding action is complete.

94.3.10.8 Training pattern
The training pattern shall be encoded as specified in this subclause.

The training pattern is mapped into a series of 338 training frame words. Each training frame words is
encoded as a PMA signal as specified in 94.2.2 with the exception that the input is from a PRBS13 generator
rather than from the PMA service interface and no PMA overhead (94.2.2.2) is inserted.

For each training frame, the PRBS13 generator is used to produce 31096 bits. Three full cycles of 8191 bits
and one truncated cycle of 6523 bits are concatenated to form the 31096 bit sequence, R(1:31096). Bits in
the first and third cycle, R(1:8191) and R(16383:24573), are not inverted and bits in the second and fourth
cycles, R(8192:16382) and R(24574:31096), are inverted.

The PRBS13 pattern generator produces the same result as the implementation shown in Figure 94—6, which
implements the generator polynomial shown in Equation (94-3). The PRBS13 pattern generator is
initialized for each frame using a unique seed for each lane. The 13-bit seed and the initial 16 bits for each
lane are annotated in Table 94—11.

G(x) = l+x+x>+x2+x" (94-3)

The PRBS13 pattern is mapped into the 92 bits of each training frame word. The first 2 bits of each training
frame word form the termination bits (94.2.2.4) and each training frame word in the training pattern is
equivalent to a termination block (94.2.2.4). The resulting termination blocks are gray-mapped (94.2.2.5),
precoded (94.2.2.6), and mapped to PAM4 levels (94.2.2.7).

The outputs of PRBS13 generator, gray mapper, and precoder for the first two training frame words are
provided in Table 94—12.
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Figure 94-6—PRBS13 pattern generator

Table 94—-11—PRBS13 seeds and initial output

PMD Seed bits Initial 16 bits
Lane (leftmost bit in S0, rightmost in S12) (in order of transmission)
0 0000010101011 0100100110110011
1 0011101000001 1101111101010100
2 1001000101100 1100101111000011
3 0100010000010 0110111101000111

94.3.10.9 Transition from training to data
The transmitted signal shall transition from the training signal to normal data as described in this subclause.

The transition from the training signal to normal data occurs when the training countdown is complete, as
indicated by the training frame countdown being equal to 0 (94.3.10.7.2). Immediately after the last bit of
the last training frame, transmission of the first PMA frame (94.2.2.4) begins with the termination block
containing the overhead, T(i,1,1:92). The PRBS13 generator used during training to generate the training
pattern is used to generate the termination bits in data mode. The state of the training PRBS13 generator is
retained and 92 new bits are generated without reseeding or inverting. Termination bits are assigned and the
PRBS13 generator continues to operate as specified in 94.2.2.4. The transition from training to data mode
and mapping of the PRBS13 to training frame and termination bits is depicted in Figure 94-7.

94.3.10.10 Frame lock state diagram

The 10GBASE-KP4 PMD shall implement the frame lock state diagram as depicted in Figure 72—4
including compliance with the associated state variables, timers, counters, and functions specified in
72.6.10.3. The frame lock state diagram determines when the PMD control function has detected the frame
boundaries in the received data stream.

94.3.10.11 Training state diagram
The 10GBASE-KP4 PMD shall implement the training state diagram as depicted in Figure 725 including

compliance with the associated state variables specified in 72.6.10.3. The training state diagram defines the
operation of the 100GBASE-KP4 start-up protocol.
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Table 94-12—Training pattern initial sequences

PMD Outout of Contents of first (top) and second (bottom) training frame words
Lane P transmitted left to right

0 PRBS13 0100100110110011110001010101100001001001110111100111010000011
1010011011101001110011001010111
0001111111010111011011111101000101101111101001111011001010110
0111001001110000111100001101011

Gray code 1031320220111130103121231210012102121023131112
0122211213222101132233123203320231023012301332

Precoder 1301200200101031003201123322233220110021032320
0111101103333223211121021130331123112233001211

1 PRBS13 1101111101010100000010010011011001111000101010110000100100111
0111100111010000011101001101110
1001110011001010111000111111101011101101111110100010110111110
1001111011001010110011100100111

Gray code 2122111000310213123033320031023220233002331323
3120203323022233232122330321221022131113120312

Precoder 2333232222100230112212113123112022030002123021
3200221203111121120111213023332202301012331233

2 PRBS13 1100101111000011111011101110110011001100111000111000110000110
0001110111000001100110000001110
0011011000011000101011000110010011101010100011001001000011100
1111011101010110011001001010101

Gray code 2032200223232320202023023020020023230020200023
0213013033201310233330203100231232333202031111

Precoder 2211131112033022002203112200022203300022000021
0230012212001231121213312313301120303311301010

3 PRBS13 0110111101000111101111101011001101111110001111011010111011110
0100001011000101100101011111000
1001011010111100101001011000100111110000101011010110010011111
1000101011011101001000101111100

Gray code 1322101232233202122302213323220301130320332230
3113322033113031220033211310222011132331011220

Precoder 1202310211121133202133321203331223213022120213
3230333121012210200030232100202232302123101113
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Transmit mode | Training Data

-« TGE1L192) — ew T(i2,1:92) g

Structure [ final training frame word (92b) | TB [ OH (40b) | FEC(50b) [TB | FEC (90b)

T T T V(i,1,1:90) T V(i,1,91:180)

PRBSI13lane0 [T01 [0110111001011...011000110 | 01 | 1110000111...000111000110 | 11 | 0000110001...01010101000 |

PRBS13 lane 1 |

—_

1 [0100100010101...111101101 | 10 [0110100010...101110000011 | 00 | 1100000011...11010101100 |

PRBSI13lane2 [01 [0000110000110...101000001 | 11 | 0100110111...101000011011 | 11 | 1101110011...10000101000 |

—_

PRBSI3lane3 [T11 [1010101100010...111100111 | 11 | 1101110000...000111011011 | 01 | 1101000101...00110110011 |

not transmitted not transmitted

Figure 94—-7—Transition from training to data mode

When the training state diagram enters the INITIALIZE state, the transmitter equalizer shall be configured
such that the output meets the requirements of 94.3.12.5.4.

94.3.10.12 Coefficient update state diagram

For each tap, the 100GBASE-KP4 PMD shall implement an instance of the coefficient update state diagram
in Figure 726 including compliance with the associated state variables as specified in 72.6.10.3. The
coefficient update state diagram defines the process for updating transmit equalizer coefficients in response
to requests from the link partner and also defines the coefficient update status to be reported in outgoing
training frames.

94.3.11 PMD LPI function

The PMD LPI function responds to the transitions between Active, Sleep, Quiet, Refresh, and Wake states
via the PMD:IS_TX MODE.request and PMD:IS RX MODE.request. Implementation of the function is
optional. EEE capabilities and parameters are advertised during the Backplane Auto-negotiation, as
described in 45.2.7.13. The transmitter on the local device informs the link partner’s receiver when to sleep,
refresh, and wake. The local receiver transitions are controlled by the link partner’s transmitter and can
change independent of the local transmitter states and transitions.

94.3.11.1 Alert Signal

During refresh and wake, to enable effective detection and quick receiver synchronization, an alert frame is
sent prior to sending normal PMA frames. The alert signal is a series of repeating alert frames.

The alert frame shall be composed of a frame marker, control channel, and training pattern as depicted in
Figure 94-8. The alert frame is based on the training frame specified in 94.3.10.2. The distinguishing
differences are that the training pattern is truncated to 48 training frame words (4416 bits) and the coefficient
update and status report fields are encoded differently. The alert frame is a total of 58 training frame words
in length.

94.3.11.1.1 Frame marker

The frame marker shall be implemented as specified in 94.3.10.4.
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Training frame words

1 | Frame marker

4 | Coefficient update
Control channel

5 | Status report

48 | Training pattern

Figure 94-8—Alert frame structure
94.3.11.1.2 Coefficient update field

The coefficient update field is unused in the alert frame. All bits in the coefficient update field are reserved
and shall be transmitted as zeros.

94.3.11.1.3 Status report field

The status report field is used to signal state information from the local PMD to the link partner. The format
of the status report field of alert frames shall be as shown in Table 94-10. Cell 19 of the status report field
shall be transmitted first.

94.3.11.1.4 Parity
The parity field shall have the same behavior and purpose as specified for the training frame in 94.3.10.7.1.
94.3.11.1.5 Mode

The mode field indicates whether the frame is a training frame (mode = 0) or an alert frame (mode = 1). This
field differentiates the alert frame from a training frame. The mode field in the alert frame shall always
indicate 1.

94.3.11.1.6 Alert frame countdown

The alert frame countdown field shall be updated as specified for the training frame in 94.3.10.7.2. The alert
frame countdown may be used by the receiver to determine when the signal transitions from the alert frame
to the PMA frame (see 94.3.11.1.9).

94.3.11.1.7 PMA alignment offset

The PMA alignment offset (PAO) shall indicate the relative position in the PMA frame in relation to the
beginning of the next alert frame as described in this subclause. The PMA alignment offset may be used by
the receiver to synchronize to the PMA frame without an additional frame synchronization process (see
94.3.11.1.9). The beginning of the PMA frame is defined as the termination block containing the PMA
overhead (94.2.2.2).

The PMA frame length is exactly 6 times the alert frame length. The PMA alignment offset field indicates
one of six offsets for the next alert frame within the PMA frame. The offset in number of training frame
words of the next alert frame is determined by multiplying PMA alignment offset by 32. As a reference
point, a PMA alignment offset of zero indicates that the start of the next alert frame is aligned with the start
of a PMA frame. Valid values for the PMA alignment offset are {0,1,2,3,4,5}. The values {6,7} are not
valid.
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94.3.11.1.8 Receiver ready

The receiver ready cell shall always be set to 1 to indicate training is complete and the link is up.
94.3.11.1.9 Transition from alert to data

The transmitted signal shall transition from the alert signal to normal data as described in this subclause.

The transition from the alert signal to normal data occurs when the alert countdown is complete, as indicated
by the alert frame countdown being equal to 0 (94.3.11.1.6). Immediately after the last bit of the last alert
frame, transmission of the first PMA frame (94.2.2.4) begins with the termination block indicated by the
PMA alignment offset, T(i,32*PAO,1:92). The PRBS13 generator used during alert to generate the training
pattern is used to generate the termination bits in data mode. The state of the training PRBS13 generator is
retained and 92 new bits are generated without reseeding or inverting. Termination bits are assigned and the
PRBS13 generator continues to operate as specified in 94.2.2.4. The transition from alert to data mode and
mapping of the PRBS13 to alert frame and termination bits is depicted in Figure 94-9. The values for the
PRBS13 in Figure 94-9 are specific to a transition with a PAO of zero. The values are different for other
PAO values.

Transmit mode | Alert Data

<— T(,1,14+PAO*32:92) — 4 T(i,2+PAO*32,1:92) __ g

Structure ™ Fal training frame word (92b) | TB | OH/FEC or FEC (90b) | TB | FEC (90b) |
T T T V(i,1,(1:90)+32*PAO) T V(i,1,(91:180)+PAO*32)

PRBS131lane 0 [10 [0001000100101...011000001 [ 00 | 1110000001...110010010100 | 11 | 1001111110...11100100001 |

PRBS131lane I [ T01 [1111001000101...000100101 ] 11 | 0000101001...100101000010 | 10 | 1001011001...00100110100 |

PRBS131lane2 [ 01 [1000100110101..000011110 | 10 | 1011000001...111101110100 | 11 | 0100001000...01000000000 |

PRBS131lane3 [ 00 [1101110011100...101010100 | 01 | 1111111110...101100100110 | 10 | 0011110001...00010101011 |

not transmitted not transmitted
Figure 94-9—Transition from alert to data mode

94.3.12 PMD Transmitter electrical characteristics

Transmitter characteristics measured at TPOa are summarized in Table 94-13.
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Table 94—13—Summary of transmitter characteristics at TP0a

Parameter Subclause Value Units
reference
Signaling rate 94.3.12.2 13.59375 GBd
+ 100 ppm
Differential peak-to-peak output voltage (max.) 94.3.12.3
Transmitter disabled 30 mV
Transmitter enabled 1200 mV
DC common-mode output voltage (max.) 94.3.12.3 1.9 \%
DC common-mode output voltage (min.) 94.3.12.3 0 v
AC common-mode output voltage (RMS, max.) 94.3.12.3 30 mV
Differential output return loss (min.) 94.3.12.4 Equation (94-7) dB
Common-mode output return loss (min.) 94.3.12.4 Equation (94-8) dB
Output waveform
Level separation mismatch ratio, R, (min) 94.3.12.5.1 | 0.92 —
Steady-state voltage v/(max.) 94.3.12.53 | 0.6 v
Steady-state voltage v(min.) 94.3.1253 | 04 \%
Linear fit pulse peak (min.) 94.3.12.53 | 0.85x v v
Normalized coefficient step size (min.) 94.3.12.5.5 | 0.0083 " —
Normalized coefficient step size (max.) 94.3.12.5.5 | 0.05 —
Pre-cursor full-scale range (min.) 94.3.12.5.6 | 1.54 —
Post-cursor full-scale range (min.) 943.125.6 | 4 —
Output jitter and linearity
Clock random jitter, RMS (max.) 94.3.12.6.1 | 0.005 Ul
Clock deterministic jitter, peak-to-peak (max.) 94.3.12.6.1 | 0.05 Ul
Even-odd jitter (max.) 94.3.12.6.2 | 0.019 Ul
Signal-to-noise-and-distortion ratio (min.) 94.3.12.7 31 dB

94.3.12.1 Test fixture

The test fixture of Figure 94-10 or its equivalent is required for measuring the transmitter specifications
described in 94.3.12.

Device Device

package | |

= _ . |

| SLi<p> |

SLi<n>

Package-to- =n >|
board interface | |
a VI

! Transmitter test fixture

Figure 94—10—Transmitter test fixture and test points
94.3.12.1.1 Test fixture impedance
The differential load impedance applied to the transmitter output by the test fixture depicted in Figure 94-10

shall be 100 Q.
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The differential return loss, in dB with f in GHz, of the test fixture shall meet the requirement of
Equation (94-4). The return loss limit RL,;,,(f) is shown Figure 94-11.

20— f 0.05</<5
RL(/)2RLy, () =19 15 5<f<13 (dB) (94-4)
20.57 - 0.4286f 13 <f<14

Return Loss (dB)

Figure 94—-11—Test fixture differential return loss limit

The common-mode return loss, in dB, with fin GHz, of the test fixture shall meet the requirement of
Equation (94-5). The return loss limit RL,;,(f) is shown Figure 94-12.

RL(f)=RL,.(f) = 10 (dB) 0.05 <f< 14 (94-5)

Return Loss (dB)

10

120

14— S S S R S S S R

f (GHz)

Figure 94—12—Test fixture common-mode return loss limit
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94.3.12.1.2 Test fixture insertion loss
The insertion loss of the test fixture measured at 12.89 GHz shall be between 1.2 dB and 1.6 dB.
The insertion loss deviation of the test fixture from 0.05 GHz to 10 GHz shall be less than 0.1 dB.

The reference insertion loss of the test fixture is defined by Equation (94—6), where f'is the frequency in
GHz, and is shown in Figure 94-13.

IL, () = —0.0015 + 0.144./f+ 0.069f (dB)  0.05<f< 14 (94-6)

0

0.5

1.5

Insertion Loss (dB)

25

Figure 94—13—Test fixture reference insertion loss

The effects of differences between the insertion loss of an actual test fixture and the reference insertion loss
are to be accounted for in the measurements.

A test system with a fourth-order Bessel-Thomson low-pass response with 17 GHz 3 dB bandwidth is to be
used for all transmitter signal measurements, unless otherwise specified.

94.3.12.2 Signaling rate and range
The 100GBASE-KP4 signaling rate shall be 13.59375 GBd + 100 ppm per lane.

94.3.12.3 Signal levels

The differential output voltage v,; is defined to be SLi<p> minus SLi<n>. The common-mode output volt-
age v,,,,; is defined to be one half of the sum of SLi<p> and SLi<n>. These definitions are illustrated by
Figure 94-14.

For a QPRBSI13 test pattern (94.2.9.3), the peak-to-peak differential output voltage shall be less than or
equal to 1200 mV regardless of the transmit equalizer setting. The peak-to-peak differential output voltage
shall be less than or equal to 30 mV while the transmitter is disabled (refer to 94.3.6.6 and 94.3.6.7).

The DC common-mode output voltage shall be between 0 V and 1.9 V with respect to signal ground. The
AC common-mode output voltage shall be less than or equal to 30 mV RMS with respect to signal ground.
Common-mode output voltage requirements shall be met regardless of the transmit equalizer setting.
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If the optional EEE deep sleep capability is supported, the following requirements also apply. The peak-to-
peak differential output voltage shall be less than 30 mV within 500 ns of the transmitter being disabled.

When the transmitter transitions from disabled to enabled: (a) The amplitude of the frame marker of the third
complete alert frame (see 94.3.11.1) after the transmitter is enabled shall be greater than 90% of the steady-
state value (see 94.3.12.5.3), and (b) the transmitter output shall meet the requirements of 94.3.12 within
1 us of the transmitter being enabled.

While the transmitter is disabled, the DC common-mode output voltage shall be maintained to within
+150 mV of the value for the enabled transmitter.

SLi<p>

SLi<p> + SLi<n>
2

— — Vemi <

Figure 94—14—Transmitter output voltage definitions

94.3.12.4 Transmitter output return loss

The differential output return loss, in dB, of the transmitter shall meet Equation (94—7), where f'is the fre-
quency in GHz. The return loss limit RL;,(f) is shown Figure 94-15. This output impedance requirement

applies to all valid output levels. The reference impedance for differential return loss measurements shall be
100 Q

RL() 2 RL,. (/) — { 1205-f  0.05<f<6 } @B) ©4-7)
6.5-0.075f 6<f<10
0 T T T T T T T T T
) I O A U AU B S
— | | | | | ' RLpin, | |
8 Bt A l |
» I I I I I I
[72] | | | | | | |
S 8F--—t- - sl -t - == — -k - - -4 - - —
£ | ‘ | | | |
R R L e S T
m | | | | | | |
I,
Y I S B B B S N B N
0 1 2 3 4 5 6 7 8 9 10

Figure 94—15—Transmitter differential return loss limit
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The common-mode output return loss, in dB, of the transmitter shall meet Equation (94-8), where f'is the
frequency in GHz. The return loss limit RL,;,(f) is shown Figure 94—-16. This output impedance requirement

applies to all valid output levels. The reference impedance for common-mode return loss measurements
shall be 25 Q.

RLO’)ZRLminU)—{ 9.05—f 0.05£f£6} 4B) (04-8)
3.5-0.075f 6<f<10

Return Loss (dB)

Figure 94—-16—Transmitter common-mode return loss limit
94.3.12.5 Transmitter output waveform
The 100GBASE-KP4 transmit function includes programmable equalization to compensate for the

frequency-dependent loss of the channel and facilitate data recovery at the receiver. The functional model
for the transmit equalizer is the three tap transversal filter shown in Figure 94—17.

Input Output

N
c

delay

1Ul ¢(0)
delay

(1)

Figure 94—17—Transmit equalizer functional model
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The state of the transmit equalizer and hence the transmitted output waveform may be manipulated via the
PMD control function defined in 94.3.10 or via the management interface. The transmit function responds to
a set of commands issued by the link partner’s receive function and conveyed by a back-channel
communications path.

This command set includes instructions to:

Increment coefficient c(i).

Decrement coefficient c(i).

Hold coefficient c(i) at its current value.

Set the coefficients to a predefined value (preset or initialize).

In response, the transmit function relays status information to the link partner’s receive function. The status
messages indicate that:

The requested update to coefficient c(7) has completed (updated).
Coefficient ¢(7) is at its minimum value.

Coefficient c(i) is at its maximum value.

Coefficient c(i) is ready for the next update request (not_updated).

94.3.12.5.1 Transmitter linearity

Transmitter linearity is measured using the transmitter linearity test pattern (see 94.2.9.4).

The resulting waveform is shown in Figure 94-18. Each measured level, V, Vg, V(, and Vp, is measured
within a 2 UI period starting 7 UI after the last level transition time. The minimum signal level, Sy;,,
effective symbol levels ES;| and ES,, and level separation mismatch ratio, Ry s, are calculated based on
Equation (94-9), Equation (94—-10), Equation (94-11), Equation (94-12), and Equation (94-13),

respectively.

The level separation mismatch ratio shall be greater than 0.92.

min(Vp—=Ve, Vo=V, Vg —Vy)

Smin = P (94_9)
Vit Vgt VetV

Vig = —= B4 SEE (94-10)
Ve—V,

ES = B 2 (94-11)
VA_ Vavg
V-V,

ES, = S v (94-12)
VD - Vavg
6-8.;

Ry = ——2in (94-13)
VD - VA
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Amplitude (normalized)

W B |

L L | | | L L
0 20 40 60 80 100 120 140 160
Time (UI)

Figure 94-18—Transmitter linearity test pattern
94.3.12.5.2 Linear fit to the measured waveform

The following test procedure shall be followed to determine the linear fit pulse response, linear fit error, and
normalized transmitter coefficient values.

For each configuration of the transmit equalizer, capture at least one complete cycle of the QPRBS13 test
pattern (94.2.9.3) at TPOa per 85.8.3.3.4.

Compute the linear fit pulse response p(k) from the captured waveform per 85.8.3.3.5 using N, = 16 and
Dp = 2. For aligned symbol values x(n) use —1, —ESy, ES,, and 1 to represent symbol values of 0, 1, 2, and 3,
respectively, and where ES| and ES, are the effective symbol levels determined in 94.3.12.5.1.

Define r(k) to be the linear fit pulse response when transmit equalizer coefficients have been set to the
“preset” values (72.6.10.2.3.1).

For each configuration of the transmit equalizer, compute the normalized transmit equalizer coefficients,
¢(i), according to 92.8.3.5.1.

94.3.12.5.3 Steady-state voltage and linear fit pulse peak

The linear fit pulse, p(k), is determined according to the linear fit procedure in 94.3.12.5.2. The steady-state
voltage vy is defined to be the sum of the linear fit pulse p(k) divided by M, determined in step 3 of the linear
fit procedure.

The steady-state voltage shall be greater than or equal to 0.4 V and less than or equal to 0.6 V.

The peak value of p(k) shall be greater than 0.85 x vy

94.3.12.5.4 Coefficient initialization

When the PMD enters the INITIALIZE state of the Training state diagram (Figure 72-5) or receives a valid

request to “initialize” from the link partner, the coefficients of the transmit equalizer shall be configured
such  that the ratio  (c(0)+c(1)—c(=1))/(c(0)+c(1)+c(-1)) s 1.29 £10%,  the  ratio
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(c(0)—c(1)+c(=1))/(c(0)+c(1)+c(-1)) is 2.57 £10%, and the steady-state voltage, vy, (see 94.3.12.5) is greater
than or equal to 140 mV. These requirements apply upon the assertion of a coefficient status report of
“updated” for all coefficients.

94.3.12.5.5 Coefficient step size

The normalized amplitude of each coefficient c(7) is determined according to the linear fit procedure in
94.3.12.5.2.

The change in the normalized amplitude of coefficient c(i) corresponding to a request to “increment” that
coefficient shall be between 0.0083 and 0.05. The change in the normalized amplitude of coefficient c(7)
corresponding to a request to “decrement” that coefficient shall be between —0.05 and —0.0083.

The change in the normalized amplitude of the coefficient is defined to be the difference in the value
measured prior to the assertion of the “increment” or “decrement” request (e.g., the coefficient update
request for all coefficients is “hold”) and the value upon the assertion of a coefficient status report of
“updated” for that coefficient.

94.3.12.5.6 Coefficient range

When sufficient “increment” or “decrement” requests have been received for a given coefficient, the coeffi-
cient reaches a lower or upper bound based on the coefficient range or restrictions placed on the minimum
steady-state differential output voltage or the maximum peak-to-peak differential output voltage.

With ¢(-1) set to zero and both ¢(0) and ¢(1) having received sufficient “decrement” requests so that they
are at their respective minimum values, the ratio (c(0)—c(1))/(c(0)+c(1)) shall be greater than or equal to 4.

With ¢(1) set to zero and both ¢(—1) and ¢(0) having received sufficient “decrement” requests so that they
are at their respective minimum values, the ratio (c(0)—c(—1))/(c(0)+c(—1)) shall be greater than or equal to

1.54.

Note that a coefficient may be set to zero by first asserting the preset control and then manipulating the other
coefficients as required by the test.

94.3.12.6 Transmitter output jitter

Jitter measurements in this subclause are performed with transmitters on all PMD lanes enabled and
transmitting the same pattern with identical transmit equalizer settings.

94.3.12.6.1 Clock random jitter and clock deterministic jitter

Clock random jitter (CRJrms) measured at the transmitter output using the methodology described in this
subclause shall be less than 0.005 UI RMS regardless of transmit equalization setting.

Clock deterministic jitter (CDJ) measured at the transmitter output using the methodology described in this
subclause shall be less than 0.05 UI peak-to-peak regardless of transmit equalization setting.
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CRJrms and CDJ are determined using the following procedure:

1) CRIJrms and CDJ are measured using the JPO3A test pattern (94.2.9.1).

2) Using appropriate test equipment and procedure, capture the zero-crossing times, 7;(i), of a
pattern of length, N, of 107 symbols or greater.

3) Determine the average pulse width ATy, using Equation (94-14).

4) Determine the jitter series, t(j), using Equation (94—15).

5) Apply the effect of a high-pass filter with the response given by Equation (94—16) to the jitter
samples to obtain typg(j), where fis the frequency in MHz, f;, is 2.12 MHz, T'is 0.0286 ps, and
j= 1.

6) Create a CDF as a function of typg(j).

7)  From the CDF, determine J5 as the difference between typg at the (1-0.5 x 10)and 0.5 x 107
probabilities, respectively, and Jq as the difference between typp at the (1-0.5 10) and
0.5x%10° probabilities, respectively.

8) Calculate CRJrms and CDIJ using the relationship in Equation (94—17).

_ Tyc(N) = Tye(1)
ATp = o5 (94-14)
1) = Tpe(D =G = 1) - ATpy— Tye(1) j=23,..N (94-15)
S S _
G(f) iy (94-16)
CRJrms| _ | 1.0538 —1.0538] |76 (94-17)
CDJ ~9.3098 10.3098] |J;

94.3.12.6.2 Even-odd jitter

Even-odd jitter (EOJ) measured at the transmitter output using the methodology described in this subclause
shall be less than 0.019 UI peak-to-peak regardless of transmit equalization setting.

EOJ is determined using the following procedure:

1) EOJ is measured using the JPO3B test pattern (94.2.9.2).

2) Using appropriate test equipment and procedure, capture the time for each of the 60 transitions.

3) Averaging of the vertical waveform or of each zero-crossing time is recommended to mitigate
the contribution of uncorrelated noise and jitter.

4) Denote the averaged zero-crossing times as Izc(i), where i = {1,2,...60} and where i=1
designates the transition from 3 to 0 after the consecutive pair of symbols {3,3}.

5) The set of 40 pulse widths, AT(j), isolated from the double-width pulses are determined using
the relationship in Equation (94—18).

6) EOIJ is calculated using the relationship in Equation (94-19).

Te(G+10)=T,e(G+9)  1</<20 }

‘ j ; (94-18)
Tyc(G+19)=T,e(j+18) 21<;j<40

ATU)—{
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20 20
S AT j)- 3 AT(2j~1)
_ =1 Jj=1
EOJ = 0 (94-19)

94.3.12.7 Transmitter output noise and distortion

Signal-to-noise-and-distortion ratio (SNDR) is measured at the transmitter output using the following
method, with transmitters on all PMD lanes enabled and transmitting the same pattern with identical
transmit equalizer settings.

Compute the linear fit to the captured waveform and the linear fit pulse response, p(k), and error, e(k),
according to 94.3.12.5.2. Denote the standard deviation of e(k) as o,

Given the same configuration of the transmit equalizer, measure the RMS deviation from the mean voltage
at a fixed point in a run of at least 8 consecutive identical levels. The transmitter linearity test pattern as
specified in 94.3.12.5.1 is an example of a pattern that includes runs suitable to perform the measurement.
The RMS deviation is measured for a run of each of the four levels. The average of the four measurements is
denoted as o,

SNDR is defined by Equation (94-20) where p,,,x is the maximum value of p(k).

2
SNDR = 101og10[ £ “J (dB) (94-20)
+0c

SNDR shall be greater than 31 dB for any allowable transmit equalizer setting.
94.3.13 PMD Receiver electrical characteristics

Receiver characteristics measured at TP5a are summarized in Table 94—14.

Table 94-14—Summary of receiver characteristics at TP5a

Parameter Subclause Value Units
reference
Differential input return loss (min.) 94.3.13.2 Equation (94-7) dB
Differential to common-mode return loss (min.) 94.3.13.2 Equation (94-21) | dB
Interference tolerance 94.3.13.3 Table 94-15 —
Jitter tolerance 943.13.4 Table 94-16 —

94.3.13.1 Test fixture

The test fixture of Figure 94—-19 or its equivalent is required for measuring the receiver specifications
described in 94.3.13. The test fixture shall meet the requirements for insertion loss, insertion loss deviation,
differential return loss, and common-mode return loss in 94.3.12.1.
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| | board interface
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Receiver test fixture :

Figure 94—19—Receiver test fixture and test points
94.3.13.2 Receiver input return loss

The differential input return loss, in dB, of the receiver shall meet Equation (94—7). The reference imped-
ance for differential return loss measurements shall be 100 Q

The differential to common-mode return loss, in dB, of the receiver shall meet Equation (94-21). The return
loss limit RL,;,(f) is shown Figure 94-20.

RL() 2 RL (f) { 25 1.44f  0.05<f<6.95GHz } (B) ©04-21)
15 6.95 < < 10GHz

Return Loss (dB)

Figure 94-20—Receiver differential to common-mode return loss limit
94.3.13.3 Receiver interference tolerance

Receiver interference tolerance is defined by the procedure in Annex 93C. The receiver on each lane shall
meet the FEC symbol error ratio requirement with channels matching the Channel Operating Margin (COM)
and loss parameters for Test 1 and Test 2 in Table 94—15. Example fitted-insertion-loss curves for Test 1 and
Test 2, as well as bounds resulting from the constraints on the fitted-insertion-loss coefficients with insertion
loss at the limit specified for each test, are shown in Figure 94-21 and Figure 94-22, respectively. The
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parameter RSS DFE4 in Table 94-15 is a figure of merit for the test channel that is defined by
Equation (93A-50) (see 93A.2).

The following considerations apply to the interference tolerance test. The transmitter noise parameter is
SNDR (see 94.3.12.7). The transmitter output levels are set such that Ry, is equal to 0.92. The test
transmitter meets the specifications in 94.3.12. The test transmitter is constrained such that for any
transmitter equalizer setting the differential peak-to-peak voltage (see 94.3.12.3) is less than 800 mV, the
pre-cursor peaking ratio (see 94.3.12.5.6) is less than 1.54, and the post-cursor peaking ratio (see
94.3.12.5.6) is less than 4. The lower frequency bound for the noise spectral density constraints, fygpi, 1S
1 GHz. The jitter parameters to be measured are CRJrms and CDJ (see 94.3.12.6.1). The return loss of the
test setup in Figure 93C—4 measured at TP5 replica meets the requirements of Equation (94—4). The COM
parameter ogj is set to the measured value of CRJrms and the COM parameter App is set to half the
measured value of CDJ. Other COM parameters are set according to the values in Table 94—17. The test
pattern to be used is the scrambled idles test pattern. A test system with a fourth-order Bessel-Thomson low-
pass response with 17 GHz 3 dB bandwidth is to be used for measurement of the signal applied by the
pattern generator and for measurements of the broadband noise.

Table 94—15—Receiver interference tolerance parameters

Test 1 values Test 2 values
Parameter Units
Min Max Min Max

FEC symbol error ratio® 3.3x1073 3.3x1073
Test channel parameters:
COM, including effects of broadband noise 3 3 dB
Insertion loss at 7 GHZ" 14.4 33 dB
ag’ -1.5 1 -1.5 2 dB
a 0 1.6 0 3.8 dB/GHz
ap 0 1.6 0 4.2 dB/GHz
ay 0 0.03 0 0.065 dB/GHz?
RSS DFE4 0.05 — 0.05 — —

#The FEC symbol error ratio is measured in step 10 of the interference tolerance test method in 93C.2.

®Measured between TPt and TP5 (see Figure 93CH4).

°Coefficients are determined from insertion loss measured between TPt and TP5 (see Figure 93C—4) using the
methodology in 93A.3 with f,;, of 0.05 GHz, f,,,, of 13.59375 GHz, and maximum Af of 0.01 GHz.
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Figure 94—21—Insertion loss example and bounds for Test 1 channel
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Figure 94—22—Insertion loss example and bounds for Test 2 channel
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94.3.13.4 Receiver jitter tolerance
Receiver jitter tolerance is defined by the procedure defined in 94.3.13.4.2. The receiver FEC symbol error

ratio shall be less than the maximum value for each pair of jitter frequency and peak-to-peak amplitude
values listed in Table 94-16.

Table 94-16—Receiver jitter tolerance parameters

Parameter s:lsse? S:lslfe]: Units
Maximum FEC symbol error ratio? 33x1073 33x1073
Jitter frequency 16 160 kHz
Jitter amplitude 5 0.5 Ul

2The FEC symbol error ratio is measured in step 3 of the jitter tolerance test method in 94.3.13.4.2.

94.3.13.4.1 Test setup

Jitter tolerance is measured using the test setup in Figure 93C-2 on each lane. The transmitter output is
constrained as described in 93C.1. The Tx and channel noise sources are disabled. The test channel (TPt to
TP5 replica) meets the requirements for the channel used for Test 2 in 94.3.13.3. The low-frequency jitter
specified in Table 94-16 is applied to the output of the transmitter and is measured at TPOa.

94.3.13.4.2 Test method

The following jitter tolerance test method is repeated for each pair of jitter frequency and peak-to-peak
amplitude values listed in Table 94—16.

1) Configure the transmitter with the corresponding jitter frequency and amplitude from Table 94-16.

2) Initiate training on the receiver under test and allow training to complete.

3) Measure the FEC symbol error ratio on each lane using the errored symbol counter, FEC symbol-
_error_i, where i is the lane under test.

94.4 Channel characteristics

94.4.1 Channel Operating Margin

The Channel Operating Margin (COM) is computed using the procedure in 93A.1 with the Test 1 and Test 2
values in Table 94—17. Test 1 and Test 2 differ in the value of the device package model transmission line
length z,,.

COM shall be greater than or equal to 3 dB for each test. This minimum value allocates margin for practical
limitations on the receiver implementation as well as the largest step size allowed for transmitter equalizer
coefficients.

94.4.2 Channel insertion loss

The insertion loss, in dB, of the channel is recommended to meet Equation (94-22). The insertion loss limit
is shown Figure 94-23.
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Table 94—17—COM parameter values

Parameter Symbol Value Units

Signaling rate b 13.59375 GBd
Maximum start frequency Jnin 0.05 GHz
Maximum frequency step Af 0.01 GHz
Device package model

Single-ended device capacitance Cy 25x% 107 nF

Transmission line length, Test 1 zZ, 12 mm

Transmission line length, Test 2 z, 30 mm

Single-ended package capacitance at package-to-board interface G, 1.8x 107 nF
Single-ended reference resistance Ry 50 Q
Single-ended termination resistance R, 55 Q
Receiver 3 dB bandwidth I 0.75 x f},
Transmitter equalizer, minimum cursor coefficient c(0) 0.62 —
Transmitter equalizer, pre-cursor coefficient c(-1)

Minimum value —0.18 —

Maximum value 0 —

Step size 0.02 —
Transmitter equalizer, post-cursor coefficient c(1)

Minimum value —0.38 —

Maximum value 0 —

Step size 0.02 —
Continuous time filter, DC gain gpe

Minimum value -12 dB

Maximum value 0 dB

Step size 1 dB
Continuous time filter, zero frequency 1 Spl4 GHz
Continuous time filter, pole frequencies Il fnl4 GHz

fiz Jb

Transmitter differential peak output voltage

Victim A, 0.4 A%

Far-end aggressor Ag, 0.4 A%

Near-end aggressor Ape 0.6 A%
Number of signal levels L 4 —
Level separation mismatch ratio Ry 0.92 —
Transmitter signal-to-noise ratio SNR 7y 31 dB
Number of samples per unit interval M 32 —
Decision feedback equalizer (DFE) length N, 16 Ul
Normalized DFE coefficient magnitude limit bax(M) —

forn=1 1

forn=2to Ny 0.2
Random jitter, RMS OprJ 0.005 Ul
Dual-Dirac jitter, peak App 0.025 Ul
One-sided noise spectral density Mo 52x10°8 V%/GHz
Target detector error ratio DER, 3x 1074 —
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IL(f) <IL, (f) = 4 T a1 Jfray fray-fra-f  fun</<h (dB) (94-22)
as+ag- (f_fZ) f2 ngfmax

where

IL(f) is the insertion loss in dB at frequency f

IL ax(f) 1s the maximum allowable insertion loss at frequency f
f'is the measurement frequency in Hz

Jmin = 0.05 GHz

f,=7GHz
Jfmax = 15 GHz
ao = 08

ay=1.7372x104
ay=1.1554x10"
a3 =2.7795x10""°
ay=-1.0423x10°
as =33.467
ag=1x10"8
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Figure 94—-23—Channel insertion loss limit
94.4.3 Channel return loss

The return loss, in dB, of the channel is recommended to meet Equation (94-23). The return loss limit
RLin(f) is shown Figure 94-24.

RL(f) > RL,,;,() = { 12 005<f<fy/4 } (dB) (94-23)
12— 15log,o(4/71,)  fo/4<f<]s
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where

RL(f) is the return loss at frequency f in dB

RL i, (f) is the minimum allowable return loss in dB
f'is the measurement frequency in GHz

Jp 1s the signalling rate (13.59375) in GHz

Return Loss (dB)

f(GHz)

Figure 94-24—Channel return loss limit

94.4.4 Channel AC-coupling

The 100GBASE-KP4 transmitter shall be AC-coupled to the receiver. Common-mode specifications are
defined as if the DC-blocking capacitor is implemented between TPO and TP5. Should the capacitor be
implemented outside TPO and TP5, the common-mode specifications in Table 94-13 may not be
appropriate.

The impact of a DC-blocking capacitor implemented between TPO and TPS5 is accounted for within the
channel specifications. Should the capacitor be implemented outside TPO and TP5, it is the responsibility of
implementors to consider any necessary modifications to common-mode and channel specifications required

for interoperability as well as any impact on the verification of transmitter and receiver compliance.

The low-frequency 3 dB cutoff of the AC-coupling shall be less than 50 kHz.

94.5 Environmental specifications
94.5.1 General safety

All equipment subject to this clause shall conform to applicable sections (including isolation requirements)
of IEC 60950-1.

94.5.2 Network safety

The designer is urged to consult the relevant local, national, and international safety regulations to ensure
compliance with the appropriate requirements.
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94.5.3 Installation and maintenance guidelines

It is recommended that sound installation practice, as defined by applicable local codes and regulations, be
followed in every instance in which such practice is applicable.

94.5.4 Electromagnetic compatibility

A system integrating the 100GBASE-KP4 PHY shall comply with applicable local and national codes for
the limitation of electromagnetic interference.

94.5.5 Temperature and humidity

A system integrating the 100GBASE-KP4 PHY is expected to operate over a reasonable range of
environmental conditions related to temperature, humidity, and physical handling (such as shock and
vibration). Specific requirements and values for these parameters are considered to be beyond the scope of
this standard.
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94.6 Protocol implementation conformance statement (PICS) proforma for
Clause 94, Physical Medium Attachment (PMA) and Physical Medium Dependent
(PMD) sublayer and baseband medium, type 100GBASE-KP413

94.6.1 Introduction
The supplier of a protocol implementation that is claimed to conform to Clause 94, Physical Medium
Dependent (PMD) sublayer and baseband medium, type 100GBASE-KP4, shall complete the following pro-

tocol implementation conformance statement (PICS) proforma.

A detailed description of the symbols used in the PICS proforma, along with instructions for completing the
PICS proforma, can be found in Clause 21.

94.6.2 Identification

94.6.2.1 Implementation identification

Supplier1

Contact point for enquiries about the PICS!

Implementation Name(s) and Version(s)] 3

Other information necessary for full identification—e.g.,
name(s) and version(s) for machines and/or operating
systems; System Name(s)2

NOTE 1— Required for all implementations.

NOTE 2— May be completed as appropriate in meeting the requirements for the identification.

NOTE 3—The terms Name and Version should be interpreted appropriately to correspond with a supplier’s
terminology (e.g., Type, Series, Model).

94.6.2.2 Protocol summary

Identification of protocol standard IEEE Std 802.3bj-2014, Clause 94, Physical Medium
Dependent (PMD) sublayer and baseband medium, type
100GBASE-KP4

Identification of amendments and corrigenda to this
PICS proforma that have been completed as part of this
PICS

Have any Exception items been required?  No [ ] Yes [ ]
(See Clause 21; the answer Yes means that the implementation does not conform to IEEE Std 802.3bj-2014.)

Date of Statement

13 Copyright release for PICS proformas: Users of this standard may freely reproduce the PICS proforma in this subclause so that it can
be used for its intended purpose and may further publish the completed PICS.
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94.6.3 Major capabilities/options

Item Feature Subclause Value/Comment Status Support

CGMII cGMII 94.1 Interface is supported o Yes [ ]
No[]
PCS 100GBASE-R PCS 94.1 M Yes [ ]
RS-FEC | 100GBASE-R RS-FEC 94.1 M Yes [ ]
PMA 100GBASE-R PMA 94.1 (0] Yes [ ]
No[]
CAUIL CAUI 94.1 Interface is supported o Yes [ ]
No[]
AN Auto-negotiation 94.1 M Yes [ ]
*MD MDIO capability 94.3.5 Registers and interface (0] Yes [ ]
supported No ]
*EEE EEE capability 94.1 Capability is supported (0] Yes [ ]
No[]
*GTD Global PMD transmit disable | 94.3.6.6 Function is supported (0] Yes [ ]
function No[]
*LTD PMD lane-by-lane transmit 94.3.6.7 Function is supported (0] Yes [ ]
disable function No[]
*PDI Physically instantiated PMD 94.3.4 Interface is supported o Yes [ ]
service interface No[]
*CHNL Channel 94.4 Channel specifications not (0] Yes [ ]
applicable to a PHY No[]

manufacturer

94.6.4 PICS proforma tables for Physical Medium Dependent (PMD) sublayer and baseband
medium, type 100GBASE-KP4

94.6.4.1 PMA functional specifications

Item Feature Subclause Value/Comment Status Support

AFS1 Overhead frame 94.2.2.2 Transmitter maps FEC bitsto | M Yes [ ]
overhead frame

AFS2 Overhead 94.2.2.3 Transmitter maps sequence M Yes []
overhead bits

AFS3 Termination blocks 94.2.2.4 Transmitter maps overhead M Yes [ ]
frame bits to termination
blocks

AFS4 Gray mapping 94.2.2.5 Transmitter maps each pairof | M Yes [ ]

termination block bits to
Gray-mapped symbols

AFS5 Precoder 94.2.2.6 Transmitter precodes each M Yes [ ]
Gray-mapped symbol
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Item Feature Subclause Value/Comment Status Support
AFS6 PAM4 encoder 94.2.2.7 Transmitter maps each pre- M Yes [ ]
coded symbol to PAM4 levels
AFS7 Transmit symbols 94.2.2.8 Transmitter sends each PAM4 | M Yes [ ]
symbol to the PMD
AFS8 Recover data 94.2.3 Receiver recovers data, meets | M Yes [ ]
performance requirements,
and removes termination bits
and overhead
AFS9 Overhead 94.2.3.1 Recover overhead sequence M Yes [ ]
AFS10 Link status 94.2.6 Provide link status to PMA M Yes [ ]
client via
PMA:IS SIGNAL.indication
primitive
AFS11 PMA local loopback 94.2.7 Provide loopback from PMA M Yes [ ]
SI input to PMA SI output
AFS12 PMA remote loopback 94.2.8 Provide loopback from PMA (0] Yes [ ]
SI output to PMA SI input No ]
AFS13 JPO3A pattern 94.2.9.1 Provide JPO3A test pattern M Yes [ ]
AFS14 JPO3B pattern 94.2.9.2 Provide JPO3B test pattern M Yes [ ]
AFS15 QPRBSI13 test pattern 94.2.9.3 Provide QPRBS13 test pattern | M Yes [ ]
AFS16 Transmitter linearity test 94.29.4 Provide transmitter linearity M Yes [ ]
pattern test pattern
AFS17 PMA control variables 94.2.10 Map PMA control variablesto | MD:M Yes [ ]
MDIO per Table 944 N/AT]
AFS18 PMA status variables 94.2.10 Map PMA status variables to MD:M Yes [ ]
MDIO per Table 94-5 N/AT]
94.6.4.2 PMD functional specifications
Item Feature Subclause Value/Comment Status Support
DFS1 SIGNAL_OK assignment 94.3.1.3.1 Set SIGNAL_OK based on M Yes[]
Global PMD signal detect
DFS2 Sum of receive and transmit 9433 Less than 8192 bit times M Yes [ ]
delays in one direction for
PMA, PMD, and AN
DFS3 Skew at SP3 94.3.4 Less than 54 ns M Yes [ ]
DFS4 Skew variation at SP3 94.3.4 Less than 0.6 ns M Yes [ ]
DFS5 Skew at SP4 94.3.4 Less than 134 ns M Yes [ ]
DFS6 Skew variation at SP4 94.3.4 Less than 3.4 ns M Yes [ ]
DFS7 Skew at SP5 94.3.4 Less than 145 ns PDI:M Yes [ ]
DFS8 Skew variation at SP5 94.3.4 Less than 3.6 ns PDI:M Yes [ ]
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Item Feature Subclause Value/Comment Status Support
DFS9 PMD control variables 94.3.5 Map PMD control variablesto | MD:M Yes [ ]
MDIO per Table 94-6 N/AT]
DFS10 PMD status variables 94.3.5 Map PMD status variables to MD:M Yes [ ]
MDIO per Table 94-7 N/AT]
DFSI11 Transmit function 94.3.6.2 Convert 4 encoded symbol M Yes [ ]
streams from PMD SI to 4
electrical signals at the MDI
DFS12 Transmit symbol value 94.3.6.2 A positive value for SLi<p> M Yes [ ]
minus SLi<n> corresponds to
a positive symbol value
DFS13 Transmit EEE alert signal 94.3.6.2 Send ALERT frame EEE:M Yes [ ]
N/AT]
DFS14 Transmit EEE alert 94.3.6.2 Using coefficients determined | EEE:M Yes [ ]
transmitter setting during start-up N/AT]
DFS15 Receive function 94.3.6.3 Convert 4 electrical signals M Yes [ ]
from MDI to 4 encoded
symbol streams at the PMD SI
DFS16 Receive symbol value 94.3.6.3 A positive value for DLi<p> M Yes [ ]
minus DLi<n> corresponds to
a positive symbol value
DFS17 Signal detect parameter 94.3.6.4 Continuously send M Yes [ ]
SIGNAL _DETECT to PMD
SIL.
DFS18 PMD _signal detect_i when 94.3.6.5 Set to one for all lanes. M Yes []
training is disabled by
management
DFS19 PMD signal detect i 94.3.6.5 Within 500 ns of compliant EEE:M Yes [ ]
assertion time signal N/AT]
DFS20 PMD _signal detect_i when 94.3.6.5 Not asserted when transmitter | EEE:M Yes [ ]
transmitter is disabled output meets requirements for N/AT]
disabled state
DFS22 Global PMD_transmit 94.3.6.6 When set to one, all GTD:M | Yes[]
disable variable transmitters satisfy the N/AT]
requirements of 94.3.12.3
DFS21 Loopback when transmitter 94.3.6.6 Loopback not affected GTD:M Yes [ ]
disabled N/AT]
DFS22 Transmitter output on 94.3.6.6 Turn off and meet EEE:M Yes [ ]
transition to QUIET requirements in 94.3.12.3 N/AT]
DFS23 Transmitter output on 94.3.6.6 Turn on and meet EEE:M Yes [ ]
transition from QUIET requirements in 94.3.12.3 N/AT[]
DFS24 PMD _transmit_disable i 94.3.6.7 When set to one, the LTD:M Yes [ ]
variable transmitter for lane i satisfies N/A[]
the requirements of 94.3.12.3
DFS25 PMD lane-by-lane transmit 94.3.6.7 No effect LTD:M Yes [ ]
disable function affect on N/AT]
loopback
DFS26 Loopback mode 94.3.6.8 Provided in adjacent PMA M Yes [ ]
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Item Feature Subclause Value/Comment Status Support
DFS27 Loopback effect 94.3.6.8 Does not affect transmitter M Yes [ ]
DFS28 PMD _fault variable mapping | 94.3.7 Mapped to the fault bit as MD:M Yes [ ]

to MDIO specified in 45.2.1.2.1 N/AT]
DFS29 PMD _transmit_fault variable | 94.3.8 Mapped to Transmit fault bit MD:M Yes [ ]
mapping to MDIO as specified in 45.2.1.7.4 N/AT]
DFS30 PMD _receive_fault variable 94.3.9 Mapped to Receive faultbitas | MD:M Yes [ ]
mapping to MDIO specified in 45.2.1.7.5 N/AT[]
DFS31 Control function 94.3.10.1 Independent per lane M Yes [ ]
DFS32 Training variables 94.3.10.1 Map to MDIO bits per MD:M Yes [ ]
45.2.1.80 N/A[]
DFS33 Training frame marker 94.3.10.4 Frame marker encoded per M Yes [ ]
94.3.10.4
DFS34 Training frame control 94.3.10.5.1 | Differential manchester M Yes [ ]
channel encoding encoding
DFS35 Training frame control 94.3.10.5.1 | Encoded based on rules in M Yes [ ]
channel DME 94.3.10.5.1
DFS36 Training frame coding 94.3.10.5.1 | Discard control channel if M Yes [ ]
violation there is any coding violation
DFS37 Training frame control 94.3.10.5.2 | Series of DME cells specified | M Yes [ ]
channel structure in 94.3.10.5.2
DFS38 Training frame coefficient 94.3.10.6 Format per Table 94-9 M Yes [ ]
update field
DFS39 Training frame coefficient 94.3.10.6 Cell 15 first M Yes [ ]
transmission order.
DFS40 Training frame preset 94.3.10.6.1 | Response per 72.6.10.2.3.1 M Yes [ ]
DFS41 Training frame initialize 94.3.10.6.2 | Response per 72.6.10.3.2and | M Yes [ ]
conditions per 94.3.12.5.4
DFS42 Training frame coefficient 94.3.10.6.3 | Set for even parity in M Yes [ ]
update parity coefficient update field.
DFS43 Training frame coefficient 94.3.10.6.3 | Discard control channel if M Yes [ ]
update parity violation parity violation
DFS44 Training frame coefficient (k) | 94.3.10.6.4 | Encoded per 94.3.10.6.4 M Yes [ ]
update
DFS45 Training and alert frame 94.3.10.7 Format per Table 94-10 M Yes [ ]
status report field
DFS46 Training frame status 94.3.10.7 Cell 19 first M Yes [ ]
transmission order
DFS47 Training frame status report 94.3.10.7.1 Set for even parity in status M Yes [ ]
parity report field
DFS48 Training frame status report 94.3.10.7.1 | Discard control channel if M Yes [ ]
parity violation parity violation
DFS49 Training frame countdown 94.3.10.7.2 | Indicate transition per M Yes [ ]
94.3.10.7.2
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Item Feature Subclause Value/Comment Status Support
DFS50 Training frame receiver ready | 94.3.10.7.3 | Signal local receiver state per | M Yes [ ]
94.3.10.7.3
DFS51 Training frame coefficient 94.3.10.7.4 | Behavior per 72.6.10.2.4.5. M Yes [ ]
status
DFS52 Training frame coefficient 94.3.10.7.5 | Update coefficients per M Yes [ ]
update process 72.6.10.2.5
DFS53 PMD control response time 94.3.10.7.5 | Response time less than2ms | M Yes [ ]
DFS54 Training frame training 94.3.10.8 Encode per 94.3.10.8 M Yes [ ]
pattern
DFS55 Signal on transition from 94.3.10.9 Signal according to 94.3.10.9 | M Yes [ ]
training mode to data mode
DFS56 Training frame lock state 94.3.10.10 Implement per Figure 72—4 M Yes [ ]
diagram and 72.6.10.3.
DFS57 Training state diagram 94.3.10.11 Implement per Figure 72-5 M Yes [ ]
and 72.6.10.3
DFS58 Transmitter setting in 94.3.10.11 Transmitter configured M Yes [ ]
INITIALIZE state according to 94.3.12.5.4
DFS59 Coefficient update state 94.3.10.12 Implement per Figure 72—-6 M Yes [ ]
diagram and 72.6.10.3
DFS60 Alert frame 94.3.11.1 Structure per Figure 94—-8 EEE:M Yes [ ]
N/A[]
DFS61 Alert frame marker 943.11.1.1 Implement per 94.3.10.4 EEE:M Yes [ ]
N/A[]
DFS62 Alert frame coefficientupdate | 94.3.11.1.2 | Transmitted as all zeros EEE:M Yes [ ]
field N/A[]
DFS63 Alert frame status report field | 94.3.11.1.3 | Format per Table 94-10 EEE:M Yes [ ]
N/A[]
DFS64 Alert frame status report field | 94.3.11.1.3 | Transmit cell 19 first EEE:M Yes [ ]
order of transmission N/A[]
DFS65 Alert frame status report 94.3.11.1.4 | Behavior per 94.3.10.7.1 EEE:M Yes [ ]
parity N/A[]
DFS66 Alert frame mode 94.3.11.1.5 | Alwayssetto 1 EEE:M Yes [ ]
N/A[]
DFS67 Alert frame countdown 94.3.11.1.6 | Indicate transition per EEE:M Yes [ ]
94.3.10.7.2 N/A[]
DFS68 Alert frame PMA alignment 94.3.11.1.7 | Indicate relative position of EEE:M Yes [ ]
offset PMA frame and encoded per N/AT]
94.3.11.1.7
DFS69 Alert frame receiver ready 94.3.11.1.8 | Alwayssetto 1 EEE:M Yes [ ]
N/A[]
DFS70 Signal on transition from alert | 94.3.11.1.9 | Signal according to M Yes [ ]
to data mode 94.3.11.1.9
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Item Feature Subclause Value/Comment Status Support
TCl1 Test fixture impedance 94.3.12.1.1 100 Q2 M Yes [ ]
TC2 Test fixture differential return | 94.3.12.1.1 Equation (94-4) M Yes [ ]

loss
TC3 Test fixture common-mode 94.3.12.1.1 | Equation (94-5) M Yes [ ]
return loss
TC4 Test fixture differential 943.12.1.2 | 21.2dBand<1.6dBat M Yes [ ]
insertion loss 12.89 GHz
TCS Test fixture insertion loss 94.3.12.1.2 | Magnitude <0.1 dB M Yes [ ]
deviation
TC6 Signaling rate per lane 94.3.12.2 13.59375 GBd £ 100 ppm M Yes [ ]
TC7 Peak-to-peak differential 94.3.12.3 <1200 mV regardless of M Yes [ ]
output voltage transmit equalizer setting
TC8 Peak-to-peak differential 94.3.12.3 <30 mV M Yes [ ]
output voltage, transmitter
disabled
TC9 DC common-mode output 94.3.12.3 Between 0 V and 1.9 V with M Yes [ ]
voltage respect to signal ground
TC10 AC common-mode output 94.3.12.3 <30 mV RMS regardless of M Yes [ ]
voltage transmit equalizer setting
TC11 EEE transmitter output level 94.3.12.3 <35 mV peak-to-peak EEE:M Yes [ ]
when disabled differential within 500 ns N/AT]
TC12 EEE transmitter output level 94.3.12.3 90% of steady-state voltage EEE:M Yes [ ]
when enabled by third alert frame marker N/AT]
and meet requirements of
94.3.12 with 1 us
TC13 Transmitter output DC 94.3.12.3 Within £150 mV of value M Yes [ ]
common-mode voltage when transmitter is enabled
when disabled
TC14 Differential output return loss | 94.3.12.4 Equation (94-7) with 100 Q2 M Yes [ ]
reference impedance
TC15 Common-mode output return | 94.3.12.4 Equation (94-8) with 25 Q M Yes [ ]
loss reference impedance
TC16 Transition times 94.3.12.5 > 18 ps when transmit M Yes [ ]
equalization is disabled
TC17 Level separation mismatch 94.3.12.5.1 | >0.92 M Yes []
raﬁo, RLM
TC18 Steady-state voltage, vy 94.3.12.53 | 20.4V and £0.6 V after the M Yes [ ]
transmit equalizer coefficients
have been set to the “preset”
values
TC19 Linear fit pulse peak 94.3.12.5.3 | >0.85 x vgafter the transmit M Yes [ ]
equalizer coefficients have
been set to the “preset” values
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Item Feature Subclause Value/Comment Status Support
TC20 Coecfficient initialization 94.3.12.5.4 | Satisfies the requirements of M Yes [ ]
94.3.12.54
TC21 Normalized coefficient step 94.3.12.5.5 | Between 0.0083 and 0.05 M Yes [ ]
size for “increment”
TC22 Normalized coefficient step 94.3.12.5.5 | Between —0.05 and —0.0083 M Yes [ ]
size for “decrement”
TC23 Maximum post-cursor 9431256 | =24 M Yes [ ]
equalization ratio
TC24 Maximum pre-cursor 943.12.5.6 | 21.54 M Yes [ ]
equalization ratio
TC25 Clock random jitter RMS 94.3.12.6.1 | £0.005 Ul RMSregardlessof | M Yes [ ]
the transmit equalization
setting
TC26 Clock deterministic jitter 94.3.12.6.1 | £0.05 Ul regardless of the M Yes [ ]

transmit equalization setting

TC27 Even-odd jitter 94.3.12.6.2 | <0.03 Ul regardless of the M Yes [ ]
transmit equalization setting

TC28 SNDR 943.12.7 | >31dB M Yes[ ]

94.6.4.4 PMD receiver characteristics

Item Feature Subclause Value/Comment Status Support

RC1 Test fixture insertion loss 94.3.13.1 Meet requirements in M Yes [ ]
94.3.12.1

RC2 Differential input return loss 94.3.13.2 Meets Equation (94-7) M Yes [ ]
measured with a reference
impedance of 100 Q

RC3 Differential to common-mode | 94.3.13.2 Meets Equation (94-21) M Yes [ ]

return loss

RC4 Interference tolerance 94.3.13.3 Satisfy requirements in M Yes [ ]
Table 94-15

RC5 Jitter tolerance 94.3.13.4 Satisty requirements in M Yes [ ]
Table 94-16
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Item Feature Subclause Value/Comment Status Support
CCl1 Channel Operating Margin 94.4.1 Greater than or equal to 3 dB CHNL:M | Yes[]
(COM) N/A[]
cC2 AC-coupling 94.4.4 Channel AC-couples the CHNL:M | Yes[]
transmitter to the receiver N/AT]
CC3 AC-coupling 3 dB cut-off 94.4.4 Less than 50 kHz CHNL:M | Yes[]
frequency N/A[]
94.6.4.6 Environment specifications
Item Feature Subclause Value/Comment Status Support
ES1 General safety 94.5.1 Complies with application M Yes [ ]
section of IEC 60950-1
ES2 Electromagnetic interference 94.5.4 Complies with applicable M Yes [ ]
local and national codes
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Annex 83A

(normative)

40 Gb/s Attachment Unit Interface (XLAUI) and 100 Gb/s
Attachment Unit Interface (CAUI)

83A.3 XLAUI/CAUI electrical characteristics

Insert the following after 834.3.2:

83A.3.2a EEE operation

If the optional Energy Efficient Ethernet (EEE) capability with the deep sleep mode option is supported (see
Clause 78, 78.1.3.3.1), then the inter-sublayer service interface includes four additional primitives as
described in 83.3 and may also support CAUI shutdown.

If the EEE capability includes XLAUI/CAUI shutdown (see 78.5.2), then when aui_tx_mode (see 83.5.11.3)
is set to ALERT, the transmit direction sublayer sends a repeating 16-bit pattern, hexadecimal 0xFF00,
which is transmitted across the XLAUI/CAUI. This sequence is transmitted regardless of the value of tx_bit
presented by the PMA:IS UNITDATA irequest primitive or the rx bit presented by the
PMA:IS UNITDATA i.indication primitive. When aui tx mode is QUIET, the transmit direction
XLAUI/CAUI transmitter is disabled as specified in 83A.3.3.1.1. Similarly when the received aui_tx_mode
is set to ALERT, the receive direction sublayer sends a repeating 16-bit pattern, hexadecimal OxFF00, which
is transmitted across the XLAUI/CAUI. This sequence is transmitted regardless of the value of tx_bit
presented by the PMA:IS UNITDATA irequest primitive or the rx bit presented by the
PMA:IS UNITDATA i.indication primitive. When the received aui tx mode is QUIET, the receive
direction XLAUI/CAUI transmitter is disabled as specified in 83A.3.3.1.1.

83A.3.3 Transmitter characteristics
83A.3.3.1 Output amplitude

Insert the following at the end of 83A4.3.3.1:
83A.3.3.1.1 Amplitude and swing

For EEE capability with XLAUI/CAUI shutdown, the XLAUI/CAUI transmitter lane's differential peak-to-
peak output voltage shall be less than 30 mV within 500 ns of aui_tx_mode changing to QUIET in the
relevant direction. Furthermore, the XLAUI/CAUI transmitter lane's differential peak-to-peak output
voltage shall be greater than 720 mV within 500 ns of aui_tx_mode ceasing to be QUIET in the relevant
direction.

Insert the following after 834.3.3.5 for the CAUI shutdown:
83A.3.3.6 Global transmit disable function

Global transmit disable is optional for EEE capability. The transmit disable function shall turn off all
transmitter lanes for a physically instantiated AUI in either the ingress or the egress direction. In the egress
direction, the PMA may turn off all the transmitter lanes for the egress direction XLAUI/CAUI if PEASE is
asserted and aui_tx_mode is QUIET. In the ingress direction, the PMA may turn off all the transmitter lanes
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for the ingress direction XLAUI/CAUI if PIASE is asserted and the received aui_tx_mode is QUIET. In both
directions, the transmit disable function shall turn on all transmitter lanes after the appropriate direction
aui_tx_mode changes to any state other than QUIET within a time and voltage level specified in
83A.3.3.1.1.

83A.3.4 Receiver characteristics
Insert 83A4.3.4.7 after 834.3.4.6 as follows:
83A.3.4.7 Global energy detect function

The global energy detect function is mandatory for EEE capability with the deep sleep mode option and
XLAUI/CAUI shutdown. The global energy detect function indicates whether or not signaling energy is
being received on the physical instantiation of the inter sublayer interface (in each direction as appropriate).
The energy detection function may be considered a subset of the signal indication logic. If no energy is being
received on the XLAUI/CAUI for the ingress direction, SIGNAL DETECT is set to FAIL following a tran-
sition from aui_rx_mode = DATA to aui_rx_mode = QUIET. When aui_rx_mode = QUIET, SIGNAL DE-
TECT shall be set to OK within 500 ns following the application of a signal at the receiver input detects an
ALERT signal driven from the XLAUI/CAUI link partner. While aui_rx_mode = QUIET, SIGNAL DE-
TECT changes from FAIL to OK only after the valid ALERT signal is applied to the channel.

83A.7 Protocol implementation conformance statement (PICS) proforma for
Annex 83A, 40 Gb/s Attachment Unit Interface (XLAUI) and 100 Gb/s
Attachment Unit Interface (CAUI)'4

Insert the following row at the end of the table in 834.7.3:

83A.7.3 Major capabilities/options

Item Feature Subclause Value/Comment Status Support
* Yes [ ]
LPI Support for CAUI shutdown 83A.3.2a o No|]

Insert the following rows at the end of the table in 83A4.7.4:

83A.7.4 XLAUI/CAUI transmitter requirements

Item Feature Subclause Value/Comment Status Support
TCl11 Amplitude and swing for 83A.3.3.1.1 LPI:M Yes [ ]
XLAUI/CAUI shutdown
TC12 Transmit disable for 83A.3.3.6 LPI:M Yes [ ]
XLAUI/CAUI shutdown

14Copyright release for PICS proformas: Users of this standard may freely reproduce the PICS proforma in this annex so that it can be
used for its intended purpose and may further publish the completed PICS.
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Insert the following row at the end of the table in 834.7.5:

83A.7.5 XLAUI/CAUI receiver requirements

Item Feature Subclause Value/Comment Status Support
RCS8 Signal detect for 83A.3.4.7 LPI:M Yes [ ]
XLAUI/CAUI shutdown
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Annex 83C

(informative)

PMA sublayer partitioning examples

Change 83C.1 as follows:

83C.1 Partitioning examples with FEC

The example of BASE-R FEC (see Clause 74) implemented in a separate device from either the PCS or the
PMD is illustrated in Figure 83-2.

83C.1.1 FEC implemented with PCS

MAC AND HIGHER LAYERS

RECONCILIATION

XLGMII —> CoMIl—»
40GBASE-R PCS 100GBASE-R PCS
FEC FEC
D - L PvA () T [ PMA (20:10) [ D 1
PMD PMD
MDI —» MDI —»
MEDIUM < MEDIUM <
40GBASE-CR4 100GBASE-CR10
CGMII = 100 Gb/s MEDIA INDEPENDENT INTERFACE ~ PCS = PHYSICAL CODING SUBLAYER
FEC = FORWARD ERROR CORRECTION PMA = PHYSICAL MEDIUM ATTACHMENT
MAC = MEDIA ACCESS CONTROL PMD = PHYSICAL MEDIUM DEPENDENT
MDI = MEDIUM DEPENDENT INTERFAGE XLGMII = 40 Gb/s MEDIA INDEPENDENT INTERFACE

MMD = MDIO MANAGEABLE DEVICE

Figure 83C-1—Example FEC implemented with PCS
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83C.1.2 FEC implemented with PMD

MAC AND HIGHER LAYERS

| RECONCILIATION |

XLGMII —p CGMIl —p
40GBASE-R PCS 100GBASE-R PCS
MMD 9 PMA (4:4) PMA (20:10) MMD 9
XLAUI —p

D PVA (44) I & PMA (20:10) | } MMD 1
i PMD

MMD1{

MDI —» MDI —
| MEDIUM ‘ MEDIUM
40GBASE-KR4 100GBASE-CR10

PCS = PHYSICAL CODING SUBLAYER

PMA = PHYSICAL MEDIUM ATTACHMENT

PMD = PHYSICAL MEDIUM DEPENDENT

XLAUI = 40 Gb/s ATTACHMENT UNIT INTERFACE
XLGMII = 40 Gb/s MEDIA INDEPENDENT INTERFACE

CAUI = 100 Gb/s ATTACHMENT UNIT INTERFACE
CGMII = 100 Gb/s MEDIA INDEPENDENT INTERFACE
FEC = FORWARD ERROR CORRECTION

MAC = MEDIA ACCESS CONTROL

MDI = MEDIUM DEPENDENT INTERFACE

Figure 83C-2—Example FEC implemented with PMD
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Insert 83C.1a after 83C.1 as follows:

83C.1a Partitioning examples with RS-FEC

83C.1a.1 Single PMA sublayer with RS-FEC

MAC AND HIGHER LAYERS

RECONCILIATION

CGMII —»

100GBASE-R PCS
RS-FEC
PMA (4:4) MMD 8

PMD SERVICE
INTERFACE

—
| PMD |MMD1

MDI —»

MEDIUM §
H/_/

100GBASE-R/100GBASE-P

CGMII = 100 Gb/s MEDIA INDEPENDENT INTERFACE PCS = PHYSICAL CODING SUBLAYER

MAC = MEDIA ACCESS CONTROL PMA = PHYSICAL MEDIUM ATTACHMENT

MDI = MEDIUM DEPENDENT INTERFACE PMD = PHYSICAL MEDIUM DEPENDENT

MMD = MDIO MANAGEABLE DEVICE RS-FEC = REED-SOLOMON FORWARD ERROR
CORRECTION

Figure 83C-2a—Example single PMA sublayer with RS-FEC
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83C.1a.2 Single CAUI with RS-FEC

MAC AND HIGHER LAYERS

| RECONCILIATION
CGMI—»

100GBASE-R PCS
PMA (20:10) MMD 10

CAUI —»

| PMA(44) B MMD8
—

PMD SERVICE
INTERFACE

PMD ‘MMD1

MDI
MEDIUM

—

100GBASE-R/100GBASE-P

CAUI = 100 Gb/s ATTACHMENT UNIT INTERFACE MMD = MDIO MANAGEABLE DEVICE
CGMII = 100 Gb/s MEDIA INDEPENDENT INTERFACE PCS = PHYSICAL CODING SUBLAYER
MAC = MEDIA ACCESS CONTROL PMA = PHYSICAL MEDIUM ATTACHMENT
MDI = MEDIUM DEPENDENT INTERFACE PMD = PHYSICAL MEDIUM DEPENDENT

RS-FEC = REED-SOLOMON FORWARD ERROR
CORRECTION

Figure 83C-2b—Example single CAUI with RS-FEC
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Insert the following new annexes:

Annex 91A

(informative)

RS-FEC codeword examples

This annex provides example RS-FEC codewords produced by the 64B/66B to 256B/257B transcoding and
Reed-Solomon encoding defined in Clause 91. This annex presents data in a tabular form. The contents of
the tables are transmitted from left to right within each row starting from the top row and ending at the bot-
tom row. The tables contain both binary and hexadecimal representations of the data. For the hexadecimal
representation, the most significant bit of each hex symbol is transmitted first.

91A.1 Input to the 64B/66B to 256B/257B transcoder

Table 91A—1 contains a sequence of 80 66-bit blocks corresponding to the PCS transmission of Idle control
characters. The initial value of the scrambler was set to bits 6 to 63 of the first 64-bit payload in the first row
of Table 74A-2. Bit 6 is assigned to S57 and bit 63 is assigned to SO (see 49.2.6).

Table 91A-1—64B/66B to 256B/257B transcoder input

Sync 64-bit payload, Sync 64-bit payload, Sync 64-bit payload, Sync 64-bit payload,
<0:1> hex <2:65> <0:1> hex <2:65> <0:1> hex <2:65> <0:1> hex <2:65>
10 ad5a3bf86d9acts5c 10 de55cb85df0f7cal 10 ebceff8e8212blco 10 d63bc6c309000638
10 70e3b0ce30e0497d 10 dc8df31lec3ab4491 10 661b9139c81cd37b 10 b57477d4105¢3602
10 8cfd495012947a31 10 €7777c¢f0c6d06280 10 44529cf4b4900528 10 85celd27750ad61b
10 456d5c71743f5¢69 10 c1bf62e5dc5464b5 10 dc6011be7ealeds4 10 1cf92¢450042a75f
10 cc4b940eaf3140db 10 77bb612a7abf401f 10 €22d341e90545d98 10 ce6dafl1{248bbd6d
10 dd22d0b3f9551ed6 10 574686c3f9¢93898 10 2e52628f4al1282ce 10 f20c86d71944aabl
10 55133¢9333808a2¢ 10 12a825d8b817db4d 10 63795998913021eb 10 97680664 1b26aaec9
10 6a37d4531b7ed5f2 10 53¢3e96d3b12fb46 10 528c7eb8481bc969 10 ab819980d5a54559
10 9a4d2abfda65cc33 10 94fe646¢efe5af02d 10 9a65ae5fcd88c03a 10 5ef08673168def9b
10 220c871a953fffc6 10 ce0bb95ac263e6¢1 10 4f6a917d1a676571 10 5890918c7b687d75
10 44d2b3e43096£836 10 84cdd4fc48b79608 10 b3e4503e3c824a8c 10 fd6d0b1a39687929
10 1730167c08302a69 10 4c15ff56de92blad 10 d0c2f0d4{f0dee9s 10 el422ee2e8b92125
10 edSacaf86592fcee 10 de799be0b903c880 10 2714£fbt40bc09f6 10 c3be97¢3c285009f
10 1020£af19f606631 10 93007cabbb3f8c9d 10 ef695517f43df5d0 10 4dbd0616afe60el f
10 3ale49b7c7f7bb5d 10 901d828746¢ceec61 10 71ed3c097158c224 10 11adb3d81e13d263
10 a350d1a343b2394b 10 eab30ca27b5b34e3 10 90359ef711ed53d9 10 9b446763c8627¢cal
10 6e891c0f4842b823 10 c4d786a25727a7fc 10 094fe7da31fb60cd 10 9f9a004de5e70767
10 054bdd77b7cb4e7b 10 c598cb710558af67 10 fc386d199d3a925 10 4928e0b43e781893
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Table 91A-1—64B/66B to 256B/257B transcoder input

Sync 64-bit payload, Sync 64-bit payload, Sync 64-bit payload, Sync 64-bit payload,
<0:1> hex <2:65> <0:1> hex <2:65> <0:1> hex <2:65> <0:1> hex <2:65>
10 5a44dd3eb8b2ad6e 10 94462af4f583d770 10 8061ba9381f51f55 10 476d4eded7c90fcc
10 lefc25aa6a7e0bdc 10 93dd968c06a56809 10 9768e9d1ba74d3b6 10 014e9dc9f13670bb

91A.2 Output of the RS(528,514) encoder

Table 91A-2 contains a RS(528,514) codeword. Each row of Table 91A—1 is a set of four 66-bit blocks that
is converted to one 257-bit block using the procedure defined in 91.5.2.5. The resulting set of 20 257-bit
blocks constitute the message portion of the codeword. The parity is computed using the encoder defined in
91.5.2.7 and is appended to the message to complete the codeword.

Table 91A-2—RS(528,514) codeword

Header Payload, hex Payload, hex Payload, hex Payload, hex
<0:4> <5:64> <65:128> <129:192> <193:256>
00101 a5a3bf86d9act5c de55cb85df0f7cal ebcceff8e8212blco d63bc6c309000638
11110 7e3b0ce30e0497d dc8df31lec3ab4491 66fb9139c81cd37b b57477d4105e3602
01111 8£d495012947a31 €7777c¢f0c6d06280 44529cf4b4900528 85celd27750ad61b
00110 46d5c71743£5¢69 c1bf62e5dc5464b5 dc6011be7ealedS4 1¢f92¢450042a75f
00100 c4b940eaf3140db 77bb612a7abf401f €22d341e90545d98 ce6daf1{248bbd6d
10010 d22d0b39551ed6 574686c319e93898 2e52628f4a1282ce f20c86d71944aab1
10001 5133¢9333808a2¢ 12a825d8b817db4d 63795998913021eb 97680664 1b26aae9
00011 637d4531b7ed5f2 53c3e96d3b12fb46 528c7eb8481bc969 ab819980d5a54559
10100 94d2abfda65cc33 94fe646efeSaf02d 9a65ae5fcd88c03a 5¢f08673168defOb
00000 20c871a953fffc6 ce0bb95ac263e6cl 4f6a917d1a676571 5890918c7b687d75
01101 4d2b3e430961836 84cdd4£c48b79608 b3e4503e3c824a8c fd6d0b1a39687929
10011 130167c08302a69 4c15ff56de92blad d0c2f0d4ff0dee9s el422ee2e8b92125
00101 e5acaf86592fcee de799be0b903c880 27141fbf40bc09f6 c3be97¢3c285009f
10010 120faf19f606631 93007cabbb3f8c9d ef6955£7f43df5d0 4dbd0616afe60elf
10001 31e49b7c7{7bb5d 901d828746¢ceect1 71ed3c097158c224 11adb3d81e13d263
00101 a50d1a343b2394b eab30ca27b5b34e3 90359¢f711ed53d9 9b446763c8627ea8
01000 6891c0f4842b823 c4d786a25727a7fc 094fe7da31fb60cd 9f9a004de5e70767
00100 04bdd77b7cb4e7b ¢598¢cb710558af67 fc386d1199d3a925 4928e0b43¢781893
10100 544dd3eb8b2adéc 94462af4£583d770 8061ba9381f51f55 476d4eded7c90fcc
11111 1fc25aa6a7e0b4dc 93dd968c06a56809 9768e9d1ba74d3b6 014e9dc9f13670bb

Parity, hex Parity, hex Parity, hex

<0:63> <64:127> <128:139>
ed0e78f1734bc808 a38c0c417bd68136 825
309
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91A.3 Output of the RS(544,514) encoder

Table 91A-3 contains a RS(544,514) codeword. Each row of Table 91A—1 is a set of four 66-bit blocks that
is converted to one 257-bit block using the procedure defined in 91.5.2.5. The resulting set of 20 257-bit
blocks constitute the message portion of the codeword. The parity is computed using the encoder defined in
91.5.2.7 and is appended to the message to complete the codeword.

Table 91A-3—RS(544,514) codeword

Header Payload, hex Payload, hex Payload, hex Payload, hex
<0:4> <5:64> <65:128> <129:192> <193:256>
00101 a5a3bf86d9acts5c de55cb85df0f7cal ebcceff8e8212blco d63bc6c309000638
11110 7e3b0ce30e0497d dc8df31ec3ab4491 66fb9139c81cd37b b57477d4£05¢3602
01111 8d495012947a31 €7777c¢f0c6d06280 44529c14b4900528 85celd27750ad61b
00110 46d5c71743£5¢69 c1bf62e5dc5464b5 dc6011be7ealed54 1c192¢450042a75f
00100 c4b940eaf3140db 77bb612a7abf401f €22d341e90545d98 ce6daf1{248bbd6d
10010 d22d0b39551ed6 574686c319e93898 2e52628f4a1282ce f20c86d71944aabl
10001 5133¢9333808a2¢c 12a825d8b817db4d 63795998913021eb 97680664 1b26aae9
00011 637d4531b7ed5f2 53¢3e96d3b12fb46 528¢7eb8481bc969 ab8f9980d5a54559
10100 94d2abfda65cc33 94fe646efeSaf02d 9a65ae5fcd88c03a 5¢f08673168defOb
00000 20c871a953fffc6 ceObb95ac263e6c1 4f6a917d1a676571 5890918c7b687d75
01101 4d2b3e430961836 84cdd4£c48b79608 b3e4503e3c824a8c fd6d0b1a39687929
10011 130167c08302a69 4c15ff56de92blad d0c2f0d4ff0dee9s el422ee2e8b92125
00101 e5acaf86592fcee de799be0b903c880 27141tbf40bc09f6 c3be97¢3c285009f
10010 120faf19f606631 93007cabbb3{8c9d ef6955{7f43df5d0 4dbd0616afe60elf
10001 31e49b7c7{7bb5d 901d828746ceect1 71ed3c097158c224 11adb3d81e13d263
00101 a50d1a343b2394b eab30ca27b5b34e3 90359ef711ed53d9 9b446763c8627ea8
01000 6891c0f4842b823 c4d786a25727a7fc 094fe7da31fb60cd 919a004de5e70767
00100 04bdd77b7cb4e7b ¢598¢cb710558af67 fc386d1199d3a925 4928e0b43¢781893
10100 544dd3eb8b2adéc 94462af4£583d770 8061ba9381f51f55 476d4eded7c90fcc
11111 1fc25aa6a7e0b4c 93dd968c06a56809 9768e9d1ba74d3b6 014e9dc9f13670bb

Parity, hex Parity, hex Parity, hex Parity, hex Parity, hex
<0:63> <64:127> <128:191> <192:255> <256:299>
d6983839edc3eSac c3cb45691ddba6eb ¢26d756ea6f5b73d 249e30f415aa60b1 5743dc81c21

91A.4 Reed-Solomon encoder model

This annex also includes a model of the Reed-Solomon encoder, defined in 91.5.2.7, written in the C
programming language. To emulate the RS(528,514) encoder, declare global variables per 91A.4.1. To
emulate the RS(544,514) encoder, declare global variables per 91A.4.2. The generic components of the
model are defined in 91A.4.3 to 91A.4.6.
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91A.4.1 Global variable declarations for RS(528,514)

These global variables define the codeword size (in symbols) and generator polynomial coefficients (see
Table 91-1) for the RS(528,514) code. Elements of GF(210) are presented as decimal values.

long n_symbols = 528;
unsigned long generator polynomial[1024] =
{904,6,701,32,656,925,900,614,391,592,265,945,290,432};

91A.4.2 Global variable declarations for RS(544,514)

These global variables define the codeword size and generator polynomial coefficients for the RS(544,514)
code.

long n_symbols = 544;

unsigned long generator polynomial[1024] =
{575,552,187,230,552,1,108,565,282,249,593,132,94,720,495,385,942,503,883,36
1,788,610,193,392,127,185,158,128,834,523};

91A.4.3 Other global variable declarations

The following global variables are declared for both RS(528,514) and RS(544,514). The field polynomial is
assigned its decimal representation (1033 corresponds to x10+x3+1).

long polynomial = 1033;

long k symbols = 514;

long check symbols;

unsigned long codeword[1024];

91A.4.4 GF(2'%) multiplier function
This function implements multiplication over GF(210) using the expansion and reduction algorithm.

unsigned long multiply(long aa, long bb)
{

unsigned long expand = 0;
long k;

for (k = 0; k < 10; k++)
{
if (bb & (1 << k))
expand = expand ©* (aa << k);
}
for (k = 0; k < 9; k++)
{
if ((expand >> (18-k)) & 1)
expand = expand ©~ (polynomial << (8-k));
}

return expand;

91A.4.5 Reed-Solomon encoder function
This function implements the Reed-Solomon encoder. It uses the multiply() function.
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void encode ()

{
long k, Jj;
unsigned long multiplier;
unsigned long generator vector[1024];
unsigned long encoder divide([1024];

for (k = 0; k < check symbols; k++)
encoder divide[k] = 0;

for (k = 0; k < k symbols; k++)
{

A

multiplier = codeword[k] encoder divide[0];

for (j = 0; j < check symbols; j++)
generator vector[j] = multiply(multiplier, generator polynomial[j]);

for (3 = 0; j < check symbols-1; j++)
encoder divide[j] = generator vector([j]

A

encoder divide([j+1];
encoder divide[check symbols-1] = generator vector[check symbols-1];

for (j = 0; j < check symbols; j++)
codeword[j+k symbols] = encoder divide[]j];

91A.4.6 Main function

This sample main function defines a hypothetical message consisting of a countdown from 1023 to 510 (514
Reed-Solomon symbols). It then computes the parity and produces a codeword using the encode() function.
The resulting codeword is printed to the console.

void main ()

{
long k;
check symbols = n symbols-k symbols;

//*** Generate simple message symbols ***
for (k = 0; k < k _symbols; k++)
codeword[k] = 1023-k;

encode () ;

for (k = 0; k < n_symbols; k++)
printf ("%1ld ", codeword[k]);
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Annex 92A

(informative)

100GBASE-CR4 TPO0 and TP5 test point parameters and channel
characteristics

92A.1 Overview

Annex 92A provides information on parameters associated with test points TPO and TP5 that may not be
testable in an implemented system. TPO and TP5 test points are illustrated in the 100GBASE-CR4 link block
diagram of Figure 92-2. It also provides information on channel characteristics.

92A.2 Transmitter characteristics at TP0O

The transmitter characteristics at TPO are constrained at TPOa by 93.8.1.

92A.3 Receiver characteristics at TP5

The receiver characteristics at TP5 are constrained at TP5a by 93.8.2.

92A.4 Transmitter and receiver differential printed circuit board trace loss

The recommended maximum insertion loss allocation for the transmitter or receiver differential controlled
impedance printed circuit boards is determined using Equation (92A—1) and illustrated in Figure 92A-1.
Note that the recommended maximum insertion loss allocation for the transmitter or receiver differential
controlled impedance printed circuit boards is 6.81 dB at 12.9806 GHz. The recommended maximum
insertion loss allocation for the transmitter or receiver differential controlled impedance printed circuit
boards is consistent with the insertion loss TPO to TP2 or TP3 to TP5 given in 92.8.3.6 and an assumed
mated connector loss of 1.69 dB.

ILpcs(N) S ILpepma () = 0.5(0.0694 +0.4248./f+0.9322f) (dB) (92A-1)

for 0.01 GHz << 19 GHz.

where
f is the frequency in GHz
ILpcg(f) is the insertion loss for the transmitter and receiver PCB

ILpcpmax()  is the recommended maximum insertion loss for the transmitter and receiver PCB

The minimum insertion loss allocation for the transmitter and receiver differential controlled impedance
printed circuit boards for each differential lane (i.e., the minimum value of the sum of the insertion losses
from TPO to MDI receptacle or TP5 to MDI receptacle) is determined using Equation (92A-2) and
illustrated in Figure 92A—1.
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ILpcs(D 2 ILpegmin(f) = 0.086(0.0694 +0.4248 ./f+0.9322/) (dB) (92A-2)

for 0.01 GHz < /<19 GHz.

where
f is the frequency in GHz
ILpcg(f) is the insertion loss for the transmitter and receiver PCB

ILpcBmin(f)  1s the minimum insertion loss for the transmitter and receiver PCB
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Figure 92A—-1—Insertion Loss Tx or Rx PCB max and min

92A.5 Channel insertion loss

This subclause provides information on channel insertion losses for intended topologies ranging from 0.5 m
to 5 m in length. The maximum channel insertion loss associated with the 5 m topology is determined using
Equation (92A-3). The channel insertion loss associated with the 0.5 m topology and a maximum host
channel is determined by Equation (92A-5). The channel insertion loss budget at 12.8906 GHz for the 5 m
topology is illustrated in Figure 92A-2.

The maximum channel insertion loss for the 5 m topology is determined using Equation (92A-3). The
maximum channel insertion loss is 35 dB at 12.8906 GHz.
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ILChmaX35dB(f) = [LCamax5m(f) + 2ILHOSt(f) - 2[LMatedTF(f) (dB) (92A73)
for 0.05 GHz < /< 19 GHz.
where

f is the frequency in GHz
IL cpmax3sag(f) 1 the maximum channel insertion loss between TPO and TP5 representative of a 5 m

cable assembly and a maximum host channel

IL 0y naxsm ) is the maximum 5 m cable assembly insertion loss.
1Ly is the maximum insertion loss from TPO to TP2 or TP3 to TP5 using Equation (92-8)
ILytatearr(H) is the nominal insertion loss of the mated test fixture using Equation (92A—4)

The nominal insertion loss of the mated test fixture is determined using Equation (92A—4).

ILytareatr(f) = 0.1148 A/f+ 0.287f (dB) (92A-4)
for 0.01 GHz < <25 GHz.
where

f is the frequency in GHz
ILy\aeatr(f)  1s the nominal insertion loss of the mated test fixture.

The channel insertion loss between TP0O and TP5 representative of a 0.5 m cable assembly and a maximum
host channel is determined using Equation (92A-5).

IL cpo s () = ILcaming sm () T 21L 10 (f) = 2L paeare(f)  (dB) (92A-5)

for 0.05 GHz < /< 19 GHz.

where
f is the frequency in GHz
IL o 5m (D is the channel insertion loss between TPO and TP5 representative of a 0.5 m cable

assembly and a maximum host channel
ILcyminosm(f)  1s the minimum 0.5 m cable assembly insertion loss given in Equation (92-26) and
illustrated in Figure 92—12.

1Ly () is the maximum insertion loss from TPO to TP2 or TP3 to TPS5 using Equation (92-8)
ILytaeate(H) is the nominal insertion loss of the mated test fixture using Equation (92A—4)
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NOTE—The connector insertion loss is 1.07 dB for the mated test fixture. The host connector is
allocated 0.62 dB of additional margin.

Figure 92A-2—35 dB channel insertion loss budget at 12.8906 GHz

92A.6 Channel return loss

The return loss of each lane of the 100GBASE-CR4 channel is recommended to meet the values determined
using Equation (92-27).

92A.7 Channel Operating Margin (COM)

The Channel Operating Margin (COM) for the channel between TPO and TP5, computed using the
procedure in 93A.1 and the parameters in Table 93-8, is recommended to be greater than or equal to 3 dB.

NOTE—For cable lengths greater than 4 m, a frequency step (Af) no larger than 5 MHz is recommended.
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Annex 93A

(normative)

Specification methods for electrical channels

93A.1 Channel Operating Margin

The Channel Operating Margin (COM) is a figure of merit for a channel derived from a measurement of its
scattering parameters. COM is related to the ratio of a calculated signal amplitude to a calculated noise
amplitude as defined by Equation (93A-1).

COM = 20log,y(4,/A,,) (93A-1)

COM shall be calculated using the method described in this annex. The signal amplitude A, is defined in
93A.1.6 and the noise amplitude 4,,; is defined in 93A.1.7.

Figure 93A—1 illustrates the reference model that is the basis for the calculation for COM. The parameters
used to calculate COM are listed in Table 93A—1. The values assigned to these parameters are defined by the
Physical Layer specification that invokes the method (see Table 93A-2).

Input randomly chosen from Detect transmitted signal,
L-level alphabet compute error ratio

J_l_ Pulse amplitude A;
Unit interval 1/, Channel under test

— r— — 7 "7 1

Hire(f) st) -TP: s i sw) + (H—> w(tff)(f); DFE
‘ \ | X A e

Receiver

I
|
| I |
| | Vietm | U\ |
Path termination Device package Jitter >
I I I I I {App: orJ}
I I I I T
| | Crosstalk | | Sampling time
[ | [ [ | [ | S
Hgol(F) » R s(tr) p SW N MR
° L | I L ] i I Input-referred noise
| | TP5| | spectral density, ng
Transmitters
[ Ll— — — 1 1
Package-board interface DFE = Decision feedback equalizer

Figure 93A-1—COM reference model
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Table 93A—1—COM parameters

Parameter Reference Symbol Units

Signaling rate 93A.1.1 /b GBd
Maximum start frequency 93A.1.1 Jmin GHz
Maximum frequency step 93A.1.1 Af GHz
Device package model 93A.1.2

Single-ended device capacitance Cy nF

Transmission line length z, mm

Single-ended package capacitance at package-to-board G, nF

interface
Single-ended reference resistance 93A.12 Ry Q
Single-ended termination resistance 93A.1.3 R, Q
Receiver 3 dB bandwidth 93A.14.1 | GHz
Transmitter equalizer, minimum cursor coefficient 93A.14.2 c(0) —
Transmitter equalizer, pre-cursor coefficient 93A.14.2 c(-1)

Minimum value —

Maximum value —

Step size _
Transmitter equalizer, post-cursor coefticient 93A.14.2 c(1)

Minimum value —

Maximum value —

Step size _
Continuous time filter, DC gain 93A.143 gpe

Minimum value dB

Maximum value dB

Step size dB
Continuous time filter, zero frequency 93A.1.4.3 I GHz
Continuous time filter, pole frequencies 93A.14.3 Il GHz

2

Transmitter differential peak output voltage 93A.1.5

Victim 4, \%

Far-end aggressor Ag \%

Near-end aggressor A, \%
Number of signal levels 93A.1.6 L —
Level separation mismatch ratio 93A.1.6 Riym —
Transmitter signal-to-noise ratio 93A.1.6 SNR1x dB
Number of samples per unit interval 93A.1.6 M —
Decision feedback equalizer (DFE) length 93A.1.6 Ny, Ul
Normalized DFE coefficient magnitude limit 93A.1.6 bax(m) —
Random jitter, RMS 93A.1.6 GRrJ Ul
Dual-Dirac jitter, peak 93A.1.6 App Ul
One-sided noise spectral density 93A.1.6 No V2/GHz
Target detector error ratio 93A.1.7 DER, —
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Table 93A-2—Physical Layer specifications that employ COM

Physical Layer Parameter values
100GBASE-KR4 (Clause 93) Table 93-8
100GBASE-KP4 (Clause 94) Table 94-17

93A.1.1 Measurement of the channel

The channel consists of a victim signal path plus some number of far-end and near-end crosstalk paths. The
total number of paths for a given channel is denoted as K and, by convention, the path index k=0 corresponds
to the victim path. The number of crosstalk paths is a function of the structure of the system. All significant
contributors to the channel crosstalk should be included in the calculation of COM.

Each signal path is represented by a set of frequency-dependent scattering parameters. For the purpose of the
calculation of COM, references to scattering parameters correspond to the differential-mode scattering
parameters. The scattering parameters measured at frequency f are presented as the 2 x 2 matrix S(f) as
defined by Equation (93A-2).

S(f) — [SIIO() SlZ(ﬂ] (93A—2)
$21(f) s22(f)

The relationship between S(f) and other commonly cited characteristics is as follows. The insertion loss is
the magnitude in dB of either 1/s;,(f) or 1/s,;(f). The input and output return loss are the magnitude in dB of
1/s11(f) and 1/s55(f), respectively.

The scattering parameters for the victim signal path are measured from TPO to TPS. The scattering parame-
ters for each crosstalk path are measured from the package-to-board interface of the aggressor transmitter to
TP5. The frequency-dependent scattering matrix for signal path & is denoted as § )(f) . The reference
impedance for scattering parameter measurements is 100 Q.

It is recommended that the scattering parameters be measured with uniform frequency step no larger than Af
from a start frequency no larger than f,;,, to a stop frequency of at least the signaling rate f},.

93A.1.2 Transmitter and receiver device package models

Each signal path in the channel is augmented to reflect the likely influence of transmitter and receiver device
packages. The device package models are two-port networks defined by their scattering parameters. The
scattering parameters are calculated using the method defined in 93A.1.2.1 through 93A.1.2.4.

Each signal ]é)ath in the channel is represented by the scattering matrix S The augmented signal path is

denoted as Spk) and is defined by Equation (93A-3).

S;k) = cascade(cascade(S'”, sV, s"P) (93A-3)

The function cascade() is defined in 93A.1.2.1. S®) and SUP) are defined in 93A.1.2.4. If k corresponds to a
near-end crosstalk path, S is calculated with the smallest value of z,, specified by the clause that invokes
this method.
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93A.1.2.1 Cascade connection of two-port networks

The connection of a pair of two-port networks x and y such that port 2 of network x is connected to port 1 of
network y may be represented by an equivalent two-port network z. Port 1 of network z corresponds to port
1 of network x and port 2 network z corresponds to port 2 of network y. The scattering parameters of network
z are given in terms of the scattering parameters of networks x and y by Equation (93A—4) through
Equation (93A-7).

) O ()

So1 871 S
$9 = (Wl (93A-4)
11 11 1 x) ()
S8
(x) )
@ _ Sidpe
s = e (93A-5)
1 —s3,87
™) )
() _ _ 521521
Sar 7 ™) (034-0)
1 —s5 81
0 ) )
(2 _ ., S12%525
2 TS T OAD
1 —s3,87;

For the purpose of this annex, this set of operations is referred to using the shorthand notation
@ = cascade(S(x), S(y)).

93A.1.2.2 Two-port network for a shunt capacitance

The scattering parameters for a shunt capacitance with value C are defined by Equation (93A-8) where

j= A/—_landm=2nf.

_joCR, 2
S(C) = — 1| TR (93A-8)
2+joCR, 2 —joCR,

The scattering parameters for the device capacitance C%are denoted as §'“ = S(C,) and the scattering
parameters for the board capacitance C,, are denoted as S ) = S(C,).

93A.1.2.3 Two-port network for the package transmission line

The scattering parameters for the package transmission line model are a function of the complex propagation
coefficient defined by Equation (93A—9), Equation (93A—10), and Equation (93A—11) and the reflection
coefficient defined by Equation (93A—12). The values of the parameters that appear in these equations are
defined in Table 93A-3. The units of f'are GHz.

Y() = Yo /=0 (93A-9)

Y0+Y1A0+Y2(f)f f>0
Y1 = a(1+)) (93A-10)

320
Copyright © 2014 |IEEE. All rights reserved.

Authorized licensed use limited to: Zhejiang University. Downloaded on September 25,2014 at 02:23:24 UTC from IEEE Xplore. Restrictions apply.



IEEE Std 802.3bj-2014
AMENDMENT TO IEEE Std 802.3-2012: Ethernet

Y,(f) = a,(1—j(2/m)log,(f/1 GHz)) +j2nt (93A-11)
Z.—2R

p=-< =0 (93A-12)
Z.+2R,

Table 93A-3—Transmission line model parameters and values

Parameter Value Units
Yo 0 1/mm
a 1.734 x 1073 ns'?/mm
a 1.455x 1074 ns/mm
T 6.141 x 1073 ns/mm
Z. 78.2 Q

The scattering parameters for a package transmission line of length z, are defined by Equation (93A-13) and
Equation (93A~14). The units of z, are mm.

_ p(1—exp(—v(H)2z,))
1- pzeXp(—v(mzp)

S = 5% (93A-13)

2
! 1 (1-p)exp(—y(f)z,)
S = s90) = —= z (93A-14)
1 —p~exp(-v(H2z,)

The transmission line scattering parameter matrix is then denoted as NG
93A.1.2.4 Assembly of transmitter and receiver device package models
The scattering parameters for the transmitter device package model SUP) are the result of the cascade connec-

tion of the device capacitance, package transmission line, and board capacitance as defined by
Equation (93A-15).

§'7) = cascade(cascade(S'”, s, §¥) (93A-15)
Similarly, the scattering parameters for the receiver device package model SP) are the result of the cascade

connection of the board capacitance, package transmission line, and device capacitance as defined by
Equation (93A-16).

SUP) = cascade(cascade(S¥, s7), §9) (93A-16)

93A.1.3 Path terminations

The input to each signal path is terminated by an impedance defined by the reflection coefficient I';. The
output of each signal path is terminated by an impedance defined by the reflection coefficient I',.
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The reflection coefficients I'j and I', are defined by Equation (93A-17).

R, R,

ry=r,=
1 2 R,+R,

(93A-17)

The voltage transfer function of the terminated signal path is defined by Equation (93A-18) where

AS(f) = s11(Ns20(N) —512(Hs21(f)

s (N =T +T5)
L =51, (N} =55 (NT, + T TLAS(f)

Hy (f) = (93A-18)

The voltage transfer function for the signal path represented by S;k)(f) is denoted H(zl‘;)(f) .

93A.1.4 Filters

The voltage transfer function for each signal path H(zli)(f) (see 93A.1.3) is multiplied by a set of filter
transfer functions to yield H(k)(f) as shown in Equation (93A-19).

HY(p) = Hffe(f)H(Zli)(f)H;~(f)Hc(f(f) (93A-19)

The receiver noise filter H,(f) is defined in 93A.1.4.1, the transmitter equalizer H,(f) is defined in
93A.1.4.2, and the receiver equalizer H,,(f) is defined in 93A.1.4.3.

The filtered voltage transfer function H(k)m is used to compute the pulse response (see 93A.1.5).
93A.1.4.1 Receiver noise filter
H,(f) is anoise filter defined by Equation (93A-20).

H) = 1 (93A-20)

e 3414214171 + (/1) +72.613126(/f.— (/1))

93A.1.4.2 Transmitter equalizer

Hy,(f) is defined by Equation (93A-21) and is intended to represent the transmitter equalizer. If k corre-
sponds to a near-end crosstalk path, then ¢(—1) and ¢(1) are zero regardless of the values used for the other
paths. The value of the “cursor” coefficient ¢(0) is set to 1 —|c(—1)| —|c(1)| for any value of ¢(—1) and c(1).
If the value of ¢(0) is less than the specified minimum value, the corresponding combination of ¢(—1) and
¢(1) is considered invalid and is not used to calculate COM.

1
Hy (f) = Z,- L c(i)exp(—72n(i + 1)(f/f,)) (93A-21)

93A.1.4.3 Receiver equalizer
H_,,(f) is defined by Equation (93A-22).
gpc/20

10 +if/f.
A HJ7 1)+ 717 f2)

H,(f) = (93A-22)

322
Copyright © 2014 |IEEE. All rights reserved.

Authorized licensed use limited to: Zhejiang University. Downloaded on September 25,2014 at 02:23:24 UTC from IEEE Xplore. Restrictions apply.



IEEE Std 802.3bj-2014
AMENDMENT TO IEEE Std 802.3-2012: Ethernet

93A.1.5 Pulse response

The pulse response of a signal path is defined to be the output of the path following the application of a
rectangular pulse one unit interval in duration at its input. First define the function X(f) per
Equation (93A-23) where sinc(x) = sin(nx)/(nx) and 7, = 1/f, is the unit interval.

X(f) = A,T,sinc(fT}) (93A-23)

X(f) is a function of 4,, which in turn is based on the path index k. If k=0, i.e., the victim path, then 4, = 4.
If k corresponds to a far-end crosstalk path, then 4, = 4, . If k corresponds to a near-end crosstalk path,
then 4, = 4,,

The pulse response h(k)(t) is derived from the voltage transfer function H(k)(f) (see 93A.1.4) using
Equation (93A-24).

10w = [ x(hH (Yexp2nfiyde (93A-24)

NOTE 1—COM is expected to be computed from measurements at discrete frequencies that cover a limited span (see
93A.1.1). The inverse Fourier transform depicted in Equation (93A-24) is likely to be implemented as a discrete Fourier
transform and the filtered voltage transfer function may need to be extrapolated (both to DC and to one half of the sam-
pling frequency) for this computation. The extrapolation method and sampling frequency must be chosen carefully to
limit the error in the COM computation.

NOTE 2—The time span of the pulse response in unit intervals, N, is limited in practice by frequency step Af (N = f,/Af)
but in general should be set to include all significant components of the pulse response.

93A.1.6 Determination of variable equalizer parameters

COM is a function of the variables c(—1), ¢(1), and gpc. The following procedure is used to determine the
values of these variables that are used to calculate COM.

a) Compute the pulse response h(k)(t) of each signal path & for a given c¢(-1), ¢(1), and gpc using the
procedure defined in 93A.1.5.

b)  Define ¢, to be the time that satisfies Equation (93A-25). If there are multiple values of #, that satisfy
the equation, then the first value prior to the peak of h(o)(t) is selected. The coefﬁ01ents of the deci-
sion feedback equalizer b(n) are computed as shown in Equation (93A-26). If N, is 0, then the b(n)
is considered to be zero for all .

¢) Define 4; to be Ry A O(t)/(L-1).

d) Compute GzTX per Equation (93A-30) and Equation (93A-29). This represents the noise output
from the transmitter.

e) Compute i;5/(n) per Equation (93A-27). This represents the residual intersymbol 1nterference (IST)
after decision feedback equalization. The corresponding ISI amplitude variance o 757 1s computed
per Equation (93A-31) and Equation (93A-29).

f)  Compute the slope of the pulse response of the victim path /4 ,(n) as shown in Equation (93A-28).
The variance of the amplitude error due to timing jitter c; is computed per Equation (93A-32) and
Equation (93A-29).

g) The variance of the amplitude for path & is given by Equation (93A—33) where the phase index m
can assume any integer value from 0 to M—1. Denote the value of m that maximizes the variance for
path k as i. The variance of the amplitude for the combination of all crosstalk paths Gf(T is then com-
puted using Equation (93A-34), which is the sum of the maximum variances for the individual paths
k=1to K-1.

h) Compute the variance of the noise at the output of the receive equalizer 612\, based on the one-sided
spectral density n referred to the receiver noise filter input per Equation (93A-35).
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i)  Compute the figure of merit (FOM) per Equation (93A-36).

KO -1,) = KO, +T,) - h"O,)b(1) (93A-25)
b () KO+ nTy) / h(1,) < by ()
b(n) = by (1) KO, +nTy) /B0 (t) > b, (n) (93A-26)
O, +nT,) /% t,) otherwise
0 n=20
hsi(n) = 4 WO, +nT,)—h(t)b(n) 1<n<N, (93A-27)
h(o)(ts +nTy) otherwise

RO+ mn+1/MT,) -1, + (n—1/M)T,)

hy(n) = 93A-28

An) M ( )
2 L’ 1

oy = —— (93A-29)
3(L-1)

oy = K01 10 (93A-30)

Srsr = oy L hisi(n) (93A-31)

o) = (App+ op)oy LA () (93A-32)

2
(61" = o} XA (m/M+n)T,)] (93A-33)
K—-1 2
o2 = 2y, [0 (93A-34)
oy = nofo \H (N H, ()| df (93A-35)
AY
FOM = 1010g10[ — (93A-36)
Oryt O to,;,T0xrt0

The FOM is calculated for each permitted combination of ¢(-1), ¢(1), and g values per Table 93A-1. The
combination of values that maximizes the FOM, including the corresponding value of ¢, is used for the
calculation of the interference and noise amplitude in 93A.1.7 and the calculation of COM in 93A.1.
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93A.1.7 Interference and noise amplitude

Given the values of ¢(-1), ¢(1), gpc, and ¢, derived in 93A.1.6, compute the combined interference and noise
distribution p(y) per 93A.1.7.3. The corresponding cumulative distribution function is P(y) as defined by
Equation (93A-37).

Po) = [ po)dy (93A-37)

The noise amplitude, 4,,;, is the magnitude of the value of y, that satisfies the relationship P(yy) = DER,
where DER,, is the target detector error ratio. The detector error ratio is the probability that the detector fails
to identify the signal level that was transmitted.

In 93A.1.7.1 through 93A.1.7.3, “*” denotes convolution, which is defined by Equation (93A-38).

A0 * ) = [ fi)gl-v)de (93A-38)

93A.1.7.1 Interference amplitude distribution

The interference amplitude distribution is computed from the sampled pulse response A(n) with the
assumption that the transmitted symbols are independent, identically distributed random variables and that
the symbols are uniformly distributed across the set of L possible values. For the purpose of this subclause,
h(n) is a general notation that corresponds to Apph(n) (see 93A.1.7.2), hjq/(n), or WO 1 M+ n)Ty) (see
93A.1.7.3).

Equation (93A-39) defines the nth component of the interference amplitude distribution function where 8(y)
is the Dirac delta function.

Pay) = %Zf;éﬁ(y— (Lz—_ll - l)h(n)) (93A-39)

The set of N such components are combined via convolution to obtain the complete interference amplitude
distribution. Initialize p(y) to 8(y) and then evaluate Equation (93A—40) sequentially for n=0 to N—1.

r») =p®») *p,») (93A—40)

NOTE 1—COM is expected to be numerically computed using a quantized amplitude axis y. The amplitude step Ay
introduces quantization error in the calculated distribution function that is compounded by subsequent convolutions with
other quantized distribution functions. It is recommended that Ay be no larger than 0.1% of 4; or 0.01 mV, whichever is
smaller.

NOTE 2—1t is recommended that components of the pulse response whose amplitude is less than 0.1% of 4, be ignored
as they likely correspond to measurement noise or numerical artifacts.

93A.1.7.2 Noise amplitude distribution

The calculation of COM includes two noise terms that are described in terms of their distribution function.
The first term has a Gaussian amplitude distribution function with zero mean and variance 62G . The variance
is defined by Equation (93A—41) where H,(f) is defined in 93A.1.4.1, H,{) is defined in 93A.1.4.3, and Gi
and /1 /(n) are defined in 93A.1.6.
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2 2 2 2 2 © 2
05 = Ot Opyox Ly +ng [ [H(NH N df (93A-41)

n

The amplitude distribution of the Gaussian noise term is defined by Equation (93A—42).

exp(—°/(20))

MZRGé

The second term is denoted as ppp, and is related to the amplitude noise resulting from dual-Dirac jitter. It is
computed using the procedure defined in 93A.1.7.1 with h(n) = Apph /(n).

Pe(y) = (93A-42)

The components are combined using convolution to yield the overall noise amplitude distribution function
as defined in Equation (93A—43).

2,(») = pc) * ppp(y) (93A-43)
93A.1.7.3 Combination of interference and noise distributions

Compute the intersymbol interference amplitude distribution using the procedure defined in 93A.1.7.1 with
h(n) = hyg(n) as defined by Equation (93A—-27) and denote the result as p(y).

The contributions of the K—1 crosstalk paths to the total interference are included as follows. Determine the
phase index m = i that maximizes the variance of the amplitude for path & as defined by Equation (93A—33).
Compute the interference amplitude distribution using the procedure defined in 93A.1.7.1 with
h(n) = h™((i / M + n)T) and denote the result as p®)(y).

Compute p(k)(y) and evaluate Equation (93 A—44) sequentially for integer values /=1 to K—1.

() = p() * pP) (93A—44)

The noise distribution p,,() defined in 93A.1.7.2 is then included to yield the combined interference and
noise amplitude distribution as shown in Equation (93A—45).

r(») =pW») *p,(») (93A—45)

326
Copyright © 2014 |IEEE. All rights reserved.

Authorized licensed use limited to: Zhejiang University. Downloaded on September 25,2014 at 02:23:24 UTC from IEEE Xplore. Restrictions apply.



IEEE Std 802.3bj-2014
AMENDMENT TO IEEE Std 802.3-2012: Ethernet

93A.2 Test channel calibration using COM

A generalized block diagram of the interference tolerance test channel is shown in Figure 93A-2.

TPt TP5 replica
S(tc)
.| TPO to TPOa ISI TP5 to TP5a
"| trace replica channel trace replica
< 0 >
TPn

Figure 93A—2—Generalized interference tolerance test channel

The signal path from the test transmitter connected at TPt to the receiver under test connected at TP5
consists of replicas of the test fixture traces, a controlled ISI channel, and the means by which additive
broadband noise is coupled into the path. This path is represented by the scattering parameters NG
measured from TPt to the TPS5 replica. The signal path from the broadband noise source connected at TPn to
the receiver consists of the means of broadband noise coupling and a replica of TP5 to TP5a test fixture
trace. This path is represented by scattering parameters 5U) measured from TPn to the TP5 replica.

COM is used to calibrate the interference tolerance test channel. The values assigned to the parameters listed
in Table 93A-1 are defined by the Physical Layer specification that invokes this method.

The calculations defined in 93A.1 are evaluated for S/ with the following exceptions.

If the test transmitter presents a high-quality termination, e.g., it is a piece of test equipment, the transmitter
device package model S(P) is omitted from the calculation of S;k) . Instead, the voltage transfer function is
multiplied by the filter H,(f) defined by Equation (93A—46) where T, is the 20 to 80% transition time (see
86A.5.3.3) of the signal as measured at TPOa.

H(f) = exp(—(nfT./1.6832)%) (93A-46)

The approximate voltage transfer function for the path from TPn to the output of the receiver equalizer is
defined by Equation (93A—47).

H"(1) = s$90 sSPDH) Ho ) (93A-47)

The broadband noise source applies noise at TPn that has a Gaussian amplitude distribution with zero mean
and standard deviation o,,. The power spectral density of the noise is flat from —f; /2 to f}, / 2 and is zero
elsewhere. The standard deviation of the noise at the receiver equalizer output c,, is defined by
Equation (93A—48).

fo/2

2 2
o2, = % [ 15" ar (93A-48)
by
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Equation (93A-41) defines the standard deviation of the Gaussian noise amplitude distribution function.
When COM is used to calibrate the interference tolerance test channel, this definition is replaced by
Equation (93A-49). The value of o, is adjusted until the target COM value is achieved.

o = Oyt opsoy LI(m) 41, [ N H(WH, N df+ on (93A-49)

An additional figure of merit for the test channel is the root-sum-square of the magnitude terms 7, to n, of
the equalized pulse response where 7, is less than or equal to N;,. This measure of the relative usage of the
decision feedback equalizer is defined by Equation (93A-50).

up(ny, ny) = (93A-50)
The shorthand notation RSS_DFE4 is used to represent u,(4, N;) .
93A.3 Fitted insertion loss
The fitted insertion loss as a function of frequency is given by Equation (93A-51).

Lpyed) = ag+a,ff+ayf+a,f’ (93A-51)

Denote the insertion loss, in dB, measured at frequency f,, as IL(f,). Given the insertion loss measured at N
uniformly-spaced frequencies from start frequency f,;, to stop frequency fi,., With step no larger than Af,
the coefficients for the fitted insertion loss shall be calculated as follows.

Define the weighted frequency matrix F using Equation (93A—52).

[ —IL(f,)/20 —IL(f})/20 —IL(f,)/20 fIL(f')/ZO_
T /28 T R 7 [ R A T

—IL(f,)/20 —1L(f;)/20 —IL(fy)/20 o —IL(f;)/20
107777 JH10 T £1077T £10 (93A-52)

—IL(fy)/20 IL(fy)/20 o . —IL(fy)/20

fyl0° /n10

IO—IL(/‘}V)/ZO A/]TNIO

Define the weighted insertion loss vector L using Equation (93A-53).

[L(fl)lofm(fl)/zo

“IL(f,)/20
L= |IL()10 (93A-53)

~IL(fy)/20

IL(f,)10

The fitted insertion loss coefficients are then given by Equation (93A—54).
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do
Y FRyFL (93A-54)
a

ay
The values assigned to fi,in, fmax» and Af are defined by the Physical Layer specification that invokes this
method.
93A.4 Insertion loss deviation

The insertion loss deviation /LD(f) is the difference between the measured insertion loss /L(f) and the fitted
insertion loss /L.4(f) (see 93A.3) as shown in Equation (93A-55).

ILD(f) = IL(f) ~ IL g0 (93A-55)

A figure of merit for a channel that is based on ILD(f) is given by Equation (93A-56). In
Equation (93A-56), f,, are the frequencies considered in the computation of the fitted insertion loss and
W(f,) is the weight at each frequency as defined by Equation (93A-57).

1/2
FOMyp = []l\,z WO‘,,)ILDZ(/Q)} (93A-56)
w(f,) = Sil’lCz(fn/fb)|: ! 4}[ ! 8} (93A-57)
L+ (f,/f) L1+ (f, /1)

The variable f}, is the signaling rate. The 3 dB transmit filter bandwidth f; is inversely proportional to the
20% to 80% rise and fall time 7. The constant of proportionality is 0.2365 (e.g., T, f; = 0.2365; with f, in
Hertz and T in seconds). The variable f. is the 3 dB reference receiver bandwidth.

The values assigned to f}, T}, and f, are defined by the Physical Layer specification that invokes this method.
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Annex 93B

(informative)

Electrical backplane reference model

This annex describes additional informative test points that may used to partition the electrical backplane
channel. See Figure 93B—1 and Table 93B—1.

Device | | | | | | Device
| | | | | | package
S | L T r - - 1 r - | S
_ _ L —
2ti<p> ’S—> | DkF<p>
i<n> DLi<n>
5 ——> d
Package-to
board-interface /k .
Mated AC-coupling
connector

Figure 93B—-1—Reference model (one direction from one lane is illustrated)

Table 93B—-1—Description of channel components

Test points Description

TPO to TP1 The printed circuit board between the transmitter and the separable connector closest to the
transmitter. TP1 is defined to be the interface between the board and connector plug.

TP2 to TP3 The electrical path from the separable connector closest to the transmitter to the separable
connector closest to the receiver. TP2 and TP3 are defined to be the interface between connector
receptacle and the printed circuit board.

TP4 to TPS The printed circuit board between the receiver and the separable connector closest to the receiver.
TP4 is defined to be the interface between the board and connector plug. It is recommended that
the AC-coupling capacitors are implemented between TP4 and TP5

TPO to TPS The electrical backplane channel as defined in 93.9 and 94.4. TPO and TPS5 are defined to be the
interface between the device package and the printed circuit board.
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Annex 93C

(normative)

Receiver interference tolerance

This annex defines a test setup (see 93C.1) and method (see 93C.2) for testing receiver interference toler-
ance. The PMD clause that invokes this method specifies the following items:

a) Constraint limit values for peak-to-peak voltage, the pre-cursor peaking ratio, and the post-cursor
peaking ratio for test setup,

b) Lower frequency bound for the noise spectral density constraints (fygp;),

c) Jitter parameters to be measured in test method step 3,

d) Target Channel Operating Margin (COM) and RSS_DFE4 values for the test system in test method
step 7,

e) COM parameter table in test method step 7,

f)  Jitter transformation method in test method step 7,

g)  Test pattern in test method step 9, and

h)  Test system frequency response.

NOTE—The intent of the interference tolerance test is to ensure that the PHY receiver operates correctly with transmit-
ter parameters anywhere within the specified limits including the case where all parameters are at the specified limits.
Testing of the receiver with transmitter parameters beyond the specified limits may be helpful to determine margin or to
provide comparative metrics, but failure of the receiver to operate correctly under these conditions is not to be inter-
preted as non-compliance.

93C.1 Test setup

The interference tolerance test is performed with the setup shown in Figure 93C-2 or its equivalent.
Calibration and characterization of the various elements in the test setup is accomplished using the test
configurations in Figure 93C-3, Figure 93C—4, Figure 93C-5, and Figure 93C-6.

The transmitter is functionally and parametrically compliant to the requirements of the invoking PMD
clause. The ISI channel emulates the frequency dependent loss of a backplane channel. The channel noise
source emulates crosstalk, transmitter noise, and unequalizable signal distortions introduced by a channel.

The transmitter output, as measured at TPOa, meets all transmitter specifications as indicated by the
invoking PMD clause. In addition, the transmitter output, as measured at TPOa, is constrained such that for
any transmitter equalizer setting the maximum differential peak-to-peak voltage, the pre-cursor peaking
ratio, and the post-cursor peaking ratio are constrained as indicated by the PMD clause that invokes this
method.

The channel noise source has an adjustable output such that the level may be set according to the test
procedure. The noise produced by the channel noise source is measured directly at the output of the noise
source (see Figure 93C—06). The noise is Gaussian with a crest factor of at least 5. The noise spectral density,
NSD(f), is normalized and constrained according to the relations in Equation (93C-1), where f; is the
symbol rate and fyg,; is specified by the PMD clause that invokes this method. NSD(f) is in units of V/Hz.
The average noise spectral density, NSDyyerage, 18 determined according Equation (93C-2). An example
constraint template with fygp; equal to 0.08f; is illustrated in Figure 93C-1.
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1010g10(_NS£(Q_) <3

NSD
e fospr <SS/ 2 (93C-1)
101og10(NSD—(f)) > 3(1- 121/f,)

average

52

[ NSD()df
_ Svspr

NSDavera e 7 A £ 93C-2
g ﬁ,/z 7fNSD1 ( )

The receiver on one lane at a time is tested for compliance. The input to the receiver on each of the other
lanes is generated by a transmitter with similar levels and equalization settings and transmitted through a
similar channel, such that the input signals are similar to the input signal on the lane under test.

NOTE—FEXT and NEXT in the test setup are not accounted for in the test channel calibration (see 93A.2). It is recom-
mended that the test setup be designed to minimize these effects.

Normalized NSD(f) (dB)

Figure 93C-1—Example NSD(f) constraint template
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trace
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Figure 93C-2—Interference tolerance test setup

Transmitter
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TPO to TPOa
trace
L TPOa
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Figure 93C-3—Interference tolerance transmitter test setup

| TPt

TPO to TPOa
replica trace

Network

analyzer ISI channel

Channel noise |
source TPn
TP5a to TP5
replica trace
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Figure 93C—4—Interference tolerance channel s-parameter test setup
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Figure 93C-5—Interference tolerance channel noise path test setup

Noise source Scope

v

Figure 93C-6—Interference tolerance channel noise level test setup

93C.2 Test method

The interference tolerance test is performed using the following method:

1) Set the channel noise source to zero.

2) Using the test setup in Figure 93C-2, initiate the training sequence, allow the training sequence to
complete, and retain the resulting transmitter tap coefficients.

3) Measure the jitter parameters relevant to the PMD clause that invokes this method that are to be used
to set the value of op;and App in step 7.

4) Measure the noise parameters relevant to the PMD clause that invokes this method that are to be
used to set the value SNRry.

5) Using the test setup in Figure 93C—4 (also see Figure 93A-2), measure the scattering parameters,
S of the test channel (TPt to TPS replica).

6) Using the test setup in Figure 93C-5 (also see Figure 93A-2), measure the scattering parameters,
5() of the noise addition network (TPn to TP5 replica).

7) Using the procedure defined in 93A.2: (a) determine the receiver noise level, o,,, required to
achieve the COM value specified in the PMD clause that invokes this method, and (b) verify that
RSS DFE4 is greater than or equal to the value specified in the PMD clause that invokes this
method. The procedure is based on the calculation of COM, which uses the parameters defined in
the COM parameter table in the PMD clause that invokes this method with the following exceptions.
The value of op; and App are set based on a transformation of measured parameters as specified in
the PMD clause that invokes this method. The value of SNR7y is set based on a transformation of the
measured parameters specified in the PMD clause that invokes this method. In the COM
computation the transmitter package model is included only if a compliant transmitter with a similar
termination is used. If a transmitter with high quality termination is used, in the COM calculation,
the termination is modeled as ideal and a Gaussian low pass filter is added to Equation (93A-19),
which has the same 20% to 80% transition time as the transmitter measured at TPOa.

8) Using the test setup in Figure 93C—6, measure the channel noise voltage c,,,, and adjust it so that it
equals o, determined in step 7. The channel noise voltage is determined from the measured NSD(f)
according to Equation (93C-3).

9) Using the test setup in Figure 93C-2, the transmitter taps as determined in step 2, and the channel
noise as determined in step 7, configure the transmitter to transmit the test pattern specified in the
PMD clause that invokes this method. Also configure the transmitters of the PMD under test to
transmit the same test pattern, with their transmitters in the preset condition.

334
Copyright © 2014 |IEEE. All rights reserved.

Authorized licensed use limited to: Zhejiang University. Downloaded on September 25,2014 at 02:23:24 UTC from IEEE Xplore. Restrictions apply.



IEEE Std 802.3bj-2014
AMENDMENT TO IEEE Std 802.3-2012: Ethernet

10) Measure the FEC symbol error ratio on the receiver under test using the errored symbol counter,
FEC _symbol_error i, where i is the lane number of the receiver under test.

fp/2
Spum = | | NSD(H)df (93C-3)
0

A test system with frequency response specified in the PMD clause that invokes this method is to be used for
measurement of the signal applied by the pattern generator and for measurements of the broadband noise.
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