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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through technical

committees established hy the respective organization to dealwith parh'rn]:n' fields of technical activity.

ISO and IEC technical committees collaborate in fields of mutual interest. Other internationpl
organizations, governmental and non-governmental, in liaison with ISO and IEC, also take partinthe
work.

The procedures used to develop this document and those intended for its further maintenance afge
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed fgr
the different types of ISO/IEC documents should be noted. This document was drafted in accordange
with the editorial rules of the ISO/IEC Directives, Part2 (see www.iso.org/directives ¢r
www.iec.ch/members experts/refdocs).

IEEE Standards documents are developed within the IEEE Societies and/the Standards Coordinatinjg
Committees of the IEEE Standards Association (IEEE-SA) Standards-Board. The IEEE develops ifs
standards through a consensus development process, approved by, the American National Standards
Institute, which brings together volunteers representing varied viewpoints and interests to achieve the
final product. Volunteers are not necessarily members of the Institute and serve without compensatioh.
While the IEEE administers the process and establishes rules to promote fairness in the consensys
development process, the IEEE does not independently evaluate, test, or verify the accuracy of any of the
information contained in its standards.

Attention is drawn to the possibility that some df)the elements of this document may be the subject pf
patent rights. ISO and I[EC shall not be held respénsible for identifying any or all such patent rights. DetaIs
of any patent rights identified during the déyvelopment of the document will be in the Introduction and/¢r
on the ISO list of patent declarations -received (see www.iso.org/patents) or the IEC list of patent
declarations received (see https://paterits.iec.ch).

Any trade name used in this dogument is information given for the convenience of users and does n¢t
constitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and
expressions related to~conformity assessment, as well as information about ISO's adherence to the
World Trade Orgahization (WTO) principles in the Technical Barriers to Trade (TBT),
see www.iso.org/iso/foreword.html. In the IEC, see www.iec.ch/understanding-standards.

ISO/IEC/IEEE 8802-3:2021/Amd.13 was prepared by the LAN/MAN of the IEEE Computer Society (as
IEEE 802.3ct-2021) and drafted in accordance with its editorial rules. It was adopted, under the “fasft-
track’procedure” defined in the Partner Standards Development Organization cooperation agreement
bétween [SO and IEEE, by Joint Technical Committee ISO/IEC]JTC1, Information technologl‘/
Subcommittee SC 6, Telecommunications and information exchange between systems.
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Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html and www.iec.ch/national-
committees.
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Abstract: This amendment includes changes to IEEE Std 802.3-2018 and adds Clause 152
through Clause 154 and Annex 154A. This amendment adds 100 Gb/s Physical Layer
specifications and management parameters for operation over DWDM systems using a
combination of phase and amplitude modulation with coherent detection for reaches of at
least 80 km.
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Important Notices and Disclaimers Concerning IEEE Standards
Documents

IEEE Standards documents are made available for use subject to important notices and legal disclaimers.
These notices and disclaimers, or a reference to this page (hitps://standards.jeee.org/ipr/disclaimers.html)

appear in all standards and may be found under the heading “Important Notices and Disclaimers Concerning
IEEE Standards Documents.”

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

IEEE Standards documents are developed within the IEEE Societies and the Standards Coerdinating
Committees of the IEEE Standards Association (IEEE SA) Standards Board. IEEE develops its standards
through an accredited consensus development process, which brings together volunteers reptesenting varied
viewpoints and interests to achieve the final product. IEEE Standards are documents developed by
volunteers with scientific, academic, and industry-based expertise in technical working groups. Volunteers
are not necessarily members of IEEE or IEEE SA, 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 completeness,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. In
addition, IEEE does not warrant or represent that the use of the material contained in its standards is free
from patent infringement. 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. Furth¢nmore, 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.

INNO-EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO: THE
NEED TO PROCURE 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 is 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, nor 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 the presenter's views should be considered the personal views of that individuahrather than
the formal position of IEEE, IEEE SA, the Standards Committee, or the Working Group.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any intcreésted party, regardless of
membership affiliation with IEEE or IEEE SA. However, IEEE does¢not provide interpretations,
consulting information, or advice pertaining to IEEE Standards documients.

Suggestions for changes in documents should be in the form of a(pnoposed change of text, together with
appropriate supporting comments. Since [EEE standards represent,a consensus of concerned interests, it is
important that any responses to comments and questions dlso receive the concurrence of a balance of
interests. For this reason, IEEE and the members of its Séeieties 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 reasow, IEEE does not respond to interpretation requests. Any
person who would like to participate in evaluatingecomments or in revisions to an IEEE standard is welcome
to join the relevant IEEE working group. You éan indicate interest in a working group using the Interests tab
in the Manage Profile & Interests area of the\JEEE SA myProject system. An IEEE Account is needed to
access the application.

Comments on standards should be submitted using the Contact Us form.

Laws and regulations

Users of IEEE Standards-documents should consult all applicable laws and regulations. Compliance with the
provisions of any~I[EEE Standards document does not constitute 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 compliange with applicable laws, and these documents may not be construed as doing so.

Data privacy

Users of IEEE Standards documents should evaluate the standards for considerations of data privacy and
data ownership in the context of assessing and using the standards in compliance with applicable laws and
regulations.

Copyrights

IEEE draft and approved standards are copyrighted by IEEE under US and international copyright laws.
They are made available by IEEE and are adopted for a wide variety of both public and private uses. These
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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.

Photocopies

Subject to payment of the appropriate licensing fees, IEEE will grant users a limited, non-exclusive license
to photocopy portions of any individual standard for company or organizational internal use or individualy
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;
https://www.copyright.com/. 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 thé issuance of amendments,
corrigenda, or errata. An official IEEE document at any point in time consi$ts 0f the current edition of the
document together with any amendments, corrigenda, or errata then in effeet,

Every IEEE standard is subjected to review at least every 10 years. (When a document is more than 10 years
old and has not undergone a revision process, it is reasonable toedOnclude 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;~0r errata, visit [IEEE Xplore or contact IEEE. For more
information about the IEEE SA or IEEE's standard$ development process, visit the [IEEE SA Website.

Errata

Errata, if any, for all IEEE standards can be accessed on the [EEE SA Website. Search for standard number
and year of approval to access@he web page of the published standard. Errata links are located under the
Additional Resources Details-section. Errata are also available in IEEE Xplore. Users are encouraged to
periodically check for ertata’

Patents

IEEE Standards are developed in compliance with the IEEE SA Patent Policy.

IMPORTANT NOTICE

IEEE Standards do not guarantee or ensure safety, security, health, or environmental protection, or ensure
against interference with or from other devices or networks. IEEE Standards development activities consider
research and information presented to the standards development group in developing any safety
recommendations. Other information about safety practices, changes in technology or technology

implementation, or impact by peripheral systems also may be pertinent to safety considerations during
implementation of the standard. Implementers and users of IEEE Standards documents are responsible for
determining and complying with all appropriate safety, security, environmental, health, and interference
protection practices and all applicable laws and regulations.
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Introduction

This introduction is not part of IEEE Std 802.3¢ct-2021, IEEE Standard for Ethernet—Amendment 13: Physical
Layers and Management Parameters for 100 Gb/s Operation over DWDM Systems.

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 half duplex Media Access Control (MAC) protocol specified in IEEE Std 802.3-1985 is Carrier Sense
Multiple Access with Collision Detection (CSMA/CD). This MAC protocol was key to the experimiental
Ethernet developed at Xerox Palo Alto Research Center, which had a 2.94 Mb/s data rate. Effiernet at
10 Mb/s was jointly released as a public specification by Digital Equipment Corporation (DEC), Intel and
Xerox in 1980. Ethernet at 10 Mb/s was approved as an IEEE standard by the IEEE Standards"Beard in 1983
and subsequently published in 1985 as IEEE Std 802.3-1985. Since 1985, new media options; new speeds of
operation, and new capabilities have been added to IEEE Std 802.3. A full duplex MAC ptrotocol was added
in 1997.

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 operationdor™ew protocols. For example,
IEEE Std 802.3u™ added 100 Mb/s operation (also called Fast.‘Ethernet), IEEE Std 802.3z added
1000 Mb/s operation (also called Gigabit Ethernet), IEEE Std 802.3ae'\added 10 Gb/s operation (also called
10 Gigabit Ethernet), IEEE Std 802.3ah™ specified access netwerk 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 802.3-2018 and are not maintained as separate documents.

At the date of IEEE Std 802.3ct-2021 publication, IEEE Std 802.3 was composed of the following
documents:

IEEE Std 802.3-2018

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

Section Two—Ingludes 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 Jfor 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
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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.

SCVtiUll SiAiIllbludUD Claubc 78 ﬂuuuéh C‘lauac 95 alld AllllCA 83A ﬂuuush AllllCA 93C. CIQUDC 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 95 and associated annexes include 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.

Section Seven—Includes Clause 96 through Clause 115 and Annex 97A through Annex 115A.
Clause 96 through Clause 98, Clause 104, and associated annexes, specify Physical)Layers and
optional features for 100 Mb/s and 1000 Mb/s operation over a single twisted pair. Clause”100 through
Clause 103, as well as associated annexes, specify Physical Layers for the operation of the EPON
protocol over coaxial distribution networks. Clause 105 through Clause 114 and dssociated annexes
include general information on 25 Gb/s operation as well as 25 Gb/s Physical”Layer specifications.
Clause 99 specifies a MAC merge sublayer for the interspersing of express.traffic. Clause 115 and its
associated annex specify a Physical Layer for 1000 Mb/s operation ovef,plastic optical fiber.

Section Eight—Includes Clause 116 through Clause 126 and\“\Anhex 119A through Annex 120E.
Clause 116 through Clause 124 and associated annexes include general information on 200 Gb/s and
400 Gb/s operation as well the 200 Gb/s and 400 Gb/s Physical Layer specifications. Clause 125 and
Clause 126 include general information on 2.5 Gb/s and)'5 Gb/s operation as well as 2.5 Gb/s and
5 Gb/s Physical Layer specifications.

IEEE Std 802.3cb™-2018

Amendment 1—This amendment includés/changes to IEEE Std 802.3-2018 and its amendments, and
adds Clause 127 through Clause 130, Annex 127A, Annex 128A, Annex 128B, and Annex 130A. This
amendment adds new Physical Layers.for operation at 2.5 Gb/s and 5 Gb/s over electrical backplanes.

IEEE Std 802.3bt™-2018

Amendment 2—This amiendment includes changes to IEEE Std 802.3-2018 and adds Clause 145,
Annex 145A, Annex, [45B, and Annex 145C. This amendment adds power delivery using all four pairs
in the structured\wiring plant, resulting in greater power being available to end devices. This
amendment also.allows for lower standby power consumption in end devices and adds a mechanism to
better manage.the available power budget.

IEEE Std802:3cd™-2018

Amendment 3—This amendment includes changes to IEEE Std 802.3-2018 and adds Clause 131
through Clause 140 and Annex 135A through Annex 136D. This amendment adds MAC parameters,
Physical Layers, and management parameters for the transfer of IEEE 802.3 format frames at 50 Gb/s,
100 Gb/s, and 200 Gb/s.

IEEE Std 802.3cn™-2019

Amendment 4—This amendment includes changes to IEEE Std 802.3-2018 and adds 50 Gb/s,
200 Gb/s, and 400 Gb/s Physical Layer specifications and management parameters for operation over
single-mode fiber with reaches of at least 40 km.
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IEEE Std 802.3cg™-2019

Amendment 5—This amendment includes changes to IEEE Std 802.3-2018 and its amendments and
adds Clause 146 through Clause 148 and Annex 146A and Annex 146B. This amendment adds
10 Mb/s Physical Layer specifications and management parameters for operation on a single balanced

pail of-comductors:
IEEE Std 802.3cq™-2020

Amendment 6—This amendment includes editorial and technical corrections, refinements, and
clarifications to Clause 33 and related portions of the standard.

IEEE Std 802.3cm™-2020

Amendment 7—This amendment includes changes to IEEE Std 802.3-2018 and adds-Clause 150. This
amendment adds Physical Layer (PHY) specifications and management paramgterS for 400 Gb/s
operation on four pairs (400GBASE-SR4.2) and eight pairs (400GBASE-SR8)-0f multimode fiber,
over reaches of at least 100 m.

IEEE Std 802.3ch™-2020

Amendment 8—This amendment includes changes to IEEE Std802.3-2018 and adds Clause 149,
Annex 149A, Annex 149B, and Annex 149C. This amendmert adds physical layer specifications and
management parameters for operation at 2.5 Gb/s, 5 Gb/s,sand 10 Gb/s over a single balanced pair of
conductors.

IEEE Std 802.3ca™-2020

Amendment 9—This amendment to IEEE 8td802.3-2018 extends the operation of Ethernet passive
optical networks (EPONs) to multiple channels of 25 Gb/s providing both symmetric and asymmetric
operation for the following data rates:(downstream/upstream): 25/10 Gb/s, 25/25 Gb/s, 50/10 Gb/s,
50/25 Gb/s, and 50/50 Gb/s. This\"amendment specifies the 25 Gb/s EPON Multi-Channel
Reconciliation Sublayer (MCRS); Nx25G-EPON Physical Coding Sublayers (PCSs), Physical Media
Attachment (PMA) sublayers, and Physical Medium Dependent (PMD) sublayers that support both
symmetric and asymmetric-data rates while maintaining backward compatibility with already deployed
10 Gb/s EPON equipment: The EPON operation is defined for distances of at least 20 km, and for a
split ratio of at least,1¢32.

IEEE Std 802.3cr™=2021

Amendment 10—This amendment includes changes to IEEE Std 802.3-2018 and adds Annex J. This
amepdiment replaces references to the IEC 60950 series of standards (including IEC 60950-1
“Information technology equipment—Safety—Part 1: General requirements”) with appropriate
references to the IEC 62368 “Audio/video, information and communication technology equipment”
series and makes appropriate changes to the standard corresponding to the new references.

IEEE Std 802.3cu™-2021

Amendment 11—This amendment includes changes to IEEE Std 802.3-2018 and adds Clause 151.

This amendment adds Physical Layer (PHY) specifications and management parameters for 100 Gb/s
and 400 Gb/s operation over single-mode fiber, based on 100 Gb/s per wavelength optical signaling.
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IEEE Std 802.3cv™-2021

Amendment 12—This amendment includes editorial and technical corrections, refinements, and
clarifications to Clause 145, Power over Ethernet, and related portions of the standard.

IR Qed QAN 2 LTM 2001

TS O OUL.JUL U4l

Amendment 13—This amendment includes changes to IEEE Std 802.3-2018 and adds Clause 152
through Clause 154 and Annex 154A. This amendment adds 100 Gb/s Physical Layer specifications
and management parameters for operation over DWDM systems with reaches of at least 80 km.

Two companion documents exist, IEEE Std 802.3.1 and IEEE Std 802.3.2. IEEE Std 802.3.1 deseribes
Ethernet management information base (MIB) modules for use with the Simple Network Management
Protocol (SNMP). IEEE Std 802.3.2 describes YANG data models for Ethernet. IEEE St\802.3.1 and
IEEE Std 802.3.2 are updated to add management capability for enhancements to IEEE\Std 802.3 after
approval of those enhancements.

IEEE Std 802.3 will continue to evolve. New Ethernet capabilities are anticipated t0 be added within the
next few years as amendments to this standard.
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IEEE Standard for Ethernet

Amendment 13:

Physical Layers and Management
Parameters for 100 Gb/s Operation over
DWDM Systems

(This amendment is based on IEEE Std 802.3™-2018 as amended by IEEE Std 802.3cb™-2018,
IEEE Std 802.3bt™-2018, IEEE Std 802.3cd™-2018, IEEEStd 802.3cn™-2019, IEEE Std 802.3cg™-2019,
IEEE Std 802.3cq™-2020, IEEE Std 802.3cm™-2020, (IEEE Std 802.3ch™-2020, IEEE Std 802.3ca™-2020,
IEEE Std 802.3¢cr™-2021, IEEE Std 802.3cu™-2021,dnd IEEE Std 802.3cv™-2021.)

NOTE—The editing instructions contained in‘this amendment define how to merge the material contained therein into
the existing base standard and its amendments to form the comprehensive standard.

The editing instructions are shown in bold italic. Four editing instructions are used: change, delete, insert, and replace.
Change is used to make corrections-ifi-existing text or tables. The editing instruction specifies the location of the change
and describes what is being changéd by using strikethrough (to remove old material) and underscore (to add new
material). Delete removes existing material. Insert adds new material without disturbing the existing material. Deletions
and insertions may require xéniimbering. If so, remumbering instructions are given in the editing instruction. Replace is
used to make changes in,figures or equations by removing the existing figure or equation and replacing it with a new
one. Editing instructions, change markings, and this NOTE will not be carried over into future editions because the
changes will be incorporated into the base standard.

Cross references that refer to clauses, tables, equations, or figures not covered by this amendment are highlighted in

green.1

1 Notes in text, tables, and figures are given for information only and do not contain requirements needed to implement the standard.
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1. Introduction

1.3 Normative references

/ he follawine th ; it 13 in alpl S

ITU-T Recommendation G.698.2—Amplified multichannel dense wavelength division multiplexing
applications with single channel optical interfaces.’

ITU-T Recommendation G.709—Interfaces for the optical transport network.

ITU-T Recommendation G.709.2—OTU4 long-reach interface.

1.4 Definitions
Insert the following two new definitions after 1.4.35 “100GBASE-SR4”:

1.4.35a 100GBASE-Z: An IEEE 802.3 family of Physical Layer devices using 100GBASE-R encoding, a
combination of phase and amplitude modulation, and coherent detection. (Se¢ JEEE Std 802.3, Clause 154.)

1.4.35b 100GBASE-ZR: IEEE 802.3 Physical Layer specification™for a 100 Gb/s dense wavelength
division multiplexing (DWDM) PHY using 100GBASE-R neoding, dual polarization differential
quadrature phase shift keying (DP-DQPSK) modulation, and\cOherent detection with reach up to at
least 80 km. (See IEEE Std 802.3, Clause 154.)

Insert the following new definition after 1.4.160 “bit time (BT)”:

1.4.160a black link approach: The specification/of the input, output, and transfer characteristics of the
unidirectional transmission path from TP2t0“TP3 for a given dense wavelength division multiplexing
(DWDM) channel within a DWDM black link, without specifying how the transmission path is
implemented. (See, for example, IEEE Std 802.3, Clause 154, Figure 154-3.)

Insert the following new definition,after 1.4.181 “Channel Operating Margin (COM)”’:

1.4.181a channel spacing: The center-to-center difference in frequency or wavelength between adjacent
channels in a WDM application. Dense wavelength division multiplexing (DWDM) channel spacings are
based on the grid foundin ITU-T G.694.1.

Insert the following new definition after 1.4.227 “defect”:

1.4.227a(dense wavelength division multiplexing: An optical WDM technology where the frequency
spacing is less than or equal to 1000 GHz.

Insert the following three new definitions after 1.4.237 “duplex channel”:

1.4.237a DWDM black link: An aggregate of pairs of dense wavelength division multiplexing (DWDM)
channels, with each pair supporting one full duplex connection where the implementation of the

trancemiceian nathe 10 nat cnanifiad
HansaHssion-patisishot-speciiea-

2ITU-T publications are available from the International Telecommunications Union (https://www.itu.int/).
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1.4.237b DWDM channel: The transmission path from a transmitting DWDM PHY (TP2) to a receiving
DWDM PHY (TP3).

1.4.237c DWDM PHY: An Ethernet PHY that transmits and receives on selected dense wavelength
division multiplexing (DWDM) center frequencies for transmission over one selected DWDM channel in

ca\.«h dll Cbtiull.
Insert the following new definition after 1.4.400 “Point-to-point emulation (P2PE)” (renumbered from
1.4.401 due to the deletion of 1.4.294 by IEEFE Std 802.3bt-2018):
1.4.400a polarization dependent loss: The variation of insertion loss due to a variation of the staté\of
polarization of an optical signal over all states of polarization within the channel frequency or wavelength
range.
1.5 Abbreviations
Insert the following new abbreviations into the list in 1.5, in alphanumeric order:
DP-DQPSK dual polarization differential quadrature phase shift keying
DQPSK differential quadrature phase shift keying
DWDM dense wavelength division multiplexing
FAS frame alignment signal
GMP generic mapping procedure (see ITU-T G.709)
IFEC inverse RS-FEC
MFAS multi-frame alignment signal
OSNR optical signal-to-noise ratio
SC-FEC staircase FEC
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30. Management

30.2 Managed Objects

30.2.5 Capabilities

Insert a new row for aSCFECLaneMapping in Table 30—1e after the row for “aRSFECLaneMapping” as
Jfollows (unchanged rows not shown):

Table 30-1e—Capabilities

DTE Repeater MAU

Basic Control Capabmty (mandatory)

MultiGBASE-T Operating Margin package (conditional)

Forward Error Correction Package (conditional)

1000 Mb/s Burst Monitor Capability (optional)
Energy-Efficient Ethernet (optional)

Basic Package (mandatory)
Broadband DTE MAU Package (conditional)

Media Loss Tracking Package (conditional)
MII Capability (conditional)

PHY Error Monitor Capability (optional)
Auto-Negotiation Package (mandatory)

MAU Control Package (optional)

70077000 Mb/s Monitor Capability (optional)

Recommended/Package (optional)
Optional Package’(gptional)

Excessive Deferral Package (optional)
Multiple PHY Package (optional)

PHY Error Monitor Capability ‘(optional)
Performance Monitor Capability (optional)
Address Tracking Capability (optional)

Mandatory Package (mandatory)
Array Package (optional)

Basic Package (mandatory)

oMAU managed object class (30.5.1)

.’“aSCFECLaneMapping ATTRBUTE  [GET | |

3

30.5 Layer management for medium attachment units (MAUs)
30.5.1 MAU managed object class

30.5.1.1 MAU-attributes

30.5.1,112 aMAUType

Insert” 100GBASE-ZR PHY type into the “APPROPRIATE SYNTAX” section of 30.5.1.1.2 after
100GBASE-ER4 (as inserted by IEEE Std 802.3cn-2019) as follows:

APPROPRIATE SYNTAX:

TOOGBASE-ZR TOOGBASE-R PCS/TO0GBASE-ZR PMA over a PMD wititTeach
up to at least 80 km as specified in Clause 154
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30.5.1.1.15 aFECADbility
Change 30.5.1.1.15 as follows:

ATTRIBUTE

APPROPRIATE SYNTAX:
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 across the MDI (see 65.2, Clause 74, Clause 91, and Clause 108).

If a Clause 45 MDIO Interface is present, then this attribute maps to the FEG-capdbility register
(see 45.2.10.2 or 45.2.1.101).;

30.5.1.1.16 aFECmode
Change the first paragraph of the “BEHAVIOUR DEFINED AS” section of 30.5.1.1.16 as follows:
BEHAVIOUR DEFINED AS:
A read-write value for a PHY that supports an optional FEC sublayer that indicates the mode of

operation of the FEC sublayer for forward error‘e0rrection across the MDI (see 65.2, Clause 74,
Clause 91, and Clause 108).

30.5.1.1.17 aFECCorrectedBlocks
Change 30.5.1.1.17 (as modified by IEEE Std 802.3cd-2018) as follows:

ATTRIBUTE

APPROPRIATE SYNTAX:
A SEQUENCE of genéralized 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, 25\Gb/s, and 40 Gb/s implementations, 10 000 000 counts per second for 50 Gb/s
implementations, 2 500 000 counts per second for 100 Gb/s implementations, 40 000 000 counts
per se¢ond for 200 Gb/s implementations, and 80 000 000 counts per second for 400 Gb/s
implementations.

BEHAVYIOUR DEFINED AS:
For 1000BASE-PX, 10/25/40/50/100/200/400GBASE-R, 100GBASE-P, I0GBASE-PR, or
10/1GBASE-PRX PHYs that support FEC across the MDI, 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 FEC sublayer instance number where N is the number of FEC sublayer instances in use.
The number of 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 all lanes. Each element of this array contains a count of corrected
FEC blocks for that FEC sublayer instance.

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

If a Clause 45 MDIO Interface is present, then this attribute maps to the FEC corrected blocks
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counter(s) (see 45.2.10.5 and 45.2.1.103 for I0GBASE-R, 45.2.3.41 for I0GBASE-PR and
10/1GBASE-PRX, 45.2.1.125 for BASE-R, 45.2.1.112 for RS-FEC, and-45.2.3.61 for PCS FEC,_
and 45.2.1.186al for SC-FEC).;

30.5.1.1.18 aFECUncorrectableBlocks

Change 30.5.1.1.18 (as modified by IEEE Std 802.3cd-2018) as follows:

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, 25 Gb/s, and 40 Gb/s implementations, 10 000 000 counts per se¢ond for
50 Gb/s implementations, 2 500 000 counts per second for 100 Gb/s implementatiens, 40 000 000
counts per second for 200 Gb/s implementations, and 80 000 000 counts per second for 400 Gb/s
implementations.

BEHAVIOUR DEFINED AS:

For 1000BASE-PX, 10/25/40/50/100/200/400GBASE-R, 100GBASE-P; 10GBASE-PR, or
10/1GBASE-PRX PHYs that support FEC across the MDI, an artay,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 FEC sublayer instance number where N is the number’of FEC sublayer instances in use.
The number of 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 all lanes. Each element of.this array contains a count of uncorrectable
FEC blocks for that FEC sublayer instance.

Increment the counter by one for each FEC block received across the MDI 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 is present, then this attribute maps to the FEC uncorrectable blocks
counter(s) (see 45.2.10.6 and 45.2.1.104 for I0GBASE-R, 45.2.3.42 for I0GBASE-PR and
10/1GBASE-PRX, 45.2.1.}33/for BASE-R, 45.2.1.113 for RS-FEC, and-45.2.3.62 for PCS FEC,_
and 45.2.1.186am for SC-FEC).;

30.5.1.1.26 aRSFECBIPErtorCount
Change 30.5.1.1.26 (asimodified by IEEE Std 802.3cd-2018) as follows:

ATTRIBUTE

APPROPRIATE SYNTAX:
A SEQUENCE of generalized nonresetable counters. Each counter has a maximum increment rate
of 5 000 counts per second for 50 Gb/s and 100 Gb/s implementations.

BEHAVIOUR DEFINED AS:
For 50GBASE-R, 100GBASE-R, and 100GBASE-P PHY s that support RS-FEC across the MDI,
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 across the MDI 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
45.2.1.117 and 45.2.1.118).;
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30.5.1.1.27 aRSFECLaneMapping
Change 30.5.1.1.27 (as modified by IEEE Std 802.3cd-2018) as follows:

ATTRIBUTE

APPROPRIATE SYNTAX:
A SEQUENCE of INTEGERSs.

BEHAVIOUR DEFINED AS:
For 50GBASE-R, 100GBASE-R, and 100GBASE-P PHY s that support RS-FEC across the MDI,
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 across the MDI 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 45.2.1.119 and 45.2.1.120).;

Insert new subclause 30.5.1.1.27a after 30.5.1.1.27 as follows:
30.5.1.1.27a aSCFECLaneMapping

ATTRIBUTE

APPROPRIATE SYNTAX:
A SEQUENCE of INTEGERSs.

BEHAVIOUR DEFINED AS:
For a I00GBASE-R PHY that supports SC-FEC (see Clause 153) across the MDI, 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 i use. Each element of this array contains the PCS lane
number for the PCS lane across the MDI that has been detected in the corresponding service
interface lane.
If a Clause 45 MDIO Interfaceis present, then this attribute maps to the Lane mapping registers
(see 45.2.1.1864j and 45.2.1186ak).;

30.5.1.1.28 aRSFECBypassAbility
Change 30.5.1.1.28 as follows:

ATTRIBUTE

APPROPRIATE SYNTAX:
AN ENUMERATED VALUE that meets the requirement of the following description:

unknown initializing, true state not yet known

supported FEC bypass ability supported

not supported FEC bypass ability not supported
BEHAVIOUR DEFINED AS:

A read-only value that indicates if the-a PHY that supports RS-FEC across the MDI supports an-
the optional RS-FEC bypass ability (see 91.5.3.3).
For a PHY that does not support RS-FEC across the MDI, this attribute is not applicable.

If a Clause 45 MDIO Interface is present, then this attribute maps to the RS-FEC status register
(see 45.2.1.111);
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30.5.1.1.29 aRSFECBypasslindicationAbility
Change 30.5.1.1.29 (as modified by IEEE Std 802.3cd-2018) as follows:

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-a PHY that supports RS-FEC across the MDI supports an-
the optional RS-FEC error indication bypass ability.

For a PHY that does not support RS-FEC across the MDI, this attribute is not appligable.

If a Clause 45 MDIO Interface is present, then this attribute maps to the RS-FEC'Status register
(see 45.2.1.111);

30.5.1.1.32 aPCSFECBypassindicationAbility
Change 30.5.1.1.32 as follows:

ATTRIBUTE

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

unknown initializing, true state not’yet known

supported PCS FEC error indication bypass ability supported

not supported PCS FEC errorfindication bypass ability not supported
BEHAVIOUR DEFINED AS:

A read-only value that indicates ifthe-a PHY that supports RS-FEC across the MDI supports an-
the optional PCS FEC error indication bypass ability (see 119.2.5.3).

For a PHY that does not suppert RS-FEC across the MDI, this attribute is not applicable.

If a Clause 45 MDIO Interface is present, then this attribute maps to the PCS FEC status register
(see 45.2.3.60).;
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45. Management Data Input/Output (MDIO) Interface

45.2 MDIO Interface Registers

452 1 PMA/PMD registers

Change the reserved rows for 1.740 through 1.899 and 1.203 through 1.2293 in Table 45-3 (as modified
by IEEE Std 802.3cg-2019) as follows (unchanged rows not shown):
Table 45-3—PMA/PMD registers

Register address Register name Subclause
1.740 through-+899.1.799 | Reserved
1.800 Tx optical channel control 45.2.1.133a
1.801 Tx optical channel ability 1 45.2.1.133b
1.802 Tx optical channel ability 2 45.2.1.133¢
1.803 Tx optical channel ability 3 45.2.1.133d
1.804 through 1.819 Reserved
1.820 Rx optical channel control 45.2.1.133¢
1.821 Rx optical channel ability 1 45.2.1.133f
1.822 Rx optical channel.ability 2 45.2.1.133g
1.823 Rx optical channel ability 3 45.2.1.133h
1.824 through 1.899 Reserved
1.2103 through-+2293_ Reserved
1.2199
1.2200 IFEC control 45.2.1.186aa
1.2201 IFEC status 45.2.1.186ab
1.2202, 1.2203 IFEC corrected codewords counter 45.2.1.186ac
1.2204.41.2205 IFEC uncorrected codewords counter 45.2.1.186ad
1.2206 IFEC lane mapping 45.2.1.186ae
12207 through 1.2209 Reserved
1.2210 through 1.2217 IFEC symbol error counter, lane 0 to 3 45.2.1.186af.

45.2.1.186ag
1.2218 through 1.2245 Reserved
1.2246 SC-FEC alignment status 1 45.2.1.186ah
1.2247 SC-FEC alignment status 2 45.2.1.186ai
1.2248, 1.2249 Reserved
28
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Table 45-3—PMA/PMD registers (continued)

Register address Register name Subclause
1.2250 through 1.2269 SC-FEC lane mapping. lane 0 through 19 221186
1.2270 through 1.2275 Reserved
1.2276, 12277 SC-FEC corrected codewords counter 45.2.1.186al
1.2278, 1.2279 SC-FEC uncorrected codewords counter 45.2.1.186am
1.2280 through 1.2283 SC-FEC total bits 45.2.1.186an
1.2284 through 1.2287 SC-FEC corrected bits 45.2.1.186a0
1.2288 through 1.2293 Reserved

45.2.1.6 PMA/PMD control 2 register (Register 1.7)

Change the indicated reserved row of Table 45-7 (as inserted by IEEE_Std 802.3cu-2021) as follows
(unchanged rows not shown):

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

Bit(s) Name Description R/W?

1.7.6:0 PMA/PMD type selection | 6543240 R/W

+0-0444x——reserved
100111 1=reserved
1001110=100GBASE-ZR PMA/PMD

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

45.2.1.7 PMA/PMD status 2 register (Register 1.8)
45.2.1.7.4 Transmit fault (1.8.11)

Insert a row for 100GBASE-ZR in Table 45-9 after the row for “100GBASE-LR4, 100GBASE-ER4” as
Sollows_(unchanged rows not shown):

Table 45-9—Transmit fault description location

PMA/PMD Description location

100GBASE-ZR 154.5.8
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45.2.1.7.5 Receive fault (1.8.10)

Insert a row for 100GBASE-ZR in Table 45—-10 after the row for “100GBASE-LR4, 100GBASE-ER4” as
follows (unchanged rows not shown):

Table 45-10—Receive fault description location

PMA/PMD Description location

100GBASE-ZR 154.5.9

45.2.1.8 PMD transmit disable register (Register 1.9)

Insert a row for 100GBASE-ZR in Table 4512 after the row for “100GBASE-LR4 and 100GBASE-ER4”
as follows (unchanged rows not shown):

Table 45-12—Transmit disable description location

PMA/PMD Description location

100GBASE-ZR 154.5.6

45.2.1.21b 40G/100G PMA/PMD.éxtended ability 2 register (Register 1.26)

Change the row for bit 1.26.6in Table 45-24b (as modified by IEEE Std 802.3cu-2021) as follows
(unchanged rows not shown):

Table 45-24b—40G/100G PMA/PMD extended ability 2 register bit definitions

Bit(s) Name Description R/W?

1:26.6 Reserved Value-always0 RO
100GBASE-ZR ability 1 = PMA/PMD is able to perform 100GBASE-ZR
0 =PMA/PMD is not able to perform 100GBASE-ZR

4RO = Read only
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Insert 45.2.1.21b.3aa before 45.2.1.21b.3a (as inserted by IEEFE Std 802.3cu-2021) as follows:
45.2.1.21b.3aa 100GBASE-ZR ability (1.26.6)

When read as a one, bit 1.26.6 indicates that the PMA/PMD is able to operate as a 100GBASE-ZR
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100GBASE-ZR PMA/PMD type.
Insert 45.2.1.133a through 45.2.1.133h after 45.2.1.133 as follows:
45.2.1.133a Tx optical channel control register (Register 1.800)

The assignment of bits in the Tx optical channel control register is shown in Table 45-102k.

Table 45-102k—Tx optical channel control register bit definitions

Bit(s) Name Description R/W2
1.800.15:6 Reserved Value always 0 RO
1.800.5:0 Tx optical channel index Integer value of the Tx optical ¢hanfiel index R/W

3R/W = Read/Write, RO = Read only

45.2.1.133a.1 Tx optical channel index (1.800.5:0)

Bits 1.800.5:0 set the value of the Tx optical channel index (which directly relates to the optical channel and
transmitter center frequency) with bit 1.800.0 being*the LSB and bit 1.800.5 being the MSB. The channel
index number indicates the corresponding Optical frequency. For 100GBASE-ZR the specific optical
frequency corresponding to each channel index number is listed in Table 154-5.

45.2.1.133b Tx optical channel ability 1 register (Register 1.801)

The assignment of bits in the Tx:0ptical channel ability 1 register is shown in Table 45-1021.

Table 45-1021—Tx optical channel ability 1 register bit definitions

Bit(s) Name Description R/W?

1 =PMD is able to operate with Tx optical channel index = 15 RO

1.801 1§ )*Tx index ability 15 0=PMD is not able to operate with Tx optical channel index = 15

1 =PMD is able to operate with Tx optical channel index = 14 RO

JRELI4 | Tx index ability 14 0 =PMD is not able to operate with Tx optical channel index = 14

1 =PMD is able to operate with Tx optical channel index = 13 RO

1.801.13 Tx index ability 13 0=PMD is not able to operate with Tx optical channel index = 13

1 =PMD is able to operate with Tx optical channel index = 12 RO

1.801.12 Tx index ability 12
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1 =PMD is able to operate with Tx optical channel index = 11 RO

1.801.11 Tx index ability 11 0=PMD is not able to operate with Tx optical channel index = 11

1 =PMD is able to operate with Tx optical channel index = 10 RO

1.801.10 | Tx index ability 10 0 =PMD is not able to operate with Tx optical channel index = 10
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Table 45-1021—Tx optical channel ability 1 register bit definitions (continued)

Bit(s) Name Description R/W?
. . 1 =PMD is able to operate with Tx optical channel index =9
1.801.9 Tx index ability 9 0= PMD-is-not-able-to-operate-with-Ex-optical-channeidex—=9 RO

1 = PMD is able to operate with Tx optical channel index = 8 RO

1.801.8 Tx index ability 8 0=PMD is not able to operate with Tx optical channel index = 8

1 =PMD is able to operate with Tx optical channel index = 7 RO

1.801.7 Tx index ability 7 0 =PMD is not able to operate with Tx optical channel index = 7

1 =PMD is able to operate with Tx optical channel index = 6 RO

1.801.6 Tx index ability 6 0=PMD is not able to operate with Tx optical channel index = 6

1 =PMD is able to operate with Tx optical channel index = 5 RO

1.801.5 Tx index ability 5 0 =PMD is not able to operate with Tx optical channel index =5

1 =PMD is able to operate with Tx optical channel index =4 RO

1.801.4 Tx index ability 4 0 =PMD is not able to operate with Tx optical channeldindex = 4

1 =PMD is able to operate with Tx optical channel-index = 3 RO

1.801.3 Tx index ability 3 0 =PMD is not able to operate with Tx optical channel index = 3

1 =PMD is able to operate with Tx optical‘channel index = 2 RO

1.801.2 Tx index ability 2 0 =PMD is not able to operate with Tx.Optical channel index = 2

1 =PMD is able to operate with Tx eptical channel index = 1 RO

1.801.1 Tx index ability 1 0=PMD is not able to operate with Tx optical channel index = 1

1 =PMD is able to operate-with' Tx optical channel index = 0 RO

1.801.0 Tx index ability 0 0 =PMD is not able to opetate with Tx optical channel index = 0

8RO = Read only

45.2.1.133b.1 Tx index ability 0 through 15 (1.801.0 through 1.801.15)

When read as a one, bit 1.801.0 indicates that the PMD selected by bits 1.7.6:0 is able to operate with a Tx
optical channel index of 0. When read ‘as a zero, bit 1.801.0 indicates that the PMD is not able to operate
with a Tx optical channel index ofi0. Bits 1.801.1 through 1.801.15 indicate the equivalent for index values
1 through 15, respectively. Thedoptical frequencies that correspond to these index values are given in the
appropriate PMD clause. For TOOGBASE-ZR see Table 154-5.

45.2.1.133c Tx optical channel ability 2 register (Register 1.802)

The assignment of bits in the Tx optical channel ability 2 register is shown in Table 45-102m.

Table 45-102m—Tx optical channel ability 2 register bit definitions

Bit(s) Name Description R/W?

1 =PMD is able to operate with Tx optical channel index = 31 RO

1.802.15 | Tx index ability 31 0 =PMD is not able to operate with Tx optical channel index = 31

I'=PMD 1s able to operate with Tx optical channel index = 30 RO

1.802.14 | Tx index ability 30 0=PMD is not able to operate with Tx optical channel index = 30

1 =PMD is able to operate with Tx optical channel index = 29 RO

1.802.13 | Tx index ability 29 0 =PMD is not able to operate with Tx optical channel index = 29
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Table 45-102m—Tx optical channel ability 2 register bit definitions (continued)

Bit(s) Name Description R/W?
1.802.12 | Tx index ability 28 | 1 =PMDs Eb{e"&}f?eragfvx{f*}fﬁ ?jicg{ff:?mgmg_ s | RO
180211 | Tindexabity 27| ) END s bl toopre with T pticalchamel ndex 27 | g
180210 Txindoxabiy 26 | PN s abl o opre with T pticalchumnel ndex 136 |
18029 | Txindoxabily 25 | §END s blefooperte wit i opclchamel nden 25 | g5
18028 Txindoxabiiy24 | PN s abl g opre with T il chumnelndex 24 )
18027 | Txindexabiy 23 | §ZEMB s ble g operae with T picl el ndex 033 o
18026 | Txindoxabi 22| §ZEMD s ble o operte with T il chameffaiex 22 o
18025 | Teindowabiliy 21| § ZEMDIable g operv with T cpical Gl i 221 | o
18024 | Txindexabiy20 | ) IND bl fooprte with bl chamel ndex 20 | g
18023 Txindoxabiiy 19| PN bl o oprae i il chumel ndex 119
18022 Txindexabiy 15| §ZMD s slefgorilewith Ty opcl chamnel ndex 18 o
18021 | Txindoxabi 17| § ZMB I8 o opere wit Ty ptcl chamel ndex 17 o
18020 | Txindex-ability 16| o = 2D 0K S erate with T optical ehannel ndex = 16| RO

4RO = Read only

45.2.1.133c.1 Tx index ability 16 through 31 (1.802.0 through 1.802.15)

When read as a one;bit 1.802.0 indicates that the PMD selected by bits 1.7.6:0 is able to operate with a Tx
optical channel,index of 16. When read as a zero, bit 1.802.0 indicates that the PMD is not able to operate
with a Tx optieal channel index of 16. Bits 1.802.1 through 1.802.15 indicate the equivalent for index values
17 through™31, respectively. The optical frequencies that correspond to these index values are given in the
appropriate PMD clause. For I00GBASE-ZR see Table 154-5.
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45.2.1.133d Tx optical channel ability 3 register (Register 1.803)

The assignment of bits in the Tx optical channel ability 3 register is shown in Table 45-102n.

Tablo45-1020—Tx onticalcl | ability 3 reaistor bit definiti

Bit(s) Name Description R/W?
515 | Taindeabiy 47 | § BB e fiorrae it et e 47 g
AS1e | Tty 46| b MBI oprte it oyl ndex 46
A3 | ey s | § BN e oot wib et e b 48 (L) g
I Tty 4| b EMB Rl perte it el e TR g
| ey s | §ENVDI e o ope il pies el s g
IO ey 2 | b= EMB Rt perte it [y pieaeme mdex 2 | g
s | Ty | |2 EUB Raletsopee vt et bameldex 41 o
s | Ty | § BB et oper G et i 0 g
ST ey 39| b MBS gge it Lyl index 9 | g
s ooty 35| b= PRI oprtewit Ly pseat e ndex 8o
5 e 37| LD Rl perte it [ pcal e ndex 7 g
s e by S5 ) BN IS e oo wib et e mdex 30 g
5| ey | BB sopeme s ik nder 35 o
2| T s | §ZRUB Rt vt T apict el dex 34 o
L3051 ety 33| 2Bt operte it [yl ndex 35 o
L0 | ey 2| LBt oprte it [yl ndex 32| g
4RO = Read only

45.2.1.133d.1 Tx index ability 32 through 47 (1.803.0 through 1.803.15)

When read as a one, bit 1.803.0 indicates that the PMD selected by bits 1.7.6:0 is able to operate with a Tx
optical channel index of 32. When read as a zero, bit 1.803.0 indicates that the PMD is not able to operate
with a Tx optical channel index of 32. Bits 1.803.1 through 1.803.15 indicate the equivalent for index values
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33 through 47, respectively. The optical frequencies that correspond to these index values are given in the
appropriate PMD clause. For I0OGBASE-ZR see Table 154-5.

45.2.1.133e Rx optical channel control register (Register 1.820)

100

[a'ni) . PRk VBRI, | R — 1.1 1 dogarar) e . 1 i Foded e A4
T abblslllllclll, UL UILS IIT UIV INA UPllell CIanner CUIII Ut lcslblcl IS SHUWIT IIT 1TAdUIU 57 1UZU.

Table 45-1020—Rx optical channel control register bit definitions

Bit(s) Name Description R/W3
1 =PMD is able to operate with different Tx and Rx optical
182015 Tx Rx different optical channels RO
. channel ability 0 =PMD is not able to operate with different Tx and Rx
optical channels
1.820.14:6 Reserved Value always 0 RO
1.820.5:0 Rx optical channel index Integer value of the Rx optical channel index R/W

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

45.2.1.133e.1 Tx Rx different optical channel ability (1.820:15)

When read as a one, bit 1.820.15 indicates that the PMD is able to operate with an Rx optical channel index
that is different from the Tx optical channel index. When réad as a zero, bit 1.820.15 indicates that the PMD
is not able to operate with an Rx optical channel index that's different from the Tx optical channel index.

45.2.1.133e.2 Rx optical channel index (1.820.5:0)

If the PMD is able to operate with an Rx optical channel index number that is different from the Tx optical
channel index number (bit 1.820.15 is ong), bits 1.820.5:0 set the value of the Rx optical channel index
number (and hence the receiver optical frequency) with bit 1.820.0 being the LSB and bit 1.820.5 being the
MSB. The channel index number indicates the corresponding optical frequency. For 100GBASE-ZR the
specific optical frequency corresponding to each channel index number is listed in Table 154-5. If the PMD
is not able to operate with an Rx'optical channel index that is different from the Tx optical channel index (bit
1.820.15 is zero), bits 1.820,5:0 have no effect and the value of the Rx optical channel index is the same as
the value of the Tx optical‘channel index as set by bits 1.800.5:0.
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45.2.1.133f Rx optical channel ability 1 register (Register 1.821)

The assignment of bits in the Rx optical channel ability 1 register is shown in Table 45-102p.

Tablo45-1026—Rx optical cl | abilitv 1 reaistor bit definiti

Bit(s) Name Description R/W?
1S Recindxabiy 15§~ ENID Reble g oprte with R pt e idex 15 g
e | R 14| §ZEB B tenerie i ot e nde 14
L8213 | Rindex ability 13| = pvip s £ R OE M R optient ehannel ndexcsa3 | RO
182112 | Reindex ability 12| 2 puin 1o R e ith R optical chamnel index =12 | RO
it | Reidenaniy 1| §TEMDIs e s ope it s optel it 1L v
182110 | R index ability 10| 2 p1m e e e with R aptical channel index = 10| RO
1o | Redoaniys | §ENDI e sope it yaplea et s 9
L8218 | Reindexabili 8 | pyip s A0 R R optient channel nde =8| RO
217wy | JZPURE e gt et e nde 7| o
s | Remaniiys | §TEVDIHe bope it s optil et 6
18215 | Reindex ability S | VD) 1o 0 able v operate with R optical chamnel index =5 | RO
1a | Reidnaniy 4 o) IR e s ope it R optea et s 4
18213 | Reindex abifly3 | 2 puiD 1 HO e e with R optical chamnel index =3 | RO
12| ey | IR it Ry optea a2
L8211 ~SRxindex ability 1|2 DD 8 R0 it with R optient channel ndex =1 | RO
0 | rmenaio | § TR vt otk nde 0 o
4RO = Read only

45.2.1.133f.1 Rx index ability 0 through 15 (1.821.0 through 1.821.15)

When read as a one, bit 1.821.0 indicates that the PMD selected by bits 1.7.6:0 is able to operate with an Rx
optical channel index of 0. When read as a zero, bit 1.821.0 indicates that the PMD is not able to operate
with an Rx optical channel index of 0. Bits 1.821.1 through 1.821.15 indicate the equivalent for index values
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1 through 15, respectively. The optical frequencies that correspond to these index values are given in the
appropriate PMD clause. For I0OGBASE-ZR see Table 154-5.

45.2.1.133g Rx optical channel ability 2 register (Register 1.822)

100

[a'ni) . PRk RS, | R — 1.1 1odesliten) . e . 1 i Fadad e A4
TIIv abblélllllcllt UL UIWS IIT UIV INA UPllbﬂl CIHIAImeT Cl,Ullll.’y ICSLDLUI IS JSHMUWIT I TdUIC 571U Li.

Table 45-102q—RXx optical channel ability 2 register bit definitions

0=PMD is not able to operate with Rx optical channel index = 16

Bit(s) Name Description R/W3
12215 | Reindesabiy 31| §ZEMD sl opumte with s ptccbamet e 31\
152214 | Rindexabiliy 30 | b ZFAD I able o operate with R apticalchamelindn 30/ 0| o
182213 | Rxindex ability 29| ZpD i o able o operate with o optcal hamsoLindex 20 | KO
1212 | Reindenatiiy 25| §ZENB s bletoopere with R epica chipiindn 28| g
L8221 | Ry indexabilty 27| pyD iR o aperate with f opteal hannel mdex <27 | RO
12210 | Ry 26 | | 75D ale o oprte i cptin cunne s 26 | o
18220 Rindex ability 25| ZpAD i o able o gperate with o optcal ehanncl mdex 25| RO
225 | Reidexabiny 24| §ZEVD s e i el el s 24 4 o
127 | Reindexaitiy 23| §ZEVBIbIetooperewith R epica chaml indn 223 | g
18226 Rindexcabiity 2| o Zp0 RS HET operate with o optcal ehanncl mdex =22 | RO
15225 Reindoxabity 20 2PV s ale o operatewi e ptcal chamnel ndex 221 o
224 | ooy 20 | | ZRIDE sl osme it R ptiechamet e 0 o
23| R 19| | 7B ale o operte it Ryoptin churne s 10 o
12320 Roiden iy 15§ 75D bl o et with K ptncunne mdex 18 o
U220 Rindex abilios 17| ZpD i o able o operate with o optcal channcl mdex - 17| RO
1.822.0 Rx index ability 16 1 =PMD is able to operate with Rx optical channel index = 16 RO

2RO = Read only
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45.2.1.133g.1 Rx index ability 16 through 31 (1.822.0 through 1.822.15)

When read as a one, bit 1.822.0 indicates that the PMD selected by bits 1.7.6:0 is able to operate with an Rx
optical channel index of 16. When read as a zero, bit 1.822.0 indicates that the PMD is not able to operate
with an Rx optical channel index of 16. Bits 1.822.1 through 1.822.15 indicate the equivalent for index

vatues - through3t;respectivety—Fheopticat-frequenciesthat correspomd-to-theseindexvatuesaregiverr

the appropriate PMD clause. For 100GBASE-ZR see Table 154-5.

45.2.1.133h Rx optical channel ability 3 register (Register 1.823)

The assignment of bits in the Rx optical channel ability 3 register is shown in Table 45-102r.

Table 45-102r—Rx optical channel ability 3 register bit definitions
Bit(s) Name Description R/W?2

L2315 | Reindexabiy 47| =PRI ale g opste wilh R il chrn W47 o
1.823.14 | Rx index ability 46 (1) z EMB i: ?121tea{)01: ?oe gaggrgéhwl?t)fl ([){))Eigglti%g?rglzlngle(%eifui:eii 46 RO
L1 Reindexabiy 45| ) ZPAD I ale g opete with R ppialarnel ndex D45 o
L2302 Reindexabiy 44| )< PR ale g opete it el chanel ndex 44 o
L2311 Reindesabiy 43| §ZFMB s ble o onducwith R il chamel ndex 45+ o
12310 | Reindexabiy 2| ) ZPAD IS0 spee wilh R el charnel ndex 22 o
19239 Reindexabity 41| )~ MBI o opere with R el chamel inden 41| g
1238 | Raidenabiy 40| J SEVB sableepeewith R il carnel i 40
19297 Rcindoxabi 39| ) ZPAD ale g operte with K il chamnel ndex 239 | o
1236 | Reindecibiiy 35| ) ZPVDIale g opetewith R il charnel ndex D38 o
1235 |y 37| ) ZEVB sableepeewith R il a7 - g
19230, Reindes by | §ZEMB s bl o operte with R il chamel ndex 36 o
B33 | Rty 35 | §ZEVB sableepeewith R il carnel i 55
19232 Reindexabily 34| ) INB oabletoopre with R e chaml inden 34| g
TB25T | RXTdex abT0Y 33| pD 1ot abi 1 pere with R opteal channl mdex =33 | RO
19230 | Radexabiy 32 | b ZEB sable o epeewith K pil cunnel s 52 g

4RO = Read only
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45.2.1.133h.1 Rx index ability 32 through 47 (1.823.0 through 1.823.15)

When read as a one, bit 1.823.0 indicates that the PMD selected by bits 1.7.6:0 is able to operate with an Rx
optical channel index of 32. When read as a zero, bit 1.823.0 indicates that the PMD is not able to operate
with an Rx optical channel index of 32. Bits 1.823.1 through 1.823.15 indicate the equivalent for index

1 22 4l T, Ve ] — 1 Tl e 1.C . el R A | L | 1 . .
varuls JoJ lllluusll =7, lUDPU\.«LlVUl)’. T1IC UPleal Llc\iucllblcb uiat bUllUDPUllU LU UIVSU TITUCA VAIuls driv 51VC11 111

the appropriate PMD clause. For 100GBASE-ZR see Table 154-5.

Insert 45.2.1.186aa through 45.2.1.186ao before 45.2.1.186a (as inserted by IEEE Std 802.3cg-2019) as
follows:

45.2.1.186aa IFEC control register (Register 1.2200)

The assignment of bits in the IFEC control register is shown in Table 45—150aa.

Table 45-150aa—IFEC control register bit definitions

Bit(s) Name Description R/W?
1.2200.15:2 | Reserved Value always 0 RO
IFEC bypass indication 1 =IFEC decoder does notindicate errors
1.2200.1 enable 0 =IFEC decoder indicates-errors RAW

1 =IFEC decoder performs error detection without error

IFEC bypass correction correction
122000 enable 0 = IFEC decoder-performs error detection and error AW
correction

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

45.2.1.186aa.1 IFEC bypass indication’enable (1.2200.1)

This bit enables the Inverse RS-FEC"decoder to bypass error indication to the far end (PCS) through the sync
bits for the BASE-R PHY in the remote device. When set to one, this bit enables bypass of the error
indication function. When set to.Zero, errors are indicated to the remote PCS through the sync bits. Writes to
bit 1.2200.1 are ignored and reads return a zero if the Inverse RS-FEC does not have the ability to bypass
decoding error indications'to the remote PCS layer (see 152.5.2.3).

45.2.1.186aa.2 IFEC bypass correction enable (1.2200.0)

When bit-1:2200.0 is set to one the Inverse RS-FEC decoder performs error detection without error
correction(see 152.5.2.3). When this bit is set to zero, the decoder also performs error correction. Writes to
this bit afe ignored and reads return a zero if the Inverse RS-FEC does not have the ability to bypass error
correction.

45.2.1.186ab IFEC status register (Register 1.2201)

The assignment of bits in the IFEC status register is shown in Table 45—150ab.
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Table 45-150ab—IFEC status register bit definitions

corfection

Bit(s) Name Description R/W?
12201.15 PCS align status ,1‘ = Lli Eg encogier ?as locilied‘an:i alljgn?d alle(ﬁSnlfe}Ee:‘s RO
g—HECencoder-hasnottocked-and-attgned-aH-PEStanes
. 1 =IFEC receive lanes locked and aligned
1.2201.14 IFEC al R
0 C align status 0 =IFEC receive lanes not locked and aligned O
1.2201.13:12 | Reserved Value always 0 RO
1 =1IFEC lane 3 locked and aligned
1.220L.11 IFEC AM lock 3 0 =IFEC lane 3 not locked and aligned RO
=IFEC lane 2 locked and aligned
1.2201.1 IFEC AM lock 2 R
01.10 ¢ o¢ 0 =IFEC lane 2 not locked and aligned 0
1 =IFEC lane 1 locked and aligned
1.2201.9 IFEC AM lock 1 0 =IFEC lane 1 not locked and aligned RO
1 =IFEC lane 0 locked and aligned
1.2201.8 IFEC AM lock 0 R
¢ o¢ 0 =IFEC lane 0 not locked and aligntd 0
1.2201.7:3 Reserved Value always 0 RO
. 1 =IFEC errors have exceéded'threshold
1.2201.2 IFEC high SER 0 =IFEC errors have not¢xceeded threshold RO/LH
e 1 = IFEC decoder has the ability to bypass error indication
1.2201.1 Bt:)ﬁl(t: bypass indication 0 = IFEC decoderdoes not have the ability to bypass error | RO
y indication
IFEC bypass correction 1 = IFEG.decoder has the ability to bypass error correction
1.2201.0 ability yP 0 = IFEC) decoder does not have the ability to bypass error | RO

4RO = Read only, LH = Latching high

45.2.1.186ab.1 PCS align status (1.2201.15)

alignment.

45.2.1.186ab.2 IFEC align status (1.2201.14)

alignment.

Bit 1.2201.15 indicates the PCS alignment status of the Inverse RS-FEC. For the Inverse RS-FEC described
in Clause 152, PCS alignment is defined as block lock, alignment marker lock, and deskew of all 20 receive
PCS lanes. When read'as a zero, bit 1.2201.15 indicates that the Inverse RS-FEC has not obtained PCS
alignment. When~tead as a one, bit 1.2201.15 indicates that the Inverse RS-FEC has obtained PCS

Bit:112201.14 indicates the alignment status of the Inverse RS-FEC. For the Inverse RS-FEC described in
Clause 152, IFEC alignment is defined as alignment marker lock and deskew of all four lanes on the IFEC
service interface. When read as a zero, bit 1.2201.14 indicates that the Inverse RS-FEC has not obtained
IFEC alignment. When read as a one, bit 1.2201.14 indicates that the Inverse RS-FEC has obtained IFEC

45.2.1.186ab.3 IFEC AM lock 3 (1.2201.11)

When read as a one, bit 1.2201.11 indicates that the Inverse RS-FEC described in Clause 152 has locked and
aligned lane 3 of the IFEC service interface. When read as a zero, bit 1.2201.11 indicates that the Inverse
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RS-FEC has not locked and aligned lane 3 of the IFEC service interface. This bit reflects the state of
amps_lock[3] (see 152.5.2.1).

45.2.1.186ab.4 IFEC AM lock 2 (1.2201.10)

faYa Va¥
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aligned lane 2 of the IFEC service interface. When read as a zero, bit 1.2201.10 indicates that the Inverse
RS-FEC has not locked and aligned lane 2 of the IFEC service interface. This bit reflects the state of
amps_lock[2] (see 152.5.2.1).

45.2.1.186ab.5 IFEC AM lock 1 (1.2201.9)

When read as a one, bit 1.2201.9 indicates that the Inverse RS-FEC described in Clause 152 has loegked and
aligned lane 1 of the IFEC service interface. When read as a zero, bit 1.2201.9 indicates that the Inverse
RS-FEC has not locked and aligned lane 1 of the IFEC service interface. This bit reflects the state of
amps_lock[1] (see 152.5.2.1).

45.2.1.186ab.6 IFEC AM lock 0 (1.2201.8)

When read as a one, bit 1.2201.8 indicates that the Inverse RS-FEC describéd in Clause 152 has locked and
aligned lane 0 of the IFEC service interface. When read as a zero, bit,152201.8 indicates that the Inverse
RS-FEC has not locked and aligned lane 0 of the IFEC service intefface. This bit reflects the state of
amps_lock[0] (see 152.5.2.1).

45.2.1.186ab.7 IFEC high SER (1.2201.2)

When bit 1.2200.1 (IFEC bypass indication enable) is sét to one, bit 1.2201.2 is set to one if the number of
RS-FEC symbol errors in a window of 8192 codewords exceeds the threshold (see 152.5.2.3) and is set to
zero otherwise. This bit is set to zero if bit 1.2200:1(IFEC bypass indication enable) is set to zero. This bit
shall be implemented with latching high behavier.

45.2.1.186ab.8 IFEC bypass indication ability (1.2201.1)

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

45.2.1.186ab.9 IFEC’bypass correction ability (1.2201.0)

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

45.2.1.186ac IFEC corrected codewords counter (Register 1.2202, 1.2203)

The assignment of bits in the IFEC corrected codewords counter is shown in Table 45—150ac. See 152.6.8
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.
Registers 1.2202 and 1.2203 are used to read the value of a 32-bit counter. When registers 1.2202 and
1.2203 are used to read the 32-bit counter value, register 1.2202 is read first, the value of the register 1.2203
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is latched when (and only when) register 1.2202 is read, and reads of register 1.2203 return the latched value
rather than the current value of the counter.

Table 45-150ac—IFEC corrected codewords counter bit definitions

Bit(s) Name Description R/W?
1.2202.15:0 | IFEC corrected codewords lower IFEC corrected cw_counter[15:0] RO, NR
1.2203.15:0 | IFEC corrected codewords upper IFEC corrected cw_counter[31:16] RO, NR

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

45.2.1.186ad IFEC uncorrected codewords counter (Register 1.2204, 1.2205)

The assignment of bits in the IFEC uncorrected codewords counter is shown in Table45-150ad. See 152.6.9
for a definition of this register. These bits shall be reset to all zeros when the tcgister is read by the
management function or upon PHY reset. These bits shall be held at all ongs-in the case of overflow.
Registers 1.2204 and 1.2205 are used to read the value of a 32-bit counfer, When registers 1.2204 and
1.2205 are used to read the 32-bit counter value, register 1.2204 is read fifst,the value of the register 1.2205
is latched when (and only when) register 1.2204 is read, and reads of régister 1.2205 return the latched value
rather than the current value of the counter.

Table 45-150ad—IFEC uncorrected codewords counter bit definitions

Bit(s) Name Description R/W?
1.2204.15:0 | IFEC uncorrected codewords lower’ | IFEC uncorrected cw_counter[15:0] RO, NR
1.2205.15:0 | IFEC uncorrected codewordswupper | IFEC uncorrected cw_counter[31:16] RO, NR

4RO = Read only, NR = Non Roll-over

45.2.1.186ae IFEC lane mapping register (Register 1.2206)

The assignment of bits/in the IFEC lane mapping register is shown in Table 45—-150ae. When the RS-FEC
detects and locks_the-RS-FEC for IFEC service interface lane 0, the detected RS-FEC lane number is
recorded in bits 130.in this register. Similarly, the detected RS-FEC lane numbers for IFEC service lanes 1, 2,
and 3 are recorded in bits 3:2, 5:4, and 7:6, respectively. The contents of the RS-FEC lane mapping register
bits 7:0 aresyalid when Inverse RS-FEC align status (1.2201.14) is set to one and are invalid otherwise.

Table 45-150ae—IFEC lane mapping register

Bit(s) Name Description R/W?
1.2206.15:8 Reserved Value always 0 RO
1.2206.7:6 RS-FEC lane 3 mapping RS-FEC lane mapped to IFEC lane 3 RO
1.2206.5:4 RS-FEC lane 2 mapping RS-FEC lane mapped to IFEC lane 2 RO
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Table 45-150ae—IFEC lane mapping register (continued)

Bit(s) Name Description R/W?
1.2206.3:2 RS-FEC lane 1 mapping RS-FEC lane mapped to IFEC lane 1 RO
1.2206.1:0 RS-FEC lane 0 mapping RS-FEC lane mapped to IFEC lane 0 RO

2RO = Read only

45.2.1.186af IFEC symbol error counter, lane 0 (Register 1.2210, 1.2211)

The assignment of bits in the [IFEC symbol error counter, lane 0 is shown in Table 45—150af. Symbol errors
detected in FEC lane 0 are counted and shown in bits 1.2210.15:0 and 1.2211.15:0. See 152:6.11 for a
definition of this counter. 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 1.2210 and
1.2211 are used to read the value of a 32-bit counter. When registers 1.2210 and 1.221 I are used to read the
32-bit counter value, register 1.2210 is read first, the value of the register 1.2211.js latched when (and only
when) register 1.2210 is read, and reads of register 1.2211 return the latched alue rather than the current
value of the counter.

Table 45-150af—IFEC symbol error counter,(lane 0 bit definitions

Bit(s) Name Description R/W?
1.2210.15:0 | IFEC symbol errors, lane 0 lower IFE@, symbol error counter 0[15:0] RO, NR
1.2211.15:0 | IFEC symbol errors, lane 0 upper IFEC symbol error counter 0[31:16] RO, NR

4RO = Read only, NR = Non Roll-over

45.2.1.186ag IFEC symbol error.counter, lane 1 through 3 (Register 1.2212, 1.2213, 1.2214,
1.2215, 1.2216, 1.2217)

The behavior of the IFEC syimbol error counters, lane 1 through 3 is identical to that described for FEC
lane 0 in 45.2.1.186af. Efrors detected in each FEC lane are counted and shown in the corresponding
register. FEC lane 1, lower 16 bits are shown in register 1.2212; FEC lane 1, upper 16 bits are shown in
register 1.2213; FEC\lahe 2, lower 16 bits are shown in register 1.2214; through register 1.2217 for FEC lane
3, upper 16 bits.

45.2.1.186ah SC-FEC alignment status 1 register (Register 1.2246)

The Yassignment of bits in the staircase FEC (SC-FEC) alignment status 1 register is shown in
Table 45—150ag.

45.2.1.186ah.1 SC-FEC align status (1.2246.12)

When read as a one, bit 1.2246.12 indicates that the SC-FEC has locked and aligned all receive lanes. When

read as a zero, bit 1.2246.12 indicates that the SC-FEC has not locked and aligned all receive lanes.
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Table 45-150ag—SC-FEC alignment status 1 register bit definitions

Bit(s) Name Description R/W?
1.2246.15:13 | Reserved Value always 0 RO
1.2246.12 SC-FEC align status 1 = SC-FEC receive lanes locked and aligned RO

0 = SC-FEC receive lanes not locked and aligned
1.2246.11:8 Reserved Value always 0 RO
1.2246.7 SC-FEC FAS lock 7 1 =Lane 7 is locked RO

0 = Lane 7 is not locked

1.2246.6 SC-FEC FAS lock 6 1 = Lane 6 is locked RO
0 = Lane 6 is not locked

1.2246.5 SC-FEC FAS lock 5 1 = Lane 5 is locked RO
0 = Lane 5 is not locked

1.2246.4 SC-FEC FAS lock 4 1 = Lane 4 is locked RO
0 = Lane 4 is not locked

1.2246.3 SC-FEC FAS lock 3 1 = Lane 3 is locked RO
0 = Lane 3 is not locked,

1.2246.2 SC-FEC FAS lock 2 1 = Lane 2 is locked RO
0 = Lane 2 is notlecked

1.2246.1 SC-FEC FAS lock 1 1 = Lane,1 is Jocked RO
0 = Lanked is not locked

1.2246.0 SC-FEC FAS lock 0 1.="Lane 0 is locked RO
0= Lane 0 is not locked

4RO = Read only

45.2.1.186ah.2 SC-FEC FAS-ock 7 (1.2246.7)

When read as a one, bit [12246.7 indicates that the SC-FEC receiver has achieved frame alignment signal
(FAS) lock for lane.7_of the PMA service interface. When read as a zero, bit 1.2246.7 indicates that the
SC-FEC receiver has not achieved FAS lock for lane 7 of the PMA service interface. This bit reflects the
state of fas_lock<7> (see 153.2.4.1.1).

45.2.1,186ah.3 SC-FEC FAS lock 6 (1.2246.6)

‘When read as a one, bit 1.2246.6 indicates that the SC-FEC receiver has achieved FAS lock for lane 6 of the
PMA service interface. When read as a zero, bit 1.2246.6 indicates that the SC-FEC receiver has not
achieved FAS lock for lane 6 of the PMA service interface. This bit reflects the state of fas lock<6>
(see 153.2.4.1.1).

45.2.1.186ah.4 SC-FEC FAS Tock 5 (1.£2240.9)

When read as a one, bit 1.2246.5 indicates that the SC-FEC receiver has achieved FAS lock for lane 5 of the
PMA service interface. When read as a zero, bit 1.2246.5 indicates that the SC-FEC receiver has not
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achieved FAS lock for lane 5 of the PMA service interface. This bit reflects the state of fas lock<5>
(see 153.2.4.1.1).

45.2.1.186ah.5 SC-FEC FAS lock 4 (1.2246.4)

o
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PMA service interface. When read as a zero, bit 1.2246.4 indicates that the SC-FEC receiver has not
achieved FAS lock for lane 4 of the PMA service interface. This bit reflects the state of fas lock<4>

(see 153.2.4.1.1).
45.2.1.186ah.6 SC-FEC FAS lock 3 (1.2246.3)

When read as a one, bit 1.2246.3 indicates that the SC-FEC receiver has achieved FAS lock for lané3 of the
PMA service interface. When read as a zero, bit 1.2246.3 indicates that the SC-FEC receiver has not
achieved FAS lock for lane 3 of the PMA service interface. This bit reflects the state,'of fas lock<3>
(see 153.2.4.1.1).

45.2.1.186ah.7 SC-FEC FAS lock 2 (1.2246.2)

When read as a one, bit 1.2246.2 indicates that the SC-FEC receiver has achieved FAS lock for lane 2 of the
PMA service interface. When read as a zero, bit 1.2246.2 indicates thdt-the SC-FEC receiver has not
achieved FAS lock for lane 2 of the PMA service interface. This bitufeflects the state of fas lock<2>
(see 153.2.4.1.1).

45.2.1.186ah.8 SC-FEC FAS lock 1 (1.2246.1)

When read as a one, bit 1.2246.1 indicates that the SC-FEC receiver has achieved FAS lock for lane 1 of the
PMA service interface. When read as a zero, bitr1.2246.1 indicates that the SC-FEC receiver has not
achieved FAS lock for lane 1 of the PMA service interface. This bit reflects the state of fas lock<1>
(see 153.2.4.1.1).

45.2.1.186ah.9 SC-FEC FAS lock 0 (1.2246.0)

When read as a one, bit 1.2246.0 indieates that the SC-FEC receiver has achieved FAS lock for lane 0 of the
PMA service interface. When a€ad as a zero, bit 1.2246.0 indicates that the SC-FEC receiver has not
achieved FAS lock for lane.0of the PMA service interface. This bit reflects the state of fas lock<0>
(see 153.2.4.1.1).

45.2.1.186ai SC-FEC alignment status 2 register (Register 1.2247)

The assignment of bits in the SC-FEC alignment status 2 register is shown in Table 45—150ah.

Table 45-150ah—SC-FEC alignment status 2 register bit definitions

Bit(s) Name Description R/W?
1.2247.15:12 | Reserved Value always 0 RO
1.2247.11 SC-FEC FAS lock 19 1 =Lane 19 is locked RO

0 = Lane 19 is not locked

1.2247.10 SC-FEC FAS lock 18 1 = Lane 18 is locked RO
0 = Lane 18 is not locked
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Table 45-150ah—SC-FEC alignment status 2 register bit definitions (continued)

Bit(s) Name Description R/W?

1.2247.9 SC-FEC FAS lock 17 1 = Lane 17 is locked RO

U=LancC I/ 1s not IoCKcd

1.2247.8 SC-FEC FAS lock 16 1 = Lane 16 is locked RO
0 = Lane 16 is not locked

1.2247.7 SC-FEC FAS lock 15 1 = Lane 15 is locked RO
0 = Lane 15 is not locked

1.2247.6 SC-FEC FAS lock 14 1 = Lane 14 is locked RO
0 = Lane 14 is not locked

1.2247.5 SC-FEC FAS lock 13 1 = Lane 13 is locked RO
0 = Lane 13 is not locked

1.2247.4 SC-FEC FAS lock 12 1 = Lane 12 is locked RO
0 = Lane 12 is not locked

1.2247.3 SC-FEC FAS lock 11 1 =Lane 11 is locked RO
0 =Lane 11 is not locked

1.2247.2 SC-FEC FAS lock 10 1 = Lane 10 is locked RO
0 = Lane 10 is not locked

1.2247.1 SC-FEC FAS lock 9 1 = Lane 9 isdocked RO
0 = Lane 9 iS'not locked

1.2247.0 SC-FEC FAS lock 8 1 =ILang 8 is locked RO
0 =\Lane 8 is not locked

2RO = Read only

45.2.1.186ai.1 SC-FEC FAS lock 19 (1.2247.11)

When read as a one, bit 1.2247.11 indicates that the SC-FEC receiver has achieved FAS lock for lane 19 of
the PMA service interfacér When read as a zero, bit 1.2247.11 indicates that the SC-FEC receiver has not
achieved FAS lock-fon'lane 19 of the PMA service interface. This bit reflects the state of fas lock<19>
(see 153.2.4.1.1);

45.2.1.186ai.2 SC-FEC FAS lock 18 (1.2247.10)

When read as a one, bit 1.2247.10 indicates that the SC-FEC receiver has achieved FAS lock for lane 18 of
the " PMA service interface. When read as a zero, bit 1.2247.10 indicates that the SC-FEC receiver has not
achieved FAS lock for lane 18 of the PMA service interface This bit reflects the state of fas lock<18>
(see 153.2.4.1.1).

45.2.1.186ai.3 SC-FEC FAS lock 17 (1.2247.9)

When read as a one, bit 1.2247.9 indicates that the SC-FEC receiver has achieved FAS lock for lane 17 of
the PMA service interface. When read as a zero, bit 1.2247.9 indicates that the SC-FEC receiver has not
achieved FAS lock for lane 17 of the PMA service interface This bit reflects the state of fas lock<17>
(see 153.2.4.1.1).
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45.2.1.186ai.4 SC-FEC FAS lock 16 (1.2247.8)

When read as a one, bit 1.2247.8 indicates that the SC-FEC receiver has achieved FAS lock for lane 16 of
the PMA service interface. When read as a zero, bit 1.2247.8 indicates that the SC-FEC receiver has not
achieved FAS lock for lane 16 of the PMA service interface This bit reflects the state of fas lock<16>

(o 15229 4.1 1\
T =TT

A\ A 7

45.2.1.186ai.5 SC-FEC FAS lock 15 (1.2247.7)

When read as a one, bit 1.2247.7 indicates that the SC-FEC receiver has achieved FAS lock for lane 15 of
the PMA service interface. When read as a zero, bit 1.2247.7 indicates that the SC-FEC receiver has not
achieved FAS lock for lane 15 of the PMA service interface This bit reflects the state of fas lock=15>
(see 153.2.4.1.1).

45.2.1.186ai.6 SC-FEC FAS lock 14 (1.2247.6)

When read as a one, bit 1.2247.6 indicates that the SC-FEC receiver has achieved FASJock for lane 14 of
the PMA service interface. When read as a zero, bit 1.2247.6 indicates that the SC-FEC receiver has not
achieved FAS lock for lane 14 of the PMA service interface This bit reflects‘the state of fas lock<14>
(see 153.2.4.1.1).

45.2.1.186ai.7 SC-FEC FAS lock 13 (1.2247.5)

When read as a one, bit 1.2247.5 indicates that the SC-FEC receiyer’has achieved FAS lock for lane 13 of
the PMA service interface. When read as a zero, bit 1.2247.5 indicates that the SC-FEC receiver has not
achieved FAS lock for lane 13 of the PMA service interface/This bit reflects the state of fas lock<13>
(see 153.2.4.1.1).

45.2.1.186ai.8 SC-FEC FAS lock 12 (1.2247.4)

When read as a one, bit 1.2247.4 indicates that\the SC-FEC receiver has achieved FAS lock for lane 12 of
the PMA service interface. When read as-a‘zero, bit 1.2247.4 indicates that the SC-FEC receiver has not
achieved FAS lock for lane 12 of the PMA service interface This bit reflects the state of fas lock<12>
(see 153.2.4.1.1).

45.2.1.186ai.9 SC-FEC FASock 11 (1.2247.3)

When read as a one, bit 1,2247.3 indicates that the SC-FEC receiver has achieved FAS lock for lane 11 of
the PMA service interface. When read as a zero, bit 1.2247.3 indicates that the SC-FEC receiver has not
achieved FAS loekfor lane 11 of the PMA service interface This bit reflects the state of fas lock<11>
(see 153.2.4.1.1).

45.2.1.186ai.10 SC-FEC FAS lock 10 (1.2247.2)

Whenread as a one, bit 1.2247.2 indicates that the SC-FEC receiver has achieved FAS lock for lane 10 of
the-PMA service interface. When read as a zero, bit 1.2247.2 indicates that the SC-FEC receiver has not
achieved FAS lock for lane 10 of the PMA service interface This bit reflects the state of fas lock<10>
(see 153.2.4.1.1).

452 1 186ai 11 SC-FEC FAS lock 9 (1 2247 1)

When read as a one, bit 1.2247.1 indicates that the SC-FEC receiver has achieved FAS lock for lane 9 of the
PMA service interface. When read as a zero, bit 1.2247.1 indicates that the SC-FEC receiver has not
achieved FAS lock for lane 9 of the PMA service interface This bit reflects the state of fas lock<9>
(see 153.2.4.1.1).
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45.2.1.186ai.12 SC-FEC FAS lock 8 (1.2247.0)

When read as a one, bit 1.2247.0 indicates that the SC-FEC receiver has achieved FAS lock for lane 8 of the
PMA service interface. When read as a zero, bit 1.2247.0 indicates that the SC-FEC receiver has not
achieved FAS lock for lane 8 of the PMA service interface This bit reflects the state of fas lock<8>

o 4.1

SCC 153~ .-r.1.1).
45.2.1.186aj SC-FEC lane mapping, lane 0 register (Register 1.2250)

The assignment of bits in the SC-FEC lane mapping, lane 0 register is shown in Table 45—-150ai. When the
SC-FEC described in Clause 153 detects and locks the FAS on PMA service interface lane 0, the detected
SC-FEC lane number is recorded in this register. The contents of the SC-FEC lane mapping, lane 0 register
is valid when the SC-FEC FAS lock 0 bit (1.2246.0) is set to one and is invalid othetwise (see
45.2.1.186ah.9).

Table 45-150ai—SC-FEC lane mapping, lane 0 register bit definitions

Bit(s) Name Description R/W?
1.2250.15:5 | Reserved Value always 0 RO
1.2250.4:0 Lane 0 mapping SC-FEC lane received on PMA service interface lane 0 RO

8RO = Read only

45.2.1.186ak SC-FEC lane mapping, lane 1 through 19 registers (Registers 1.2251 through
1.2269)

The definition of the SC-FEC lane mappinglane 1 through 19 registers is equivalent to that described for
lane 0 in 45.2.1.1864j. The lane mapping forllane 1 is in register 1.2251; lane 2 is in register 1.2252; etc.

45.2.1.186al SC-FEC corrected’codewords counter (Register 1.2276, 1.2277)

The assignment of bits in the"SC-FEC corrected codewords counter is shown in Table 45-150aj. See
153.2.5.1 for a definition ofithis counter. 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 1.2276 and_ 112277 are used to read the value of a 32-bit counter. When registers 1.2276 and
1.2277 are used t0 read the 32-bit counter value, register 1.2276 is read first, the value of the register 1.2277
is latched when'(and only when) register 1.2276 is read, and reads of register 1.2277 return the latched value
rather than the current value of the counter.

Table 45-150aj—SC-FEC corrected codewords counter bit definitions

Bit(s) Name Description R/W?2
1.2276.15:0 FEC corrected codewords lower FEC corrected cw_counter[15:0] RO, NR
1.2277.15:0 FEC corrected codewords upper FEC corrected cw_counter[31:16] RO, NR

8RO = Read only, NR = Non Roll-over
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45.2.1.186am SC-FEC uncorrected codewords counter (Register 1.2278, 1.2279)

The assignment of bits in the SC-FEC uncorrected codewords counter is shown in Table 45-150ak. See
153.2.5.2 for a definition of this counter. 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.

Rcsibtclb 1.""78 alld 1.""79 arcv UDUd tU lcad tllU V(lll«lU Uf a 3""Ult qulltUl. ‘v‘v’hcu lcsibtclb 1.""78 alld
1.2279 are used to read the 32-bit counter value, register 1.2278 is read first, the value of the register 1.2279
is latched when (and only when) register 1.2278 is read, and reads of register 1.2279 return the latched value
rather than the current value of the counter.

Table 45-150ak—SC-FEC uncorrected codewords counter bit definitions

Bit(s) Name Description R/W?
1.2278.15:0 | FEC uncorrected codewords lower FEC uncorrected cw_counter[15:0] RO, NR
1.2279.15:0 | FEC uncorrected codewords upper FEC uncorrected cw_counter[31;16] RO, NR

4RO = Read only, NR = Non Roll-over

45.2.1.186an SC-FEC total bits register (Register 1.2280, 1.228%, 1.2282, 1.2283)

The assignment of bits in the SC-FEC total bits register is showain Table 45-150al. See 153.2.5.3 for a
definition of this register. These bits shall be reset to all zero§ 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 1.2280,
1.2281, 1.2282, and 1.2283 are used to read the value of a 64-bit counter. When registers 1.2280, 1.2281,
1.2282, and 1.2283 are used to read the 64-bit counter value, register 1.2280 is read first, the values of
registers 1.2281, 1.2282, and 1.2283 are latched #vheén (and only when) register 1.2280 is read, and reads of
registers 1.2281, 1.2282, and 1.2283 return thé\latched value rather than the current value of the counter.

Table 45-150al-“SC-FEC total bits register bit definitions

Bit(s) Name Description R/W?
1.2280.15:0 | FEC total bits lowest FEC _total bits[15:0] RO, NR
1.2281.15:0 | FEC total bits FEC_total_bits[31:16] RO, NR
1.2282.15:0 | FEC total bits FEC_total bits[47:32] RO, NR
1.2283.15:0.\ FEC total bits highest FEC total bits[64:48] RO, NR

4RO =Read only, NR = Non Roll-over

45.2.1.186a0 SC-FEC corrected bits register (Register 1.2284, 1.2285, 1.2286, 1.2287)

The assignment of bits in the SC-FEC corrected bits register is shown in Table 45—-150am. See 153.2.5.4 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 1.2284,
1.2285, 1.2286, and 1.2287 are used to read the value of a 64-bit counter. When registers 1.2284, 1.2285,
1.2286, and 1.2287 are used to read the 64-bit counter value, register 1.2284 is read first, the values of
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registers 1.2285, 1.2286, and 1.2287 are latched when (and only when) register 1.2284 is read, and reads of
registers 1.2285, 1.2286, and 1.2287 return the latched value rather than the current value of the counter.

Table 45-150am—SC-FEC corrected bits register bit definitions

Bit(s) Name Description R/W?
1.2284.15:0 | FEC corrected bits lowest FEC_corrected_bits[15:0] RO, NR
1.2285.15:0 | FEC corrected bits FEC_corrected_bits[31:16] RO, NR.
1.2286.15:0 | FEC corrected bits FEC_corrected_bits[47:32] RO, NR
1.2287.15:0 | FEC corrected bits highest FEC corrected bits[64:48] RO; NR

RO = Read only, NR = Non Roll-over
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78. Energy-Efficient Ethernet (EEE)

78.1 Overview
78 1.4 PHY typgs Qp;tinna||¥ suppnrﬁng EEE

Insert a new row for 100GBASE-ZR in Table 78—1 after 100GBASE-ER4 and before 200GBASE-KR4
(as inserted by IEEE Std 802.3¢cd-2018) as follows (unchanged rows not shown):

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

PHY or interface type Clause
100GBASE-ZR? 82, 83,91, 135, 152,
153, 154

b The deep sleep mode of EEE is not supported for this PHY.
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80. Introduction to 40 Gb/s and 100 Gb/s networks

80.1 Overview

80.1.3 Relationship of 40 Gigabit and 100 Gigabit Ethernet to the ISO OSI reference model

Change list item h) in 80.1.3 (as changed by IEEE Std 802.3cu-2021) as follows:

h) The MDIs as specified in Clause 89 for 40GBASE-FR, and-in Clause 140 for I00GBASE-DRy
100GBASE-FR1, and 100GBASE-LR1, and in Clause 154 for 100GBASE-ZR use a single lane
data path.

Replace Figure 80—-1 with the following figure:

ETHERNET
LAYERS

HIGHER LAYERS

osl / LLC OR OTHER MAC CLIENT
REFERENCE
MODEL / MAC CONTROL (OPTIONAL)
LAYERS / MAC
APPLICATION /o RECONGILIATION
PRESENTATION /o ¢ XLGMIl —=» CGMIl—p
/7
40GBASE-R PCS 100GBASE-R PCS
SESSION /! 40GBASE-T PCS
/ FEC' FEC?
TRANSPORT | /
. PMA PMA PMA PHY
NETWORK |/ PMD AN PMD
DATALINK |/ AN 2 MDI ——» AN 2
PHYSICAL MDI —»* ‘ MEDIUM MDI —»
| MEDIUM — | MEDIUM
X ) 40GBASE-T N y
40GBASE-R 100GBASE-R, 100GBASE-P,
or 100GBASE-Z
AN = AUTO-NEGOTIATION PHY = PHYSICAL LAYER DEVICE
CGMII = 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 = MEDIAACCESS 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

Insert a new paragraph into 80.1.4 before the seventh paragraph beginning “Physical Layer devices ...”
as follows:

100GBASE-Z 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), the FEC of Clause 153, and a PMD
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implementing dual polarization differential quadrature phase shift keying (DP-DQPSK) modulation. Some
100GBASE-Z Physical Layer devices also use the FEC of Clause 91 and the Inverse RS-FEC of Clause 152.

Insert a new row at the end of Table 801 as follows (unchanged rows not shown):

Table 80-1—40 Gb/s and 100 Gb/s PHYs

Name Description

100GBASE-ZR 100 Gb/s PHY using 100GBASE-R encoding capable of transmission
over a specified channel on a defined DWDM grid in each directjen of
transmission with reach up to at least 80 km (see Clause 154)

80.1.5 Physical Layer signaling systems

Insert Table 80—4b after Table 80—4a (as inserted by IEEE Std 802.3cd-2048),as follows:

Table 80-4b—Nomenclature and clause correlation (100GBASE-Z optical)

Clause?®
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2l 0z |® )33 2N/ ElgElg g8 88
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wn < < N =
Nomenclature | = SIQIZ2 Q|29 E
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Bl | S| @xw | 2|25/ 5|8 a2 2|2 2|20 h
Bl | gleata| == =Elwn | 5| 5| 5|8 S | =
= < < < < < < wn <« <« < < < 2 =) 2]
S =) o &) &) S Q o o R 5 - <
Q| v S| S| S| 3 Ll = | 8
2|2 2| S|E|S|E| 5|58
= | £ = - - =
— Q —

=

i

Q

wn
100GBASE-ZR (0] M O M (0] (0] (0] (0] (0] (0] (0] (6] (0] (6] O cb M M

4 O = OptionalyM = Mandatory, C = Conditional.
b Clause 152)ihverse RS-FEC mandatory when Clause 91 RS-FEC is present.

80:2 Summary of 40 Gigabit and 100 Gigabit Ethernet sublayers

80.2.2 Physical Coding Sublayer (PCS)

£l

The terms 40GBASE-R, 100GBASE-R, and-100GBASE-P. and 100GBASE-Z refer to a specific family of
Physical Layer implementations based upon the 64B/66B data coding method specified in Clause 82 and the
PMA specifications defined in Clause 83, Clause 94, er-Clause 135, or Clause 153. Clause 82 PCSs perform
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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 or FEC.

80.2.3 Forward Error Correction (FEC) sublayers

Lo ll

A Forward Error Correction sublayer is optional for 40GBASE-KR4, 40GBASE-CR4, and
100GBASE-CR10 PHYs and mandatory for 100GBASE-CR2, 100GBASE-CR4, 100GBASE-KR2,
100GBASE-KR4, 100GBASE-KP4, 100GBASE-SR2, 100GBASE-SR4, 100GBASE-DR,
100GBASE-FR1, and-100GBASE-LR1, and 100GBASE-ZR PHYs. The FEC sublayer can be placed\in
between the PCS and PMA sublayers or between two PMA sublayers.

The BASE-R FEC (see Clause 74) is instantiated for each PCS lane and operates autonomeusly on a per
PCS lane basis. The Reed-Solomon FEC (see Clause 91) is instantiated once and requires 20.BCS lanes and
4 PMA lanes for operation. The SC-FEC (see Clause 153) is instantiated once and requires 20 PCS lanes and
20 PMA lanes for operation.

80.2.4 Physical Medium Attachment (PMA) sublayer

Change the second paragraph of 80.2.4 (as changed by IEEE Std 802.3¢d-2018) as follows:

A B D4 PL] " nanifiad 1. a 04 Lo PANA or—6the » - a
Clause135-Clause 83 specifies 40GBASE-R and 100GBASE-R PMAs that may be used with any PHY type
of the corresponding rate. Additional PMAs are only appli¢able to specific PHY types:

a) Clause 94 specifies a PMA that may be used only in a 100GBASE-KP4 PHY.
b) Clause 135 specifies a PMA that may bedised in other I00GBASE-P or 100GBASE-ZR PHY types.
c¢) Clause 153 specifies a PMA that is uséd’in the 100GBASE-ZR PHY.

80.2.5 Physical Medium Dependent (PMD) sublayer
Change the second paragraph of 80.2.5 (as changed by IEEE Std 802.3cd-2018) as follows:
The 40GBASE-R, 100GBASE-R, and 100GBASE-P PMDs and their corresponding media are specified in

Clause 84 through Clau§e)89, Clause 92 through Clause 95, Clause 136 through Clause 138,—and
Clause 140, and Clause(154.

80.3 Service interface specification method and notation
80.3.2 Instances of the Inter-sublayer service interface
InSertitem d) at the end of the list in 80.3.2 as follows:

d) IFEC:—for primitives issued on the interface between the Inverse FEC sublayer and the PMA
sublayer called the Inverse FEC service interface.

—— ___Change e firsrsentence of tite second paragraph of 8032 as follows:

Examples of inter-sublayer service interfaces for 40GBASE-R, 100GBASE-R, and-100GBASE-P, and
100GBASE-Z with their corresponding instance names are illustrated in Figure 80-2, Figure 80-3,
Figure 804, Figure 80—4a, and Figure 80-5.
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Insert new Figure 80—4a after Figure 80—4 as follows:

MAC AND HIGHER LAYERS

| RECONCILIATION SUBLAYER |

A
CGMIl —»
\ 4
| 100GBASE-R PCS |
NN A A
FEC:IS_ UNITDATA Orequest FEC:IS_UNITDA;I'A_O.inldication
FEC:IS_ UNITDATA 1. request FEC:IS_UNITDATA_1.indication
FEC SERVICE | | | eee |
INTERFACE FEC: |s UNITDATA 19.request FEC:IS_UNITDATA_19.indication
i i LFEC IS_SIGNAL.indication ‘ ' ‘
SC-FEC
N | A A
PMA:IS_ UNITDATA 0. request PMA:IS_UNITDATA_0.indjcation
PMA:IS_| UNITDATA 1request PMA:IS_UNITDATA (indication
PMA SERVICE | | ove | &on, |
INTERFACE PMA:IS_| UNITDATA 19.request PMA:IS_UNITDATA_19.indication
i i lPMA IS_SIGNAL.indication ’ ‘
| A |
PMA (20:2)
| A A
PMD:IS_| UNITDATA _0.request PMD?S_UNITDATA_0.indication
| |
PMD:IS_ UNITDATA 1.request PMD:IS_UNITDATA_1.indication
PMD SERVICE | |
INTERFACE >
l PMD:S. 8IGNAL.indication ‘ ‘
PMD
MDI —»
‘ MEDIUM
100GBASE-ZR
CGMII = 100 Gb/s MEDIA INDEPENDENT INTERFACE ~ PCS = PHYSICAL CODING SUBLAYER
MAC = MEDIAACCESS CONTROL PMA = PHYSICAL MEDIUM ATTACHMENT
MDI = MEDIUM.DEPENDENT INTERFACE PMD = PHYSICAL MEDIUM DEPENDENT
SC-FEC = STAIRCASE FORWARD ERROR CORRECTION
Figure 80-4a—100GBASE-Z inter-sublayer service interfaces with SC-FEC
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80.4 Delay constraints

Insert new rows into Table 80-5 with the rows for sublayers “Inverse RS-FEC” and “SC-FEC?” after the
row for “100GBASE-R RS-FEC?” and the row for “100GBASE-ZR PMD?” at the bottom of the table as
follows (unchanged rows not shown):

Table 80-5—Sublayer delay constraints

Sublaver Maximum Maximum Maximum Notes®
y (bit time)® | (pause_quanta)® (ns)
Inverse RS-FEC 40 960 80 409.60 See 152.4.
SC-FEC 1827 840 3570 18278.40 | See153.2.2.
100GBASE-ZR PMD 2048 4 20.48 Includes2 in/of fiber. See 154.3.1.

4 For 40GBASE-R, 1 bit time (BT) is equal to 25 ps and for I00GBASE-R, 1 bit timé (BT) is equal to 10 ps. (See 1.4.160
for the definition of bit time.)

b For 40GBASE-R, 1 pause quantum is equal to 12.8 ns and for 100GBASE~R," 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 requifements of the relevant sublayer clause, the
sublayer clause prevails.

80.5 Skew constraints

Change Table 80-6 (as modified by IEEE Std 802.3cd-2018) as follows:

Table 80-6<~Summary of Skew constraints

Maximum Maximum
Maximum Skew for Skew for
Skew points Skew, 40GBASE-R 100GBASE-R Notesd
(ns)? PCS lane PCS lane
nP D
SPO 29 N/A ~ 150 See 83.5.3.1 or 135.5.3
SP1 29 ~ 299 ~ 150 See 83.5.3.2 or 135.5.3
SP2 43 ~ 443 ~ 222 See 83.5.3.4,84.5,85.5, 86.3.2,
87.3.2,88.3.2,89.3.2,92.5,93.5,
94.3.4,95.3.2,135.5.3, 135.5.3,
136.6, 137.6, 138.3, +-140.3, or
154.3.2
SP3 54 ~ 557 ~ 278 See 84.5,85.5, 86.3.2,87.3.2,
88.3.2,89.3.2,92.5,93.5,94.3.4,
95.3.2,135.5.3,136.6,137.6,138.3,
or-140.3, 0r 154.3.2
SP4 134 ~ 1382 ~ 691 See 84.5, 85.5, 86.3.2, 87.3.2,
88.3.2,89.3.2,92.5,93.5,94.3 4,
95.3.2,135.5.3,136.6, 137.6, 138.3,
or-140.3, or 154.3.2
56
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Table 80-6—Summary of Skew constraints (continued)

Maximum Maximum
Maximum Skew for Skew for
Skew points Skew 40GBASE-R 100GBASE-R Notes?
(ns)? PCS lane PCS lane
(U~ (U~
SP5 145 ~ 1495 ~ 748 See 84.5,85.5, 86.3.2,87.3.2,
88.3.2,89.3.2,92.5,93.5,94.3 4,
95.3.2,135.5.3,136.6, 137.6, 138.3,
or-140.3, or 154.3.2
SP6 160 ~ 1649 ~ 824 See 83.5.3.6 or 135.5.3
SP7 29 N/A ~ 150 See 83.5.3.8 or 135.5.3
At PCS receive 180 ~ 1856 ~ 928 See 82.2.13
At RS-FEC 49 N/A ~253 See 91.5.2.2
transmit
At RS-FEC 180 N/A ~ 4641 See 915,371
receive®
At PCS receive 49 N/A ~253 See 82.2.13
(with RS-FEC)

4The Skew limit includes 1 ns allowance for PCB traces that are associatedwith the Skew points.

®The symbol ~ indicates approximate equivalent of maximum Skewin' 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 Ul for I00GBASE-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 andthe ‘Skew requirements of the relevant sublayer clause, the
sublayer clause prevails.

“The skew at the RS-FEC receive is the skew betwe€n RS-FEC lanes. The symbol ~ indicates approximate equivalent
of maximum Skew in UI for RS-FEC lanes witha signaling rate of 25.78125 GBd.

80.7 Protocol implementation-conformance statement (PICS) proforma
Change the first paragraph of 80.7 (as modified by IEEE Std 802.3cd-2018) as follows:

The supplier of a protocél)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 95, Clause 135
through Clause 138~Clause 140, Clause 152 through Clause 154, and related annexes demonstrates
compliance by completing a protocol implementation conformance statement (PICS) proforma.
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82. Physical Coding Sublayer (PCS) for 64B/66B, type 40GBASE-R and
100GBASE-R

82.2 Physical Coding Sublayer (PCS)

82.2.3 64B/66B transmission code
82.2.3.3 Block structure

Change the warning in 80.2.3.3 as follows:

WARNING

The mapping of 40GBASE-R PCS blocks into OPU3 specified in ITU-T G.709 {B48{-depends on
the set of control block types shown in Figure 82—5. Any deviation from the coding specified in
Figure 82—5 will break the mapping and may prevent 40GBASE-R PCS blocks from being
mapped into OPU3 (see ITU-T G.709 {B48}-for more details).
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Insert new Clause 152, Clause 153, and Clause 154 after Clause 151 as follows:

152. Inverse RS-FEC sublayer

152.1 Overview
152.1.1 Scope

The Inverse RS-FEC sublayer specifies a Reed-Solomon forward error correction (RS-FEC) sublayer.for
100GBASE-R, 100GBASE-P, and 100GBASE-Z PHYs. This sublayer is used in cases where the RS-FEC
specified in Clause 91 is used across a physically instantiated 100GAUI-n and a different FEC is\used for
the PMD.

152.1.2 Position of Inverse RS-FEC in the 100GBASE-R sublayers

Figure 152—1 shows the relationship of the Inverse RS-FEC sublayer to the(IS@/IEC Open System
Interconnection (OSI) reference model.

152.2 Inverse RS-FEC service interface

This subclause specifies the services provided by the Inverse RSSEEC sublayer. The service interface is
described in an abstract manner and does not imply any particuldr implementation. The Inverse RS-FEC
service interface is an instance of the inter-sublayer service.interface defined in 80.3. The service interface
primitives are summarized as follows:

IFEC:IS_UNITDATA i.request
IFEC:IS_UNITDATA i.indication
IFEC:IS_SIGNAL.indication

The primitives are defined for i=0 te 3. The PMA continuously sends 4 parallel bit streams to the
Inverse RS-FEC sublayer, each at a,tiominal signaling rate of 26.5625 GBd. The Inverse RS-FEC sublayer
continuously sends 4 parallel bit stteams to the PMA, each at a nominal signaling rate of 26.5625 GBd.

The SIGNAL OK parameter-of the IFEC:IS SIGNAL.indication primitive can take one of two values: OK
or FAIL. The value is sét.to OK when align status (see 152.6.12) is true. The value is set to FAIL when
align_status is false,

152.3 PMA or FEC sublayer compatibility

The Inverse RS-FEC sublayer requires that the PMA or FEC service interface below the Inverse RS-FEC
sublayer consists of twenty upstream lanes and twenty downstream lanes. The restriction that all PMA
s€rvice interfaces between the RS-FEC sublayer and the PMD sublayer consist of four or fewer lanes (see
9I".3) is removed below the Inverse RS-FEC sublayer.

152.4 Delay constraints

The maximum delay contributed by the Inverse RS-FEC sublayer (sum of transmit and receive delays at one
end of the link) shall be no more than 40 960 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.
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TRANSPORT /

NETWORK //

DATA LINK /

PHYSICAL

INTERFACE
CGMII = 100 Gb/s MEDIA INDEPENDENT INTERFACE
FEC = FORWARD ERROR CORRECTION
Inverse RS-FEC = Inverse REED-SOLOMON.EORWARD
ERROR CORRECTION
LLC = LOGICAL LINK CONTROL
MAC = MEDIA ACCESS CONTROL

152.5.1 Functional block diagram

FEC

PMA
PMD

MEDIUM

/ MAC CONTROL (OPTIONAL)
/ MAC
/ / RECONCILIATION
osl // / CGMI—»
REFERENCE / :
MODEL / 100GBASE-R PCS |
LAYERS / / RSFEC
APPLICATION / // 100GBASE-P PMA
PRESENTATION |/ 100GAUI-n—p
/
SESSION / / 100GBASE-P PMA PHY
/

100GAUI-n = 100 Gb/s n-LANE ATTACHMENT UNJT, MDI=MEDIUM DEPENDENT INTERFACE

PCS = PHYSICAL CODING SUBLAYER

PHY = PHYSICAL LAYER DEVICE

PMA = PHYSICAL MEDIUM ATTACHMENT

PMD = PHYSICAL MEDIUM DEPENDENT
RS-FEC = REED-SOLOMON FORWARD ERROR

CORRECTION

152.5 Functions. within the Inverse RS-FEC sublayer

Figure 152-1—Inverse RS<FEC relationship to the ISO/IEC Open Systems Interconnection
(OSI) reference model and the IEEE 802.3 Ethernet model

The Inverse RS-FEC sublayer performs a subset of the functions defined for the RS-FEC sublayer described
in ClauseS4\with the Tx and Rx directions reversed. Specific limitations as compared to Clause 91 are that

only RS(544,514) FEC is supported and EEE deep sleep mode is not supported. The FEC optional states in
Clause 91 are mandatory for the Inverse RS-FEC sublayer.

A functional block diagram of the Inverse RS-FEC sublayer is shown in Figure 152-2.
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A
IFEC:IS_SIGNAL.indication

! |
IFEC:IS_UNITDATA_O.request to IFEC:IS_UNITDATA_O.indication to

IFEC:IS_UNITDATA_3.request IFEC:IS_UNITDATA_3.indication
| |
¢ |
: Symbol
Alignment lock distribution
and deskew ?
i Reed-Solomon
Lane reorder encoder
v Alignment P
Reed-Solomon insertion A
decoder T
i Alignment
Alignment Transcode mapping
removal T A
i Alignment
Transcode y SNoval
Alignment T
v mapping
Block Lane reorder
distribution T
v Alignment lock
Alignment P and deskew
insertion M
Lane block
synchronization
Inverse RS-FEC sublayer

inst:IS_UNITDATA: 19.request inst:IS_UNITDATA_19.indication
inst:1S_SIGNAL.indication

inst:1S_UNITDATA, O‘request to T inst1S_UNITDATA_O.indication to

inst PMA or FEC, depending on which sublayer is below the Inverse RS-FEC sublayer

Figure 152-2—Inverse RS-FEC sublayer functional block diagram

152.5.2 Transmit function

152.5.2.1 Alignment lock and deskew
The Inverse RS-FEC transmit function forms 4 bit streams by concatenating the bits received from each of

the 4 IFEC:IS_UNITDATA irequest primitives in the order they are received. It obtains lock to the
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alignment markers as specified by the FEC synchronization state diagram shown in Figure 91-8. The FEC
optional states and transition A in Figure 91-8 are mandatory for the Inverse RS-FEC sublayer.

After alignment marker lock is achieved on all 4 lanes, all inter-lane Skew is removed as specified by the
FEC alignment state diagram shown in Figure 91-9. The Inverse RS-FEC transmit function shall support a

- fal] L 40 1 . Al el 1 - ekl XL . L 400
TITAATIIITULITT ORUW UL 57 115 UCLWUUIL T'LLCU 14allUS Adlll d TTIAATIITUIIIT OAUW vV al'1ativull Ul =FUU pb.
152.5.2.2 Lane reorder

A particular FEC lane can be received on any of the lanes of the Inverse FEC service interface. The
Inverse RS-FEC transmit 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.

152.5.2.3 Reed-Solomon decoder

The Reed-Solomon decoder implements the RS(544,514) FEC decoder described in 91.5.3.3 with the
exception that message symbols come from tx_scrambled rather than rx, S¢rambled. The optional subclause
91.5.3.3.1 is not supported for the Inverse RS-FEC sublayer.

152.5.2.4 Alignment marker removal

The first 1285 message bits in every 4096th codeword is, th® vector am_txmapped<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 152.5.2.1).

The vector am_txmapped shall be removed prioer to transcoding.

152.5.2.5 256B/257B to 64B/66B transcoder

The transcoder extracts a group of four 66-bit blocks, tx coded j<65:0> where j = 0 to 3, from each 257-bit
block tx_scrambled<256:0>. Bit;0of the 257-bit block is the first bit received.

First, descramble the first 5 bits, based on reception order, of tx scrambled<256:0> to yield
tx_xcoded<256:0> as follows:

a) Set tx xeoded<4:0> to the result of the bit-wise exclusive-OR of tx scrambled<4:0> and
tx_scrambled<12:8>.
b)  Setdx”xcoded<256:5> to tx_scrambled<256:5>.
If tx \xcoded<0> is 1, tx_coded j<65:0> for j = 0 to 3 shall be derived as follows:

al) tx_coded j<65:2>=tx xcoded<(64j + 64):(64j + 1)> forj =0 to 3.
bl) tx coded j<0>=0 and tx _coded j<1>=1 forallj=0to 3.

If tx xcoded<0>is 0 and any tx xcoded<j+ 1>=0 forj =0 to 3, tx coded j<65:0> for j =0 to 3 shall be

derived as follows:

a2) Let c be the smallest value of j such that tx_xcoded<j + 1>=0. In other words, tx_coded c is the
first 66-bit control block in the resulting group of four blocks.
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b2) Let tx payloads be a vector representing the payloads of the four 66-bit blocks. It is derived using
the following expressions:
tx_payloads<(64c + 3):0> = tx_xcoded<(64c + 8):5>
tx_payloads<(64c + 7):(64c + 4)> = 0000 (an arbitrary value that is later replaced by s_c)
tx_payloads<255:(64c¢ + 8)> = tx_xcoded<256:(64c + 9)>

b"} tA_\/UdUd_J US.’\ - tA_PaleadD \()4‘/ f U:‘}.G'Arj fUl J - C tU 3.

d2) Letf ¢<3:0>=tx _coded ¢<5:2> be the scrambled first nibble (based on transmission order) of the
block type field for tx_coded c.

e2) Descramble f ¢<3:0> to yield g<3:0> per the following expression where denotes the
exclusive-OR operation. When ¢=0, tx_coded (¢—1) corresponds to tx coded 3 from the
previous 257-bit block.
g<i>=1f c<i>"tx_coded (c—1)<i+ 8> "tx coded (c—1)<i+27>fori=0to 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 corder), derive
h<3:0> by cross-referencing to g<3:0> using Figure 82-5. For example, if g<3;03"s OxE then
h<3:0> is 0x1. If no match to g<3:0> is found, h<3:0> is set to 0000.

g2) Iftx xcoded<j+ 1>=0, tx_coded j<0>=1 and tx_coded j<1>=0 for;j = Q0’3"

h2) Iftx xcoded<j+1>=1, tx coded j<0>=0 and tx_coded j<1>=1 forj =0 t03.

i2) Ifh<3:0>= 0000, tx_coded c<1>=1 (invalidate synchronization headex):

AP

If tx_xcoded<0> is 0 and all tx_xcoded<j+ 1>=1 for j =0 to 3, tx_coded,j<65:0> for j =0 to 3 shall be
derived as follows:

a3) Setc =0 and h<3:0>=0000.

b3) Let tx_payloads be a vector representing the payloads ‘of the four 66-bit blocks. It is derived using
the following expressions.
tx_payloads<(64c + 3):0> = tx_xcoded<(64c + 8):5>
tx_payloads<(64c + 7):(64c + 4)> = 0000 (an arbitrary value that is later replaced by s_c)
tx_payloads<255:(64c¢ + 8)> = tx_xcoded<256:(64c + 9)>

c3) tx_coded j<65:2>=tx payloads<(64j'¥ 63):(64j)> for j =0 to 3.

d3) tx_coded j<0>=0and tx_coded_j<i>=0 forj=0 and 2.

e3) tx_coded j<0>=1 and tx coded j<1>=1 forj =1 and 3.

If tx_xcoded<0> is 0, scramble h<3:0> to yield s ¢<3:0> and assign it to tx_coded c per the following
expressions.

a4) s_c<i>=h<i>"tx(¢oded (c—1)<i+ 12> " tx_coded (c—1)<i+ 31> fori=0to 3.
b4) tx_coded ¢<9:6>=s ¢<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.
152.5.2.6-Block distribution

Aftetithe data has been transcoded, it shall be distributed to 20 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.

152.5.2.7 Alignment marker mapping and insertion

The alignment marker mapping function compensates for the operation of the lane reorder function (refer to
152.5.2.2) to derive the PCS lane alignment markers, am tx x<65:0> for x=0 to 19, from
am_txmapped<1284:0> (refer to 152.5.2.4).
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The alignment markers shall be derived from am_txmapped<1284:0> in a manner that yields the same result
as the following process.

Given i=0to 3, k=0 to 31, and y =i+ 4k, am_txpayloads may be derived from am_txmapped per the
following expression:

am_txpayloads<i, (10k + 9):10k> = am_txmapped<(10y + 9):10y>

The 5-bit pad am_txmapped<1284:1280> is ignored. Given i =0 to 3, ;=0 to 4, and x =i + 4/, amp_tx _x
may be derived from am_txpayloads by the following expression:

amp_tx_x<63:0>=am_txpayloads<i, (64j + 63):64,>
Forx=0to 19, am tx_x<65:0> is constructed as follows:

a) am_tx x<0>=1and am_tx x<1>=0.

b) am_tx x<25:2>is set to M, My, and M, as shown in Figure 82-9 using the yalues in Table 82-2 for
PCS lane number x.

c) am_tx x<33:26>=amp_tx x<31:24>.

d) am_tx_x<57:34> is set to My, M5, and Mg as shown in Figure 82-9 using the values in Table 822
for PCS lane number x.

e) am_tx x<65:58>=amp tx x<63:56>.

One vector is mapped to 20 alignment markers every 4096 Reed<Solomon codewords (see 152.5.2.4). The
alignment markers are simultaneously transmitted on the 20(PECS lanes after every 16 383rd column of 20
66-bit blocks.

The alignment markers am tx_0 to am_tx 3 shall be-inserted so that they are immediately followed by
tx_coded 0 to tx_coded 3, respectively, as deriged*from the first 257-bit block following am_txmapped.
Similarly am_tx_4 to am_tx_7 are followed bythe 66-bit blocks corresponding to the second 257-bit block
following am_txmapped, and so on.

152.5.2.8 Transmit bit ordering

The transmit bit ordering is illustrated in Figure 152—3. This illustration shows the case where the FEC lanes
appear across the IFEC:IS UNITDATA _i.request primitives in the correct order.
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Figure 152-3—Transmit bit ordering To Block distribution
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152.5.3 Receive function
152.5.3.1 Lane block synchronization

The Inverse RS-FEC receive function forms 20 bit streams by concatenating the bits from each of the 20
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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 specified in the block lock state diagram shown in Figure 82—12.

152.5.3.2 Alignment lock and deskew

Once the Inverse RS-FEC receive function achieves block lock on a PCS lane, it then begins obtaihing
alignment marker lock as specified in the alignment marker lock state diagram shown in Figure 82-%13. This
process identifies the PCS lane number received on a particular lane of the service interface ofjthe sublayer
below. After alignment marker lock is achieved on all 20 lanes, all inter-lane Skew is remeved as specified
by the PCS deskew state diagram shown in Figure 82—14. The Inverse RS-FEC reegive 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.

152.5.3.3 Lane reorder

Any PCS lane may be received on any lane of the service interface. Thie/Inverse RS-FEC receive function
shall order the PCS lanes according to the PCS lane number.

152.5.3.4 Alignment marker removal

After all PCS lanes are aligned and deskewed, the PCS lancs 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 wheén\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
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.

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 hot equal the value received in the BIP; field. The bit error ratio in the data
received from the far<end PCS can be estimated by dividing the BIP block error ratio by a factor of
1 081 344.

152.5.3.5 64B/66B to 256B/257B transcoder

The transcoder constructs a 257-bit block, rx_scrambled<256:0>, from a group of four 66-bit blocks,
rx_coded j<65:0> where j =0 to 3. For each group of four 66-bit blocks, j =3 corresponds to the most
récently received block. Bit 0 in each 66-bit block is the first bit received and corresponds to the first bit of
the synchronization header.

If for all j =0 to 3, rx_coded j<0>=0 and rx_coded j<1>=1, rx_xcoded<256:0> shall be constructed as
follows:

a) rx_xcoded<0>=1.
b) rx_xcoded<(64j + 64):(64j + 1)>=rx_coded j<65:2> forj =0 to 3.
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If for all j =0 to 3, rx_coded j<0> = rx_coded j<1> (valid synchronization header) and for any j =0 to 3,
rx_coded j<0>=1 and rx_coded j<I>= 0, rx_xcoded<256:0> shall be constructed as follows:

al) rx_xcoded<0>=0.
bl) rx_xcoded<j+ 1>=rx_coded j<I>for;j=0 to 3.

b‘l) LUt C ‘UC tllU muaﬂcot ValUU Ufj Dl«lbll tllat lA_\aUdUd_L C - 1. Ill Utllcl WUldD, lA_\aUdUd_L iD tllC ﬁl Dt
66-bit control block that was received in the current group of four blocks.

dl) Letrx_payloads<(64j + 63):64/> =rx_coded j<65:2> forj=0 to 3.

el) Omit rx_coded ¢<9:6>, which is the second nibble (based on transmission order) of the block type
field for rx_coded c¢, from rx_xcoded per the following expressions:
rx_xcoded<(64c + 8):5> = rx_payloads<(64c + 3):0>
rx_xcoded<256:(64c + 9)> =rx_payloads<255:(64c + 8)>

If for any j = 0 to 3, rx_coded j<0>=rx_coded j<I> (invalid synchronization header), rx_xcoded<256:0>
shall be constructed as follows:

a2) rx_xcoded<0>=0.

b2) rx xcoded<j+ 1>=1 forj=0 to 3.

c2) Letrx_payloads<(64j + 63):64> =rx_coded j<65:2> forj =0 to 3.

d2) Omit the second nibble (based on transmission order) of rx_coded @ per the following expressions.
rx_xcoded<8:5> = rx_payloads<3:0>
rx_xcoded<256:9> = rx_payloads<255:8>

Finally, scramble the first 5 bits, based on transmission order, of rx_ xcoded<256:0> to yield
rx_scrambled<256:0> as follows:

a3) Set rx_scrambled<4:0> to the result of the<bit-wise exclusive-OR of rx xcoded<4:0> and
rx_xcoded<12:8>.
b3) Setrx_scrambled<256:5> to rx_xcoded<256:5>.

For each 257-bit block, bit 0 shall be the firstbit transmitted.
152.5.3.6 Alignment marker mapping and insertion

The alignment markers that were removed per 152.5.3.4 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 152.5.3.8 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 receive function in the RS-FEC sublayer above uses knowledge of this mapping to
determine the.FEC lane that is received on a given lane of the PMA service interface below the RS-FEC
sublayer, 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_rx_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_rxmapped<1284:0> in a manner that yields the
same result as the following process.

For x =0 to 19, amp rx x<63:0> is constructed as follows:

a) Sety=0whenx <3, sety= 16 when x > 16, otherwise set y = x.

b) amp_rx_x<23:0>is set to M, M, and M, as shown in Figure 829 (bits 25 to 2) using the values in
Table 82-2 for PCS lane number y.

¢) amp_rx x<31:24>=am_rx x<33:26>.
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d) amp_rx x<55:32>is set to My, Ms, and Mg as shown in Figure 82-9 (bits 57 to 34) using the values
in Table 82-2 for PCS lane number y.
e) amp_rx _x<63:56>=am rx x<65:58>.

This process replaces the fixed bytes of the alignment markers received, possibly with errors, with the values

flUlll Ta‘uic 8“7". Ill addiﬁuu lt ou‘ucﬁtutco tilU ﬁAUd ‘U_thD Uf tllc dliolllllcllt lllall\Ulb \uUllCDPUlldillé tU 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.

Construct a matrix of 4 rows and 320 columns, am_rxpayloads, as shown in Figure 152—4. Given\/'\=0 to 3,
j=0to4, and x =i + 4j, the matrix is derived per the following expression:

am_rxpayloads<i, (64j + 63):64/> =amp_rx_x<63:0>

Giveni=0to 3, k=0to 31, and y =i + 4k, am_rxmapped may then be derived fromjam rxpayloads per the
following expression:

am_rxmapped<(10y + 9):10y> = am_rxpayloads<i, (10k + 9):10k*

A 5-bit pad is appended to the mapped alignment markers to yield,the equivalent of five 257-bit blocks. The
pad bits, am_rxmapped<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 O6ther 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 functign 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 152—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 fieldscannot 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, that is following
Reed-Solomon decoding,and 256B/257B to 64B/66B transcoding.

One group of aligned-and reordered alignment markers are mapped every 20 x 16 384 66-bit blocks. This
corresponds to 4096 Reed-Solomon codewords (refer to 152.5.3.7). The mapped alignment markers,
am_txmapped<1284:0> shall be inserted as the first 1285 message bits to be transmitted from every 4096th
codeword-

The first 257-bit block inserted after am_rxmapped shall correspond to the four 66-bit blocks received on
PQSlanes 0, 1, 2, and 3 that immediately followed the alignment marker on each respective lane.
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FEC Reed-Solomon symbol index, k (10-bit symbols)
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3 0 amp_rx_3 e3lo amp_rx_7 eslo amp_rx_11 ealo amp_rx_15 e3lo amp_rx_19 63
I = 5-bit pad rx_scrambled

Figure 152-4—Alignment marker mapping to FEC lanes

152.5.3.7 Reed-Solomon encoder

The Reed-Solomon encoder implements the RS(544,514) FEC encoder described, in 91.5.2.7. Since the
encoder is used in the receive direction of transmission, the message symbols ¢conte from rs_scrambled and
rx_ammapped rather than tx_scrambled and tx_ammapped.

152.5.3.8 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
process is shown in Figure 152-5.

152.5.3.9 Receive bit ordering

The receive bit ordering is illustrated in Figure/15245.
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152.5.4 Detailed functions and state diagrams

Most functions and state diagrams are identical to those described in 91.5.4, with only the modifications to
variable naming that arise from reversing the Tx and Rx directions, and omission of EEE deep sleep
capability due to the fact that this sublayer only supports optical PHY types.

152.5.4.1 State diagram conventions

The body of this subclause is composed 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'‘cqunter or
integer variable indicates that its value is to be incremented.

152.5.4.2 State variables
152.5.4.2.1 Variables

all locked
A Boolean variable that is set to true when amps_lock<x> is trie/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 fun¢tion 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, mappédyto an FEC lane according to the process described in
152.5.3.6, consists of 48 known bits dnd 16 variable bits (the BIP3 or CDj field and its complement
BIP; or CD, see 82.2.7). The bits0f 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
alignment marker payload, the candidate block is considered a valid alignment marker payload.
Each FEC lane compatés the candidate block to the alignment marker payload for PCS lane 0.
amps_lock<x>
Boolean variablethat is set to true when the receiver has detected the location of the alignment
marker paylead-sequence for a given lane on the IFEC service interface, 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 lane of the FEC service interface. It is compared to the variable
first pcsl 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 152.5.2.3) 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
process is completed. Otherwise, this variable is set to false.

fec_alion status
t=3

A Boolean 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.
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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 152.5.3.6), and the FEC lanes are deskewed. Otherwise, this variable is set
to false.

be_CllablC_dUbl\U w
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 IFEC service interface
when amps_lock<x>=true. The FEC lane number is determined by the alignment tmarker
payloads in the 2nd, 3rd, or 4th positions of the sequence based on the mapping defined in
152.5.3.6. The 48 bits that are in the positions of the known bits in the received alignment marker
payload are 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 fane; then the FEC lane
number is assigned accordingly.

fec optional states
Boolean variable that is always set to true to indicate that the optional states in the FEC
synchronization state diagram in Figure 91-8 are implemented.

first_pcsl
A variable that holds the PCS lane number that corresponds o the first alignment marker payload
that is recognized on a given lane of the FEC service interface. It is compared to the PCS lane
number corresponding to the second alignment markes ‘payload that is tested.

reset
Boolean variable that controls the resetting of'the Inverse RS-FEC sublayer. It is true whenever a
reset is necessary including when reset is jnitfated from the MDIO, during power on.

restart lock
Boolean variable that is set by the FE€ 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 ito the LOSS OF ALIGNMENT state. It is also set to true when
5 Alignment Markers in a row‘fail to match (5_BAD state).

rx_align status
Boolean variable that s set by the alignment lock and deskew function (see 152.5.3.2).

signal ok
Boolean variablé that is set based on the most recently received value of
FEC:IS_SIGNAL.indication(SIGNAL_OK). It is true if the value was OK and false if the value
was FAILx

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 that is set to true when a candidate block position is available for testing and false
when the FIND ST 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.

152.5.4.2.2 Functions

The AMP_COMPARE and SLIP functions as defined in 91.5.4.2.2 are used by the Inverse RS-FEC
sublayer.
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152.5.4.2.3 Counters

amp_bad_count
Counts the number of consecutive alignment markers that don't match the expected values for a
given FEC lane.

alllp_bU UlltUl
This counter counts the 4096 FEC codewords that separate the ends of two consecutive normal
alignment marker payload sequences. An FEC codeword is 1360 bits per FEC lane.

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.

152.5.4.3 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-bitstream for a given
lane of the service interface.

The FEC shall implement the alignment process as shown in Figure 91-9.

152.6 Inverse 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 Inverse RS-FEC. If MDIO'is implemented, it shall map MDIO control
bits to Inverse RS-FEC control variables as shown in Table\152—1, and MDIO status bits to Inverse RS-FEC
status variables as shown in Table 152-2, and if a séparated PMA (see 45.2.1) is connected to the FEC
service interface it shall map additional MDIO statug bits to additional RS-FEC status variables as shown in
Table 152-3.

Table 152-1—MDIQ/Inverse RS-FEC control variable mapping

MDIO control variable PMA/PMD register name Register/bit IFEC variable
number
IFEC bypass correction erable | IFEC control 1.2200.0 IFEC bypass_correction_enable
IFEC bypass indication’enable | IFEC control 1.2200.1 IFEC bypass_indication_enable

The following subclauses define variables that are not otherwise defined, for example for use by state
diagrams;

152:6.1 IFEC_bypass_correction_enable
When this variable is set to one, the Reed-Solomon decoder performs error detection without error

correction (see 152.5.2.3). 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 45.2.1.186aa.2 (1.2200.0).
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Table 152-2—MDIO/Inverse RS-FEC status variable mapping

MDIO control variable PMA/PMD register name Register/bit FEC variable
number

HECbypasscotrectionrabtiity—HECstatus 1+226+6 HEECbypass—correction—ability

IFEC bypass indication ability | IFEC status 1.2201.1 IFEC bypass_indication_ability

IFEC high SER IFEC status 1.2201.2 hi_ser

IFEC AM lock x,x=0t0 3 IFEC status 1.2201.8:11 | amps_lock<x>

IFEC align status IFEC status 1.2201.14 IFEC align_status

IFEC corrected codewords IFEC corrected codewords 1.2202, IFEC corrected cw_¢qunter
counter 1.2203

IFEC uncorrected codewords IFEC uncorrected codewords | 1.2204, IFEC uncorreeted cw_counter
counter 1.2205

RS-FEC lane x mapping IFEC lane mapping 1.2206 IFEC~lane” mapping<x>

IFEC symbol errors, lane 0 to 3 | IFEC symbol error counter, 1.2210 to IFEE’ symbol_error_counter_i
lane 0 to 3 1.2217

Table 152-3—MDIO/Inverse RS-FEC status variable mapping for separated PMA

MDIO control variable PMA/PMD register name Register/bit FEC variable
number

PCS align status RS-FEC status 1.201.15 align status

BIP error counter, lane 0 to 19 RS-FEC BIP efror counter, 1.230 to BIP_error_counter i
lane 0 to 19 1.249

Lane x mapping RS-FEC PCS lane x mapping | 1.250 to lane_mapping<x>

1.269

Block lock x RS-FEC PCS alignment 1.280, 1.281 block lock<x>
status 1 and 2

Lane x aligned RS-FEC PCS alignment 1.282,1.283 | am_lock<x>
status 3 and 4

152.6.2 IFEC "bypass_indication_enable

This variable is set to one to bypass the error indication function (see 152.5.2.3) when this ability is
supperted. 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 (1.2200.0) is
set to one. The default value of this variable is zero. This variable is mapped to the bit defined in
45.2.1.186aa.1 (1.2200.1).

152.6.3 IFEC_bypass_correction_ability

The Reed-Solomon decoder may have the option to perform error detection without error correction (see
152.5.2.3) to reduce the delay contributed by the Inverse 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 supported. This variable is mapped to the bit defined in 45.2.1.186ab.9 (1.2201.0).
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152.6.4 IFEC_bypass_indication_ability

The Reed-Solomon decoder may have the option to bypass the error indication function (see 152.5.2.3) to
reduce the delay contributed by the Inverse RS-FEC sublayer. This variable is set to one to indicate that the
decoder has the ability to bypass the error indication function. The variable is set to zero if this ability is not

.Q /1.73701 1

VIR Bls ni M4 ol 1 4 h) h VR . 445231 10
DUPIJUL CUL TIIIS variaviv 15 ulappcu W Uit Uit ulIimeu 1nr=J.2. 1. 100U4dU. 0 \1. Ul. 1}.
152.6.5 hi_ser

This variable is defined when the FEC bypass indication ability variable is set to one. 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 152.5.2.3) and is set to zero otherwis¢:\This
variable is mapped to the bit defined in 45.2.1.186ab.7 (1.2201.2).

152.6.6 amps_lock<x>

These variables are assigned by the FEC synchronization state diagram shown, in” Figure 91-8 (see
152.5.4.3). They are mapped to the bits defined in 45.2.1.186ab (1.2201.8 to 1.2201. 11 for FEC lanes 0 to 3,
respectively).

152.6.7 IFEC_align_status

This variable is assigned by the FEC alignment state diagram shown'in Figure 91-9 (see 152.5.4.3). It is
mapped to the bit defined in 45.2.1.186ab.2 (1.2201.14).

152.6.8 IFEC_corrected_cw_counter
A corrected FEC codeword is a codeword that contained errors and was corrected.

The IFEC corrected cw_counter is a 32-bit Gounter that counts once for each corrected FEC codeword
processed when IFEC align_status is true. This variable is mapped to the registers defined in 45.2.1.186ac
(1.2202, 1.2203).

152.6.9 IFEC_uncorrected_cw_counter

An uncorrected FEC codewetd 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).

The IFEC uncortected cw_counter is a 32-bit counter that counts once for each uncorrected FEC codeword
processed when IFEC align_status is true. This variable is mapped to the registers defined in 45.2.1.186ad
(1.2204, F2205).

1526.10 IFEC_lane_mapping<x>

When the Inverse RS-FEC transmit function detects and locks to an alignment marker payload on the
service interface lane x, the FEC lane number corresponding to the detected alignment marker payload is
assigned to the variable [IFEC lane mapping<x>. These variables are mapped to the register defined in
45.2.1.186ae (1.22006).
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152.6.11 IFEC_symbol_error_counter_i

IFEC 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 IFEC _align_status is true. These variables are mapped to the registers defined
in45.2.1.186af and 45.2.1.186ag (1.2210 to 1.2217).

152.6.12 align_status

This variable is assigned the value of rx_align_status as defined by the PCS deskew state diagram shown in
Figure 82—14 (see 152.5.3.2). It is mapped to the bit defined in 45.2.1.111 (1.201.15).

152.6.13 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(RCS lane i as
calculated by the RS-FEC receive function (see 152.5.3.4). These variables are mapped, 'to the registers
defined in 45.2.1.117 and 45.2.1.118 (1.230 to 1.249).

152.6.14 lane_mapping<x>

When the RS-FEC transmit function detects and locks to an alignment markér 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/45.2.1.119 and 45.2.1.120 (1.250
to 1.269).

152.6.15 block_lock<x>

These variables are assigned by the block lock state diagram shown in Figure 82—12 (see 152.5.3.1). They
are mapped to the registers defined in 45.2.1.121 and 45:2.1.122 (1.280 and 1.281).

152.6.16 am_lock<x>

These variables are assigned by the alignment marker lock state diagram shown in Figure 82—13 (see
152.5.3.2). They are mapped to the registers defined in 45.2.1.123 and 45.2.1.124 (1.282 and 1.283).
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152.7 Protocol implementation conformance statement (PICS) proforma for
Clause 152, Inverse RS-FEC sublayer3

152.7.1 Introduction

The supplier of a protocol implementation that is claimed to coniorm to Clause 152, Inverse RS-FEC
sublayer, 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.

152.7.2 Identification

152.7.2.1 Implementation identification

Supplier1

Contact point for inquiries about the PICS!

Implementation Name(s) and Version(s)l’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 requiréments 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).

152.7.2.2 Protocol summary

Identification of protocol standard IEEE Std 802.3¢t-2021, Clause 152, Inverse RS-FEC
sublayer

Identification of amendments and corrigenda to this
PICS proforma that have been completed as part of
this PICS

Have any Exceptionjitems been required? No [ ] Yes [ ]
(See Clause 213the answer Yes means that the implementation does not conform to IEEE Std 802.3ct-2021.)

Date of Statement

3Copyright 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
DT Delay constaints 524 COnTorms 10 delay constraints ™ Yes T
specified in 152.4
*MD MDIO capability 152.6 Registers and interface (0] Yes [ ]
supported No[]
*BEC Bypass error correction 152.5.2.3 Capability is supported (0] Yes. ]
No.f]
*BEI Bypass error indication 152.5.2.3 Capability is supported (@) Yes [ ]
No[]
152.7.4 PICS proforma tables for Inverse RS-FEC sublayer
152.7.4.1 Transmit function
Item Feature Subclause Value/Comment Status | Support
TF1 Skew tolerance 152.5.2.1 Maximum'SKew of 49 ns M Yes [ ]
between FEC lanes and a
maximum Skew Variation of
400'ps
TF2 Lane reorder 152.5.2.2 Order the FEC lanes according M Yes [ ]
to the FEC lane number
TF3 Reed-Solomon decoder 152.52.3 RS(544,514) corrects any M Yes [ ]
combination of up to =15
symbol errors in a codeword
unless error correction bypassed
TF4 Reed-Solomon decoder 152.5.2.3 Capable of indicating when a M Yes [ ]
uncorrected codeword-détection codeword was not corrected
TF5 Error indication fungtion 152.5.2.3 Corrupts 66-bit block M Yes [ ]
synchronization headers for
uncorrected errored codewords
(or errored codewords when
correction is bypassed)
TF6 Ertor indication when error 152.5.2.3 Error indication is not bypassed BEL:M Yes [ ]
correction is bypassed N/AT]
TE7 Error monitoring while error 152.5.2.3 When the number of symbol BEI:M Yes [ ]
indication is bypassed errors in a block of 8192 N/AT]
codewords exceeds 6380,
corrupt 66-bit block
synchronization headers
TF8 Alignment marker removal 152.5.2.4 am_txmapped removed prior to M Yes [ ]
transcoding
TF9 256B/257B to 64B/66B 152.5.2.5 tx_coded_j<65:0>,j=0to 3 M Yes [ ]
transcoder constructed per 152.5.2.5
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Item

Feature

Subclause

Value/Comment

Status

Support

TF10

Block distribution

152.5.2.6

One 66-bit block at a time in a
round-robin fashion from the

lowest to the highest numbered
PCS lane

Yes [ ]

TF11

Alignment marker mapping

152.5.2.7

Map to am_tx_x, x=0to 19 per
152.5.2.7

Yes [ ]

TF12

Alignment marker insertion
point

152.5.2.7

Alignment markers immediately
followed by the 66-bit blocks
derived from the 256-bit blocks
immediately following
am_txmapped

Yes [ ]

152.7.4.2 Receive Function

Item

Feature

Subclause

Value/Comment

Status

Support

RF1

Skew tolerance

152.5.3.2

Maximum Skew of 49 ns
between PCS latesiand a
maximum Skéw,Variation of
400 ps

Yes [ ]

RF2

Lane reorder

152.5.3.3

Order(the PCS lanes according
tothe’PCS lane number

Yes [ ]

64B/66 to 256B/257B
transcoder

152.5.3.5

X" coded<256:0> constructed
per 152.5.3.5

Yes [ ]

257-bit block transmission order

1524685

First bit transmitted in bit 0

Yes [ ]

Alignment marker mapping

152.53.6

Map to am_rx-mapped<1284:0>
per 152.5.3.6

Yes [ ]

Pad value

152.5.3.6

Binary values 00101 and 11010
(the leftmost bit is assigned to
the highest bit index) in an
alternating pattern

Yes [ ]

Alignment marker insertion

152.5.3.6

First 1285 message bits to be
transmitted from every 4096th
codeword

Yes [ ]

RF8

Alignment marker insertion
point

152.5.3.6

First 257-bit block inserted after
am_rxmapped corresponds 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

Yes [ ]

Reed-Solomon encoder

152.5.3.7

RS(544,514)

Yes [ ]

KF10U

Symbol distribution

152.5.3.8

Distributed to 4 FEC lancs, one
10-bit symbol at a time in a
round-robin distribution from
the lowest to the highest
numbered FEC lane

M

Yes 1]
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152.7.4.3 State diagrams

Copyright © 2021 IEEE. All rights reserved.

Item Feature Subclause Value/Comment Status Support
SD1 SCIPTuncton 1525422 | Ensurcs that all possibie bIock ™ Yes T ]
positions are evaluated
SD2 Synchronization process 152.5.4.3 One instance per FEC lane per M Yes [ ]
Figure 91-8
SD3 Alignment process 152.5.4.3 Per Figure 91-9 M Yes{. ]
SD4 FEC synchronization 152.5.4.3 Check AMs after M Yes [ ]
enhancement synchronization is achieved
per Figure 91-8
80
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153. SC-FEC and 100GBASE-ZR Physical Medium Attachment (PMA)
sublayer for 100GBASE-ZR PHYs

153.1 Overview

153.1.1 Scope
This clause specifies a staircase FEC (SC-FEC) and PMA sublayer for I00GBASE-ZR PHYs.
153.1.2 Position of SC-FEC and 100GBASE-ZR PMA in the 100GBASE-R sublayers

Figure 153—1 shows the relationship of the SC-FEC and 100GBASE-ZR PMA to the ISO/IEC Open’System
Interconnection (OSI) reference model.

ETHERNET
LAYERS
|
osl HIGHER LAYERS
REFERENCE
MODEL ) LLC OR OTHER MAC GLIENT
LAYERS / MAC CONTROL (ORTIONAL)
APPLICATION / MAC
/ RECONGILIATION
PRESENTATION /
/7 COMI=—p
SESSION ;o
100GBASE-R PCS
TRANSPORT | / /
S SC-FEC
PHY
NETWORK / 100GBASE-ZR PMA
DATALINK |/ PMD
PHYSICAL MDI —»
__________ MEDIUM

100GBASE-ZR
CGMII = 100 Gb/s MEDIA INDERENDENT INTERFACE PHY = PHYSICAL LAYER DEVICE

LLC = LOGICAL LINK CONTROL PMA = PHYSICAL MEDIUM ATTACHMENT
MAC = MEDIA ACCESS GONTROL PMD = PHYSICAL MEDIUM DEPENDENT
MDI = MEDIUM DEPENDENT INTERFACE SC-FEC = STAIRCASE FORWARD ERROR
PCS = PHYSICAL CODING SUBLAYER CORRECTION

Figure 153—1--SC-FEC and 100GBASE-ZR PMA relationship to the ISO/IEC Open Systems
Interconnection (OSI) reference model and the IEEE 802.3 Ethernet model

153.2'SC-FEC sublayer
153.2.1 FEC service interface

This subclause specifies the services provided by the SC-FEC sublayer.

The FEC service interface 1s provided to allow the PCS, Inverse RS-FEC, or PMA to transfer information to
and from the SC-FEC. The service interface is described in an abstract manner and does not imply any
particular implementation. The FEC service interface is an instance of the inter-sublayer service interface
defined in 80.3. The service interface primitives are summarized as follows:

81
Copyright © 2021 IEEE. All rights reserved.


https://iecnorm.com/api/?name=3ea546e3f7644e132955270ef56ea612

ISO/IEC/IEEE 8802-3:2021/Amd.13:2022(E)

IEEE Std 802.3ct-2021
IEEE Standard for Ethernet—Amendment 13:
Physical Layers and Management Parameters for 100 Gb/s Operation over DWDM Systems

FEC:IS_UNITDATA i.request
FEC:IS_UNITDATA _i.indication
FEC:IS_SIGNAL.indication

The FEC:IS_UNITDATA i primitives are defined for i =0 to 19. The PCS, Inverse RS-FEC, or PMA

bUlltilluUuD}y DClldD "\G P(llalicl ‘Uit otlcaum tU tilU SC'FEC DU‘UICL_)’CI, Uab}l Clt a llUlllilla} Disuahus 1atc Uf
5.15625 GBd. The SC-FEC sublayer continuously sends 20 parallel bit streams to the PCS, Inverse
RS-FEC, 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
indicated by fec_align status equal to TRUE. The 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.

The PCS or Inverse RS-FEC may be connected to the SC-FEC using an optional instantiation of the PMA
service interface (see Annex 83A, Annex 83B, Annex 83D, and Annex 83E) in ‘which case a PMA (see
Clause 83) or Inverse FEC (see Clause 152) is a client of the FEC service interface:

153.2.2 Delay constraints

The maximum delay contributed by the SC-FEC sublayer (sum of transmit and receive delays at one end of
the link) shall be no more than 1 827 840 bit times (3570 pause<quanta or 18 278.4 ns). A description of
overall system delay constraints and the definitions for bit time$'and pause quanta can be found in 80.4 and
its references.
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153.2.3 Functions within the SC-FEC sublayer
153.2.3.1 Functional block diagram

A functional block diagram of the SC-FEC sublayer is shown in Figure 153-2.

FEC:IS_SIGNAL.indication

FEC:IS_UNITDATA_O.request to FEC:IS_UNITDATA_O.indication to
FEC:IS_UNITDATA_19.request FEC:IS_UNITDATA_19.indication
| | |
Lane block _ BI_ock_
synchronization distribution
Alignment lock Block
and deskew alignment
| 1

Lane reorder GMP demappéer

' i

SC-FEC
GMP mapper decoder
SC-FEC Descrambler
encoder
Scrambler Lane reorder
A
v
gi l_'abnet' Lane lock
istribution d desk
and desxew SC-FEC sublayer
| T
PMA:IS_UNITDATA. O.request to PMA:IS_UNITDATA_O.indication to
PMA:IS_UNITDATA 19.request PMA:IS_UNITDATA_19.indication

PMA:IS_SIGNAL.indication

PMA sublayer

Figure 153-2—SC-FEC functional block diagram

153.2.3.2 Transmit function

153.2.3.2.1 Lane block synchronization

The SC-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
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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—12.

153.2.3.2.2 Alignment lock and deskew

Cllbc ﬂlU SC'FEC tlallblllit fullbti\)ll abllic \AZ) ‘UIU\ul\ lubi\ Ul a PCS iauc, it tllcll bcéillb U‘Utaillillé aﬂsuulcut
marker lock as specified by the alignment marker lock state diagram shown in Figure 82—13. 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
diagram shown in Figure 82—14. The SC-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 §0,5.

153.2.3.2.3 Lane reorder

PCS lanes can be received on different lanes of the service interface from which they,'were originally
transmitted due to Skew between lanes and multiplexing by the PMA. The SC-FEC transmit function shall
order the PCS lanes according to the PCS lane number. The result of this process is alogically serial stream
of 66B block encoded information, including alignment markers, at a nominal signaling rate of
103.125 Gb/s.

153.2.3.2.4 GMP mapper

The generic mapping procedure (GMP) mapper inserts the serialiZed)and deskewed stream of 66B blocks
into an SC-FEC frame. The frame is similar to the OTU4 framespecified in ITU-T G.709 with the insertion
of an SC-FEC parity specified in ITU-T G.709.2 Annex A. The‘frame consists of 16 320 octets, which for
the purpose of description are illustrated as a four row, 4080 column structure with a logical transmission
order left to right, top to bottom. This frame is illustrated.in Figure 153-3.

Column j 8 Q 2
Rowi o oo ro o o R S
0 FAS |2
=
1 I Ei
O ® SC-FEC
Unallocated | Payload o arit
2 = o) parity
o [
3

Figure 153-3—SC-FEC frame

The majority of {the frame is scrambled prior to transmission (see 153.2.3.2.6). The information in the
SC-FEC frame includes the following, described before scrambling:

1) Theframe alignment signal (FAS) is similar in concept to the codeword marker described in
Clause 108, being a fixed bit pattern occurring in the data stream at regular intervals allowing the
receiver to locate and distinguish various elements in the transmitted data stream such as the payload
and the FEC parity. The FAS is the following fixed bit pattern, transmitted left to right:
111101101111 0110 1111 0110 0010 1000 0010 1000 0010 1000

2)  The multi-frame alignment signal (MFAS) is a field that counts from 0 to 255, encoded with the
most significant bit transmitted first. This is used for aligning SC-FEC base blocks with the SC-FEC

L~ frame-andsynchronizingthe-SC-EEC-error-decorrelator:
3) The unallocated portion of the frame corresponds to octet positions that are used for OTN path and
section overhead in ITU-T G.709.2. These byte positions are not used for |I00GBASE-ZR. They are
transmitted with the value zero and are ignored on receipt.
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4)  The GMP mapping overhead (GMP OH) is encoded in the eight octets from columns 14 and 15 of
each of the four rows of the SC-FEC frame.

5) The 100GBASE-R PCS payload is GMP mapped in the area of the SC-FEC frame in the octets in
columns 16 through 3815 in each of the four rows as shown in Figure 153-3.

6) The octets in the fixed stuff area of the frame are transmitted with the value zero and are ignored on

receipt.

7) The SC-FEC parity area of the frame is allocated for FEC parity to be inserted as described in
153.2.3.2.5.

GMP is a generic mechanism that uses a sigma/delta distribution algorithm to accommodate an arbitsary
signaling rate difference between a payload and the space in which it is carried. The principles of the{GMP
mapper are described in ITU-T G.709 (06/2020) Annex D, with details of the encoding of\the- GMP
overhead in ITU-T G.709 Clause 19.4.3.2.

The payload area of the SC-FEC frame is divided into 190 GMP words of 80 octets eachs Each 80-octet
GMP word is either filled with data (the logically serialized 66B encoded stream produced according to
153.2.3.2.3) or stuff, which is transmitted as zero prior to scrambling and ignored envreceipt.

The 66B encoded data is a logically serial stream at a rate of 103.125 Gb/s #,100 ppm. The payload area of
the SC-FEC frame has a capacity of (255/227) x (3800/4080) x 99.5328Gb/s + 20 ppm (~104.1367 Gb/s).
The clocks for the PCS and the SC-FEC frame are independent. This results in an average number of
80-octet GMP words filled per SC-FEC frame between ~188.1315 and ~188.1766. Since the number of
GMP words filled in a frame is always an integer, a given SC-EE€ frame will have either 188 or 189 filled
GMP words. While the GMP mechanism is generic, the particular clock rates and tolerances for this
application result in a small number of cases, allowing thé€_positions of data and stuff to be pre-computed.
For either 188 or 189 GMP words filled in the SC-FEC¢rame, the GMP word consisting of the octets from
column 16 to column 95 of row 0 will always be stuff (filled with zero rather than 66B encoded data prior to
scrambling). In the case of 188 GMP words filled\in the SC-FEC frame, the GMP word consisting of the
octets from column 16 to column 95 of row 2 will also be stuff. Given the range of clock rate differences that
may exist between the 66B encoded data and the SC-FEC frame payload capacity, there will tend to be
between 4 and 7 frames with 188 filled GMP'words between every frame with 189 filled GMP words. There
is not a circumstance where there would’be two consecutive frames containing 189 filled GMP words.

The GMP overhead is illustrated.in Figure 153—4.

Column
14 15
Row 76 5 4 3 2 1 0|7 6 5 4 3 2 1 0
0 0|0 | O |D9|D8|D7|D6|D5|C13|C12[C11|C10/C9|C8|C7 |C6
1 0|0 |0 |D4|D3|D2|(D1|DO|C5|C4|C3|C2|C1|CO| Il |DI
2 0|00 CRC-5 CRC-8
3 0x00 0x00

Figure 153-4—GMP overhead encoding

The information in rows 0 and 1 of column 15 indicates how many (188 or 189) GMP words are filled in the
next SC-FEC frame. While GMP is a generic mechanism, the particular use on this interface leaves only a

small number of ways to fill in this information. Since the number of GMP words to be filled in a frame 1s
normally expected to vary within a small range, special coding is used to indicate when the number of filled
GMP words is the same, one greater, or one fewer than in the previous frame. The following cases exist for
this interface:
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The number of GMP words to be filled in the next SC-FEC frame is the same as the number of GMP
words filled in this frame. This can only occur in the case of 188 filled GMP words, as the ratio of the
two clock rates does not provide a case where two consecutive frames will contain 189 filled GMP
words. The number 188 is encoded in bits CO through C13, with CO being the least significant bit and
C13 being the most significant bit. The increment indicator (II bit) and decrement indicator (DI bit)

e
dICU SVl WU ZUTU.

The number of GMP words to be filled in the next SC-FEC frame is one greater than the number of
GMP words filled in this SC-FEC frame. This will only occur in the case where the number of GMP
words filled in this SC-FEC frame is 188 and the number of GMP words to be filled in the next
SC-FEC frame is 189. This is signaled by inverting all of the odd-numbered C bits (C13, C11, C9
C7, C5, C3, and C1) from the value in the previous frame, setting the increment indicator (II bif))to
one, and setting the decrement indicator (DI bit) to zero.

The number of GMP words to be filled in the next SC-FEC frame is one fewer than the.number of
GMP words filled in this SC-FEC frame. This will only occur in the case where the number of GMP
words filled in this SC-FEC frame is 189 and the number of GMP words to be‘filled in the next
SC-FEC frame is 188. This is signaled by inverting all of the even-numbered C bits (C12, C10, C8,
C6, C4, C2, C0) from the numeric value of GMP words filled in the previous.frame (189), setting the
decrement indicator (DI bit) to one, and setting the increment indicator (Il bit) to zero.

The bit values for these three cases are shown in Table 153—1.

Table 153-1—Encoding of GMP words in hext SC-FEC frame

This
frame

Next

frame Cl13|C12|C11 |C10| C9 | C8 | CT K\€ |  C5 | C4 | C3 | C2|C1 | CO I DI

188

188 0 0 0 0 0 0 1 0 1 1 1 1 0 0 0 0

189 1 0 1 0 1 0 0 0 0 1 0 1 1 0 1 0

189

188 0 1 0 1 0 1 1 1 1 0 1 0 0 0 0 1

While there is an 8-bit Hamming distance between valid values that can go in rows 0 and 1 of column 15,
this information is also protectéd;by a CRC-8 inserted into row 2 of column 15. The generator polynomial
for this CRC-8 is x3 + x> + x> 1, and is calculated as follows:

The octets from rows 0 and 1 of column 15 are taken in network octet order, most significant/first
transmitted bit first, to form a 16-bit pattern representing the coefficients of a polynomial M(x) of
degree 15¢

M(x) is* multiplied by x® and divided (modulo 2) by the generating polynomial, producing a
remainder R(x) of degree 7 or less.

The’coefficients of R(x) are considered to be an 8-bit sequence, where x is the most significant bit.

This 8-bit sequence is the CRC-8 where the first bit of the CRC-8 to be transmitted is the coefficient
of x’ and the last bit transmitted is the coefficient of x°.

To reduce the mapping jitter, extra timing information is provided to allow the Tx to inform the Rx how
many octets of 66B encoded PCS data are received in each SC-FEC frame period. This can be understood as

the number of extra octets (or pnr‘rinnc of octets) that are held in the Tx buffer whaose fill level varies with

the clock offset of the incoming 66B blocks and depending on whether 188 or 189 GMP words are filled in
a given SC-FEC frame. As an example, consider a case where both the PCS and SC-FEC clocks are running
at approximately nominal rate, and an average of 15 052 octets of 66B encoded PCS data are to be
transmitted in each SC-FEC frame period. This is 12 octets more than 188 filled GMP words of 80 octets.
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Assume in the first frame period, where 188 GMP words are filled, that there are 15 excess octets in the Tx
buffer, fewer than required to fill 189 GMP words. 188 x 80 octets of 66B encoded data are transmitted, and
in the next SC-FEC frame period the Tx buffer fill has grown to 27 excess octets. The Tx buffer fill grows
by 12 octets each frame period when 188 GMP words are filled, so grows from 39 to 51 to 63 to 75 octets.
Then, in the seventh SC-FEC frame, there are sufficient extra octets in the Tx buffer to fill 189 x 80 octets in
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octets.

This extra timing information, essentially the number of excess octets in the Tx buffer, is signaled from the
Tx to the Rx in rows 0 and 1 of column 14 of the SC-FEC frame. This is signaled as a 10-bit value in bits DQ
through D9, with DO being the least significant bit. This field may take values from 0 to 80 to reflect’the
number of excess full or partial octets in the Tx buffer. This information allows the Rx to know how niany
octets to distribute from its buffer in each SC-FEC frame period, and hence allows maintaining, ohé-octet
timing granularity even though the mapping granularity into the SC-FEC frame is 80 octet groups:

The bits DO through D9 are protected by a CRC-5, which is calculated using a genesdtor’ polynomial of
x> +x + 1. This is calculated by the following steps:
— The bits D9 through DO are taken in transmission order, most significantybit first, to form a 10-bit
pattern representing the coefficients of a polynomial M(x) of degree 9.
—  M(x) is multiplied by x> and divided (modulo 2) by the generator polynomial, producing a remainder
R(x) of degree 4 or less.

— The coefficients of R(x) are considered to be a 5-bit sequenc€, where x* is the most significant bit.

— This 5-bit sequence is the CRC-5 where the first bit of the'\CRC-5 to be transmitted is the coefficient
of x* and the last bit transmitted is the coefficient of x”.

The third row of the GMP overhead is transmitted as zero and ignored on receipt.
153.2.3.2.5 SC-FEC encoder

The SC-FEC parity is calculated and inserted into the octets in columns 3824 through 4079 of each row of
the FEC frame shown in Figure 153-3. The SC-FEC code is a blockwise recursively encoded 512 x 510
staircase code, sandwiched between.a~30 592 + 2048 bit-wide optimized error decorrelator interleaver and
error correlator de-interleaver. Computation of the FEC parity is described in ITU-T G.709.2 Annex A. The
512 x 510 code block distributessover two of the FEC frames shown in Figure 153-3.

153.2.3.2.6 Scrambler;

The operation of the.sc¢rambler shall be functionally identical to a frame synchronous scrambler of length
65 535 operating_Jat the bit-rate of the SC-FEC frame. The generating polynomial shall be
1 +x+x> +x.2+ x'%. The scrambler shall be reset to 0XFFFF at the first transmitted bit of the MFAS octet.
The FAS~ectets are not scrambled. Figure 153—5 provides a functional block diagram of the frame
synchrongus scrambler.
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Figure 153-5—Frame synchronous scrambler

153.2.3.2.7 Lane distribution

The octets of the FEC frame are distributed to 20 FEC lanes as follows: The 6th octetof the FAS is replaced
by a lane counter that increments from 0 to 239 on successive frames, with the most significant bit of the
counter transmitted first. The lane counter 0 position shall be aligned with MEAS'= 0 position every 3840
(the least common multiple of 240 and 256) frame periods. The counter_resets to 0 on the first frame
following the frame where the counter reaches the value 239.

Starting from the beginning of a FEC frame where the lane counter modulo 20 equals zero, the FEC frame is
distributed to 20 FEC lanes 16 octets at a time in a round-robin mantier as illustrated in Figure 153—6.

|21S‘16 octets| 15t 16 octets ‘ FEC lane 0

Round-robin
distribution
| 22" 16 octets | 2" 16 octets ‘ FEC lane 1
16 octets 16 octets 16 octets 23 16 octets | 3 16 octets ‘ FEC lane 2
O
O
O

40" 16 octets | 20t 16 octets ‘ FEC lane 19

Figure 153-6—Lane distribution

51 groups of 16 gctets are distributed from the FEC frame (consisting of 4080 x 4 octets) to each of the 20
FEC lanes.

At each.KEC frame boundary, the assignment of 16-octet groups to FEC lanes is rotated, such that for each
FEC, frame where the lane counter modulo 20 equals 1, the first 16 octets of the FEC frame is distributed to
FE€-lane 1, the second 16 octets of the FEC frame is distributed to FEC lane 2, and so forth, with the 20th
16 octets of the FEC frame distributed to FEC lane 0. This pattern continues, with the final rotation
occurring where the lane counter modulo 20 equals 19, where the first 16 octets of the FEC frame is
distributed to FEC lane 19.

NOTE—This distribution to FEC lanes follows the distribution method of OTU4 to parallel lanes described in

ITU-T G.709 Annex C.
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153.2.3.3 Receive function
153.2.3.3.1 Lane lock and deskew

The SC-FEC receive function forms 20 bit streams by concatenating the bits from each of the 20
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specified by the SC-FEC synchronization state diagram shown in Figure 153—7. After frame alignment lock
is achieved on all 20 lanes, all inter-lane Skew is removed as specified by the SC-FEC deskew state diagram
shown in Figure 153—8. The FEC receive function shall support a maximum Skew of 180 ns between FEC
lanes and a maximum Skew Variation of 4 ns.

NOTE—An alternative method for frame alignment of OTU4 distributed to parallel lanes described in ITU-T &:709
Annex C is described in ITU-T G.798 [B48]. Equipment using this alternative method of frame alignment can
interconnect with equipment implementing the SC-FEC synchronization state diagram shown in Figure 1$3-7, with
each end of the link identifying and deskewing lanes according to its own method. The methods should not be combined
at the same end of the link: in particular, if the ITU-T G.798 [B48] process is used, SIGNAL OK=FALSE®$hould not be
indicated when in the out-of-frame (OOF) or out-of-recovery (OOR) states.

153.2.3.3.2 Lane reorder

Transmit FEC lanes can be received on different lanes of the service interface from which they were
originally transmitted due to Skew between lanes and multiplexing by the’/PMA. The receive SC-FEC shall
order the received FEC lanes according to the FEC lane number, which(s the 6th octet of the FAS (inserted
as per 153.2.3.2.7) modulo 20. As the reordered lanes are interleaved ‘in the original order, the FEC lane
number is replaced by the original final octet of the FAS, which has‘a“value of 0010 1000.

153.2.3.3.3 De-scrambler

The de-scrambler reverses the effects of the scrambler described in 153.2.3.2.6. Since the scrambler is frame
synchronous, this is accomplished by XORing eaclibit after the FAS, which is not scrambled, with the same
sequence resulting from the generating polynomialused by the scrambler.

153.2.3.3.4 SC-FEC decoder

Errors are corrected by applying thesprocess described in ITU-T G.709.2 Annex A. This operates by passing
the received information and paritysbits through an error decorrelator interleaver process, a parity compute,
compare, and error correctiofi\process, and an error decorrelator deinterleaver process. The FEC parity is
removed from the frame shown in Figure 153-3 after error correction.

The SC-FEC decoderrindicates errors to the PCS sublayer by replacing all 66-bit blocks (extracted from the
SC-FEC frame using'the process described in 153.2.3.3.5) that are fully or partially contained within an
uncorrected codeword (including uncorrectable codewords, or potentially mis-corrected or not fully
corrected cedewords) with error control blocks. An error control block has control block type 0x1E and
carries eight /E/ control characters. The marking includes a 66-bit block that begins in the SC-FEC
codeword preceding the uncorrected SC-FEC codeword and ending in the uncorrected codeword, and a
66sbit block that begins in the uncorrected codeword and ends in the next codeword. The probability that the
SC-FEC decoder fails to replace 66-bit blocks in an uncorrectable codeword is expected to be less than 107,

153.2.3.3.5 GMP demapper
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to the process described in 153.2.3.2.4 from the SC-FEC frame.

The principles of the GMP demapper are described in ITU-T G.709 Annex D, with details of the encoding
of the GMP overhead in ITU-T G.709 Clause 19.4.3.2.
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The GMP demapper extracts 188 or 189 groups of 80 octets of 66B encoded data from each SC-FEC frame
(frame n), controlled by the GMP overhead (see Table 153—1) in the previous SC-FEC frame (frame n — 1).
If a C13:CO value other than 188 or 189, or DI=1 and II=1 is received, the GMP demapper behavior is
undefined. The number of 80-octet groups demapped from SC-FEC frame #, together with the change in
value of the extra timing information (see 153.2.3.2.4) in between SC-FEC frames n — 1 and n — 2 are used
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SC-FEC frame period.
153.2.3.3.6 Block alignment

Block lock is obtained on the bit sequence extracted by the GMP demapper using the block lock state
diagram shown in Figure 82—12.

153.2.3.3.7 Block distribution

Once block alignment has been achieved per 153.2.3.3.6, 66B blocks are distributed round robin to the lanes
of the service interface as described in 82.2.6.

153.2.4 Detailed functions and state diagrams

The body of this subclause includes state diagrams, including the assggiated 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 incrementeds

153.2.4.1 State variables
153.2.4.1.1 Variables

all_locked
A Boolean variable that is set40 TRUE when fas lock<x> is TRUE for all x and is set to FALSE
when fas_lock<x> is FALSE for any x.

current_fecl
A variable that holds'the FEC lane identification octet corresponding to the current FAS that is
recognized on a (given lane of the PMA service interface. The value of this variable modulo 20
represents th¢ . FEC lane number. It is compared to the expected value based on the variable
prev_fecl\tereonfirm that the location of the FAS has been detected. This value is interpreted with
the most.significant bit transmitted first.

fas_counter,_done
Beouolean variable that indicates that fas_counter has reached its terminal count.

fas_match
Boolean variable that holds the output of the function FAS COMPARE.

fas valid
Boolean variable that is set to TRUE if the received 6-octet sequence is a valid FAS. The FAS
consists of five known octets and one variable octet. The sequence is considered to be valid if at
least four of the first five octets match the known bits of the pattern described in 153.2.3.2.4, and
the 6th octet represents a numerical value in the range 0 to 239 with the most-significant bit

transmitted first.

fas lock<x>
Boolean variable that is set to TRUE when the receiver has detected the location of the FAS for a
given lane on the PMA service interface, where x = 0:19.
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fec align_status
A Boolean 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
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aligned when fas lock<x> is TRUE for all x, each FEC lane has a unique lane number, and the
FEC lanes are deskewed. Otherwise, this variable is set to FALSE.

fec_enable deskew
A Boolean variable that indicates the enabling and disabling of the deskew process. Data may be
discarded whenever deskew is enabled. TRUE when deskew is enabled. FALSE when deskew is
disabled.

fec lane
A variable that holds the FEC lane number (0 to 19) received on lane x of the(PMA service
interface when fas_lock<x>= TRUE. The FEC lane number is determined by the\6th octet of the
FAS, interpreted with the most significant bit transmitted first, modulo 20. It is ‘set to current_fecl
modulo 20 when the expected FAS is found in the expected location in~assecond consecutive
SC-FEC frame.

FEC lane mapping<x>
This variable indicates which FEC lane is received on lane x of the PMA service interface when
fas lock<x>= TRUE, where x = 0:19.

prev_fecl
A variable that holds the value of the lane identification (octet (or the expected value of the lane
identification octet) from the previous SC_FEC frame{ The value is interpreted with the most
significant bit transmitted first. The lane represented 1§ this value modulo 20. It is used to calculate
the expected value of the lane identification octetifbthe next SC-FEC frame period that is tested.

reset
Boolean variable that controls the resetting of'the SC-FEC sublayer. It is TRUE whenever a reset is
necessary including when reset is initiated from the MDIO and during power on.

restart_lock
Boolean variable that is set by the.KEC alignment process to reset the synchronization process on
all FEC lanes. It is set to TRUE when 15 FASs in a row fail to match (15_BAD state).

rx_align_status
Boolean variable that is set by the lane lock and deskew function (see 153.2.3.3.1).

signal ok
Boolean variable-\'that is set based on the most recently received value of
PMA:IS_SIGNADindication (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 FAS position can be tested.

test fas
Boolean variable that is set to TRUE when a candidate FAS position is available for testing and
FALSE when the FIND 1ST state is entered.

153.2.4.2 Functions

FAS COMPARE
This function compares the FAS with its expected value to determine if a valid frame alignment

sequence has been detected and returns the result of the comparison using the variable fas match.
FAS COMPARE is TRUE if fas _valid is TRUE, and current fecl (interpreted with the most
significant bit transmitted first) is equal to the prev_fecl plus 20 modulo 240. Otherwise,
fas_match is FALSE.
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SLIP
Causes the next candidate FAS position to be tested. The precise method for determining the next
candidate FAS position is not specified and is implementation dependent. An implementation shall
ensure that the FAS pattern can be detected in any possible position.

fas_bad count
Counts the number of consecutive FASs that don’t match the expected value for a given FEC lane,
fas_counter
Counts the 16 320 octets between the starting position of one FAS and the expected starting
position of the next FAS on a FEC lane. This counter starts with a value of zero{‘when
start fas_counter is asserted (at the position of the first octet of a matched FAS pattern\on a FEC
lane), is incremented for each octet on that FEC lane, and reaches a terminal value of 16320 at the
expected position of the next FAS pattern on that FEC lane.

153.2.4.4 State diagrams
The SC-FEC shall implement 20 synchronization processes as shown in FigureZ1-33—7. The synchronization
process operates independently on each lane. The SC-FEC sublayer uses this process to detect the location

of the frame alignment sequence in the received bit stream on each lane ofthe PMA service interface.

The SC-FEC shall implement the deskew process as shown in Figute 153-8.
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start fas_counter

fas_counter_done *
Ifas_valid fas_counter_done *
= fas_valid

COMP_2ND
FAS_COMPARE

Ifas~match fas_match

4 4
SkIP, 2_GOOD

SLIP fas_lock<x> < TRUE
fec_lane < current_fecl
mod 20
FEC_lane_mapping<x>

< fec_lane
slip_done
UCT

A

Figure 153-7—SC-FEC synchronization state diagram
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reset + lall_locked

' .

LOSS_OF_ALIGNMENT

Ifec_alignment_valid fec_align_status < FALSE
fec_enable_deskew < TRUE

fec_alignment_valid

A
ALIGN_ACQUIRED

fec_align_status < TRUE fec_gtigryment_valid

fec_enable_deskew < FALSE

Ifec_alignment_valid

Figure 153-8—SC-FEC deskew state diagram

153.2.5 SC-FEC MDIO function mapping

The optional MDIO capability described in Clause 45 defihes several registers that provide control and
status information for and about the SC-FEC. If MDIQ is.implemented, it shall map MDIO status bits to
SC-FEC status variables as shown in Table 153-2.

153.2.5.1 FEC_corrected_cw_counter

A corrected FEC codeword is a codeword:that contained errors and was corrected.

The 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 45.2.1.186al
(1.2276, 1.2277).

153.2.5.2 FEC_uncorrected_cw_counter

An uncorrected FEC codeword is a codeword that contains errors that were not corrected, including FEC
codewords that'may have been mis-corrected or not completely corrected.

The FECluncorrected 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 45.2.1.186am
(1.2278, 1.2279).

153.2.5.3 FEC_total_bits_counter

The FEC total bits_counter is a 64-bit counter that counts once for each bit processed by the SC-FEC

decoder. This varfablie s mapped to the Tegisters defimed 45271 186am( 1.2280; 1:2281, 12282, 1:22837:
This may used together with the FEC_corrected bits_counter (see 153.2.5.4) as a measure of pre-FEC BER.
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Table 153-2—MDIO/SC-FEC Status variable mapping

MDIO control variable PMA/PMD register name Register/bit FEC variable
number
SE-FECFASHockr=—0-to+9——SE-FECattgnment-status— +2246-76 fas—tock<x
and 2 registers 1.2247.11:0
SC-FEC align status SC-FEC alignment status 1 1.2246.12 fec align status
register
Lane x mapping, x =0 to 19 SC-FEC lane mapping, lane 1.2250 FEC_lane mapping<x>
X register through
1.2269
FEC corrected codewords SC-FEC corrected 1.2276, FEC_corrected_cw, Counter
codewords counter register 1.2277
FEC uncorrected codewords SC-FEC uncorrected 1.2278, FEC _uncortectéd cw_counter
codewords counter register 1.2279
FEC total bits SC-FEC total bits register 1.2280, FEC{otal _bits_counter
1.2281,
1.2282,
1.2283
FEC corrected bits SC-FEC corrected bits 1.2284; FEC_corrected_bits_counter
register 1.2285,
12286,
12287

153.2.5.4 FEC_corrected_bits_counter

The FEC corrected_bits_counter is a 64-bit cdunter that counts once for each bit corrected by the SC-FEC
decoder. This variable is mapped to the registers defined in 45.2.1.186a0 (1.2284, 1.2285, 1.2286, 1.2287).
This may be used together with the FEC_total bits_counter (see 153.2.5.3) to calculate pre-FEC BER.

153.3 100GBASE-ZR PMA sublayer
153.3.1 100GBASE-ZR PMA service interface

This subclause spegifies the services provided by the 100GBASE-ZR PMA sublayer. The 100GBASE-ZR
PMA service infesface is provided to allow the SC-FEC to transfer information to and from the
100GBASE-ZR PMD. The service interface is specified in an abstract manner and does not imply any
particular implementation. The service interface primitives are summarized as follows:

PMA:IS UNITDATA i.request
PMA:IS UNITDATA i.indication
PMA:IS SIGNAL.indication

The primitives are defined for i = 0 to 19. The SC-FEC continuously sends 20 parallel bit streams to the
100GBASE-ZR PMA sublayer, each at a nominal signaling rate of (255/227) x 4.97664 Gb/s + 20 ppm

=5-59049868 Gb/s)- Likewise tiie T00GBASE-ZR PMASubtayer comtinuousty sends 20 paratict bit streants
to the SC-FEC sublayer, each at a nominal signaling rate of (255/227) x 4.97664 Gb/s =20 ppm
(~5.59049868 Gb/s).
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153.3.2 Functions within the 100GBASE-ZR PMA sublayer
153.3.2.1 Functional block diagram

A functional diagram of the I00GBASE-ZR PMA sublayer is shown in Figure 153-9.

PMA:IS_SIGNAL.indication

PMA:IS_UNITDATA_O.request to PMA:IS_UNITDATA_O.indication to
PMA:IS_UNITDATA 19.request PMA:IS_UNITDATA_ 19.indication
Il +
20:4 lane 4:20 lane
interleave de-interleave
DQPSK DQPSK
encode decode
100GBASE-ZR PMA sublayer

PMD:IS_UNITDATA_1.request PMD:IS_UNITDATA \ltindication
PMD:IS_SIGNAL.indication

PMD:IS_UNITDATA_0.request to T PMD:IS_UNITDATA 0O\indication to

100GBASE-ZR PMD sublayer

Figure 153-9—100GBASE-ZR PMA functional block diagram

153.3.2.2 Transmit function
153.3.2.2.1 Lane interleave

The lane interleave function bit-multiplexes groups of five lanes of the PMA service interface to form four
logical bit streams operating at five times the service interface signaling rate. Each of the four bit streams
constructed in this \manner operates at a signaling rate of (255/227) x 24.8832 Gb/s + 20 ppm
(~27.9525 Gb/s). Theselection of which five lanes of the service interface is used to form each lane of the
four-lane interface-is arbitrary, but the combination of service interface lanes used to form each of the four
lanes, and théorder in which the bits are multiplexed from each of the input lanes, does not change while the
link is in"service. Each service interface lane is bit-multiplexed into exactly one lane of the four-lane
interface.

NOTE—This four-lane interface format is referred to in ITU-T G.709 and ITU-T G.709.2 as OTL4.4.
153.3.2.2.2 DQPSK encode

The differential quadrature phase shift keying (DQPSK) encode function takes information from pairs of

aa oo 1

encodes them as a two streams of DQPSK symbols, one stream formed from each lane pair. The selection of
the two lanes of the four-lane interface used to form each stream of DQPSK symbols is arbitrary, but does
not change while the link is in service. The signaling rate of each stream of DQPSK symbols is
(255/227) x 24.8832 GBd £ 20 ppm (~27.9525 GBd).
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With differential encoding, each DQPSK symbol can take one of four values 0 to 3. These four values are
associated with the values of the pair of bits from the two lanes of the four-lane interface used to form each
DQPSK symbol stream. The mapping of pairs of bits to DQPSK symbol values is given in Table 153-3.

Table 153-3—Bit mapping-to DQPSK symbol values

Lane Xitl;] alues DQPSK symbol value
00 0
10 1
11 2
01 3

153.3.2.3 Receive function
153.3.2.3.1 DQPSK decode

The 100GBASE-ZR PMA receives from the 100GBASE-ZR PMD-two streams of DQPSK symbols at a
signaling rate of (255/227) x 24.8832 GBd + 20 ppm (~27.9525 Gbd) The two streams of DQPSK symbols
are converted to a four-lane digital interface as follows:
1)  Each received DQPSK symbol is converted to a pair-0f bits as shown in Table 153-3.
2)  One bit of each DQPSK symbol (A, B) is sent on a different lane of the four-lane digital interface.
The assignment of each bit-position from the DQPSK symbols on the two DQPSK symbol streams
to lanes of the four-lane digital interface 45 arbitrary, but does not change while the link is in service.

NOTE—This four-lane interface format is referred tovin ITU-T G.709 and ITU-T G.709.2 as OTL4.4.
153.3.2.3.2 Lane de-interleave

Each lane of the four-lane digital signal produced by decoding of DQPSK symbols described in 153.3.2.3.1
is de-interleaved to five lanes:of the 100GBASE-ZR PMA service interface by distributing successive bits
round robin to each of the I00GBASE-ZR PMA service interface lanes. The assignment of bit positions on
each of the lanes of the four-lane interface to the service interface lanes is arbitrary, but does not change
while the link is in sepvice.
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153.4 Protocol implementation conformance statement (PICS) proforma for
Clause 153, SC-FEC and 100GBASE-ZR Physical Medium Attachment (PMA)
sublayer for 100GBASE-ZR PHYs?

153.4.1 Introduction

The supplier of a protocol implementation that is claimed to conform to Clause 153, SC-FEC and
100GBASE-ZR Physical Medium Attachment (PMA) sublayer for 100GBASE-ZR PHYs, 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.

153.4.2 Identification

153.4.2.1 Implementation identification

Supplier!

Contact point for inquiries about the PICS!

Implementation Name(s) and Version(s)l’3

Other information necessary for full identification—e.g.,
name(s) and version(s) for machines and/or operating
systems; System Name(s)

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).

153.4.2.2 Protocol summary

Identification of protocol standard IEEE Std 802.3¢t-2021, Clause 153, SC-FEC and
100GBASE-ZR Physical Medium Attachment (PMA)
sublayer for I00GBASE-ZR PHY's

Identification of ameéndments and corrigenda to this
PICS proforma thathave been completed as part of
this PICS

Have any Exception items been required? No [ ] Yes [ ]
(See Claiise 21; the answer Yes means that the implementation does not conform to IEEE Std 802.3ct-2021.)

Date of Statement

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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153.4.3 Major capabilities/options

Item Feature Subclause Value/Comment Status Support

DC Delay constraints 15372 Conforms 1o delay constraints ™ Yes T ]
specified in 153.2.2

*MD MDIO capability 153.2.5 Registers and interface (0] Yes [ ]
supported No ]

153.4.4 PICS proforma tables for SC-FEC sublayer for 100GBASE-ZR PHYs

153.4.4.1 Transmit function

Item Feature Subclause Value/Comment Status | Support

TF1 PCS lane Skew tolerance 153.2.3.2.2 Maximum Skew of 49 ns M Yes [ ]
between PCS lanes and'a
maximum Skew Variation of

400 ps

TF2 PCS lane reorder 153.2.3.2.3 Order the RCS Tanes according M Yes [ ]
to the PCS lane number

TF3 GMP mapper 153.2.3.2.4 Createthe SC-FEC frame and M Yes [ ]
GMP map the deskewed and

serialized PCS lanes into the
payload area of the frame

TF4 SC-FEC encoder 153.2.3.2.5 Compute and insert the SC-FEC M Yes [ ]
parity into the SC-FEC frame
TF5 Scrambler 153.2.3.2.6 Frame synchronous scrambler M Yes [ ]
TF6 Lane distribution 153.2.3.2.7 Distribute SC-FEC frame to M Yes [ ]
FEC lanes according to
153.2.3.2.7
99
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153.4.4.2 Receive function

IEEE Std 802.3ct-2021
IEEE Standard for Ethernet—Amendment 13:

Item Feature Subclause Value/Comment Status Support
RFT FECTanc Skew toterance 1532331 Vaximum SKkew ot 18U TS ™ YesT1
between FEC lanes and a
maximum Skew Variation of
4 ns
RF2 FEC lane reorder 153.2.3.3.2 Order the FEC lanes according M Yes [ ]
to the FEC lane number
RF3 De-scrambler 153.2.3.3.3 De-scramble according to M Yes [ ]
153.2.3.3.3
RF4 SC-FEC decoder 153.2.3.3.4 Correct errors by decoding M Yes [ ]
SC-FEC parity
RF5 GMP demapper 153.2.3.3.5 Extract 66B encoded block M Yes [ ]
stream from SC-FEC frame
RF6 Block Alignment 153.2.3.3.6 Distribute blocks as PCS lanes M Yes [ ]
to the FEC service interface
153.4.4.3 State diagrams
Item Feature Subclause Value/Comment Status Support
SD1 100GBASE-R block lock 153.2.3.2,1 Implements 20 block lock M Yes [ ]
processes as depicted in
Figure 82—12
SD2 The SLIP function evaluates 153:2.3.2.1 M Yes [ ]
all possible bit positions
SD3 100GBASE-R alignment 153.2.3.2.2 Implements 20 alignment M Yes [ ]
marker lock marker lock processes as
depicted in Figure 82—13
SD4 The AM_SLIP funetion 153.2.3.2.2 M Yes [ ]
evaluates all possible blocks
SD5 100GBASE-R PCS deskew 153.2.3.2.2 Meets the requirements of M Yes [ ]
state diagram Figure 82-14
SD6 SC-FEC synchronization 153.4.4.3 One instance per FEC lane per M Yes [ ]
state diagram Figure 153-7
SD7. FEC lane reorder 153.2.3.3.2 Order the FEC lanes according M Yes [ ]
to the FEC lane number
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154. Physical Medium Dependent (PMD) sublayer and medium, type
100GBASE-ZR

154.1 Overview

This clause specifies the 100GBASE-ZR PMD together with the associated medium, which is a single-mode
fiber-based dense wavelength division multiplexing (DWDM) channel that may contain one or more optical
amplifiers and is specified using a black link approach (see 154.6). The optical signal generated by this PMD
type is modulated using a dual polarization differential quadrature phase shift keying (DP-DQPSK) format
suitable for reception by a coherent optical receiver. When forming a complete Physical Layer, a PMD shall
be connected to the I00GBASE-ZR PMA as shown in Table 154—1, to the medium through the MPI*and
optionally with the management functions that may be accessible through the management interface’defined
in Clause 45, or equivalent.
Table 154-1—Physical Layer clauses associated with the 100GBASE*ZR PMD
Associated clause 100GBASE-ZR

81—RS Required

81—CGMII? Optional

82—PCS Required

83—100GBASE-R PMA Optional

91—RS-FEC Optional

83A—CAUI-10 C2C Optional

83B—CAUI-10 C2M Optional

83D—CAUI-4 C2C Optional

83E—CAUI-4 C2M Optional

152—Inverse RS-FEC Conditional®

153—SC-FEC Required

153—100GBASE-ZR PMA Required

135—100GBASE-P PMA Optional

135D—=100GAUI-4 C2C Optional

I135E—100GAUI-4 C2M Optional

135F—100GAUI-2 C2C Optional

135G—100GAUI-2 C2M Optional

78—Energy-Efficient Ethernet Optional

8The CGMII is an optional interface. However, if the CGMII is not implemented, a
conforming implementation must behave functionally as though the RS and CGMII were

PITSCIIL.

YClause 152 inverse RS-FEC mandatory when Clause 91 RS-FEC is present.
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Figure 1541 shows the relationship of the PMD and MDI (shown shaded) with other sublayers to the
ISO/IEC Open System Interconnection (OSI) reference model. 100 Gigabit Ethernet is introduced in
Clause 80 and the purpose of each PHY sublayer is summarized in 80.2.

ETHERNET
LAYERS
|
oSl HIGHER LAYERS
REFERENCE
MODEL ) LLC OR OTHER MAC CLIENT
LAYERS / MAC CONTROL (OPTIONAL)
APPLICATION / MAC
/ RECONCILIATION
PRESENTATION /
/7 COMIl —»
SESSION ;

100GBASE-R PCS

TRANSPORT /!

. SC-FEC

NETWORK / 100GBASEZR PMA| (T HY

DATALINK |/ " PMD |

PHYSICAL MDI —

__________ -MEDIUM
100GBASE-ZR

CGMIl = 100 Gb/s MEDIA INDEPENDENT INTERFACE PHY.=PHYSICAL LAYER DEVICE
LLC = LOGICAL LINK CONTROL PMASPHYSICAL MEDIUM ATTACHMENT
MAC = MEDIA ACCESS CONTROL BMD = PHYSICAL MEDIUM DEPENDENT
MDI = MEDIUM DEPENDENT INTERFACE SC-FEC = STAIRCASE FORWARD ERROR CORRECTION

PCS = PHYSICAL CODING SUBLAYER
ZR = PMD FOR DWDM CHANNEL OVER A DWDM BLACK

LINK

Figure 154-1—100GBASE-ZR PMD relationship to the ISO/IEC Open Systems
Interconnection (OSl) reference model and IEEE 802.3 Ethernet model

100GBASE-ZR PHYs with theé'optional Energy-Efficient Ethernet (EEE) fast wake capability may enter the
Low Power Idle (LPI) mode to conserve energy during periods of low link utilization (see Clause 78). The
deep sleep mode of EEE i$'not supported.

154.1.1 Bit error ratio

The bit errotratio (BER) when processed by the PMA (Clause 153) shall be less than 4.62 x 1073 provided
that the-error statistics are sufficiently random that this results in a frame loss ratio (see 1.4.275) of less than
6.2 %10°1° for 64-octet frames with minimum interpacket gap when additionally processed by the FEC
(€lause 153) and PCS (Clause 82).

If the error statistics are not sufficiently random to meet this requirement, then the BER shall be less than
that required to give a frame loss ratio of less than 6.2 x 10710 for 64-octet frames with minimum interpacket

gap.
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154.2 Physical Medium Dependent (PMD) service interface

This subclause specifies the services provided by the 100GBASE-ZR 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 between the PMA entity that resides just above the

PMD; i tie PMDentity— The PMDtrarmstatestheemncodeddatato—amd—fronr sigmats—suitabte—forthe
specified medium.

The 100GBASE-ZR PMD service interface is an instance of the inter-sublayer service interface defined in
116.3, with two symbol streams, one for each polarization. The service interface primitives are summarizéd
as follows:

PMD:IS UNITDATA i.request
PMD:IS UNITDATA i.indication
PMD:IS_SIGNAL.indication

The 100GBASE-ZR PMD has two parallel symbol streams, in which case i =0 to 1.

In the transmit direction, the PMA continuously sends two parallel DQPSK symbel'streams to the PMD, one
stream per polarization, each with symbol values O to 3 and at<a’,nominal signaling rate of
(255/227) x 24.8832 GBd (~27.9525 GBd), using the PMD:IS UNITDATA¢ i.request primitive. The PMD
then converts these streams of symbols into the appropriate signals on\the’MDI.

In the receive direction, the PMD continuously sends two parallel DQPSK symbol streams to the PMA,
corresponding to the signals received from the MDI, each* with symbol values 0 to 3, using the
PMD:IS UNITDATA i.indication primitive, at a nominal signaling rate of (255/227) x 24.8832 GBd
(~27.9525 GBd).

The SIGNAL OK parameter of the PMD:IS_SIGNAL.indication primitive corresponds to the variable
SIGNAL_DETECT parameter as defined in 154.5.4. The SIGNAL DETECT parameter takes a fixed value
of OK.

NOTE—SIGNAL DETECT = OK does not guarantee that the rx_symbol parameters are known to be good. It is

possible for a poor quality link to provide'sufticient light for a SIGNAL DETECT = OK indication and still not meet the
BER defined in 154.1.1.

154.3 Delay and Skew.
154.3.1 Delay constraints

The sum of the'transmit and receive delays at one end of the link contributed by the 100GBASE-ZR PMD
including 25m\of fiber in one direction shall be no more than 2048 bit times (4 pause quanta or 20.48 ns). A
descriptionof overall system delay constraints and the definitions for bit times and pause quanta can be
found 1n-80.4 and its references.

154.3.2 Skew constraints

The Skew (relative delay) between the FEC lanes must be kept within limits so that the information on the
FEC lanes can be reassembled by the FEC. The Skew Variation must also be limited to ensure that a given

FEC lane always traverses the same physical lane. Skew and SKew variation are defined in 80.5 and
specified at the points SPO to SP7 shown in Figure 80-8.

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.
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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 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.

154.4 PMD MDIO function mapping

The optional MDIO capability described in Clause 45 defines several variables that may proyide‘control and
status information for and about the PMD. If the MDIO interface is implemented, the mapping of MDIO
control variables to PMD control variables shall be as shown in Table 154-2 and the mapping of MDIO

status variables to PMD status variables shall be as shown in Table 154-3.

Table 154-2—MDIO/PMD control variable mapping

MDIO control variable PMA/PMD register name R(:lgui::;)ré?it PMD control variable
Reset PMA/PMD control 1 register 1.0.15 PMD _reset
Global PMD transmit disable | PMD transmit disable register 1.9.0 PMD _global transmit_disable
Tx optical channel index Tx pptical channel control 1.800.5:0 Tx_optical_channel index
register
Rx optical channel index Rx .optical channel control 1.820.5:0 Rx_optical_channel_index
register

Table 154-3—MDIO/PMD status variable mapping

MDIO status variable PMA/PMD register name Beglster/ PMD status variable
bit number

Fault PMA/PMD status 1 register 1.1.7 PMD _fault

Transmit fault PMA/PMD status 2 register 1.8.11 PMD transmit fault

Receive fault PMA/PMD status 2 register 1.8.10 PMD receive fault

Global .PMD receive signal PMD receive signal detect register 1.10.0 PMD _global signal detect

detect

Tx index ability 0 to Tx index | Tx optical channel ability 1 1.801 to Tx_index_ability 0 to

ability 47 register to Tx optical channel 1.803 Tx index_ability 47
ability 3 register

TxRxditferemtopticat Rxoptical chammet controt register 1820715 TxRx_diff opt_chamabitity

channel ability

Rx index ability 0 to Rx index | Rx optical channel ability 1 1.821 to Rx_index_ability 0 to

ability 47 register to Rx optical channel 1.823 Rx index ability 47
ability 3 register
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