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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 by the respective organization to deal with particular fields of technical

activity. ISO and IEC technical committees collaborate in fields of mutual interest. Othet
international organizations, governmental and non-governmental, in liaison with ISO and IEC, also
take part in the work. In the field of information technology, ISO and IEC have established.a joint
technical committee, ISO/IEC JTC 1.

The procedures used to develop this document and those intended for its further maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval, criteria needed
for the different types of ISO documents should be noted (see www.iso.org/directives).

IEEE Standards documents are developed within the IEEE Societies’ and the Standards
Coordinating Committees of the IEEE Standards Association (IEEE:SA) Standards Board. The
IEEE develops its standards through a consensus development proeess, 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 compensation. While the IEEE administets‘the process and establishes rules to
promote fairness in the consensus development progess, 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 of the elements of this document may be the
subject of patent rights. ISO and IEC shall not*be held responsible for identifying any or all
such patent rights. Details of any patent{rights identified during the development of the
document will be in the Introduction andyofr on the ISO list of patent declarations received (see
WWww.iso.org/patents).

Any trade name used in this document is information given for the convenience of users and does
not constitute an endorsement.

For an explanation of thevoluntary 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 Organization (WTO) principles in the Technical Barriers to Trade (TBT),
see www.iso.org/isoy/foreword.html.

ISO/IEC/IEEE-8802-3:2017/Amd.10 was prepared by the LAN/MAN of the IEEE Computer Society
(as IEEE/Std’' 802.3bs-2017) and drafted in accordance with its editorial rules. It was adopted,
under tthe” “fast-track procedure” defined in the Partner Standards Development Organization
cooperation agreement between ISO and IEEE, by Joint Technical Committee ISO/IEC]JTC 1,
Idformation technology, Subcommittee SC6, Telecommunications and information exchange between
systems.

Alistofall partsinthe ISOAEC/EEE 8802 seriescan-befound-onthe ISOwebsite

LI o4 \—ara~a- =4 vYv-EoOoTteT

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.
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Abstract: Clause 116 through Clause 124 and Annex 119A through Annex 120E are added by
this amendment to IEEE Std 802.3-2015. This amendment includes IEEE 802.3 Media Access
Control (MAC) parameters, Physical Layer specifications, and management parameters for the
transfer of IEEE 802.3 format frames at 200 Gb/s and 400 Gb/s.

200GBASE-LR4, 200GBASE-R, 200GMII, 200GXS, 400 Gb/s Ethernet, 400GAUI-8, 400GAUI-16,
400GBASE-DR4, 400GBASE-FR8, 400GBASE-LR8, 400GBASE-SR16, 400GBASE-R, 400GMII,
400GXS, EEE, Energy Efficient Ethernet, Ethernet, FEC, forward error correction, IEEE 802.3™,
IEEE 802.3bs™, MMF, PAM4, Physical Medium Dependent sublayer, PMD, SMF
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Important Notices and Disclaimers Concerning IEEE Standards Documents

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

a ac A 1o ad-a L e llotaanda taaa S RD rcaloiooaec 1o 1

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

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

IEEE Standards do not guarantee or ensure safety, security, health, oréenyironmental protection, or ensure
against interference with or from other devices or networks. 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\allvapplicable laws and regulations.

IEEE does not warrant or represent the accuracy or contenf.of the material contained in its standards, and
expressly disclaims all warranties (express, implied and§tatutory) 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 ¢onditions relating to: results; and workmanlike effort. IEEE
standards documents are supplied “AS IS” and “WITH ALL FAULTS.”

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

In publishing and makihg 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;iseek 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:
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR
BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY,
WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR
OTHERWISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE UPON

ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND
REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE.
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Translations

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

Official statements

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

Comments on standards

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

Comments on standards should be submitted to the following address:

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

Laws and regulations

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

Copyrights

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

1 -
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Photocopies

Subject to payment of the appropriate fee, IEEE will grant users a limited, non-exclusive license to photocopy
portions of any individual standard for company or organizational internal use or individual, non-commercial
use only To arrange for payment of hcens1ng fees please contact Copyrlght Clearance Center Customer

portlons of any 1nd1v1dua1 standard for educatlonal classroom use can also be obtamed through the Copyrlght
Clearance Center.

Updating of IEEE Standards documents

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

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

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

Errata

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

Patents

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

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

The following individuals were officers and members of the IEEE 802.3 working group at the beginning of
the IEEE P802.3bs working group ballot. Individuals may have not voted or may have voted for approval,
disapproval, or abstention on this amendment.

David J. Law, IEEE 802.3 Working Group Chair
Adam Healey, /[EEE 802.3 Working Group Vice-Chair
Pete Anslow, [EEE 802.3 Working Group Secretary
Steven B. Carlson, /[EEE 802.3 Working Group Executive Secretary
Valerie Maguire, /[EEE 802.3 Working Group Treasurer

John D’Ambrosia, /EEE P802.3bs 200 Gb/s and 400 Gb/s Ethernet Task Force Chgir
Pete Anslow, [EEE P802.3bs 200 Gb/s and 400 Gb/s Ethernet Task Force Editor-in-Chief
Mark Gustlin, /EEE P802.3bs 200 Gb/s and 400 Gb/s Ethernet Task Force Editor
for Clauses 117, 118, 119, Annex 1194
Steve Trowbridge, [EEE P802.3bs 200 Gb/s and 400 Gb/s Ethernet Task(Force Editor
for Clause 120, Annex 1204
Peter Stassar, I[EEE P802.3bs 200 Gb/s and 400 Gb/s Ethernet Task Force Editor
for Clauses 121, 122, 124

Jonathan King,” JEEE P802.3bs 200 Gb/s and 400 Gb/s Etheriet Task Force Editor

for Clause 123

Andre Szczepanek, /IEEE P802.3bs 200 Gb/s and 400 Gb/s)Ethernet Task Force Editor

for Annexes 120D, 120E

Justin Abbott David Chalupsky Andrew Gardner
David Abramson Jacky Chang Claude Gauthier
Shadi Abughazaleh Xin Chang Ali Ghiasi
Mohammad Ahmed Ahmad Chini Joel Goergen
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Alan\Brown David Dwelley Kenneth Jackson
Matthew Brown Frank Effenberger Andrew Jimenez
Chris Bullock Hesham Elbakoury Chad Jones

Jairo Bustos Heredia David Estes Peter Jones
Adrian Butter John Ewen Manabu Kagami
Francesco Caggioni Ramin Farjad Upen Kareti
Anthony Calbone Shahar Feldman Keisuke Kawahara
Clark Carty James Fife Yasuaki Kawatsu
Cratg-Chabet Adan-Hlatman MichaeHcelsen
Geoffrey Chacon Simon Matthias Fritsche Scott Kipp
Mandeep Chadha Richard Frosch Michael Klempa

"Not a member of the IEEE 802.3 working group at the beginning of the working group ballot.
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Curtis Knittle Edward Nakamoto Robert Stone
Shigeru Kobayashi Gary Nicholl David Stover
Daniel Koehler Kevin Noll Junging Sun
Paul Kolesar Mark Nowell Ken-Ichi Suzuki
Tom Kolze David Ofelt Steve Swanson
Glen Kramer Tom Palkert William Szeto
Hans Lackner Hui Pan Bharat Tailor
Jeffrey Lapak Sesha Panguluri Takayuki Tajima
Mark Laubach Vasu Parthasarathy Satoshi Takahashi
Han Hyub Lee Petar Pepeljugoski Kohichi Tamura
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Arthur Marris Toshiaki Sakai Haifei Wang
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Introduction

This introduction is not part of IEEE Std 802.3bs-2017, IEEE Standard for Ethernet—Amendment 10: Media Access
Control Parameters, Physical Layers, and Management Parameters for 200 Gb/s and 400 Gb/s Operation.

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., [EEE 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 experimental
Ethernet developed at Xerox Palo Alto Research Center, which had a 2.94 Mb/s data rate. Ethernet 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'Board 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 protocol 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 operation or new,‘protocols. For example, IEEE
Std 802.3u™ added 100 Mb/s operation (also called Fast Ethernet);, JEEE 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 network Ethernet\(also called Ethernet in the First Mile) and
IEEE Std 802.3ba added 40 Gb/s operation (also called 40 Gigabit Ethernet) and 100 Gb/s operation (also
called 100 Gigabit Ethernet). These major additions are-all now included in and are superseded by
IEEE Std 802.3-2015 and are not maintained as separaté.documents.

At the publication date of IEEE Std 802.3bs-2017; IEEE Std 802.3 is composed of the following documents:
IEEE Std 802.3-2015

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

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

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

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

Section Five—Includes Clause 56 through Clause 77 and Annex 57A through Annex 76A. Clause 56
through Clause 67 and Clause 75 through Clause 77, as well as associated annexes, specify subscriber
access and other Physical Layers and sublayers for operation from 512 kb/s to 10 Gb/s, and defines
services and protocol elements that enable the exchange of IEEE Std 802.3 format frames between
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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.

Section Six—Includes Clause 78 through Clause 95 and Annex 83A through Annex 93C. Clause 78

QA2 O .

DPC\.«iﬁUD Ellcls_y'EfﬁbiUllt Etllclllct. C‘laUDU 79 DPUbiﬁCD ILLL oVL. 0 ULQaluLaﬁuuaﬂ_y Spcbiﬂb Lilll\
Layer Discovery Protocol (LLDP) type, length, and value (TLV) information elements. Clause 80
through Clause 95 and associated annexes includes general information on 40 Gb/s and 100 Gb/s
operation as well the 40 Gb/s and 100 Gb/s Physical Layer specifications. Clause 90 specifies Ethernet
support for time synchronization protocols.

IEEE Std 802.3bw™-2015

Amendment 1—This amendment includes changes to IEEE Std 802.3-2015 and adds Clause 96. This
amendment adds 100 Mb/s Physical Layer (PHY) specifications and management\parameters for
operation on a single balanced twisted-pair copper cable.

IEEE Std 802.3by™-2016

Amendment 2—This amendment includes changes to IEEE Std 802:3-2015 and adds Clause 105
through Clause 112, Annex 109A, Annex 109B, Annex 109C,, “Amnex 110A, Annex 110B, and
Annex 110C. This amendment adds MAC parameters, Physical\Layers, and management parameters
for the transfer of IEEE 802.3 format frames at 25 Gb/s.

IEEE Std 802.3bq™-2016

Amendment 3—This amendment includes changes.to IEEE Std 802.3-2015 and adds Clause 113 and
Annex 113A. This amendment adds new Physical Layers for 25 Gb/s and 40 Gb/s operation over
balanced twisted-pair structured cabling systems.

IEEE Std 802.3bp™-2016

Amendment 4—This amendment.includes changes to IEEE Std 802.3-2015 and adds Clause 97 and
Clause 98. This amendment \adds point-to-point 1 Gb/s Physical Layer (PHY) specifications and
management parameters for-0peration on a single balanced twisted-pair copper cable in automotive and
other applications not utilizing the structured wiring plant.

IEEE Std 802.3br™-2016

Amendment\5/—This amendment includes changes to IEEE Std 802.3-2015 and adds Clause 99. This
amendment* adds a MAC Merge sublayer and a MAC Merge Service Interface to support for
Intepspersing Express Traffic over a single link.

IEEE:Std 802.3bn™-2016

Amendment 6—This amendment adds the Physical Layer specifications and management parameters
for symmetric and/or asymmetric operation of up to 10 Gb/s on point-to-multipoint Radio Frequency
(RF) distribution plants comprising either amplified or passive coaxial media. It also extends the
operation of Ethernet Passive Optical Networks (EPON) protocols, such as Multipoint Control Protocol

(MPCP) and Operation Administration and Management (OAM).
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IEEE Std 802.3bz™-2016

Amendment 7—This amendment includes changes to IEEE Std 802.3-2015 and adds Clause 125 and
Clause 126. This amendment adds new rates of 2.5 Gb/s and 5 Gb/s and new Physical Layers for
operation at 2.5 Gb/s and 5 Gb/s over balanced twisted-pair structured cabling systems.

IEEE Std 802.3bu™-2016

Amendment 8—This amendment includes changes to IEEE Std 802.3-2015 to define a methodology,
for the provision of power via a single twisted pair to connected Data Terminal Equipment (DTE) with
IEEE 802.3 single twisted-pair interfaces.

IEEE Std 802.3bv™-2017

Amendment 9—This amendment includes changes to IEEE Std 802.3-2015 and adds‘Clause 115 and
Annex 115A. This amendment adds point-to-point 1000 Mb/s Physical Layer (PH¥s) spécifications and
management parameters for operation on duplex plastic optical fiber (POF) targeting use in automotive,
industrial, home-network, and other applications.

IEEE Std 802.3™-2015/Cor 1-2017

This corrigendum clarifies which lane of the media dependent interface (MDI) of a multi-lane Physical
Layer entity (PHY) is used as the timestamping reference point.

IEEE Std 802.3bs™-2017

Amendment 10—This amendment includes changes to IEEE Std 802.3-2015 and adds Clause 116
through Clause 124 and Annex 119A through’Annex 120E. This amendment adds MAC parameters,
Physical Layers, and management parametefs‘for the transfer of IEEE 802.3 format frames at 200 Gb/s
and 400 Gb/s.

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

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

Amendment 10: Media Access Control Parameters;
Physical Layers, and Management Parameters for
200 Gb/s and 400 Gb/s Operation

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 comptehensive 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 in existing text of\tables. The editing instruction specifies
the location of the change and describes what is being changed by using strikethreugh (to remove old
material) and underscore (to add new material). Delete remoyes existing material. Insert adds new material
without disturbing the existing material. Deletions and”insertions may require renumbering. If so,
renumbering 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 cafried 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. Introduction

1.1 Overview

1.1.3 Architectural perspectives

1:1:3.2 Compatibility interfaces

Insert the following compatibility interfaces after “100 Gb/s Parallel Physical Interface (CPPI)”:

qQ) 200 Gb/s Media Independent Interface (200GMII). The 200GMII is designed to connect a 200 Gb/s

capable MAC to a 200 Gb/s PHY. While conformance with implementation of this interface is not
necessary to ensure communication, it allows flexibility in intermixing PHY's and DTEs at 200 Gb/s
speeds. The 200GMII is a logical interconnection intended for use as an intra-chip interface. No
mechanical connector is specified for use with the 200GMII. The 200GMII is optional.
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r) 200 Gb/s Attachment Unit Interface (200GAUI-n). The 200GAUI-n is a physical instantiation of the
PMA service interface to extend the connection between 200 Gb/s capable PMAs. While
conformance with implementation of this interface is not necessary to ensure communication, it is
recommended, since it allows maximum flexibility in intermixing PHYs and DTEs at 200 Gb/s
speeds. The 200GAUI-n is intended for use as a chip-to-chip or a chip-to-module interface. Two

200 ALIL 1 FaYaVall ik dha 4
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Annex 120C, and a four-lane version (200GAUI-4) in Annex 120D and Annex 120E. No
mechanical connector is specified for use with the 200GAUI-n. The 200GAUI-n is optional.

s) 400 Gb/s Media Independent Interface (400GMII). The 400GMII is designed to connect a 400 Gb/s
capable MAC to a 400 Gb/s PHY. While conformance with implementation of this interface is not
necessary to ensure communication, it allows flexibility in intermixing PHY's and DTEs at 400.Gb/s
speeds. The 400GMII is a logical interconnection intended for use as an intra-chip interface. No
mechanical connector is specified for use with the 400GMII. The 400GMII is optional.

t) 400 Gb/s Attachment Unit Interface (400GAUI-n). The 400GAUI-n is a physical instantiation of the
PMA service interface to extend the connection between 400 Gb/s capablel ,PMAs. While
conformance with implementation of this interface is not necessary to ensure cOmimunication, it is
recommended, since it allows maximum flexibility in intermixing PHYgs<and DTEs at 400 Gb/s
speeds. The 400GAUI-n is intended for use as a chip-to-chip or a chip-to-module interface. Two
widths of 400GAUI-n are defined: a sixteen-lane version (400GAUI-16) in Annex 120B and
Annex 120C, and an eight-lane version (400GAUI-8) in AnngxA20D and Annex 120E. No
mechanical connector is specified for use with the 400GAUI-n.<Phe’400GAUI-n is optional.

1.3 Normative references

Insert the following references in alphanumeric order:

ANSI/TIA-604-18:2015, FOCIS 18—Fiber Optic Connector Intermateability Standard—Type MPO-16
[EC 61753-021-2:2007, Fibre optic intercounecting devices and passive components performance
standard—Part 021-2: Grade C/3 singlesmode fibre optic connectors for category C—Controlled
environment.

Change the reference for IEC 60793-2-10 as follows:

IEC 60793-2-10:264, Optical fibres—Part 2-10: Product specifications—Sectional specification for
category Al multimode fibres.

1.4 Definitions

Insert the_ following 17 new definitions into the list after 1.4.72a 40GBASE-T (as inserted by IEEE Std
802.3bg-2016):

1.4.72b 200GBASE-DR4: IEEE 802.3 Physical Layer specification for 200 Gb/s using 200GBASE-R
encoding and 4-level pulse amplitude modulation over four lanes of single-mode fiber, with reach up to at

Teast 500 m. (See IEEE Std 802.3, Clause 121.)

1.4.72¢ 200GBASE-FR4: IEEE 802.3 Physical Layer specification for 200 Gb/s using 200GBASE-R

encoding and 4-level pulse amplitude modulation over four WDM [anes on single-mode Tiber, with reach up
to at least 2 km. (See IEEE Std 802.3, Clause 122.)
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1.4.72d 200GBASE-LR4: IEEE 802.3 Physical Layer specification for 200 Gb/s using 200GBASE-R
encoding and 4-level pulse amplitude modulation over four WDM lanes on single-mode fiber, with reach up
to at least 10 km. (See IEEE Std 802.3, Clause 122.)

1.4.72e 200GBASE-R: An IEEE 802.3 family of Physical Layer devices using the physical coding sublayer

P Qed Qon o 4
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1.4.72f 200 Gb/s Attachment Unit Interface (200GAUI-n): A physical instantiation of the PMA service
interface to extend the connection between 200 Gb/s capable PMAs over n lanes, used for chip-to-chip or
chip-to-module interconnections. Two widths of 200GAUI-n are defined: an eight-lane version
(200GAUI-8), and a four-lane version (200GAUI-4). (See IEEE Std 802.3, Annex 120B and Annex 120C
for 200GAUI-8, or Annex 120D and Annex 120E for 200GAUI-4.)

1.4.72g 200 Gb/s Media Independent Interface (200GMII): The interface between the Reconciliation
Sublayer (RS) and the Physical Coding Sublayer (PCS) for 200 Gb/s operation. (See AEEE Std 802.3,
Clause 117.)

1.4.72h 200GMII Extender: The 200 Gb/s Media Independent Interface Extendet extends the reach of the
200GMII and consists of two 200GXS sublayers with a 200GAUI-n betweencthem. (See IEEE Std 802.3,
Clause 118.)

1.4.72i 200GXS: The 200 Gb/s Extender Sublayer (200GXS) is\part of the 200GMII Extender. In
functionality, it is almost identical to the 200GBASE-R PCS Sublayet'defined in Clause 119. Two types of
200GXS are defined: the DTE 200GXS adjacent to the RS sublayet and the PHY 200GXS adjacent to the
PHY. (See IEEE Std 802.3, Clause 118.)

1.4.72j 400GBASE-DR4: IEEE 802.3 Physical Layet, specification for 400 Gb/s using 400GBASE-R
encoding and 4-level pulse amplitude modulation gyer-four lanes of single-mode fiber, with reach up to at
least 500 m. (See IEEE Std 802.3, Clause 124.)

1.4.72k 400GBASE-FRS8: IEEE 802.3 Physical Layer specification for 400 Gb/s using 400GBASE-R
encoding and 4-level pulse amplitude modulation over eight WDM lanes on single-mode fiber, with reach
up to at least 2 km. (See IEEE Std 802:3;/Clause 122.)

1.4.721 400GBASE-LRS8: IEEE802.3 Physical Layer specification for 400 Gb/s using 400GBASE-R
encoding and 4-level pulse amplitude modulation over eight WDM lanes on single-mode fiber, with reach
up to at least 10 km. (See JEEE Std 802.3, Clause 122.)

1.4.72m 400GBASE-R: An IEEE 802.3 family of Physical Layer devices using the physical coding
sublayer defined in.Clause 119 for 400 Gb/s operation. (See IEEE Std 802.3, Clause 119.)

1.4.72n 400GBASE-SR16: IEEE 802.3 Physical Layer specification for 400 Gb/s using 400GBASE-R
encoding,over sixteen lanes of multimode fiber, with reach up to at least 100 m. (See IEEE Std 802.3,
Clause 123.)

1.4.720 400 Gb/s Attachment Unit Interface (400GAUI-n): A physical instantiation of the PMA service
interface to extend the connection between 400 Gb/s capable PMAs over n lanes, used for chip-to-chip or
chip-to-module interconnections. Two widths of 400GAUI-n are defined: a sixteen-lane version
(400GAUI-16), and an eight-lane version (400GAUI-8). (See IEEE Std 802.3, Annex 120B and

Annex 120C for 400GAUI-16, or Annex 120D and Annex 120E for 400GAUI-8.)
1.4.72p 400 Gb/s Media Independent Interface (400GMII): The interface between the Reconciliation

Sublayer (RS) and the Physical Coding Sublayer (PCS) for 400 Gb/s operation. (See IEEE Std 802.3,
Clause 117.)
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1.4.72q 400GMII Extender: The 400 Gb/s Media Independent Interface Extender extends the reach of the
400GMII and consists of two 400GXS sublayers with a 400GAUI-n between them. (See IEEE Std 802.3,
Clause 118.)

1.4.72r 400GXS: The 400 Gb/s Extender Sublayer (400GXS) is part of the 400GMII Extender. In

AAERAQE R DPDOC
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400GXS are defined: the DTE 400GXS adjacent to the RS sublayer and the PHY 400GXS adjacent to the
PHY. (See IEEE Std 802.3, Clause 118.)

Change 1.4.107 (as modified by IEEE Std 802.3by-2016) as follows:
1.4.107 BASE-R: An IEEE 802.3 family of Physical Layer devices using the 64B/66B encoding defined in

Clause 49, Clause 82, er—Clause 107, _or Clause 119. (See IEEE Std 802.3, Clause 49, Clause 82, er
Clause 107, or Clause 119.)

Change 1.4.325 as follows:

1.4.325 PCS lane (PCSL): In 40GBASE-R, and-100GBASE-R,_ 200GBASE-R anld 400GBASE-R. the
PCS distributes encoded data to multiple logical lanes, these logical lanes are called PCS lanes. One or more
PCS lanes can be multiplexed and carried on a physical lane together at the PMA service interface. (See
IEEE Std 802.3, Clause 83_and Clause 120.)

1.5 Abbreviations

Insert the following new abbreviations into the list, in alphanumeric order:

200GAUI-n 200 Gb/s Attachment Unit Interfacg)over n lanes
200GMII 200 Gb/s Media Independent Interface
200GXS 200GMII Extender Sublayen
400GAUI-n 400 Gb/s Attachment Uit Interface over n lanes
400GMII 400 Gb/s Media Independent Interface
400GXS 400GMII Extender Sublayer
SER symbol error ratio
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4. Media Access Control

4.4 Specific implementations

442 MAC parameters

Change Table 4-2 (as modified by IEEE Std 802.3by-2016 and IEEE Std 802.3bz-2016) as follows:

Table 4-2—MAC parameters

MAC data rate
2.5 Gb/s, 5 Gb/s,
Parameters Up to and 25 Gb/s, 40 Gb/s,
including 1 Gb/s and-100 Gb/s, 10 Gb/s
100 Mb/s 200 Gb/s. and
400 Gb/s
slotTime 512 bit times 4096 bit times not appliéable not applicable
interPacketGap® 96 bits 96 bits 96 bifs 96 bits
attemptLimit 16 16 notdpplicable not applicable
backoffLimit 10 10 not applicable not applicable
jamSize 32 bits 32 bits not applicable not applicable
maxBasicFrameSize 1518 octets 1518 oetets 1518 octets 1518 octets
maxEnvelopeFrameSize 2000 octets 2000 octets 2000 octets 2000 octets
minFrameSize 512 bits (64 octets) | 542'bits (64 octets) | 512 bits (64 octets) | 512 bits (64 octets)
burstLimit not applicable 65 536 bits not applicable not applicable
ipgStretchRatio not applicable not applicable not applicable 104 bits

 References to interFrameGap or interFrameSpacing in other clauses (e.g., 13, 35, and 42) shall be interpreted as

interPacketGap.

Change Note 7 below Table'4-2 as follows:

NOTE 7—For 40 Gb/s; and-100 Gb/s, 200 Gb/s, and 400 Gb/s operation, the received interpacket gap (the spacing
between two packets,/from the last bit of the FCS field of the first packet to the first bit of the Preamble of the second
packet) can haye a-minimum value of 8 BT (bit times), as measured at the XLGMII, e-CGMII, 200GMII, or 400GMII
receive signals-at the DTE due to clock tolerance and lane alignment requirements.
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30. Management

30.2 Managed objects
3025 Capahj_l_i_t_i_ee

Insert two new rows between the rows for aRSFECIndicationEnable and aSNROpMarginChnlA in
Table 30-1e (as modified by IEEE Std 802.3bq-2016) as follows (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)
Media Loss Tracking Package (conditional)
Broadband DTE MAU Package (conditional)

MII Capability (conditional)
PHY Error Monitor Capability (optional)

Auto-Negotiation Package (mandatory)

MAU Control Package (optional)

10077000 Mb/s Monitor Capability (optional)

Recommended Package\(optional)
Optional Package (optienat)

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

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

Mandatory Packagé (mandatory)
Array Package (optional)

Basic Package{(mandatory)

x

aPCSFECIndicationAbility ATTRIBUTE GET

aPCSFECIndicationEnable ATTRIBUTE GET-SET

X

30.3 Layer management for DTEs
30.3.2 PHY device managed object class
30.3.2.1(PHY device attributes

30:3.2.1.2 aPhyType

Insert 200GBASE-R and 400GBASE-R PHY types at the end of “APPROPRIATE SYNTAX?” section of
30.3.2.1.2 as follows:

APPROPRIATFE-SYNFA:
200GBASE-R Clause 119 200 Gb/s multi-PCS lane 64B/66B
400GBASE-R Clause 119 400 Gb/s multi-PCS lane 64B/66B
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30.3.2.1.3 aPhyTypelList

Insert 200GBASE-R and 400GBASE-R PHY types at the end of “APPROPRIATE SYNTAX” section of
30.3.2.1.3 as follows:

200GBASE-R Clause 119 200 Gb/s multi-PCS lane 64B/66B
400GBASE-R Clause 119 400 Gb/s multi-PCS lane 64B/66B

30.3.2.1.5 aSymbolErrorDuringCarrier

Change the fourth paragraph of the “BEHAVIOUR DEFINED AS” section of 30.3.2.1.5 (as modified by
IEEE Std 802.3by-2016) as follows:

BEHAVIOUR DEFINED AS:
For operation at 10 Gb/s, 25 Gb/s, 40 Gb/s, and-100 Gb/s, 200 Gb/s, and 400.Gb/s, it is a count of
the number of times the receiving media is non-idle (the time between the'Start of Packet Delimiter
and the End of Packet Delimiter as defined by 46.2.5 and 81.2.5) forca-period of time equal to or
greater than minFrameSize, and during which there was at least ofie occurrence of an event that
causes the PHY to indicate “Receive Error” on the media independent interface (see Table 464
and Table 81-3).

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

30.5.1.1 MAU attributes

30.5.1.1.2 aMAUType

Insert new MAU types immediately above 802.9a in “APPROPRIATE SYNTAX?” section of 30.5.1.1.2 as
follows:

APPROPRIATE SYNTAX:

200GBASE-R Multi-lane PCS as specified in Clause 119 over undefined PMA/PMD

200GBASE-DR4 200GBASE-R PCS/PMA over 4-lane single-mode fiber PMD as
specified in Clause 121

200GBASE-FR4 200GBASE-R PCS/PMA over 4 WDM lane single-mode fiber PMD
with reach up to at least 2 km as specified in Clause 122

200GBASE-LR4 200GBASE-R PCS/PMA over 4 WDM lane single-mode fiber PMD
with reach up to at least 10 km as specified in Clause 122

400GBASE-R Multi-lane PCS as specified in Clause 119 over undefined PMA/PMD

400GBASE-SR16 400GBASE-R PCS/PMA over 16-lane multimode fiber PMD as
specified in Clause 123

400GBASE-DR4 400GBASE-R PCS/PMA over 4-lane single-mode fiber PMD as
specified in Clause 124

200GBASE-FRS F00GBASE-R PCS/PMA Over 8 WDM tane singte-mode fiber PMD——————

with reach up to at least 2 km as specified in Clause 122
400GBASE-LRS 400GBASE-R PCS/PMA over 8 WDM lane single-mode fiber PMD
with reach up to at least 10 km as specified in Clause 122
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Change the last paragraph of the “BEHAVIOUR DEFINED AS” section of 30.5.1.1.2 (as modified by
IEEE Std 802.3by-2016) as follows:

The enumerations 1000BASE-X, 1000BASE-XHD, 1000BASE-XFD, 10GBASE-X,
10GBASE-R, 10GBASE-W, 25GBASE-R, 40GBASE-R, and-100GBASE-R, 200GBASE-R, and

AR AQE-R
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30.5.1.1.4 aMediaAvailable

Change the sixth paragraph of the “BEHAVIOUR DEFINED AS” section of 30.5.1.1.4 (as modified by,
IEEE Std 802.3bq-2016) as follows:

For 40 Gb/s, and-100 Gb/s, 200 Gb/s, and 400 Gb/s, the enumerations map to value of the\link fault
variable (see 81.3.4) within the Link Fault Signaling state diagram (see 81.3.4.1 and Figtire 46-11)
as follows: the values OK and Link Interruption map to the enumeration “available?\the value Local
Fault maps to the enumeration “not available” and the value Remote Fault maps,to, the enumeration
“remote fault.”

30.5.1.1.12 aLaneMapping
Change 30.5.1.1.12 as follows:

ATTRIBUTE

APPROPRIATE SYNTAX:
A SEQUENCE of INTEGERSs.

BEHAVIOUR DEFINED AS:
For 40/100/200/400GBASE-R PHYs and 100GBASE-P PHYs, an array of PCS lane identifiers.
The indices of this array (0 to n— 1) dendte'the service interface lane number where n is the number
of PCS lanes in use. Each element ofithis array contains the PCS lane number for the PCS lane that
has been detected in the corresponding service interface lane.
If a Clause 45 MDIO Interface to"the PCS is present, then this attribute will map to the Lane
mapping registers (see 45:2:3:46 and 45.2.3.47).;

30.5.1.1.15 aFECADility
Change 30.5.1.1.15 (as madified by IEEE Std 802.3by-2016) as follows:

ATTRIBUTE

APPROPRIATE SYNTAX:
AnENUMERATED 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 aFEC-sublayerfor-forward error correction
(see 65.2, Clause 74, Clause 91, and-Clause 108, and Clause 119).

If a Clause 45 MDIO Interface is present and support for FEC is optional, then this attribute maps
to the FEC capability register (see 45.2.8.2 or 45.2.1.92).;
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30.5.1.1.17 aFECCorrectedBlocks
Change 30.5.1.1.17 (as modified by IEEE Std 802.3by-2016) 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, 5 000 000 counts per second
for 10 Gb/s, 25 Gb/s, and 40 Gb/s implementations, ard-2 500 000 counts per second for 100 Gb/s
implementations, 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, 10/25/40/100/200/400GBASE-R, 100GBASE-P, 10GBASE-PR, or
10/1GBASE-PRX PHYs, an array of corrected FEC block counters. The counters-do not increment
for other PHY types. The indices of this array (0 to N — 1) denote the FEC sublay€r 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 sirigle FEC instance for
all multiple FECG-lanes. Each element of this array contains a count aficetrected FEC blocks for
that FEC sublayer instance.

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

If a Clause 45 MDIO Interface is present, then thig attribute maps to the FEC corrected blocks
counter(s) (see 45.2.8.5 and 45.2.1.94 for 10GBASE-R, 45.2.3.39 for I0GBASE-PR and
10/1GBASE-PRX, 45.2.1.116 for BASE-R, afd-45.2.1.103 for RS-FEC, and 45.2.3.471 for PCS
FEC).;

30.5.1.1.18 aFECUncorrectableBlocks
Change 30.5.1.1.18 (as modified by IEEE Std 802.3by-2016) 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, ard-2 500 000 counts per second for
100 Gb/s implementations, 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, 10/25/40/100/200/400GBASE-R, 100GBASE-P, 10GBASE-PR, or
10/1GBASE-PRX PHYs, an array of uncorrectable FEC block counters. The counters do not
increment for other PHY types. The indices of this array (0 to N — 1) denote the 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 multiple FEC-lanes. Each element of this array contains a count of uncorrectable
eorreeted-FEC blocks for that FEC sublayer instance.

Increment the counter by one for each FEC block that is determined to be uncorrectable by the FEC
function in the PHY for the corresponding lane or FEC sublayer instance.
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If a Clause 45 MDIO Interface is present, then this attribute maps to the FEC uncorrectable blocks
counter(s) (see 45.2.8.6 and 45.2.1.95 for I0GBASE-R, 45.2.3.40 for I0GBASE-PR and
10/1GBASE-PRX, 45.2.1.117 for BASE-R, and-45.2.1.104 for RS-FEC, and 45.2.3.47m for PCS
FEC).;

Lol
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30.5.1.1.32 aPCSFECIndicationAbility

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 error indication bypass ability not supported
BEHAVIOUR DEFINED AS:

A read-only value that indicates if the PHY supports an optional PCS FEC'etror indication bypass
ability (see 119.2.5.3).

If a Clause 45 MDIO Interface is present, then this attribute maps(to,the PCS FEC status register
(see 45.2.3.47k).;

30.5.1.1.33 aPCSFECIndicationEnable

ATTRIBUTE

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

unknown initializing, truéstate not yet known

disabled PCS FEC ersor/indication bypass disabled

enabled PCS FEGC.error indication bypass enabled
BEHAVIOUR DEFINED AS:

A read-write value that indieates the mode of operation of the PCS FEC error indication bypass
function (see 119.2.5.3).

A GET operation returis the current mode of operation of the PCS FEC. A SET operation changes
the mode of operation of the PCS FEC to the indicated value.

If a Clause 45.MDIO Interface is present, then this attribute maps to the RS-FEC control register
(see 45.2.34(0)).;
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45. Management Data Input/Output (MDIO) Interface

45.2 MDIO Interface Registers

452 1 PMA/PMD registers

Change the first sentence of 45.2.1 (as modified by IEEE Std 802.3by-2016) as follows:

For devices operating at 25 Gb/s or higher speeds, the PMA may be instantiated as multiple sublayers (se¢
83.1.4, and-109.1.4, and 120.1.4 for how MMD addresses are allocated to multiple PMA sublayers forsthe

respective speeds).

Change the reserved row for 1.23 through 1.29 in Table 45-3 (as modified by IEEE Std 802,3by-2017) as
follows (unchanged rows not shown):

Table 45-3—PMA/PMD registers

Register address Register name Subclause
1.23 200G PMA/PMD extended ability 45.2.1.14e
1.24 400G PMA/PMD extended-ability 45.2.1.14f
1.25,1.26 Reserved
1.27 PMD transmit disable extension 45.2.1.14g
1.28 PMD receivésignal detect extension 45.2.1.14h
123-threugh-1.29 Reserved
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Change the reserved row for 1.340 through 1.699 in Table 45-3 as follows (unchanged rows not shown):

Table 45-3—PMA/PMD registers

Register address Register name Subclause

1.340 through 1.399699 Reserved

1.400 through 1.407 200GAUI-8 and 400GAUI-16 chip-to-module rec- 45.2.1.116a,
ommended CTLE, lane 0 through lane 7 45.2.1.116b

1.408 through 1.415 400GAUI-16 chip-to-module recommended CTLE, | 45.2.1.116¢
lane 8 through lane 15

1.416 through 1.499 Reserved

1.500 through 1.515 200GAUI-n and 400GAUI-n chip-to-chip transmit- (45.2.1.116d,
ter equalization, receive direction, lane 0 through 45.2.1.116e
lane 15

1.516 through 1.531 200GAUI-n and 400GAUI-n chip-to-chip-fransmit- | 45.2.1.116f,
ter equalization, transmit direction, lane Odhrough 45.2.1.116¢
lane 15

1.532 through 1.699 Reserved

Change the reserved row for 1.1511 through 14599 in Table 45-3 as follows (unchanged rows not

shown):
Table 45-3—PMA/PMD registers
Register address Register name Subclause
1.1511-threugh 11599 Reserved
1.1512 PRBS13Q testing control 45.2.1.125a
1.1513 through 1.1599 Reserved
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Change the rows for 1.1600 through 1.1799 in Table 45-3 as follows (unchanged rows not shown):

Table 45-3—PMA/PMD registers

Register address Register name Subclause

1.1600 through 1.161569 PRBS Tx error counters, lane 0 through lane 159 452.1.126

1.16168 through 1.1699 Reserved

1.1700 through 1.171569 PRBS Rx error counters, lane 0 through lane 159 45.2.1.127

1.17169 through 1.1799 Reserved

45.2.1.1 PMA/PMD control 1 register (Register 1.0)

Change the row for bits 1.0.5:2 in Table 45-4 (as modified by IEEE Std 802.3by-2016 and IEEE
Std 802.3bz-2016) as follows (unchanged rows not shown):

Table 45-4—PMA/PMD control 1 register bit definitions

Bit(s) Name Description R/W?
1.0.5:2 Speed selection 5v4 3 2 R/'W
+ x x x =Reserved
1 1 x x =Reserved
1 0 1 x =Reserved
1 0 0 1 =400Gb/s
1 0 0 0 =200Gb/s
01 1 1 =5Gb/s
01 1 0 =25Gb/s
0 1 0 1 =Reserved
01 0 0 =25Gb/s
0 0 1 1 =100Gb/s
0 01 0 =40Gb/s
0 0 0 1 =10PASS-TS/2BASE-TL
0 0 0 0 =10Gb/s

#R/W = Read/Write, SC = Self-clearing, RO = Read only
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45.2.1.1.3 Speed selection (1.0.13, 1.0.6, 1.0.5:2)

Change the last paragraph of 45.2.1.1.3 (as modified by IEEE Std 802.3by-2016 and IEEE
Std 802.3bz-2016) as follows:
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100G PMA/PMD is selected; when set to 0100 the use of a 25G PMA/PMD is selected; when set to 0110 the
use of a 2.5G PMA/PMD is selected; when set to 0111 the use of a 5G PMA/PMD is selected; when set to
1000 the use of a 200G PMA/PMD is selected; when set to 1001 the use of a 400G PMA/PMD is selected.
More specific selection is performed using the PMA/PMD control 2 register (Register 1.7) (see 45.2.1.6.3):

45.2.1.1.4 PMA remote loopback (1.0.1)

Change the last two sentences of the second paragraph of 45.2.1.1.4 as follows:

e d—n—83-5-9-For25/40/100 Gb/s
operatlon the remote loopback ab111ty bit is spec1ﬁed n reglster 1. 1 M&%@Q@—%Aﬁ%ﬂ}aﬁeﬂded
abilityregister. For 200 Gb/s and 400 Gb/s operation, the remote loopback ability bit\is specified in registers
1.23 and 1.24, respectively.

45.2.1.1.5 PMA local loopback (1.0.0)
Change the second paragraph of 45.2.1.1.5 as follows:
The local loopback function is mandatory for the 1000BASE-KX, 10GBASE-KR, 10GBASE-X,

40GBASE-KR4, 40GBASE-CR4, and 100GBASE-CR10port type and optional for all other port types,
except 2BASE-TL, 10PASS-TS, and lO/lGBASE PRX which do not support loopback A—deﬂee—s—&bi-hty

depeﬁdent—st&tus—fegrster—A PMA that is unable t0 perform the local loopback functlon shall ignore writes to
this bit and shall return a value of zero when' read. Fer—10-Gb/s—eperation;—the—The local loopback

functionality is detailed in_the relevant PMA clause-48-33-and-51-8. For40-00-Gb/s-eperationthetoeal

loopbackfunetionality-is-detaledin-83-5:8-For 10/25/40/100/200/400 Gb/s operation, the local loopback
ability bit is specified in the PMA/PMD‘status 2 register.

45.2.1.2 PMA/PMD status 1 register (Register 1.1)
45.2.1.2.3 Fault (1.1.7)
Change the fourth sentence of 45.2.1.2.3 (as modified by IEEE Std 802.3by-2016) as follows:

For 10/25/40£100/200/400 Gb/s operation, bit 1.1.7 is set to a one when either of the fault bits (1.8.11,
1.8.10) located in register 1.8 are set to a one.
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45.2.1.4 PMA/PMD speed ability (Register 1.4)

Change the reserved rows of Table 45—6 (as modified by IEEE Std 802.3bz-2016) as follows (unchanged
rows not shown):

Table 45-6—PMA/PMD speed ability register bit definitions

Bit(s) Name Description R/W?
1.4.15 Reservedforfuturespeeds | Value-always0 RO
400G capable 1 = PMA/PMD is capable of operating at 400 Gb/s

0 =PMA/PMD is not capable of operating at 400 Gb/s

1.4.12 Reservedforfuturespeeds- | Value-always9 RO
200G capable 1 = PMA/PMD is capable of operating at 200 Gb/s

0 =PMA/PMD is not capable of operating at 200°Gb/s

4RO = Read only

Insert 45.2.1.4.aaa before 45.2.1.4.aa (as inserted by IEEE Std 802.3bz-2016) as follows:
45.2.1.4.aaa 400G capable (1.4.15)

When read as a one, bit 1.4.15 indicates that the PMA/PMD is able to operate at a data rate of 400 Gb/s.
When read as a zero, bit 1.4.15 indicates that the PMIA/PMD is not able to operate at a data rate of 400 Gb/s.

Insert 45.2.1.4.ac after 45.2.1.4.ab (as inserted by IEEE Std 802.3bz-2016) and before 45.2.1.4.a (as
inserted by IEEE Std 802.3by-2016) as follows:

45.2.1.4.ac 200G capable (1.4.12)

When read as a one, bit 1.4.12Gndicates that the PMA/PMD is able to operate at a data rate of 200 Gb/s.
When read as a zero, bit 1.4.12 indicates that the PMA/PMD is not able to operate at a data rate of 200 Gb/s.

45.2.1.6 PMA/PMD,control 2 register (Register 1.7)
Change Table. 45-7 (as modified by IEEE Std 802.3bw-2015, IEEE Std 802.3by-2016, IEEE

Std 802.3bq-2016, IEEE Std 802.3bp-2016, IEEE Std 802.3bn-2016, IEEE Std 802.3bz-2016, and IEEE
Std 802.3bv+2017) as follows:

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

Bit(s) Name Description R/W?
1.715:10 Reserved Value-al ays 0 RO
1.7.9 PIASE PMA ingress AUI stop enable R/W
1.7.8 PEASE PMA egress AUI stop enable R/W
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Table 45-7—PMA/PMD control 2 register bit definitions (continued)

Bit(s) Name Description R/W?
+776 Reserved Value always 0 RO
+75:0 PMA/PMD type selection | 6543210 R/W
1.7.6:0 1 1xxxxx=reserved

10111 1x=reserved

1011101 =reserved
1011100=400GBASE-LR8 PMA/PMD
101101 1=400GBASE-FR8 PMA/PMD
1011010=400GBASE-DR4 PMA/PMD
1011001=400GBASE-SR16 PMA/PMD
1011000 =reserved

10101 1x=reserved
1010101=200GBASE-LR4 PMA/PMD
1010100=200GBASE-FR4 PMA/PMD
101001 1=200GBASE-DR4 PMA/PMD
101001 0=reserved

101000 x=reserved

100 xx xx=reserved

111 x=reserved

101=BASE-T1 PMA/PNID?

1 0 0 =reserved

01 1 =reserved

01 0=25GBASE-SR'PMA/PMD

0

0

1

1

11
11
11
11
11001 =25GBASE-KR or 25GBASE-KR-S PMA/PMD
11000=25GBASE-CR or 25GBASE-CR-S PMA/PMD
1011 1=256GBASE-T PMA

101 10=reserved

10104~ reserved

10 1€0 0 = BASE-H PMA/PMD®

100 I'1 = 10GPASS-XR-U PMA/PMD
[0 0 1 0=10GPASS-XR-D PMA/PMD
1000 1 =5GBASE-T PMA
10000=2.5GBASE-T PMA
01111=100GBASE-SR4 PMA/PMD
01110=100GBASE-CR4 PMA/PMD
0110 1=100GBASE-KR4 PMA/PMD
01100=100GBASE-KP4 PMA/PMD
0101 1=100GBASE-ER4 PMA/PMD
01010=100GBASE-LR4 PMA/PMD
0100 1=100GBASE-SR10 PMA/PMD
01000=100GBASE-CR10 PMA/PMD
001 11=reserved

PRrRrRRRRRrIPIrRRPRPRPRRPRIRLRRRRIP®
RV AV RS NG A e R b e’/ ufe b v v R RV R v R v i g
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Table 45-7—PMA/PMD control 2 register bit definitions (continued)

Bit(s) Name Description R/W?

1.7.6:0 PMA/PMD type selection 0=40GBASE-T PMA

4O0CRASE . ERA DA DAL

ya L. .
(COoTtinT continueay

ued)

OO DYoLt L IVIZ Y T IV

011
0100=40GBASE-FR PMA/PMD
001 1=40GBASE-LR4 PMA/PMD
00 10=40GBASE-SR4 PMA/PMD
000 1=40GBASE-CR4 PMA/PMD
000 0=40GBASE-KR4 PMA/PMD
1111=10/1GBASE-PRX-U4
1110=10GBASE-PR-U4
1101=10/1GBASE-PRX-D4
1100=10GBASE-PR-D4

101 1=reserved
1010=10GBASE-PR-U3
1001=10GBASE-PR-UI
1000=10/1GBASE-PRX-U3
0111=10/1GBASE-PRX-U2
0110=10/1GBASE-PRX-U1
0101=10GBASE-PR-D3
0100=10GBASE-PR-D2

001 1=10GBASE-PR-DI1
0010=10/1GBASE-PRX-BD3

000 1=10/1GBASE-PRX-D2
0000=10/1GBASE-PRX-DI
1111=10BASE-T"°PMA/PMD
1110=100BASE:TX PMA/PMD
1101=1000BASE-KX PMA/PMD
01100=1000BASE-T PMA/PMD
0101 1,=10GBASE-KR PMA/PMD
010 19~ 10GBASE-KX4 PMA/PMD
0 1,00 ) = 10GBASE-T PMA

0 N0 0 0 = 10GBASE-LRM PMA/PMD
00 111=10GBASE-SR PMA/PMD
00110=10GBASE-LR PMA/PMD
00101=10GBASE-ER PMA/PMD
00100=10GBASE-LX4 PMA/PMD
0001 1=10GBASE-SW PMA/PMD
00010=10GBASE-LW PMA/PMD
0000 1=10GBASE-EW PMA/PMD
0000 0=10GBASE-CX4 PMA/PMD

O OO — R R = m, OO0 PO

S OO OO OOIT O OO OO O OO DO OO DO OO OO OO~ =

2 R/W = Read/Write, RO"<Read only
b IfBASE-TI is selected; bits 1.2100.3:0 are used to differentiate which BASE-T1 PMA/PMD is selected.
¢ If BASE-H PMA/PMD is selected, register 1.900 is used to differentiate which BASE-H PMA/PMD is selected.

Change thetitle and text of 45.2.1.6.3 as follows:
45,2.1.6.3 PMA/PMD type selection (1.7.65:0)

The PMA/PMD type of the PMA/PMD shall be selected using bits 56 to 0. The PMA/PMD type abilities of
the PMA/PMD are advertised in bits 9 and 7 through 0 of the PMA/PMD status 2 register; the PMA/PMD
extended ability register; and-the 40G/100G PMA/PMD extended ability register; the 200G PMA/PMD
extended abilitv register, and the 400G PMA/PMD extended abilitv register. A PMA/PMD shall ignore

writes to the PMA/PMD type selection bits that select PMA/PMD types it has not advertised. It is the
responsibility of the STA entity to ensure that mutually acceptable MMD types are applied consistently
across all the MMDs on a particular PHY.

The PMA/PMD type selection defaults to a supported ability.
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45.2.1.7 PMA/PMD status 2 register (Register 1.8)
45.2.1.7.4 Transmit fault (1.8.11)

Insert the following rows at the bottom of Table 45-9 as follows (unchanged rows not shown):

Table 45-9—Transmit fault description location

PMA/PMD Description location
200GBASE-DR4 121.5.10
200GBASE-FR4, 200GBASE-LR4, 122.5.10
400GBASE-FR8, 400GBASE-LR8
400GBASE-SR16 123.5.10
400GBASE-DR4 124.5.10Q

45.2.1.7.5 Receive fault (1.8.10)

Insert the following rows at the bottom of Table 45-10 as follows{(unchanged rows not shown):

Table 45-10—Receive fault description location

PMA/PMD Description location
200GBASE-DR4 121.5.11
200GBASE-FR4, 200GBASE-LR4, 122.5.11
400GBASE-ERS, 400GBASE-LR8
400GBASE-SR16 123.5.11
400GBASE-DR4 124.5.11

45.2.1.8 PMD transmit disable register (Register 1.9)
Change the first paragraph of 45.2.1.8 as follows:

The assignment of bits in the PMD transmit disable register is shown in Table 45—11. The transmit disable
functionality is optional and a PMD’s ability to perform the transmit disable functionality is advertised in the
PMD transmit disable ability bit 1.8.8. A PMD that does not implement the transmit disable functionality
shall ignore writes to the PMD transmit disable register and may return a value of zero for all bits. A PMD
device that operates using a single lane and has implemented the transmit disable function shall use bit 1.9.0

to control the function. Such devices shall ignore writes to bits 1.9.4015:1 and return a value of zero for
those bits when they are read. The description of the transmit disable function for the various PMA/PMDs is
given in Table 45-12.
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Change the reserved row and footnote a of Table 45-11 and insert new rows at the top of the table as
follows (unchanged rows not shown):

Table 45-11—PMD transmit disable register bit definitions

Bit(s) Name Description R/W?
1.9.15 PMD transmit disable 14 1 = Disable output on transmit lane 14 | R/W

0 = Enable output on transmit lane 14

1.9.14 PMD transmit disable 13 1 = Disable output on transmit lane 13 | R/W
0 = Enable output on transmit lane 13

1.9.13 PMD transmit disable 12 1 = Disable output on transmit lane 12 | R/W
0 = Enable output on transmit lane 12

1.9.12 PMD transmit disable 11 1 = Disable output on transmit lane’1l, | R/'W
0 = Enable output on transmit lan&-J'l

1.9.11 PMD transmit disable 10 1 = Disable output on transinit fane 10 | R/W
0 = Enable output on trahsmit lane 10

8 RO=TRead-onty-R/W = Read/Write

Insert the following rows at the bottom of Table 45-12 as follows (unchanged rows not shown):

Table 45-12—Transmit.disable description location

PMA/PMD. Description location
200GBASE-DR4 121.5.7
200GBASE-FR4, 200GBASE-LR4, 122.5.7
400GBASE-FRE, and 400GBASE-LRS
400GBASE-SR16 123.5.7
400GBASE-DR4 124.5.7

Change-the title and text of 45.2.1.8.1 as follows:
45.2.1.8.1 PMD transmit disable 914 (1.9.4815)

When bit 1.9.4815 is set to a one, the PMD shall disable output on lane 914 of the transmit path. When bit
1.9.4015 is set to zero, the PMD shall enable output on lane 914 of the transmit path.

The default value for bit 1.9.4615 is zero.

NOTE—Transmission will not be enabled when this bit is set to zero unless the global PMD transmit disable bit is also
Zero.
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Change the title and text of 45.2.1.8.2 as follows:

45.2.1.8.2 PMD transmit disable 4,-5:6;:7-8 through 13 (1.9.5:4:8:6,4-9-7-4-9-8-4.9.9 through
1.9.14)

FhesebBits 95 through -9t aredefimed simitarty to bit 93615 for tanes 2 through 13,5567 wes;
respectively.

45.2.1.9 PMD receive signal detect register (Register 1.10)
Change the text of 45.2.1.9 as follows:

The assignment of bits in the PMD receive signal detect register is shown in Table 45—-13. The +8G-PMD
receive signal detect register is mandatory. PMD types that use only a single lane indicate the,status of the
receive signal detect using bit 1.10.0 and return a value of zero for bits 1.10.4015:1. PMD_types that use
multiple wavelengths or lanes indicate the status of each lane in bits 1.10.4815:1 and thelogical AND of
those bits in bit 1.10.0.

Change the reserved row of Table 45—13 and insert new rows at the top of the@able as follows (unchanged
rows not shown)

Table 45-13—PMD receive signal detect register bit definitions

Bit(s) Name Description R/W?
1.10.15 PMD receive signal detect 14 I'5'Signal detected on receive lane 14 RO

0 = Signal not detected on receive lane 14

1.10.14 PMD receive signal detect 13 1 = Signal detected on receive lane 13 RO
0 = Signal not detected on receive lane 13

1.10.13 PMD receive signal detect-12 1 = Signal detected on receive lane 12 RO
0 = Signal not detected on receive lane 12

1.10.12 PMD receive signaldetect 11 1 = Signal detected on receive lane 11 RO
0 = Signal not detected on receive lane 11

1.10.11 PMD receive signal detect 10 1 = Signal detected on receive lane 10 RO
0 = Signal not detected on receive lane 10

4RO = Read only

Changethe'title and text of 45.2.1.9.1 as follows:
45.2:1.9.1 PMD receive signal detect 914 (1.10.4815)

When bit 1.10.4015 is read as a one, a signal has been detected on lane 914 of the PMD receive path. When
bit 1.10.4015 is read as a zero, a signal has not been detected on lane 914 of the PMD receive path.
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Change the title and text of 45.2.1.9.2 as follows:

45.2.1.9.2 PMD receive signal detect 4,568 through 13 (1.10.5-4-40-6;4-40-+4-10-8;-
4409 through 1.10.14)

FhesebBits 105 through =10t aredefimed simitarty to-bit 10015 for tares 2 through 135,556 ancd
&; respectively.

45.2.1.10 PMA/PMD extended ability register (Register 1.11)

Change the row for 1.11.13 in Table 45-14 (as modified by IEEE Std 802.3bz-2016) as follows
(unchanged rows not shown):

Table 45-14—PMA/PMD Extended Ability register bit definitions

Bit(s) Name Description R/W?
1.11.13 Reserved Value-abways—zero RO
200G/400G extended 1 = PMA/PMD has 200G/400G extended abilities listed
abilities in register 1.23 or register 1.24
0 = PMA/PMD does not have. 200G/400G extended
abilities

4RO = Read only

Insert 45.2.1.10.aab after 45.2.1.10.aaa (as insérted by IEEE Std 802.3bz-2016) and before 45.2.1.10.aa
(as inserted by IEEE Std 802.3by-2016) as follows:

45.2.1.10.aab 200G/400G extended abilities (1.11.13)

When read as a one, bit 1.11.13 indicates that the PMA/PMD has 200G extended abilities listed in register
1.23 or 400G extended abilities/listed in register 1.24. When read as a zero, bit 1.11.13 indicates that the
PMA/PMD does not have 200G or 400G extended abilities.

Insert 45.2.1.14e through 45.2.1.14h after 45.2.1.14d (as inserted by IEEE Std 802.3bv-2017) as follows:
45.2.1.14e 200G-PMA/PMD extended ability register (Register 1.23)

The assighment of bits in the 200G PMA/PMD extended ability register is shown in Table 45—17e.

Table 45-17e—200G PMA/PMD extended ability register bit definitions

Bit(s) Name Description R/W?
1.23.15 200G PMA remote 1 =200G PMA has the ability to perform a remote loopback RO
Toopback ability Tunction

0=200G PMA does not have the ability to perform a remote
loopback function

1.23.14:6 Reserved Value always 0 RO
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Table 45-17e—200G PMA/PMD extended ability register bit definitions (continued)

Bit(s) Name Description R/W?
1.23.5 200GBASE-LR4 ability 1 =PMA/PMD is able to perform 200GBASE-LR4 RO
0 =PMA/PMD is not able to perform 200GBASE-1.R4
1.23.4 200GBASE-FR4 ability 1 = PMA/PMD is able to perform 200GBASE-FR4 RO
0 =PMA/PMD is not able to perform 200GBASE-FR4
1.23.3 200GBASE-DR4 ability 1 =PMA/PMD is able to perform 200GBASE-DR4 RO
0 =PMA/PMD is not able to perform 200GBASE-DR4
1.23.2:0 Reserved Value always 0 RO

4RO = Read only

45.2.1.14e.1 200G PMA remote loopback ability (1.23.15)

When read as a one, bit 1.23.15 indicates that the 200G PMA is able to performithe remote loopback
function. When read as a zero, bit 1.23.15 indicates that the 200G PMA is not,abl€ to perform the remote
loopback function. If a PMA is able to perform the remote loopback function, then it is controlled using the
PMA remote loopback bit 1.0.1 (see 45.2.1.1.4).

45.2.1.14e.2 200GBASE-LR4 ability (1.23.5)

When read as a one, bit 1.23.5 indicates that the PMA/PMD, is able to operate as a 200GBASE-LR4
PMA/PMD type. When read as a zero, bit 1.23.5 indicates.that the PMA/PMD is not able to operate as a
200GBASE-LR4 PMA/PMD type.

45.2.1.14e.3 200GBASE-FR4 ability (1.23.4)

When read as a one, bit 1.23.4 indicates ‘that' the PMA/PMD is able to operate as a 200GBASE-FR4
PMA/PMD type. When read as a zero, bif\].23.4 indicates that the PMA/PMD is not able to operate as a
200GBASE-FR4 PMA/PMD type.

45.2.1.14e.4 200GBASE-DR4 ability (1.23.3)

When read as a one, bit 4,23.3 indicates that the PMA/PMD is able to operate as a 200GBASE-DR4
PMA/PMD type. When read as a zero, bit 1.23.3 indicates that the PMA/PMD is not able to operate as a
200GBASE-DR4 PMA/PMD type.

45.2.1.14f 400G PMA/PMD extended ability register (Register 1.24)

The assignment of bits in the 400G PMA/PMD extended ability register is shown in Table 45-17f.

Table 45-17f—400G PMA/PMD extended ability register bit definitions

Bit(s) Name Description R/W?
12415 400G PMA_remote 1 =400G PMA has the q]«i]if} E70) perfnm aremote ]nnpl‘\qr\]{ RO
loopback ability function
0 =400G PMA does not have the ability to perform a remote
loopback function
1.24.14:6 Reserved Value always 0 RO
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Table 45-17f—400G PMA/PMD extended ability register bit definitions (continued)

Bit(s) Name Description R/W?
1.24.5 400GBASE-LRS ability 1 =PMA/PMD is able to perform 400GBASE-LRS8 RO
0 =PMA/PMD is not able to perform 400GBASE-L.R8
1.24.4 400GBASE-FR8 ability 1 = PMA/PMD is able to perform 400GBASE-FR8 RO
0=PMA/PMD is not able to perform 400GBASE-FR8
1.24.3 400GBASE-DR4 ability 1 =PMA/PMD is able to perform 400GBASE-DR4 RO
0 =PMA/PMD is not able to perform 400GBASE-DR4
1.24.2 400GBASE-SR16 ability | 1 =PMA/PMD is able to perform 400GBASE-SR16 RO
0 =PMA/PMD is not able to perform 400GBASE-SR16
1.24.1:0 Reserved Value always 0 RO

4RO = Read only

45.2.1.14f.1 400G PMA remote loopback ability (1.24.15)

When read as a one, bit 1.24.15 indicates that the 400G PMA is able to’petform the remote loopback
function. When read as a zero, bit 1.24.15 indicates that the 400G PMA%s 110t able to perform the remote
loopback function. If a PMA is able to perform the remote loopback function, then it is controlled using the
PMA remote loopback bit 1.0.1 (see 45.2.1.1.4).

45.2.1.14f.2 400GBASE-LR8 ability (1.24.5)

When read as a one, bit 1.24.5 indicates that the PMA/PMD is able to operate as a 400GBASE-LRS&
PMA/PMD type. When read as a zero, bit 1.24.5 indieates that the PMA/PMD is not able to operate as a
400GBASE-LR8 PMA/PMD type.

45.2.1.14f.3 400GBASE-FRS8 ability (1.24.4)

When read as a one, bit 1.24.4 indicates that the PMA/PMD is able to operate as a 400GBASE-FRS8
PMA/PMD type. When read as a zero, bit 1.24.4 indicates that the PMA/PMD is not able to operate as a
400GBASE-FR8 PMA/PMD type"

45.2.1.14f.4 400GBASE-DR4 ability (1.24.3)

When read as a onej.bit 1.24.3 indicates that the PMA/PMD is able to operate as a 400GBASE-DR4
PMA/PMD type!{When read as a zero, bit 1.24.3 indicates that the PMA/PMD is not able to operate as a
400GBASE-DR4 PMA/PMD type.

45.2.114£:5 400GBASE-SR16 ability (1.24.2)

When read as a one, bit 1.24.2 indicates that the PMA/PMD is able to operate as a 400GBASE-SR16
BMA/PMD type. When read as a zero, bit 1.24.5 indicates that the PMA/PMD is not able to operate as a
400GBASE-SR16 PMA/PMD type.

45.2.1.14g PMD transmit disable extension register (Register 1.27)

The assignment of bits in the PMD transmit disable extension register is shown in Table 45—17g. The
transmit disable functionality is optional and a PMD’s ability to perform the transmit disable functionality is
advertised in the PMD transmit disable ability bit 1.8.8. A PMD that does not implement the transmit disable
functionality shall ignore writes to the PMD transmit disable extension register and may return a value of
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zero for all bits. A PMD device that operates using a single lane and has implemented the transmit disable
function shall use bit 1.9.0 to control the function. Such devices shall ignore writes to bit 1.27.0 and return a
value of zero for that bit when read.

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

Table 45-17g—PMD transmit disable extension register bit definitions

Bit(s) Name Description R/W?
1.27.15:1 Reserved Value always 0 RO
1.27.0 PMD transmit disable 15 1 = Disable output on transmit lane 15 | R/W

0 = Enable output on transmit lane 15

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

45.2.1.14g.1 PMD transmit disable 15 (1.27.0)

When bit 1.27.0 is set to a one, the PMD shall disable output on lane 15 ofdhetransmit path. When bit 1.27.0
is set to a zero, the PMD shall enable output on lane 15 of the transmit.path:

The default value for bit 1.27.0 is zero.

NOTE—Transmission will not be enabled when this bit is set to azzere’unless the global PMD transmit disable bit is also

Z€10.

45.2.1.14h PMD receive signal detect extension register (Register 1.28)

The assignment of bits in the PMD receive sigial detect extension register is shown in Table 45—17h. PMD
types that use only a single lane indicate th¢status of the receive signal detect using bit 1.10.0 and return a
value of zero for bit 1.28.0. PMD types,that use multiple wavelengths or lanes indicate the status of each
lane in bits 1.10.15:1 and 1.28.0 (if néeded) and the logical AND of those bits in bit 1.10.0.

Table 45-17h—PMD receive signal detect extension register bit definitions

Bit(s) Name Description R/W?
1.28.15:1 Reserved Value always 0 RO
1.28.0, PMD receive signal detect 15 1 = Signal detected on receive lane 15 RO

0 = Signal not detected on receive lane 15

4 RO = Read only

45.2.1.14h.1 PMD receive signal detect 15 (1.28.0)

When bit 1.28.0 is read as a one, a signal has been detected on lane 15 of the PMD receive path. When bit
1.28.0 is read as a zero, a signal has not been detected on lane 15 of the PMD receive path.
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Insert 45.2.1.116a through 45.2.1.116g after 45.2.1.116 as follows:

45.2.1.116a 200GAUI-8 and 400GAUI-16 chip-to-module recommended CTLE, lane 0 register
(Register 1.400)

FaYaVall ¥k th o a0} 1 4006 ATIL

[a'ni) . PRI o1 FEVBREL SR, | faY 1 loe e 1.1 dol oo 1 FaY
TIIv abblslllllclll Ul UIW IIT UIv UVUUAUIS0 dallUl FUUUAUILISTU bllllJ'l,U'lllUuulU ICCUIIIICITUCU U T 1, 14l U

register is shown in Table 45-90aa.

Table 45-90aa—200GAUI-8 and 400GAUI-16 chip-to-module recommended CTLE, lane 0
register bit definitions

Bit(s) Name Description RIW?

1.400.15:5 Reserved Value always 0 RO

1.400.4:1 Recommended CTLE 4321 R/W
peaking 1 1 x x=Reserved
101 x=Reserved
1001=9dB
1000=8dB
0111=7dB
0110=6dB
0101=5dB
0100=4dB
0011=3dB
0010=2dB
0001=1dB
000 0=Reseryed

1.400.0 Reserved Value always 0 RO

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

45.2.1.116a.1 Recommended CTLE peaking (1.400.4:1)

The value of these bits sets the CTLE peaking value recommended for lane 0 by a host that implements the
optional 200GAUI-8 or 400GAUI=16 chip-to-module interface defined in Annex 120C (see 120C.3.1). The
module may optionally use this\ihformation to adjust its CTLE setting.

45.2.1.116b 200GAUI-8"and 400GAUI-16 chip-to-module recommended CTLE, lane 1
through lane 7 registers (Registers 1.401 through 1.407)

The 200GAUI-8.and 400GAUI-16 chip-to-module recommended CTLE, lane 1 through lane 7 registers are
defined similarly to register 1.400 (which is used for lane 0, see 45.2.1.116a) but for lanes 1 through 7,
respectively.

45.2.:1.116¢c 400GAUI-16 chip-to-module recommended CTLE, lane 8 through lane 15
registers (Registers 1.408 through 1.415)

The 400GAUI-16 chip-to-module recommended CTLE, lane 8 through lane 15 registers are defined
similarly to register 1.400 (which is used for lane 0, see 45.2.1.116a) but for lanes 8 through 15, respectively.
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45.2.1.116d 200GAUI-n and 400GAUI-n chip-to-chip transmitter equalization, receive
direction, lane 0 register (Register 1.500)

The assignment of bits in the 200GAUI-n and 400GAUI-n chip-to-chip transmitter equalization, receive
direction, lane 0 register is shown in Table 45-90ab. The transmitter, receive direction, is the transmitter that

pal

& DR DU Jestl AAA
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Table 45-90ab—200GAUI-n and 400GAUI-n chip-to-chip transmitter equalization, receive

direction, lane 0 register bit definitions

Bit(s) Name

Description

R/W?

1.500.15 Request flag

1 = Change in equalization is requested
0 = No change in equalization is requested

RO

1.500.14:12 | Post-cursor request

141312

Reserved

Reserved

Requested_eq c1 =5 (c(1) ratio 3-0.25)
Requested_eq cl =4 (c(1)ratio —0.2)
Requested _eq c1=3 (e(1) ratio —0.15)
Requested eq cl =2/(c(¥) ratio —0.1)
Requested _eq_cl =} (€(1) ratio —0.05)
Requested eq c¢h =<0 (c(1) ratio 0)

OO, —, OO —~ —
SR O~ OO~

RO

1.500.11:10 | Pre-cursor request

Requested_eq _eml =3 (c(—1) ratio —0.15)
Requested\eq cml =2 (c(—1) ratio —0.1)
Requested) eq_cml =1 (c(—1) ratio —0.05)

RO

1.500.9:7 Post-cursor remote setting

Reserved

Reserved

Remote eq cl =15 (c(1)ratio —0.25)
100 Remote eq cl=4 (c(1) ratio —0.2)
011 Remote eq cl=3 (c(1)ratio—0.15)
010 Remote eq cI=2 (c(1)ratio—0.1)
001 Remote eq cI=1 (c(1)ratio —0.05)
000 Remote eq cI=0 (c(1)ratio 0)

10
1
0
1
0 Requested eq cml =0 (c(—1) ratio 0)
7
1
0
1

R/W

1.500.6:5 Pre-cursor.remote setting

11 Remote eq cml =3 (c(—1) ratio —0.15)
10 Remote eq cml =2 (c(—1)ratio—0.1)
01 Remote eq cml=1 (c(—1) ratio —0.05)
00 Remote_eq cml =0 (c(—1) ratio 0)

R/W

1.500.4:2 Post-cursor local setting

432

111 Reserved

110 Reserved

101 Local_eq c1=5 (c(1)ratio—0.25)
100 Local eq c1=4 (c(1)ratio—0.2)
011 Local eq c1=3 (c(1)ratio—0.15)
010 Local eq c1=2 (c(1)ratio—0.1)
001 Local eq cl1=1 (c(1)ratio—0.05)
000 Local eq cl=0 (c(1)ratio 0)

R/W

1.500.1:0

Pre-cursor local setting.
5

10

RAN

11 Local eq cml =3 (c(—1) ratio —0.15)
10 Local eq cml=2 (c(—1)ratio—0.1)
01 Local eq cml=1 (c(—1) ratio —0.05)
00 Local eq ecml =0 (c(-1)ratio 0)

2 R/W = Read/Write, RO = Read only
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45.2.1.116d.1 Request flag (1.500.15)

The value of this bit indicates the value of the variable Request flag in the lane 0 200GAUI-n or 400GAUI-n
receiver in the receive direction (see 120B.3.2 and 120D.3.2.3). This indicates whether the 200GAUI-n or
400GAUI-n chip-to-chip device is issuing a request to change the remote transmitter equalization in the

200 ATIL A0 ATL FaYaVall ik dh o

VUUAUTTIT UL ‘fUUUnUI'll bilip'tu'bllip 1(1115 G tlallblllittcl ill tllU lchiVU dll CbtiUll. Ifa iauc G ﬂUUUnUl'll Ul
400GAUI-n receiver in the receive direction is not present in the package, then the value returned for this bit
should be zero.

45.2.1.116d.2 Post-cursor request (1.500.14:12)

The value of these bits indicates the value of the variable Requested eq cl in the lane 0 200GAUkn or
400GAUI-n receiver in the receive direction (see 120B.3.2 and 120D.3.2.3). When Request flag‘isequal to
1, this value indicates the ratio of the post-cursor coefficient c¢(1), which is requested for the ‘transmitter
equalization in the 200GAUI-n or 400GAUI-n chip-to-chip lane 0 transmitter in the receive, direction.

45.2.1.116d.3 Pre-cursor request (1.500.11:10)

The value of these bits indicates the value of the variable Requested eq cmidn the lane 0 200GAUI-n or
400GAUI-n receiver in the receive direction (see 120B.3.2 and 120D.3.2.3)_When Request flag is equal to
1, this value indicates the ratio of the pre-cursor coefficient c¢(—1), whicli is requested for the transmitter
equalization in the 200GAUI-n or 400GAUI-n chip-to-chip lane 0 transthitter in the receive direction.

45.2.1.116d.4 Post-cursor remote setting (1.500.9:7)

The value of these bits sets the variable Remote_eq cl for'the lane 0 200GAUI-n or 400GAUI-n receiver in
the receive direction (see 120B.3.2 and 120D.3.2.3). This is used by a 200GAUI-n or 400GAUI-n receiver
that implements the optional transmitter equalization feedback as an indication of the ratio of the post-cursor
coefficient c¢(1) being used in lane 0 of the 200GAUI-n or 400GAUI-n transmitter in the receive direction
(see 120B.3.1 and 120D.3.1.5). It may be used\to generate values for the request flag and the request bits. If
a lane 0 200GAUI-n or 400GAUI-n receiverih the receive direction is not present in the package, then these
bits have no effect.

45.2.1.116d.5 Pre-cursor remote-setting (1.500.6:5)

The value of these bits sets the variable Remote_eq cml for the lane 0 200GAUI-n or 400GAUI-n receiver
in the receive directiony(§¢e 120B.3.2 and 120D.3.2.3). This is used by a 200GAUI-n or 400GAUI-n
receiver that implements. the optional transmitter equalization feedback as an indication of the ratio of the
pre-cursor coefficiente(—1) being used in lane 0 of the 200GAUI-n or 400GAUI-n transmitter in the receive
direction (see 120B.3.1 and 120D.3.1.5). It may be used to generate values for the request flag and the
request bits. If alane 0 200GAUI-n or 400GAUI-n receiver in the receive direction is not present in the
package, then these bits have no effect.

45,2:1.116d.6 Post-cursor local setting (1.500.4:2)

The value of these bits sets the variable Local eq cl for the lane 0 200GAUI-n or 400GAUI-n transmitter in
the receive direction (see 120B.3.1 and 120D.3.1.5), which controls the weight of the transmitter
equalization post-cursor coefficient ¢(1). If a lane 0 200GAUI-n or 400GAUI-n transmitter in the receive
direction is not present in the package, then these bits have no effect.

45.2.1.116d.7 Pre-cursor local setting (1.500.1:0)

The value of these bits sets the variable Local eq cml for the lane 0 200GAUI-n or 400GAUI-n transmitter
in the receive direction (see 120B.3.1 and 120D.3.1.5), which controls the weight of the transmitter
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equalization pre-cursor coefficient c(—1). If a lane 0 200GAUI-n or 400GAUI-n transmitter in the receive
direction is not present in the package, then these bits have no effect.

45.2.1.116e 200GAUI-n and 400GAUI-n chip-to-chip transmitter equalization, receive
direction, lane 1 through lane 15 registers (Registers 1.501 through 1.515)

The 200GAUI-n and 400GAUI-n chip-to-chip transmitter equalization, receive direction, lane 1 through
lane 15 registers are defined similarly to register 1.500 (which is used for lane 0, see 45.2.1.116d) but for
lanes 1 through 15, respectively. The transmitter, receive direction, is the transmitter that sends data towards
the MAC.

45.2.1.116f 200GAUI-n and 400GAUI-n chip-to-chip transmitter equalization, transmit
direction, lane 0 register (Register 1.516)

The assignment of bits in the 200GAUI-n and 400GAUI-n chip-to-chip transmitter equalization, transmit
direction, lane 0 register is shown in Table 45-90ac. The transmitter, transmit direction; is"the transmitter
that sends data towards the PMD.

Table 45-90ac—200GAUI-n and 400GAUI-n chip-to-chip transmitter equalization,
transmit direction, lane 0 register bit definitions

Bit(s) Name Description R/W?

1.516.15 Request flag 1 = Change in equalization is requested RO
0 = No change inlequalization is requested

1.516.14:12 | Post-cursor request 141312 RO
Reserved

Reserved

Requested eq cl =35 (c(1) ratio —0.25)
Requested eq cl =4 (c(1) ratio —0.2)
Requested eq cl =3 (c(1)ratio —0.15)
Requested eq cl1 =2 (c(1)ratio—0.1)
Requested _eq c1=1 (c(1) ratio —0.05)
Requested eq c1 =0 (c(1) ratio 0)

COoOT = — — —
cCoR~R LS~ —
S = O~ OO —

—
—

1.516.11:10 | Pre-cursor request; RO
Requested_eq_cml =3 (c(—1) ratio —0.15)
Requested eq cml =2 (c(—1) ratio —0.1)
Requested eq cml =1 (c(—1) ratio —0.05)
Requested eq cml =0 (c(—1) ratio 0)

1.516.9:7 Pest=Cursor remote setting R/W
Reserved

Reserved

Remote eq cl1 =15 (c(1)ratio —0.25)
Remote_eq cl1=4 (c(1)ratio —0.2)
Remote eq cl =3 (c(1)ratio—0.15)
Remote_eq c¢l1=2 (c(1)ratio —0.1)
Remote eq cl=1 (c(1)ratio —0.05)
Remote_eq ¢l =0 (c(1) ratio 0)

O——— =9V 0o ——
—o—Oor~a|o—rOo—g

—_0 O = = 0

[ e )
o o=
(=R )

[o)}
W

1.516.6:5 Pre-cursor remote setting R/W

—_
—_

Remote eq cml =3 (c(—1)ratio —0.15)
Remote_eq cml =2 (c(—1) ratio —0.1)

—
(=]

Remote_eq cml =T (c(—T)Tatio —0.03)
Remote_eq cml =0 (c(—1) ratio 0)

S g
S
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Table 45-90ac—200GAUI-n and 400GAUI-n chip-to-chip transmitter equalization,
transmit direction, lane 0 register bit definitions (continued)

Bit(s) Name Description R/W?

151642 Post-cursor local ce_tﬁng 432 RAN

111 Reserved

110 Reserved

101 Local eq c1=5 (c(1)ratio—0.25)
100 Local eq cl=4 (c(1)ratio—0.2)

011 Local eq c1=3 (c(1)ratio—0.15)
010 Local eq c1=2 (c(1)ratio—0.1)

001 Local eq c1=1 (c(1)ratio—0.05)
000 Local eq c1=0 (c(1)ratio 0)

1.516.1:0 Pre-cursor local setting 10 R'W
11 Local eq cml=3 (c(—1)ratio—0.15)
10 Local eq eml =2 (c(—1)ratio —0.1)
01 Local eq cml =1 (c(—1) ratio —0.05)
00 Local eq eml=0 (c(—1)ratio 0)

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

45.2.1.116f.1 Request flag (1.516.15)

The value of this bit indicates the value of the variable Request_fldg in'the lane 0 200GAUI-n or 400GAUI-n
receiver in the transmit direction (see 120B.3.2 and 120D.3.2.3)."This indicates whether the 200GAUI-n or
400GAUI-n chip-to-chip device is issuing a request to change the remote transmitter equalization in the
200GAUI-n or 400GAUI-n chip-to-chip lane 0 transmittenin the transmit direction. If a lane 0 200GAUI-n
or 400GAUI-n receiver in the transmit direction is not present in the package, then the value returned for this
bit should be zero.

45.2.1.116f.2 Post-cursor request (1.516.14:12)

The value of these bits indicates the value of the variable Requested eq cl in the lane 0 200GAUI-n or
400GAUI-n receiver in the transmit'direction (see 120B.3.2 and 120D.3.2.3). When Request flag is equal to
1, this value indicates the ratio ofithe post-cursor coefficient c(1), which is requested for the transmitter
equalization in the 200GAUI-nh6f 400GAUI-n chip-to-chip lane 0 transmitter in the transmit direction.

45.2.1.116f.3 Pre-cursorrequest (1.516.11:10)

The value of thes€ bits indicates the value of the variable Requested eq cml in the lane 0 200GAUI-n or
400GAUI-n receiver in the transmit direction (see 120B.3.2 and 120D.3.2.3). When Request flag is equal to
1, this value.indicates the ratio of the pre-cursor coefficient ¢(—1), which is requested for the transmitter
equalization in the 200GAUI-n or 400GAUI-n chip-to-chip lane 0 transmitter in the transmit direction.

45:2.1.116f.4 Post-cursor remote setting (1.516.9:7)
The value of these bits sets the variable Remote _eq cl for the lane 0 200GAUI-n or 400GAUI-n receiver in

the transmit direction (see 120B.3.2 and 120D.3.2.3). This is used by a 200GAUI-n or 400GAUI-n receiver
that implements the optional transmitter equalization feedback as an indication of the ratio of the post-cursor

coctfrcrentctHbemgused i tane 0ot the 2606 A T or 406G A B transmmitter - thetramsmmitdirection
(see 120B.3.1 and 120D.3.1.5). It may be used to generate values for the request flag and the request bits. If
a lane 0 200GAUI-n or 400GAUI-n receiver in the transmit direction is not present in the package, then
these bits have no effect.
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45.2.1.116f.5 Pre-cursor remote setting (1.516.6:5)

The value of these bits sets the variable Remote_eq cml for the lane 0 200GAUI-n or 400GAUI-n receiver
in the transmit direction (see 120B.3.2 and 120D.3.2.3). This is used by a 200GAUI-n or 400GAUI-n
receiver that implements the optional transmitter equalization feedback as an indication of the ratio of the

JAVaVallth e 4 Y WaYaVall ik tha 4
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transmit direction (see 120B.3.1 and 120D.3.1.5). It may be used to generate values for the request flag and
the request bits. If a lane 0 200GAUI-n or 400GAUI-n receiver in the transmit direction is not present in the
package, then these bits have no effect.

45.2.1.116f.6 Post-cursor local setting (1.516.4:2)

The value of these bits sets the variable Local eq cl for the lane 0 200GAUI-n or 400GAUI-n transmitter in
the transmit direction (see 120B.3.1 and 120D.3.1.5), which controls the weight of the ‘transmitter
equalization post-cursor coefficient ¢(1). If a lane 0 200GAUI-n or 400GAUI-n transmitter.in the transmit
direction is not present in the package, then these bits have no effect.

45.2.1.116f.7 Pre-cursor local setting (1.516.1:0)

The value of these bits sets the variable Local _eq cml for the lane 0 200GAUIL-n or 400GAUI-n transmitter
in the transmit direction (see 120B.3.1 and 120D.3.1.5), which controls,the weight of the transmitter
equalization pre-cursor coefficient c(—1). If a lane 0 200GAUI-n or 400GAUI-n transmitter in the transmit
direction is not present in the package, then these bits have no effect.

45.2.1.116g 200GAUI-n and 400GAUI-n chip-to-chip transmitter equalization, transmit
direction, lane 1 through lane 15 registers (Registers 1.517 through 1.531)

The 200GAUI-n and 400GAUI-n chip-to-chip trapsmitter equalization, transmit direction, lane 1 through
lane 15 registers are defined similarly to register 1,516 (which is used for lane 0, see 45.2.1.116f) but for
lanes 1 through 15, respectively. The transrhitter, transmit direction, is the transmitter that sends data
towards the PMD.

45.2.1.123 Test-pattern ability (Register 1.1500)

Change 45.2.1.123 as follows:

The test-pattern ability register is used for PHY types that implement SSPRQ, square wave, testing-and

PRBS testing in the PMA. These functions are described in 83.5.10 and 120.5.11. The assignment of bits in
the test-pattern ability-register is shown in Table 45-92.

Table 45-92—Test-pattern ability register bit definitions

Bit(s) Name Description R/W?
1.1500.15:14 Reserved Value always 0 RO
1.1500.13 SSPRQ Tx generator 1 = SSPRQ transmit direction pattern generator supported RO
E— ability 0 = SSPRQ transmit direction pattern generator not supported —

Square wave test 1 = Square wave testing supported
1.1500.12 ability 0 = Square wave testing not supported RO
60
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Table 45-92—Test-pattern ability register bit definitions (continued)

Bit(s) Name Description R/W?
1.1500.11 PRBS{ 3 :ng rl‘ = E§E§}§n§2 Eransmg (Ji%recgon paf‘fern genera‘for sup‘ ported RO
generator-anttty =T Oy rootransmtatrectronpatternrgencrator-notstpportea

1.1500.10 PRBS13Q Rx 1 = PRBS13Q receive direction pattern generator supported RO
E— generator ability 0 =PRBS13Q receive direction pattern generator not supported =
1.1500.9 PRBS310Q Tx 1 = PRBS31Q transmit direction pattern generator supported RO
— generator ability 0 =PRBS31Q transmit direction pattern generator not supported | =
115008 PRBS31Q Tx checker | 1=PRBS31Q transmit direction pattern checker supported RO
E— ability 0 = PRBS31Q transmit direction pattern checker not supported -
1.1500.7 PRBS310Q Rx 1 =PRBS31Q receive direction pattern generator supported RO
E— generator ability 0 =PRBS31Q receive direction pattern generator not supported | =
1.1500.6 PRBS31QRxchecker | 1=PRBS31Q receive direction pattern checker supported RO
E— ability 0 =PRBS31Q receive direction pattern checkernot/supported —
1.1500.5 PRBS9 Tx generator 1 = PRBS9 transmit direction pattern generator supported RO

’ ’ ability 0 = PRBS9 transmit direction pattern gederator not supported
1.1500.4 PRBS9 Rx generator 1 = PRBSO9 receive direction pattern gehérator supported RO

’ ’ ability 0 = PRBS9 receive direction patterngenerator not supported

1 = PRBS31 Ftransmit direction pattern generator supported
1.1500.3 PR.B.S31 Tx generator 0 = PRBS31 Fxtransmitdirection pattern generator not RO
ability
supported

1.1500.2 PRBS31 Tx checker 1 =PRBS31 Ftransmit direction pattern checker supported RO

’ ’ ability 0 = PRBS31 Fxtransmit direction pattern checker not supported
1.1500.1 PRBS31 Rx generator | 1 =PRBS31 Rreceive direction pattern generator supported RO

’ ’ ability 0 =PRBS31 Rxreceive direction pattern generator not supported
1.1500.0 PRBS31 Rx checker 1 £RRBS31 Rreceive direction pattern checker supported RO

’ ’ ability 0= PRBS31 Rxreceive direction pattern checker not supported

2RO = Read only

If SSPRQ pattern testing is“supported and register 1.1500 is implemented then bit 1.1500.13 shall indicate
the generation ability in thé transmit direction. The SSPRQ pattern test is controlled by register 1.1501 (see

45.2.1.124).

If square wave testing is supported and this-register 1.1500 is implemented then bit 1.1500.12 shall be set
to 1. The square wave test is controlled by register 1.1510 (see 45.2.1.125).

If PRBST3Q pattern testing is supported and register 1.1500 is implemented then bit 1.1500.11 shall indicate

the ‘géneration ability in the transmit direction and bit 1.1500.10 shall indicate the generation ability in the
reeeive direction. The PRBS13Q pattern test is controlled by register 1.1512 (see 45.2.1.125a).

If PRBS31Q pattern testing is supported and register 1.1500 is implemented then bit 1.1500.9 shall indicate
the generation ability in the transmit direction and bit 1.1500.7 shall indicate the generation ability in the

receive direction. Bit 1.1500.8 shall indicate the checker ability in the transmit direction and bit 1.1500.6
shall indicate the checker ability in the receive direction. The PRBS31Q pattern test is controlled by register
1.1501 (see 45.2.1.124).
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If PRBS9 pattern testing is supported and this-register 1.1500 is implemented then bit 1.1500.5 shall indicate
the generation ability in the transmit direction and bit 1.1500.4 shall indicate the generation ability in the
receive direction. The PRBS pattern test is controlled by register 1.1501 (see 45.2.1.124).

If PRBS31 pattern testing is supported and this-—register 1.1500 is implemented then bit 1.1500.3 shall

iudi\.«atc t}lC éUllUl aﬁuu a‘unit_y ill t}lC tl allblllit dilUbtiUll aud IIJit 1.150\{).1 Dllal‘l iudi\,atc tilc SUllclatiUll a‘uiht.y
in the receive direction. Bit 1.1500.2 shall indicate the checker ability in the transmit direction and bit
1.1500.0 shall indicate the checker ability in the receive direction. The PRBS pattern test is controlled by
register 1.1501 (see 45.2.1.124).

45.2.1.124 PRBS pattern testing control (Register 1.1501)
Change the first paragraph of 45.2.1.124 and Table 45-93 as follows:
The PRBS pattern testing control register is used for PHY types that implement PRBS pattern) testing in the

PMA. This function is described in 83.5.10 and 120.5.11. The assignment of bits in the PRBS pattern testing
control register is shown in Table 45-93.

Table 45-93—PRBS pattern testing control register bit-definitions

Bit(s) Name Description R/W?

1.1501.15:32 | Reserved Value always 0 RO
1 = Enable SSPRQ teést-pattern

1.1501.14 SSPRQ pattern enable 0 = Disable SSPRO est-pattern R/'W
1 = Enable PRBS31Q test-pattern

1.1501.13 PRBS31Q pattern enable 0 = Disable PRBS310 test-pattern R/W

1.1501.12 Reserved Valuedlways 0 RO

1.1501.11 Transmitter linearity test 1< Enable transmitter linearity test-pattern RIW

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

1 = Enable QPRBS13 test-pattern

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

1.1501.9 JPO3B pattern enable 0= Disable JPO3B test-pattern R/'W
1 = Enable JPO3A test-pattern

1.1501.8 JPO3A pattern enable 0 = Disable JPO3A test-pattern R/W
1 = Enable PRBS31 test-pattern

1.1501.7 PRBS31 pattern enable 0 = Disable PRBS31 test-pattern R/W
1 = Enable PRBS9 test-pattern

1.1501.6 PRBS9 pattern enable 0 = Disable PRBS9 test-pattern R/W

1.1501:5%4 Reserved Value always 0 RO
1 = Enable transmit direction test-pattern generator

{T501.3 Tx generator enable 0 = Disable transmit direction test-pattern generator R/W
1 = Enable transmit direction test-pattern checker

1.1501.2 Tx checker enable 0 = Disable transmit direction test-pattern checker RAW
t—FmablcTeceive directiom test-patter T generator

115011 Rx generator enable 0 = Disable receive direction test-pattern generator R/W
1 = Enable receive direction test-pattern checker

1.1501.0 Rx checker enable 0 = Disable receive direction test-pattern checker R/W

2 R/W = Read/Write, RO = Read only
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Change the last two paragraphs of 45.2.1.124 as follows:

Register 1.1501, bit 3 enables pattern PRBS-generation in the transmit direction. Register 1.1501, bit 2
enables pattern PRBS—checking in the transmit direction. Register 1.1501, bit 1 enables pattern PRBS
generation in the receive direction. Register 1.1501, bit 0 enables pattern PRBS-checking in the receive

Ve ]

1. o 1L <4l sl RSP Ve Y 1 C VI D% ) h Y 1 2.01 e ot
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Register 1.1501 bit 8 enables testing with the JPO3A pattern defined in 94.2.9.1 for 100GBASE-KP4
PMA/PMD. Register 1.1501 bit 9 enables testing with the JPO3B pattern defined in 94.2.9.2 for
100GBASE-KP4 PMA/PMD. Register field—1.1501 bit 10 enables testing with the QPRBS13 pattetn
defined in 94.2.9.3 for 100GBASE-KP4 PMA/PMD. Register field-1.1501 bit 11 enables the transmitter
linearity test pattern defined in 94.2.9.4 for I00GBASE-KP4 PMA/PMD. Register 1.1501 bit 13 enables the
PRBS31Q test pattern defined in 120.5.11.2.2. Register 1.1501 bit 14 enables the SSPRQ tést pattern
defined in 120.5.11.2.3. The assertion of bits 1.1501.8, 1.1501.9, 1.1501.10, 1.1501.11, 1n501.13, and
1.1501.14 are mutually exclusive. If more than one bit is asserted, the behavior is undefined.The assertion
of 1.1501.8, 1.1501.9, 1.501.10, and 1.1501.11 operates in conjunction with register 11501 bit 3 for
100GBASE-KP4 PMA/PMD. For other PMA/PMD types or if bit 1.1501.3 is not asserted, then 1.1501.8,
1.1501.9, 1.501.10, and 1.1501.11 have no effect._For the 200GBASE-R and 400GBASE-R PMAs. the
assertion of register 1.1501 bit 13 operates in conjunction with register 1.1501¢bits' 3 and 1. If neither bit is
asserted, then register 1.1501 bit 13 has no effect. Also for the 200GBASE-R-and 400GBASE-R PMAs, the
assertion of register 1.1501 bit 14 operates in conjunction with register 71501 bit 3. If bit 1.1501.3 is not
asserted, then register 1.1501 bit 14 has no effect. For other PMA/PMD. types register 1.1501 bits 13 and 14
have no effect.

45.2.1.125 Square wave testing control (Register 1.1510)
Change 45.2.1.125 as follows:
The square wave testing control register is used foryPHY types that implement transmit square wave testing

in the PMA. This function is described in 83.50"and 120.5.11. The assignment of bits in the square wave
testing control register is shown in Table 45<94.

Table 45-94—Square wave testing control register bit definitions

Bit(s) Naime Description R/W?

1.1510.15 {ané 15 SW enable 1 = Enable square wave on lane 15 RIW
0 = Disable square wave on lane 15

1.1510.14™" | Lane 14 SW enable L= Ensble square wave on lane 14 R/W
0 = Disable square wave on lane 14

[54510.13 Lane 13 SW enable 1 = Enable square wave on lane 13 RIW
0 = Disable square wave on lane 13

1.1510.12 Lane 12 SW enable 1 iEr}able square wave on lane 12 R/'W
0 = Disable square wave on lane 12

11510 11 [ ane 11 SW enahle 1 = Enable square wave on lane 11 R/W
U= Disable square wave on tane 11 ——

1.1510.10 | Lane 10 SW enable 1= Enshle square wave on lane 10 R/W
0 = Disable square wave on lane 10
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Table 45-94—Square wave testing control register bit definitions (continued)

Bit(s) Name Description R/W?

1.1510.9 Lane 9 SW enable 1 = Enable square wave on lane 9 RIW
—DBisabte-square-wave-ontane

1.1510.8 Lane 8 SW enable | = Enable square wave on lane 8 RIW
0 = Disable square wave on lane 8

115107 Lane 7 SW enable 1 i Er}able square wave on lane 7 RIW
0 = Disable square wave on lane 7

1.1510.6 Lane 6 SW enable | = Enable square wave on lane 6 RAW
0 = Disable square wave on lane 6

1.1510.5 Lane 5 SW enable 1 = Enable square wave on lane 5 RIW
0 = Disable square wave on lane 5

1.1510.4 Lane 4 SW enable | = Enable square wave on lane 4 RIW
0 = Disable square wave on lane 4

115103 Lane 3 SW enable 1 i Er}able square wave on lane 3 RIW
0 = Disable square wave on lane 3

1.1510.2 Lane 2 SW enable 1 = Enable square wave on lap¢2 RIW
0 = Disable square wave on.lane2

1.1510.1 Lane 1 SW enable 1 = Enable square wayglane 1 RIW
0 = Disable square waveron lane 1

115100 Lane 0 SW enable 1 = Enable squaggGhave on lane 0 RIW
0 = Disable square wave on lane 0

3 R/W = Read/Write; RO—=Read-only

Register 1.1510, bits 0 through 159 enable ‘square wave output on PMA lanes 0 through 159 respectively.
Lanes for which a square wave pattern is not enabled act as determined by other registers.

Insert 45.2.1.125a after 45.2.1.125\as follows:

45.2.1.125a PRBS13Q testing

control (Register 1.1512)

The PRBS13Q testing-control register is used for PHY types that implement PRBS13Q testing in the PMA.
This function is desetibed in 120.5.11.2.1. The assignment of bits in the PRBS13Q testing control register is

shown in Table 45=94a.

Table 45-94a—PRBS13Q testing control register bit definitions

Bit(s) Name Description R/W?
1.1512.15:8 Reserved Value always 0 RO
115127 Lane 7 PRBSI3Q enahle |1 _ Enable PRBSI3Q on lane 7 R/W

U= Disable PRBST3Q on lanc 7
1 = Enable PRBS13Q on lane 6
1.1512.6 Lane 6 PRBS13Q enable 0 = Disable PRBS13Q on lane 6 R/W
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Table 45-94a—PRBS13Q testing control register bit definitions (continued)

Bit(s) Name Description R/W?
1.1512.5 Lane 5 PRBS13Q enable é = g?fgjfﬁ%sslfj%"il?ﬁi55 RIW
1.1512.4 Lane 4 PRBS13Q enable (1) _ ED‘;:;’];lee};}}{]?gsslé%o;nl;‘;&t RIW
115123 Lane 3 PRBS13Q enable | | g?:;’éf;%sslé%"&lffei R/W
115122 Lane 2 PRBSI3Q enable | | E?:;éfeii%ss%%o;nl?;neezz RAW
1.1512.1 Lane | PRBSI3Q enable | | g?f;’gfeiﬁss}l%%"&li“;fe L RIW
1.1512.0 Lane 0 PRBS13Q enable (1) - ED?:flilee?}z%ssl133%0&1?;;00 R/W

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

Register 1.1512, bits 0 through 7 enable PRBS13Q output on PMANanes 0 through 7 respectively. The
assertion of register 1.1512 bits 0 through 7 operates in conjunction)with register 1.1501 bits 3 and 1. If
neither bit is asserted, then register 1.1512 bits 0 through 7 haveé no effect. Lanes for which a PRBS13Q
pattern is not enabled act as determined by other registers.

Change the title and text of 45.2.1.126 as follows:

45.2.1.126 PRBS Tx pattern testing error counter (Register 1.1600_through 1.1615:-4-4664-
- : )

y T y y = y e L 3 ]

The PRBS Tx pattern testing error counter'tegisters are used for PHY types that implement PRBS Tx pattern
testing in the PMA. This function is desetibed in 83.5.10 and 120.5.11. The assignment of bits in the PRBS
Tx pattern testing error counter registers are shown in Table 45-95. Register 1.1600 contains the PRBS Tx
pattern testing error counter for lane 0, register 1.1601 contains the PRBS Tx pattern testing error counter for
lane 1, and registers 1.1602 through 1.161569 contain the PRBS Tx pattern testing error counters for lanes 2
through 159 respectively..Counters corresponding to lanes that are not implemented in a PMA shall read all

ZECros.
Table 45-95—PRBS Tx pattern testing error counter
Bit(s) Name Description R/W?
D.1600P.15:0 Error counter RO, NR

RO = Read only, NR = Non Roll-over.
b All instances of address 1.1600 also apply to addresses 1.1601 through 1.161509.

The PRBS Tx pattern testing error counter is a 16-bit counter as defined in 83.5.10 and 120.5.11. These bits
shall be reset to all zeros when the register is read by the management function or upon execution of the
PMA reset. These bits shall be held at all ones in the case of overflow.
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Change the title and content of 45.2.1.127 as follows:

45.2.1.127 PRBS Rx pattern testing error counter (Register 1.1700_through 1.1715-44704+-

H - H - 3 H ’ ) E] )

[a'ni) DPRAGC DR e e - e 1 _C PLISZ 4 R R 1 —PRARQ R
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pattern testing in the PMA. This function is described in 83.5.10 and 120.5.11. The assignment of bits in the
PRBS Rx pattern testing error counter registers is identical to the PRBS Tx pattern testing error counter as
shown in Table 45-95. Register 1.1700 contains the PRBS Rx pattern testing error counter for lane 0,
register 1.1701 contains the PRBS Rx pattern testing error counter for lane 1, and registers 1.1702 through
1.171509 contain the PRBS Rx pattern testing error counters for lanes 2 through 159 respectively. Counters
corresponding to lanes that are not implemented in a PMA shall read all zeros.

The PRBS Rx pattern testing error counter is a 16-bit counter as defined in 83.5.10 and 120.5.11 \These bits
shall be reset to all zeros when the register is read by the management function or upon-execution of the
PMA reset. These bits shall be held at all ones in the case of overflow.

45.2.3 PCS registers

Change the reserved row for 3.9 through 3.13 in Table 45-119 as follows (dnchanged rows not shown):

Table 45-119—PCS registers

Register address RegiSter'name Subclause

o

.9 PCS status 3

3.109 through 3.13

45.2.3.7a

Reserved

Change the reserved row for 3.523 through 3.1799 in Table 45-119 (as modified by IEEE
Std 802.3bv-2017) as follows (unchanged rows not shown):

Table 45-119—PCS registers

Register address Register name Subclause
3.523 through 3. 599 Reserved
3.600 thtough 3.631 PCS FEC symbol error counter, lane 0 to 15 —‘jgggiz?
3.632 through 3.799 Reserved
3.800 PCS FEC control 45.2.3.47j
3.801 PCS FEC status 45.2.3.47k
3 802 3 803 PCS FEC corrected codewords counter 452 3 471
3.804, 3.805 PCS FEC uncorrected codewords counter 45.2.3.47m
3.806, 3.807 PCS FEC degraded SER activate threshold 45.2.3.47n
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Table 45-119—PCS registers (continued)

Register address Register name Subclause
3.808. 3.809 PCS FEC degraded SER deactivate threshold 45.2.3.470
’2‘Q1ﬂ ’2.911 PCS EEg d@gfﬂggé SEE !§§§£‘§ A:%.A’7v\
3.812 through 3.1799 Reserved

45.2.3.1 PCS control 1 register (Register 3.0)

Change the row for bits 3.0.5:2 in Table 45-120 (as modified by IEEE Std 802.3bz-2016), as{follows
(unchanged rows not shown):

Table 45-120—PCS control 1 register bit definitions

Bit(s) Name Description R/W?

3.0.5:2 Speed selection R/W

=Reserved

2
x = Reserved
*
1 =Reserved

— = — W
S D~ b
— e X W

0 =400)Gb/s

1 «=7200 Gb/sReserved
0. =5 Gb/s

D =2.5Gb/s

0 =Reserved

1 =25Gb/s

0 =100 Gb/s

1 =40Gb/s

0 =10/1 Gb/s

1 =10PASS-TS/2BASE-TL
0 =10Gb/s

SO OO DDITODOO —r—|—
[=NeNeRe N o il =K==
SO == OO = O O

4RO = Read only, R/W.= Read/Write, SC = Self-clearing

45.2.3.2 PCS status’1 register (Register 3.1)
45.2.3.2.7 PCS'receive link status (3.1.2)

Change the third sentence of 45.2.3.2.7 (as modified by IEEE Std 802.3by-2016 and IEEE
Std 802:3bq-2016) as follows:

When a 10/25/40/100/200/400GBASE-R, 10GBASE-W, or any MultiGBASE-T mode of operation is
selected for the PCS using the PCS type selection field (3.7.3:0), this bit is a latching low version of bit
3.32.12.

45.2.3.4 PCS speed ability (Register 3.4)

Change the reserved row of Table 45-122 (as modified by IEEE Std 802.3bz-2016) as follows (unchanged
rows not shown):
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Table 45-122—PCS speed ability register bit definitions

Bit(s) Name Description R/W?
3.4.15:810 | Reserved for future speeds | Value always 0 RO
3.49 400G capable 1 = PCS is capable of operating at 400 Gb/s RO

0 = PCS is not capable of operating at 400 Gb/s
34.8 200G capable 1 = PCS is capable of operating at 200 Gb/s RO
0 = PCS is not capable of operating at 200 Gb/s

2RO = Read only

Insert 45.2.3.4.8 and 45.2.3.4.9 after 45.2.3.4.7 (as inserted by IEEE Std 802.3bz-2016) as follows:
45.2.3.4.8 200G capable (3.4.8)

When read as a one, bit 3.4.8 indicates that the PCS is able to operate at a data rate of 200 Gb/s. When read
as a zero, bit 3.4.8 indicates that the PCS is not able to operate at a data rate:0f 200 Gb/s.

45.2.3.4.9 400G capable (3.4.9)

When read as a one, bit 3.4.9 indicates that the PCS is able to-epgerate at a data rate of 400 Gb/s. When read
as a zero, bit 3.4.9 indicates that the PCS is not able to operate-at a data rate of 400 Gb/s.

45.2.3.6 PCS control 2 register (Register 3.7)

Change Table 45-123 (as modified by IEEE) Std 802.3by-2016, IEEE Std 802.3bq-2016, and IEEE
Std 802.3bz-2016) as follows:

Table 45-123—PCS control 2 register bit definitions

Bit(s) Name Description R/W?
3.7.15:4 Reserved Value always 0 RO
3.7.3:0 PES type selection 3210 R/W

1 1 1xx =reserved

1 1 0 1 =Select400GBASE-R PCS type
1 1 0 0 =Select 200GBASE-R PCS type
1 0 1 1 =Select SGBASE-T PCS type

1 0 1 0 =Select2.5GBASE-T PCS type
1 0 0 1 =Select25GBASE-T PCS type

1 0 0 0 =reserved

0 1 1 1 =Select25GBASE-R PCS type
0 1 1 0 =Select40GBASE-T PCS type
0 1 0 1 =Select I00GBASE-R PCS type
0 1 0 0 =Select40GBASE-R PCS type
0 0 1 1 =Select 10GBASE-T PCS type
0 0 1 0 =Select I0GBASE-W PCS type
0 0 0 1 =Select I0GBASE-X PCS type
0 0 0 0 =Select IOGBASE-R PCS type

4RO = Read only, R/W = Read/Write
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45.2.3.6.1 PCS type selection (3.7.3:0)
Change the second sentence of 45.2.3.6.1 (as modified by IEEE Std 802.3bq-2016) as follows:

The PCS type abilities of the PCS are advertised in bits 3.8.9, and-3.8.7:0, and 3.9.1:0.

Insert 45.2.3.7a after 45.2.3.7 as follows:
45.2.3.7a PCS status 3 register (Register 3.9)

The assignment of bits in the PCS status 3 register is shown in Table 45—124a. All the bits in the PCS status
3 register are read only; a write to the PCS status 3 register shall have no effect.

Table 45-124a—PCS status 3 register bit definitions

Bit(s) Name Description R/W?
3.9.15:2 Reserved Value always 0 RO
3.9.1 400GBASE-R capable 1 =PCS is able to support 400GBASE-R PCS type RO

0 =PCS is not able to support 400GBASE-R PCS type

3.9.0 200GBASE-R capable 1 =PCS is able to support 200GBASE-R PCS type RO
0 =PCS is not able to support 200GBASE-R PCS type

4RO = Read only

45.2.3.7a.1 400GBASE-R capable (3.9.1)

When read as a one, bit 3.9.1 indicates that the PCS' is able to support the 400GBASE-R PCS type. When
read as a zero, bit 3.9.1 indicates that the PCS 1s{not able to support the 400GBASE-R PCS type.

45.2.3.7a.2 200GBASE-R capable (3.9.0)

When read as a one, bit 3.9.0 indicatés that the PCS is able to support the 200GBASE-R PCS type. When
read as a zero, bit 3.9.0 indicates’that the PCS is not able to support the 200GBASE-R PCS type.

45.2.3.9a EEE controlkand capability 2 (Register 3.21)

Change the reserved row for 3.21.15:3 in Table 45-125a (as inserted by IEEE Std 802.3bq-2016) as
Jfollows (unchanged rows not shown):

Table 45-125a—EEE control and capability 2 register bit definitions

Bit(s) Name Description R/W?
321156 Reserved Value always 0 RO
1 — J‘:EJ‘: fﬂ.bt wa}\c ib Duvl}Ul‘th fUl 4CGGBASE_R
3215 400GBASE-R fast wake 0 = EEE fast wake is not supported for 400GBASE-R RO
3214 Reserved Value always 0 RO
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Table 45-125a—EEE control and capability 2 register bit definitions (continued)

Bit(s) Name Description R/W?

3213 200GBASE-R fast wake | A—LEE fast wake is supported for 200GBASE-R RO

" 1 " R o)
A% T TastTwWaRke 1S Ot SUpPPoOTrtCaTOTZ U OO 7o T =1\

4RO = Read only

Insert 45.2.3.9a.a and 45.2.3.9a.b before 45.2.3.9a.1 (as inserted by IEEE Std 802.3bq-2016) as folloyvs:
45.2.3.9a.a 400GBASE-R EEE fast wake supported (3.21.5)

If the PCS supports EEE fast wake operation for 400GBASE-R, this bit shall be set to a.ene; otherwise this
bit shall be set to a zero.

45.2.3.9a.b 200GBASE-R EEE fast wake supported (3.21.3)

If the PCS supports EEE fast wake operation for 200GBASE-R, this bit shall'be set to a one; otherwise this
bit shall be set to a zero.

45.2.3.13 BASE-R and MultiGBASE-T PCS status 1 register (Register 3.32)
45.2.3.13.1 BASE-R and MultiGBASE-T receive link-status (3.32.12)

Change the last sentence of 45.2.3.13.1 (as modified by IEEE Std 802.3by-2016, IEEE Std 802.3bq-2016,
and IEEE Std 802.3bz-2016) as follows:

This bit is a reflection of the PCS_status vatiable defined in 49.2.14.1 for 10/25GBASE-R, in 126.3.7.1 for
2.5GBASE-T and 5SGBASE-T, in 55.3.7.1fer I0GBASE-T, in 113.3.7.1 for 2GBASE-T and 40GBASE-T,
and-in 82.3.1 for 40/100GBASE-R, anddn 119.3 for 200/400GBASE-R.

45.2.3.17 BASE-R PCS test-pattern control register (Register 3.42)

Change the fifth sentence@f 45.2.3.17 (as modified by IEEE Std 802.3by-2016) as follows:

Scrambled idle test.patterns are defined for 25/40/100/200/400GBASE-R PCS only.

45.2.3.46 Lane.0 mapping register (Register 3.400)

Changethe text of 45.2.3.46 as follows:

The-assignment of bits in the Lane 0 mapping register is shown in Table 45-160. When the multi-lane PCS
described in Clause 82 or Clause 119 detects and locks the alignment marker for service interface lane 0, the

detected PCS lane number is recorded in this register. The contents of the Lane 0 mapping register is valid
when Lane 0 aligned bit (3.52.0) is set to one and is invalid otherwise.
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Insert 45.2.3.47h through 45.2.3.47p after 45.2.3.47g (as inserted by IEEE Std 802.3bv-2017) as follows:
45.2.3.47h PCS FEC symbol error counter lane 0 (Register 3.600, 3.601)

The assignment of bits in the PCS FEC symbol error counter lane 0 register is shown in Table 45-160h.

Ood1
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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 3.600, 3.601 are used to read the value
of a 32-bit counter. When registers 3.600 and 3.601 are used to read the 32-bit counter value, the register
3.600 is read first, the value of the register 3.601 is latched when (and only when) register 3.600 is read, and
reads of register 3.601 return the latched value rather than the current value of the counter.

Table 45-160h—PCS FEC symbol error counter lane 0 register bit definitions

Bit(s) Name Description R/W?
3.600.15:0 PCS FEC symbol errors, lane 0 lower | FEC_symbol_error_counter 0[15:0] RO, NR
3.601.15:0 PCS FEC symbol errors, lane 0 upper | FEC symbol_error counter 0f31:16] RO, NR

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

45.2.3.47i PCS FEC symbol error counter lane 1 through{15 (Registers 3.602 through 3.631)
The behavior of the PCS FEC symbol error counters, lane, I-through 15 is identical to that described for PCS
lane 0 in 45.2.3.47h. Errors detected in each PCS lane ate counted and shown in the corresponding register.
PCS lane 1, lower 16 bits are shown in register 3.602; PCS lane 1, upper 16 bits are shown in register 3.603;
PCS lane 2, lower 16 bits are shown in register 3¢604; through register 3.631 for PCS lane 15, upper 16 bits.
45.2.3.47) PCS FEC control register (Register 3.800)

The assignment of bits in the PCS FEE.¢ontrol register is shown in Table 45-160i.

Table 45~-160i—PCS FEC control register bit definitions

Bit(s) Name Description R/W?

3.800.15:3 Reserved Value always 0 RO

1 =FEC decoder signals degraded SER

3.8002 PCS FEC degraded SER enable 0 =FEC decoder does not signal degraded SER R/W

3.800.1 PCS FEC bypass indication 1 = FEC decoder does not indicate errors RIW
\N" enable 0 = FEC decoder indicates errors

3.800.0 Reserved Value always 0 RO

2 R/W = Read/Write, RO = Read only
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45.2.3.47j.1 PCS FEC degraded SER enable (3.800.2)

This bit enables the PCS FEC decoder to signal the presence of a degraded SER. When set to a one, this bit
enables degraded SER signaling. When set to a zero, degraded SER signaling is disabled. Writes to this bit
are ignored and reads return a zero if the PCS FEC does not have the ability to signal the presence of a

o Y 2o
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45.2.3.47j.2 PCS FEC bypass indication enable (3.800.1)

This bit enables the PCS FEC decoder to bypass error indication to the upper layers through the sync bits,
When set to a one, this bit enables bypass of the error indication. When set to a zero, errors are indicated,to
the upper layers through the sync bits. Writes to this bit are ignored and reads return a zero if the PCS.FEC
does not have the ability to bypass indicating decoding errors (see 119.2.5.3).

45.2.3.47k PCS FEC status register (Register 3.801)

The assignment of bits in the PCS FEC status register is shown in Table 45-160.

Table 45-160j—PCS FEC status register bit definitions

Bit(s) Name Degscription R/W?
3.801.15:7 Reserved Value always 0 RO
3801.6 Local degraded SER 1 =local degraded\SER received RO

T received 0 =no local dégraded SER received
38015 Remote degraded SER 1 =remote ‘degraded SER received RO
R received 0 = noreémote degraded SER received

1 =SER is degraded

3.801.4 PCS FEC degraded SER (= SER is not degraded RO
1 =FEC decoder has the ability to signal the presence of a
38013 PCS FEC degraded SER: degraded SER RO
T ability 0 = FEC decoder does not have the ability to signal the

presence of a degraded SER

. 1 = FEC errors have exceeded threshold
3.801.2 PCS FEC bigh SER 0 =FEC errors have not exceeded threshold ROLH

PCSBEC bypass indication 1 =FEC decoder has the ability to bypass error indication

3.801.1 oy 0 = FEC decoder does not have the ability to bypass error | RO
ability N
indication
3.801.0 Reserved Value always 0 RO

4RO = Redd only, LH = Latching high

45.2.3.47k.1 Local degraded SER received (3.801.6)

When read as a one, bit 3.801.6 indicates that the local degraded SER signal has been received. This bit

£1 totl tot £ 1 14 dad [ 1109 £ 9 I\
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45.2.3.47k.2 Remote degraded SER received (3.801.5)

When read as a one, bit 3.801.5 indicates that the remote degraded SER signal has been received. This bit
reflects the state of rx_rm_degraded (see 119.2.6.2.2).

desd SR (2 ONA4d A\
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When read as a one, bit 3.801.4 indicates that the local PCS has detected a degradation of the received
signal. This bit reflects the state of the variable FEC_degraded SER (see 119.2.5.3). The value of bit 3.801.4
is unspecified if the value of the PCS FEC degraded SER activate threshold (registers 3.806 and 3.807) is
less than the value of the PCS FEC degraded SER deactivate threshold (registers 3.808 and 3.809).

45.2.3.47k.4 PCS FEC degraded SER ability (3.801.3)

The PCS FEC decoder may have the option to signal the presence of a degraded SER (see,'119.2.5.3). This
bit is set to one to indicate that the decoder has the ability to signal the presence of a degradéd SER. The bit
is set to zero if this ability is not supported.

45.2.3.47k.5 PCS FEC high SER (3.801.2)

When PCS FEC bypass indication enable (bit 3.800.1) is set to one, this\bjt is set to one if the number of
FEC symbol errors in a window of 8192 codewords exceeds the threshold (see 119.2.5.3) and is set to zero
otherwise. The bit is set to zero if PCS FEC bypass indication enable' (bit 3.800.1) is set to zero. This bit
shall be implemented with latching high behavior.

45.2.3.47k.6 PCS FEC bypass indication ability (3.801.1)

The PCS FEC decoder may have the option tosperform error detection without error indication (see
119.2.5.3) to reduce the delay contributed by the"FEC decoder. This bit is set to one to indicate that the
decoder has this ability to bypass error indicatien. The bit is set to zero if this ability is not supported.

45.2.3.471 PCS FEC corrected codewords counter (Register 3.802, 3.803)

The assignment of bits in the PCS, FEC corrected codewords counter register is shown in Table 45—160k.
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 3.802, 3.803 are used to read the
value of a 32-bit counter.(When registers 3.802 and 3.803 are used to read the 32-bit counter value, the
register 3.802 is read fifst, the value of the register 3.803 is latched when (and only when) register 3.802 is
read, and reads of register 3.803 return the latched value rather than the current value of the counter.

Table'45-160k—PCS FEC corrected codewords counter register bit definitions

Bit(s) Name Description R/W?
3.802.15:0 FEC corrected codewords lower FEC corrected cw_counter[15:0] RO, NR
3.803.15:0 FEC corrected codewords upper FEC corrected cw_counter[31:16] RO, NR

2 RO = Read only, NR = Non Roll-over
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45.2.3.47m PCS FEC uncorrected codewords counter (Register 3.804, 3.805)

The assignment of bits in the PCS FEC uncorrected codewords counter register is shown in Table 45-160L.
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 3.804, 3.805 are used to read the
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register 3.804 is read first, the value of the register 3.805 is latched when (and only when) register 3.804 is
read, and reads of register 3.805 return the latched value rather than the current value of the counter.

Table 45-1601—PCS FEC uncorrected codewords counter register bit definitions

Bit(s) Name Description R/W?
3.804.15:0 FEC uncorrected codewords lower FEC uncorrected cw_counter[15:0] RO, NR
3.805.15:0 FEC uncorrected codewords upper FEC_uncorrected_cw_counter[31:16] RO, NR

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

45.2.3.47n PCS FEC degraded SER activate threshold register {Register 3.806, 3.807)
The assignment of bits in the PCS FEC degraded SER activate threshold register is shown in

Table 45-160m. The value controls the threshold used to set the PCS FEC degraded SER bit (3.801.4) as
defined in 119.2.5.3.

Table 45-160m—PCS FEC degraded SER activate threshold register bit definitions

Bit(s) Name Description R/W?

PCS FEC degraded SER activate

3.806.15:0 threshold lower

FEC degraded SER activate threshold[15:0] R/W

PCS FEC degraded SER-activate

3.807.15:0 threshold upper

FEC degraded SER activate threshold[31:16] R/W

4 R/W = Read/Write

45.2.3.470 PCS FEC degraded SER deactivate threshold register (Register 3.808, 3.809)
The assignment* of bits in the PCS FEC degraded SER deactivate threshold register is shown in

Table 45-460n. The value controls the threshold used to clear the PCS FEC degraded SER bit (3.801.4) as
definedin119.2.5.3.

Table 45-160n—PCS FEC degraded SER deactivate threshold register bit definitions

Bit(s) Name Description R/W?

PCS EFEC Apgrqr‘pﬂ SER

3.808.15:0 FEC degraded SER deactivate threshold[15:0] R/W

deactivate threshold lower

PCS FEC degraded SER

3.809.15:0 deactivate threshold upper

FEC degraded SER deactivate threshold[31:16] | R/'W

4 R/W = Read/Write
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45.2.3.47p PCS FEC degraded SER interval register (Register 3.810, 3.811)

The assignment of bits in the PCS FEC degraded SER interval register is shown in Table 45-1600. The
value controls the interval used to set and clear the PCS FEC degraded SER bit (3.801.4) as defined in
119.2.5.3.

Table 45-1600—PCS FEC degraded SER interval register bit definitions

Bit(s) Name Description R/W?
3810150 | STEC degraded SER interval | ppc qooraded SER interval[15:0] R/W
3811.15:0 | PCSFECdegraded SERinterval | pp jooraged SER interval[31:16] RW

upper
4 R/W = Read/Write

45.2.4 PHY XS registers

Change the reserved row for 4.26 through 4.1799 in Table 45-164,as follows (unchanged rows not
shown):

Table 45-164—PHY XS registers

Register address Registér name Subclause
4.26 through 4.31-43+799 Reserved
4.32 BASE-R PHY XS status 1 452.4.11a
4.33 through 4.41 Reserved
442 BASE-R PHY XS test pattern control 45.2.4.11b
4.43 through 4.49 Reserved
4.50 Multi-lane BASE-R PHY XS alignment status 1 452.4.11c
4.51 Reserved
4.52 Multi-lane BASE-R PHY XS alignment status 3 452.4.11d
4.53 Multi-lane BASE-R PHY XS alignment status 4 452.4.11e
4.54 Reserved
4.400 through 4.415 PHY XS lane mapping, lane 0 through 15 45.2.4.11f,
45.24.11g
4.415 through 4.599 Reserved
4.600 through 4.631 PHY XS FEC symbol error counter, lane 0 to 15 | 45.2.4.11h
45.2.4.11i
4 632 through 4 799 Reserved
4.800 PHY XS FEC control 45.2.4.11j
4.801 PHY XS FEC status 45.2.4.11k
4.802, 4.803 PHY XS FEC corrected codewords counter 45.2.4.111
75

Copyright © 2017 IEEE. All rights reserved.

© IEEE 2017 - All rights reserved



https://iecnorm.com/api/?name=c9988e8402ed8380b26b6d6ea1aadd28

ISO/IEC/IEEE 8802-3:2017/Amd.10:2019(E)

IEEE Std 802.3bs-2017
Amendment 10: Media Access Control Parameters, Physical Layers, and Management Parameters
for 200 Gb/s and 400 Gb/s Operation

Table 45-164—PHY XS registers (continued)

Register address Register name Subclause
4.804, 4.805 PHY XS FEC uncorrected codewords counter 45.2.4.11m
/I.QﬁA A.Qn'l PEHOL 1 Aié'/i.11n
4.808, 4.809 PHY XS FEC degraded SER deactivate threshold | 45.2.4.110
4.810,4.811 PHY XS FEC degraded SER interval 45.24.11p
4.812 through 4.1799 Reserved

45.2.4.1 PHY XS control 1 register (Register 4.0)

Change the row for 4.0.5:2 in Table 45-165 as follows (unchanged rows not shown):

Table 45-165—PHY XS control 1 register bit definitions

Bit(s) Name Description R/W?
4.0.5:2 Speed selection 5432 R/W

+ x x x =Reserved
x + x x =Reserved
x x 1+ x\ =Reserved
1 1,x "X =Reserved
1 04 1 =Reserved
4)0/1 0 =400Gb/s
10 0 1 =200Gb/s
1 0 0 0 =Reserved
0 1 x x =Reserved
0 0 1 x =Reserved
0 0 0 1 =Reserved
0 0 0 0 =10Gb/s

4 R/W = Read/Writg, SC = Self-clearing, RO = Read only

45.2.4.4 PHY XS'speed ability (Register 4.4)
Change Table 45-167 as follows:
Table 45-167—PHY XS speed ability register bit definitions
Bit(s) Name Description R/W?
4.4.15:10 | Reserved-forfuturespeeds | Value always 0 RO
449 400G capable 1 =PHY XS is capable of operating at 400 Gb/s RO
0 =PHY XS is not capable of operating at 400 Gb/s
4.4.8 200G capable 1 =PHY XS is capable of operating at 200 Gb/s RO
0=PHY XS is not capable of operating at 200 Gb/s
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Table 45-167—PHY XS speed ability register bit definitions (continued)

Bit(s) Name Description R/W?
4.4.7:1 Reserved Value always 0 RO
4.4.0 10G capable 1 =PHY XS is capable of operating at 10 Gb/s RO

0=PHY XS is not capable of operating at 10 Gb/s

4RO = Read only

Insert 45.2.4.4.a and 45.2.4.4.b before 45.2.4.4.1 as follows:
45.2.4.4.a 400G capable (4.4.9)

When read as a one, bit 4.4.9 indicates that the PHY XS is able to operate at a data rate of400 Gb/s. When
read as a zero, bit 4.4.9 indicates that the PHY-XS is not able to operate at a data rate 0£400"Gb/s.

45.2.4.4.b 200G capable (4.4.8)

When read as a one, bit 4.4.8 indicates that the PHY XS is able to operate,dt/a,data rate of 200 Gb/s. When
read as a zero, bit 4.4.8 indicates that the PHY-XS is not able to operate at'd data rate of 200 Gb/s.

Insert 45.2.4.11a through 45.2.4.11p after 45.2.4.11 as follows:

45.2.4.11a BASE-R PHY XS status 1 register (Register4.32)

The assignment of bits in the BASE-R PHY XS status®l register is shown in Table 45-171a. A PHY XS
device that does not implement BASE-R shall retutn a’zero for all bits in the BASE-R PHY XS status 1

register. It is the responsibility of the STA managemient entity to ensure that a port type is supported by all
MMDs before interrogating any of its status bits.

Table 45-171a—BASE-R PHY XS status 1 register bit definitions

Bit(s) Name Description R/W?
4.32.15:13 | Reserved Value always 0 RO
4.32.12 BASE-RPHY XS 1 =BASE-R PHY XS receive link up RO

receive link status 0=BASE-R PHY XS receive link down
4.32.11:0 Reserved Value always 0 RO

4RO = Readwouly

45:2.4.11a.1 BASE-R PHY XS receive link status (4.32.12)

‘When read as a one, bit 4.32.12 indicates that the PHY XS is in a fully operational state. When read as a
zero, bit 4.32.12 indicates that the PHY XS is not fully operational. This bit is a reflection of the PHY XS
equivalent of the PCS_status variable defined in 119.3 for 200/400GBASE-R.
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45.2.4.11b BASE-R PHY XS test-pattern control register (Register 4.42)

The assignment of bits in the BASE-R PHY XS test-pattern control register is shown in Table 45-171b. This
register is only required when the 200/400GBASE-R capability is supported. The test-pattern methodology
is described in 119.2.4.9.

Table 45-171b—BASE-R PHY XS test-pattern control register bit definitions

Bit(s) Name Description R/W?
4.42.15:4 Reserved Value always 0 RO
4423 Transmit test-pattern 1 = Enable transmit test pattern RAV

enable 0 = Disable transmit test pattern
4.42.2:0 Reserved Value always 0 RO

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

45.2.4.11b.1 Transmit test-pattern enable (4.42.3)

When bit 4.42.3 is set to a one, pattern testing is enabled on the transmit’path. When bit 4.42.3 is set to a
zero, pattern testing is disabled on the transmit path.

The default value for bit 4.42.3 is zero.
45.2.4.11c Multi-lane BASE-R PHY XS alignment status 1 register (Register 4.50)

The assignment of bits in the multi-lane BASE-R (PHY XS alignment status 1 register is shown in
Table 45-171c. A PHY XS device that does not iniplement multi-lane BASE-R PHY XS shall return a zero
for all bits in the multi-lane BASE-R PHY XS alignment status 1 register. It is the responsibility of the STA
management entity to ensure that a port typesis supported by all MMDs before interrogating any of its status
bits.

Table 45-171c—Multi-lane . BASE-R PHY XS alignment status 1 register bit definitions

Bit(s) Name Description R/W?
4.50.15:13 | Reseryed Value always 0 RO
4.50.12 PHY XS lane alignment 1 =PHY XS receive lanes locked and aligned RO

status 0=PHY XS receive lanes not locked and aligned
4.50.1160 Reserved Value always 0 RO

4 R@.=Read only

45.2.4.11c.1 PHY XS lane alignment status (4.50.12)

When read as a one, bit 4.50.12 indicates that the PHY XS has locked and aligned all receive lanes. When

read-as-azero-bit 4 50 12 indicates-that the PHY XS has notlocked-and a]ignprl all receive-lanes
Fedd—aS—a—4e+o— b4 o—+=Hat tHHat-te—+ 1 r—A>-HdS-HottocxkeadhaaERea—<r+ He—aRes:
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45.2.4.11d Multi-lane BASE-R PHY XS alignment status 3 register (Register 4.52)

The assignment of bits in the multi-lane BASE-R PHY XS alignment status 3 register is shown in
Table 45-171d. A PHY XS device that does not implement multi-lane BASE-R PHY XS shall return a zero
for all bits in the multi-lane BASE-R PHY XS alignment status 3 register. A device that implements multi-
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register that are not required for the PHY XS configuration. It is the responsibility of the STA management
entity to ensure that a port type is supported by all MMDs before interrogating any of its status bits.

Table 45-171d—Multi-lane BASE-R PHY XS alignment status 3 register bit definitions

Bit(s) Name Description R/W?
4.52.15:8 Reserved Value always 0 RO
4.52.7 Lane 7 aligned 1 = Lane 7 alignment marker is locked RO

0 = Lane 7 alignment marker is not locked

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

4.52.5 Lane 5 aligned 1 = Lane 5 alignment marker is locked RO
0 = Lane 5 alignment marker is net loeked

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

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

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

4.52.1 Lane 1 aligned 1 = Lane\V alignment marker is locked RO
0 = Lane)1 alignment marker is not locked

4.52.0 Lane 0 aligned k= Lane 0 alignment marker is locked RO
0% Lane 0 alignment marker is not locked

4RO = Read only

45.2.4.11d.1 Lane 7 aligned (4.52.7)

When read as a one, bit-4.52.7 indicates that the PHY XS receiver has achieved alignment marker lock for
service interface lane’7. When read as a zero, bit 4.52.7 indicates that the PHY XS receiver lane 7 has not
achieved alignment/marker lock. This bit reflects the state of amps_lock[7] (see 119.2.6.2.2).

45.2.4.11d.2'Lane 6 aligned (4.52.6)
Whehn.read as a one, bit 4.52.6 indicates that the PHY XS receiver has achieved alignment marker lock for
sérvice interface lane 6. When read as a zero, bit 4.52.6 indicates that the PHY XS receiver lane 6 has not

achieved alignment marker lock. This bit reflects the state of amps_lock[6] (see 119.2.6.2.2).

45.2.4.11d.3 Lane 5 aligned (4.52.5)

When read as a one, bit 4.52.5 indicates that the PHY XS receiver has achieved alignment marker lock for
service interface lane 5. When read as a zero, bit 4.52.5 indicates that the PHY XS receiver lane 5 has not
achieved alignment marker lock. This bit reflects the state of amps_lock[5] (see 119.2.6.2.2).
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45.2.4.11d.4 Lane 4 aligned (4.52.4)

When read as a one, bit 4.52.4 indicates that the PHY XS receiver has achieved alignment marker lock for
service interface lane 4. When read as a zero, bit 4.52.4 indicates that the PHY XS receiver lane 4 has not
achieved alignment marker lock. This bit reflects the state of amps_lock[4] (see 119.2.6.2.2).

45.2.4.11d.5 Lane 3 aligned (4.52.3)

When read as a one, bit 4.52.3 indicates that the PHY XS receiver has achieved alignment marker lock for
service interface lane 3. When read as a zero, bit 4.52.3 indicates that the PHY XS receiver lane 3 has not
achieved alignment marker lock. This bit reflects the state of amps_lock[3] (see 119.2.6.2.2).

45.2.4.11d.6 Lane 2 aligned (4.52.2)

When read as a one, bit 4.52.2 indicates that the PHY XS receiver has achieved alignment 'marker lock for
service interface lane 2. When read as a zero, bit 4.52.2 indicates that the PHY XS receivef lane 2 has not
achieved alignment marker lock. This bit reflects the state of amps_lock[2] (see 119.2,6:2°2).

45.2.4.11d.7 Lane 1 aligned (4.52.1)

When read as a one, bit 4.52.1 indicates that the PHY XS receiver has achieved alignment marker lock for
service interface lane 1. When read as a zero, bit 4.52.1 indicates that\the’ PHY XS receiver lane 1 has not
achieved alignment marker lock. This bit reflects the state of amps lock[1] (see 119.2.6.2.2).

45.2.4.11d.8 Lane 0 aligned (4.52.0)

When read as a one, bit 4.52.0 indicates that the PHY XS receiver has achieved alignment marker lock for
service interface lane 0. When read as a zero, bit 4752.0 indicates that the PHY XS receiver lane 0 has not
achieved alignment marker lock. This bit reflectsthestate of amps_lock[0] (see 119.2.6.2.2).

45.2.4.11e Multi-lane BASE-R PHY XS alignment status 4 register (Register 4.53)

The assignment of bits in the multi<lane BASE-R PHY XS alignment status 4 register is shown in
Table 45—171e. A PHY XS device that does not implement multi-lane BASE-R PHY XS shall return a zero
for all bits in the multi-lane BASE-R PHY XS alignment status 4 register. A device that implements multi-
lane BASE-R PHY XS shallreturn a zero for all bits in the multi-lane BASE-R PHY XS alignment status 4
register that are not requiréd for the PHY XS configuration. It is the responsibility of the STA management
entity to ensure that a port type is supported by all MMDs before interrogating any of its status bits.

Table 45—-171e—Multi-lane BASE-R PHY XS alignment status 4 register
bit definitions

Bit(s) Name Description R/W?
4.53.15:8 Reserved Value always 0 RO
4.53.7 Lane 15 aligned 1 = Lane 15 alignment marker is locked RO

0 = Lane 15 alignment marker is not locked

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

4535 Lane 13 aligned 1 = Lane 13 alignment marker is locked RO
0 =Lane 13 alignment marker is not locked
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Table 45-171e—Multi-lane BASE-R PHY XS alignment status 4 register
bit definitions (continued)

Bit(s) Name Description R/W?

35327 Tanc 12 atigned T=Tanc 12 atigiment marker 1S focked RO
0 = Lane 12 alignment marker is not locked

4533 Lane 11 aligned 1 =Lane 11 alignment marker is locked RO
0= Lane 11 alignment marker is not locked

4532 Lane 10 aligned 1 = Lane 10 alignment marker is locked RO
0 = Lane 10 alignment marker is not locked

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

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

2RO = Read only

45.2.4.11e.1 Lane 15 aligned (4.53.7)

When read as a one, bit 4.53.7 indicates that the PHY XS receiver hag achieved alignment marker lock for
service interface lane 15. When read as a zero, bit 4.53.7 indicate§ that the PHY XS receiver lane 15 has not
achieved alignment marker lock. This bit reflects the state of amps_lock[15] (see 119.2.6.2.2).

45.2.4.11e.2 Lane 14 aligned (4.53.6)
When read as a one, bit 4.53.6 indicates that the RHY XS receiver has achieved alignment marker lock for

service interface lane 14. When read as a zero,bit\4.53.6 indicates that the PHY XS receiver lane 14 has not
achieved alignment marker lock. This bit reflects the state of amps_lock[14] (see 119.2.6.2.2).

45.2.4.11e.3 Lane 13 aligned (4.53.5)

When read as a one, bit 4.53.5 indicates that the PHY XS receiver has achieved alignment marker lock for
service interface lane 13. When.read as a zero, bit 4.53.5 indicates that the PHY XS receiver lane 13 has not
achieved alignment marker-lock. This bit reflects the state of amps_lock[13] (see 119.2.6.2.2).

45.2.4.11e.4 Lane 12aligned (4.53.4)

When read as a’one, bit 4.53.4 indicates that the PHY XS receiver has achieved alignment marker lock for
service interface lane 12. When read as a zero, bit 4.53.4 indicates that the PHY XS receiver lane 12 has not
achieved ‘alignment marker lock. This bit reflects the state of amps_lock[12] (see 119.2.6.2.2).

45.:2:4.11e.5 Lane 11 aligned (4.53.3)
‘When read as a one, bit 4.53.3 indicates that the PHY XS receiver has achieved alignment marker lock for

service interface lane 11. When read as a zero, bit 4.53.3 indicates that the PHY XS receiver lane 11 has not
achieved alignment marker lock. This bit reflects the state of amps_lock[11] (see 119.2.6.2.2).
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45.2.4.11e.6 Lane 10 aligned (4.53.2)

When read as a one, bit 4.53.2 indicates that the PHY XS receiver has achieved alignment marker lock for
service interface lane 10. When read as a zero, bit 4.53.2 indicates that the PHY XS receiver lane 10 has not
achieved alignment marker lock. This bit reflects the state of amps_lock[10] (see 119.2.6.2.2).

45.2.4.11e.7 Lane 9 aligned (4.53.1)

When read as a one, bit 4.53.1 indicates that the PHY XS receiver has achieved alignment marker lock for
service interface lane 9. When read as a zero, bit 4.53.1 indicates that the PHY XS receiver lane 9 has not
achieved alignment marker lock. This bit reflects the state of amps_lock[9] (see 119.2.6.2.2).

45.2.4.11e.8 Lane 8 aligned (4.53.0)

When read as a one, bit 4.53.0 indicates that the PHY XS receiver has achieved alignment 'marker lock for
service interface lane 8. When read as a zero, bit 4.53.0 indicates that the PHY XS receivef lane 8 has not
achieved alignment marker lock. This bit reflects the state of amps_lock[8] (see 119.2,6:2°2).

45.2.4.11f PHY XS lane mapping, lane 0 register (Register 4.400)

The assignment of bits in the PHY XS lane mapping, lane 0 register is shown in Table 45-171f. When the
multi-lane PHY XS described in Clause 118 detects and locks the alighrhent marker for service interface
lane 0, the detected PCS lane number is recorded in this register. The contents of the PHY XS lane mapping,
lane 0 register is valid when Lane 0 aligned bit (4.52.0) is set toefie“and is invalid otherwise.

Table 45-171f—PHY XS lane mapping,'lane 0 register bit definitions

Bit(s) Name Description R/W?
4.400.15:5 Reserved Value always 0 RO
4.400.4:0 Lane 0 mapping PHY XS lane received in service interface lane 0 RO

4RO = Read only

45.2.4.11g PHY XS lané mapping, lane 1 through lane 15 registers (Registers 4.401 through
4.415)

The definition of\the PHY XS lane mapping, lane 1 through 15 registers is identical to that described for
lane 0 in 45.2:4.F1f. The lane mapping for lane 1 is in register 4.401; lane 2 is in register 4.402; etc.

45.2.411h PHY XS FEC symbol error counter lane 0 (Register 4.600, 4.601)

Theassignment of bits in the PHY XS FEC symbol error counter lane 0 register is shown in Table 45-171g.
Symbol errors detected in PHY XS FEC lane 0 are counted and shown in register 4.600.15:0 and 4.601.15:0.
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 4.600, 4.601 are used to read the
value of a 32-bit counter. When registers 4.600 and 4.601 are used to read the 32-bit counter value, the

register 4.600 is read first, the value of the register 4.601 is latched when (and only when) register 4.600 is
read, and reads of register 4.601 return the latched value rather than the current value of the counter.
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Table 45-171g—PHY XS FEC symbol error counter lane 0 register bit definitions

Bit(s) Name Description R/W?2
4.600.15:0 | PHY XSFECsymbolerrors,lane0 | ppe oo obol error counter 0[15:0] RO, NR
4601.15:0 | PHY XSFEC symbolerrors, lane 0 | ppe oo ol error counter 0[31:16] RO, NR

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

45.2.4.11i PHY XS FEC symbol error counter lane 1 through 15 (Registers 4.602 through
4.631)

The behavior of the PHY XS FEC symbol error counters, lane 1 through 15 is identical to'that described for
PHY XS FEC lane 0 in 45.2.4.11h. Errors detected in each PHY XS FEC lane are counted and shown in the
corresponding register. PHY XS FEC lane 1, lower 16 bits are shown in register 4.602,PHY XS FEC lane 1,
upper 16 bits are shown in register 4.603; PHY XS FEC lane 2, lower 16 bits ar¢ shown in register 4.604;
through register 4.631 for PHY XS FEC lane 15, upper 16 bits.

45.2.4.11j PHY XS FEC control register (Register 4.800)

The assignment of bits in the PHY XS FEC control register is shownin Table 45-171h.

Table 45-171h—PHY XS FEC control register bit definitions

Bit(s) Name Description R/W?
4.800.15:3 Reserved Value always 0 RO
4.8002 PHY XS FEC degraded SER. 1 = FEC decoder signals degraded SER R/W
RS enable 0 = FEC decoder does not signal degraded SER

4.800.1 PHY XS FEC bypass indication 1 = FEC decoder does not indicate errors R/W
A enable 0 = FEC decoder indicates errors

4.800.0 Reserved Value always 0 RO

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

45.2.4.11j.1.PHY XS FEC degraded SER enable (4.800.2)

This bit enables the PHY XS FEC decoder to signal the presence of a degraded SER. When set to a one, this
bit_ehables degraded SER signaling. When set to a zero, degraded SER signaling is disabled. Writes to this
bitdre ignored and reads return a zero if the PHY XS FEC does not have the ability to signal the presence of
a)degraded SER (see 119.2.5.3 for equivalent PCS behavior).

45.2.4.11j.2 PHY XS FEC bypass indication enable (4.800.1)

This bit enables the PHY XS FEC decoder to bypass error indication to the upper layers through the sync
bits. When set to a one, this bit enables bypass of the error indication. When set to a zero, errors are indicated
to the upper layers through the sync bits. Writes to this bit are ignored and reads return a zero if the PHY XS
FEC does not have the ability to bypass indicating decoding errors (see 119.2.5.3 for equivalent PCS
behavior).
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45.2.4.11k PHY XS FEC status register (Register 4.801)

The assignment of bits in the PHY XS FEC status register is shown in Table 45-171i.

Tablo45-174iPHY XS EEC istor bit dofiniti

Bit(s) Name Description R/W?
4.801.15:6 Reserved Value always 0 RO
48015 Remote degraded SER 1 = remote degraded SER received RO

T received 0 = no remote degraded SER received
1 =SER is degraded
4.801.4 PHY XS FEC degraded SER 0= SER is not degraded RO
1 = FEC decoder has the ability to signal the presenc€ of a
48013 PHY XS FEC degraded SER | degraded SER RO
R ability 0 =FEC decoder does not have the abilityo\signal the
presence of a degraded SER
. 1 =FEC errors have exceeded threShold
48012 PHY XS FEC high SER 0 = FEC errors have not exceedédthreshold RO/LH
1 = FEC decoder has the ability to bypass error indication
4.801.1 PHY XS FEC bypass 0 = FEC decoder does mothave the ability to bypass error | RO
indication ability N
indication
4.801.0 Reserved Value always 0 RO

4RO = Read only, LH = Latching high

45.2.4.11k.1 Remote degraded SER received (4.801.5)

When read as a one, bit 4.801.5 indicates that the remote degraded SER signal has been received. This bit
reflects the state of rx_rm_degraded forthe PHY XS (see 119.2.6.2.2 for equivalent PCS behavior).

45.2.4.11k.2 PHY XS FEC degraded SER (4.801.4)

When PHY XS FEC degraded SER enable (bit 4.800.2) is set to one, bit 4.801.4 is set to one if the number
of FEC symbol errors\in a window of PHY XS FEC degraded SER interval (registers 4.810 and 4.811)
codewords exceeds\the PHY XS FEC degraded SER activate threshold (registers 4.806 and 4.807) and is
cleared if the number of FEC symbol errors in the same window is below the PHY XS FEC degraded SER
deactivate thteshold (registers 4.808 and 4.809). If the number of FEC symbol errors in the window is
between the, two thresholds, then bit 4.801.4 remains in its previous state. The bit is set to zero if PHY XS
FEC dégraded SER enable (bit 4.800.2) is set to zero (see 119.2.5.3 for equivalent PCS behavior). The value
of bit'4:801.4 is undefined if the value of the PHY XS FEC degraded SER activate threshold is less than the
value of the PHY XS FEC degraded SER deactivate threshold.

45.2.4.11k.3 PHY XS FEC degraded SER ability (4.801.3)

The PHY XS FEC decoder may have the option to signal the presence of'a degraded SER (see 119.2.5.3 for

equivalent PCS behavior). This bit is set to one to indicate that the decoder has the ability to signal the
presence of a degraded SER. The bit is set to zero if this ability is not supported.
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45.2.4.11k.4 PHY XS FEC high SER (4.801.2)

When PHY XS FEC bypass indication enable (bit 4.800.1) is set to one, this bit is set to one if the number of
FEC symbol errors in a window of 8192 codewords exceeds the threshold (see 119.2.5.3 for equivalent PCS
behavior) and is set to zero otherwise. The bit is set to zero if PHY XS FEC bypass indication enable (bit

4-Q00.
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45.2.4.11k.5 PHY XS FEC bypass indication ability (4.801.1)

The PHY XS FEC decoder may have the option to perform error detection without error indication (sée
119.2.5.3 for equivalent PCS behavior) to reduce the delay contributed by the FEC decoder. This bit is set,to
one to indicate that the decoder has this ability to bypass error indication. The bit is set to zero if this@bility
is not supported.

45.2.4.111 PHY XS FEC corrected codewords counter (Register 4.802, 4.803)

The assignment of bits in the PHY XS FEC corrected codewords counter register is shown in Table 45—171j.
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 4.802,'4.803 are used to read the
value of a 32-bit counter. When registers 4.802 and 4.803 are used to read the 32-bit counter value, the
register 4.802 is read first, the value of the register 4.803 is latched when\(and only when) register 4.802 is
read, and reads of register 4.803 return the latched value rather than the.¢ufrent value of the counter.

Table 45-171j—PHY XS FEC corrected codewords counter register bit definitions

Bit(s) Name Description R/W?
4.802.15:0 FEC corrected codewords lower FEC corrected cw_counter[15:0] RO, NR
4.803.15:0 FEC corrected codewords uppet: FEC_corrected_cw_counter[31:16] RO, NR

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

45.2.4.11m PHY XS FEC uncorrected codewords counter (Register 4.804, 4.805)

The assignment of bits, @0 the PHY XS FEC uncorrected codewords counter register is shown in
Table 45—171k. Thesebits 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 4.804, 4.805 are used
to read the valuevof a 32-bit counter. When registers 4.804 and 4.805 are used to read the 32-bit counter
value, the register 4.804 is read first, the value of the register 4.805 is latched when (and only when) register
4.804 is ready and reads of register 4.805 return the latched value rather than the current value of the counter.

Table 45-171k—PHY XS FEC uncorrected codewords counter register bit definitions

Bit(s) Name Description R/W?
4.804.15:0 FEC uncorrected codewords lower FEC uncorrected cw_counter[15:0] RO, NR
4.805.15:0 FEC uncorrected codewords upper FEC uncorrected_cw_counter[31:16] RO, NR

4RO = Read only, NR = Non Roll-over
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45.2.4.11n PHY XS FEC degraded SER activate threshold register (Register 4.806, 4.807)

The assignment of bits in the PHY XS FEC degraded SER activate threshold register is shown in
Table 45—1711. The value controls the threshold used to set the PHY XS FEC degraded SER bit (4.801.4) in
an equivalent manner to that defined for the FEC degraded SER bit in 119.2.5.3.

Table 45-1711—PHY XS FEC degraded SER activate threshold register bit definitions

Bit(s) Name Description R/W?

PHY XS FEC degraded SER acti- FEC degraded SER activate threshold[15:0] RAV

4.806.15:0 vate threshold lower

4807.15:0 | PHY XSFEC degraded SER acti- | ppo qooraged SER activate threshold[31:161™ | R/W
vate threshold upper - T -

4 R/W = Read/Write

45.2.4.110 PHY XS FEC degraded SER deactivate threshold register(Register 4.808, 4.809)
The assignment of bits in the PHY XS FEC degraded SER deactivate threshold register is shown in

Table 45—171m. The value controls the threshold used to clear the PHY\ XS FEC degraded SER bit (4.801.4)
in an equivalent manner to that defined for the FEC _degraded SER bit in 119.2.5.3.

Table 45-171m—PHY XS FEC degraded SER deactivate threshold register bit definitions

Bit(s) Name Description R/W?
4808.15:0 | PHY XS FEC degraded SER FEC_degraded SER deactivate_threshold[15:0] | R/W
deactivate threshold lower
4809.15:0 | PHY XS FEC degraded SER FEC degraded SER deactivate threshold[31:16] | R/W
deactivate threshold upper - — = -

4 R/W = Read/Write

45.2.4.11p PHY XS-FEC degraded SER interval register (Register 4.810, 4.811)
The assignment of*bits in the PHY XS FEC degraded SER interval register is shown in Table 45-171n. The

value control$wthe interval used to set and clear the PHY XS FEC degraded SER bit (4.801.4) in an
equivalerit manner to that defined for the FEC_degraded SER bitin 119.2.5.3.

Table 45-171n—PHY XS FEC degraded SER interval register bit definitions

Bit(s) Name Description R/W?

PHY XS FEC degraded SER.

4.810.15:0 . = FEC_degraded SER_iterval[I5:0] R/W
interval lower

4811.15:0 | PHY XSFEC degraded SER FEC degraded SER interval[31:16] R/W
interval upper - — =

4 R/W = Read/Write
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45.2.5 DTE XS registers

Change the reserved row for 5.26 through 5.1799 in Table 45-175 as follows (unchanged rows not
shown):

Table 45-175—DTE XS registers

Register address Register name Subclause
5.26 through 5.31-54799 Reserved
532 BASE-R DTE XS status 1 452.541a
5.33 through 5.41 Reserved
5.42 BASE-R DTE XS test pattern control 452.511b
5.43 through 5.49 Reserved
5.50 Multi-lane BASE-R DTE XS alignmént'status 1 452.5.11¢
5.51 Reserved
5.52 Multi-lane BASE-R DTE-XS alignment status 3 452.5.11d
5.53 Multi-lane BASE-R DTE XS alignment status4 | 45.2.5.11e
5.54 Reserved
5.400 through 5.415 DTE XS'ane mapping, lane 0 through 15 45.2.5.111.
5.415 through 5.599 Réserved
5.600 through 5.631 DTE XS FEC symbol error counter, lane 0to 15 | 452.5.11h
45.2.5.11i
5.632 through $.799 Reserved
5.800 DTE XS FEC control 452.5.11j
5.801 DTE XS FEC status 452511k
$:802, 5.803 DTE XS FEC corrected codewords counter 45.2.5.111
5.804, 5.805 DTE XS FEC uncorrected codewords counter 45.2.5.11m
5.806, 5.807 DTE XS FEC degraded SER activate threshold 45.2.5.11n
5.808, 5.809 DTE XS FEC degraded SER deactivate threshold | 45.2.5.110
$10.5-8H DIEXSHEC degraded SER-interval 4525 Hep
5.812 through 5.1799 Reserved

87
Copyright © 2017 IEEE. All rights reserved.

© IEEE 2017 - All rights reserved


https://iecnorm.com/api/?name=c9988e8402ed8380b26b6d6ea1aadd28

ISO/IEC/IEEE 8802-3:2017/Amd.10:2019(E)

IEEE Std 802.3bs-2017
Amendment 10: Media Access Control Parameters, Physical Layers, and Management Parameters
for 200 Gb/s and 400 Gb/s Operation

45.2.5.1 DTE XS control 1 register (Register 5.0)

Change the row for 5.0.5:2 in Table 45-176 as follows (unchanged rows not shown):

Tablo 45-176—DTE XS | 1 reaistor bit dofiniti

Bit(s) Name Description R/W?
5.0.5:2 Speed selection 5432 R/W
+ % x x =Reserved
x + x x =TReserved
x x 1+ x =Reserved
1 1 x x =Reserved
1 0 1 1 =Reserved
1 0 1 0 =400Gb/s
1 0 0 1 =200Gb/s
1 0 0 0 =Reserved
0 1 x x =Reserved
0 0 1 x =Reserved
0 0 0 I =Reserved
0 0 0 0 =10Gb/s
4 R/W = Read/Write, SC = Self-clearing, RO = Read only
45.2.5.4 DTE XS speed ability (Register 5.4)
Change Table 45-178 as follows:
Table 45-178— DTE XS speed ability register bit definitions
Bit(s) Name Description R/W?
5.4.15:10 | Reserved-forfutarespeeds | Value always 0 RO
5.4.9 400G [capable 1 =DTE XS is capable of operating at 400 Gb/s RO
0 =DTE XS is not capable of operating at 400 Gb/s
54.8 200G capable 1 = DTE XS is capable of operating at 200 Gb/s RO
0=DTE XS is not capable of operating at 200 Gb/s
5.4.9:1 Reserved Value always 0 RO
5.4.0 10G capable 1 =DTE XS is capable of operating at 10 Gb/s RO
0=DTE XS is not capable of operating at 10 Gb/s

4RO = Read only

Insert 45.2.5.4.a and 45.2.5.4.b before 45.2.5.4.1 as follows:

45.2.5.4.a 400G capable (5.4.9)

When read as a one, bit 5.4.9 indicates that the DTE XS is able to operate at a data rate of 400 Gb/s. When
read as a zero, bit 5.4.9 indicates that the DTE XS is not able to operate at a data rate of 400 Gb/s.
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45.2.5.4.b 200G capable (5.4.8)

When read as a one, bit 5.4.8 indicates that the DTE XS is able to operate at a data rate of 200 Gb/s. When
read as a zero, bit 5.4.8 indicates that the DTE XS is not able to operate at a data rate of 200 Gb/s.

Lo lL

45.2.5.11a BASE-R DTE XS status 1 register (Register 5.32)

The assignment of bits in the BASE-R DTE XS status 1 register is shown in Table 45-182a. A DTE XIS
device that does not implement BASE-R shall return a zero for all bits in the BASE-R DTE XS status, 1
register. It is the responsibility of the STA management entity to ensure that a port type is supported by all
MMDs before interrogating any of its status bits.

Table 45-182a—BASE-R DTE XS status 1 register bit definitions

Bit(s) Name Description R/W?
5.32.15:13 | Reserved Value always 0 RO
5.32.12 BASE-R DTE XS 1 =BASE-R DTE XS receive link dp RO

receive link status 0=BASE-R DTE XS receive link, down
5.32.11:0 Reserved Value always 0 RO

4RO = Read only

45.2.5.11a.1 BASE-R DTE XS receive link status (5.32.12)

When read as a one, bit 5.32.12 indicates that'the DTE XS is in a fully operational state. When read as a
zero, bit 5.32.12 indicates that the DTE XS\is not fully operational. This bit is a reflection of the DTE XS
equivalent of the PCS_status variable defined in 119.3 for 200/400GBASE-R.

45.2.5.11b BASE-R DTE XS test-pattern control register (Register 5.42)

The assignment of bits in the BASE-R DTE XS test-pattern control register is shown in Table 45—182b. This

register is only required When the 200/400GBASE-R capability is supported. The test-pattern methodology
is described in 119.2.4:9:

Table 45-182b—BASE-R DTE XS test-pattern control register bit definitions

Bit(s) Name Description R/W?
542.15:4 Reserved Value always 0 RO
5423 Transmit test-pattern 1 = Enable transmit test pattern R/W

enable 0 = Disable transmit test pattern
5.42.2:0 Reserved Value always 0 RO

4RO = Read only, R/W = Read/Write
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45.2.5.11b.1 Transmit test-pattern enable (5.42.3)

When bit 5.42.3 is set to a one, pattern testing is enabled on the transmit path. When bit 5.42.3 is set to a
zero, pattern testing is disabled on the transmit path.

45.2.5.11c Multi-lane BASE-R DTE XS alignment status 1 register (Register 5.50)

The assignment of bits in the multi-lane BASE-R DTE XS alignment status 1 register is shown in
Table 45-182c. A DTE XS device that does not implement multi-lane BASE-R DTE XS shall return a zero
for all bits in the multi-lane BASE-R DTE XS alignment status 1 register. It is the responsibility of the.STA
management entity to ensure that a port type is supported by all MMDs before interrogating any,of \its status
bits.

Table 45-182c—Multi-lane BASE-R DTE XS alignment status 1 register bit definitions

Bit(s) Name Description R/W?
5.50.15:13 | Reserved Value always 0 RO
5.50.12 DTE XS lane alignment 1 = DTE XS receive lanes locked and aligned RO

status 0 =DTE XS receive langs not'locked and aligned
5.50.11:0 Reserved Value always 0 RO

4RO = Read only

45.2.5.11c.1 DTE XS lane alignment status.(5.50.12)

When read as a one, bit 5.50.12 indicates that the DTE XS has locked and aligned all receive lanes. When
read as a zero, bit 5.50.12 indicates thatthe'DTE XS has not locked and aligned all receive lanes.

45.2.5.11d Multi-lane BASE-R.DTE XS alignment status 3 register (Register 5.52)

The assignment of bits in the multi-lane BASE-R DTE XS alignment status 3 register is shown in
Table 45-182d. A DTE XS-device that does not implement multi-lane BASE-R DTE XS shall return a zero
for all bits in the multi*lane BASE-R DTE XS alignment status 3 register. A device that implements multi-
lane BASE-R DTE XS shall return a zero for all bits in the multi-lane BASE-R DTE XS alignment status 3
register that are not' required for the DTE XS configuration. It is the responsibility of the STA management
entity to ensure that a port type is supported by all MMDs before interrogating any of its status bits.

Table 45-182d—Multi-lane BASE-R DTE XS alignment status 3 register
bit definitions

Bit(s) Name Description R/W?
552 15:8 Reserved \alue-als ays 0 RO
5.52.7 Lane 7 aligned 1 = Lane 7 alignment marker is locked RO

0 = Lane 7 alignment marker is not locked

5.52.6 Lane 6 aligned 1 = Lane 6 alignment marker is locked RO
0 = Lane 6 alignment marker is not locked
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Table 45-182d—Multi-lane BASE-R DTE XS alignment status 3 register
bit definitions (continued)

Bit(s) Name Description R/W?

53525 Tanc 5 aligned T=TLanc 5 alignment marker 15 tocked RO
0 = Lane 5 alignment marker is not locked

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

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

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

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

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

4RO = Read only

45.2.5.11d.1 Lane 7 aligned (5.52.7)

When read as a one, bit 5.52.7 indicates that the DTE XS re€eiver has achieved alignment marker lock for
service interface lane 7. When read as a zero, bit 5.52.7 indicates that the DTE XS receiver lane 7 has not
achieved alignment marker lock. This bit reflects the state of amps_lock[7] (see 119.2.6.2.2).

45.2.5.11d.2 Lane 6 aligned (5.52.6)

When read as a one, bit 5.52.6 indicates thatithe DTE XS receiver has achieved alignment marker lock for
service interface lane 6. When read as a zero, bit 5.52.6 indicates that the DTE XS receiver lane 6 has not
achieved alignment marker lock. This-bit'reflects the state of amps_lock[6] (see 119.2.6.2.2).

45.2.5.11d.3 Lane 5 aligned-(5.52.5)

When read as a one, bit 552.5 indicates that the DTE XS receiver has achieved alignment marker lock for
service interface lane §L. When read as a zero, bit 5.52.5 indicates that the DTE XS receiver lane 5 has not
achieved alignmentmatker lock. This bit reflects the state of amps_lock[5] (see 119.2.6.2.2).

45.2.5.11d.4 Lane 4 aligned (5.52.4)

When read-as a one, bit 5.52.4 indicates that the DTE XS receiver has achieved alignment marker lock for
service-interface lane 4. When read as a zero, bit 5.52.4 indicates that the DTE XS receiver lane 4 has not
acthieved alignment marker lock. This bit reflects the state of amps_lock[4] (see 119.2.6.2.2).

45.2.5.11d.5 Lane 3 aligned (5.52.3)

When read as a one, bit 5.52.3 indicates that the DTE XS receiver has achieved alignment marker lock for

service interface lane 3. When read as a zero, bit 5.52.3 indicates that the DTE XS receiver lane 3 has not
achieved alignment marker lock. This bit reflects the state of amps_lock[3] (see 119.2.6.2.2).
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45.2.5.11d.6 Lane 2 aligned (5.52.2)

When read as a one, bit 5.52.2 indicates that the DTE XS receiver has achieved alignment marker lock for
service interface lane 2. When read as a zero, bit 5.52.2 indicates that the DTE XS receiver lane 2 has not
achieved alignment marker lock. This bit reflects the state of amps_lock[2] (see 119.2.6.2.2).

45.2.5.11d.7 Lane 1 aligned (5.52.1)

When read as a one, bit 5.52.1 indicates that the DTE XS receiver has achieved alignment marker lock for,
service interface lane 1. When read as a zero, bit 5.52.1 indicates that the DTE XS receiver lane 1 has not
achieved alignment marker lock. This bit reflects the state of amps_lock[1] (see 119.2.6.2.2).

45.2.5.11d.8 Lane 0 aligned (5.52.0)

When read as a one, bit 5.52.0 indicates that the DTE XS receiver has achieved alignment 'marker lock for
service interface lane 0. When read as a zero, bit 5.52.0 indicates that the DTE XS receivef lane 0 has not
achieved alignment marker lock. This bit reflects the state of amps_lock[0] (see 119.2,6:2°2).

45.2.5.11e Multi-lane BASE-R DTE XS alignment status 4 register (Register 5.53)

The assignment of bits in the multi-lane BASE-R DTE XS alignmeént status 4 register is shown in
Table 45-182e. A DTE XS device that does not implement multi-lane'BASE-R DTE XS shall return a zero
for all bits in the multi-lane BASE-R DTE XS alignment status 4,register. A device that implements multi-
lane BASE-R DTE XS shall return a zero for all bits in the multi-lane BASE-R DTE XS alignment status 4
register that are not required for the DTE XS configuration. [t is'the responsibility of the STA management
entity to ensure that a port type is supported by all MMDs before interrogating any of its status bits.

Table 45-182e—Multi-lane BASE-R DTE XS alignment status 4 register

bit definitions
Bit(s) Name Description R/W?

5.53.15:8 Reserved Value always 0 RO

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

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

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

5.534 Lane 12 aligned 1 = Lane 12 alignment marker is locked RO
0 =Lane 12 alignment marker is not locked

5:53.3 Lane 11 aligned 1 =Lane 11 alignment marker is locked RO
0= Lane 11 alignment marker is not locked

5532 Lane 10 aligned 1 =Lane 10 alignment marker is locked RO
0 = Lane 10 alignment marker is not locked

5._}3 1 Lﬂ,llc 9 a}isucd 1 = Lauc 9 a‘lisluucut ll]‘al}\cl ib }UL‘l\Cd RC
0 = Lane 9 alignment marker is not locked

5.53.0 Lane 8 aligned 1 = Lane 8 alignment marker is locked RO

0 = Lane 8 alignment marker is not locked

4RO = Read only
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45.2.5.11e.1 Lane 15 aligned (5.53.7)

When read as a one, bit 5.53.7 indicates that the DTE XS receiver has achieved alignment marker lock for
service interface lane 15. When read as a zero, bit 5.53.7 indicates that the DTE XS receiver lane 15 has not
achieved alignment marker lock. This bit reflects the state of amps_lock[15] (see 119.2.6.2.2).

45.2.5.11e.2 Lane 14 aligned (5.53.6)

When read as a one, bit 5.53.6 indicates that the DTE XS receiver has achieved alignment marker lock for,
service interface lane 14. When read as a zero, bit 5.53.6 indicates that the DTE XS receiver lane 14 has not
achieved alignment marker lock. This bit reflects the state of amps_lock[14] (see 119.2.6.2.2).

45.2.5.11e.3 Lane 13 aligned (5.53.5)

When read as a one, bit 5.53.5 indicates that the DTE XS receiver has achieved alignment 'marker lock for
service interface lane 13. When read as a zero, bit 5.53.5 indicates that the DTE XS receiverlane 13 has not
achieved alignment marker lock. This bit reflects the state of amps_lock[13] (see 119:246:2.2).

45.2.5.11e.4 Lane 12 aligned (5.53.4)

When read as a one, bit 5.53.4 indicates that the DTE XS receiver has achieved alignment marker lock for
service interface lane 12. When read as a zero, bit 5.53.4 indicates that\the’DTE XS receiver lane 12 has not
achieved alignment marker lock. This bit reflects the state of amps lock[12] (see 119.2.6.2.2).

45.2.5.11e.5 Lane 11 aligned (5.53.3)

When read as a one, bit 5.53.3 indicates that the DTE XS receiver has achieved alignment marker lock for
service interface lane 11. When read as a zero, bit 5753:3 indicates that the DTE XS receiver lane 11 has not
achieved alignment marker lock. This bit reflects/thestate of amps_lock[11] (see 119.2.6.2.2).

45.2.5.11e.6 Lane 10 aligned (5.53.2)

When read as a one, bit 5.53.2 indicates-that the DTE XS receiver has achieved alignment marker lock for
service interface lane 10. When read as a zero, bit 5.53.2 indicates that the DTE XS receiver lane 10 has not
achieved alignment marker lock;>This bit reflects the state of amps_lock[10] (see 119.2.6.2.2).

45.2.5.11e.7 Lane 9 aligned (5.53.1)

When read as a onepbit 5.53.1 indicates that the DTE XS receiver has achieved alignment marker lock for
service interface lane 9. When read as a zero, bit 5.53.1 indicates that the DTE XS receiver lane 9 has not
achieved alignment marker lock. This bit reflects the state of amps_lock[9] (see 119.2.6.2.2).

45.2.511¢.8 Lane 8 aligned (5.53.0)
When read as a one, bit 5.53.0 indicates that the DTE XS receiver has achieved alignment marker lock for
service interface lane 8. When read as a zero, bit 5.53.0 indicates that the DTE XS receiver lane 8 has not

achieved alignment marker lock. This bit reflects the state of amps_lock[8] (see 119.2.6.2.2).

45.2.5.11f DTE XS lane mapping, lane 0 register (Register 5.400)

The assignment of bits in the DTE XS lane mapping, lane 0 register is shown in Table 45-182f. When the
multi-lane DTE XS described in Clause 118 detects and locks the alignment marker for service interface
lane 0, the detected PCS lane number is recorded in this register. The contents of the DTE XS lane mapping,
lane 0 register is valid when Lane 0 aligned bit (5.52.0) is set to one and is invalid otherwise.
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Table 45-182f—DTE XS lane mapping, lane 0 register bit definitions

Bit(s) Name Description R/W?
5.400.15:5 Reserved Value always 0 RO
5.400.4:0 Lane 0 mapping DTE XS lane received in service interface lane 0 RO

4RO = Read only

45.2.5.11g DTE XS lane mapping, lane 1 through lane 15 registers (Registers 5.401 through
5.415)

The definition of the DTE XS lane mapping, lane 1 through 15 registers is identical to that desetibed for lane
0 in 45.2.5.11f. The lane mapping for lane 1 is in register 5.401; lane 2 is in register 5.402;-¢tc)

45.2.5.11h DTE XS FEC symbol error counter lane 0 (Register 5.600, 5.601)

The assignment of bits in the DTE XS FEC symbol error counter lane 0 registef)is-shown in Table 45-182g.
Symbol errors detected in DTE XS FEC lane 0 are counted and shown in register 5.600.15:0 and 5.601.15:0.
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. Regi$térs’5.600, 5.601 are used to read the
value of a 32-bit counter. When registers 5.600 and 5.601 are ysed jto read the 32-bit counter value, the
register 5.600 is read first, the value of the register 5.601 is latched’when (and only when) register 5.600 is
read, and reads of register 5.601 return the latched value rathér than the current value of the counter.

Table 45-182g—DTE XS FEC symbol error counter lane 0 register bit definitions

Bit(s) Name Description R/W?
5.600.15:0 E)EVETXS FEC symbol errors,ane 0 FEC_symbol_error_counter 0[15:0] RO, NR
5.601.15:0 EprErXS FEC symbgl errors, lane 0| ppo ool error counter 0[31:16] RO, NR

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

45.2.5.11i DTE XS'FEC symbol error counter lane 1 through 15 (Registers 5.602 through
5.631)

The behavioer of the DTE XS FEC symbol error counters, lane 1 through 15 is identical to that described for
DTEXSFEC lane 0 in 45.2.5.11h. Errors detected in each DTE XS FEC lane are counted and shown in the
cortesponding register. DTE XS FEC lane 1, lower 16 bits are shown in register 5.602; DTE XS FEC lane 1,
upper 16 bits are shown in register 5.603; DTE XS FEC lane 2, lower 16 bits are shown in register 5.604;
through register 5.631 for DTE XS FEC lane 15, upper 16 bits.
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45.2.5.11j DTE XS FEC control register (Register 5.800)

The assignment of bits in the DTE XS FEC control register is shown in Table 45-182h.

Tablo45-182h—DTE XS FEC | reaistor bit definiti

Bit(s) Name Description R/W?
5.800.15:2 | Reserved Value always 0 RO
58002 DTE XS FEC degraded SER 1 = FEC decoder signals degraded SER KW
RS enable 0 = FEC decoder does not signal degraded SER

58001 DTE XS FEC bypass indication 1 = FEC decoder does not indicate errors R/W
R enable 0 = FEC decoder indicates errors

5.800.0 Reserved Value always 0 RO

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

45.2.5.11j.1 DTE XS FEC degraded SER enable (5.800.2)

This bit enables the DTE XS FEC decoder to signal the presence of/a degraded SER. When set to a one, this
bit enables degraded SER signaling. When set to a zero, degraded’SER signaling is disabled. Writes to this
bit are ignored and reads return a zero if the DTE XS FEC does\not have the ability to signal the presence of
a degraded SER (see 119.2.5.3 for equivalent PCS behavior).

45.2.5.11j.2 DTE XS FEC bypass indication endble (5.800.1)

This bit enables the DTE XS FEC decoder tocbypass error indication to the upper layers through the sync
bits. When set to a one, this bit enables bypass.of the error indication. When set to a zero, errors are indicated
to the upper layers through the sync bits. Writes to this bit are ignored and reads return a zero if the DTE XS
FEC does not have the ability to bypdss indicating decoding errors (see 119.2.5.3 for equivalent PCS
behavior).

45.2.5.11k DTE XS FEC status register (Register 5.801)

The assignment of bits in the DTE XS FEC status register is shown in Table 45—182i.

Table 45-182i—DTE XS FEC status register bit definitions

Bit(s) Name Description R/W?
5.801.15:7 Reserved Value always 0 RO
5.801.6 Local degraded SER 1 =local degraded SER received RO

U received 0 =no local degraded SER received
Remote degraded SER 1 =remote degraded SER received
5.801.5 received 0 =noremote r‘]pgrqr‘]pﬂ SER received RO
1 = SER is degraded
5.801.4 DTE XS FEC degraded SER 0= SER is not degraded RO
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Table 45-182i—DTE XS FEC status register bit definitions (continued)

Bit(s) Name Description R/W?
1 = FEC decoder has the ability to signal the presence of a
BRENSHEC deprrded SER—derraded-SER
>-801.3 ability 0 =FEC decoder does not have the ability to signal the RO

presence of a degraded SER

1 =FEC errors have exceeded threshold

>-801.2 DTE XS FEC high SER 0 = FEC errors have not exceeded threshold ROLH
1 = FEC decoder has the ability to bypass error indication
5.801.1 DTE XS FEC bypass 0 = FEC decoder does not have the ability to bypass error RO
indication ability M
indication
5.801.0 Reserved Value always 0 RO

4RO = Read only, LH = Latching high

45.2.5.11k.1 Local degraded SER received (5.801.6)

When read as a one, bit 5.801.6 indicates that the local degraded SER-signal has been received. This bit
reflects the state of rx_local_degraded (see 118.2.1) for the DTE XS.

45.2.5.11k.2 Remote degraded SER received (5.801.5)

When read as a one, bit 5.801.5 indicates that the remote ‘d€graded SER signal has been received. This bit
reflects the state of rx_rm_degraded for the DTE XS (see 119.2.6.2.2 for equivalent PCS behavior).

45.2.5.11k.3 DTE XS FEC degraded SER (5.801.4)

When DTE XS FEC degraded SER enable (bit 5.800.2) is set to one, bit 5.801.4 is set to one if the number
of FEC symbol errors in a window of DTE XS FEC degraded SER interval (registers 5.810 and 5.811)
codewords exceeds the DTE XS FEC\degraded SER activate threshold (registers 5.806 and 5.807) and is
cleared if the number of FEC symbol-errors in the same window is below the DTE XS FEC degraded SER
deactivate threshold (registers 5:808 and 5.809). If the number of FEC symbol errors in the window is
between the two thresholds, then bit 5.801.4 remains in its previous state. The bit is set to zero if DTE XS
FEC degraded SER enable((bit 5.800.2) is set to zero (see 119.2.5.3 for equivalent PCS behavior). The value
of bit 5.801.4 is undefided if the value of the DTE XS FEC degraded SER activate threshold is less than the
value of the DTE XS.FEC degraded SER deactivate threshold.

45.2.5.11k.4DTE XS FEC degraded SER ability (5.801.3)

The DTE, XS FEC decoder may have the option to signal the presence of a degraded SER (see 119.2.5.3 for
equivalent PCS behavior). This bit is set to one to indicate that the decoder has the ability to signal the
ptesence of a degraded SER. The bit is set to zero if this ability is not supported.

45.2.5.11k.5 DTE XS FEC high SER (5.801.2)

When DTE XS FEC bypass indication enable (bit 5.800.1) is set to one, this bit is set to one if the number of

FEC symbol errors in a window of 8192 codewords exceeds the threshold (see 119.2.5.3) and is set to zero
otherwise. The bit is set to zero if DTE XS FEC bypass indication enable (bit 5.800.1) is set to zero. This bit
shall be implemented with latching high behavior.
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45.2.5.11k.6 DTE XS FEC bypass indication ability (5.801.1)

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

45.2.5.111 DTE XS FEC corrected codewords counter (Register 5.802, 5.803)

The assignment of bits in the DTE XS FEC corrected codewords counter register is shown in Table 45-182j.
These bits shall be reset to all zeros when the register is read by the management function or upon PHX
reset. These bits shall be held at all ones in the case of overflow. Registers 5.802, 5.803 are used to read'the
value of a 32-bit counter. When registers 5.802 and 5.803 are used to read the 32-bit counter valae, the
register 5.802 is read first, the value of the register 5.803 is latched when (and only when) register(5.802 is
read, and reads of register 5.803 return the latched value rather than the current value of the counter.

Table 45-182j—DTE XS FEC corrected codewords counter register-bit-definitions

Bit(s) Name Description R/W?
5.802.15:0 FEC corrected codewords lower FEC_corrected_cw_counter[15:0] RO, NR
5.803.15:0 FEC corrected codewords upper FEC_corrected_cw_counter[31:16] RO, NR

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

45.2.5.11m DTE XS FEC uncorrected codewords.counter (Register 5.804, 5.805)

The assignment of bits in the DTE XS FEC€ “uncorrected codewords counter register is shown in
Table 45—182k. These bits shall be reset to all zetros 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 5.804, 5.805 are used
to read the value of a 32-bit counter. When registers 5.804 and 5.805 are used to read the 32-bit counter
value, the register 5.804 is read first,.th¢-value of the register 5.805 is latched when (and only when) register
5.804 is read, and reads of register §.805 return the latched value rather than the current value of the counter.

Table 45-182k—DTE, XS FEC uncorrected codewords counter register bit definitions

Bit(s) Name Description R/W?
5.804.15:0 FEC uncorrected codewords lower FEC uncorrected_cw_counter[15:0] RO, NR
5.805,15:0 FEC uncorrected codewords upper FEC uncorrected cw_counter[31:16] RO, NR

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

45.2.5.11n DTE XS FEC degraded SER activate threshold register (Register 5.806, 5.807)

The assignment of bits in the DTE XS FEC degraded SER activate threshold register is shown in

Table 45—1821. The value controls the threshold used to set the DTE XS FEC degraded SER bit (5.801.4) in
an equivalent manner to that defined for the FEC degraded SER bitin 119.2.5.3.
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Table 45-1821—DTE XS FEC degraded SER activate threshold register bit definitions

Bit(s) Name Description R/W?

5806.15:0 | DTE XSFEC degraded SER acti- | pp jooraded SER activate threshold[15:0] | R/W

vate threshold lower

5807.15:0 | DTE XSFEC degraded SER acti- | ppe ooraded SER activate threshold[31:16] | R/W
vate threshold upper

4 R/W = Read/Write

45.2.5.110 DTE XS FEC degraded SER deactivate threshold register (Register 5.808, 5(809)
The assignment of bits in the DTE XS FEC degraded SER deactivate threshold registeris* shown in

Table 45—182m. The value controls the threshold used to clear the DTE XS FEC degraded SER bit (5.801.4)
in an equivalent manner to that defined for the FEC degraded SER bit in 119.2.5.3.

Table 45-182m—DTE XS FEC degraded SER deactivate threshold register bit definitions

Bit(s) Name Description R/W?

5.808.15:0 | DTE XS FEC degraded SER FEC_degraded SER(deictivate_threshold[15:0] | R/W
deactivate threshold lower

5.809.15:0 | DTE XS FEC degraded SER FEC degradéd SER deactivate threshold[31:16] | R/W
deactivate threshold upper - ~ - -

4 R/W = Read/Write

45.2.5.11p DTE XS FEC degraded SER interval register (Register 5.810, 5.811)
The assignment of bits in the DTE XS FEC-degraded SER interval register is shown in Table 45-182n. The

value controls the interval used to.s¢tVand clear the DTE XS FEC degraded SER bit (5.801.4) in an
equivalent manner to that defined forithe FEC degraded SER bit in 119.2.5.3.

Table 45-182n—DTE XS FEC degraded SER interval register bit definitions

Bit(s) Name Description R/W?

5.810.15:0 , | ‘DTE XS FEC degraded SER FEC_degraded SER_interval[15:0] R/W
interval lower

58115 | DTE XS FEC degraded SER FEC degraded SER interval[31:16] R/W
interval upper - - -

4RV = Read/Write
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78. Energy-Efficient Ethernet (EEE)

78.1 Overview

( hangg the third panagzaph at 78 1 (as madlﬁgd b:,; IEEFE Std 802 ib;z—Zﬂlﬁ) n(‘anllnwc'

EEE supports operation over twisted-pair cabling systems, twinax cable, electrical backplanes, optical fiber,
the XGXS for 10 Gb/s PHYs, the 25GAUI for 25 Gb/s PHYs, the XLAUI for 40 Gb/s PHYs, and-the
CAUI-10 or CAUI-4 for 100 Gb/s PHYs, the 200GAUI-n and 200GXS for 200 Gb/s PHYs, and the
400GAUI-n and 400GXS for 400 Gb/s PHYs. Table 78-1 lists the supported PHY's and interfaces and their
associated clauses.

78.1.4 PHY types optionally supporting EEE

Insert new rows at the end of Table 78-1 (as modified by IEEE Std 802.3by-2016) as follows (unchanged
rows not shown):

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

PHY or interface type Clause
200GBASE-DR4® 119, 120, 121
200GBASE-FR4® 119, 120, 122
200GBASE-LR4" 119, 120, 122
400GBASE-SR16P 119, 120, 123
400GBASE-DR4" 119, 120, 124
400GBASE-FR8P 119, 120, 122
400GBASE-LRSP 119, 120, 122

® The deep sleep mode of EEE is not supported for this PHY.
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78.5 Communication link access latency

Insert three new rows (including footnote c) at the end of Table 78-4 as follows (unchanged rows not

shown):
Table 78—4—Summary of the LPI timing parameters for supported PHYs
or interfaces
PHY or interface T, W_sys_tx T, w_phy T, phy_shrink_tx Tphy_shrink_rx T, W_SyS_Ix
type Case (min) (min) (max) (max) (miny
(ns) (us) (bs) (1s) (1),
200GXS/400GXS © 0.34
200GBASE-R fast 0.34 0.3 0 0 0.25
wake
400GBASE-R fast 0.34 0.3 0 0 0.25
wake

¢ The minimum T, ¢  of a PHY is increased by the indicated period if thereds-d 200GXS/400GXS in the transmit
path. A PHY that includes a 200GXS/400GXS in the receive path may require an increase of Ty, gy 1 on the link
partner; this may be negotiated using LLDP (see 79.3.5). T

Change the title of 78.5.1 as follows:

78.5.1 40-Gbfs-PHY extension using_extendér sublayers-XGx$

Insert a new paragraph at the end of 78.5. 1-asfollows:

The 200GXS or 400GXS (see Clause 118) can be inserted between the RS and a 200 Gb/s or 400 Gb/s PHY,
respectively, to transparently extend,the physical reach of the 200GMII or 400GMII. The LPI signaling can
operate through the 200GXS or400GXS with the PHY timing parameters modified as described in
Table 78—4.
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90. Ethernet support for time synchronization protocols

90.1 Introduction

( hangg the second pazagmph at 901 (as madzﬁgd h:]z IEEFE Std 802 Sb:,;- 2016) ﬂc.’fn”nwc'

The TSSI is defined for the full-duplex mode of operation only. It supports MAC operation at various data
rates. The MII (Clause 22), GMII (Clause 35), XGMII (Clause 46), 25GMII (Clause 106), XLGMII
(Clause 81), and-CGMII (Clause 81), 200GMII (Clause 117), and 400GMII (Clause 117) specifications are
all compatible with the gRS sublayer defined in 90.5.
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Insert Clause 116 to Clause 124 as follows:

116. Introduction to 200 Gb/s and 400 Gb/s networks

116.1 Overview
116.1.1 Scope
This clause describes the general requirements for 200 Gigabit and 400 Gigabit Ethernet.

200 Gigabit Ethernet uses the IEEE 802.3 MAC sublayer operating at a data rate of 200 Gb/s, coupled with
any IEEE 802.3 200GBASE Physical Layer implementation and is defined for full duplex operation only.
400 Gigabit Ethernet uses the IEEE 802.3 MAC sublayer operating at a data rate of 400°Gb/s, coupled
with any IEEE 802.3 400GBASE Physical Layer implementation and is defined for full duplex operation
only.

116.1.2 Relationship of 200 Gigabit and 400 Gigabit Ethernet to the SO OSI reference
model

200 Gigabit and 400 Gigabit Ethernet couples the IEEE 802.3 MAC t0«a family of 200 Gb/s and 400 Gb/s
Physical Layers. The relationships among 200 Gigabit and 400 Gigabit Ethernet, the IEEE 802.3 MAC, and
the ISO Open System Interconnection (OSI) reference model areshown in Figure 116-1.

ETHERNET
osl | LAYERS
REFERENCE HIGHER LAYERS
MODEL
LAYERS / LLC OR OTHER MAC CLIENT
APPLICATION / MAC CONTROL (OPTIONAL)
PRESENTATION / MAC
/. RECONCILIATION
SESSION
/ <" 200GMIl —» 400GMIl —
TRANSPORT 1O/
b 200GBASE-R PCS 400GBASE-R PCS
NETWORK / PMA PHY PMA PHY
DATA LINK- | / PMD PMD
PHYSICAL MDI —» MDI —»
_____ ‘ MEDIUM | MEDIUM
200GBASE-R 400GBASE-R

200GMII = 200 Gb/s MEDIA INDEPENDENT INTERFACE PCS = PHYSICAL CODING SUBLAYER
400GMII = 400 Gb/s MEDIA INDEPENDENT INTERFACE PHY = PHYSICAL LAYER DEVICE
LLC = LOGICAL LINK CONTROL PMA = PHYSICAL MEDIUM ATTACHMENT

MAC = MEDIA ACCESS CONTROL PMD = PHYSICAL MEDIUM DEPENDENT
MDI = MEDIUM DEPENDENT INTERFACE

Figure 116—1—Architectural positioning of 200 Gigabit and 400 Gigabit Ethernet
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While this specification defines interfaces in terms of bits, octets, and frames, implementations may choose
other data-path widths for implementation convenience. The only exceptions are as follows:
a)  The 200GMII and 400GMII, which, when implemented as logical interconnection points between
the MAC sublayer and the Physical Layer (PHY), use a 64-bit wide data path as specified in
Clause 117. Physical instantiations of this interface may use other data-path widths.

b) The management interface, which, when physically implemented as the MDIO/MDC (Management
Data Input/Output and Management Data Clock) at an observable interconnection port, uses a bit-
wide data path as specified in Clause 45.

¢) The PMA service interface, which, when physically implemented as 400GAUI-16 (400 Gb/s
sixteen-lane Attachment Unit Interface) at an observable interconnection port, uses a 16-lane data
path as specified in Annex 120B or Annex 120C.

d) The PMA service interface, which, when physically implemented as 200GAUI-8 (200 Gb/s
eight-lane Attachment Unit Interface) or 400GAUI-8 (400 Gb/s eight-lane Attachment Unit
Interface) at an observable interconnection port, uses an 8-lane data path-~as) specified in
Annex 120B, Annex 120C, Annex 120D, or Annex 120E.

e) The PMA service interface, which, when physically implemented as 200GAUI-4 (200 Gb/s
four-lane Attachment Unit Interface) at an observable interconnection ports-uses a 4-lane data path
as specified in Annex 120D or Annex 120E.

f)  The MDI as specified in Clause 123 for 400GBASE-SR16 uses a f6<lane data path.

g) The MDI as specified in Clause 122 for 400GBASE-FR8 and- 400GBASE-LRS uses an §-lane data
path.

h) The MDIs as specified in Clause 121 for 200GBASE-DR4in Clause 122 for 200GBASE-FR4 and
200GBASE-LR4, and in Clause 124 for 400GBASE{DR4, all use a 4-lane data path.

116.1.3 Nomenclature

The nomenclature employed by the 200 Gb/s and400 Gb/s Physical Layer is explained as follows.

The alpha-numeric prefix 200GBASE in theport type (e.g., 200GBASE-R) represents a family of Physical
Layer devices operating at a speed of 200°Gb/s. The alpha-numeric prefix 400GBASE in the port type (e.g.,
400GBASE-R) represents a family of Rhysical Layer devices operating at a speed of 400 Gb/s.
200GBASE-R represents a family of Physical Layer devices using the Physical Coding Sublayer for

200 Gb/s operation over multiple PCS lanes (see Clause 119). Physical Layer devices listed in Table 116-1
are defined for operationat 200 Gb/s.

Table 116-1—200 Gb/s PHYs

Name Description

200GBASE-DR4 200 Gb/s PHY using 200GBASE-R encoding over four lanes of single-mode
fiber, with reach up to at least 500 m (see Clause 121)

200GBASE-FR4 200 Gb/s PHY using 200GBASE-R encoding over four WDM lanes on single-
mode fiber, with reach up to at least 2 km (see Clause 122)

200GBASE-LR4 200 Gb/s PHY using 200GBASE-R encoding over four WDM lanes on single-

29
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400GBASE-R represents a family of Physical Layer devices using the Physical Coding Sublayer for
400 Gb/s operation over multiple PCS lanes (see Clause 119). Physical Layer devices listed in Table 116-2
are defined for operation at 400 Gb/s.

Table 116-2—400 Gb/s PHYs
Name Description
400GBASE-SR16 400 Gb/s PHY using 400GBASE-R encoding over sixteen lanes of multimode

fiber, with reach up to at least 100 m (see Clause 123)

400GBASE-DR4 400 Gb/s PHY using 400GBASE-R encoding over four lanes of single-mode
fiber, with reach up to at least 500 m (see Clause 124)

400GBASE-FR8 400 Gb/s PHY using 400GBASE-R encoding over eight WDM lanes on
single-mode fiber, with reach up to at least 2 km (see Clause 122)

400GBASE-LR8 400 Gb/s PHY using 400GBASE-R encoding over eight WDMrlanes on
single-mode fiber, with reach up to at least 10 km (see Clause122)

116.1.4 Physical Layer signaling systems
This standard specifies a family of Physical Layer implementations. Table 116—3 and Table 1164 specify

the correlation between PHY types and clauses. Implementations, conforming to one or more PHY types
must meet the requirements of the corresponding clauses.

Table 116-3—PHY type and clause-correlation (200GBASE optical)

Clause?®
78 117 118 M9 120 120B 120C 120D 120E 121 122 122
a a a
3 % g = = =
o Q = O =
PHY type N | 2 £ |8 5 g |5 =2 & &
g9 = i & % ® 3 3 = & &
B oy = s = o ~' o ~' = a = =
= ~ Q — 2 7} =) =) =) =) = = =
= s | E < < = = = = 2 2 2
S & & J 3 J 3 < < <
9 Qo <) S S S 4 o = o
= S = S g S S O O 0
| | 3 S S S
[o\] (o} [\l
200GBASE-
DR4 (0] M (0] (0] M M (0] (0] (0] (0] M
200GBASE-
FR4 O M (0] (6] M M (0] O (0] O M
200GBASE-
LR4 O M (0] (6] M M (0] O (0] O M
4 O = Optional, M = Mandatory.
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Table 116—-4—PHY type and clause correlation (400GBASE optical)

Clause?
78 117 118 119 120 120B 120C 120D 120E 123 124 122 122
=) =) a a
= (7)) < =
28|28 |25 w|=s|&2|& |2 ¢z
PHY type — 5 A~ ~ Q 3} 3] ) ° < I ®
B | g | = = &= = D D % x @ = B =
=- R — 2 ) 5 5 =) =) = = = =
=) < = < = @n | v | 2| @
S| =2 | & | o & < ) S 2 < | 2 | =
Q Q <) S g S S o /M =) =)
S = S S S F E ) Q 2 Q
5 = F = = 4 S = S
F S S -+
400GBASE-
SR16 (@) M (0] (0] M M (6] (0] (6] (0] M
400GBASE-
DR4 O M (0] (0] M M (6] (0] (6] (0] M
400GBASE- oO|M|O| O M M 0 o) 0 0 M
FR8
400GBASE-
LRS O M (0] (0] M M (6] (0] Q (0] M

4 0 = Optional, M = Mandatory.

116.2 Summary of 200 Gigabit and 400 Gigabit-Ethernet sublayers
116.2.1 Reconciliation Sublayer (RS) and Media Independent Interface

The Media Independent Interface (Clause}l17) provides a logical interconnection between the MAC
sublayer and Physical Layer entities (RHY). The Media Independent Interface is not intended to be
physically instantiated, rather it can logieally connect layers within a device.

The 200GMII supports 200 Gb/s.gperation and the 400GMII supports 400 Gb/s operation through its 64-bit-
wide transmit and receive datapaths. The Reconciliation Sublayer (RS) provides a mapping between the
signals provided at the Media Independent Interface (200GMII and 400GMII) and the MAC/PLS service
definition.

While the 200GM1INand 400GMII are optional interfaces, they are used extensively in this standard as a
basis for functional specification and provides a common service interface for the physical coding sublayer
defined in Elanse 119.

116.2.2.200GMII and 400GMII Extender Sublayers (200GXS and 400GXS)

The200 Gigabit 200GMII Extender Sublayer (200GXS) is part of the 200GMII Extender (Clause 118). It is
tdentical in function to the 200GBASE-R PCS in Clause 119 with the exceptions defined in Clause 118.
The 400 Gigabit 400GMII Extender Sublayer (400GXS) is part of the 400GMII Extender (Clause 118). It is
identical in function to the 400GBASE-R PCS in Clause 119 with the exceptions defined in Clause 118.

The optional 200GMII Extender (Clause 118) can be inserted between the Reconciliation Sublayer and the
PHY to transparently extend the reach of the 200GMII. The optional 400GMII Extender (Clause 118) can
be inserted between the Reconciliation Sublayer and the PHY to transparently extend the reach of
the 400GMII.
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116.2.3 Physical Coding Sublayer (PCS)

The terms 200GBASE-R and 400GBASE-R refer to a specific family of Physical Layer implementations
based upon the 64B/66B data coding method specified in Clause 119 and the PMA specifications defined in
Clause 120. Clause 119 PCSs perform encoding (decoding) of data from (to) the 200GMII or 400GMII to

fa V- »Wia Ve
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the PMA.

The 200GBASE-R PCS has almost the same functionality as the 200GXS, and therefore may be configured
as a 200GXS in order to implement part of the optional 200GMII Extender (see Clause 118). The
400GBASE-R PCS has almost the same functionality as the 400GXS, and therefore may be configuredgas a
400GXS in order to implement part of the optional 400GMII Extender (see Clause 118).

116.2.4 Physical Medium Attachment (PMA) sublayer

The PMA provides a medium-independent means for the PCS to support the use ofsa‘range of physical
media. The 200GBASE-R and 400GBASE-R PMAs perform the mapping of transmit and receive data
streams between the PCS and PMA via the PMA service interface, and the mapping and multiplexing of
transmit and receive data streams between the PMA and PMD via the PMD s@ryice interface. In addition,
the PMA performs retiming of the received data stream when appropriate, optionally provides data loopback
at the PMA or PMD service interface, and optionally provides test pattepii\generation and checking.

The 200GBASE-R and 400GBASE-R PMAs are specified in Clause 120.

116.2.5 Physical Medium Dependent (PMD) sublayer

The Physical Medium Dependent sublayer is responsible for interfacing to the transmission medium. The
PMD is located just above the Medium Dependent’ Interface (MDI). The MDI, logically subsumed within

each PMD subclause, is the actual medium attackiment for the various supported media.

The 200GBASE-R PMDs and their corresponding media are specified in Clause 121 and Clause 122. The
400GBASE-R PMDs and their correspondinig media are specified in Clause 122 through Clause 124.

116.2.6 Management interface (MDIO/MDC)

The optional MDIO/MDC management interface (Clause 45) provides an interconnection between MDIO
Manageable Devices (MMDs) and Station Management (STA) entities.

116.2.7 Management

Managed objects, attributes, and actions are defined for all 200 Gigabit and 400 Gigabit Ethernet
components~These items are defined in Clause 30.

116.3 Service interface specification method and notation

The service interface specification for the 200GBASE-R and 400GBASE-R Physical Layers is as per the
definition in 1.2.2. Note that the 200GBASE-R and 400GBASE-R inter-sublayer service interfaces use
multiple scalar REQUEST and INDICATION primitives, to indicate the transfer of multiple independent

SITEAITS Of data UImits, as defined i 6.3 through 116:373-
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116.3.1 Inter-sublayer service interface

The inter-sublayer service interface is described in an abstract manner and does not imply any particular
implementation. The inter-sublayer service interface primitives are defined as follows:

IS RN ATA

. ‘-
IO UINTTIJAATIAY L.lULiuUDL

IS UNITDATA i.indication
IS SIGNAL.indication

The IS UNITDATA i.request (where i = 0 to n — 1, and n is the number of streams of data units) primitive
is used to define the transfer of multiple streams of data units from a sublayer to the next lower (closer to'the
medium) sublayer. The IS UNITDATA _i.indication (where i = 0 to n — 1, and n is the number of streanis of
data units) primitive is used to define the transfer of multiple streams of data units from a sublayer to the
next higher (closer to the MAC) sublayer. The IS_SIGNAL.indication primitive is used to define the transfer
of signal status from a sublayer to the next higher sublayer.

116.3.2 Instances of the Inter-sublayer service interface

The inter-sublayer interface can be instantiated between different sublayersgyhence a prefix notation is
defined to identify a specific instance of an inter-sublayer service interface, The following prefixes are
defined:
a) PMD:—for primitives issued on the interface between the PMD sublayer and the PMA sublayer
called the PMD service interface.
b) PMA:—for primitives issued on the interface betweén the PMA sublayer and the PCS,
DTE 200GXS, DTE 400GXS, or PMA sublayer above-called the PMA service interface.
c¢) PHY XS:—for primitives issued on the interface between the PMA sublayer and the PHY 200GXS
sublayer or PHY 400GXS sublayer called the RHY XS service interface.

Examples of inter-sublayer service interfaces for 200GBASE-R and 400GBASE-R with their corresponding
instance names are illustrated in Figure 116<2 and Figure 116-3, respectively. For example, the primitives
for one instance of the inter-sublayer serviee interface, named the PMD service interface, are identified as
follows:

PMD:IS _UNITDATA irequest
PMD:IS UNITDATA\7.indication
PMD:IS_SIGNAE:indication.

Primitives for other ifistances, of inter-sublayer interfaces, are represented in a similar manner as described
above.

116.3.3 Sémantics of inter-sublayer service interface primitives

The semantics of the inter-sublayer service interface primitives for the 200GBASE-R and 400GBASE-R
stblayers are described in 116.3.3.1 through 116.3.3.3.

116.3.3.1 IS_UNITDATA_i.request

The IS UNITDATA i.request (where i = 0 to n — 1) primitive is used to define the transfer of multiple

streams of data units from a sublayer to the next lower sublayer, where n is the number of parallel streams of
data units.
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MAC AND HIGHER LAYERS

| RECONCILIATION SUBLAYER \

A
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A 4
| 200GBASE-R PCS
| |
PMA:IS_ UNITDATA 0. request PMA:IS_ UNITDATA Olndlcatlon
PMA:IS_| UNITDATA 1request PMA:IS_| UNITDATA 1|nd|cat|on
PMA SERVICE | oee | | eee
INTERFACE g PMAIS UNITDATA _7.request PMA:IS_UNITDATA_7.indicatio
i i LPMA IS_SIGNAL.indication ‘ ‘ ‘
PMA (8:n) - '
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| | I
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PMD '
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200GMII = 200 Gb/s MEDIA INDEPENDENT INTERFACE PMA = PHYSICAL MEDIUM ATTACHMENT

MAC = MEDIA ACCESS CONTROL PMD = PHYSICAL MEDIUM DEPENDENT
MDI = MEDIUM DEPENDENT INTERFACE
PCS = PHYSICAL CODING SUBLAYER n = NUMBER OF PARALLEL STREAMS OF DATA UNITS

Figure 116-2—200GBASE-R inter-sublayer service interfaces

116.3.3.1.1 Semantics of the service primitive

ISYUNITDATA 0.request(tx_symbol)
IS UNITDATA _I.request(tx_symbol)

IS UNITDATA n-1.request(tx_symbol)

The data conveyed by IS UNITDATA O.request to IS UNITDATA n—1.request consists of n parallel
continuous streams of encoded symbols one stream for each lane. Dependmg on the specific instance of the

mter-sublaver service inte
e

one; or take one of four Values Z€ero, one, two or three.
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MAC AND HIGHER LAYERS

| RECONCILIATION SUBLAYER \

A
A00GMILL :
A 4
| 400GBASE-R PCS
[ ] |
PMA:IS_ UNITDATA 0. request PMA:IS_ UNITDATA Olndlcatlon
PMA:IS_| UNITDATA 1request PMA:IS_| UNITDATA 1|nd|cat|on
PMA SERVICE | oee | | eee]
INTERFACE g PMA:IS_ UNITDATA 15.request PMA:IS_UNITDATA_15.indication
i i LPMA IS_SIGNAL.indication ‘ ‘ ‘
PMA (16:n) - '
L] A4 4
PMD:IS_ UNITDATA 0. request PMD:IS_UNITDATA_O.ihdjcation
| | I
PMD:IS_ UNITDATA 1. request PMD:IS_UNITDATA 1 .indication
PMD SERVICE | [ oee | | |Sse |
INTERFACE PMD:IS_ UNITDATA n-1.request PMD:IS{UNITDATA_n-1.indication
i i iPMD:IS_SIGNAL.indication ‘ ’ ‘
PMD '
MDI —
{MEDIUM
400GBASE-R

400GMII = 400 Gb/s MEDIA INDEPENDENT INTERFACE PMA = PHYSICAL MEDIUM ATTACHMENT

MAC = MEDIA ACCESS CONTROL PMD = PHYSICAL MEDIUM DEPENDENT
MDI = MEDIUM DEPENDENT INTERFACE
PCS = PHYSICAL CODING SUBLAYER n = NUMBER OF PARALLEL STREAMS OF DATA UNITS

Figure 116-3—400GBASE-R inter-sublayer service interfaces

116.3.3.1.2 When generated

The sublayer continuously sends n parallel symbol streams IS UNITDATA i.request(tx_symbol) to the next
lower,_sublayer, each at a nominal signaling rate defined by a specific instance of the inter-sublayer service
interface.

116.3.3.1.3 Effect of receipt

The effect of receipt of this primitive is defined by the sublayer that receives this primitive.
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116.3.3.2 IS_UNITDATA_i.indication

The IS UNITDATA i.indication (where i = 0 to n — 1) primitive is used to define the transfer of multiple
streams of data units from the sublayer to the next higher sublayer, where n is the number of parallel streams
of data units.

116.3.3.2.1 Semantics of the service primitive

IS_UNITDATA_0.indication(rx_symbol)
IS UNITDATA _l.indication(rx_symbol)

IS UNITDATA n-l.indication(rx_symbol)

The data conveyed by IS UNITDATA_0.indication to IS UNITDATA n-1.indication consists of n parallel
continuous streams of encoded symbols, one stream for each lane. Depending on the specific.instance of the
inter-sublayer service interface each of the rx_symbol parameters can either take one ofitwo values: zero or
one; or take one of four values: zero, one, two, or three.

116.3.3.2.2 When generated

The sublayer continuously sends n parallel symbol streams IS UNITDATA, i.indication(rx_symbol) to the
next higher sublayer, each at a nominal signaling rate defined by a spgeific instance of the inter-sublayer
service interface.

116.3.3.2.3 Effect of receipt
The effect of receipt of this primitive is defined by the sublayer that receives this primitive.
116.3.3.3 IS_SIGNAL.indication

The IS_SIGNAL.indication primitive is genetated by the sublayer to the next higher sublayer to indicate the
status of the receive process. This primitiveis generated by the receive process to propagate the detection of
severe error conditions (e.g., no validssighal being received by the sublayer that generates this primitive) to
the next higher sublayer.

116.3.3.3.1 Semantics of-the service primitive

IS_SIGNAL.iddication(SIGNAL OK)
The SIGNAL_OK _parameter can take on one of two values: OK or FAIL. A value of FAIL denotes that
invalid data 4s being presented (rx_symbol parameters undefined) by the sublayer to the next higher
sublayer. Asvalue of OK does not guarantee valid data is being presented by the sublayer to the next higher
sublaye€r.

116:3.3.3.2 When generated

The sublayer generates the IS SIGNAL.indication primitive to the next higher sublayer whenever there is
change in the value of the SIGNAL OK parameter.

116.3.3.3.3 Effect of receipt

The effect of receipt of this primitive is defined by the sublayer that receives this primitive.
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116.4 Delay constraints

Predictable operation of the MAC Control PAUSE operation (Clause 31, Annex 31B) demands that there be
an upper bound on the propagation delays through the network. This implies that MAC, MAC Control
sublayer, and PHY implementers must conform to certain delay maxima, and that network planners and

AATTITISITAtOTS — COMOTTIT 0 COISITAITS — Tegarding —thecabic topoiogy armd COINCAteIation Of deVICes:
Table 1165 and Table 116—6 contain the values of maximum sublayer delay (sum of transmit and receive
delays at one end of the link) in bit times as specified in 1.4 and pause quanta as specified in 31B.2 for
200 Gigabit and 400 Gigabit Ethernet, respectively. If a PHY contains an Auto-Negotiation sublayer, the
delay of the Auto-Negotiation sublayer is included within the delay of the PMD and medium.

Table 116-5—Sublayer delay constraints (200GBASE)

Sublayer Maximum Maximum Maximum Notest
y (bit time)? (pause_qu::mta)b (ns)

200G MAC, RS, and 49 152 96 245.76 See 117.1.4.
MAC Control
200GBASE-R PCS or 160 256 313 801.28 See 119)5:
200GXS¢
200GBASE-R PMA 18 432 36 92.16 See”120.5.4.
200GBASE-DR4 PMD 4096 8 20.48 Includes 2 m of fiber. See 121.3.1.
200GBASE-FR4 PMD 4 096 8 20.48 Includes 2 m of fiber. See 122.3.1.
200GBASE-LR4 PMD 4096 8 20.48 Includes 2 m of fiber. See 122.3.1.

3 For 200GBASE-R, 1 bit time (BT) is equal to 5 ps. (See 1.4¢ 1"~ for the definition of bit time.)

b For 200GBASE-R, 1 pause_quantum is equal to 2.56 ns, (See"31B.2 for the definition of pause quanta.)

¢ Should there be a discrepancy between this table and<the delay requirements of the relevant sublayer clause, the
sublayer clause prevails.

d1fan implementation includes the 200GMII extender, the delay associated with the 200GMII extender includes two
200GXS sublayers.

Table 116—6—Sublayer delay constraints (400GBASE)

Sublaver Maximum Maximum Maximum Notes®
ublay (bit time)® | (pause_quanta)® (ns)

400G MAC, RS, and 98 304 192 245.76 See 117.1.4.
MAC Control
400GBASE-R PCS or 320 000 625 800 See 119.5.
400GXs4
400GBASE-R PMA 36 864 72 92.16 See 120.5.4.
400GBASE-SR16 PMD 8192 16 20.48 Includes 2 m of fiber. See 123.3.1.
400GBASE-DR4 PMD 8192 16 20.48 Includes 2 m of fiber. See 124.3.1.
400GBASE-FR8 PMD 8192 16 20.48 Includes 2 m of fiber. See 122.3.1.
400GBASE-LR8 PMD 8192 16 20.48 Includes 2 m of fiber. See 122.3.1.

4 For 400GBASE-R, 1 bit time (BT) is equal to 2.5 ps. (See 1.4.117 for the definition of bit time.)

b For 400GBASE-R, 1 pause_quantum is equal to 1.28 ns. (See 31B.2 for the definition of pause quanta.)

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

41fan implementation includes the 400GMII extender, the delay associated with the 400GMII extender includes two
400GXS sublayers.
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See 80.4 for the calculation of bit time per meter of fiber or electrical cable.

See 31B.3.7 for PAUSE reaction timing constraints for stations at operating speeds of 200 Gb/s and
400 Gb/s.

116.5 Skew constraints

Skew (or relative delay) can be introduced between lanes by both active and passive elements of a
200GBASE-R or 400GBASE-R link. Skew is defined as the difference between the times of the earliest
PCS lane and latest PCS lane for the one to zero transition of the alignment marker sync bits. The RCS
deskew function (see 119.2.5.1) compensates for all lane-to-lane Skew observed at the receiver. The Skew
between the lanes must be kept within limits as shown in Table 116-7 so that the transmitted inforfiation on
the lanes can be reassembled by the receive PCS.

Skew Variation may be introduced due to variations in electrical, thermal or environmental characteristics.
Skew Variation is defined as the change in Skew between any PCS lane and any other PCS lane over the
entire time that the link is in operation. From the time the link is brought up, Skew Variation is limited so
that each PCS lane always traverses the same lane between any pair of adjacehtisublayers while the link
remains in operation.

The maximum Skew and Skew Variation at physically instantiated intetfdces is specified at Skew points
SP1, SP2, and SP3 for the transmit direction and SP4, SP5, and SP6for, the receive direction as illustrated in
Figure 1164 (single 200GAUI-n or 400GAUI-n interface) and,Figure 116-5 (multiple 200GAUI-n or
400GAUI-n interfaces).

MAC AND HIGHER LAYERS

‘ RECONCILIATION

200GMIl —» <«—— 400GMII
200GBASE-R PGS 400GBASE-R PCS
PMA (8:n) PMA (16:m)
200GAUI-n — syl |4 spe sP14] |4 spe <4— 400GAUI-n
| \PvA(m4) | | Pvamp |
PMD SERVICE __4 « PMD SERVICE
INTERFACE SP2y| |4 SP5 SP2y| |4 SP5 INTERFACE
PMD | | PMD |
MDI —» SP3y| |4 SP4 SP3y| [4SP4 <«— MDI
| MEDIUM | MEDIUM
200GBASE-R 400GBASE-R

200GAUI-n = 200 Gb/s ATTACHMENT UNIT INTERFACE PCS = PHYSICAL CODING SUBLAYER
200GMII = 200 Gb/s MEDIA INDEPENDENT INTERFACE PMA = PHYSICAL MEDIUM ATTACHMENT
400GAUI-n = 400 Gb/s ATTACHMENT UNIT INTERFACE PMD = PHYSICAL MEDIUM DEPENDENT
400GMII = 400 Gb/s MEDIA INDEPENDENT INTERFACE n=8or4

MAC = MEDIA ACCESS CONTROL m=16o0r8
MDI = MEDIUM DEPENDENT INTERFACE p=16,8,0or4

Figure 116-4—200GBASE-R and 400GBASE-R Skew points
for single 200GAUI-n or 400GAUI-n
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MAC AND HIGHER LAYERS

RECONCILIATION

200GMII —»

<+— 400GMII

200GBASE-R PCS

400GBASE-R PCS

PMA (8:n) PMA (16:p)
200GAUl-n — 4 spe A spo <4—— 400GAUI-n
‘ PMA (n:m) | | PMA (p:q) |
200GAUIN —> oo, ! SP1 ¢ <— 400GAUI-n
| PvAm4) | | PvA@n |
PMD SERVICE __, PMD,SERVICE
INTERFACE SP2y| |4 SP5 sp2y| [4sps ¢ INFERFACE
PMD | | PMD |
MDI —» SP3y| |4 SP4 SP3y| |4 SP4 (&< MDI
| MEDIUM | MEDIUM
200GBASE-R 400GBASE-R

200GAUI-n = 200 Gb/s ATTACHMENT UNIT INTERFACE
200GMII = 200 Gb/s MEDIA INDEPENDENT INTERFACE

PMA = PHYSICAL MEDIUM ATTACHMENT
PMD #PHYSICAL MEDIUM DEPENDENT

400GAUI-n =400 Gb/s ATTACHMENT UNIT INTERFACE n =@aor4
400GMII = 400 Gb/s MEDIA INDEPENDENT INTERFACE m=8r4
MAC = MEDIA ACCESS CONTROL p=16o0r8
MDI = MEDIUM DEPENDENT INTERFACE q=16o0r8
PCS = PHYSICAL CODING SUBLAYER r=16,8,or4

Figure 116-5—200GBASE-R and 400GBASE-R Skew points
for multiple’200GAUI-n or 400GAUI-n

In the transmit direction, the Skeéw points are defined in the following locations:
— SP1 on the 200GABI-n/400GAUI-n interface, at the input of the PMA closest to the PMD;
— SP2 on the PMD.service interface, at the input of the PMD,;
—  SP3 at the-output of the PMD, at the MDI.

In the receiyeidirection, the Skew points are defined in the following locations:
—  SP4)at the MDI, at the input of the PMD;
—._ SP5 on the PMD service interface, at the output of the PMD;

=" SP6 on the 200GAUI-n/400GAUI-n interface, at the output of the PMA closest to the
200GBASE-R/400GBASE-R PCS or DTE 200GXS/400GXS.

The allowable limits for Skew are shown in Table 1167 and the allowable limits for Skew Variation are
shown in Table 116-8.

The Skew requirements for the PCS, PMA and PMD sublayers are specified in the respective clauses as
noted in Table 1167 and Table 116-8.
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Table 116-7—Summary of Skew constraints

Maximum Skew
Maximum for 200GBASE-R
Skewpoints Skew——or409GBASE-R Notes®
(ns)? PCS lane
nP

SP1 29 » 770 See 120.5.3.1
SP2 43 » 1142 See 120.5.3.3, 121.3.2,122.3.2, 123.3.2, or 124.3.2
SP3 54 » 1434 See 121.3.2,122.3.2,123.3.2, or 124.3.2
SP4 134 » 3559 See 121.3.2,122.3.2,123.3.2, or 124.3.2
SP5 145 » 3852 See 121.3.2,122.3.2,123.3.2, or 124,3.2
SP6 160 » 4250 See 120.5.3.5
At PCS receive 180 » 4781 See 119.2.5.1

4 The Skew limit includes 1 ns allowance for PCB traces that are associated with the Skew) points.
® The symbol ~ indicates approximate equivalent of maximum Skew in Ul based or )’ UI equals 37.64706 ps at PCS

lane signaling rate of 26.5625 GBd.

¢ Should there be a discrepancy between this table and the Skew requiremen{s{of the relevant sublayer clause, the
sublayer clause prevails.

Table 116-8—Summary of Skew Variation constraints

Maximum Maximum Skew | Maximum Skew
S);(lev: Variation for Variation for
Skew points Variation 26.5625 GBd 53.125 GBd Notes®
(ns) PMD lané PMD lane
(UD? unP
SP1 0.2 » 5 N/A See 120.5.3.1
SP2 0.4 »ll » 21 See 120.5.3.3,121.3.2, 122.3.2,
123.3.2, or 124.3.2
SP3 0.6 » 16 » 32 See 121.3.2,122.3.2,123.3.2, or
124.3.2
SP4 3.4 » 90 » 181 See 121.3.2,122.3.2,123.3.2, or
124.3.2
SP5 3.6 » 96 » 191 See 121.3.2,122.3.2, 123.3.2, or
12432
SP6 3.8 » 101 N/A See 120.5.3.5
At PCS receive 4 » 106 N/A See 119.2.5.1

£ The symbol ~ indicates approximate equivalent of maximum Skew Variation in Ul based on 1 Ul equals 37.64706 ps
at PMD lane signaling rate of 26.5625 GBd.
> The symbol ~ indicates approximate equivalent of maximum Skew Variation in Ul based on 1 UI equals 18.82353 ps
at PMD lane signaling rate of 53.125 GBd.
¢ Should there be a discrepancy between this table and the Skew requirements of the relevant sublayer clause, the

sublayer clause prevails.
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116.6 FEC Degrade

FEC degrade is an optional feature allowing for the detection of a non-service affecting link degradation
condition based on exceeding a threshold for FEC corrected errors. If there are multiple FEC decoders in a
given direction of transmission between the MAC sublayers at each end of the link, a Local Degrade

COIUTtION 1S cascaded T tat tireTtio of ransIiSSTIoN to Convey te fact tat ome or ToTe T B¢ decoders T
the path have exceeded their threshold of FEC corrected errors. If any FEC decoder in a given direction of
transmission exceeds its provisioned threshold for FEC corrected errors, a Remote Degrade condition is
indicated in the opposite direction of transmission from the PCS or XS closest to the MAC.

Figure 116—6 illustrates the signaling of the Remote Degraded condition in the case that there is“no
Clause 118 extender sublayer present between the MAC and the PCS. Note that the PCS will not initiate the
signaling for local degrade in this configuration as there are no additional FEC decoders in,the receive
direction between the PCS and the MAC.

| MAC |
‘ RECONCILIATION ‘

200GMIl or 400GMII —p

PCS
When the PCS detects FEC de-
grade or receives local degrade, it > PMA
signals remote degrade towards
the PMD PMD

—v
MDI  —»

MEDJEM é

200GMII = 200 Gb/s MEDIA INDEPENDENT INTERFACE  PCS = PHYSICAL CODING SUBLAYER
400GMII = 400 Gb/s MEDIA INDEPENDENT INTERFACE  PHY = PHYSICAL LAYER DEVICE

DTE = DATA TERMINAL EQUIPMENT PMA = PHYSICAL MEDIUM ATTACHMENT
MAC = MEDIA ACCESS CONTROL PMD = PHYSICAL MEDIUM DEPENDENT
MDI = MEDIUM DEPENDENT INTERFACE

Figure 116—6—Remote Degrade signaling without Extender Sublayer

Figure 1167 illustrates:the signaling of the Local Degraded condition in the case that a Clause 118 extender
sublayer is presentbetween the MAC and the PCS.

Figure 116-8Villustrates the signaling of the Remote Degraded condition in the case that a Clause 118
extender Sublayer is present between the MAC and the PCS.
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| MAC |
‘ RECONCILIATION ‘

200GMIl or 400GMII —»

DITE ZUUGAS O DTE 4UUGAS
SYNEE
200GAUI-n or 400GAUI-n —» \
—§ —w
When the PHY 200GXS or PHY 1 When the PCS sublayer detects
400GXS detects FEC degrade, the PHY 200GXS or PHY 400GXS FEC degrade or receives a local
signal is propagated to the adjacent degrade indication from the far end
PCS, which propagates that signal 3 of the link, the PHY 200GXS ‘of
as local degrade towards the PMD PHY 400GXS propagates this\as
PCS local degrade towards the DTE
200GMIl or 400GMIl 200GXS or DTE 400GXS
or — PMA P
PMD
<+— MDI

v ‘ MEDIUM

200GAUI-n = 200 Gb/s n-LANE ATTACHMENT UNIT 400GXS = 400GMIl EXTENDER SUBLAYER
INTERFACE DTE = DATA'TERMINAL EQUIPMENT
200GMII = 200 Gb/s MEDIA INDEPENDENT INTERFACE ~ MAC = MEDIA ACCESS CONTROL
200GXS = 200GMII EXTENDER SUBLAYER MDI = MEDIUM DEPENDENT INTERFACE
400GAUI-n = 400 Gb/s n-LANE ATTACHMENT UNIT PCS=/PHYSICAL CODING SUBLAYER
INTERFACE PHY = PHYSICAL LAYER DEVICE

400GMII = 400 Gb/s MEDIA INDEPENDENT INTERFACE, RMA = PHYSICAL MEDIUM ATTACHMENT
PMD = PHYSICAL MEDIUM DEPENDENT

Figure 116-7—Local Degrade Signaling with Extender Sublayer

116.7 State diagrams

State diagrams take.preceédence over text.

The conventions of 1.2 are adopted, along with the extensions listed in 21.5.

Multiple (states of a function that have a transition to a common state utilizing different qualifiers (for
example,/multiple exit conditions to an IDLE or WAIT state) may be indicated by a shared arrow. An exit

trafsition arrow must connect to the shared arrow, and the qualifier must be met prior to termination of the
{ransition arrow on the shared arrow. The shared arrow has no qualifier.
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| MAC |
| RECONCILIATION |

200GMIl or 400GMII —»

S )
200GAUI-n or 400GAUI-n —3—» I
When the DTE 200GXS or DTE , PMA I \
400GXS (Ijeteldz FECd defgrade r?r . 4 | When remote degrade or local de-
receives local degrade from the grade is detected by the PCS, the
PHY 200GXS or PHY 400GXS, re- | PT1Y.200GXS or PHY 400GXS|  53v"550GXS or PHY 400GXS
mote degrade is signaled toward o A propagates the signaling towards
the PCS which propagates it to- d the DTE 200GXS or DTE 400GXS.
ward the PMD.
PCS
200GMIl or 400GMIl —— [ VA P ad
PMD
MDI —>
| MEDIUM
200GAUI-n = 200 Gb/s n-LANE ATTACHMENT UNIT 400GXS = 400GMII EXTENDER SUBLAYER
INTERFACE DTE = DATA TERMINAL EQUIPMENT
200GMII = 200 Gb/s MEDIA INDEPENDENT INTERFACE =~ MAC =MEDIA ACCESS CONTROL
200GXS = 200GMII EXTENDER SUBLAYER MDJ="MEDIUM DEPENDENT INTERFACE
400GAUI-n = 400 Gb/s n-LANE ATTACHMENT UNIT PCS=PHYSICAL CODING SUBLAYER
INTERFACE PHY = PHYSICAL LAYER DEVICE

400GMII = 400 Gb/s MEDIA INDEPENDENT INTERFACE, “PMA = PHYSICAL MEDIUM ATTACHMENT
PMD = PHYSICAL MEDIUM DEPENDENT

Figure 116-8—Remote Degrade signaling with Extender Sublayer

116.8 Protocol implementation conformance statement (PICS) proforma

The supplier of a protecol implementation that is claimed to conform to any part of IEEE Std 802.3,
Clause 117 through Clause 124, and related annexes demonstrates compliance by completing a protocol
implementation cenformance statement (PICS) proforma.

A completed PICS proforma is the PICS for the implementation in question. The PICS is a statement of
which Capabilities and options of the protocol have been implemented. A PICS is included at the end of each

clause.as appropriate. Each of the 200 Gigabit and 400 Gigabit Ethernet PICS conforms to the same notation
and-conventions used in 21.6.
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117. Reconciliation Sublayer (RS) and Media Independent Interface for
200 Gb/s and 400 Gb/s operation (200GMIl and 400GMII)

117.1 Overview

This clause defines the characteristics of the Reconciliation Sublayer (RS) and the Media Independent
Interface between Ethernet media access controllers and various PHYs. Figure 117—1 shows the relationship
of the RS and Media Independent Interface to the ISO/IEC OSI reference model.

ETHERNET
os| | LAYERS
REFERENCE HIGHER LAYERS
MODEL
LAYERS / LLC OR OTHER MAC CLIENT
APPLICATION / MAC CONTROL (OPTIONAL)
PRESENTATION / MAC
/ RECONCILIATION
SESSION
/7 200GMII —» 400GMIl —»
TRANSPORT
200GBASE-R PCS 400GBASE-R PCS
NETWORK PMA PHY PMA PHY
DATA LINK PMD PMD
PHYSICAL MDI —» MDI —»
- ‘ MEDIUM | MEDIUM
200GBASE-R 400GBASE-R

200GMIl = 200 Gb/s MEDIA INDEPENDENT INTERFACE
400GMIl = 400 Gb/s MEDIA INDEPENDENT INTERFACE
LLC = LOGICAL LINK CONTROL

MAC = MEDIA ACCESS CONTROL

MDI = MEDIUM DEPENDENT INTERFACE

PCS = PHYSICAL CODING SUBLAYER
PHY = PHYSICAL LAYER DEVICE

PMA = PHYSICAL MEDIUM ATTACHMENT
PMD = PHYSICAL MEDIUM DEPENDENT

Figure 117-1—RS and Mii'relationship to the ISO/IEC Open Systems Interconnection (OSI)
reference model and IEEE 802.3 Ethernet model

The 200GMII and~the 400GMII are optional logical interfaces between the MAC sublayer and the Physical
Layer (PHY)\The 200GXS/400GXS sublayer in conjunction with the 200GAUI-n/400GAUI-n interface
may be used to optionally extend the 200GMII/400GMII.

The RS adapts the bit serial protocols of the MAC to the parallel format of the PCS service interface.
Thoeugh the 200GMII and 400GMII are optional interfaces, they are used in this standard as a basis for
specification. The Physical Coding Sublayer (PCS) is specified to the 200GMII/400GMII, so if not
implemented, a conforming implementation shall behave functionally as if the RS and 200GMII/400GMII
were implemented.

The 200GMII/400GMII have the following characteristics:
a)  The 200GMII supports a speed of 200 Gb/s.
b) The 400GMII supports a speed of 400 Gb/s.

c) Data and delimiters are synchronous to a clock reference.
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d) They provide independent 64-bit wide transmit and receive data paths.

e) They supports full duplex operation only.

117.1.1 Summary of major concepts

I'ne tollowing are the major concepts ot the 200GMI1/400GMIL:

a) The 200GMII/400GMII are functionally similar to other media independent interfaces that have
been defined for lower speeds, as they all define an interface allowing independent development of

MAC and PHY logic.

b) The RS converts between the MAC serial data stream and the parallel data paths ofsthe
200GMI1/400GMIL.

c¢) The RS maps the signal set provided at the 200GMII/400GMII to the PLS service ‘primitives
provided at the MAC.

d)  Each direction of data transfer is independent and serviced by data, control, and clock-signals.

e) The RS generates continuous data or control characters on the transmit path and’expects continuous
data or control characters on the receive path.

f)  The RS participates in link fault detection and reporting by monitoring‘the receive path for status
reports that indicate an unreliable link, and generating status reports on-the transmit path to report
detected link faults to the DTE on the remote end of the connecting/link.

g)  The 200GMII/400GMII may also support Low Power Idle (LRE)Signaling for PHY types supporting
Energy Efficient Ethernet (EEE) (see Clause 78).

h)  The 200GMII/400GMII can be extended through the use\of a pair of 200GXS/400GXS sublayers
(DTE XS and PHY XS) with a 200GAUI-n/400GAUI-11 between them.

117.1.2 Application

This clause applies to the interface between the{MAC and PHY. This logical interface is used to provide
media independence so that an identical media‘dccess controller may be used with supported PHY types.

117.1.3 Rate of operation

The 200GMII is specified to support’ 200 Gb/s operation. The 400GMII is specified to support 400 Gb/s
operation.

117.1.4 Delay constraints
The maximum cumlative MAC Control, MAC, and RS delay (sum of transmit and receive delays at one

end of the link) 'shall meet the values specified in Table 117-1. A description of overall system delay
constraints and, the definitions for bit times and pause quanta can be found in 116.4 and its references.

Table 117-1—Delay constraints

Maximum Maximum .
Sublayer (bit time) (pause_quanta) Maximum (ns)
200 Gb/s MAC, RS, and MAC Control 49 152 96 245.76
400 Gb/s MAC, RS, and MAC Control 98 304 192 245.76
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117.1.5 Allocation of functions

The allocation of functions at the 200GMII/400GMII balances the need for media independence with
interface simplicity. The 200GMII/400GMII provides media independence by separating the Data Link and
Physical Layers of the OSI seven-layer reference model.

117.1.6 200GMII/400GMII structure
The 200GMII/400GMII structure is identical to the CGMII structure specified in 81.1.6.
117.1.7 Mapping of 200GMII/400GMII signals to PLS service primitives

The Reconciliation Sublayer (RS) shall map the signals provided at the 200GMII/400GMII to \the PLS
service primitives defined in Clause 6. The PLS service primitives provided by the RS and deseribed here
behave in exactly the same manner as defined in Clause 6. Full duplex operation only is,'implemented at
either 200 Gb/s or 400 Gb/s, therefore, PLS service primitives supporting CSMA/CB ‘operation are not
mapped through the RS to the 200GMII/400GMII. This behavior and restrictions areyth¢’same as described
in 22.7, with the details of the signaling described in 117.3. LPI REQUEST shall'not be set to ASSERT
unless the attached link has been operational for at least one second (i.e., link_status = OK, according to the
underlying PCS/PMA).

EEE capability requires the use of the MAC defined in Annex 4A forsimplified full duplex operation (with
carrier sense deferral). This provides full duplex operation but uses thejcarrier sense signal to defer transmis-
sion until the system returns from its low power state.
Mappings for the following primitives are defined for 200, Gb/s and 400 Gb/s operation:

PLS DATA request

PLS DATA.indication

PLS CARRIER.indication

PLS_SIGNAL.indication

PLS DATA_VALID.indication

The RS maps all primitives in an identical manner as the CGMII does and as specified in 81.1.7.

117.2 200GMII/400GMIl data stream

The 200GMII/400GMIT data stream has the same characteristics as the CGMII data stream described in
81.2.

117.3 200GMII/400GMII functional specifications

The 200GMII/400GMII functions identically to the CGMII specified in 81.3.

117.4 LPI Assertion and Detection

LPI assertion and detection function identically to the CGMII specified in 81.4, with the single exception that

the PMAStop sigmating described 1T 8 22 s ot appiicabie:
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117.5 Protocol implementation conformance statement (PICS) proforma for
Clause 117, Reconciliation Sublayer (RS) and Media Independent Interface for
200 Gb/s and 400 Gb/s operation (200GMII and 400GMII)2

117.5.1 Introduction

The supplier of a protocol implementation that is claimed to conform to Clause 117, Reconciliation Sublayer
(RS) and Media Independent Interface for 200 Gb/s and 400 Gb/s operation (200GMII and 400GMII), 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.

117.5.2 Identification

117.5.2.1 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 réquirements 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).

117.5.2.2 Protocol summary

Identification of protocol standard IEEE Std 802.3bs-2017, Clause 117, Reconciliation Sublayer
(RS) and Media Independent Interface for 200 Gb/s and
400 Gb/s operation (200GMII and 400GMII)

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

Have any Exception items been required? No [ ] Yes [ ]
(See Clause. 2} the answer Yes means that the implementation does not conform to IEEE Std 802.3bs-2017.)

Date'of Statement

2Copyright release for PICS proformas: Users of this standard may freely reproduce the PICS proforma in this subclause so that it can
be used for its intended purpose and may further publish the completed PICS.
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117.5.3 Major capabilities/options

Item Feature Subclause Value/Comment Status Support
*MII PHY support of either 117.2, 117.3 (0} Yes [ ]
20606 vHor460GvHT No—
*LPI Implementation of LPI 117.1.7 (@) Yes [ ]
No []

117.5.4 PICS proforma tables for Reconciliation Sublayer (RS) and Media Independent
Interface for 200 Gb/s and 400 Gb/s operation (200GMIl and 400GMIl)

117.5.4.1 General

Item Feature Subclause Value/Comment Status Support
Gl Cumulative MAC Control, 117.1.4 Per Table 117-1 M Yes [ ]
MAC and RS delay
G3 Lane structure 117.1.6 Per Table 81-2 M Yes [ ]

117.5.4.2 Mapping of PLS service primitives

Item Feature Subclause Value/Comment Status Support
PL1 Mapping to Clause 6 117.1.7 RS implements mapping to MII:M Yes [ ]
Clause 6 PLS service N/AT[]
primitives
PL2 Mapping of 717 In sequence TXD<0> to MII:M Yes [ ]
PLS_DATA requests TXD<63> N/AT]
PL3 Start control character creation | 117.1.7 First octet of preamble MII:M Yes [ ]
converted to Start control N/AT[]
character
PL4 TXD and TXC,géneration 117.1.7 For each 64 MII:M Yes [ ]
PLS_DATA . requests N/AT[]
PL5 Terminatecontrol character 117.1.7 DATA_COMPLETE causes MII:M Yes [ ]
creation creation of Terminate control N/AT]
character in next lane in
sequence
PL6 Mapping RXD to 117.1.7 Create PLS DATA.indications | MII:M Yes [ ]
PLS DATA. indications in sequence from RXD<0> to N/AT[]
RXD<63>
PL7 PLS DATA. indication 117.1.7 Generate 64 MII:M Yes [ ]
generation PLS DATA.indications for N/AT]
each RXD<63:0> until
Terminate then generating 0, 8,
16,24, 32, 40, 48, or 56
PL8 Start control character 117.1.7 Convert valid Start control MII:M Yes [ ]
conversion character to preamble before N/A[]
generating
PLS DATA.indications
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Item Feature Subclause Value/Comment Status Support
PL9 Terminate control character 117.1.7 No PLS_DATA.indications MII:M Yes [ ]
generated N/AT]
PL10 PLS_DATA_VALID.indicatio 117.1.7 On change of value of MII:M Yes[]
n generation DATA VALID STATUS N/AT]
PLI11 DATA VALID STATUS 117.1.7 Value of DATA_ VALID on a MII:M Yes [ ]
lane 0 Start control character N/AT]

preceded by eight idles, a
Sequence ordered set, or a
Terminate character

PL12 DATA_VALID_STATUS 117.1.7 Value of DATA_NOT_VALID | MII:M YesT ]
on any control character but N/AT]

Error
PL13 Frame not ending with 117.1.7 Ensure MAC detects CRC MII;M Yes [ ]
Terminate control character error N/AT]

117.5.4.3 Data stream structure

Item Feature Subclause Value/Comment Status Support

DS1 Frame transfer 117.2 Within 200GMII/400GMII MII:M Yes [ ]
data stream N/AT]

DS2 Bit mapping 117.2 Per Efgure 814 MII:M Yes [ ]
N/AT]

DS3 Content of <data> 117.2 Consist of data octets MII:M Yes [ ]
N/AT]

DS4 Recognition of <efd> 117.2 Terminate recognized in any MII:M Yes [ ]
lane N/A[]

117.5.4.4 200GMII/400GMII signal functional specifications

Item Feature Subclause Value/Comment Status Support

FS1 TX CLKaetive edge 117.3 TXD and TXC sampled on the | MII:M Yes [ ]
rising edge of TX CLK N/A[]

FS2 TX\CLK frequency 117.3 One-sixty-fourth of the MAC MII:M Yes [ ]
transmit data rate N/AT]

FS3 TXC assertion and de-assertion | 117.3 De-asserted for data, asserted MII:M Yes [ ]
for control character N/AT[]

ES4 TXC clock 117.3 Synchronous to TX CLK MII:M Yes [ ]
N/A[]

FS5 TXD encoding 117.3 Per Table 81-3 MII:M Yes [ ]
N/AT]

FS6 TXD clock 117.3 Synchronous to TX CLK MII:M Yes [ ]
N/A T[]

FS7 Start alignment 117.3 Start control character aligned | MI:M Yes [ ]
to lane 0 N/AT]
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Item Feature Subclause Value/Comment Status Support
FS8 RX CLK active edge 117.3 RXD and RXC sampled on the | MI:M Yes [ ]
rising edge of RX CLK N/AT]
FS9 RX CLK frequency 117.3 One-sixty-fourth of the MAC MII:M Yes [ ]
recelve data rate N/AT]
FS10 Loss of receive signal 117.3 Source RX CLK from MII:M Yes [ ]
nominal clock N/AT[]
FS11 RXC assertion and 117.3 De-asserted for data, asserted MII:M Yes [ ]
de-assertion for control character N/A Y
FS12 RXC clock 117.3 Synchronous to RX CLK MII:M YeS | ]
N/A[]
FS13 RXD decoding 117.3 Per Table 814 MIL:M Yes [ ]
N/AT]
FS14 RXD clock 117.3 Synchronous to RX CLK MII:M Yes [ ]
N/AT]
FS15 Received Error control 117.3 RS cause MAC MII:M Yes [ ]
character FrameCheckError N/AT[]
FS16 DATA VALID assertion 117.3 RS not assert DAFACVALID MII:M Yes [ ]
unless Start conttol.Character N/AT[]
in lane 0
117.5.4.5 Link fault signaling state diagram
Item Feature Subclause Value/Comment Status Support
LF1 Link fault signaling state 117.3 Implement per Figure 8111 MII:M Yes [ ]
diagram N/AT]
LF2 link fault = OK and MAC 1173 RS services MAC frame MII:M Yes [ ]
frames transmission requests N/AT[]
LF3 link_fault = OK and no MAC 117.3 In absence of MAC frames, RS | MII:M Yes [ ]
frames transmits Idle control N/AT[]
characters
LF4 link fault =Local Fault 117.3 RS transmits continuous MII:M Yes [ ]
Remote Fault Sequence N/AT[]
ordered sets
LF5 link fault = Remote Fault 117.3 RS transmits continuous Idle MII:M Yes [ ]
control characters N/A T[]
117:5.4.6 LPI functions
Item Feature Subclause Value/Comment Status Support
L1 Assertion of LPI in Tx direction | 117.3 As defined in Table 81-3 LPI:M Yes[]
N/AT]
L2 Assertion of LPI in Rx direction | 117.3 As defined in Table 814 LPIM Yes [ ]
N/A[]
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118. 200GMII Extender, 400GMII Extender, 200GMII Extender Sublayer
(200GXS), and 400GMII Extender Sublayer (400GXS)

118.1 Overview

This clause defines the functional characteristics for the optional 200GMII Extender and 200GMII Extender
Sublayer (200GXS), and also for the optional 400GMII Extender and 400GMII Extender Sublayer
(400GXS). Figure 118—1 shows the relationship of the 200GMII/400GMII Extender and 200GXS/400GXS
sublayer with other sublayers to the ISO Open System Interconnection (OSI) reference model.

The 200GMII/400GMII Extender allows the extension of the 200GMII/400GMII to the PCS via a physical
instantiation. The 200GMII/400GMII Extender is composed of a 200GXS/400GXS at the, RS"end, a
200GXS/400GXS at the PHY end with a physical instantiation of 200GAUI-n/400GAUI-njbétween two
adjacent PMA sublayers.

A 200GMII/400GMII Extender with the optional Energy-Efficient Ethernet (EEE) capability (see
Clause 78) encodes and decodes Low Power Idle (LPI) signals. The agsertion of LPI at the
200GMII/400GMII is encoded in the transmitted symbols. Detection of LPl.'encoding in the received
symbols is indicated as LPI at the 200GMII/400GMII.

/] MAC AND HIGHER-LAYERS |
/ /' | RECONCILIATTON |
osl / 200GMII—» 400GMIl —»
REFERENCE /
MODEL / / DTE 200GXS DTE 400GXS
LAYERS / PMA PMA
/ Optional Optional
APPLICATION /, 200GAUI-n—» 200GMIl 400GAUl-n—» 400GMII
/ Extender Extender
PRESENTATION y PMA PMA
/ PHY.200GXS PHY 400GXS
/
SESSION /
/ / 200GMil > 400GMII —»
TRANSPORT | / PCS PCS
/
NETWORK |/ / PMA PHY PMA PHY
PMD PMD
DATALINK |/
MDI —p MDI —»
PHYSICAL MEDIUM MEDIUM
200GAYI-n = 200 Gb/s n-LANE ATTACHMENT UNIT 400GXS = 400GMII EXTENDER SUBLAYER
INTERFACE DTE = DATA TERMINAL EQUIPMENT
200GMII = 200 Gb/s MEDIA INDEPENDENT INTERFACE MAC = MEDIA ACCESS CONTROL
200GXS = 200GMII EXTENDER SUBLAYER MDI = MEDIUM DEPENDENT INTERFACE
400GAUI-n = 400 Gb/s n-LANE ATTACHMENT UNIT PCS = PHYSICAL CODING SUBLAYER
INTERFACE PHY = PHYSICAL LAYER DEVICE

400GMII = 400 Gb/s MEDIA INDEPENDENT INTERFACE PMA = PHYSICAL MEDIUM ATTACHMENT

PMD = FHRYSICAL MEDIUM DEFENDENT

Figure 118-1—200GXS and 400GXS relationship to the ISO/IEC Open System
Interconnection (OSI) reference model and the IEEE 802.3 Ethernet model
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118.1.1 Summary of major concepts

The following is a list of the major concepts of the 200GMII/400GMII Extender:
a) Simple signal mapping to the 200GMII/400GMII
b) The optional 200GMII/400GMII Extender can be inserted between the Reconciliation Sublayer and

the PHY to transparently extend the reach of the 200GMII/400GMII
c¢) Independent transmit and receive data paths

d) The 200GXS/400GXS leverages all functions in the Clause 119 PCS and supports physical instanti-
ations of the 200GAUI-n/400GAUI-n

e) Optionally extends LPI signaling to the PHY for EEE
118.1.2 200GXS/400GXS Sublayer

The 200GXS, if implemented, shall be identical in function to the 200GBASE-R PCS in Clause 119 with the
addition of the functions defined in 118.2. A single device may be configured as €ither a 200GXS or
the 200GBASE-R PCS and may be managed through different optional management tegisters.

The 400GXS, if implemented, shall be identical in function to the 400GBASE-R(BCS in Clause 119 with the
addition of the functions defined in 118.2. A single device may be configured as either a 400GXS or
the 400GBASE-R PCS and may be managed through different optional.management registers.

118.1.3 200GAUI-n/400GAUI-n

A 200GMII Extender may use any of the following physical instantiations of the 200GAUI-n:
— 200GAUI-8 chip-to-chip (Annex 120B)
— 200GAUI-8 chip-to-module (Annex 120C)
— 200GAUI-4 chip-to-chip (Annex 120D)
—  200GAUI-4 chip-to-module (Annex 120E)

A 400GMII Extender may use any of the following physical instantiations of the 400GAUI-n:
— 400GAUI-16 chip-to-chip (Anmex 120B)
— 400GAUI-16 chip-to-module (Annex 120C)
— 400GAUI-8 chip-to-chip (Annex 120D)
— 400GAUI-8 chipto-module (Annex 120E)

118.2 FEC Degrade

The propagation of FEC degrade signaling across PCS and XS sublayers is described in 116.6 and is based
on the optienal FEC degrade signaling described in Clause 119 with the changes described for the DTE XS
in 118.271 and for the PHY XS in 118.2.2.

118.2.1 DTE XS FEC Degrade signaling

The variable tx_am_sf'is set as follows:

tx—am—sf<2:0= = (FEC dearaded SER+rxlocal dearaded 0.0}
tx—am—si<: HEEC— - SER=rxlocaldegr 50504
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118.2.2 PHY XS FEC Degrade signaling

The variable tx_am_sf is set as follows:

tx_am_sf<2:0>= {PCS:rx_rm_degraded, PCS:FEC_degraded SER + PCS:rx_local degraded, 0}

Where PCS:rx_rm_degraded, PCS:FEC degraded SER, and PCS:rx local degraded are the
rx_rm_degraded, FEC degraded SER, and rx_local degraded variables from the adjacent PCS.

118.3 200GXS and 400GXS partitioning example

A partitioning example and MMD numbering using the 200GXS and 400GXS is shown in Figure 118~2.

| MAC |
| RECONCILIATION |

200GMIl —» 400GMIl —»

MMD 5 MMD 5
MMD 9 PMA (16:18) MMD 9

400GAUI-16 —p

MMD 8 PMA(16:16) MMD 8

MMD 4 MMD 4
200GMIl —| 400GMIl —»
PCS MMD 3 PCS MMD 3
PMA (8:4) PMA (16:8)
s } VD 1 e } MMD 1
MDI —» MDI —»
| MEDIUM | MEDIUM
e S
200GBASE-DR4/FR4/LR4 400GBASE-FR8/LR8

200GAUI = 200 Gb/s ATTACHMENT UNIT INTERFACE MAC = MEDIA ACCESS CONTROL
200GMII = 200 Gb/s MEDIA INDEPENDENT INTERFACE MDI = MEDIUM DEPENDENT INTERFACE
200GXS = 200 Gb/s EXTENDER SUBLAYER MMD = MDIO MANAGEABLE DEVICE
400GAUI = 400 Gb/s ATTACHMENT UNIT INTERFACE PCS = PHYSICAL CODING SUBLAYER
400GMII = 400 Gb/s"MEDIA INDEPENDENT INTERFACE PHY = PHYSICAL LAYER DEVICE
400GXS = 400,Gb/s EXTENDER SUBLAYER PMA = PHYSICAL MEDIUM ATTACHMENT
DTE = DATATTERMINAL EQUIPMENT PMD = PHYSICAL MEDIUM DEPENDENT

Figure’118—2—Example 200GBASE-DR4/FR4/LR4 and 400GBASE-FR8/LR8 PMA layering
with 200GXS and 400GXS

118.4 200GXS and 400GXS MDIO function mapping

C y Ut UCU 4 UC C CVCIld C¥ C d C U U dlll
status information for and about the 200GXS or 400GXS. If MDIO is implemented, it shall map MDIO
PHY XS and DTE XS control bits to Clause 119 control variables as shown in Table 118-1 and
Table 118-3, respectively. Similarly, if MDIO is implemented, it shall map MDIO PHY XS and DTE XS
status bits to Clause 119 status variables as shown in Table 1182 and Table 118—4, respectively.
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Table 118-1—MDIO PHY XS to Clause 119 control variable mapping

MDIO control variable PHY XS register name Rel;glllsr:::él?lt Clause 119 control variable

Reset PHY XS control 1 rpgictpr 4018 reset
Loopback PHY XS control 1 register | 4.0.14 Loopback
Transmit test-pattern enable BASE-R PHY XS test- 4423 tx_test_mode

pattern control register
PHY XS FEC bypass indication | PHY XS FEC control 4.800.1 FEC bypass_indication_enable
enable register
PHY XS FEC degraded SER PHY XS FEC control 4.800.2 FEC_degraded SER senable
enable register
PHY XS FEC degraded SER PHY XS FEC degraded 4.806, 4.807 FEC degraded SER activate t
activate threshold SER activate threshold hreshold

register
PHY XS FEC degraded SER PHY XS FEC degraded 4.808, 4.809 FEQdegraded SER deactivate
deactivate threshold SER deactivate threshold . threshold

register
PHY XS FEC degraded SER PHY XS FEC degraded 4.810,4.814 FEC degraded SER interval
interval SER interval

Table 118-2—MDIO PHY XS to Clause-119 status variable mapping

MDIO status variable PHY XS registér name Register/ bit Clause 1.19 status
number variable

BASE-R PHY XS receive link BASE-R PHY XS status 1 4.32.12 PCS_status

status

Lane x aligned Multi-lane BASE-R PHY XS 4.52.7:0 am_lock<x>
alignmént status 3 and 4 4.53.7:0

PHY XS lane alignment status Multi-lane BASE-R PHY XS 4.50.12 align_status
alignment status 1

Lane x mapping PHY XS lane mapping, lane 0 4.400 through pes_lane mapping<x>
through lane 15 4.415

PHY XS FEC bypass.ifidication | PHY XS FEC status 4.801.1 FEC bypass_indication_

ability ability

FEC corrected codewords PHY XS FEC corrected 4.802, 4.803 FEC corrected cw_coun
codewords counter ter

FEC uficottected codewords PHY XS FEC uncorrected 4.804, 4.805 FEC uncorrected cw_co
codewords counter unter

PHY XS FEC symbol errors, PHY XS FEC symbol error 4.600 to 4.631 FEC symbol error coun

lane 0 to lane 15 counter, lane 0 to lane 15 ter i

Tx LPI indication PHY XS status 1 4.1.9 Tx LPI indication

Tx LPI received PHY XS status 1 4.1.11 Tx LPI received

Rx LPI indication PHY XS status 1 4.1.8 Rx LPI indication

Rx LPI received PHY XS status 1 4.1.10 Rx LPI received

EEE wake error counter EEE wake error counter 4.22 Wake error_counter
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Table 118-2—MDIO PHY XS to Clause 119 status variable mapping (continued)

MDIO status variable PHY XS register name Register/ bit Clause 1.19 status
number variable
PHY XS FEC degraded SER PHY XS FEC status register 4.801.3 FEC_degraded SER_abil
ability ity
PHY XS FEC degraded SER PHY XS FEC status register 4.801.4 FEC degraded SER
Remote degraded SER received | PHY XS FEC status register 4.801.5 rx_rm_degraded

Table 118-3—MDIO DTE XS to Clause 119 control variable mapping

MDIO control variable DTE XS register name Rel;g;s;lféflt Clause 119 control variable

Reset DTE XS control 1 register | 5.0.15 reset
Loopback DTE XS control 1 register | 5.0.14 Loopbaek
Transmit test-pattern enable BASE-R DTE XS test- 5423 tx_test mode

pattern control register
DTE XS FEC bypass indication | DTE XS FEC control 5.800.1 FEC bypass_indication _enable
enable register
DTE XS FEC degraded SER DTE XS FEC control 5.800:2 FEC degraded SER enable
enable register
DTE XS FEC degraded SER DTE XS FEC degraded 5.806, 5.807 FEC degraded SER activate t
activate threshold SER activate threshold, hreshold

register
DTE XS FEC degraded SER DTE XS FECdegraded 5.808, 5.809 FEC degraded SER deactivate
deactivate threshold SER deactivate‘threshold _threshold

register
DTE XS FEC degraded SER DTE XS FEC degraded 5.810, 5.811 FEC degraded SER interval
interval SERunterval

Table 118-4—MDIO DTE XS to Clause 119 status variable mapping

MDIO status-variable DTE XS register name Register/ bit Clause 1.19 status
number variable

BASE-R DTEXS receive link BASE-R DTE XS status 1 5.32.12 PCS_status

status

Lane x\aligned Multi-lane BASE-R DTE XS 5.52.7:0 am_lock<x>
alignment status 3 and 4 5.53.7:0

BTE XS lane alignment status Multi-lane BASE-R DTE XS 5.50.12 align_status
alignment status 1

Lane x mapping DTE XS lane mapping, lane 0 5.400 through pes_lane mapping<x>
through lane 15 5.415

DTE XS FEC bypass indication | DTE XS FEC status 5.801.1 FEC bypass_indication_

ability ability

FEC corrected codewords DTE XS FEC corrected 5.802, 5.803 FEC corrected cw_coun
codewords counter ter
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Table 118-4—MDIO DTE XS to Clause 119 status variable mapping (continued)

MDIO status variable DTE XS register name Reﬁﬁ:ﬁéf” Claus:rli:‘?)litatus

FEC uncorrected codewords DTE XS FEC uncorrected 5.804. 5.805 FEC_uncorrected_cw_co

codewords counter unter
DTE XS FEC symbol errors, DTE XS FEC symbol error 5.600 to 5.631 FEC _symbol error_coun
lane O to lane 15 counter, lane 0 to lane 15 ter i
Tx LPI indication DTE XS status 1 5.1.9 Tx LPI indication
Tx LPI received DTE XS status 1 5.1.11 Tx LPI received
Rx LPI indication DTE XS status 1 5.1.8 Rx LPI indication
Rx LPI received DTE XS status 1 5.1.10 Rx LPI received
EEE wake error counter EEE wake error counter 5.22 Wake €tror’ counter
DTE XS FEC degraded SER DTE XS FEC status register 5.801.3 FEC ‘degraded SER abil
ability ity
DTE XS FEC degraded SER DTE XS FEC status register 5.801.4 FEC degraded SER
Remote degraded received DTE XS FEC status register 5.801.5 rx_rm_degraded
Local degraded received DTE XS FEC status register 5.80K6 rx_local degraded
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118.5 Protocol implementation conformance statement (PICS) proforma for
Clause 118, 200GMII Extender, 400GMII Extender, 200GMII Extender Sublayer
(200GXS), and 400GMII Extender Sublayer (400GXS)3

118.5.1 Introduction

The supplier of a protocol implementation that is claimed to conform to Clause 118, 200GMII Extender,
400GMII Extender, 200GMII Extender Sublayer (200GXS), and 400GMII Extender Sublayer (400GXS),
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.

118.5.2 Identification

118.5.2.1 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 réquirements 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).

118.5.2.2 Protocol summary

Identification of protocol standard IEEE Std 802.3bs-2017, Clause 118, 200GMII Extender,
400GMII Extender, 200GMII Extender Sublayer (200GXS),
and 400GMII Extender Sublayer (400GXS)

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

Have any Exception items been required? No [ ] Yes [ ]
(See Clause. 2} the answer Yes means that the implementation does not conform to IEEE Std 802.3bs-2017.)

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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118.5.3 Major capabilities/options

Item Feature Subclause Value/Comment Status Support
MIIL 200GMII or 400GMII logical | 117, 118.1 Logical interface is supported o Yes [ ]
interfree Not
*PHYXS | PHY 200GXS or PHY 118.1 0/2 Yes [ ]
400GXS No[]
*DTEXS | DTE 200GXS or DTE 118.1 072 Yes [ ]
400GXS No[]
*200GXS | Using the XS for 118.1.2 0.1 Yes| ]
200GBASE-R No[]
*400GXS | Using the XS for 118.1.2 0.1 Yes [ ]
400GBASE-R No[]
*MD MDIO 45,118.4 Registers and interface o Yes [ ]
supported No[]
*BI Bypass indication 119.2.5.3 Capability is supported o Yes [ ]
No[]
DC Delay constraints 119.5 Conforms to deldy constraints M Yes [ ]
specified in 119.5
EEE EEE capability 119.2.3.3 Capabilityds,supported (¢ Yes [ ]
No[]
JTM Supports test-pattern mode 119.2.1, M Yes [ ]
119.2.4.9
FDD Support for optional FEC 119.2.5.3 In the FEC decoder can (6] Yes [ ]
degraded detection optionally detect FEC SER No []
degraded at a programmable
threshold

118.5.4 PICS proforma tables for 200GMIl Extender, 400GMII Extender, 200GMII Extender
Sublayer (200GXS), and 400GMII Extender Sublayer (400GXS)

118.5.4.1 Transmit function

Item Feature Subclause Value/Comment Status Support
TF1 64B/66B to 256B/257B 119.2.4.2 tx_xcoded<256:0> M Yes [ ]
transcoder constructed per 119.2.4.2
TF2 Transmission bit ordering 119.2.4.8 First bit transmitted is bit 0 M Yes [ ]
TE3 Pad value 119.2.4.4 PRBS9 M Yes [ ]
TF4 Alignment marker insertion 119.2.4.4 M Yes [ ]
TFS5 Pre-FEC distribution 119.2.4.5 Distribute the data to two FEC | M Yes [ ]
codewords
TF6 Reed-Solomon encoder 119.2.4.6 RS(544,514) M Yes [ ]
TF7 Symbol distribution 119.2.4.7 Distribution is based on 10b M Yes [ ]
symbols
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118.5.4.2 Receive function

Item Feature Subclause Value/Comment Status Support

RF1 Skew tolerance 119.2.5.1 Maximum Skew of 180 ns M Yes [ ]

| R pROQ1 q
OCTWeCITT o rancsanaa

maximum Skew Variation of

4 ns
RF2 Lane reorder and de- 119.2.5.2 Order the PCS lanes M Yes [ ]
interleave according to the PCS lane

number and de-interleave the
FEC codewords

RF3 Reed-Solomon decoder 119.2.5.3 Corrects any combination of M Yes [ ]
up to =15 symbol errors in a
codeword
RF4 Reed-Solomon decoder 119.2.5.3 Capable of indicating whena | M Yes [ ]
codeword was not corrected.
RF5 Error monitoring while error 119.2.5.3 When the number of symbol BI:M Yes [ ]
indication is bypassed errors in a block of 8192 N/AT]

codewords exceeds, 5560
assert hi_ser for 60'ms to

75 ms
RF6 256B/257B to 64B/66B 119.2.5.7 rx_coded/j<65:0>, j=0 to 3 M Yes [ ]
transcoder constructed’per 119.2.5.7
118.5.4.3 64B/66B coding rules
Item Feature Subclause Value/Comment Status Support
Cl Encoder (and ENCODE N9.2.3, M Yes [ ]
function) implements the code 119.2.6.2.3
as specified
C2 Decoder (and DECODE 119.2.3, M Yes [ ]
function) implements'the code | 119.2.6.2.3
as specified
C3 Only valid bléock types are 119.2.3.2 M Yes [ ]
transmitted
C4 Invalid‘block types are treated | 119.2.3.2 M Yes [ ]
as\an érror
C5 Only valid control characters 119.2.3.3 M Yes [ ]
are transmitted
Q6 Invalid control characters are 119.2.3.3 M Yes [ ]
treated as an error
C7 Idles do not interrupt data 119.2.3.5 M Yes [ ]
C8 IDLE control code insertion 119.2.3.5 Insertion or Deletion in groups | M Yes [ ]
and deletion LR
C9 Sequence ordered set deletion 119.2.3.8 Only one whole ordered setof | M Yes [ ]
two consecutive sequence
ordered sets may be deleted
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118.5.4.4 Scrambler and descrambler

Item Feature Subclause Value/Comment Status Support

S1 Scrambler 119.2.4.3 Performs as shown in M Yes [ ]

Q

L 40,
TTZure—o=0

S2 Descrambler 119.2.5.6 Performs as shown in M Yes [ ]
Figure 49-10

118.5.4.5 Alignment markers

Item Feature Subclause Value/Comment Status Support

AMI1 Alignment marker insertion 119.2.4.4 Alignment markers are M Yes [ ]
inserted periodically as in
119.2.4.4

AM2 Alignment marker form 119.2.4.4 Alignment markers are formied | M Yes [ ]
as described in 119.2.4:4

AM3 Lane mapping 119.2.4.4 PCS lane number/s'Captured MD:M Yes [ ]

N/A[]
AM4 Alignment marker removal 119.2.5.5 Alignment markers are M Yes [ ]

removed prior to descrambling
as de§cribed in 119.2.5.5

118.5.5 Test-pattern modes

Item Feature Subclause Value/Comment Status Support

JT1 Scrambled idle transmit test- 119.2.4.9 M Yes [ ]
pattern generator is
implemented

118.5.6 Bit order

Item Feature Subclause Value/Comment Status Support

Bl Transmit bit order 119.2.4.8 Placement of bits into the PCS | M Yes [ ]
lanes as shown in
Figure 119-10 or
Figure 119-11
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118.5.7 Management

Item Feature Subclause Value/Comment Status Support

M1 Alternate access to XS 119.3 (0] Yes [ ]
Tanagement objects 1S NOT]
provided

M2 Mapping of MDIO control bits | 118.4 See Table 118—1 and MD*PHY Yes [ ]
and MDIO status bits for PHY Table 118-2 XS:M N/AT]
200GXS or PHY 400GXS

M3 Mapping of MDIO control bits | 118.4 See Table 118-3 and MD*DTEX | Yes[}
and MDIO status bits for DTE Table 1184 S:M NAAN]
200GXS or DTE 400GXS

118.5.7.1 State diagrams

Item Feature Subclause Value/Comment Status Support
SM1 Alignment marker lock 119.2.6 Implements 8 aligniment 200GXS: Yes [ ]
marker lock proc€sses’as M N/AT]
depicted in Figure 119-12
SM2 Alignment marker lock 119.2.6 Implements’16 alignment 400GXS: Yes [ ]
markerlock processes as M N/AT]
depicted'in Figure 119-12
SM3 The SLIP function evaluates 119.2.6.2.3 M Yes [ ]
all possible block positions
SM4 PCS synchronization state 119.2.6 Meets the requirements of M Yes [ ]
diagram Figure 119-13
SMS5 Transmit process N9.2.6 Meets the requirements of M Yes [ ]

Figure 119-14

SM6 Receive process 119.2.6 Meets the requirements of M Yes [ ]
Figure 119-15

118.5.7.2 Loopback

Item Feature Subclause Value/Comment Status Support
L1 Supports loopback 119.4 M Yes [ ]
L2 When in loopback, transmits 119.4 M Yes [ ]

what it receives from the
200GMII/400GMIT
L3 When in loopback, ignore all 119.4 M Yes [ ]
data presented by the PMA
sublayer
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118.5.7.3 Delay constraints

Item Feature Subclause Value/Comment Status Support

TIM1 PCS delay constraint 119.5 No more than 160 256 BT for 200GXS | Yes|[]

A h N i |

£ - 1
StnTroT ransmt antarectrve IV TNTZY [

path delays for 200GBASE-R.

TIM2 PCS delay constraint 119.5 No more than 320 000 BT for 400GXS | Yes|[]
sum of transmit and receive ‘M N/AT]
path delays for 400GBASE-R.
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119. Physical Coding Sublayer (PCS) for 64B/66B, type 200GBASE-R and
400GBASE-R

119.1 Overview

119.1.1 Scope

This clause specifies the Physical Coding Sublayer (PCS) that is common to two families of Physical Layer
implementation known as 200GBASE-R and 400GBASE-R. The 200GBASE-R PCS is a sublayer of the
200 Gb/s PHYs listed in Table 116—1. The 400GBASE-R PCS is a sublayer of the 400 Gb/s PHYs listed, in
Table 116-2. The terms 200GBASE-R and 400GBASE-R are used when referring generally to Physical
Layers using the PCS defined in this clause. Both 200GBASE-R and 400GBASE-R are based on a 64B/66B
code. The 64B/66B code supports transmission of data and control characters. The 64B/66B, code is then
transcoded to 256B/257B encoding to reduce the overhead and make room for Forward-Ertor Correction
(FEC). The 256B/257B encoded data is then FEC encoded before being transmitted. -Datd distribution is
introduced to support multiple lanes in the Physical Layer. Part of the distributionyincludes the periodic
insertion of an alignment marker, which allows the receive PCS to align data from tmultiple lanes.

119.1.2 Relationship of 200GBASE-R and 400GBASE-R to other standards

Figure 119-1 depicts the relationship of the 200GBASE-R and 400GBASE-R sublayers (shown shaded), the
Ethernet MAC and Reconciliation Sublayers, and the higher layers.

This clause borrows heavily from Clause 82 and Clause 91. 64B/66B encoding is reused with the addition of
transcoding and PCS FEC.

119.1.3 Physical Coding Sublayer (PCS)

The PCS service interface is the Media Independent Interface (200GMII/400GMII), which is defined in
Clause 117. The 200GMII provides a uniform‘interface to the Reconciliation Sublayer for all 200 Gb/s PHY
implementations. The 400GMII provides aumiform interface to the Reconciliation Sublayer for all 400 Gb/s
PHY implementations.

The 200GBASE-R and 400GBASE-R PCSs provide all services required by the 200GMII/400GMII,
including the following:

a)  Encoding (decoding) of eight 200GMII/400GMII data octets to (from) 66-bit blocks (64B/66B).
b) Transcodingfrom 66-bit blocks to (from) 257-bit blocks.
¢) Reed-Selomon encoding (decoding) the 257-bit blocks.

d) Trahsferring encoded data to (from) the PMA.

e) Cempensation for any rate differences caused by the insertion or deletion of alignment markers or
due to any rate difference between the 200GMII/400GMII and PMA through the insertion or
deletion of idle control characters.

f)  Determining when a functional link has been established and informing the management entity via
the MDIO when the PHY is ready for use.

137
Copyright © 2017 IEEE. All rights reserved.

© IEEE 2017 - All rights reserved



https://iecnorm.com/api/?name=c9988e8402ed8380b26b6d6ea1aadd28

ISO/IEC/IEEE 8802-3:2017/Amd.10:2019(E)

IEEE Std 802.3bs-2017
Amendment 10: Media Access Control Parameters, Physical Layers, and Management Parameters
for 200 Gb/s and 400 Gb/s Operation

ETHERNET
osi | LAYERS
REFERENCE HIGHER LAYERS
MODEL
LAYERS y LLC OR OTHER MAC CLIENT
APPLICATION / MAC CONTROL (OPTIONAL)
PRESENTATION / MAC
;0 RECONCILIATION |
SESSION
/7 200GMIl — 400GMIl —»
TRANSPORT | / /
S I 200GBASE-R PCS I I 400GBASE-R PCS I
NETWORK / PMA PHY PMA PHY
DATALINK |/ PMD PMD
PHYSICAL MDI —» MDI —»
______ ‘ MEDIUM ‘ MEDIUM
200GBASE-R 400GBASE-R

200GMIl = 200 Gb/s MEDIA INDEPENDENT INTERFACE PCS = PHYSICALLCODING SUBLAYER
400GMII = 400 Gb/s MEDIA INDEPENDENT INTERFACE PHY = PHYSICAL\LAYER DEVICE

LLC = LOGICAL LINK CONTROL PMA = PHYSICAL MEDIUM ATTACHMENT
MAC = MEDIA ACCESS CONTROL PMD = PHYSICAL MEDIUM DEPENDENT
MDI = MEDIUM DEPENDENT INTERFACE

Figure 119-1—200GBASE-R and 400GBASE-RPCS relationship to the ISO/IEC Open
Systems Interconnection (OSI) reference model and IEEE 802.3 Ethernet model

119.1.4 Inter-sublayer interfaces

The upper interface of the PCS may connect to the Reconciliation Sublayer through the 200GMII/400GMII.
The lower interface of the PCS connects to the PMA sublayer to support a PMD. The 200GBASE-R PCS
has a nominal rate at the PMA-service interface of 26.5625 Gtransfers/s on each of 8 PCS lanes, which
provides capacity for the MAC data rate of 200 Gb/s. The 400GBASE-R PCS has a nominal rate at the PMA
service interface of 26.5025, Gtransfers/s on each of 16 PCS lanes, which provides capacity for the MAC
data rate of 400 Gb/s.

It is important to\note that, while this specification defines interfaces in terms of bits, octets, and frames,
implementations.may choose other data-path widths for implementation convenience.

119.1.4.1-PCS service interface (200GMII/400GMII)

ThePCS service interface allows the 200GBASE-R or 400GBASE-R PCS to transfer information to and
from a PCS client. The PCS client is the Reconciliation Sublayer. The PCS Service Interface is precisely
defined as the Media Independent Interface (200GMII/400GMII) in Clause 117.

119.1.4.2 Physical Medium Attachment (PMA) service interface

The PMA service interface for the PCS is described in an abstract manner and does not imply any particular
implementation. The PMA Service Interface supports the exchange of encoded data between the PCS and
PMA sublayer. The PMA service interface is defined in 120.3 and is an instance of the inter-sublayer service
interface definition in 116.3.
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119.1.5 Functional block diagram

Figure 119-2 provides a functional block diagram of the 200GBASE-R and 400GBASE-R PCSs.

200GMII/
400GMII A
TXD<63:0> RXD<63:0>
TXC<7:0> RXC<7:0>
TX_CLK RX_CLK
PCS
\ 4
Encode and rate Decode and rate
matching matching
256B/257B Transcode Reverse Transcode
Scramble Descramble
Alignment Alignment
insertion removal
Pre-FEC Post-FEC
distribution interleave
FEC Encode FEC Decode
Distribution and Lane reorder and
Interleave de-interleave
Alignment lock
Lane deskew
PMA:IS_UNITDATA_i.request |
li= 0to 7 for 200GBASE-R PMA:IS_UNITDATA_j.indication
i=0to 7 for -Ror )
i =0 to 15 for 400GBASE-R) (’_ =0 to 7 for 200GBASE-R or
* PMA:IS_SIGNAL.indication i=0to 15 for 400GBASE-R)

PMA sublayer

Figure 119-2—Functional block diagram
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119.2 Physical Coding Sublayer (PCS)
119.2.1 Functions within the PCS

The 200GBASE-R and 400GBASE-R PCS are composed of the PCS Transmit and PCS Receive processes.

P W

The PCS transmit channel can operate in normal mode or test-pattern mode.

When communicating with the 200GMII/400GMII, the PCS uses an eight octet-wide, synchronous data
path, with packet delineation being provided by transmit control signals (TXC<n> = 1) and receive control
signals (RXC<n> = 1). When communicating with the PMA, the 200GBASE-R PCS uses 8 encoded bit
streams (also known as PCS lanes) and the 400GBASE-R PCS uses 16 encoded bit streams. Per difection
(RX or TX), the PCS lanes originate from a common clock but may vary in phase and skew dynamically.
The PMA sublayer operates independently of block and packet boundaries. The PCS providesithe functions
necessary to map packets between the 200GMII/400GMII format and the PMA service interface format.

When the transmit channel is in normal mode, the PCS Transmit process continuqusly generates 66-bit
blocks based upon the TXD <63:0> and TXC <7:0> signals on the 200GMII/400GMII. The 66-bit blocks
are transcoded to 257-bit blocks to reduce the line coding overhead. The(franscoded blocks are then
scrambled to control clock content and baseline wander. Alignment markets are periodically added to the
data stream. The data stream is distributed to two 5140-bit blocks and thef, FEC encoded to control errors.
The two FEC codewords are then interleaved before data is distributed'to-individual PCS lanes.

Transmit data-units are sent to the service interface via the PMASIS/UNITDATA i.request primitive.

When the transmit channel is in test-pattern mode, a test\paftern is packed into the transmit data-units that
are sent to the PMA service interface via the PMA:IS UNITDATA i.request primitive.

The PCS Synchronization process continuously jmonitors PMA:IS SIGNAL.indication(SIGNAL OK).
When SIGNAL OK indicates OK, then the¢PCS synchronization process accepts data-units via the
PMA:IS UNITDATA i.indication primitive Nt attains alignment marker lock based on the common marker
(CM) portion that is periodically transmitted on every PCS lane. After alignment markers are found on all
PCS lanes, the individual PCS lanes~drc identified using the unique marker portion (UM) and then re-
ordered and deskewed. Note that a particular transmit PCS lane can be received on any receive lane of the
service interface due to the skewyand multiplexing that occurs in the path.

The PCS deskew process«deskews, aligns and reorders the individual PCS lanes, forms a single stream, and
sets the align_status flag-to indicate whether the PCS has obtained alignment. The PCS then de-interleaves
and processes the KE€ codewords. Next the PCS re-interleaves the corrected FEC codewords on a 10-bit
basis to form a single stream. The PCS then removes alignment markers, descrambles the data, transcodes
the data backito 64B/66B and then decodes the 64B/66B encoded data.

The PCS shall provide transmit test-pattern mode for the scrambled idle pattern (see 119.2.4.9).
119:2.2 Use of blocks
The PCS maps 200GMII/400GMII signals into 66-bit blocks, and vice versa, using a 64B/66B coding

scheme. The PCS functions ENCODE and DECODE generate, manipulate, and interpret blocks as defined
in119.2.3.
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119.2.3 64B/66B code

The PCS uses 64B/66B coding to support transmission of control and data characters. The 64B/66B
codestream is then transcoded into a 256B/257B stream and FEC bits are added in this PCS before
transmission.

119.2.3.1 Notation conventions
For values shown as binary, the leftmost bit is the first transmitted bit.

64B/66B encodes 8 data octets or control characters into a block. Blocks containing control characters @lso
contain a block type field. Data octets are labeled Dy to D. The control characters /I/ and /E/ are labeled C,
to C;. The control characters, /Q/ and /Fsig/, for ordered sets are labeled as Oy since they are only\valid on
the first octet of the 200GMII/400GMII. The control character for start is labeled as S, for thesame reason.
The control character for terminate is labeled as T, to T5. The four trailing zero data octets.in ordered sets
are labeled as Z4 to Z,.

One 200GMII/400GMII transfer provides eight characters that are encoded intg\one 66-bit transmission
block. The subscript in the above labels indicates the position of the characterCin-the eight characters from
the 200GMII/400GMII transfer.

Contents of block type fields, data octets, and control characters are show as hexadecimal values. The LSB
of the hexadecimal value represents the first transmitted bit. For instance, the block type field Ox1E is sent
from left to right as 01111000. The bits of a transmitted or received block are labeled TxB<65:0> and
RxB<65:0>, respectively, where TxB<0> and RxB<0> représént the first transmitted bit. The value of the
sync header is shown as a binary value. Binary values are shown with the first transmitted bit (the LSB) on
the left.

119.2.3.2 64B/66B block structure

Blocks consist of 66 bits. The first two bits 0f'a block are the synchronization header (sync header). Blocks
are either data blocks or control blocks. Thesync header is 01 for data blocks and 10 for control blocks. The
remainder of the block contains the paylead.

Data blocks contain eight data eharacters. Control blocks begin with an 8-bit block type field that indicates
the format of the remainder -of the block. For control blocks containing a Start, Terminate, or ordered set,
that character is implied by the block type field. Other control characters are encoded in a 7-bit control code.
Each control block encddes eight characters.

The format of the.blocks is as shown in Figure 82-5. In the figure, the column labeled Input Data shows, in
abbreviated form, the eight characters used to create the 66-bit block. These characters are either data
characters=Qr control characters and, when transferred across the 200GMII/400GMII, the corresponding
TXC of RXC bit is set accordingly. Within the Input Data column, D, through D, are data octets and are
transferred with the corresponding TXC or RXC bit set to zero. All other characters are control characters
and.are transferred with the corresponding TXC or RXC bit set to one. The single bit fields (thin rectangles
with no label in the figure) are sent as zero and ignored upon receipt.

All values of block type field not listed in Figure 82-5 are invalid; they shall not be transmitted and shall be
considered an error if received.

119.2.3.3 Control codes

The same set of control characters are supported by the 200GMII/400GMII and the PCS. The
representations of the control characters are the control codes. The 200GMII/400GMII encodes a control
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character into an octet (an eight bit value). The PCS encodes the start and terminate control characters
implicitly by the block type field. The PCS encodes the ordered set control codes using the block type field.
The PCS encodes each of the other control characters into a 7-bit control code.

The control characters and their mappings to 200GBASE-R/400GBASE-R control codes

FaYaVal Wa s SV VaVaVah W e a4 1 1 Al 200N ATL I AO0O0 N ALY

10 P | 1 ol ol fo¥al 1
dlll ZUUUIVIT/FUUUILIVILTD CUIIU VUL CUULS [234 % DPU\.JLIUU 1 IdUIU OL=1. ZAIT VUUIVIIT/FUUUIVILT allda

200GBASE-R/400GBASE-R control code values that do not appear in the table shall not be transmitted
and shall be considered an error if received. The ability to transmit or receive Low Power Idle (LPI) is
required for PHYs that support EEE (see Clause 78). If EEE has not been negotiated, LPI shall not be
transmitted and shall be treated as an error if received.

119.2.3.4 Valid and invalid blocks

The valid and invalid blocks are identical to those in 82.2.3.5 with the exceptionpthat it is a
200GMII/400GMII data stream instead of XLGMII/CGMII.

119.2.3.5 Idle (/I/)

Idle and LPI control characters are identical to those in 82.2.3.6.

119.2.3.6 Start (/S/)

Start control characters are identical to those in 82.2.3.7.

119.2.3.7 Terminate (/T/)

The terminate control characteristics are identical to those in 82.2.3.8.

119.2.3.8 Ordered set (/O/)

Ordered sets are specified identically as in 82.2.3.9.

119.2.3.9 Error (/E/)

In both the 64B/66B encoder and-decoder, the /E/ is generated whenever an /E/ is detected. The /E/ is also
generated when invalid blocks' are detected. The /E/ allows the PCS to propagate detected errors. See
R _TYPE and T_TYPE furiction definitions in 119.2.6.2.3 for further information.

119.2.4 Transmit

119.2.4.1 Encode and rate matching

The PCS,generates 66-bit blocks based upon the TXD<63:0> and TXC<7:0> signals received from the
200GMIT/400GMII. One 200GMII/400GMII data transfer is encoded into one 66-bit block. If the transmit
PCS+spans multiple clock domains, it may also perform clock rate compensation via the deletion of idle

control characters or sequence ordered sets or the insertion of idle (or LPI) control characters.

Idle (or LPI) control characters or sequence ordered sets are removed, if necessary, to accommodate the
insertion of the alignment markers. See 119.2.3.5 and 119.2.3.8 for the deletion and insertion rules, and

119.2.4.4 for more details on alignment markers.
The transmit PCS generates blocks as specified in the transmit state diagram as shown in Figure 119-14.

The contents of each block are contained in a vector tx_coded<65:0>, which is passed to the transcoder.
tx_coded<1:0> contains the sync header and the remainder of the bits contain the block payload.
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Note—The stream of 66-bit blocks generated by this process, together with the FEC degraded SER and
rx_local_degraded bits should be used as the reference signal for mapping to OTN.

119.2.4.2 64B/66B to 256B/257B transcoder

The transcoder constructs a 257-bit block, tx xcoded<256:0>, from a group of four 66-bit blocks

tx_coded j<65:0> where j=0 to 3. For each group of four 66-bit blocks, /=3 corresponds to the most recently
received block. Bit 0 in each 66-bit block is the first bit received and corresponds to the first bit of the
synchronization header.

Note—This transcoder differs from that described in 91.5.2.5, there is no scrambling of the first 5 bits since this clause
scrambles the complete 257-bit blocks after transcoding.

If for all /=0 to 3, tx_coded j<0>=0 and tx_coded j<I>=1, tx _xcoded<256:0> shall be constructed as
follows:

a) tx _xcoded<0>=1
b) tx_xcoded<(64j+64):(64j+1)> =tx_coded j<65:2> for j=0 to 3

If for all /=0 to 3, tx_coded j<0> = tx_coded j<I> (valid synchronization header) and for any ;=0 to 3,
tx_coded j<0>=I and tx_coded j<1>=0, tx_xcoded<256:0> shall be constructedas follows:

al) tx_xcoded<0>=0
bl) tx xcoded<j+1>=tx_coded j<I1> for ;=0 to 3

cl) Let c be the smallest value of j such that tx_coded c<0>=1_In other words, tx_coded_c is the first
66-bit control block that was received in the current group‘ef four blocks.

dl) Lettx_payloads<(64/+63):64/> = tx_coded j<65:2> for j=0 to 3

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

If for any j=0 to 3, tx_coded j<0>=tx ‘¢oded j<1> (invalid synchronization header), tx_xcoded<256:0>
shall be constructed as follows:

a2) tx _xcoded<0>=0
b2) tx_xcoded<j+1>=1 fory=0 to 3
c2) Lettx_payloads<(64/+63):64/> = tx_coded j<65:2> for j=0 to 3

d2) Omit the second nibble (based on transmission order) of tx_coded 0 per the following expressions.
tx_xcoded<§:5> = tx_payloads<3:0>
tx_xcoded<256:9> = tx_payloads<255:8>

Several examples of the construction of tx_xcoded<256:0> are shown in Figure 119-3. In Figure 119-3,d j
indicates ‘the jth 66-bit block contains only data octets, ¢_j indicates the jth 66-bit block contains one or more
control*characters, f j denotes the first nibble of the block type field for 66-bit block j, and s_j denotes the
second nibble of the block type field for 66-bit block ;.

For each 257-bit block, bit 0 shall be the first bit transmitted.

143
Copyright © 2017 IEEE. All rights reserved.

© IEEE 2017 - All rights reserved



https://iecnorm.com/api/?name=c9988e8402ed8380b26b6d6ea1aadd28

ISO/IEC/IEEE 8802-3:2017/Amd.10:2019(E)

IEEE Std 802.3bs-2017
Amendment 10: Media Access Control Parameters, Physical Layers, and Management Parameters

for 200 Gb/s and 400 Gb/s Operation

tx_coded_0 tx_coded_1 tx_coded_2 tx_coded_3
o 2 « 650 2 « 650 2 « 650 2 « 65
01 | do 01 ‘ d 1 01 d2 01 d3
<5 <5 <5 <5
Y A i
N\ AN
N N\ A\ \l |
$ 3 $ $ $
1’ do ‘ dA d2 d3
5 S 5 $ $ 555
tx_xcoded
Example 1: All data blocks
tx_coded_0 tx_coded_1 tx_coded_2 tx_coded_3
o 2 6 10 650 2 S 650 2 < 650 2 S 65
1o| f0 ‘ 5.0 ‘ c 0 01‘ d A 01 d2 01 d3
<5 <5 <5 <5
NN
o ) AR \\ \q |
N \\ N
o 2\ \ A\ ¥l |
§—3 $ $ $
o| o111| f0 | c 0 ‘ d 1 d2 d 3
5 s S S S 55
tx_xcoded
Example 2: Control block followed by three data blocks
tx_coded_0 tx_coded_1 tx_coded_2 tx_coded_3 ‘
0 2 « 650 2 « 65|10 2 . 65|0 2 6 10 65
D) D) D) P
01| d.0 01‘ d 1 o1| d2 1o| f3 ‘ s3| c3
$ $ $ $
N NN AN AR |
AN ANV \\ A \ | |
~ R N\ A\ A\
$ $ $ 3 $
o| 1110| do d 1 ‘ d 2 f3] c3
5 % 5 $ S5
tx_xcoded
Example 3: Three data blocks followed by a control block
tx_coded’ 0 tx_coded_1 tx_coded_2 tx_coded_3
2 6 10 0 2 6 10 . 650 2 6 10 . 65[0 2 6 10 . 65
10| 0 ‘ s 0 ‘ c 0 10‘ f1 ’ 5.1 | c1 |10] f2 | s 2 ‘ c2 |10] 3 ‘ s3| c3
$ s 5 5
SN
o« AR \\ \ |
“ \\ AN
o 2 A\ A\ \l |
$— $— $ $
o| 0000‘ f0 ‘ co | f1 | 51 ‘ c 1 ‘ f2 ‘ 5.2 | c2 |3 ‘ 5.3 ‘ c 3
i) 55 $5 55 258
tx_xcoded

Example 4: All control blocks

Figure 119-3—Examples of the construction of tx_xcoded
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119.2.4.3 Scrambler

The transcoded 257-bit block, tx_xcoded<256:0>, shall be scrambled with a self-synchronizing scrambler to
generate tx scrambled<256:0>. The scrambler polynomial is identical to that in Clause 49, see
Equation (49-1) for the definition of the polynomial.

119.2.4.4 Alignment marker mapping and insertion

In order to support deskew and reordering of the individual PCS lanes at the receive PCS, alignment markers
corresponding to PCS lanes are periodically inserted after being processed by the alignment marker mapping
function. The alignment marker mapping function compensates for the operation of the symbol distribution
function and rearranges the alignment marker bits so that they appear on the PCS 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.

For the 200GBASE-R PCS, an alignment marker group is composed of the alignment markers for all 8 PCS
lanes plus an additional 65-bit pad and a 3-bit status field to yield the equivalent of four 257-bit blocks. For
the 400GBASE-R PCS, an alignment marker group is composed of the alignment markers for all 16 PCS
lanes plus an additional 133-bit pad and a 3-bit status field to yield the equivalent of eight 257-bit blocks.
The alignment marker group is aligned to the beginning of two FEC meS$sages, and interrupts any data
transfer that is already in progress. The pad bits at the end of the alignmient marker group shall be set to a
free running PRBS9 pattern, defined by the polynomial X + x> + 1. Thé.hitial value of the PRBS9 pattern
generator may be any pattern other than all zeros.

Room for the alignment marker group is created by the trangmit PCS (see 119.2.4.1). Special properties of
the alignment marker group are that it is not scrambled, do€$ not conform to the encoding rules as outlined
in Figure 82-5 and is not transcoded. This is possible because the alignment marker group is added after
encoding, transcoding, and scrambling, and remeyed’ before descrambling, transcoding, and 64B/66B
decoding. The alignment marker group is not scrambled, which allows the receiver to directly search for and
find the individual alignment markers, deskewithe PCS lanes, and reassemble the aggregate stream before
FEC decoding is performed. The alignmentmarkers are formed from a known pattern that is defined to be
balanced and with many transitions and therefore scrambling is not necessary.

The format of each PCS lane's alignment marker is shown in Figure 119-4. There is a portion that is
common across all alignmentmarkers (designated as CM, to CMj;), a unique portion per PCS lane
(designated as UM, to UMs),\and finally a unique pad per PCS lane (designated as UP( to UP,). Common
synchronization logic indepéndent of the received PCS lane number can be used with the common portion of
the alignment marker. <The unique pad (UPO to UP2) within the alignment markers and the PRBS9 pad at the
end of the alignmentumaker group are ignored on receive.

The content of the alignment markers shall be as shown in Table 1191 for the 200GBASE-R PCS and as
shown inFable 119-2 for the 400GBASE-R PCS. The contents depend on the PCS lane number and the
octet number, with CM, through CMj being identical across all alignment markers to allow for common
synchronization across lanes. The format shown in Table 119-1 defines how the alignment markers appear
efr.a given PCS lane. In the FEC codewords, they appear in a permuted format due to the codeword
interleaving that occurs before FEC codewords are distributed to PCS lanes.

The transmit alignment marker status field allows the local PCS to communicate the status of the FEC
degraded feature to the remote PCS. If there is no extender sublayer between the PCS and the MAC, it is set

as follows:

tx_am_sf<2:0>= {FEC_degraded SER +rx_local degraded,0,0}
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If there is a Clause 118 extender sublayer between the PCS and the MAC, it is set as follows:
tx_am_sf<2:0>= {PHY XS:rx rm_degraded, PHY XS:FEC degraded SER, 0}

Where PHY XS:rx rm degraded and PHY XS:FEC degraded SER are the rx rm degraded and
FEC degraded SER variables from the adjacent PHY XS sublayer.

See 119.2.5.3 for more information on the optional FEC degrade feature.
119.2.4.4.1 AM creation for the 200GBASE-R PCS

For the 200GBASE-R PCS, the alignment marker mapping function creates a set of 8 alignment markets,
and in combination with an additional 65-bit PRBS9 pad and a 3-bit status field, the PCS genesates an
alignment marker group. Let am_x<119:0> be the alignment marker for PCS lane x, x=0 to 7, where bit 0 is
the first bit transmitted. The alignment markers shall be mapped to am_mapped<959:0> in~a“manner that
yields the same result as the following process.

For x=0to 7, am_x<119:0> is constructed as follows:

am_x<1 19:0> is set to CM(), CMI, CM2, UPO, CM3, CM4, CMS, UPI’ UMO’ UMI, UMz’ UP2’ UM3’ UM4
and UMg, as shown in Figure 119—4 (bits 119:0) using the values in Tablé\' 191 for PCS lane number x.

Bit Position: 0 2324 3132 5556 6364 8788 9596 119
{CMy, CMy, CMy}  |UPg | {CM3, CMy, CMg}  [UP, [ {UMSUM,, UM} | UP, [{UM3, UM, UMg}

Figure 119-4—Alignment-marker format

Table 119-1—200GBASE-R alignment marker encodings

PCS lane Encoding?

number {cM,, cMy, CM,, UP, CM3, CM, , CM5 UP, , UM, , UMy, UM,, UP,, UM;, UM, , UMs }
0 0x9A, 0x4A, 0x26,0x05, 0x65, 0xB5, 0xD9, 0xD6, 0xB3, 0xC0O, 0x8C, 0x29, 0x4C, 0x3F, 0x73
1 0x9A, 0x4A, 0x%26/, 0x04, 0x65, 0xB5, 0xD9, 0x67, 0x5A, OxDE, 0x7E, 0x98, 0xA5, 0x21, 0x81
2 0x9A, 0x4A )0x26,0x46,0x65, 0xB5, 0xD9, OXFE, 0x3E, OxF3, 0x56, 0x01, 0xC1, 0x0C, 0xA9
3 0x9A;0x4A, 0x26, 0x5A, 0x65, 0xB5, 0xD9, 0x84, 0x86, 0x80, 0xD0, 0x7B, 0x79, 0x7F, Ox2F
4 0x9A, 0x4A, 0x26,0xE1l, 0x65, 0xB5, 0xD9, 0x19, 0x2A, 0x51, 0xF2, 0xE6, 0xD5, 0XAE, 0x0D
5 0x9A, 0x4A, 0x26,0xF2,0x65, 0xB5, 0xD9, 0x4E, 0x12, 0x4F, 0xD1, 0xB1l, O0XED, 0xB0O, 0x2E
6 0x9A, 0x4A, 0x26,0x3D, 0x65, 0xB5, 0xD9, OXEE, 0x42, 0x9C, 0xAl, 0x11l, 0xBD, 0x63, 0X5E
7 0x9A, 0x4A, 0x26,0x22,0x65, 0xB5, 0xD9, 0x32, 0xD6, 0x76, 0x5B, 0xCD, 0x29, 0x89, 0xA4

& Each octet is transmitted LSB to MSB.

As an example, the variable am_0 is sent as (left most bit sent first, showing the first 32 bits transmitted of

VX
alll_U).

01011001 01010010 01100100 10100000

The variable am_mapped is then derived from 10-bit interleaving the group of 8 alignment markers am_x
per the following procedure:
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For all ~=0to 11
For all /=0 to 3
if even(k)
am_mapped<80k+20;/+9:80k+20/> = am_ {2} <10k+9:104>
am_mapped<80k+20;/+19:80k+20;+10> = am_{2j+1}<10k+9:10k>

1
VISUL

am_mapped<804+20/+9:80k+20/> = am_{2j+1}<10k+9:10k>
am_mapped<80k+20;+19:80k+20/+10> = am_ {2/} <10k+9:10k>

The additional 65-bit pad is appended to variable am_mapped as follows:
am_mapped<1024:960> = PRBS9<64:0>

In this expression, PRBS9<0> is the first PRBS9 bit output of the 65-bit pad.

The 3-bit transmit alignment marker status field is then appended to the variable am mapped-as follows:

am_mapped<1027:1025> = tx_am_sf<2:0>

Alignment marker mapping is shown in Figure 119-5.

PCS am_mapped 10-bit symbol index, «
lane, i "0 T4 T2 3[4 [5]6 |7 ]8(])9
A B A B A B A B A B
0 o o+ v v . amoO N\
B R A R B | A | B A R B B A
1 . . . . ._am_1 ) .
A B + B A, B A r A B
2 am. 2
B A B A B A T B B A
3 am:3
A B A B A B A B
4 am/4
B A B A B A B B A
5 am, 5
A B A B A B [l A A B
6 am. 6
B A B A B A T B A B A
7 am: 7
- = 65-bit pad - < 3-bit status field I:l = Resumption of 257-bit blocks
A = from FEC{odeword A B = from FEC codeword B

Figure 119-5—200GBASE-R alignment marker mapping to PCS lanes

The alignment marker group am_mapped<1027:0> shall be inserted so it appears in the output stream every
81 920 x 257%bit blocks. The variable tx_scrambled am<10279:0> is constructed in one of two ways. Let
the set offvectors tx_scrambled i<256:0> represent consecutive values of tx_scrambled<256:0>.

For.a) 0280-bit block with an alignment marker group inserted:
tx_scrambled am<1027:0>=am_mapped<1027:0>

For all i=0 to 35
tx_scrambled am<257i+1284:257i+1028> = tx_scrambled i<256:0>

For a 10280-bit block without an alignment marker group:
For all /=0 to 39

tx_scrambled am<257i+256:257i> = tx_scrambled i<256:0>
Alignment marker repetition rate is shown in Figure 119-6.
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2 codewords

2 codewords 2 codewords

am_mapped tx_scrambled tx_scrambled ooo am_mapped tx_scrambled
4x257-bit 36x257-bit 40x257-bit 4x257-bit 36x257-bit
blocks blocks blocks blocks blocks
—

81 920 x 257-bit blocks = 4096 codewords

Figure 119-6—200GBASE-R alignment marker insertion period

119.2.4.4.2 AM creation for the 400GBASE-R PCS

For the 400GBASE-R PCS, the alignment marker mapping function creates a set of 16 alignment'markers,
and in combination with an additional 133-bit PRBS9 pad and a 3-bit status field, the PCS, generates an
alignment marker group.

Let am x<119:0> be the alignment marker for PCS lane x, x=0 to 15, where bit 0 i§thé¢ first bit transmitted.
The alignment markers shall be mapped to am_mapped<1919:0> in a manner thatlyields the same result as

the followin

g process.

For x=0 to 75, am_x<119:0> is constructed as follows:

arnix<l 19:0> is set to CM(), CMI, CM2, UPO’ CM3’ CM4, CMS’ UPl, UMO, UMI’ UMZ, UP2’ UM3, UM4
and UM3, as shown in Figure 1194 (bits 119:0) using the yalues in Table 119-2 for PCS lane number x.

Table 119-2—400GBASE-R alignment marker encodings

PCS lane Encoding?

number {cM,, cMy, CM,, UP,, CM3) €M, , CM5 UP; , UM, , UM; , UM,, UP,, UM;, UM, , UMs }
0 0x9A, 0x4A, 0x26, 0xB6, %65, 0xB5, 0xD9, 0xD9, 0x01, 0x71, OxF3, 0x26, OXFE, 0x8E, 0x0C
1 0x9A, 0x4A, 0x26, 0x040x65, 0xB5, 0xD9, 0x67, 0x5A, OXDE, 0x7E, 0x98, 0xA5, 0x21, 0x81
2 0x9A, 0x4A, 0x26,0x46,0x65, 0xB5, 0xD9, OXFE, 0x3E, 0xF3, 0x56, 0x01, 0xC1, 0x0C, 0xA9
3 0x9A, 0x4A, 0x2€¢, 0x5A, 0x65, 0xB5, 0xD9, 0x84, 0x86, 0x80, 0xD0, 0x7B, 0x79, 0x7F, Ox2F
4 0x9SA, 0x4RA,0x26,0xE1, 0x65, 0xB5, 0xD9, 0x19, 0x2A, 0x51, 0xF2, 0xE6, 0xD5, 0XAE, 0x0D
5 0x9A;0x4A, 0x26,0xF2,0x65, 0xB5, 0xD9, 0x4E, 0x12, 0x4F, 0xD1, 0xB1l, 0XED, 0xB0, 0x2E
6 0x9A, 0x4A, 0x26,0x3D, 0x65, 0xB5, 0xD9, OXEE, 0x42, 0x9C, 0xAl, 0x11, 0xBD, 0x63, OX5E
7 0x9A, 0x4A, 0x26,0x22,0x65, 0xB5, 0xD9, 0x32, 0xD6, 0x76, 0x5B, 0xCD, 0x29, 0x89, 0xA4
8 0x9A, 0x4A, 0x26,0x60,0x65, 0xB5, 0xD9, 0x9F, OXE1, 0x73, 0x75, 0x60, 0X1E, 0x8C, 0x8A
9 0x9A, 0x4A, 0x26,0x6B, 0x65, 0xB5, 0xD9, 0xA2,0x71, 0xC4, 0x3C, 0x5D, 0X8E, 0x3B, 0xC3
10 0x9A, 0x4A, 0x26, 0xFA, 0x65, 0xB5, 0xD9, 0x04, 0x95, 0xEB, 0xD8, 0xFB, Ox6A, 0x14, 0x27
11 0x9A, 0x4A, 0x26, 0x6C, 0x65, 0xB5, 0xD9, 0x71, 0x22,0x66, 0x38, 0x8E, 0xDD, 0x99, 0xC7
12 0x9A, 0x4A, 0x26,0x18, 0x65, 0xB5, 0xD9, 0x5B, 0xA2, 0xF6, 0x95, 0xA4, 0x5D, 0x09, 0x6A
13 0x9SA, 0x4A, 0x26,0x14,0x65, 0xB5, 0xD9, 0xCC, 0x31,0x97, 0xC3, 0x33, 0xCE, 0x68, 0x3C
14 0x9SA, 0x4A, 0x26,0xD0, 0x65, 0xB5, 0xD9, 0xB1, 0xCA, OXFB, 0xA6, 0x4E, 0x35, 0x04, 0x59
15 0x9SA, 0x4A, 0x26,0xB4,0x65, 0xB5, 0xD9, 0x56, 0xA6, 0xBA, 0x79, 0xA9, 0x59, 0x45, 0x86

3 Each octet is transmitted LSB to MSB.
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As an example, the variable am_0 is sent as (left most bit sent first, showing the first 32 bits transmitted of
am_0):

01011001 01010010 01100100 01101101

The variable am mapped is then derived from 10-bit interleaving the group of 16 alignment markers am x

per the following procedure:

Forall /~=0to 11
For all j=0to 7

if even(k)
am_mapped<160k+20;+9:160k+20/> = am_ {2/}<10k+9:10k>
am_mapped<160k+20j+19:160k+20/+10> = am_ {2j+1}<10k+9:10k>

else
am_mapped<160k+20;+9:160k+20;> = am_ {2j+1}<10k+9:10k>
am_mapped<160k+20;+19:160k+20/+10> = am_{2;}<10k+9:10%>

The additional 133-bit pad is appended to variable am_mapped as follows:
am_mapped<2052:1920> = PRBS9<132:0>

In this expression, PRBS9<0> is the first PRBS9 bit output of the 133-bit‘pad.

The 3-bit transmit alignment marker status field is then appended to,the variable am_mapped as follows:

am_mapped<2055:2053> =tx_am_sf<2:0>

Alignment marker mapping is shown in Figure 119-7.

PCS am_mapped 10-bit symbol index, k
lane, i o T1 23 [ #5678 ]9
A B A B A B A B A B
0 o . 3 : : . am. 0 ' '
B | A R B R A | B A | B B A
1 am, 1
2 am, 2
B T A T B T A T B T A T B T A T B T A
3 ' L ! | | am|_3 ! | |
A B A B A B A B A B
4 . . : . . am 4 . .
B A B | A B A | B A B A
5 am, 5
As: B 1 A + B + A 1 B . A B A . B
6 am. 6
B A B B A T B A B A
7 am: 7
A B A B A B A B A B
8 . . . . , am.8 .
3 . , . . " am.9 .
A B A B A B ] A B A B
10 am, 10
B A B A B A T B A B A
11 am:_11
A B A B A B A B A B
12 . . . . , am 12 | . .
13 : : : : . am,13 | : I
A B A B A B ] A i B i X [l B
14 T T amd T T
B T A T B T A T B T A T B T A T B T A
15 - : : : Cam 15
L =133bitpad [ = 3-vit status fieid = Resumption of 257-bit blocks
A = from FEC codeword A B = from FEC codeword B

Figure 119-7—400GBASE-R alignment marker mapping to PCS lanes
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The alignment marker group am_mapped<2055:0> shall be inserted so it appears in the output stream every
163 840 x 257-bit blocks. The variable tx_scrambled am<10279:0> is constructed in one of two ways. Let
the set of vectors tx_scrambled i<256:0> represent consecutive values of tx_scrambled<256:0>.

For a 10280-bit block with an alignment marker group inserted:

yF-VaY Fal

tA_D\.al cuu:.)lcd_qul ’\GJ J.U — aul_lual)pcd 2 05 5 J
For all =0 to 31
tx_scrambled am<257i+2312:257i+2056> = tx_scrambled i<256:0>

For a 10280-bit block without an alignment marker group:
For all =0 to 39
tx_scrambled am<257i+256:257i> = tx_scrambled i<256:0>

Alignment marker repetition rate is shown in Figure 119-8.

2 codewords 2 codewords 2«c0dewords
am_mapped tx_scrambled tx_scrambled 000 am_fmapped | tx_scrambled
8x257-bit 32x257-bit 40x257-bit 8x257-bit 32x257-bit
blocks blocks blocks blocks blocks
N >
—

163 840 x 257-bit blocks = 8192 codewords

Figure 119-8—400GBASE-R alignment'marker insertion period

119.2.4.5 Pre-FEC distribution

In order to improve error correction capabilityj€ach set of two consecutive Reed-Solomon FEC codewords
is interleaved before being distributed to form the PCS lanes. To enable this interleaving, the Pre-FEC
distribution function receives a 10280-bit block tx_scrambled am, and shall perform a 10-bit symbol round
robin distribution to form two 514<symbol FEC messages, m, and mp, which are subsequently each
encoded by the RS FEC. The following describes the 10-bit round robin distribution process.

For all /=0 to 513

mp<(513—)> = tx_scrambled am<(20i+9):(20i)>
mp<(513—i)> = tx_(Serambled am<(20i+19):(20i+10)>

119.2.4.6 Reed-Solomon encoder

The PCS sublayer employs a Reed-Solomon code operating over the Galois Field GF(210) where the symbol
size 4s 10 bits. The encoder processes k message symbols to generate 2¢ parity symbols, which are then
appended to the message to produce a codeword of n=k+2¢ symbols. For the purposes of this clause, a
particular Reed-Solomon code is denoted RS(#n,k).

The PCS shall implement an RS(544,514) based FEC encoder. The PCS distributes a group of 40 x 257-bit
blocks from tx_scrambled_am on a 10-bit round robin basis into two 5140-bit message blocks, mpand mp,

as described in 119.2.4.5. These are then encoded using RS(544,514) encoder into codeword A and
codeword B, respectively. The RS(544,514) code is based on the generating polynomial given by
Equation (119-1).
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2t—1

j 2 2t—1
gx) = J](x—d) = gox "+ X H.Hgxtg (119-1)
j=0

103
In BEquation (I'15—1), &'15 a primitive €lement o1 the Tinite 11eld detined by the polynomial x™ "+x~+1.

Equation (119-2) defines the message polynomial m(x) whose coefficients are the message symbols m;,_; to
m.

2

n—1 n-2 t+1 2t
m(x) = mg_;x t+tm_,x “+..+mx +myx

(14922)

Each message sg/mbol m; is the bit vector (m; g, m; g, ..., m; 1, m; o), which is identified with"the element
m; 9a9 +m; g + ...+ m; ya+m; of the finite field. The message symbols are composed-of the variable
mp for codeword A and mg for codeword B (including a group of alignment markers when appropriate).
The first symbol input to the encoder is m_;.

Equation (119-3) defines the parity polynomial p(x) whose coefficients are the parity symbols p,, ; to pg.

2t

-1 26-2
PO = poy Xy oxT T Lyt (119-3)
The parity polynomial is the remainder from the division of m(x)/by. g(x). This may be computed using the
shift register implementation illustrated in Figure 119-9. The outpufs of the delay elements are initialized to
zero prior to the computation of the parity for a given méssage. After the last message symbol, m, is
processed by the encoder, the outputs of the delay elementsZare the parity symbols for that message.

@ 90 @ 91 @ 92 @ 92t-2 @ 921
| Po P -- P22 Pai-t

) = GF add
@ = GF multiply

Pi || = symbol delay element, holds a 10-bit symbol

Output
Cn—1, Cp-2; -

Figure 119-9—Reed-Solomon encoder functional model

The codeword polynomial c(x) is then the sum of m(x) and p(x) where the coefficient of the highest power of
X, ¢,_1 = my_q is first and the coefficient of the lowest power of x, ¢y = p is last.

The coefficients of the generator polynomial for the RS(544,514) code are presented in Table 119-3.
Example codewords for the RS(544,514) code are provided in Annex 119A.
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Table 119-3—Coefficients of the generator polynomial g; (decimal)

i 8 i 8i i 8i
0 523 11 883 22 565
1 834 12 503 23 108
2 128 13 942 24 1
3 158 14 385 25 552
4 185 15 495 26 230
5 127 16 720 27 187
6 392 17 94 28 552
7 193 18 132 29 575
8 610 19 593 30 1
9 788 20 249

10 361 21 282

119.2.4.7 Symbol distribution

Once the data has been FEC encoded, two FEC codewords (64 <543:0> and cg<543:0>) are interleaved on a
10-bit basis before the data is distributed to each PCS lane,

The interleaving of two codewords for the 200GBASE-R PCS shall follow this procedure:

For all /=0 to 135
Forall j=0to 3
if even(k)
tx_out<8k+27> = cy&543-4k-j>
tx_out<8k+2j+1x ="cg<543-4k-j>
else
tx_out<8k+2y> = cg<543-4k-j>
tx_out<8ict2j+1> = ¢ ,<543-4k-j>

The interleaving of'two codewords for the 400GBASE-R PCS shall follow this procedure:

For all &=0 t6:67
For all j=0t0~7
if even(k)
tx_out<16k+2/> = c,<543-8k-j>
tx_out<16k+2j+1> = cg<543-8k-/>
else

tx_out<16k+2/> = cg<543-8k->
tx_out<l6k+2j+1> = c,<543-8k-j>

Once the data has been Reed-Solomon encoded and interleaved, it shall be distributed to 8 PCS lanes for a
200GBASE-R PCS and to 16 PCS lanes for a 400GBASE-R PCS, one 10-bit symbol at a time, from the
lowest to the highest PCS lane. The first bit transmitted from each 10-bit symbol is bit 0.
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119.2.4.8 Transmit bit ordering and distribution

The transmit bit ordering and distribution are illustrated in Figure 119-10 for a 200GBASE-R PCS.

20O oo bbb e e e ek X283
v v v v
Output of encoder ‘0 ‘ DO ‘ D1 | D2 | D3 D4 ‘ D5 | D6 | D7 65|
x4 66b words
v
| 64B/66B to 256B/257B transcoder |
v
—‘0 tx_xcoded 256‘
—>| X758 scrambler |—
—‘0 tx_scrambled 256‘4—
tx_scrambled
- tx_scrambled_am
—>| AM Insertion Ii
| 10-bit round robin distribution |<—
Mas13 MA512 Mao Mpsgg ™ MBs12 Mmpo
L (¢ L L S( L
9 o 9 >
message A message B
2 % 0 S
A4 v
Reed-Solomon encode A Reed-Solomon encode B |
_ CB0 = PBO
Cas543 = CB543 =
Mas13  Mas12 CAs0= a0 " Cag=Ppao 'MBS13  MB512 Ca30= Mgo L
: YLl 3 55— s
codeword A codeword B
0 S s ° S (S
tx_scrambled_am<9:0> CA29 = Pa29 tx_scrambled_am<19:10> CB29 = PB29
v

Mux and 10-bit symbol distribution

I I

le—

CB3 Ca3 CB2 . Ca0
\\‘/\"_\Y?\ MR AR MR
CB539 Ca539 CB538 CA536
ER 19| 9| 9|
Ca543 CB543 Ca542 (N Ces40| | tX_OULT>
tx_out<0> ______ "|p 0 0 0
T I 1 1
PMA:IS_UNITDATA_0.request ‘ |
PMA:IS_UNITDATA_1.request PMA:IS_UNITDATA_7.request
v v v

Figure 119-10—200GBASE-R Transmit bit ordering and distribution
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The transmit bit ordering and distribution is illustrated in Figure 119-11 for a 400GBASE-R PCS.

400GM" III|III‘III|III‘IIIIIII‘IIIIIII|III|III‘III|III‘IIIIIII‘III|III|
TXD<0> [ vv oo o b b o by by b s lenc oo | TXD<63>
Output of encoder | *[""pp | ‘D1 | b2 | b3 oo | D5 | D6 | o7
x4 66b words
v
| 64B/66B to 256B/257B transcoder |
v
—‘0 tx_xcoded 256‘
—>| X758 scrambler |—
—‘0 tx_scrambled 256‘4—
tx_scrambled
- tx_scrambled_am
—>| AM Insertion |7
| 10-bit round robin distribution |«
Mps13  MA512 LN mgs13, Mgs12 mpo
3 5 . 5 s——
message A message B
0 $ 0 S
v 4
Reed-Solomon encode A Reed-Solomon encode B |
_ CB0 = PBo
CA543 = Cps543 =
Mas13  Mast2 Ca2o= Mag “Cao = pao MB573  MB512 CB30= Mpo L
5 ¥ LK 3 55— s
codeword A codeword B
. 5 s : SS I
tx_scrambled_am<9:0> CA29 = PA29 tx_scrambled_am<19:10> CB29 = PB29
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CB535 Ca535 CB534 Cas28
ER 9] tx_out<15>
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tx_out<0> ______ "|p 0

PMA:IS_UNITDATA_0.request

<) <o|
i

IPMA:IS_UNITDATA_1 request l MALS—INHFBATA—45-reqtrest
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Figure 119-11—400GBASE-R Transmit bit ordering and distribution
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119.2.4.9 Test-pattern generators

The PCS shall have the ability to generate a scrambled idle test pattern which is suitable for receiver tests
and for certain transmitter tests. When a scrambled idle pattern is enabled, the test pattern is generated by the
PCS. The test pattern is an idle control block (block type=0x1E) with all idles as defined in Figure 82-5. The

e e . - b 1 1t I | kI D | 1. - 1 . | 1 11
ot lJClLl,Clll IS5 SUIIU bUlllllluUUDly dllt 15 U dallSCOUUCL,  SULAITIUICU, allulllllclll. ITIATRACTS 4AaIC HISUIICU dIlu uuauy

encapsulated by the FEC.

When the transmit channel is operating in test-pattern mode, the encoded bit stream is distributed to the PCS
Lanes as in normal operation (see 119.2.4.7).

If a Clause 45 MDIO is implemented, then control of the test-pattern generation is from the BASE-R\PCS
test-pattern control register (bit 3.42.3).

119.2.5 Receive function
119.2.5.1 Alignment lock and deskew

The receive PCS forms n separate bit streams by concatenating the (bits from each of the »
PMA:IS_UNITDATA _i.indication primitives in the order they are received{where n = 8 for a 200GBASE-
R PCS and n = 16 for a 400GBASE-R PCS). It obtains lock to the alighment markers as specified by the
alignment marker lock state diagram shown in Figure 119-12. Note that\alignment marker lock is achieved
before FEC codewords are processed and therefore the alignmenf markers are processed in a high error
probability environment.

After alignment marker lock is achieved on each of the nlarnes (bit streams), all inter-lane Skew is removed
as specified by the PCS synchronization state diagram shown in Figure 119-13. The PCS receive function
shall support a maximum Skew of 180 ns, and maximum Skew Variation of 4 ns, between PCS lanes.

119.2.5.2 Lane reorder and de-interleave

PCS lanes can be received on different lanes of the service interface from which they were originally
transmitted. The PCS receive functionrshall order the PCS lanes according to the PCS lane number. The PCS
lane number is defined by the unique portion (UM, to UM5) of the alignment marker that is mapped to each
PCS lane (see 119.2.4.4).

After all PCS lanes are aligned, deskewed, and reordered, the two FEC codewords are de-interleaved to
reconstruct the original stream of two FEC codewords.

119.2.5.3 Reed-Solomon decoder

The Reed=Solomon decoder extracts the message symbols from the codeword, corrects them as necessary,
and disCards the parity symbols.

The Reed-Solomon decoder shall be capable of correcting any combination of up to =15 symbol errors in a
codeword. The Reed-Solomon decoder shall also be capable of indicating when an errored codeword was
not corrected. The probability that the decoder fails to indicate a codeword with #+1 errors as uncorrected is
not expected to exceed 10716, This limit is also expected to apply for #+2 errors, #+3 errors, and so on.

If bypass error indication is not supported or not enabled, when the Reed-Solomon decoder determines that
a codeword contains errors that were not corrected, it shall cause the PCS receive function to set every 66-bit
block within the two associated codewords to an error block (set to EBLOCK_R). This may be achieved by
setting the synchronization header to 11 for all 66-bit blocks created from these codewords by the
256B/257B to 64B/66B transcoder.
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The Reed-Solomon decoder may optionally provide the ability to bypass the error indication feature to
reduce the delay contributed by the FEC function. The presence of this option is indicated by the assertion of
the FEC bypass_indication_ability variable (see 119.3). When the option is provided it is enabled by the
assertion of the FEC bypass_indication_enable variable (see 119.3).

‘v‘v’hcu FEC_‘U_ypabc_iudiuaﬁ\)u_cua‘ulc iD ﬂDDUltUd, addiﬁuua‘l CITUT uluuit\uius ib PCIfUllllUd ‘U_y tllc RUUd'
Solomon decoder to reduce the likelihood that errors in a packet are not detected. The Reed-Solomon
decoder counts the number of symbol errors detected on all PCS lanes in consecutive non-overlapping
blocks of 8192 codewords. When the number of symbol errors in a block of 8192 codewords exceeds 5560,
the Reed-Solomon decoder shall assert hi_ser for a period of 60 ms to 75 ms.

The Reed-Solomon decoder may optionally provide the ability to signal a degradation of the received:signal.
The presence of this option is indicated by the assertion of the FEC degraded SER ability variable (see
119.3). When the option is provided it is enabled by the assertion of the FEC_ degraded\SER enable
variable (see 119.3).

When FEC degraded SER_enable is asserted, additional error monitoring is performed by the PCS. The
Reed-Solomon decoder counts the number of symbol errors detected on all PCS.Janes in consecutive non-
overlapping blocks of FEC degraded SER interval codewords (see 119.3.1), where the least significant bit
of FEC_degraded SER interval is ignored (evaluated as 0) to make the number of codewords even. If the
decoder determines that a codeword is uncorrectable, the number of symbgl-errors detected is increased by
16. When the number of symbol errors exceeds the threshold set in FE€ degraded SER activate threshold
(see 119.3.1), the FEC_degraded_SER bit (see 119.3.1) is set. At the end of each interval, if the number of
symbol errors is less than FEC _degraded SER deactivate_threshold, the FEC degraded SER bit is cleared.
If either FEC degraded SER ability or FEC degraded)SER enable is de-asserted then the
FEC_degraded_SER bit is cleared.

119.2.5.4 Post FEC interleave

After the Reed-Solomon decoder processes/ the data, data is interleaved on a 10-bit basis into
rx_scrambled am from two codewords cottesponding to 40 transcoded blocks in order to recreate the
transmitted data stream.

119.2.5.5 Alignment marker removal

For the 200GBASE-R PCS,every 81 920 x 257-bit blocks (corresponds to 4096 codewords) the first
1028 bits of rx_scrambled_am blocks is the vector am rx<1027:0> where bit 0 is the first bit received.
The specific codewords-that include this vector are indicated by the alignment lock and deskew function.
The 3-bit receive alighiment marker status field is assigned from the variable am_rx as follows:

rx_am_sf<2:0>=am rx<1027:1025>
For the 400GBASE-R PCS, every 163 840 x 257-bit blocks (corresponds to 8192 codewords) the first
2056 bits/of rx_scrambled_am blocks is the vector am_rx<2055:0> where bit 0 is the first bit received.

The:specific codewords that include this vector are indicated by the alignment lock and deskew function.
The 3-bit receive alignment marker status field is assigned from the variable am_rx as follows:

rx_am_ sf<2:0>=am rx<2055:2053>

The vector am rx shall be removed from rx scrambled am to create rx scrambled prior to descrambling.

119.2.5.6 Descrambler

The descrambler shall process rx_scrambled<256:0> to reverse the effect of the scrambler using the
polynomial given in Equation (49-1).
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119.2.5.7 256B/257B to 64B/66B transcoder

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

IflA_A\aUdUd G iD 1, lA_\.aUdUd__/. GJ.G fUl J_C tU 3 Dllall 1UC dCliVCd ad fUllUWD.
a) rx_coded j<65:2>=rx_xcoded<(64j+64):(64j+1)> for j=0to 3
b) rx_coded j<0>=0 and rx_coded j<1>=1 for all j/=0 to 3

If rx_xcoded<0> is 0 and any rx_xcoded<j+1>=0 for j=0 to 3, rx_coded j<65:0> for /=0 to 3 shall be
derived as follows.

al) Let ¢ be the smallest value of j such that rx_xcoded<j+1>=0. In other words, rx_coded_c\is:the first
66-bit control block in the resulting group of four blocks.

bl) Let rx _payloads be a vector representing the payloads of the four 66-bit blocks. It,is derived using
the following expressions:
rx_payloads<(64c+3):0> = rx_xcoded<(64c+8):5>
rx_payloads<(64c+7):(64c+4)> is set to a value derived.\ by cross-referencing
rx_payloads<(64c+3):64c> using Figure 82-5. For example, if rx_payloads<(64c+3):64c> is OxE
then rx_payloads<(64c+7):(64c+4)> is Ox1. If no match to rx_payloads<(64c+3):64c> is found,
rx_payloads<(64c+7):(64c+4)> is set to 0000
rx_payloads<255:(64c+8)> =rx_xcoded<256:(64c+9)>

cl) rx_coded j<65:2>=rx_payloads<(64;+63):64;> for j=0 to,3

dl) Ifrx xcoded<j+1>=0, rx_coded j<0>=I and rx_coded, y<1>=0 for j=0 to 3

el) Ifrx xcoded<j+1>=1, rx_coded j<0>=0 and rx_caded” j<1>=1 for j=0 to 3

fl) Ifrx_payloads<(64c+7):(64c+4)>= 0000, rx_coded c<1>=1 (invalidate synchronization header)

If rx_xcoded<0> is 0 and all rx_xcoded<j+1>=1{o1,;=0 to 3, rx_coded j<65:0> for j=0 to 3 shall be derived
as follows.

a2) Setc=0

b2) Let rx_payloads be a vector representing the payloads of the four 66-bit blocks. It is derived using
the following expressions.
rx_payloads<(64c+3):0>=rx_xcoded<(64c+8):5>
rx_payloads<(64c+7)i(64c+4)> = 0000
rx_payloads<255:(64¢+8)> = rx_xcoded<256:(64c+9)>

c2) rx_coded j<65:2>= rx_payloads<(64;j+63):(64j)> for j=0 to 3
d2) rx coded j<0>=0 and rx_coded j<1>=0 for j=0 and 2
e2) rx_codedj<0>=1 and rx_coded j<I>=1 forj=1 and 3

The 66-bit blocks are transmitted in order from j=0 to 3. Bit 0 of each block is the first bit transmitted.

Note«—The stream of 66-bit blocks generated by this process is used as the reference signal for de-mapping from OTN.
SecITU-T G.709 [B50].

119.2.5.8 Decode and rate matching

The receive PCS decodes blocks to produce RXD<63:0> and RXC<7:0> for transmission to the

200N L400CMNMIT O 200N A00CMNIT _data+ £ - | dad £ L Ll e Tk 3 PCS
\AVAN 30 5SS Ay AVAVAN SR S S S PR W4 S LV SAVAVAN R AU S Uiy AVAVAN JY S S S EIV (/17 NSNS SN AV SIS N ERVIVIVIViVIiVie I S AV S S QI VI AV S G U4 LVAV) . WaaS B S AV AV Vi) B A VaD sh e |

may insert idle control characters to compensate for the removal of alignment markers. If the receive PCS
spans multiple clock domains, it may also perform clock rate compensation via the deletion of idle control
characters or sequence ordered sets or the insertion of idle control characters (see 82.2.3.6 and 82.2.3.9 for
insertion and deletion rules).
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The PCS receive decodes blocks as specified in the receive state diagram shown in Figure 119-15.
119.2.6 Detailed functions and state diagrams

119.2.6.1 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 counter,or
integer variable indicates that its value is to be incremented.

119.2.6.2 State variables
119.2.6.2.1 Constants

EBLOCK R<71:0>
72-bit vector to be sent to the 200GMII/400GMII containing /E/ in alld¢he-eight character locations.
EBLOCK_T<65:0>
66-bit vector to be sent to the transcoder containing /E/ in all thé\€ight character locations.
LBLOCK R<71:0>
72-bit vector to be sent to the 200GMII/400GMII containinig one Local Fault ordered set. The
Local Fault ordered set is defined in 119.3.
LBLOCK T<65:0>
66-bit vector to be sent to the transcoder containing)one Local Fault ordered set.

119.2.6.2.2 Variables

align_status
A variable set by the PCS synchronization process to reflect the status of PCS lane-to-lane
alignment. Set to true when all lanes are synchronized and aligned and set to false when the PCS
synchronization process is not‘€omplete.

all locked
A Boolean variable that'is set to true when amps_lock<x> is true for all x and is set to false when
amps_lock<x> is false for any x.

amp_counter_done
Boolean variable that indicates that amp_counter has reached its terminal count.

amp_match
Booleanwariable that holds the output of the function AMP_COMPARE.

amp_valid
Boolean variable that is set to true if the received 120-bit block is a valid alignment marker
pdyload. The alignment marker payload, mapped to a PCS lane according to the process described
in 119.2.4.4, consists of 96 known bits. The 48 bits of the common marker portion are compared
on a nibble-wise basis (12 comparisons). If 9 or more nibbles in the candidate block match the
corresponding known nibbles in the common portion of the alignment marker payload, the
candidate block is considered a valid alignment marker payload.

amps_lock<x>
Boolean variable that is set to true when the receiver has detected the location of the alignment

marker payload sequence for a given lane on the PMA service interface, where x = 0:7 for
200GBASE-R and x = 0:15 for 400GBASE-R
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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 PMA service interface. It is compared to the variable
first_pcsl to confirm that the location of the alignment marker payload sequence has been detected.
The PCS lane number is determined by the alignment marker payloads based on the mapping

244 1l 4.9

dUﬁllUd ill 119. S, THU SO0 1L}ltb tllat drv ill tllU PUDitiUllD Uf tllU LllliLlLlU 111‘11;\51 1LJltD ill tilU lchiVUd
alignment marker payload are compared to the expected values for a given payload position and
PCS lane on a nibblewise basis (12 comparisons). If 9 or more nibbles in the candidate block
match the corresponding known nibbles for any payload position on a given PCS lane, then the
PCS lane number is assigned accordingly. If a match is not found, then the AMP_COMPARE
function sets amp_match to false.

cw, bad

A Boolean variable that is set to true if the Reed-Solomon decoder (see 119.2.5.3) fails\te correct
the current FEC codeword A and is set to false otherwise.

cwp_bad
A Boolean variable that is set to true if the Reed-Solomon decoder (see 119.2)5,3) fails to correct
the current FEC codeword B and is set to false otherwise.

deskew_done
A Boolean variable that is set to true when pcs_enable_deskew is'set to true and the deskew
process is completed. Otherwise, this variable is set to false.

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

hi_ser
When FEC_bypass_indication_enable is set to one; this bit is set to one for a period of 60 ms to
75 ms if the number of RS-FEC symbol eprors in a window of 8192 codewords exceeds the
threshold (see 119.2.5.3), and is set to zerQ.otherwise. When FEC_bypass_indication_enable is set
to zero, this bit is set to zero. This varidble 1s mapped to the bit defined in 45.2.3.47k (3.801.2).

pes_alignment valid
Boolean variable that is set to truef all PCS lanes are aligned. PCS lanes are considered to be
aligned when amps_lock<x> is;true for all x, each PCS lane is locked to a unique alignment marker
payload sequence (see 119.2.4.4), and the PCS lanes are deskewed. Otherwise, this variable is set
to false.

pcs_enable deskew
A Boolean variable that enables and disables the PCS synchronization 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.

pcs_lane mapping<x>
A variabl€ that holds the value of the pcs_lane received on physical lane x.

PCS_status
‘A'boolean variable that is true when align_status is true and is false otherwise.

reset
Boolean variable that controls the resetting of the PCS sublayer. It is true whenever a reset is
necessary including when reset is initiated from the MDIO, during power on, and when the MDIO
has put the PCS sublayer into low-power mode.

restart_lock
Boolean variable that is set by the PCS synchronization process to restart the alignment marker

lock pvnr\ﬂcc on—all PCS lanes It is set to true after 3 consecutive uncortected codewords are

received (3_BAD state) or when 5 Alignment Markers in a row fail to match (5 BAD state) and
set to false upon entry into the LOSS OF ALIGNMENT state.
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rx_coded<65:0>
Vector containing the input to the 64B/66B decoder. The format for this vector is shown in
Figure 82-5. The leftmost bit in the figure is rx_coded<0> and the rightmost bit is rx_coded<65>.
rx_local_degraded
Boolean variable that is asserted true when the receiver detects rx_am_sf<1> asserted true for two

\.«UllDU\.«UtiVU ahsluucut lllali\cl lJUliUdD. It iD dUabDUlth thu lA_Cllll_Df ‘1 ib dUabbUltUd fUl tWU
consecutive alignment marker periods. If a Clause 45 MDIO is implemented, the status of this
variable is reflected in bit 3.801.6.

rx_raw<71:0>
Vector containing one 200GMII/400GMII transfer. RXC<0> through RXC<7> are from
rx_raw<0> through rx_raw<7>, respectively. RXD<0> through RXD<63> are from rx_raw<g8>
through rx_raw<71>, respectively.

rx_rm_degraded
Boolean variable that is asserted true when the receiver detects rx_am_sf<2> asserted true for two
consecutive alignment marker periods. It is deasserted when rx_am_sf<2> is deasserted for two
consecutive alignment marker periods. If a Clause 45 MDIO is implemented, the status of this
variable is reflected in bit 3.801.5.

signal ok
Boolean variable that is set based on the most recéntly received value of
PMA:IS_SIGNAL.indication(SIGNAL OK). It is true if the valu€ was OK and false if the value
was FAIL.

slip_done
Boolean variable that is set to true when the SLIP requested by the alignment marker lock state
diagram has been completed indicating that the next candidate 120-bit block position can be tested.

test amp
Boolean variable that is set to true when a candidat€)block position is available for testing and false
when the FIND ST state is entered.

test cw
Boolean variable that is set to true whefi @ hew FEC codeword is available for decoding and is set
to false when the TEST CW state is entered.

tx_coded<65:0>
Vector containing the output fromi" the 64B/66B encoder. The format for this vector is shown in
Figure 82-5. The leftmost bitif'the figure is tx_coded<0> and the rightmost bit is tx_coded<65>.

tx_raw<71:0>
Vector containing one*200GMII/400GMII transfer. TXC<0> through TXC<7> are placed
in tx_raw<0> through tx raw<7>, respectively. TXD<0> through TXD<63> are placed in
tx_raw<&> through tx_raw<71>, respectively.

119.2.6.2.3 Functions

AMP_COMPARE
Fhis function compares the values of first_pcsl and current_pcsl to determine if a valid alignment
marker payload sequence has been detected and returns the result of the comparison using the
variable amp_match. If current pcsl and first_pcsl both found a match and indicate the same PCS
lane number, amp_match is set to true.

DECODE(rx_coded<65:0>)
Decodes the 66-bit vector returning rx_raw<71:0>, which is sent to the 200GMII/400GMII. The
DECODE function shall decode the block as specified in 119.2.3.

ENCODE(tx raw<71:0>)

Encodes the 72-bit vector returning tx_coded<65:0>. The ENCODE function shall encode the
block as specified in 119.2.3.
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R _TYPE(rx_coded<65:0>)
This function classifies the current rx_coded<65:0> vector as belonging to one of the following
types, depending on its contents. The classification results are returned via the r_block type
variable.
Values: C; The vector contains a sync header of 10 and one of the following:

CI,) A ‘LIIUL«}\ t_ypc ﬁcld Uf \{)A‘IE aud Uiéilt valid bUlltlU} blldlabtclb Utilcl tllall IE Ul
/L1/;

b) A block type field of 0x4B.

LI; For EEE capability, the LI type is supported where the vector contains a sync header,
of 10, a block type field of Ox1E and eight control characters of 0x06 (/LI/).

S; The vector contains a sync header of 10 and the following:
a) A block type field of 0x78.

T; The vector contains a sync header of 10, a block type field of 0x87, 0x99; 0xAA,
0xB4, 0xCC, 0xD2, 0xE1 or OxFF and all control characters are valid.

D; The vector contains a sync header of O1.

E; The vector does not meet the criteria for any other value.

Valid control characters are specified in Table 82-1.
NOTE—A PCS that does not support EEE classifies vectors containing one ofymere /LI/ control characters as
type E.

R_TYPE NEXT
This function classifies the 66-bit rx coded vector, that immediately follows the current
rx_coded<65:0> vector as belonging to one of the five.fypes defined in R_TYPE, depending on its
contents. It is intended to perform a prescient end ©f\packet check. The classification results are
returned via the r_block type next variable.
SLIP
Causes the next candidate block position te be-tested. The precise method for determining the next
candidate block position is not specified and is implementation dependent. However, an
implementation shall ensure that all possible block positions are evaluated.
T TYPE = (tx_raw<71:0>)
This function classifies each 72<bit tx_raw vector as belonging to one of the following types
depending on its contents. The“Classification results are returned via the t block type variable.
Values: C; The vector centains one of the following:
a) Eight-valid control characters other than /O/, /S/, /T/, /Ll/, and /E/,
b) Ong valid ordered set.
LI; ForEEE capability, this vector contains eight /LI/ characters.
S; The vector contains an /S/ in its first character, and all characters following the /S/ are
data characters.
T; The vector contains a /T/ in one of its characters, all characters before the /T/ are data
characters, and all characters following the /T/ are valid control characters other
than /O/, /S/ and /T/.
D; The vector contains eight data characters.
E; The vector does not meet the criteria for any other value.

A tx_raw character is a control character if its associated TXC bit is asserted. A valid control
character is one containing an 200GMII/400GMII control code specified in Table 82-1. A valid
ordered set consists of a valid /O/ character in the first character and data characters in the seven
characters following the /O/. A valid /O/ is any character with a value for O code in Table 82-1.

NOTE—A PCS that does not support EEE classifies vectors containing one or more /LI/ control characters as
type E.
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119.2.6.2.4 Counters

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

alllp_\.«UulllUl
This counter counts the interval of i FEC codewords containing normal alignment marker payload
sequences (where i is 4096 for the 200GBASE-R PCS, and 8192 for the 400GBASE-R PCS).
cw,_bad count
Counts the number of consecutive uncorrected FEC codewords for codeword A. This counter is set
to zero when an FEC codeword A is received and cw,_bad is false.
cwp_bad_count

Counts the number of consecutive uncorrected FEC codewords for codeword B. This e¢ounter is set
to zero when an FEC codeword B is received and cwg_bad is false.

119.2.6.3 State diagrams

The 200GBASE-R PCS shall implement eight alignment marker lock processes.and the 400GBASE-R PCS
shall implement sixteen alignment marker lock processes as depicted in Figure 119—-12. An alignment
marker lock process operates independently on each lane. The alignment/marker lock state diagram shown
in Figure 119-12 determines when the PCS has obtained alignment marker lock to the received bit stream
for a given lane of the service interface. Each alignment marker lock process looks for two valid alignment
markers 278 528 x 10-bit Reed-Solomon symbols apart, on a per PCS lane basis, to gain alignment marker
lock. When the alignment marker lock process achieves loek for a lane, and if a Clause 45 MDIO is
implemented, the PCS shall record the PCS lane number received on that lane of the service interface in the
appropriate lane mapping register (3.400 to 3.415). Onee inlock, a lane goes out of alignment marker lock
only when restart_lock is signaled. This occurs when the PCS synchronization process determines that three
uncorrectable codewords in a row are seen, or when the alignment marker lock process sees five alignment
markers in a row that fail to match the expected pattern on a given lane.

The PCS shall run the synchronization process as depicted in Figure 119-13. The PCS synchronization
process is responsible for determinifig if the PCS is capable of presenting coherent data to the
200GMII/400GMII. The synchronization process ensures that all PCS lanes have alignment marker lock, are
locked to different alignment matkers, and that the Skew is within the boundaries of what the PCS can
deskew. The synchronization precess, along with the alignment marker lock process, are restarted if three
consecutive FEC codewords from the same codeword (A or B) are uncorrectable.

The Transmit state diagram shown in Figure 119—14 controls the encoding of 66-bit transmitted blocks. It
makes exactly onfe transition for each 66-bit transmit block processed. Though the Transmit state diagram
sends Local Fault ordered sets when reset is asserted, the scrambler is not guaranteed to be operational
during reset:-Thus, the Local Fault ordered sets may not appear on the PMA service interface.

The Reeeive state diagram shown in Figure 119—15 controls the decoding of received blocks. It makes
exactly one transition for each receive 66-bit block processed.

The PCS shall perform the functions of alignment marker lock, PCS synchronization, Transmit, and Receive
as specified in the respective state diagrams.
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Figure 119-12—Alignment marker lock state diagram
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reset + lall_locked + hi_ser

LOSS_OF_ALIGNMENT

align_staius < false
pcs_enable_deskew « false
restart_lock «< false

all_locked

DESKEW

pcs_enable_deskew « true

deskew_done *
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i v
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v i
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v
3 BAD
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Eigure 119-13—PCS synchronization state diagram
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Figure 119-14—Transmit state diagram
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Figure 119-15—Receive state diagram
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119.3 PCS management

The following objects apply to PCS management. If an MDIO Interface is provided (see Clause 45), they are
accessed via that interface. If not, it is recommended that an equivalent access is provided.

1931+ PE€S-MDBIOfunctiommmappinyg

The optional MDIO capability described in Clause 45 defines several registers that provide control and
status information for and about the PCS. If MDIO is implemented, it shall map MDIO control bits to PCS
control variables, as shown in Table 119-4, and MDIO status bits to PCS status variables. as shown in

Table 119-5.

Table 119-4—MDIO/PCS control variable mapping

MDIO control variable PCS register name Register/ bit PCS control variable
number
Reset PCS control 1 register 3.0.15 reset
Loopback PCS control 1 register 3.0.14 Foopback
Transmit test-pattern BASE-R PCS test-pattern | 3.42.3 tx_test mode
enable control register
LPI FW EEE control and 3.2000 LPI FW
capability
PCS FEC bypass indication PCS FEC control register+ -~3.800.1 FEC_bypass_indication_enable
enable
PCS FEC degraded SER enable | PCS FEC control régister | 3.800.2 FEC degraded SER enable
PCS FEC degraded SER PCS FEC degraded SER 3.806, 3.807 FEC degraded SER activate t
activate threshold activate thréshold register hreshold
PCS FEC degraded SER PCS FEC\degraded SER 3.808, 3.809 FEC_degraded SER deactivate
deactivate threshold deactivate threshold _threshold
register
PCS FEC degraded SER PCS FEC degraded SER 3.810, 3.811 FEC_degraded SER interval
interval interval

Table 119-5—MDIO/PCS status variable mapping

MDIOsstatus variable PCS register name Register/ bit PCS status variable
number
BASE*R/and MultiGBASE-T BASE-R and MultiGBASE-T 3.32.12 PCS_status
receive link status PCS status 1 register
Dane x aligned Multi-lane BASE-R PCS 3.52.7:0 am_lock<x>
alignment status 3 and 4 registers | 3.53.7:0
PCS lane alignment status Multi-lane BASE-R PCS 3.50.12 align_status

alignment status 1 register

Lane x mapping

Lane x mapping register

3.400 through
3.415

pes_lane mapping<x>

PCS FEC bypass indication
ability

PCS FEC status register

3.801.1

FEC bypass_indication
ability

© IEEE 2017 - All rights reserved
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Table 119-5—MDIO/PCS status variable mapping (continued)

MDIO status variable PCS register name Register/ bit PCS status variable
number
PCS FEC corrected codewords PCS FEC corrected codewords 3.802. 3.803 FEC_corrected_cw_coun
counter register ter
PCS FEC uncorrected PCS FEC uncorrected codewords | 3.804, 3.805 FEC uncorrected cw_co
codewords counter register unter

PCS FEC symbol errors, PCS
lanes 0 to x

PCS FEC symbol error counter
register, lanes 0 to x

3.600 to 3.631

FEC_symbol_error_coun
ter i

Tx LPI indication PCS status 1 3.1.9 Tx LPI indication
Tx LPI received PCS status 1 3.1.11 Tx LPI received
Rx LPI indication PCS status 1 3.1.8 Rx LPI indication
Rx LPI received PCS status 1 3.1.10 Rx ERI réceived
EEE wake error counter EEE wake error counter 322 Wake error counter
PCS FEC degraded SER ability | PCS FEC status register 3.801.3 FECidegradedisERiabil
ity
PCS FEC degraded SER PCS FEC status register 3.801.4 FEC_degraded_SER
Local degraded SER received PCS FEC status register 3,806 rx_local degraded
Remote degraded SER received | PCS FEC status register 3.801.5 rx_rm_degraded
PCS FEC high SER PCS FEC status register 3.801.2 hi_ser

119.4 Loopback

When the PCS is in loopback, the PCS shall aecept data on the transmit path from the 200GMII/400GMII
and return it on the receive path to the,200GMII/400GMIL. In addition, the PCS shall transmit what it
receives from the 200GMII/400GMII to_the PMA sublayer, and shall ignore all data presented to it by the
PMA sublayer. If a Clause 45 MDI@nis implemented, then the PCS is placed in the loopback when the
loopback bit from the PCS control | register (bit 3.0.14) is set to a one.

119.5 Delay constraints

The maximum delay Contributed by the 200GBASE-R PCS (sum of transmit and receive delays at one end
of the link) shall be¢ no more than 160256 BT (313 pause_quanta or 801.28 ns). The maximum delay
contributed by the 400GBASE-R PCS (sum of transmit and receive delays at one end of the link) shall be no
more than.320°000 BT (625 pause_quanta or 800 ns). A description of overall system delay constraints and
the definitions for bit times and pause _quanta can be found in 116.4 and its references.
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119.6 Protocol implementation conformance statement (PICS) proforma for
Clause 119, Physical Coding Sublayer (PCS) for 64B/66B, type 200GBASE-R and
400GBASE-R*

119.6.1 Introduction

The supplier of a protocol implementation that is claimed to conform to Clause 119, Physical Coding
Sublayer (PCS) for 64B/66B, type 200GBASE-R and 400GBASE-R, 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.

119.6.2 Identification

119.6.2.1 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 réquirements 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).

119.6.2.2 Protocol summary

Identification of protocol standard IEEE Std 802.3bs-2017, Clause 119, Physical Coding
Sublayer (PCS) 64B/66B, type 200GBASE-R and
400GBASE-R

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

Have any Exception items been required? No [ ] Yes [ ]
(See Clause. 2} the answer Yes means that the implementation does not conform to IEEE Std 802.3bs-2017.)

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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119.6.3 Major capabilities/options

Item Feature Subclause Value/Comment Status Support
MIIL 200GMII or 400GMII 117, Logical interface is supported O Yes [ ]
fergtermterfree o4 NerH
*PCS200 | PCS for 200GBASE-R 119.1.1 0.1 Yes [ ]
No[]
*PCS400 | PCS for 400GBASE-R 119.1.1 0.1 Yes [ ]
No[]
*MD MDIO 45,119.3 Registers and interface (6] Yes [N
supported NoT]
*BI Bypass indication 119.2.5.3 Capability is supported (¢} Yes [ ]
No[]
DC Delay constraints 119.5 Conforms to delay constraints M Yes [ ]
specified in 119.5
*EEE EEE capability 119.2.3.3 Capability is supported (0] Yes [ ]
No[]
JT™M Supports test-pattern mode 119.2.1 M Yes [ ]
FDD Support for optional FEC 119.2.5.3 In the FEC decoder can (¢} Yes [ ]
degraded detection optionally‘detect FEC SER No []
degraded\at a programmable
thresheld

119.6.4 PICS proforma tables for Physical.Coding Sublayer (PCS) 64B/66B,
type 200GBASE-R and 400GBASE-R

119.6.4.1 Transmit function

Item Feature Subclause Value/Comment Status Support
TF1 64B/66B to 256B/257B 119.2.4.2 tx_xcoded<256:0> M Yes [ ]
transcoder constructed per 119.2.4.2
TF2 Transmissien-bit ordering 119.2.4.8 First bit transmitted is bit 0 M Yes [ ]
TF3 Pad value 119.2.4.4 PRBS9 M Yes [ ]
TF4 Alighment marker insertion 119.2.4.4 M Yes [ ]
TF5 Pre-FEC distribution 119.2.4.5 Distribute the data to two FEC | M Yes [ ]
codewords
TF6 Reed-Solomon encoder 119.2.4.6 RS(544,514) M Yes [ ]
TF7 Symbol distribution 119.2.4.7 Distribution is based on 10b M Yes [ ]
symbols
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119.6.4.2 Receive function

Item Feature Subclause Value/Comment Status Support

RF1 Skew tolerance 119.2.5.1 Maximum Skew of 180 ns M Yes [ ]

| R pROQ1 q
OCTWeCITT o rancsanaa

maximum Skew Variation of

4 ns
RF2 Lane reorder and de- 119.2.5.2 Order the PCS lanes M Yes [ ]
interleave according to the PCS lane

number and de-interleave the
FEC codewords

RF3 Reed-Solomon decoder 119.2.5.3 Corrects any combination of M Yes [ ]
up to =15 symbol errors in a
codeword
RF4 Reed-Solomon decoder 119.2.5.3 Capable of indicating whena | M Yes [ ]
codeword was not corrected.
RF5 Error monitoring while error 119.2.5.3 When the number of symbol BI:M Yes [ ]
indication is bypassed errors in a block of 8192 N/AT]

codewords exceeds, 5560
assert hi_ser for 60'ms to

75 ms
RF6 256B/257B to 64B/66B 119.2.5.7 rx_coded/j<65:0>, j=0 to 3 M Yes [ ]
transcoder constructed’per 119.2.5.7
119.6.4.3 64B/66B coding rules
Item Feature Subclause Value/Comment Status Support

Cl Encoder (and ENCODE N9.2.3, M Yes [ ]
function) implements the code 119.2.6.2.3
as specified

C2 Decoder (and DECODE 119.2.3, M Yes [ ]
function) implements\the code 119.2.6.2.3
as specified

C3 Only valid bléock types are 119.2.3.2 M Yes [ ]
transmitted

C4 Invalid*block types are treated 119.2.3.2 M Yes [ ]
astan érror

C5 Only valid control characters 119.2.3.3 M Yes [ ]
are transmitted

Q6 Invalid control characters are 119.2.3.3 M Yes [ ]
treated as an error

C7 If EEE has not been 119.2.3.3 EEE:M Yes [ ]
negotiated, LPI is not N/A[]
transmitted

C8 If EEE has not been 119.2.3.3 EEE:M Yes [ ]
negotiated, LPI is treated as an N/A T[]
error if received
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Item Feature Subclause Value/Comment Status Support
C9 Idles do not interrupt data 119.2.3.5 M Yes [ ]
C10 IDLE control code insertion 119.2.3.5 Insertion or Deletion in groups | M Yes [ ]

and deletion of 8 /l/s
Cl1 Sequence ordered set deletion 119.2.3.8 Only one whole ordered set of | M Yes [ ]
two consecutive sequence
ordered sets may be deleted

119.6.4.4 Scrambler and descrambler

Item Feature Subclause Value/Comment Status Support
S1 Scrambler 119.2.4.3 Performs as shown in M Yes [ ]
Figure 49-8
S2 Descrambler 119.2.5.6 Performs as shown in M Yes [ ]
Figure 49-10

119.6.4.5 Alignment markers

Item Feature Subclause ‘Value/Comment Status Support

AMI1 Alignment marker insertion 119.2.4.4 Aligniment markers are M Yes [ ]
inserted periodically as in
119.2.4.4

AM2 Alignment marker form 119.2°44 Alignment markers are formed | M Yes [ ]
as described in 119.2.4.4

AM3 Lane mapping 119.2.6.3 PCS lane number is captured MD:M Yes [ ]

N/A[]
AM4 Alignment marker remowval 119.2.5.5 Alignment markers are M Yes [ ]

removed prior to descrambling
as described in

119.2.5.5
119.6.4.6 Test-pattern modes
Item Feature Subclause Value/Comment Status Support
JT1 Scrambled idle transmit 119.2.4.9 M Yes [ ]
test-pattern generator is
implemented

172
Copyright © 2017 IEEE. All rights reserved.

© IEEE 2017 - All rights reserved



https://iecnorm.com/api/?name=c9988e8402ed8380b26b6d6ea1aadd28

ISO/IEC/IEEE 8802-3:2017/Amd.10:2019(E)

IEEE Std 802.3bs-2017
Amendment 10: Media Access Control Parameters, Physical Layers, and Management Parameters
for 200 Gb/s and 400 Gb/s Operation

119.6.4.7 Bit order

Item Feature Subclause Value/Comment Status Support

Bl Transmit bit order 119.2.4.8 Placement of bits into the PCS | M Yes [ ]

1 1
TaNCS aS—SITOWIT T

Figure 119-10 or
Figure 119-11

119.6.4.8 Management

Item Feature Subclause Value/Comment Status Support
M1 Alternate access to PCS 119.3 O Yes [ ]
management object is provided No ]
M2 Mapping of MDIO control bits | 119.3.1 Table 119—4 and Table 119-5 MD:M Yes [ ]
and MDIO status bits N/AT]

119.6.4.9 State diagrams

Item Feature Subclause Valtae/Comment Status Support
SM1 Alignment marker lock 119.2.6 Implements 8 alignment PCS200:M | Yes[]
marker lock processes as N/A T[]

depicted in Figure 119-12

SM2 Alignment marker lock 119.2.6 Implements 16 alignment PCS400:M | Yes|[]
marker lock processes as N/A[]
depicted in Figure 119-12

SM3 The SLIP function evaluates [19.2.6.2.3 M Yes [ ]
all possible block positions

SM4 PCS synchronization state 119.2.6 Meets the requirements of M Yes [ ]
diagram Figure 119-13

SM5 Transmit process 119.2.6 Meets the requirements of M Yes [ ]

Figure 119-14

SM6 Receive process 119.2.6 Meets the requirements of M Yes [ ]
Figure 119-15

119.6.4.10'Loopback

Ttem Feature Subclause Value/Comment Status Support
L1 Supports loopback 119.4 M Yes [ ]
L2 When in loopback, transmits 119.4 M Yes [ ]

what it receives from the
200GMII/400GMIL
L3 When in loopback, ignore all 119.4 M Yes [ ]
data presented by the PMA
sublayer.
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119.6.4.11 Delay constraints

Item Feature Subclause Value/Comment Status Support

TIM1 PCS delay constraint 119.5 No more than 160 256 BT for PCS200: | Yes|[]

AN h N i |

£ - 1
StnTroT ransmt antarectrve VI TNTZY [

path delays for 200GBASE-R.

TIM2 PCS delay constraint 119.5 No more than 320 000 BT for PCS400: | Yes|[]
sum of transmit and receive M N/AT]
path delays for 400GBASE-R.
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120. Physical Medium Attachment (PMA) sublayer, type 200GBASE-R and
400GBASE-R

120.1 Overview

120.1.1 Scope

This clause specifies the Physical Medium Attachment sublayer (PMA) for the families of 200 Gb/s and
400 Gb/s Physical Layer implementations, known as 200GBASE-R and 400GBASE-R. The PMA allows
the PCS (specified in Clause 119) to connect in a media-independent way with a range of physical media; or
for the DTE XS to connect to the PHY XS (specified in Clause 118). The 200GBASE-R PMA(s) can
support any of the 200 Gb/s PMDs in Table 116-1, and the 400GBASE-R PMA(s) can support ‘any of the
400 Gb/s PMDs in Table 116-2. The terms 200GBASE-R and 400GBASE-R are used when referring
generally to Physical Layers using the PMA defined in this clause.

200GBASE-R and 400GBASE-R can be extended to support any full duplex medium-requiring only that the
PMD be compliant with the appropriate PMA interface.

The interfaces for the inputs of the 200GBASE-R and 400GBASE-R PMAs are defined in an abstract
manner and do not imply any particular implementation. For 200GBASE-R PMAs, electrical interfaces
connecting PMA sublayers, known as 200GAUI-n, are defined in AninexA20B, Annex 120C, Annex 120D,
and Annex 120E. For 400GBASE-R PMAs, electrical interfaces(connecting PMA sublayers, known as
400GAUI-n, are defined in Annex 120B, Annex 120C, Annex 120D, and Annex 120E.

120.1.2 Position of the PMA in the 200GBASE-R and 400GBASE-R sublayers

Figure 120-1 shows the relationship of the PMA sublayer (shown shaded) with other sublayers to the ISO
Open System Interconnection (OSI) reference medel:

120.1.3 Summary of functions

The following is a summary of the principal functions implemented (when required) by the PMA in both the
transmit and receive directions:

a)  Adapt the PCSL formatted'signal to the appropriate number of abstract or physical lanes.
b)  Provide per input-lane‘clock and data recovery.

c¢) Provide bit-leyvel multiplexing.

d) Provide clock-generation.

e) Provide signal drivers.

f)  Optionally provide local loopback to/from the PMA service interface.

g) Optionally provide remote loopback to/from the PMD service interface.

h)t._.Optionally provide test-pattern generation and detection.

1 Tolerate Skew Variation.

j)  Perform PAM4 encoding and decoding for 200GBASE-R PMAs where the number of physical
lanes is 4, and for 400GBASE-R PMAs where the number of physical lanes is 4 or 8.

I ddats tha PNLA | 3 PPN | tot 33 £ 'S 230 21 3 = 41
T aGOTrOT tHU T IviZ © ProvIiaUS TOCOTV O T STata S THTOTITa trOTH T tnUTOCUTV OO O CTTOTIT
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ETHERNET
osi LAYERS

REFERENCE HIGHER LAYERS

MODEL

LAYERS , LLC OR OTHER MAC CLIENT

4
APPLICATION / MAC CONTROL (OPTIONAL)
PRESENTATION / MAC
e RECONCILIATION |
SESSION
/7 200GMIl —» 400GMIl —»

TRANSPORT / 7/

400GBASE-R PCS

/
NETWORK /

/ PHY RIAY
DATALINK |/ PMD
PHYSICAL MDI —p
_____ ‘ MEDIUM ‘ MEDIUM
200GBASE-R 400GBASE-R

200GMII = 400 Gb/s MEDIA INDEPENDENT INTERFACE PCS = PHYSICAL €ODING SUBLAYER
400GMII = 400 Gb/s MEDIA INDEPENDENT INTERFACE PHY = PHYSICAL LAYER DEVICE

LLC = LOGICAL LINK CONTROL PMA = PHYSICAL MEDIUM ATTACHMENT
MAC = MEDIA ACCESS CONTROL PMD = PHYSICAL MEDIUM DEPENDENT
MDI = MEDIUM DEPENDENT INTERFACE

Figure 120-1—200GBASE-R and 400GBASE-:R PMA relationship to the ISO/IEC Open
Systems Interconnection (OSI) reference‘model and IEEE 802.3 Ethernet model

120.1.4 PMA sublayer positioning

An implementation may use one orsmore PMA sublayers to adapt the number and rate of the PCS lanes to
the number and rate of the PMD lanes. The number of PMA sublayers required depends on the partitioning
of functionality for a particuldryimplementation. An example is illustrated in Figure 120-2. Additional
examples are illustrated in Annex 120A. Each PMA maps the PCSLs from p PMA input lanes to ¢ PMA
output lanes in the Tx direction, and from q PMA input lanes to p PMA output lanes in the Rx direction.

Management Data-Input/Output (MDIO) Manageable Device (MMD) addresses 1, 8, 9, and 10 are available
for addressing multiple instances of PMA sublayers (see Table 45—1 for MMD device addresses). If the
PMA sublayetithat is closest to the PMD is packaged with the PMD, it shares MMD 1 with the PMD. More
addressalle)instances of PMA sublayers, each one separated from lower addressable instances by chip-to-
chip inteffaces, may be implemented and addressed allocating MMD addresses to PMAs in increasing
numerical order going from the PMD toward the MAC. The example shown in Figure 120-2 could be
implemented with three addressable instances: MMD 1 addressing the lowest PMA sublayer (co-packaged
with the PMD), MMD 8 addressing the PMA sublayer above the 200GAUI-4 below the 200GAUI-8 or
above the 400GAUI-8 below the 400GAUI-16, and MMD 9 addressing the PMA sublayer below the PCS.

The numberof input lanes-and the number of cutput lanes for a PMA are always divisors-of the numberof

PCSLs. For PMA sublayers supporting 200GBASE-R PMDs, the number of PCSLs is 8. For PMA
sublayers supporting 400GBASE-R PMDs, the number of PCSLs is 16.
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| MAC |
| RECONCILIATION |

200GMIl—» 400GMII—»

ZUUGBASE-RPLS

]
4UUGBASE-R FLS

MMD 9

| MMD 9

200GAUI-8—»

PM MMD 8 MMD 8
200GAUI-4 —p 400GAUI-8—»
- } MMD 1 } MMD 1
MDI —» MDI —»
‘ MEDIUM ‘ MEDIUM
200GBASE-R 400GBASE-R

200GAUI = 200 Gb/s ATTACHMENT UNIT INTERFACE MMD = MDIO MANAGEABLE DEVICE
200GMII = 200 Gb/s MEDIA INDEPENDENT INTERFACE PCS = PHYSICAL\CODING SUBLAYER
400GAUI = 400 Gb/s ATTACHMENT UNIT INTERFACE PHY = PHYSICAL LAYER DEVICE
400GMII = 400 Gb/s MEDIA INDEPENDENT INTERFACE PMA = PHYSICAL MEDIUM ATTACHMENT
MAC = MEDIA ACCESS CONTROL PMD =PHYSICAL MEDIUM DEPENDENT
MDI = MEDIUM DEPENDENT INTERFACE

Figure 120-2—Example 200GBASE-R.and 400GBASE-R PMA layering

The following guidelines apply to the partitioning 6f PMAs:

a) The inter-sublayer service interfacejvdefined in 116.3.1, is used for the PMA service interfaces
supporting a flexible architecture with multiple PMA sublayers.

1) An instance of this intetface can only connect service interfaces with the same number of lanes,
where the lanes operate at the same rate.

b) 200GAUI-n is a physiealinstantiation of the connection between two adjacent 200GBASE-R PMA
sublayers with the-exception of the inst:IS _SIGNAL.indication which is carried outside of this
physically instantiated interface. 400GAUI-n is a physical instantiation of the connection between
two adjacent @00GBASE-R PMA sublayers with the exception of the inst:IS SIGNAL.indication
which is ¢arried outside of this physically instantiated interface.

1) As physical instantiations, these define electrical and timing specification as well as requiring a
receive re-timing function.

2)~ 200GAUI-8 is a 26.5625 GBd by 8 lane NRZ physical instantiation of the 200 Gb/s
connection. 400GAUI-16 is a 26.5625 GBd by 16 lane NRZ physical instantiation of the
400 Gb/s connection.

3) 200GAUI-4 is a 26.5625 GBd by 4 lane PAM4 physical instantiation of the 200 Gb/s
connection. 400GAUI-8 is a 26.5625 GBd by 8 lane PAM4 physical instantiation of the
400 Gb/s connection.

Ty Theabstract mter=subtayer service nterface cam be physicatty Instamtiatedasa 200GA T or
400GAUI-n, using associated PMAs to map to the appropriate number of lanes.

d) Opportunities for optional test-pattern generation, optional test-pattern detection, optional local
loopback and optional remote loopback are dependent upon the location of the PMA sublayer in the
implementation. See Figure 120-5.
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e) A minimum of one PMA sublayer is required in a PHY.
f) A maximum of four PMA sublayers are addressable as MDIO MMDs.

120.2 PMA interfaces

All PMA variants for 200GBASE-R and 400GBASE-R are based on a generic specification of a bit mux
function that applies to all input/output lane counts and each direction of transmission. Each direction of
transmission may employ one or more such bit muxes to adapt from the appropriate number of input lanes to
the appropriate number of output lanes as illustrated in Figure 120-3.

m input lanes

PMA
bit mux

n output lanes

Figure 120-3—PMA bit mux used in both Tx and Rx directions

Conceptually, the PMA bit mux operates in one direction eftransmission by demultiplexing PCSLs from m
PMA input lanes and remultiplexing them into n PMA ‘utput lanes. The mapping of PCSLs from input to
output lanes is not specified. See 120.5.2 and Figure 1204 for details.

Figure 120-5 provides the functional block diagram of a PMA. The parameters of a PMA include the
following:

— The numbers of input and output lanes in each direction.

— Whether the PMA is adjacent\to a physically instantiated interface (200GAUI-n or 400GAUI-n
above or below).

—  Whether the PMA is adjdéent to the PCS or DTE XS.
—  Whether the PMA jsyadjacent to the PMD or PHY XS.

120.3 PMA service interface

The PMA service interface for 200GBASE-R and 400GBASE-R is an instance of the inter-sublayer service
interface defined in 116.3.1. The PMA service interface primitives are summarized as follows:

PMA:IS_UNITDATA_i.request(tx_symbol)
PMA:IS UNITDATA i.indication(rx_symbol)
PMA:IS_SIGNAL.indication(SIGNAL OK)

For a PMA service interface with p lanes, the primitives are defined fori=0top— 1.

If the PMA client is the PCS or DTE XS, the PMA continuously sends eight (for 200GBASE-R) or sixteen
(for 400GBASE-R) parallel bit streams to the PCS, each at the nominal signaling rate of the PCSL.
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Figure 120-4—PMA bit mux-operation used in both Tx and Rx directions

If a PMA client is another PMA, a~200GBASE-R PMA with p=8 or a 400GBASE-R PMA with p=16
physical input lanes receives bits;from one PCSL on each of its input lanes. A 200GBASE-R PMA with p=4
physical input lanes receives\PAM4 symbols on each of its input lanes at the PCSL rate, each symbol
formed from two bits. A 400GBASE-R PMA with p=4 or p=8 physical input lanes receives PAM4 symbols
on each of its input lages at 8/p times the PCSL rate, each symbol formed from two bits. The bit stream
represented by the input symbols carries z/p bit-multiplexed PCSLs on each physical input lane, where z=8
for 200GBASE-R _and z=16 for 400GBASE-R. Skew may exist between different PCSLs received on the
same physical input lane even though all PCSLs originate from the same synchronous source, so there is
independence of arrival of bits from each PCSL on each physical input lane.

In the Tx direction, if the symbol from a PMA:IS UNITDATA i.request primitive is received over a
physically instantiated interface (200GAUI-n or 400GAUI-n), clock and data are recovered on the lane
receiving the symbol. If necessary, PAM4 symbols are converted to pairs of bits. Bits are routed through the
PMA to an output lane through a process that may demultiplex PCSLs from the input, perform any
necessary buffering to tolerate Skew Variation across input lanes, and multiplex PCSLs to output lanes. If
necessary, pairs of bits on output lanes are converted to PAM4 symbols. The symbols are sent on an output

lane to the sublayer below using the inst:IS UNITDATA_k.request (k not necessarily equal to i) primitive
(see 120.4).
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Figure 120-5—PMA Functional Block Diagram

The PMA-passes symbols from the input lanes to the output lanes in the Rx direction when data is being
received from every input lane from the sublayer below the PMA that has a PCSL that is routed to a
particular output lane at the PMA service interface, and (if necessary), buffers are filled to allow tolerating
the Skew Variation that may appear between the input lanes. PCSLs are demultiplexed from the input lanes,
remultiplexed to the output lanes, and symbols are transferred over each output lane to the PMA client via
the PMA:IS UNITDATA i.indication primitive. If necessary, PAM4 symbols are converted to pairs of bits
on the input lanes and/or pairs of bits are converted to PAM4 symbols on the output lanes.

The PMA:IS_SIGNAL.indication primitive is generated through a set of Signal Indication Logic (SIL) that
reports signal health based on receipt of the inst:IS_SIGNAL.indication from the sublayer below, data being
received on all of the input lanes from the sublayer below, buffers filled (if necessary) to accommodate
Skew Variation, and symbols being sent to the PMA client on all of the output lanes. When these conditions
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are met, the SIGNAL OK parameter sent to the PMA client via the PMA:IS SIGNAL.indication primitive
has the value OK. Otherwise, the SIGNAL_OK primitive has the value FAIL. In the case where the sublayer
below the PMA is a PHY XS the PMA does not receive a PHY XS:IS_SIGNAL.indication as an input to
the SIL.

120.4 Service interface below PMA

Since the architecture supports multiple PMA sublayers for various PMD lane counts and device
partitioning, there are several different sublayers that may appear below a PMA, including the PMD, arl
extender sublayer, or another PMA. The variable inst represents whichever sublayer appears below the PMA
(e.g., another PMA or PMD).

The sublayer below the PMA utilizes the inter-sublayer service interface defined in 116.3.“The service
interface primitives provided to the PMA are summarized as follows:

inst:IS_UNITDATA _i.request(tx_symbol)
inst:IS_UNITDATA_i.indication(rx_symbol)
inst:IS_SIGNAL.indication(SIGNAL OK)

The number of lanes q for the service interface matches the number of danes expected by the PMA. The
inst:IS_UNITDATA i primitives are defined for each lane i = 0 to q <V of the service interface below the
PMA. Note that electrical and timing specifications of the servicesinterface are defined if the interface is
physically instantiated (e.g., 200GAUI-n or 400GAUI-n), otherwis¢ the service interface is specified only
abstractly. The interface between the PMA and the sublayer below consists of q lanes for data transfer and a
status indicating a good signal from the sublayer below the PMA (see Figure 120-5).

The PMA transfers symbols from the input lanes to, the output lanes in the Tx direction when data is being
received via the PMA:IS UNITDATA_i.request pritnitive from every input lane from the PMA client at the
PMA service interface (see 120.3) that has a/PCSL that is routed to this output lane, and (if necessary),
buffers are filled to provide the ability to tdlerate the Skew Variation that may appear between the input
lanes from the PMA client. PCSLs are defaultiplexed from the input lanes, remultiplexed to the output lanes,
and symbols are transferred over each ouitput lane to the sublayer below the PMA.

In the Rx direction, if the symibol is received over a physically instantiated interface (200GAUI-n,
400GAUI-n, or physically instantiated PMD service interface), clock and data are recovered on the lane
receiving the symbol. If neegssary, PAM4 symbols received on the input lanes are converted to pairs of bits.
The bits are routed through the PMA to an output lane toward the PMA client through a process that may
demultiplex PCSLs.ftom the input, perform any necessary buffering to tolerate Skew Variation across input
lanes, and multiplex*PCSLs to output lanes. If necessary, pairs of bits are converted to PAM4 symbols on
the output lanes. Each symbol is sent on an output lane to the PMA client using the
PMA:IS_UNIFDATA _*k.indication (k not necessarily equal to i) primitive at the PMA service interface.

In the case where the sublayer below the PMA is a PHY XS, there is an additional primitive:

PHY XS:IS_SIGNAL.request(SIGNAL OK)

The PHY XS:IS SIGNAL.request primitive is generated through a set of SIL that reports signal health
based on data bemg recelved on all of the mput lanes from the sublayer above, buffers filled (1f necessary) to

condltlons are met, the SIGNAL OK parameter sent to the PHY XS via the PHY XS:IS | SIGNAL request
primitive has the value OK. Otherwise, the SIGNAL OK primitive has the value FAIL.
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120.5 Functions within the PMA

The purpose of the PMA is to adapt the PCSL formatted signal to an appropriate number of abstract or
physical lanes, to recover clock from the received signal (if appropriate), and optionally to provide test
signals and loopback. Each input (Tx direction) or output (Rx direction) lane between the PMA and the

— PMATlhentTarriesone or more PC Ststhatare-bitmuttiptexed At mputand-output tanes-between the

PMA and the PMA client carry the same number of PCSLs and operate at the same nominal signaling rate.
Likewise, each input (Rx direction) or output (Tx direction) lane between the PMA and the sublayer below
the PMA carries one or more PCSLs that are bit-multiplexed. All input and output lanes between the PMA,
and the sublayer below the PMA carry the same number of PCSLs and operate at the same nominal
signaling rate. As described in 120.1.4, the number of input lanes and the number of output lanes for a given
PMA are divisors of 8 for 200GBASE-R, or 16 for 400GBASE-R, which are the number of PCSLsfor the
respective PHYs. The symbols received from input lanes or sent on output lanes are bits for 200GBASE-R
interfaces where the number of lanes is 8, or 400GBASE-R interfaces where the number of lanes‘is 16. The
symbols received from input lanes or sent on output lanes are PAM4 symbols for 200GBASE-R interfaces
where the number of lanes is 4, or 400GBASE-R interfaces where the number of lanes 1s.8.0r 4.

120.5.1 Per input-lane clock and data recovery

If the interface between the PMA client and the PMA is physically, dnstantiated as 200GAUI-n or
400GAUI-n, the PMA shall meet the electrical and timing specifications/in Annex 120B, Annex 120C,
Annex 120D, or Annex 120E as appropriate. If the interface between the’sublayer below the PMA and the
PMA is physically instantiated as 200GAUI-n or 400GAUI-n, the PMA shall meet the electrical and timing
specifications at the service interface below the PMA as\Spécified in Annex 120B, Annex 120C,
Annex 120D, or Annex 120E as appropriate.

Test patterns that are intended for transmitter testing, such as square wave, may not be correctly recovered
by an adjacent PMA.

120.5.2 Bit-level multiplexing

The PMA provides bit-level multiplexing in both the Tx and Rx directions. In the Tx direction, the function
is performed among the bits received from the PMA client via the PMA:IS UNITDATA_i.request
primitives (for PMA client lanes i = 0" to p — 1) with the result sent to the service interface below the PMA
using the inst:IS UNITDATA_gxequest primitives (for service interface lanes i = 0 to q — 1), referencing the
functional block diagram shown in Figure 120-5. The bit multiplexing behavior is illustrated in
Figure 120-4.

The aggregate signahcarried by the group of input lanes or the group of output lanes is arranged as a set of
PCSLs. The number of PCSLs z is 8 for 200GBASE-R interfaces and 16 for 400GBASE-R interfaces. The
nominal bit rate R of each PCSL is 26.5625 Gb/s.

For a PMA” with m input lanes (Tx or Rx direction), each input lane carries, bit multiplexed, z/m PCSLs.
Eachtinput lane has a nominal bit rate of 26.5625 x z/m Gb/s. Note that the signaling (Baud) rate is equal to
the-bit rate when the number of physical lanes is 8 for 200GBASE-R or 16 for 400GBASE-R (bits are sent
or received on the lanes). The Baud rate is equal to half of the bit rate when the number of physical lanes is
4 for 200GBASE-R or the number of physical lanes is 8 or 4 for 400GBASE-R (PAM4 symbols are sent or
received on the lanes). If necessary, PAM4 symbols are converted to pairs of bits on the input lanes and/or
pairs of bits are converted to PAM4 symbols on the output lanes. If bit x received on an input lane belongs to

a particular PCSL, the next bit of that same PCSL is received on the same input lane at bit position x+(z/m).
The z/m PCSLs may arrive in any sequence on a given input lane.

For a PMA with n output lanes (Tx or Rx direction), each output lane carries, bit multiplexed, z/n PCSLs.
Each output lane has a nominal signaling rate of 26.5625 x z/n Gb/s. Each PCSL is mapped from a position
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in the sequence on one of the m input lanes to a position in the sequence on one of the n output lanes. If bit x
sent on an output lane belongs to a particular PCSL, the next bit of that same PCSL is sent on the same
output lane at bit position x + (z/n). The PMA shall maintain the chosen sequence of PCSLs on all output
lanes while it is receiving a valid stream of bits on all input lanes.

Eﬂbll PCSL lC\uUiVUd ill alty tUllllJUl al PUDitiUll Ull all iuput lallU iD tl aubfcucd illtU a tCllllJUl(ll PUDiti\Jll VIl dIt
output lane. As the PCS (see Clause 119) has fully flexible receive logic, an implementation is free to
perform the mapping of PCSLs from input lanes to output lanes without constraint. Figure 1206 illustrates
one possible bit ordering for a 400GBASE-R 8:4 PMA bit mux. Other bit orderings are also valid.

Note that since the number of input lanes and output lanes for a 200GBASE-R or 400GBASE-R PMA, is
always a power of two, many PMAs converting between different numbers of lanes normally Simply
multiplex two or four input lanes to one output lane, or demultiplex two or four output lanes from one input
lane. However, any PMA implementation which produces an allowable order of bits from all RCSLs on the
output lanes is valid.

NOTE—PMA output lanes composed of some specific combinations of four PCSLs with specific ‘skew offsets (e.g.,
400GBASE-R PCSLs 0, 2, 4, and 10 with delays 0, 1, 0, and 2 bits, respectively) may have reduced transition density.

120.5.3 Skew and Skew Variation

The Skew (relative delay) between the PCSLs must be kept within limits’so.that the information on the lanes
can be reassembled by the PCS.

Any PMA that combines PCSLs from different input lanes onte the same output lane must tolerate Skew
Variation between the input lanes without changing the PCSL' positions on the output. Skew and Skew
Variation are defined in 116.5. The limits for Skew and Skeéw Variation at physically instantiated interfaces
are specified at Skew points SP1 and SP2 in the transmit\direction and SP5 and SP6 in the receive direction
as defined in 116.5 and illustrated in Figure 1164 &nd Figure 116-5.

120.5.3.1 Skew generation toward SP1

In an implementation with one or more physically instantiated 200GAUI-n or 400GAUI-n interfaces, the
PMA that sends data in the transmit\direction toward the 200GAUI-n or 400GAUI-n that is closest to the
PMD (SP1 in Figure 116—4 and Eigufe 116-5) shall produce no more than 29 ns of Skew between PCSLs
toward the 200GAUI-n or 400GAUI-n, and no more than 200 ps of Skew Variation.

120.5.3.2 Skew tolerance at SP1

In an implementation Wwith one or more physically instantiated 200GAUI-n or 400GAUI-n interfaces, the
PMA service interface that receives data in the transmit direction from the 200GAUI-n or 400GAUI-n (SP1
in Figure 116=4 and Figure 116-5) shall tolerate the maximum amount of Skew Variation allowed at SP1
(200 ps) between input lanes while maintaining the bit ordering and position of each PCSL on each PMA
lane in(the transmit direction (toward the PMD).

120.5.3.3 Skew generation toward SP2
If the PMD service interface is physically instantiated so that the Skew at SP2 can be measured, the PMA

adjacent to the PMD service interface shall generate no more than 43 ns of Skew, and no more than 400 ps
of Skew Variation between output lanes toward the PMD service interface (SP2 in Figure 116-4 and

Figure 116-5). If there is a physically instantiated 200GAUI-n or 400GAUI-n as well, then the Skew
measured at SP1 is limited to no more than 29 ns of Skew and no more than 200 ps of Skew Variation.
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8 Lane PMA input

4 Lane PMA output

NOTE—i.k indicates bit k on PCSL i. Skew may exist between PCSLs.

Figure 120-6—Example 8:4 400GBASE-R PMA bit mux
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120.5.3.4 Skew tolerance at SP5

If the PMD service interface is physically instantiated so that the Skew at SP5 can be measured, the PMA
adjacent to the PMD service interface (SP5) shall tolerate the maximum amount of Skew Variation allowed
at SP5 (3.6 ns) between output lanes from the PMD service interface while maintaining the bit ordering and

bt ad AR s Yalah 4 L. DAL AL - 4l - 1. e yon 1 4l MNAA L
PUDILLUIL Urvaviir 1 CoLrL Uil Calll T IvIA 1dllC IIT UIC TUCUUT VO UITCUUIUIT \I.UW(:uU UIv 1V11‘\\/}.
120.5.3.5 Skew generation at SP6

In an implementation with one or more physically instantiated 200GAUI-n or 400GAUI-n interfaces, at SR
(the receive direction of the 200GAUI-n or 400GAUI-n closest to the PCS), the PMA or group of PMAs
between the PMD and the 200GAUI-n or 400GAUI-n closest to the PCS shall deliver no more than'60 ns
of Skew, and no more than 3.8 ns of Skew Variation between output lanes toward the 200GAUI-n or
400GAUI-n in the Rx direction. If there is a physically instantiated PMD service interface that\allows the
Skew to be measured, the Skew measured at SPS5 is limited to no more than 145 ns of Skew) and no more
than 3.6 ns of Skew Variation. If there is no physically instantiated PMD service dnterface, the Skew
measured at SP4 is limited to no more than 134 ns of Skew, and no more than 3.4 nscof-Skew Variation.

120.5.3.6 Skew tolerance at SP6

In an implementation with one or more physically instantiated 200GAJ¢ or 400GAUI-n interfaces, the
PMA between the 200GAUI-n or 400GAUI-n closest to the PCS and\the’PCS shall tolerate the maximum
amount of Skew Variation allowed at SP6 (3.8 ns) between input,langs while maintaining the bit order and
position of PCSLs on lanes sent in the receive direction towards\theMAC.

120.5.4 Delay constraints
The maximum cumulative delay contributed by up,to-four PMA stages in a PHY (sum of transmit and
receive delays at one end of the link) shall meet the'yalues specified in Table 120—1. A description of overall

system delay constraints and the definitions_for bit-times and pause_quanta can be found in 116.4 and its
references.

Table 120-1—Delay constraints

Maximum Maximum .
Sublayer (bit time) (pause_quanta) Maximum (ns)
200GBASE-R'PMA 18 432 36 92.16
400GBASE-R PMA 36 864 72 92.16

120.5.5_Clocking architecture

ACPMA with m input lanes and n output lanes shall clock the output lanes such that the bit rate of the output
lanes is m/n times the bit rate of the input lanes. For input or output lanes encoded as PAM4 (for
200GBASE-R, where the number of input or output lanes is 4, or for 400GBASE-R, where the number of
input or output lanes is 4 or 8), the symbol rate is half of the bit rate. This applies in both the Tx and Rx

threctionsof transmisston—trthecasewhere-the mterfaces betweenr the PMAchentamd-the PvMA—and/or the
PMA and the sublayer below the PMA are physically instantiated, the PMA may derive its input clock(s)
from the electrical interface on one or more of the input lanes, and generate the output clock(s) with an
appropriate PLL multiplier/divider circuit.
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There is no requirement that the PMA clock all output lanes in unison. Examples of independent clocking of
output lanes include the following:
— The case where the number of input and output lanes are equal (the PMA is provided for retiming
and regeneration of the signal). This may be implemented without any rearrangement of PCSLs
between input lanes and output lanes (although rearrangements are allowed), and such a PMA may

be implemented by driving each output lane using the clock recovered from the corresponding mput
lane.

— Since the number of PCSLs is a power of 2, whenever the number of input and output lanes are
unequal, each input lane could be mapped to multiple output lanes (in the case where the number of]
output lanes is greater), or multiple input lanes could be mapped to a single output lane.

120.5.6 Signal drivers

For cases where the interface between the PMA client and the PMA, or between the PMA and'the sublayer
below the PMA represent a physically instantiated interface, the PMA provides electrical'sighal drivers for
that interface. The electrical and jitter/timing specifications for these interfaces appear in
— Annex 120B, which specifies the 200GAUI-8 and 400GAUI-16 interfaces for chip-to-chip
applications.
— Annex 120C, which specifies the 200GAUI-8 and 400GAUI-16{interfaces for chip-to-module
applications.
— Annex 120D, which specifies the 200GAUI-4 and 400GAUI-8 interfaces for chip-to-chip
applications.
— Annex 120E, which specifies the 200GAUI-4 and-400GAUI-8 interfaces for chip-to-module
applications.

For 200GAUI-8 or 400GAUI-16, the modulation fofimat is NRZ. For 200GAUI-4 or 400GAUI-8, the
modulation format is PAM4.

120.5.7 Gray mapping for PAM4 encoded lanes

For output lanes encoded as PAM4 (for 200GBASE-R, where the number of output lanes is 4, or for
400GBASE-R, where the number of-Qutput lanes is 4 or 8), the PMA transmit process shall map consecutive
pairs of bits {A, B}, where A is the\bit arriving first, to a Gray-coded symbol as follows:

{0, 0} maps to 0,
{0, 1} maps to, I;
{1, 1} mapstoZ, and
{1, 0} maps-to 3.

For input danes encoded as PAM4 (for 200GBASE-R, where the number of input lanes 4, or for
400GBASE!R, where the number of input lanes is 4 or 8), the PMA receive process shall map Gray-coded
PAM4'symbols to pairs of bits {A, B} where A is considered to be the first bit as follows:

0 maps to {0, 0},
1 maps to {0, 1},
2 mapsto {1, 1}, and
3 mapsto {1, 0}.

120.5.8 Link status

The PMA shall provide link status information to the PMA client using the PMA:IS_SIGNAL.indication
primitive. The PMA continuously monitors the link status reported by the service interface below from the
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inst:IS_SIGNAL.indication primitive, and uses this as input to Signal Indication Logic (SIL) to determine
the link status to report to the layer above. Other inputs to the SIL may include the status of clock and data
recovery on the lanes from the service interface below the PMA and whether buffers/FIFOs have reached
the required fill level to accommodate Skew Variation so that data is being sent on the output lanes.

——————120:5.9- PMA-locattoopback-mode-{foptionat)

PMA local loopback mode is optional. If it is implemented, it shall be as described in this subclause
(120.5.9).

The PMA sublayer may provide a local loopback function. The function involves looping back each input
lane to the corresponding output lane. Each bit received from the
PMA:IS UNITDATA i.request(tx_symbol) primitive is looped back in the direction of the MAGC, using the
PMA:IS UNITDATA i.indication(rx_symbol) primitive.

During local loopback, the PMA performs normal bit muxing of PCSLs per 120.5.2 onte the'lanes in the Tx
direction toward the service interface below the PMA.

Ability to perform this function is indicated by the Local loopback ability status’ variable. If a Clause 45
MDIO is implemented, this variable is accessible through bit 1.8.0 (45.2.1,7.}5). A device is placed in local
loopback mode when the Local loopback enable control variable is setto one, and removed from local
loopback mode when this variable is set to zero. If a Clause 45 MDIO’”is implemented, this variable is
accessible through PMA/PMD control 1 register (bit 1.0.0, see 45.2(1.1'5).

120.5.10 PMA remote loopback mode (optional)

PMA remote loopback mode is optional. If implemented, it shall be as described in this subclause
(120.5.10).

Remote loopback, if provided, should be implemented in a PMA sublayer close enough to the PMD to
maintain the bit sequence on each individual’\PMD lane. When remote loopback is enabled, each symbol
received over a lane of the service interface below the PMA via inst:IS UNITDATA _i.indication is looped
back to the corresponding output lanetoward the PMD via inst:IS UNITDATA i.request. Note that the
service interface below the PMA can'be provided by the PHY XS, PMD, or another PMA sublayer.

During remote loopback, the.RMA performs normal bit muxing of PCSLs per 120.5.2 onto the lanes in the
Rx direction towards the.PMA client.

The ability to petform this function is indicated by the 200G_Remote loopback ability and
400G_Remote loopback ability status variables for the 200GBASE-R PMA and 400GBASE-R PMA,
respectively. 4 If* a Clause45 MDIO is implemented, the 200G Remote loopback ability and
400G_Remote loopback ability variables are accessible through bit 1.23.15 (45.2.1.14e.1) and bit 1.24.15
(45.2.1(14f1), respectively. A device is placed in remote loopback mode when the
Remote loopback enable control variable is set to one, and removed from remote loopback mode when this
variable is set to zero. If a Clause 45 MDIO is implemented, this variable is accessible through PMA/PMD
Qontrol register 1 (bit 1.0.1, see 45.2.1.1.4).

120.5.11 PMA test patterns (optional)

Where the output lanes of the PMA appear on a physically instantiated interface 200GAUI-n, 400GAUI-n or
the PMD service interface (whether or not it is physically instantiated), the PMA may optionally generate
and detect test patterns. These test patterns are used to test adjacent layer interfaces for an individual PMA
sublayer or to perform testing between a physically instantiated interface of a PMA sublayer and external
testing equipment.
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120.5.11.1 Test patterns for NRZ encoded signals

For a 200GBASE-R PMA with 8 output lanes or a 400GBASE-R PMA with 16 output lanes using 2-level
NRZ encoding, the test patterns in this clause may be supported.
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the  PRBS9 Tx generator ability, = PRBS9 Rx generator ability, = PRBS31 Tx generator ability,
PRBS31 Rx generator_ability, and Square wave ability status variables, which if a Clause 45 MDIO is
implemented are accessible through bits 1.1500.5, 1.1500.4, 1.1500.3, 1.1500.1, and 1.1500.12, respectively,
(see 45.2.1.123).

120.5.11.1.1 PRBS31 test pattern

The ability to check PRBS31 test patterns in each direction of transmission are indicated by the
PRBS31 Tx checker ability and PRBS31 Rx checker ability status variables, whichs\ify a Clause 45
MDIO is implemented, are accessible through bits 1.1500.2 and 1.1500.0, respectively (s¢e'45.2.1.123).

If supported, when send Tx PRBS31 test pattern is enabled by the yPRBS31 enable and
PRBS Tx gen enable control variables, the PMA shall generate a PRBS31 patferw'(as defined in 49.2.8) on
each of the lanes toward the service interface below the PMA via thelinst:IS UNITDATA i.request
primitive. To avoid correlated crosstalk, it is highly recommended that.th¢ PRBS31 patterns generated on
each lane be generated from independent, random seeds or at a minithtint offset of 20 000 UI between the
PRBS31 sequence on any lane and any other lane. When send Tx PRBS31 test pattern is disabled, the PMA
returns to normal operation performing bit multiplexing as described in 120.5.2. If a Clause 45 MDIO is
implemented, the PRBS31 enable and PRBS Tx_gen_enable tontrol variables are accessible through bits
1.1501.7 and 1.1501.3 (see 45.2.1.124).

If supported, when send Rx PRBS31 test/pattern is enabled by the PRBS31 enable and
PRBS Rx gen enable control variables, the PMA,shall generate a PRBS31 pattern on each of the lanes
toward the PMA client via the PMA:IS UNITDATA i.indication primitive. While this test pattern is
enabled, the PMA also generates PMA:ISUSIGNAL.indication(SIGNAL_ OK) toward the PMA client
independent of the link status at the service.interface below the PMA. When send Rx PRBS31 test pattern is
disabled, the PMA returns to normal~0peration performing bit multiplexing as described in 120.5.2. If a
Clause 45 MDIO is implemented,, the PRBS31 enable and PRBS Rx_gen enable control variables are
accessible through bits 1.1501.7-and 1.1501.1 (see 45.2.1.124).

If supported, when check) Tx PRBS31 test pattern mode is enabled by the PRBS31 enable and
PRBS_Tx check enable. control variables, the PMA shall check for the PRBS31 pattern on each of the
lanes received fromsthe PMA client via the PMA:IS UNITDATA i.request primitive. The checker shall
increment the test<pattern error counter by one for each incoming bit error in the PRBS31 pattern for isolated
single bit errors.-Implementations should be capable of counting at least one error whenever one or more
errors oceutin a sliding 1000-bit window. If a Clause 45 MDIO is implemented, the PRBS31_enable and
PRBS (Txtheck enable control variables are accessible through bits 1.1501.7 and 1.1501.2 (see
452%.124). The Tx test-pattern error counters Ln0 PRBS Tx test err counter through
nlS PRBS Tx test err counter count, per lane, errors in detecting the PRBS31 pattern on the lanes from
the PMA client. If a Clause 45 MDIO is implemented, these counters are accessible through registers 1.1600
through 1.16015 (see 45.2.1.126). When check Tx PRBS31 test pattern is disabled, the PMA expects normal
traffic and test-pattern error counting does not continue. While in check Tx PRBS31 test-pattern mode, bit
multiplexing continues as described in 120.5.2. Note that bit multiplexing of per-lane PRBS31 may produce

a signal which is not meaningful for downstream sublayers.
If supported, when check Rx PRBS31 test-pattern mode is enabled by the PRBS31 enable and

PRBS_Rx_check enable control variables, the PMA shall check for the PRBS31 pattern on each of the
lanes received from the service interface below the PMA via the inst:IS_ UNITDATA_i.indication primitive.
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If a Clause 45 MDIO is implemented, the PRBS31 enable and PRBS Rx check enable control variables
are accessible through bits 1.1501.7 and 1.1501.0 (see 45.2.1.124). The Rx test-pattern error counters
Ln0 PRBS Rx test err counter through Lnl5 PRBS Rx test err counter count, per lane, errors in
detecting the PRBS31 pattern on the lanes from the service interface below the PMA. If a Clause 45 MDIO
is implemented, these counters are accessible through registers 1.1700 through 1.1715 (see 45.2.1.127).
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a valid signal. When check Rx PRBS31 test pattern is disabled, the PMA returns to normal operation
performing bit multiplexing as described in 120.5.2.

120.5.11.1.2 PRBS9 test pattern

If supported, when send Tx PRBSO test-pattern mode is enabled by the PRBS9_enable and Tx_gen @nable
control variables, the PMA shall generate a PRBS9 pattern (as defined in Table 68-6) on each lang toward
the service interface below the PMA via the inst:IS_ UNITDATA _i.request primitive. If a Clause 45 MDIO
is implemented, the PRBS9 enable and Tx gen enable control variables are accessible)through bits
1.1501.6 and 1.1501.3 (see 45.2.1.124). When send Tx PRBS9 test-pattern mode is~disabled, the PMA
returns to normal operation performing bit multiplexing as described in 120.5.2.

If supported, when send Rx PRBS9 test-pattern mode is enabled by the PRBS9)¢nable and Rx_gen enable
control variables, the PMA shall generate a PRBS9 pattern on each laned4oward the PMA client via the
PMA:IS UNITDATA i.indication primitive. The PMA also generates
PMA:IS SIGNAL.indication(SIGNAL_OK) toward the PMA client\iidépendent of the link status at the
service interface below the PMA. If a Clause 45 MDIO is (implemented, the PRBS9 enable and
Rx_gen_enable control variables are accessible through bits 1.1501:6 and 1.1501.1 (see 45.2.1.124). When
send Rx PRBS9 test-pattern mode is disabled, the PMA(returns to normal operation performing bit
multiplexing as described in 120.5.2.

Note that PRBS9 is intended to be checked by external test gear, and no PRBS9 checking function is
provided within the PMA.

120.5.11.1.3 Square wave test pattern

Transmit square wave test-pattern mod&-optionally applies to each lane of the Tx direction PMA towards a
physically instantiated 200GAUI-8, 400GAUI-16 or towards an NRZ PMD service interface whether or not
it is physically instantiated. The ability to perform this function is indicated by the Square wave ability
status variable. If a Clause 45\MDIO is implemented, the Square wave_ability status variable is accessible
through the Square wave @est ability bit 1.1500.12 (see 45.2.1.123). If implemented, the transmit square
wave test-pattern ‘miode is enabled by control variables Square wave enable 0 through
Square_wave enable;15. If a Clause 45 MDIO is implemented, these control variables are accessible
through the squarevave testing control and status register bits 1.1510.0 through 1.1510.15 (limited to the
number of lanes-of the service interface below the PMA, see 45.2.1.125). When enabled, the PMA shall
generate a~squiare wave test pattern (8 ones followed by 8 zeros) on the square wave enabled lanes toward
the service”interface below the PMA via the inst:IS UNITDATA i.request primitive. Lanes for which
squate wave is not enabled transmit normal data resulting from the bit multiplexing operations described in
120.5.2 or test patterns as determined by other registers. When transmit square wave test pattern is disabled
for all lanes, the PMA performs normal operation performing bit multiplexing as described in 120.5.2 or
transmit test patterns as determined by other registers.

120.5.11.2 Test patterns for PAM4 encoded signals

For a 200GBASE-R PMA with 4 output lanes or a 400GBASE-R PMA with 4 or 8 output lanes using PAM4
encoding, the test patterns described in this clause may optionally be supported.
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The patterns PRBS13Q and square wave (quaternary) can be enabled on a lane-by-lane basis. The patterns
PRBS31Q and SSPRQ can be enabled on all lanes of an interface at once. If per-lane pattern(s) are enabled
for a subset of the lanes and a per-interface pattern is also enabled, the per-lane patterns are generated only
on the indicated lanes and the per-interface pattern is generated on the remaining lanes. The behavior if more
than one per-lane pattern is enabled for the same lane or more than one per-interface pattern is enabled is not

120.5.11.2.1 PRBS13Q test pattern

A PMA may optionally include a PRBS13Q pattern generator as specified in this subclause. The ability te
perform this function is indicated by the PRBS13Q gen Tx ability and PRBS13Q_gen Rx ability status
variables, reflecting the ability to send this test pattern in the direction towards the PMD and towards' the
MAC, respectively. If a Clause 45 MDIO is implemented, the PRBS13Q gen Tx_ ability and
PRBS13Q gen Rx_ability status variables are accessible through the PRBS13Q Tx generater ability and
PRBS13Q Rx generator ability bits 1.1500.11 and 1.1500.10 (see 45.2.1.123).

When the PRBS13Q) test pattern enabled, it replaces the signal on the output lane(s)for which it is enabled.
The PRBS13Q test pattern is a repeating 8191-symbol sequence formed by Gray,‘coding pairs of bits from
two repetitions of the PRBS13 pattern into PAM4 symbols as described in(120.5.7. The PRBS pattern
generator produces the same result as the implementation shown in Figufer 94-6, which implements the
generator polynomial shown in Equation (94-3). Since the PRBS13 patt€rn is an odd number of bits in
length, bits which are mapped as the first bit of a PAM4 symbol dufing one repetition of the PRBS13
sequence are mapped as the second bit of a PAM4 symbel yduring the next repetition of the
PRBS13 sequence, and bits which are mapped as the second bit\of.a PAM4 symbol are mapped as the first
bit of the following symbol in the next repetition of the PRBS13 sequence. For example, if the PRBS13
generator used to create the PRBS13Q sequence is initializ€d to a seed value of 0000010101011 (with the
leftmost bit in SO and the rightmost in S12), the PRBSI'3Q sequence begins with the following Gray coded
PAM4 symbols, transmitted left to right: 103132022011+1130103121231210012102121023131112.

The PRBS13Q test pattern is enabled 9@ ‘the transmit direction by the Tx gen enable and
PRBS13Q enable 0 through PRBS13Q enable 7 control variables (in the downstream direction towards
the PMD), and in the receive direction by the Rx gen enable and PRBS13Q enable 0 through
PRBS13Q enable 7 control variables<(in the upstream direction towards the MAC). If the optional
Clause 45 MDIO is implemented, the Tx_gen enable and Rx_gen enable control variables are accessible
through the Tx generator enable>and Rx generator enable bits 1.1501.3 and 1.1501.1 (see 45.2.1.124), and
the PRBS13 enable 0 through*PRBS13 enable 7 control variables are accessible through bits 1.1512.0
through 1.1512.7 (see 45.2.D.125a).

120.5.11.2.2 PRBS31Q test pattern

A PMA maytoptionally include a PRBS31Q pattern generator as specified in this subclause. The ability to
generate ~PRBS31Q patterns in each direction of transmission are indicated by the
PRBS3TQ~gen_Tx_ability and PRBS31Q_gen Rx_ability status variables, reflecting the ability to send this
test pattern in the direction towards the PMD and towards the MAC, respectively. The ability to check
PRBS31Q patterns in each direction of transmission are indicated by the PRBS31Q Tx checker ability
and PRBS31Q_Rx_checker ability status variables. If a Clause45 MDIO is implemented,
the PRBS31Q gen Tx_ability, PRBS31Q_gen Rx_ability, PRBS31Q_Tx_checker_ability and
PRBS31Q Rx checker ability status variables are accessible through the PRBS31Q Tx generator
ability, PRBS31Q Rx generator ability, PRBS31Q Tx checker ability, and PRBS31Q Rx checker ability bits

1.1500.9, 1.1500.7, 1.1500.8, and 1.1500.6 (see 45.2.1.123).
The PRBS31Q test pattern is a repeating 231-1-symb01 sequence formed by Gray coding pairs of bits from

two repetitions of the PRBS31 pattern defined in 49.2.8 into PAM4 symbols as described in 120.5.7. Since
the PRBS31 pattern is an odd number of bits in length, bits which are mapped as the first bit of a PAM4
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symbol during one repetition of the PRBS31 sequence are mapped as the second bit of a PAM4 symbol
during the next repetition of the PRBS31 sequence, and bits which are mapped as the second bit of a PAM4
symbol during one repetition of the PRBS31 sequence are mapped as the first bit of the following symbol in
the next repetition of the PRBS31 sequence. For example, if the PRBS31 generator used to create the
PRBS31Q sequence is initialized to a seed value of all ones, the PRBS31Q sequence begins with the
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22222222222222012222222222220002222222222201201222. To avoid correlated crosstalk, it is highly
recommended that the PRBS31 patterns used to generate the PRBS31Q pattern on each lane are generated
from independent, random seeds, or at a minimum offset of 20 000 UI between the PRBS31 sequence used
to generate the PRBS31Q pattern on any lane and any other lane. A PRBS31Q pattern checker operates by
converting PAM4 symbols received on each input lane to pairs of bits as described in 120.5.7 and then using
a PRBS31 pattern checker on the resulting bit stream. The checker shall increment the test-patteraérror
counter by one for each incoming bit error in the PRBS31 pattern for isolated single, bit errors.
Implementations should be capable of counting at least one error whenever one or more errprs\occur in a
sliding 1000-bit window.

If supported, when send Tx PRBS31Q test pattern is enabled by the PRBS31Q enable-and PRBS tx gen
enable control variables, the PMA shall generate a PRBS31Q pattern on each of the lanes toward the service
interface below the PMA via the inst:IS UNITDATA i.request primitive. Whew'send Tx PRBS31Q test
pattern is disabled, the PMA returns to normal operation performing bif multiplexing as described in
120.5.2. If a Clause 45 MDIO is implemented, the PRBS31Q_enable and,PRBS_Tx_ gen enable control
variables are accessible through bits 1.1501.13 and 1.1501.3 (see 45.2.1.,924).

If supported, when send Rx PRBS31Q test pattern is enabled bydlve PRBS31Q_enable and PRBS_rx_gen
enable control variables, the PMA shall generate a PRBS31Q pattern on each of the lanes toward the PMA
client via the PMA:S UNITDATA iindication,“ primitive. @ The PMA also generates
PMA:IS_SIGNAL.indication(SIGNAL OK) toward thé. PMA client independent of the link status at the
service interface below the PMA. If a Clause 45 MDIO is implemented, the PRBS31Q enable and
PRBS Rx_gen enable control variables are <accessible through bits 1.1501.13 and 1.1501.1 (see
45.2.1.124). When send Rx PRBS31Q test ‘pattern is disabled, the PMA returns to normal operation
performing bit multiplexing as described in120.5.2.

If supported, when check Tx PRBS3¥Q test pattern mode is enabled by the PRBS31Q enable and
PRBS Tx check enable control variables, the PMA checks for the PRBS31Q pattern on each of the lanes
received from the PMA client yia the PMA:IS UNITDATA i.request primitive. If a Clause 45 MDIO is
implemented, the PRBS31Q-enable and PRBS Tx_check enable control variables are accessible through
bits 1.1501.13 and . (1.1501.2 (see 45.2.1.124). The Tx test-pattern error counters
Ln0 PRBS Tx_test erf_counter through either Ln3 PRBS Tx_ test error counter or
Ln7 PRBS Tx testserror counter (depending on whether the number of lanes is 4 or 8) count, per lane,
errors in detecting.the PRBS31 pattern resulting from converting the PAM4 symbols received on each lane
to pairs of bits, If a Clause 45 MDIO is implemented, these counters are accessible through registers 1.1600
through 11603 or 1.1607 (depending on whether the number of lanes is 4 or 8) (see 45.2.1.126). When
check Tx,;PRBS31Q test pattern is disabled, the PMA expects normal traffic and test pattern error counting
does'not continue. While in check Tx PRBS31Q mode, bit multiplexing continues as described in 120.5.2.
Note that bit multiplexing of per-lane PRBS31Q may produce a signal which is not meaningful for
downstream sublayers.

If supported, when check Rx PRBS31Q test pattern mode is enabled by the PRBS31Q enable and
PRBS Rx check enable control variables, the PMA checks for the PRBS31(Q) pattern on each of the lanes

received from the service interface below the PMA via the inst:IS UNITDATA i.indication primitive. If a
Clause 45 MDIO is implemented, the PRBS31Q_enable and PRBS_Rx check enable control variables are
accessible through bits 1.1501.13 and 1.1501.0 (see 45.2.1.124). The Rx test-pattern error counters
Ln0 PRBS Rx test err counter through either Ln3 PRBS Rx_ test error counter or
Ln7 PRBS Rx test _error_counter (depending on whether the number of lanes is 4 or 8) count, per lane,
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errors in detecting the PRBS31 pattern resulting from converting the PAM4 symbols received on each lane
to pairs of bits. If a Clause 45 MDIO is implemented, these counters are accessible through registers 1.1700
through 1.1703 or 1.1707 (depending on whether the number of lanes is 4 or 8) (see 45.2.1.127). While in
check Rx PRBS31Q mode, the PMA:IS SIGNAL.indication primitive does not indicate a valid signal.
When check Rx PRBS31Q test pattern is disabled, the PMA returns to normal operation performing bit
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120.5.11.2.3 SSPRAQ test pattern

A PMA may optionally include a short stress pattern random quaternary (SSPRQ) test pattern generator as
specified in this subclause. The ability to perform this function is indicated by the SSPRQ _gen Tx_ability
status variable, reflecting the ability to send this test pattern in the direction towards the PMD. If a Clause 45
MDIO is implemented, the SSPRQ gen Tx ability status variable is accessible through the SSPRQ Tx
generator ability bit 1.1500.13 (see 45.2.1.123).

The SSPRQ pattern is a repeating 2'°~1 PAM4 symbol sequence constructed as follows:

— Bit sequence A is a 32768-bit sequence composed of three sections of the PRBS31 binary sequence
(see 120.5.11.1.1) according to Table 120-2.

Table 120-2—SSPRQ bit sequence A

Pattern Seed Length
PRBS31 0x00000002 10924 bits
0x34013FF7 10922 bits
oxoccceeec 10922 bits

— Each section of PRBS31 is generated as,if produced by the shift register implementation shown in
Figure 49-9 and the seed is a 31-bit hexadecimal value used to preset S30 through SO (S30 is set to
the MSB and SO is set to the LSB) ptior to the generation of the PRBS31 sequence for the indicated
length of bits.

— Bit sequence B is a 65534-bit sequence formed by removing the first and last binary bit from a
sequence consisting of twdirepetitions of bit sequence A.

— PAMA4 sequence 1 is a\16384-symbol sequence formed by Gray coding bit sequence A according to
120.5.7.

— PAM4 sequence2 is a 16384-symbol sequence formed by Gray coding bit sequence A according to
120.5.7, and-then inverting each PAM4 symbol by replacing each PAM4 symbol n with the value
3-n.

— PAMA4'sequence 3 is a 16383-symbol sequence formed by Gray coding the first 32766 bits of bit-
séquence B according to 120.5.7.

—. PAM4 sequence 4 is a 16384-symbol sequence formed by Gray coding the last 32768 bits of bit-
sequence B according to 120.5.7, and then inverting each PAM4 symbol by replacing each PAM4
symbol n with the value 3-n.

— The repeating SSPRQ pattern formed by concatenating PAM4 sequences 1, 2, 3 and 4.

NOTE—A CSV file containing the entire PAM4 symbol sequence for the SSPRQ test pattern is available at

http://standards.ieee.org/downloads/802.3/.

If supported, when send SSPRQ test pattern is enabled by the SSPRQ_enable control variable, the PMA
shall generate an SSPRQ pattern on each of its lanes in the Tx direction towards the PMD with at least a
31 Ul delay between the SSPRQ pattern on one lane and any other lane. If a Clause 45 MDIO is
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implemented, the SSPRQ_pattern_enable control variable is accessible through the SSPRQ pattern enable
bit 1.1501.14 (see 45.2.1.124).

120.5.11.2.4 Square wave (quaternary) test pattern
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PMA towards a physically instantiated 200GAUI-4, 400GAUI-8 or towards a PAM4 PMD service interface
whether or not it is physically instantiated.

The ability to perform this function is indicated by the Square _wave_ability status variable. If a Clause 45
MDIO is implemented, the Square_wave_ability status variable is accessible through the Square wave test
ability bit 1.1500.12 (see 45.2.1.123). If implemented, the transmit square wave test-pattern mode is enabled
by control variables Square wave enable 0 through Square wave enable 8. If a Clause 45\MDIO is
implemented, these control variables are accessible through the square wave testing control\and status
register bits 1.1510.0 through 1.1510.15 (limited to the number of lanes of the service interface below the
PMA, see 45.2.1.125). When enabled, the PMA shall generate a square wave test pattern (8threes followed
by 8 zeros) on the square wave enabled lanes toward the service interface below~the PMA via the
inst:IS_ UNITDATA_i.request primitive. Lanes for which square wave is not enabléd transmit normal data
resulting from the bit multiplexing operations described in 120.5.2 or test pattgns as determined by other
registers. When transmit square wave test pattern is disabled for all langs, the PMA performs normal
operation performing bit multiplexing as described in 120.5.2 or transmittest patterns as determined by
other registers.

NOTE—A square wave transmitted over a 200GAUI-4 or 400GAUI-8 may not be correctly forwarded to the PMD
transmitter output.

120.6 PMA MDIO function mapping

The optional MDIO capability described in Clause45 describes several variables that provide control and
status information for and about the PMA. Sin€¢ &’given implementation may employ more than one PMA
sublayer, the PMA control and status information is organized into multiple addressable instances, one for
each possible PMA sublayer. See 45.2:and 120.1.4 for the allocation of MMD addresses to PMA
sublayers. Control and status registers‘for MMD 8§, 9, and 10 use the Extended PMA control and status
registers at identical locations to thosefor MMD 1.

Mapping of MDIO control vatiables to PMA control variables is shown in Table 120-3. Mapping of MDIO
status variables to PMA_ status variables is shown in Table 120—4. Mapping of MDIO counter to PMA
counters is shown in Table 120-5. These tables provide the register and bit numbers for the PMA addressed
as MMD 1. For imiplementations with multiple PMA sublayers, additional PMA sublayers use the
corresponding register and bit numbers in MMDs 8, 9, and 10 as necessary.

Table 120-3—MDIO/PMA control variable mapping

MDIO variable PMA/PMD register name bﬁeﬂsl;e;é . PMA control variable
PMA remote loopback PMA/PMD control 1 1.0.1 Remote loopback enable
PMA local loopback PMA/PMD control 1 1.0.0 Local loopback enable
PRBS31 pattern enable PRBS pattern testing control 1.1501.7 PRBS31 enable
PRBS9 pattern enable PRBS pattern testing control 1.1501.6 PRBS9 enable
PRBS31Q pattern enable PRBS pattern testing control 1.1501.13 PRBS31Q pattern_enable
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Table 120-3—MDIO/PMA control variable mapping (continued)

MDIO variable PMA/PMD register name bﬁiﬁilsr:ﬁzr PMA control variable
SSPRGpatternmenable PRBSpattermtestingeontrot +HH56++4 SSPROQ——pattern—enable
Tx generator enable PRBS pattern testing control 1.1501.3 PRBS Tx gen enable
Tx checker enable PRBS pattern testing control 1.1501.2 PRBS_Tx_check enable
Rx generator enable PRBS pattern testing control 1.1501.1 PRBS Rx gen enable
Rx checker enable PRBS pattern testing control 1.1501.0 PRBS_Rx check enable
Lane 0 SW enable Square wave testing control 1.1510.0 Square_wave €nable 0
Lane 1 SW enable Square wave testing control 1.1510.1 Square_wave enable 1
Lane 2 SW enable Square wave testing control 1.1510.2 Squate “wave_enable 2
Lane 3 SW enable Square wave testing control 1.1510.3 Squdre_wave_enable_3
Lane 4 SW enable Square wave testing control 1.1510.4 Square wave enable 4
Lane 5 SW enable Square wave testing control 1.1510.5 Square wave enable 5
Lane 6 SW enable Square wave testing control 1.1510:6 Square wave enable 6
Lane 7 SW enable Square wave testing control 1.1510.7 Square wave enable 7
Lane 8 SW enable Square wave testing control 1:1510.8 Square wave enable 8
Lane 9 SW enable Square wave testing control 1.1510.9 Square wave enable 9
Lane 10 SW enable Square wave testing confrdl 1.1510.10 Square wave enable 10
Lane 11 SW enable Square wave testing.¢ontrol 1.1510.11 Square_wave_enable 11
Lane 12 SW enable Square wave testing control 1.1510.12 Square_wave_enable 12
Lane 13 SW enable Square waveé-testing control 1.1510.13 Square_wave_enable 13
Lane 14 SW enable Squarewave testing control 1.1510.14 Square_wave enable 14
Lane 15 SW enable Square wave testing control 1.1510.15 Square_wave_enable 15
Lane 0 PRBS13Q enable PRBS13Q testing control 1.1512.0 PRBS13Q enable 0
Lane 1 PRBS13Q enable PRBS13Q testing control 1.1512.1 PRBS13Q enable 1
Lane 2 PRBS13Q ¢€nable PRBS13Q testing control 1.1512.2 PRBS13Q enable 2
Lane 3 PRBS13Q enable PRBS13Q testing control 1.1512.3 PRBS13Q enable 3
Lane 4 PRBS13Q enable PRBS13Q testing control 1.1512.4 PRBS13Q enable 4
Tane 5 PRBS13Q enable PRBS13Q testing control 1.1512.5 PRBS13Q enable 5
Lane 6 PRBS13Q enable PRBS13Q testing control 1.1512.6 PRBS13Q enable 6
Lane 7 PRBS13Q enable PRBS13Q testing control 1.1512.7 PRBS13Q_enable 7
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Table 120-4—MDIO/PMA status variable mapping

MDIO status variable PMA/PMD register name Rigl:f:l:)lzrlt PMA status variable

PMA-remotetoopbackabiity —2006 PMAPMBextended—+2315 2666—Remote—toopback—abitity
ability register

PMA remote loopback ability | 400G PMA/PMD extended | 1.24.15 400G_Remote loopback ability
ability register

PMA local loopback ability PMA/PMD status 2 register | 1.8.0 Local loopback_ability

PRBS9 Tx generator ability Test-pattern ability register 1.1500.5 PRBS9 Tx_generator_abiljty

PRBS9 Rx generator ability Test-pattern ability register 1.1500.4 PRBS9_Rx_generator_ability

PRBS31Tx generator ability Test-pattern ability register 1.1500.3 PRBS31 Tx generator_ability

PRBS31Tx checker ability Test-pattern ability register 1.1500.2 PRBS31_Tx_checker_ability

PRBS31 Rx generator ability | Test-pattern ability register 1.1500.1 PRBS31,'"Rxgenerator_ability

PRBS31 Rx checker ability Test-pattern ability register 1.1500.0 PRBS31_Rx_checker_ability

Square wave test ability Test-pattern ability register 1.1500.12 Square_wave_ability

PRBS13Q Tx generator abil- | Test-pattern ability register | 1.1500.14% PRBS13Q gen Tx ability

ity

PRBS13Q Rx generator abil- | Test-pattern ability register 1(1500.10 PRBS13Q gen Rx ability

ity

PRBS31Q Tx generator abil- | Test-pattern ability register 1.1500.9 PRBS31Q_gen Tx_ability

ity

PRBS31Q Rx generator abil- | Test-pattern ability) register 1.1500.7 PRBS31Q gen rx_ability

ity

PRBS31Q Tx checker ability | Test-patternability register | 1.1500.8 PRBS31Q Tx_checker ability

PRBS31Q Rx checker ability | Test-pattern ability register | 1.1500.6 PRBS31Q Rx checker ability

SSPRQ Tx generator ability Test-pattern ability register | 1.1500.13 SSPRQ gen Tx ability

Table 120-5—MDIO/PMA counters mapping

MDIOvariable PMA/PMD register name | Register/bit PMA status variable
number

ErrogCoumnter Tx, lane 0 PRBS Tx pattern testing 1.1600 Ln0 PRBS Tx test err counter
error counter, lane 0

Error counter Tx, lane 1 PRBS Tx pattern testing 1.1601 Lnl PRBS Tx test err counter
error counter, lane 1

Error counter Tx, lane 2 PRBS Tx pattern testing 1.1602 Ln2 PRBS Tx test err counter
error counter, lane 2

Error counter Tx, lane 3 PRBS Tx pattern testing 1.1603 Ln3 PRBS Tx test err counter
error counter, lane 3

Error counter Tx, lane 4 PRBS Tx pattern testing 1.1604 Ln4 PRBS Tx test err counter

error counter, lane 4
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Table 120-5—MDIO/PMA counters mapping (continued)

MDIO variable

PMA/PMD register name

Register/bit
number

PMA status variable

PRROT.

11c04

Iwisi PDRRC T

h ) PN N | <
TIror-Cotmter—T X5 1anc—>

4 4ot
T IO TX DAt testmyg

error counter, lane 5

T.TOU>

e 4
T T INDS TX_teSt_crr—cotunter

Error counter Tx, lane 6

PRBS Tx pattern testing
error counter, lane 6

1.1606

Ln6 PRBS Tx test err counter

Error counter Tx, lane 7

PRBS Tx pattern testing
error counter, lane 7

1.1607

Ln7 PRBS Tx test err_counter

Error counter Tx, lane 8

PRBS Tx pattern testing
error counter, lane 8

1.1608

Ln8 PRBS Tx_test err countér

Error counter Tx, lane 9

PRBS Tx pattern testing
error counter, lane 9

1.1609

Ln9 PRBS Tx_ test)err counter

Error counter Tx, lane 10

PRBS Tx pattern testing
error counter, lane 10

1.1610

Lnl10 PRBS, Tx test err counter

Error counter Tx, lane 11

PRBS Tx pattern testing
error counter, lane 11

1.1611

Lndlr PRBS Tx test err_counter

Error counter Tx, lane 12

PRBS Tx pattern testing
error counter, lane 12

1.1612

Lnl2 PRBS Tx test err counter

Error counter Tx lane 13

PRBS Tx pattern testing
error counter, lane 13

1.1613

Lnl13 PRBS Tx_test err counter

Error counter Tx lane 14

PRBS Tx pattern testing
error counter, lane 14

1.1614

Lnl4 PRBS Tx test err counter

Error counter Tx lane 15

PRBS Tx pattern testing
error counter, lane 1'§

1.1615

Lnl5 PRBS Tx_test err counter

Error counter Rx, lane 0

PRBS Rx pattetnitesting
error counter,lane 0

1.1700

Ln0 PRBS Rx test err counter

Error counter Rx, lane 1

PRBS Rxpattern testing
error-counter, lane 1

1.1701

Lnl PRBS Rx test_err_counter

Error counter Rx, lane 2

PRBS Rx pattern testing
error counter, lane 2

1.1702

Ln2 PRBS Rx test err counter

Error counter Rx, lan€ '3

PRBS Rx pattern testing
error counter, lane 3

1.1703

Ln3 PRBS Rx test err counter

Error counter, Rx, lane 4

PRBS Rx pattern testing
error counter, lane 4

1.1704

Ln4 PRBS Rx test err counter

Erroricounter Rx, lane 5

PRBS Rx pattern testing
error counter, lane 5

1.1705

Ln5 PRBS Rx test_err_counter

Error counter Rx, lane 6

PRBS Rx pattern testing
error counter, lane 6

1.1706

Ln6 PRBS Rx test err counter

Error counter Rx, lane 7

PRBS Rx pattern testing
error counter, lane 7

1.1707

Ln7 PRBS Rx test err counter

Error counter Rx, lane 8

PRBS Rx pattern testing
error counter, lane 8

1.1708

Ln8 PRBS Rx test err counter

Error counter Rx, lane 9

PRBS Rx pattern testing
error counter, lane 9

1.1709

Ln9 PRBS Rx test err_counter
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Table 120-5—MDIO/PMA counters mapping (continued)

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

Errorcounter RetaneH6——PRBSRxpatterntesting 6 Ento—PRBSRx—test—err—counter
error counter, lane 10

Error counter Rx, lane 11 PRBS Rx pattern testing 1.1711 Lnll PRBS Rx test err counter
error counter, lane 11

Error counter Rx, lane 12 PRBS Rx pattern testing 1.1712 Lnl2 PRBS Rx test err counter
error counter, lane 12

Error counter Rx, lane 13 PRBS Rx pattern testing 1.1713 Lnl3 PRBS Rx test err, counter
error counter, lane 13

Error counter Rx, lane 14 PRBS Rx pattern testing 1.1714 Lnl4 PRBS Rx_te€st err counter
error counter, lane 14

Error counter Rx, lane 15 PRBS Rx pattern testing 1.1715 Lnl5 PRBS, Rx test err counter
error counter, lane 15
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120.7 Protocol implementation conformance statement (PICS) proforma for
Clause 120, Physical Medium Attachment (PMA) sublayer, type 200GBASE-R and
400GBASE-R®

120.7.1 Introduction

The supplier of a protocol implementation that is claimed to conform to Clause 120, Physical Medium
Attachment (PMA) sublayer, type 200GBASE-R and 400GBASE-R, 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.

120.7.2 Identification

120.7.2.1 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 réquirements 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).

120.7.2.2 Protocol summary

Identification of protocol standard IEEE Std 802.3bs-2017, Clause 120, Physical Medium
Attachment (PMA) sublayer, type 200GBASE-R and
400GBASE-R

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

Have any Exception items been required? No [ ] Yes [ ]
(See Clause. 2} the answer Yes means that the implementation does not conform to IEEE Std 802.3bs-2017.)

Date'of Statement

3 Copyright release for PICS proformas: Users of this standard may freely reproduce the PICS proforma in this subclause so that it can
be used for its intended purpose and may further publish the completed PICS.
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120.7.3 Major capabilities/options

Item Feature Subclause Value/Comment Status Support
*PMA200 PMA for 120.1.1 0.1 Yes [ ]
SR No—t
*PMA400 PMA for 120.1.1 0.1 Yes [ ]
400GBASE-R No []
*LNS_UP- Number of lanes in 120.1.4 Divisor of num- PMA200: M 8]
STRM direction of MAC ber of PCS lanes 441
PMA400:M 1671
8[1]
*UP_NRZ NRZ modulation used | 120.1.4 (PMA200* Yes [ ]
for PMA service LNS UPSTRM=8 N/AT]
interface or PMA400%
LNS_UPSTRM=16)
‘M
*UP_PAM4 PAM4 modulation 120.1.4 (PMAZ200* Yes [ ]
used for PMA service INS UPSTRM=4or N/AT]
interface PMA400*
LNS UPSTRM=3)
‘M
*LNS DN- Number of lanes inthe | 120.1.4 Divisorof\ntim- PMA200: M 8]
STRM direction of PMD ber of RCS lanes 411
PMA400:M 16[]
8[1]
4[]
*DN_NRZ NRZ modulation used | 12014 (PMA200* Yes [ ]
for service interface LNS DNSTRM=8§ N/A[]
below the PMA or PMA400*
LNS DNSTRM=16)
‘M
*DN_PAM4 PAM4 modulation 120.1.4 (PMA200* Yes [ ]
used for seryice LNS _DNSTRM=4 N/A[]
interface below the or PMA400*
PMA LNS DNSTRM<16)
‘M
RX_CLOCK Signaling rate of 120.5.5 26.5625 GBd M Yes [ ]
output lanes in Rx
direction
TX CLOCK Signaling rate of 120.5.5 26.5625 GBd PMA200:M Yes [ ]
output lanes in Tx N/A[]
direction
LNS DNSTRM= | PMA400:M Yes [ ]
8 or 16: N/A T[]
26.5625 GBd
LNS DNSTRM=
4:53.125 GBd
TANE_ Maintain 1anc 12052 Maintain ™M Yes ]
MAPPING mapping while link is sequence of
in operation PCSLs on all
output lanes
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Item Feature Subclause Value/Comment Status Support

LNKS PMA link status 120.5.8 Meets the M Yes [ ]

requirements of
120.5.8

*LBL PMA local loopback 120.5.9 Supports local (0] Yes [ ]

loopback No []

*LBR PMA remote loopback | 120.5.10 Supports remote (0] Yes [ ]

loopback No []

MD MDIO 120.6 Registers and (0] Yes([Y)

interface No. Y ]
supported

*USP1SP6 Physically instantiated | 120.5.3 (0] Yes [ ]
200GAUI-n or No []
400GAUI-n above
(toward MAC)

*DSP1SP6 Physically instantiated | 120.5.3 (¢} Yes [ ]
200GAUI-n or No []
400GAUI-n below
(toward PMD)

*SP2SP5 Physically instantiated | 120.5.3 (¢} Yes [ ]
PMD service interface No []

UNAUI Electrical and timing 120.5.1, USP1SP6:M Yes [ ]
requirements of 120.5.5 N/A[]
Annex 120B,

Annex 120C,
Annex 120D, or
Annex 120E as
appropriate met by
200GAUI-n or
400GAUI-n of the
PMA service interface

DNAUI Electrical and timing 120.5.1, DSP1SP6:M Yes [ ]
requirements of 120.5.5 N/A T[]
Annex 120B;

Annex 120C,
Annex(120D, or
Annex“120E as
appropriate met by
200GAUI-n or
400GAUI-n of the
service interface
below the PMA

DELAY200 Roundtrip delay limit 120.5.4 No more than PMA200:M Yes [ ]
for 200GBASE-R 18 432 BT or N/A T[]

36 pause_quanta

DELAY400 Roundtrip delay limit 120.5.4 No more than PMA400:M Yes [ ]

for 400GBASE-R 36 864 BT or N/A T[]
72 pause_quanta
200
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120.7.4 Skew generation and tolerance

Item Feature Subclause Value/Comment Status | Support
S1 Skew generation toward SP1 in 120.5.3.1 <29 ns DSPI1S Yes [ ]
Frdircetion PG NAA

S2 Skew variation generation 120.5.3.1 <200 ps DSP1S Yes [ ]
toward SP1 in Tx direction P6:M N/A[]

S3 Skew variation tolerance at SP1 120.5.3.2 Minimum 200 ps USP1S Yes [ ]
P6:M N/A ]

S4 Skew generation toward SP2 in 120.5.3.3 <43 ns SP2SP YesT ]
Tx direction M N/A[]

S5 Skew variation generation 120.5.3.3 <400 ps SP2SP Yes [ ]
toward SP2 in Tx direction 5:M. N/AT]

S6 Skew variation tolerance at SP5 120.5.3.4 Minimum 3.6 ns SP2SP Yes [ ]
5:M N/A[]

S7 Skew generation toward SP6 in 120.5.3.5 <160 ns USP1S Yes [ ]
Rx direction P6:M N/A[]

S8 Skew variation generation 120.5.3.5 <3.8ns USP1S Yes [ ]
toward SP6 in Rx direction P6:M N/A[]

S9 Skew variation tolerance at SP6 120.5.3.6 Minimum, 348 ns DSP1S Yes [ ]
P6:M N/AT]

120.7.5 Test patterns

Item Feature Subélause Value/Comment Status Support
*JTP1 Physically Instantiated 120.5.11 (0] Yes [ ]
200GAUI-n or 400GAUI-n No []
between PMA and PMA
client
*JTP2 Physically Instantiated 120.5.11 o Yes [ ]
200GAUI-n of400GAUI-n No []

between RMAand sublayer
below the PMA, or

adjacentto PMD

1 Send PRBS31 Tx 120.5.11.1.1 JTP2* Yes [ ]
DN NRZ:O No []

N/AT]

J2 Send PRBS31 Rx 120.5.11.1.1 JTP1* Yes [ ]
UP_NRZ:O No []

N/AT]

J3 Check PRBS31 Tx 120.5.11.1.1 JTP1* Yes [ ]
UP_NRZ:O No []

N/A[]

J4 Check PRBS31 Rx 120.5.11.1.1 JTP2* Yes [ ]
DN_NRZ:O No []

N/AT]
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Item Feature Subclause Value/Comment Status Support
J5 Send PRBS9 Tx 120.5.11.1.2 JTP2* Yes [ ]
DN NRZ:O No []
N/AT]
Jo Send PRBS9 Rx 120.5.11.1.2 JTP1* Yes [ ]
UP_NRZ:O No []
N/A T[]
17 Send square wave Tx 120.5.11.1.3 JTP2* Yes [ ]
DN_NRZ:O No ]
N/AH]
J8 Send PRBS13Q Tx 120.5.11.2.1 JTP2* Yes [ ]
DN _PAM4:0 No []
N/AT]
J9 Send PRBS13Q Rx 120.5.11.2.1 JTP1* Yes [ ]
UP_PAM4:0 No []
N/A[]
J10 Send PRBS31Q Tx 120.5.11.2.2 JTP2* Yes [ ]
DN _PAM4:0 No []
N/A[]
J11 Send PRBS31Q Rx 120.5.11.2.2 JTP1* Yes [ ]
UP PAM4:0 No []
N/A[]
J12 Check PRBS31Q Tx 120.5.11.2.2 JTP1* Yes [ ]
UP_PAM4:0 No []
N/A[]
J13 Check PRBS31Q Rx 120.5 4522 JTP2* Yes [ ]
DN _PAM4:0 No []
N/A[]
J14 Send SSPRQ Tx 120.5.11.2.3 DN_PAM4:0 Yes [ ]
No []
N/A[]
J15 Send square wave 120.5.11.2.4 DN PAM4:0 Yes [ ]
(quaternary) Tx No []
N/AT]
120.7.6 Loopback modes
Item Feature Subclause Value/Comment Status Support
DhBI PMA local loopback 120.5.9 Meets the requirements LBL:M Yes [ ]
implemented 0f 120.5.9 N/AT]
LB2 PMA remote loopback 120.5.10 Meets the requirements LBR:M Yes [ ]
implemented of 120.5.10 N/A[]
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121. Physical Medium Dependent (PMD) sublayer and medium, type
200GBASE-DR4

121.1 Overview

This clause specifies the 200GBASE-DR4 PMD together with the single-mode fiber medium. The optical
signal generated by this PMD type is modulated using a 4-level pulse amplitude modulation (PAM4) format.
When forming a complete Physical Layer, a PMD shall be connected to the appropriate PMA as shown in
Table 121-1, to the medium through the MDI and optionally with the management functions that may be
accessible through the management interface defined in Clause 45, or equivalent.

Table 121-1—Physical Layer clauses associated with the 200GBASE-DR4 PMD

Associated clause 200GBASE-DR4
117—RS Required
117—200GMIT? Optienal
118—200GMII Extender Optional
119—PCS Required
120—PMA Required
120B—Chip-to-chip 200GAUI-8 Optional
120C—Chip-to-module 200GAUI-8 Optional
120D—Chip-to-chip 200GAUI-4 Optional
120E—Chip-to-module 200GAUI-4 Optional
78—Energy Efficient Ethernet Optional

2 The 200GMII is an optionaldnterface. However, if the 200GMII is not implemented, a
conforming implementationmust behave functionally as though the RS and 200GMII were
present.

Figure 121-1 shows the relationship of the PMD and MDI (shown shaded) with other sublayers to the
ISO/IEC Open System Interconnection (OSI) reference model. 200 Gb/s Ethernet is introduced in
Clause 116 and the putpose of each PHY sublayer is summarized in 116.2.

200GBASE-DR4 PHYs with the 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 degp'sleep mode of EEE is not supported.

121.1.1 Bit error ratio
The bit error ratio (BER) when processed according to Clause 120 shall be less than 2.4 x 1074 provided that

the error statistics are sufficiently random that this results in a frame loss ratio (see 1.4.223) of less than
1.7 x 107'2 for 64-octet frames with minimum interpacket gap when processed according to Clause 120 and

Then Clause TT9- For a complete Physical Layer, the Trame 10ss ratio may be degraded 10 6.2 X T0 + Tor 64~
octet frames with minimum interpacket gap due to additional errors from the electrical interfaces.
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ETHERNET
osi LAYERS
REFERENCE HIGHER LAYERS
MODEL
LAYERS , LLC OR OTHER MAC CLIENT
7
APPLICATION / MAC CONTROL (OPTIONAL)
PRESENTATION / MAC
/ RECONCILIATION
SESSION
/7 200GMIl —»
TRANSPORT Y
) 200GBASE-R PCS
NETWORK / PMA PHY
DATALINK | / | PMD |
PHYSICAL MDI —»
__________ MEDIUM

200GBASE-DR4

200GMII = 200 Gb/s MEDIA INDEPENDENT INTERFACE PHY = PHYSICAL IKAYER DEVICE

LLC = LOGICAL LINK CONTROL PMA = PHYSICAL MEDIUM ATTACHMENT
MAC = MEDIA ACCESS CONTROL PMD = PHYSICAL MEDIUM DEPENDENT

MDI = MEDIUM DEPENDENT INTERFACE

PCS = PHYSICAL CODING SUBLAYER DR = PMD'FOR SINGLE-MODE FIBER — 500 m

Figure 121-1—200GBASE-DR4 PMD relationship to the ISO/IEC Open Systems
Interconnection (OSI) reference model and IEEE 802.3 Ethernet model

If the error statistics are not sufficiently raridom to meet this requirement, then the BER shall be less than
that required to give a frame loss ratio of;less than 1.7 x 1072 for 64-octet frames with minimum interpacket
gap.

121.2 Physical Medium\Dependent (PMD) service interface

This subclause specifies the services provided by the 200GBASE-DR4 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, and the PMD entity. The PMD translates the encoded data to and from signals suitable for the
specified medium.

The RMD service interface is an instance of the inter-sublayer service interface defined in 116.3. The PMD
s€rvice interface primitives are summarized as follows:

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

The 200GBASE-DR4 PMD has four parallel symbol streams, hence i = 0 to 3.
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In the transmit direction, the PMA continuously sends four parallel symbol streams to the PMD, one per
lane, each at a nominal signaling rate of 26.5625 GBd. The PMD then converts these streams of data units
into the appropriate signals on the MDI.

In the receive direction, the PMD continuously sends four parallel symbol streams to the PMA

1. S | . 1 . 1 4] AW A 1 1 ‘- . 1o 1. ‘- £
\.«UllUDlJUllullls W uiv Dlgllalb ICCCIVUOU TTUILL v IvilJ1, UIIv PCI Ialiv, valldl dl d HUILIIAar Dlsllallllv Idiv Ul

26.5625 GBd.

The SIGNAL DETECT parameter defined in this clause maps to the SIGNAL OK parameter in the
PMD:IS SIGNAL.indication(SIGNAL OK) inter-sublayer service interface primitive defined in 116.3.

The SIGNAL DETECT parameter can take on one of two values: OK or FAIL. When SIGNAL DETECT
= FAIL, the rx_symbol parameters are undefined.

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 sufficient light for a SIGNAL DETECT = OK indication andstill not meet the
BER defined in 121.1.1.

121.3 Delay and Skew
121.3.1 Delay constraints

The sum of the transmit and receive delays at one end of the link gontfibuted by the 200GBASE-DR4 PMD
including 2 m of fiber in one direction shall be no more than 4096bit times (8 pause quanta or 20.48 ns). A
description of overall system delay constraints and the defifutions for bit times and pause quanta can be
found in 116.4 and its references.

121.3.2 Skew constraints
The Skew (relative delay between the lanes)“and Skew Variation must be kept within limits so that the
information on the lanes can be reassembled.by the PCS. Skew and Skew Variation are defined in 116.5 and

specified at the points SP1 to SP6 shown in Figure 116—4 and Figure 116-5.

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@nd the Skew Variation at SP2 is limited to 400 ps.

The Skew at SP3 (the tranSmitter MDI) shall be less than 54 ns and the Skew Variation at SP3 shall be less
than 600 ps.

The Skew at SP4\(the receiver MDI) shall be less than 134 ns and the Skew Variation at SP4 shall be less
than 3.4 ns.

If the PMD service interface is physically instantiated so that the Skew at SP5 can be measured, then the
Skewrat SPS shall be less than 145 ns and the Skew Variation at SP5 shall be less than 3.6 ns.

Bor more information on Skew and Skew Variation see 116.5. The measurements of Skew and Skew
Variation are defined in 86.8.3.1.
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121.4 PMD MDIO function mapping

The optional MDIO capability described in Clause 45 defines several variables that may provide 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 121-2 and the mapping of MDIO

Status variabies to PMDstatus vartabtes stattbeasstowmim Tabte 1213

Table 121-2—MDIO/PMD control variable mapping

MDIO control variable PMA/PMD register name Rflgl:z:;lzrlt 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
PMD transmit disable 3 to PMD transmit disable register | 1.9.4to 1.9.1 PMD ransmit_disable 3 to
PMD transmit disable O PMDnttansmit_disable 0

Table 121-3—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-2egister 1.8.10 PMD_receive_fault
Global PMD receive signal detect | PMD receive signal detect register | 1.10.0 PMD global signal detect
PMD receive signal detect 3 to PMD reegive signal detect register | 1.10.4 to PMD signal detect 3 to
PMD receive signal detect 0 1.10.1 PMD signal detect 0

121.5 PMD functional specifications

The 200GBASE-DR4.PMD performs the Transmit and Receive functions, which convey data between the
PMD service interface.and the MDI.

121.5.1 PMD block diagram

The PMDblock diagram is shown in Figure 121-2. For purposes of system conformance, the PMD sublayer
is standardized at the points described in this subclause. The optical transmit signal is defined at the output
end of a single-mode fiber patch cord (TP2), between 2 m and 5 m in length. Unless specified otherwise, all
transmitter measurements and tests defined in 121.8 are made at TP2. The optical receive signal is defined at
the output of the fiber optic cabling (TP3) at the MDI (see 121.11.3). Unless specified otherwise, all receiver
measurements and tests defined in 121.8 are made at TP3.

TP1<0:3> and TP4<0:3> are informative reference points that may be useful to implementors for testing
components (these test points will not typically be accessible in an implemented system).
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Figure 121-2—Block diagram for 200GBASE-DR4 transmit/receive paths

121.5.2 PMD transmit function

The PMD Transmit function shall convert the four symbol streams requested by the PMD service interface
messages PMD:IS UNITDATA_O.requestto PMD:IS UNITDATA 3.request into four separate optical
signals. The four optical signals shall thén be delivered to the MDI, which contains four parallel light paths
for transmit, according to the transmit eptical specifications in this clause. The highest optical power level in
each signal stream shall correspefid to tx_symbol = three and the lowest shall correspond to tx_symbol =
Zero.

121.5.3 PMD receive function

The PMD Receiye)function shall convert the four parallel optical signals received from the MDI into
separate symbol streams for delivery to the PMD service interface using the messages
PMD:IS UNITDATA O.indication to PMD:IS UNITDATA 3.indication, all according to the receive
optical specifications in this clause. The higher optical power level in each signal stream shall correspond to
rx_symbol = three and the lowest shall correspond to rx_symbol = zero.

121.5.4 PMD global signal detect function

The PMD global signal detect function shall report the state of SIGNAL DETECT via the PMD service
interface.  The  SIGNAL DETECT  parameter is  signaled continuously, while the

PMD:TS_SIGNAL.indication message is gencrated when a change in the value of SIGNAL DEITECI
occurs. The SIGNAL DETECT parameter defined in this clause maps to the SIGNAL OK parameter in the
inter-sublayer service interface primitives defined in 116.3.
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SIGNAL_DETECT shall be a global indicator of the presence of optical signals on all four lanes. The value
of the SIGNAL _DETECT parameter shall be generated according to the conditions defined in Table 121-4.
The PMD receiver is not required to verify whether a compliant 200GBASE-DR4 signal is being received.
This standard imposes no response time requirements on the generation of the SIGNAL DETECT

parameter.
Table 121-4—SIGNAL_DETECT value definition
. i SIGNAL_DETECT
Receive conditions -

value

For any lane; Average optical power at TP3 <—16 dBm FAIL

For all lanes; OK

[(Optical power at TP3 > average receive power, each lane (min) Table 121-7)

AND
(compliant 200GBASE-R signal input)]
All other conditions Unspecified

As an unavoidable consequence of the requirements for the setting of the”’SIGNAL DETECT parameter,
implementations must provide adequate margin between the input ‘optical power level at which the
SIGNAL DETECT parameter is set to OK, and the inherent nois€ level of the PMD including the effects of
crosstalk, power supply noise, etc.

Various implementations of the Signal Detect functien” are permitted by this standard, including
implementations that generate the SIGNAL DETECT(parameter values in response to the amplitude of the
modulation of the optical signal and implementations that respond to the average optical power of the
modulated optical signal.

121.5.5 PMD lane-by-lane signal detect function

Various implementations of the Signal ‘Detect function are permitted by this standard. When the MDIO is
implemented, each PMD_signal detect i, where i represents the lane number in the range 0:3, shall be
continuously set in response tefhie magnitude of the optical signal on its associated lane, according to the
requirements of Table 121-4.

121.5.6 PMD resetfunction

If the MDIO interface is implemented, and if PMD _reset is asserted, the PMD shall be reset as defined in
45.2.1.1.1.

121.5.7.PMD global transmit disable function (optional)

The PMD_global transmit disable function is optional and allows all of the optical transmitters to be
disabled.

a)  When the PMD_global transmit_disable variable is set to one, this function shall turn off all of the
optical transmitters so that each transmitter meets the requirements of the average launch power of

the OFF transmitter in Table 121-6.

b) IfaPMD faultis detected, then the PMD may set the PMD_global transmit_disable to one, turning
off the optical transmitter in each lane.
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121.5.8 PMD lane-by-lane transmit disable function (optional)

The PMD _transmit_disable_i (where i represents the lane number in the range 0:3) function is optional and
allows the optical transmitters in each lane to be selectively disabled.

a) When a PMD_transmit_disable i variable is set to one, this function shall turn off the optical

transmitter associated with that variable so that the transmitter meets the requirements of the average
launch power of the OFF transmitter in Table 121-6.

b) IfaPMD_faultis detected, then the PMD may set each PMD _transmit disable i to one, turning off
the optical transmitter in each lane.

If the optional PMD _transmit_disable i function is not implemented in MDIO, an alternative methodumay
be provided to independently disable each transmit lane for testing purposes.

121.5.9 PMD fault function (optional)

If the PMD has detected a local fault on any of the transmit or receive paths, the PMD shall set PMD _fault to
one.

If the MDIO interface is implemented, PMD _fault shall be mapped to the fault bit as specified in 45.2.1.2.3.
121.5.10 PMD transmit fault function (optional)

If the PMD has detected a local fault on any transmit lane, th¢ /PMD shall set the PMD_transmit_fault
variable to one.

If the MDIO interface is implemented, PMD _transmit,_ fault shall be mapped to the transmit fault bit as
specified in 45.2.1.7.4.

121.5.11 PMD receive fault function (optional)

If the PMD has detected a local fault on any receive lane, the PMD shall set the PMD _receive fault variable
to one.

If the MDIO interface is implemented, PMD_receive fault shall be mapped to the receive fault bit as
specified in 45.2.1.7.5.

121.6 Lane assignments

There are no lane‘assignments (within a group of transmit or receive lanes) for 200GBASE-DR4. While it is
expected thatta PMD will map electrical lane i to optical lane 7 and vice versa, there is no need to define the
physical ordering of the lanes, as the PCS sublayer is capable of receiving the lanes in any arrangement.
The positioning of transmit and receive lanes at the MDI is specified in 121.11.3.1.

121.7 PMD to MDI optical specifications for 200GBASE-DR4

The operating range for the 200GBASE-DR4 PMD is defined in Table 121-5. A 200GBASE-DR4
compliant PMD operates on type B1.1, B1.3, or B6_a single-mode fibers according to the specifications

defined in Table 121-14. A PMD that exceeds the operating range requirement while meeting all other
optical specifications is considered compliant (e.g., a 200GBASE-DR4 PMD operating at 600 m meets the
operating range requirement of 2 m to 500 m).
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Table 121-5—200GBASE-DR4 operating range

PMD type Required operating range

200GBASE-DR4 2 mto 500 m

121.7.1 200GBASE-DR4 transmitter optical specifications

The 200GBASE-DR4 transmitter shall meet the specifications defined in Table 1216 per the definitions in
121.8.

Table 121-6—200GBASE-DR4 transmit characteristics

Description Value Unit
Signaling rate, each lane (range) 26.5625 +100yppm GBd
Modulation format PAMA4 —
Lane wavelength (range) 1304.5 to 1317.5 nm
Side-mode suppression ratio (SMSR), (min) 30 dB
Average launch power, each lane (max) 3 dBm
Average launch power, each lane® (min) 5.1 dBm
Outer Optical Modulation Amplitude (OMA;;,), each lane{(max) 2.8 dBm
Outer Optical Modulation Amplitude (OMA ;;.,), €ach{lane (min)® -3 dBm
Launch power in OMA ., minus TDECQ, each lane\(min) —4.4 dBm
Transmitter and dispersion eye closure for PAM4(TDECQ), each 34 dB
lane (max)
Average launch power of OFF transmitter; each lane (max) -16 dBm
Extinction ratio, each lane (min) 3.5 dB
RIN,; 4JOMA (max) -132 dB/Hz
Optical return loss tolerance (max) 21.4 dB
Transmitter reflectahce® (max) -26 dB

8 Average launch power, each lane (min) is informative and not the principal indicator of signal strength. A transmitter
with launchipower below this value cannot be compliant; however, a value above this does not ensure compliance.

b Even if the TDECQ < 1.4 dB, the OMA ;e (min) must exceed this value.

¢ Transhnifter reflectance is defined looking into the transmitter.

121.7.2 200GBASE-DR4 receive optical specifications

The 200GBASE-DR4 receiver shall meet the specifications defined in Table 121-7 per the definitions in
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Table 121-7—200GBASE-DR4 receive characteristics

Description Value Unit
Signaling rate, each lane (range) 26.5625+ 100 ppm GBd
Modulation format PAMA4 —
Lane wavelengths (range) 1304.5 to 1317.5 nm
Damage threshold?, each lane 4 dBm
Average receive power, each lane (max) 3 dBm
Average receive power, each lane® (min) -8.1 dBm
Receive power (OMA ,c;), €ach lane (max) 2.8 dBm
Receiver reflectance (max) -26 dB
Receiver sensitivity (OMA .p), €ach lane® (max) —6.6 dBm
Stressed receiver sensitivity (OMA ;) €ach laned (max) —4.1 dBm
Conditions of stressed receiver sensitivity test:®
Stressed eye closure for PAM4 (SECQ), lane under test 34 dB
OMA e Of each aggressor lane 2.8 dBm

2 The receiver shall be able to tolerate, without damage, continuous.&éxposure to an optical input signal having this
average power level. The receiver does not have to operate correetly.at this input power.

b Average receive power, each lane (min) is informative and ndt.the principal indicator of signal strength. A received
power below this value cannot be compliant; however, a value,above this does not ensure compliance.

¢ Receiver sensitivity (OMA ), each lane (max) is informative and is defined for a transmitter with SECQ of 0.9 dB.

4 Measured with conformance test signal at TP3 (see 124,8.9) for the BER specified in 121.1.1.

¢ These test conditions are for measuring stressed recgiver sensitivity. They are not characteristics of the receiver.

121.7.3 200GBASE-DRA4 illustrative,link power budget

An illustrative power budget and.penalties for 200GBASE-DR4 channels are shown in Table 121-8.

Table-121-8—200GBASE-DR4 illustrative link power budget

Parameter Value Unit
Power budget.(for max TDECQ) 6.5 dB
Operating-distance 500 m
Channel insertion loss® 3 dB
Maximum discrete reflectance See 121.11.2.2 dB
Allocation for penaltiesb (for max TDECQ) 3.5 dB
Additional insertion loss allowed 0 dB

2 The channel insertion loss is calculated using the maximum distance specified in Table 1215 and cabled optical fiber
attenuation of 0.5 dB/km at 1304.5 nm plus an allocation for connection and splice loss given in 121.11.2.1.
b Link penalties are used for link budget calculations. They are not requirements and are not meant to be tested.
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121.8 Definition of optical parameters and measurement methods

All transmitter optical measurements shall be made through a short patch cable, between 2 m and 5 m in
length, unless otherwise specified.

While compliance is to be achieved in normal operation, specific test patterns are defined for measurement
consistency and to enable measurement of some parameters. Table 121-10 gives the test patterns to be used
in each measurement, unless otherwise specified, and also lists references to the subclauses in which each
parameter is defined. Any of the test patterns given for a particular test in Table 121-10 may be usedyto
perform that test. The test patterns used in this clause are shown in Table 121-9.

Table 121-9—Test patterns

Pattern Pattern description Defined'in
Square wave Square wave (8 threes, 8 zeros) 12005.1H.2.4
3 PRBS31Q 120.5.11.2.2
4 PRBS13Q 120.5.11.2.1

5 Scrambled idle 119.2.4.9
6 SSPRQ 120.5.11.2.3

Table 121-10—Test-pattern/definitions and related subclauses

Parameter Pattern Related subclause

Wavelength Square wave, 3, 4, 5, 6 or valid 121.8.2
200GBASE-R signal

Side mode suppression ratio 3,5, 6 or valid 200GBASE-R signal —
Average optical power 3,5, 6 or valid 200GBASE-R signal 121.8.3
Outer Optical Modulation Amplitude (OMA c;) 4or6 121.8.4
Transmitter and dispérsion eye closure for PAM4 6 121.8.5
(TDECQ)
Extinction satie 4or6 121.8.6
RIN, 2OMA Square wave 121.8.7
Stressed receiver conformance test signal 6 121.8.9.2
calibration
Stressed receiver sensitivity 3ors 121.8.9

121.8.2 Wavelength

The wavelength of each optical lane shall be within the range given in Table 121-6 if measured per
TIA/EIA-455-127-A or IEC 61280-1-3. The lane under test is modulated using the test pattern defined in
Table 121-10.
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121.8.3 Average optical power

The average optical power of each lane shall be within the limits given in Table 121-6 if measured using the
methods given in IEC 61280-1-1. The average optical power is measured using the test pattern defined in
Table 121-10, per the test setup in Figure 53-6.

121.8.4 Outer Optical Modulation Amplitude (OMAtcr)

The OMA ¢, of each lane shall be within the limits given in Table 121-6. The OMA ;. is measured using
a test pattern specified for OMA ., in Table 121-10 as the difference between the average optical launch
power level P;, measured over the central 2 UI of a run of 7 threes, and the average optical launch power
level Py, measured over the central 2 UI of a run of 6 zeros, as shown in Figure 121-3.

P3
1 1 L

2Ul

2 Ul

' '
Ty

.PO.

Figure 121-3—Example power levels Py and P; from PRBS13Q test pattern

121.8.5 Transmitter and dispersion eye'closure for PAM4 (TDECQ)

The TDECQ of each lane shall be within the limits given in Table 1216 if measured using the methods
specified in 121.8.5.1, 121.8.5.2, and™121.8.5.3.

TDECQ is a measure of each-optical transmitter's vertical eye closure when transmitted through a worst case
optical channel (specified(in 121.8.5.2), as measured through an optical to electrical converter (O/E) and
oscilloscope with the combined frequency response given in 121.8.5.1, and equalized with the reference

equalizer (as described’in 121.8.5.4). The reference receiver and equalizer may be implemented in software
or may be part of\an oscilloscope.

Table 12 }=10"specifies the test patterns to be used for measurement of TDECQ.
121:8.5.1 TDECQ conformance test setup

Ablock diagram for the TDECQ conformance test is shown in Figure 121-4. Other equivalent measurement
implementations may be used with suitable calibration.

Each optical lane is tested individually with all other lanes in operation and all lanes using the same test

pattern. There shall be at least 31 UI delay between the test pattern on one lane and the pattern on any other
lane, so that the symbols on each lane are not correlated within the PMD. The optical splitter and variable
reflector are adjusted so that each transmitter is tested with the optical return loss specified in Table 121-11.
The state of polarization of the back reflection is adjusted to create the greatest RIN. Each optical lane is
tested with the optical channel described in 121.8.5.2. The combination of the O/E and the oscilloscope has

213
Copyright © 2017 IEEE. All rights reserved.

© IEEE 2017 - All rights reserved



https://iecnorm.com/api/?name=c9988e8402ed8380b26b6d6ea1aadd28

ISO/IEC/IEEE 8802-3:2017/Amd.10:2019(E)

IEEE Std 802.3bs-2017
Amendment 10: Media Access Control Parameters, Physical Layers, and Management Parameters
for 200 Gb/s and 400 Gb/s Operation

a fourth-order Bessel-Thomson filter response with a bandwidth of approximately 13.28125 GHz.
Compensation may be made for any deviation from an ideal fourth-order Bessel-Thomson response.

The test pattern (specified in Table 121-10) is transmitted repetitively by the optical lane under test and the
oscilloscope is set up to capture the complete pattern for TDECQ analysis as described in 121.8.5.3. The

1L

1 1 LR ek s % tha W] £, L4 DNATT 1 1 £o0 10/ 1 Tl ORLL 1
CIUUKN lchVCI_y UL {CINU ) HHdS da CULIICT llU\iuUll\/_y Ul 5 IviliZ allu d DLUPU Ul U UD/dlialu. 1T1IV UINU Uall UU

implemented in hardware or software depending on oscilloscope technology.

Polarization rotator

PMD OO Optical .| Test -
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oscilloscope
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Variable Réference
reflector equalizer and
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Figure 121-4—TDECQ conformance test block diagram

121.8.5.2 Channel requirements

The transmitter is tested using an optical channel that meets'the’requirements listed in Table 121-11.

Table 121-11—Transmitter,compliance channel specifications

. . \a .
Dispersion® (ps/nm) Insertion Optical Max

PMD type loss® return | mean

Minimum Maximum loss® DGD

200GBASE-DR4 | 0.011625xAx [1+(1324 /1)*] | 0.011625xAx[1~(1300/A)*] | Minimum | 21.4dB | 0.5ps

 The dispersion is measured for théwavelength of the device under test (A in nm). The coefficient assumes 500 m for
200GBASE-DRA4.
There is no intent to stressithe’sensitivity of the O/E converter associated with the oscilloscope.

¢ The optical return loss islapplied at TP2.

A 200GBASE-DR4 transmitter is to be compliant with a total dispersion at least as negative as the
“minimum._Sdispersion” and at least as positive as the “maximum dispersion” columns specified in
Table 121<=11 for the wavelength of the device under test. This may be achieved with channels consisting of
fibers with lengths chosen to meet the dispersion requirements.

To verify that the fiber has the correct amount of dispersion, the measurement method defined in
TEC 60793-1-42 may be used. The measurement is made in the linear power regime of the fiber.

The channel provides an optical return loss specified in Table 121-11. The state of polarization of the back

retlection 1s adjusted to create the greatest RIN.

The mean DGD of the channel is to be less than the value specified in Table 121-11.
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121.8.5.3 TDECQ measurement method

The standard deviation of the noise of the O/E and oscilloscope combination, oy, is determined with no
optical input signal and the same settings as used to capture the histograms described below.

ONIA 2
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The test pattern specified for TDECQ (see Table 121-10) is transmitted repetitively by the optical lane
under test and the oscilloscope is set up to capture samples from all symbols in the complete pattern without
averaging.

If an equivalent-time sampling oscilloscope is used, the impact of the sampling process and the reference
equalizer on transmitter noise must be compensated for, so that the correct magnitude of noise js\present at
the output of the equalizer.

The captured waveform is processed to find the largest noise that could be combined with ‘the signal by an
ideal reference receiver when optimally equalized by a reference equalizer. The~optimal equalizer tap
coefficients are dependent on the amount of noise that can be added to the signal,\so"finding the noise that
can be added and the optimal equalizer setting is an iterative process. One way ¢f-deing this, using estimated
PAM4 symbol error ratio as the figure of merit for the equalized signal, is dé€scribed below.

The reference equalizer (specified in 121.8.5.4) is applied to the waveform. The sum of the equalizer tap
coefficients is equal to 1. An eye diagram is formed from the equalized'captured waveform.

The average optical power (P,,.) of the equalized eye diagram is'determined, and the 0 UI and 1 UI crossing
points are determined by the average of the eye diagram crossing times, as measured at P,,, as illustrated in
Figure 121-5.

Normalized time through the eye diagram, unit interval

0 0.45 0.55 1

oy ine

Figure 121-5—Illlustration of the TDECQ measurement

Two vertical histograms are measured through the eye diagram, nominally centered at 0.45 Ul and 0.55 UL
Each of the histogram windows spans all of the modulation levels of the eye diagram, as illustrated in
Figure 121-5. The precise time position of the pair of histograms is adjusted to minimize TDECQ while
keeping the histograms spaced 0.1 UI apart.
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Each histogram window has a width of 0.04 UI. Each histogram window has outer height boundaries which
are set beyond the extremes of the eye diagram (so that no further samples would be captured by increasing
the vertical separation of the height boundaries).

The sub-eye threshold levels Py,q, Py,n, and Py, are determined from the OMA ., and the average optical

12

el 1 VoY 1L 1 e (191 1 = — 101 9 1= — (101
PUWUL Ul uIv U_yU u1a51a1u U ave) dS UCLITINICU 11T J_zkiUdLlUll 1<«1—1j, J_zLiLlCl,I,lUll (1<l ), alltl Lkiuallull \1&170)

and illustrated in Figure 121-5.

OMA
Pthl = PavefTouter (121*1)
Py = Pyye (121-2)
OMA
Piy = Poyet —3 (121-3)

Each captured histogram is processed to, in effect, combine the PAM4 waveformwith noise, in order to
produce an estimate of the partial PAM4 symbol error ratio (SER) for each sub-eye.)One way of doing this is
described below.

The left and right histograms are each normalized, and can be represehted as a series of equally spaced
optical power values (y;) with separation Ay, each with an associat¢d fraction F(y;), equal to the number of
samples captured in that power interval divided by the total nunibép of samples in that histogram. The sum
of all F(y;) for each histogram is equal to 1.

From the left normalized histogram F(y;), three cumulative probability functions are created, CFp(y;),
CF5(y;), and CFy3(y;), one around each sub-eye threshold. The right histogram is treated similarly to create
three cumulative probability functions CFr7)y CFro(yv;), and CFp3(y;). CFpi(v;) is defined in
Equation (121-4).

Vi
S F() fory, 2Py

CFL() =", (121-4)

> F(yyfory; <Py,

Y=V

Each element of the cumulative probability function, CF(y;), is multiplied by a value Gy,;(»;), and then
summed to_calculate an approximation for SER;;, the partial SER for threshold 1. Each element of the
cumulatiye'probability function, CF,(y;), is multiplied by a value Gy,»(;), and then summed to calculate an
approximation for SER;,. Each element of the cumulative probability function, CFy3(y;), is multiplied by a
value'\Gy,3(y;), and then summed to calculate an approximation for SER; 3. The sum of the three partial SERs
i§ the SER associated with the left histogram, SER;.

Each element of the cumulative probability function, CFp (y;), is multiplied by a value Gg,1(y;), and then
summed to calculate an approximation for SERp/, the partial SER for threshold 1. CFgy(y;) and CFg3(y;) are
treated similarly to calculate SERp,. and SER p. the partial SERs for threshold 2 and threshold 3. The sum of

the three partial SERs is the SER associated with the right histogram, SER .

Gn1(vy) 1s equivalent to a Gaussian probability density function with an RMS value of o, centered around
the sub-eye threshold Py,;. Gy,1(v;) is given by Equation (121-5) and can be estimated by Equation (121-6).
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,V,*'A?y 7[Y—Pm1j2
1 chccﬁ
Gy = | ——=xe dy (121-5)

A Ceqccm
Yims

2

7(%‘*1)(}‘1 ]2
chscﬁ

Gy = e x Ay (121-6)

1
—_— X
chGGA/Zn

Guo(v)) and Gy3(v;) are similar Gaussian probability density functions with the same RMS value of(og;,
centered around the sub-eye thresholds Py, and Py,3 respectively. Gyo(v;) and Gyps(y;) are given by
Equation (121-7) and Equation (121-8) respectively.

Y,*'A?y 7[}’*Pm2j2
1 chﬁcﬁ
Gualy) = | ———=xe dy (121-7)
A C q® Gm
Vit
2
,V;*'A?y _[ Y~ Pus jz
1 Cmocﬁ
Gusv) = | ———=xe dy (121-8)
C.qC «/EE
Ay q-G
Vim 5
2
where
Ceq is a coefficient which accounts for the reference equalizer noise enhancement

The value of C, can be calculated from the product of the normalized noise power density spectrum N(f) at
the input of the reference equalizer and the nermalized frequency response Hy(f) of the reference equalizer,
as shown in Equation (121-9).

Coq = A/jfzv(f) < |Hoo(Ndf (121-9)
where
N(f) is the normalized noise power density spectrum equivalent to white noise filtered by a fourth-

order Bessel=Thomson response filter with a bandwidth of 13.28125 GHz.

and
J'fN(f)df: H,(f=0) =1 (121-10)

The equalizer tap coefficients are iteratively adjusted and SER; and SERy calculated until the largest of
SER; and SERp is minimized. Then, if the larger of SER; and SERy is greater than the target SER of
4.8 x 1074, the value of og 1s decreased and the process of equalizer optimization is repeated; If the larger of
SER|, and SERp, is lower than the target SER of 4.8 x 107, then the value of oy; is increased and the process
of equalizer optimization is repeated.

When the larger of SER; and SERp, is equal to the target SER of 4.8 x 104, and the value of 0 cannot be
increased by further optimization of the equalizer tap coefficients, then TDECQ is calculated.
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The RMS noise, R, that could be added by a receiver is given by Equation (121-11).

R = Jo, +c4 (121-11)

TDECQ is given by Fquation (121-12)

OoMA
e QUL LR) (121-12)

TDECQ = 1010g10( C 0
t

where
OMA yyter 15 the Outer Optical Modulation Amplitude as defined in 121.8.4

O, is 3.414 consistent with the BER and target symbol error ratio for Gray coded PAM4

121.8.5.4 TDECAQ reference equalizer

The reference equalizer for 200GBASE-DR4 is a 5 tap, T spaced, feed-forward equalizer (FFE), where T is
the symbol period. The sum of the equalizer tap coefficients is equal to 1.

NOTE—This reference equalizer is part of the TDECQ test and does not imply any particular receiver equalizer
implementation.

121.8.6 Extinction ratio

The extinction ratio of each lane shall be within the limits given in Table 121-6 if measured using a test
pattern specified for extinction ratio in Table 121-10. The extinction ratio of a PAM4 optical signal is
defined as the ratio of the average optical launch power¢Jevél P5, measured over the central 2 UI of a run of
7 threes, and the average optical launch power level Py{ieasured over the central 2 Ul of a run of 6 zeros, as
shown in Figure 121-3.

121.8.7 Relative intensity noise (RIN24:,4OMA)

RIN shall be as defined by the measurement methodology of 52.9.6 with the following exceptions:
a)  The optical return loss is 21.4.dB.

b) Each lane may be tested,individually with the sum of the optical power from all of the lanes not
under test being below,~30 dBm.

¢) The upper -3 dB*limit of the measurement apparatus is to be approximately equal to the signaling
rate (i.e., 26.6-GHz).

d) The test pattern is according to Table 121-10.
121.8.8 Receiver sensitivity
Receiver’sensitivity, which is defined for an input signal with SECQ of 0.9 dB (e.g., an ideal input signal
witheut overshoot), is informative and compliance is not required. If measured, the test signal should have
négligible impairments such as intersymbol interference (ISI), rise/fall times, jitter and RIN. Instead, the

normative requirement for receivers is stressed receiver sensitivity.

121.8.9 Stressed receiver sensitivity

Stressed receiver sensitivity shall be within the limits given in Table 121-7 if measured using the method
defined in 121.8.9.1 and 121.8.9.3, with the conformance test signal at TP3 as described in 121.8.9.2, using
the test pattern specified for stressed receiver sensitivity in Table 121-10. The BER is required to be met for
the lane under test on its own.
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Stressed receiver sensitivity is defined with all transmit and receive lanes in operation. Any of the patterns
specified for stressed receiver sensitivity in Table 121-10 is sent from the transmit section of the PMD
under test. The signal being transmitted is asynchronous to the received signal.

121.8.9.1 Stressed receiver conformance test block diagram

A block diagram for the receiver conformance test is shown in Figure 121-6. The patterns used for the
received conformance signal are specified in Table 121-10. The optical test signal is conditioned (stressed)
using the stressed receiver methodology defined in 121.8.9.2 and has sinusoidal jitter applied as specified in
121.8.9.4. A suitable test set is needed to characterize the signal used to test the receiver. Stressed receiver
conformance test signal verification is described in 121.8.9.3.

Frequency
synthesizer

¥y FMinput
| Clock source

Sinusoidally jittered clock

Test-pattern et Test pattern

generator
Receivef under test
Stress conditioning A
Sinusoidal amplitude
vV 'u /\/ interferer
Gaussian noise Modulatedftest
generator sources for
other lanes
K Low-pass filter Optical
* attenuator
E/O converter for ?

lane under test

Signal characterization measurement

pl OE | p Oscilloscope

CRU or

I | Pattern trigger
clean clock 99

Figure 121-6—Stressed receiver conformance test block diagram

The low-pass filter is used to create ISI. The combination of the low-pass filter and the E/O converter should
have a frequency response that results in at least half of the dB value of the stressed eye closure (SECQ)
specified in Table 121-7 before the sinusoidal and Gaussian noise terms are added, according to the methods

folaY

b A 1201 2 _T1 - b DG | R B | e e R BV 1 1 1 PR - e
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with the finite edge rates, also causes some jitter.

The sinusoidally jittered clock represents other forms of jitter and also verifies that the receiver under test
can track low-frequency jitter. The sinusoidal amplitude interferer may be set at any frequency between
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100 MHz and 2 GHz, although care should be taken to avoid harmonic relationships between the sinusoidal
interferer, the sinusoidal jitter, the signaling rate, and the pattern repetition rate. The Gaussian noise
generator, the amplitude of the sinusoidal interferer, and the low-pass filter are adjusted so that the SECQ
specified in Table 121-7 is met, according to the methods specified in 121.8.9.2.

h - 1 b FEE BVS L 1.1 i 1l 1 - - 4L - 1 ) 1.1 A Vi | 1 A /AN e
1"UT lllllJlUVUu VlblUlllL_y IUT LallulatiUldl, dIil CICIIIVIILS 11T UIC Dlsllal P(ll,ll \baUlUD, LJC UIUCRS, L/U CUIIVUILCL,
etc.) should have wide and smooth frequency response, and linear phase response, throughout the spectrum
of interest. Baseline wander and overshoot and undershoot should be negligible.

121.8.9.2 Stressed receiver conformance test signal characteristics and calibration

The conformance test signal is used to validate that each lane of the PMD receiver meets BER requir¢ments
with near worst-case waveforms at TP3.

The primary parameters of the stressed receiver conformance test signal are its stressed eye-closure (SECQ),
and the sinusoidal jitter applied, as specified in 121.8.9.4. The SECQ of the stressed ree¢ivér conformance
test signal is measured according to 121.8.5, except that the test fiber is not used- Aff example stressed
receiver conformance test setup is shown in Figure 121-6; however, alternative'‘tést setups that generate
equivalent stress conditions may be used.

The following steps describe a possible method for setting up and<calibrating a stressed receiver
conformance test signal when using a stressed receiver conformance té¢st'sétup as shown in Figure 121-6:

1)  Set the signaling rate of the test pattern generator to meet therequirements in Table 121-6.

2)  With the sinusoidal jitter, sinusoidal interferer, and the ‘Gaussian noise generator turned off, set the
extinction ratio of the E/O converter to approximately-the minimum specified in Table 121-6.

3)  The required value of SECQ is given in Table 121—7. With the sinusoidal jitter, sinusoidal interferer,
and Gaussian noise generator turned off, at Jeasthalf of the dB value of SECQ should be created by
the selection of the appropriate bandwidth for the combination of the low-pass filter and the E/O
converter. Any remaining SECQ must¢be ‘ereated with a combination of sinusoidal jitter, sinusoidal
interference, and Gaussian noise. Sintisoidal jitter is added as specified in Table 121-12.

When calibrating the conformance signal; the sinusoidal jitter frequency should be between 50 MHz and 10
times LB as defined in Table 121-12.Sinusoidal jitter amplitude may be calibrated by measuring the jitter
on the oscilloscope, while transmifting the square wave pattern, as defined in Table 121-9, and using a clean
clock in place of the CRU to trigger the oscilloscope.

Iterate the adjustments of the sinusoidal interferer, the Gaussian noise generator, and extinction ratio, until
the required value.of SECQ is met, while also meeting the following conditions: the extinction ratio is
approximately theé minimum specified in Table 121-6; and sinusoidal jitter is as specified in Table 121-12.

Each receiverilane is conformance tested in turn. The source for the lane under test is adjusted to supply a
signal at'the input to the receiver under test at the “Stressed receiver sensitivity (OMA ), €ach lane
(max)” specified in Table 121-7, and the test sources for the other lanes are set to the “OMA ., of each
aggressor lane” specified in Table 121-7.

121.8.9.3 Stressed receiver conformance test signal verification

The SECQ of the stressed receiver conformance test signal is measured according to 121.8.5, except that the

test fiber 1s not used. The clock output from the clock source in Figure 121-6 1s modulated with the
sinusoidal jitter. To use an oscilloscope to calibrate the final stressed eye jitter that includes the sinusoidal
jitter component, a separate clock source (clean clock of Figure 121-6) is required that is synchronized to
the source clock, but not modulated with the jitter source.
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Care should be taken when characterizing the test signal because excessive noise/jitter in the measurement
system would result in an input signal that does not fully stress the receiver under test. Running the receiver
tolerance test with a signal that is under-stressed may result in the deployment of non-compliant receivers.
The noise/jitter introduced by the O/E, filters, and oscilloscope should be negligible or the results should be
corrected for its effects. While the details of test equipment are beyond the scope of this standard, it is

lcbullllllclldcd that tllc illlplclllclltcl full_y \.«11(11 autc1 iLC tilU tUDt Cquiplllcllt aud Cl,pply appl Ul}l iatc suald ‘uaudo
so that the stressed receiver conformance input signal meets the stress and sinusoidal jitter specified in
121.8.9.2 and 121.8.9.4.

121.8.9.4 Sinusoidal jitter for receiver conformance test

The sinusoidal jitter is used to test receiver jitter tolerance. The amplitude of the applied sinusoidal jitter is
dependent on frequency as specified in Table 121-12 and is illustrated in Figure 121-7.

Table 121-12—Applied sinusoidal jitter

Frequency range

Sinusoidal jitter, peak-to-peak (UI)

f<40kHz Notspecified
40 kHz << 4 MHz 2% 105 f
4 MHz <f<10 LB? 0.05

& LB = loop bandwidth; upper frequency bound for added sine jitter shotld be at least 10 times the loop bandwidth
of the receiver being tested.

SUL L
Applied sinusoidal jitter
peak-to-peak amplitude
(UD) (log scale)
0.05 Ul
| |

40 kHz 4 MHz 10LB

Figure 121-7—lllustration of the mask of the sinusoidal component of jitter tolerance

41-21-.9-&fety,—'rnstaﬂaﬁon,—emﬁro1'rmeut, and =abt:=;||9
121.9.1 General safety

All equipment subject to this clause shall conform to IEC 60950-1.
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121.9.2 Laser safety

200GBASE-DR4 optical transceivers shall conform to Hazard Level 1 laser requirements as defined in
IEC 60825-1 and IEC 60825-2, under any condition of operation. This includes single fault conditions
whether coupled into a fiber or out of an open bore.

Conformance to additional laser safety standards may be required for operation within specific geographic
regions.

Laser safety standards and regulations require that the manufacturer of a laser product provide information
about the product’s laser, safety features, labeling, use, maintenance, and service. This documentation
explicitly defines requirements and usage restrictions on the host system necessary to meet these(safety
certifications.

121.9.3 Installation

It is recommended that proper installation practices, as defined by applicable local codes’and regulation, be
followed in every instance in which such practices are applicable.

121.9.4 Environment
Normative specifications in this clause shall be met by a system integrating a 200GBASE-DR4 PMD over
the life of the product while the product operates within the manufacturer’s range of environmental, power,

and other specifications.

It is recommended that manufacturers indicate in the litefature associated with the PHY the operating
environmental conditions to facilitate selection, installation, and maintenance.

It is recommended that manufacturers indicate{ in“the literature associated with the components of the
optical link, the distance and operating envirorimental conditions over which the specifications of this clause
will be met.

121.9.5 Electromagnetic emission

A system integrating a 200GBASE-DR4 PMD shall comply with applicable local and national codes for the
limitation of electromagnetic.interference.

121.9.6 Temperature, humidity, and handling

The optical link\is’expected to operate over a reasonable range of environmental conditions related to
temperature, thumidity, and physical handling (such as shock and vibration). Specific requirements and
values forthiese parameters are considered to be beyond the scope of this standard.

1219.7 PMD labeling requirements

[t is recommended that each PHY (and supporting documentation) be labeled in a manner visible to the user,
with at least the applicable safety warnings and the applicable port type designation (e.g., 2000GBASE-DR4).

Labeling requirements for Hazard Level 1 lasers are given in the laser safety standards referenced in

121.9.2.

®A host system that fails to meet the manufacturer’s requirements and/or usage restrictions may emit laser radiation in excess of the
safety limits of one or more safety standards. In such a case, the host manufacturer is required to obtain its own laser safety certification.
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The fiber optic cabling model is shown in Figure 121-8.

MDI MDI
i i
|< Fiber optic cabling (channel) >
Patch Patch
d Link d
PMD - Connection [ P> Connection R PMD

Figure 121-8—Fiber optic cabling model

The channel insertion loss is given in Table 121-13. A channel may contain additional connectors as long as
the optical characteristics of the channel, such as attenuation, dispersion, reflections,-and-polarization mode
dispersion meet the specifications. Insertion loss measurements of installed fiber/cables are made in
accordance with ANSI/TIA/EIA-526-7/method A-1. The fiber optic cabling model(channel) defined here is
the same as a simplex fiber optic link segment. The term channel is used hete for consistency with generic
cabling standards.

Table 121-13—Fiber optic cabling (channel) characteristics

Description 200GBASE-DR4 Unit
Operating distance (max) 500 m
Channel insertion loss® b(max) 3 dB
Channel insertion loss (min) 0 dB
Positive dispersionb (max) 0.8 ps/nm
Negative dispersionb (inin) —0.93 ps/nm
DGD_max® 2.24 ps
Optical retorn loss (min) 37 dB

2 These'channel insertion loss values include cable, connectors, and splices.
b Ovierthe wavelength range 1304.5 nm to 1317.5 nm.
“\Differential Group Delay (DGD) is the time difference at reception between the
fractions of a pulse that were transmitted in the two principal states of polarization
of an optical signal. DGD_max is the maximum differential group delay that the
system must tolerate.

121.11 Characteristics of the fiber optic cabling (channel)

The 200GBASE-DR4 fiber optic cabling shall meet the specifications defined in Table 121-14. The fiber
optic cabling consists of one or more sections of fiber optic cable and any intermediate connections required

TO COTMECt SECHOMS tOgTHIeT.
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121.11.1 Optical fiber cable

The fiber optic cable requirements are satisfied by cables containing IEC 60793-2-50 type B1.1 (dispersion
un-shifted single-mode), type B1.3 (low water peak single-mode), or type B6_a (bend insensitive) fibers or
the requirements in Table 121-14 where they differ.

Table 121-14—Optical fiber and cable characteristics

Description Value Unit
Nominal fiber specification wavelength 1310 nm
Cabled optical fiber attenuation (max) 0.5% dB/kny
Zero dispersion wavelength () 1300 <Ao< 1324 am
Dispersion slope (max) (Sp) 0.093 pSiim?2 km

4 The 0.5 dB/km attenuation is provided for Outside Plant cable as defined in ANSI/TIAS68-C.3.

121.11.2 Optical fiber connection

An optical fiber connection, as shown in Figure 121-8, consists of 4 mated pair of optical connectors.
121.11.2.1 Connection insertion loss

The maximum link distance is based on an allocationtof 2.75 dB total connection and splice loss. For
example, this allocation supports five connections with-an average insertion loss per connection of 0.5 dB.
Connections with different loss characteristics may,be used provided the requirements of Table 121-13 are
met.

121.11.2.2 Maximum discrete reflectance

The maximum value for each discrete reflectance shall be less than or equal to the value shown in
Table 121-15 corresponding tofhe number of discrete reflectances above —55 dB within the channel. For

numbers of discrete reflectances in between two numbers shown in the table, the lower of the two
corresponding maximum,discrete reflectance values applies.

Table 121-15—Maximum value of each discrete reflectance

Number of discrete Maximum value for each discrete
reflectances above —55 dB reflectance
1 -37dB
2 -42 dB
4 -45 dB
6 47 dB
8 -48 dB
10 -49 dB
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121.11.3 Medium Dependent Interface (MDI)

The 200GBASE-DR4 PMD is coupled to the fiber optic cabling at the MDI. The MDI is the interface
between the PMD and the “fiber optic cabling” (as shown in Figure 121-8). The 200GBASE-DR4 PMD is
coupled to the fiber optic cabling through one connector plug into the MDI optical receptacle as shown in

h b 121 1.0 1. 1 e e L4l AN 1 2l 41 L1l -

I lsulc IZ1T—1VU. J_zAﬂlllplU CUIISUUCLIVUILS UT UIU IVIDJT HHICITUUU UIv LUIIUWIIIE.
a) PMD with a connectorized fiber pigtail plugged into an adapter
b) PMD receptacle

121.11.3.1 Optical lane assignments

The four transmit and four receive optical lanes of 200GBASE-DR4 shall occupy the positions depioted in
Figure 121-9 when looking into the MDI receptacle with the connector keyway feature on top. The.interface
contains eight active lanes within twelve total positions. The transmit optical lanes occupy the.leéft-most four
positions. The receive optical lanes occupy the right-most four positions. The four cehter” positions are
unused.

Tx Tx Tx Tx Rx Rx Rx ,Rx
CHONONONONONONONONONGS V)

Figure 121-9—200GBASE-DR4 optical lane assignments

121.11.3.2 Medium Dependent Interface (MDI) requirements

The MDI shall meet the dimensional specifications of IEC 61754-7-1 interface 7-1-9: MPO device
receptacle, angled interface. The plug tertinating the optical fiber cabling shall meet the dimensional
specifications of IEC 61754-7-1 interface<7-1-1: MPO female plug connector, down-angled interface for 2
to 12 fibres. The MDI shall optically miate with the plug on the optical fiber cabling. Figure 121-10 shows
an MPO female plug connector with 'down-angled interface, and an MDI as an active device receptacle with
angled interface.

Fiber cable Keyway

/

(o[E=] )

Alignment hole AIignrr}ent pin
MPO female plug connector with MDI as an active device receptacle
down-angled interface with angled interface

Figure 121-10—MPO female plug with down-angled interface and
MDI active device receptacle with angled interface

The MDI shall meet the interface performance specifications of IEC 61753-021-2 for performance
level D/2.

NOTE—Transmitter compliance testing is performed at TP2 as defined in 121.5.1, not at the MDI.
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121.12 Protocol implementation conformance statement (PICS) proforma for
Clause 121, Physical Medium Dependent (PMD) sublayer and medium, type
200GBASE-DR47

121.12.1 Introduction

The supplier of a protocol implementation that is claimed to conform to Clause 121, Physical Medium
Dependent (PMD) sublayer and medium, type 200GBASE-DR4, 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.

121.12.2 Identification

121.12.2.1 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 réquirements 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).

121.12.2.2 Protocol summary

Identification of protocol standard IEEE Std 802.3bs-2017, Clause 121, Physical Medium
Dependent (PMD) sublayer and medium, type
200GBASE-DR4

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

Have any Exception items been required? No [ ] Yes [ ]
(See Clause. 2} the answer Yes means that the implementation does not conform to IEEE Std 802.3bs-2017.)

Date'of Statement

7Copyright release for PICS proformas: Users of this standard may freely reproduce the PICS proforma in this subclause so that it can
be used for its intended purpose and may further publish the completed PICS.
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Item Feature Subclause Value/Comment Status Support
*INS Installation / cable 121.10 Items marked with INS include (0] Yes [ ]
mstaHattonpractices-and-eabie NoH
specifications not applicable to
a PHY manufacturer
TP1 Reference point TP1 exposed 121.5.1 This point may be made (0] Yes [ ]
and available for testing available for use by No[]
implementers to certify
component conformance
TP4 Reference point TP4 exposed 121.5.1 This point may be made (¢} Yes [ ]
and available for testing available for use by No[]
implementers to certify
component conformance
DC Delay constraints 121.3.1 Device conforms to delay M Yes [ ]
constraints
SC Skew constraints 121.3.2 Device conforms to Skew and M Yes [ ]
Skew Variation constraints
*MD MDIO capability 121.4 Registers and intetface (¢} Yes [ ]
supported No[]

121.12.4 PICS proforma tables for Physical Medium-Dependent (PMD) sublayer and
medium, type 200GBASE-DR4

121.12.4.1 PMD functional specifications

Copyright © 2017 IEEE. All rights reserved.

© IEEE 2017 - All rights reserved

Item Feature Subclause Value/Comment Status Support
F1 Compatible with 200GBASE<R 121.1 M Yes [ ]
PCS and PMA
F2 Integration with managérment 121.1 o Yes [ ]
functions No[]
F3 Bit error ratiQ 121.1.1 Meets the BER specified in M Yes [ ]
121.1.1
F4 Transmit_function 121.5.2 Conveys symbols from PMD M Yes [ ]
service interface to MDI
F5 Mapping between optical signal 121.5.2 Highest optical power M Yes [ ]
and logical signal for transmitter corresponds to tx_symbol =
three
E6 Receive function 121.5.3 Conveys symbols from MDI to M Yes [ ]
PMD service interface
F7 Conversion of four optical 121.5.3 For delivery to the PMD service M Yes [ ]
signals to four electrical signals interface
F8 Mapping between optical signal 121.5.3 Highest optical power M Yes [ ]
and logical signal for receiver corresponds to rx_symbol =
three
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Item Feature Subclause Value/Comment Status Support

F9 Global Signal Detect function 121.5.4 Report to the PMD service M Yes [ ]
interface the message
PMD:IS SIGNAL.indication
(SIGNAL DETECT)

F10 Global Signal Detect behavior 121.5.4 SIGNAL DETECT is a global M Yes [ ]
indicator of the presence of
optical signals on all four lanes

F11 Lane-by-lane Signal Detect 121.5.5 Sets PMD signal detect i MD:O Yes,[ ]
function values on a lane-by-lane basis No ([

per requirements of Table 1214 N/AT]

F12 PMD reset function 121.5.6 Resets the PMD sublayer MD:O Yes [ ]
No []

N/A T[]

121.12.4.2 Management functions

Item Feature Subclause Value/Comment Status Support
Ml Management register set 121.4 MD:M Yes [ ]
N/AT]
M2 Global transmit disable 121.5.7 Disables\all of the optical MD:O Yes [ ]
function transSniitters with the No[]
PMD~global_transmit_disable N/AT]

variable
M3 PMD lane by lane transmit | 121.5.8 Disables the optical transmitter MD:O Yes [ ]
disable function on the lane associated with the No[]
PMD _transmit_disable i N/A[]

variable
M4 PMD_ fault function 121.5.9 Sets PMD_ fault to one if any MD:O Yes [ ]
local fault is detected No[]
N/AT]
M5 PMD _transmit_fault function 121.5.10 Sets PMD _transmit_fault to MD:O Yes [ ]
one if a local fault is detected No [ ]
on any transmit lane N/AT]
M6 PMD _receive fault function 121.5.11 Sets PMD receive fault to one MD:O Yes [ ]
if a local fault is detected on No[]
any receive lane N/A[]

121:42.4.3 PMD to MDI optical specifications for 200GBASE-DR4

Item Feature Subclause Value/Comment Status Support

DRI Transmitter meets 121.7.1 Per definitions in 121.8 M Yes [ ]
specifications in Table 121-6

DR2 Receiver meets specifications 121.7.2 Per definitions in 121.8 M Yes [ ]
in Table 121-7
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121.12.4.4 Optical measurement methods

Item Feature Subclause Value/Comment Status | Support
OM1 Measurement cable 121.8 2 mto 5 m in length M Yes [ ]
OoM2 Center wavelength 121.8.2 Per TIA/EIA-455-127-A or M Yes [ ]

1IEC 61280-1-3 under
modulated conditions
OM3 Average optical power 121.8.3 Per IEC 61280-1-1 M Yes [ ]
OM4 OMA measurements 121.8.4 Each lane M Yes([}
OM5 Transmitter and dispersion eye | 121.8.5 Each lane M Yes [ ]
closure for PAM4 (TDECQ)
OM6 Extinction ratio 121.8.6 Each lane M Yes [ ]
OoM7 Stressed receiver sensitivity 121.8.9 Each lane M Yes [ ]
121.12.4.5 Environmental specifications
Item Feature Subclause Value/Comment Status Support
ES1 General safety 121.9.1 Conforms toAEC 60950-1 M Yes [ ]
ES2 Laser safety—IEC Hazard 121.9.2 Conforms to Hazard Level 1 M Yes [ ]
Level 1 laserrequirements defined in
TEC 60825-1 and IEC 60825-2
ES3 Electromagnetic interference 121.9.5 Complies with applicable local M Yes [ ]
and national codes for the
limitation of electromagnetic
interference
121.12.4.6 Characteristics of the fiber optic cabling and MDI
Item Feature Subclause Value/Comment Status Support
OCl Fiber optic cabling 121.11 Meets requirements specified in INS:M Yes [ ]
Table 121-13 N/A[]
0C2 Maximum discrete 121.11.2.2 | Meets requirements specified in INS:M Yes [ ]
fefléctance Table 121-15 N/A[]
0C3 MDI layout 121.11.3.1 | Optical lane assignments per M Yes [ ]
Figure 121-9
QC4 MDI dimensions 121.11.3.2 | Per IEC 61754-7-1 interface M Yes [ ]
7-1-9
0Cs Cabling connector 121.11.3.2 | Per IEC 61754-7-1 interface INS:M Yes [ ]
dimensions 7-1-1 N/AT[]
0C6 MDI mating 121.11.3.2 | MDI optically mates with plug on M Yes [ ]
the cabling
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122. Physical Medium Dependent (PMD) sublayer and medium, type
200GBASE-FR4, 200GBASE-LR4, 400GBASE-FR8, and 400GBASE-LR8

122.1 Overview

This clause specifies the 200GBASE-FR4, 200GBASE-LR4, 400GBASE-FR8, and the 400GBASE-LR8
PMDs together with the single-mode fiber medium. The optical signals generated by these four PMD types
are modulated using a 4-level pulse amplitude modulation (PAM4) format. When forming a complete
Physical Layer, a PMD shall be connected to the appropriate PMA as shown in Table 1221, to the medium
through the MDI and optionally with the management functions that may be accessible through/the
management interface defined in Clause 45, or equivalent.

Table 122—-1—Physical Layer clauses associated with the 200GBASE-FR4, 200GBASE-LR4,
400GBASE-FR8, and 400GBASE-LR8 PMDs

Associated clause

200GBASE-FR4,
200GBASE-LR4

400GBASE-FRS,
200GBASE-LRS

117—RS Required Required
117—200GMII? Optional Not applicable
117—400GMII? Not appliéable Optional
118—200GMII Extender Onptional Not applicable
118—400GMII Extender Not applicable Optional
119—PCS for 200GBASE-R Required Not applicable

119—PCS for 400GBASE-R

Not applicable

Required

120—PMA for 200GBASE-R Required Not applicable
120—PMA for 400GBASE-R Not applicable Required
120B—Chip-to-chip 200GAUI-8 Optional Not applicable
120B—Chip-to-chip 400GAUI-16 Not applicable Optional
120C—Chip-to-module 200GAUI-8 Optional Not applicable
120C—Chip-to-module 400GAUI-16 Not applicable Optional
120D—Chip-to-chip 200GAUI-4 Optional Not applicable
120D——Chip-to-chip 400GAUI-8 Not applicable Optional
120E—Chip-to-module 200GAUI-4 Optional Not applicable
120E—Chip-to-module 400GAUI-8 Not applicable Optional
78—Energy Efficient Ethernet Optional Optional

2 200GMII and 400GMII are optional interfaces. However, if the appropriate interface is not
implemented, a conforming implementation must behave functionally as though the RS and

200GMNMI o0+ 400GNIL
v O oot

1 4
were-presett
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Figure 122—-1 shows the relationship of the PMD and MDI (shown shaded) with other sublayers to the
ISO/IEC Open System Interconnection (OSI) reference model. 200 Gb/s and 400 Gb/s Ethernet are
introduced in Clause 116 and the purpose of each PHY sublayer is summarized in 116.2.

ETHERNET
e LAYERS
REFERENCE ! HIGHER LAYERS
MODEL
LAYERS / LLC OR OTHER MAC CLIENT
APPLICATION / MAC CONTROL (OPTIONAL)
PRESENTATION / MAC
/o RECONCILIATION
SESSION
/7 200GMIl — 400GMIl —»
TRANSPORT /7
) 200GBASE-R PCS 400GBASE-R PCS
NETWORK / PMA PHY PMA PHY
DATALINK | / - PMD ||
PHYSICAL MDI —» MDI —

MEDIUM MEDIUM

200GBASE-FR4 400GBASE-FR8
or 200GBASE-LR4 or 400GBASE-LR8

400GMII = 400 Gb/s MEDIA INDEPENDENT INTERFACE PHY = PHYSICAL LAYER DEVICE
200GMII = 200 Gb/s MEDIA INDEPENDENT INTERFACE PMA=)PHYSICAL MEDIUM ATTACHMENT

LLC = LOGICAL LINK CONTROL RPMD = PHYSICAL MEDIUM DEPENDENT

MAC = MEDIA ACCESS CONTROL

MDI = MEDIUM DEPENDENT INTERFACE FR = PMD FOR SINGLE-MODE FIBER — 2 km
PCS = PHYSICAL CODING SUBLAYER LR = PMD FOR SINGLE-MODE FIBER — 10 km

Figure 122-1—200GBASE-FR4, 200GBASE-LR4, 400GBASE-FR8, and 400GBASE-LR8
PMDs relationship to the ISO/IEC Open Systems Interconnection (OSI) reference model
andlEEE 802.3 Ethernet model

200GBASE-FR4 and 200GBASE-LR4 use four lanes, while 400GBASE-FR8 and 400GBASE-LRS use
eight lanes. In this clause,(where there are four or eight items (depending on PMD type) such as lanes, the
items are numbered from 0'to #» — 1, and an example item is numbered i. Thus # is 4 or 8.

200GBASE-FR4{200GBASE-LR4, 400GBASE-FRS, and 400GBASE-LR8 PHY's with the 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 is not supported.

122:4.1Bit error ratio

The bit error ratio (BER) when processed according to Clause 120 shall be less than 2.4 x 1074 provided that
the error statistics are sufficiently random that this results in a frame loss ratio (see 1.4.223) of less than
1.7 x 107'2 for 64-octet frames with minimum interpacket gap when processed according to Clause 120 and
then Clause 119. For a complete Physical Layer, the frame loss ratio may be degraded to 6.2 x 107! for 64-

octet frames with minimum interpacket gap due to additional errors from the electrical interfaces.
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 1.7 x 1072 for 64-octet frames with minimum interpacket
gap.
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122.2 Physical Medium Dependent (PMD) service interface

This subclause specifies the services provided by the 200GBASE-FR4, 200GBASE-LR4, 400GBASE-FRS,
and 400GBASE-LR8 PMDs. The service interfaces for these PMDs are described in an abstract manner and
do not imply any particular implementation. The PMD service interface supports the exchange of encoded

data betweerr the PMAemtity timat Tesides justabove the PMD;amd the PvDemtity - Tie PMDtranstatesthe
encoded data to and from signals suitable for the specified medium.

The PMD service interface is an instance of the inter-sublayer service interface defined in 116.3. The PMD,
service interface primitives are summarized as follows:

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

The 200GBASE-FR4 and 200GBASE-LR4 PMDs have four parallel symbol streamis,”in which case
i=0to 3, and the 400GBASE-FR8 and 400GBASE-LR8 PMDs have eight parallel’symbol streams, in
which case i =0to 7.

In the transmit direction, the PMA continuously sends n parallel symbol streams to the PMD, one per lane,
each at a nominal signaling rate of 26.5625 GBd. The PMD then converts these streams of data units into the
appropriate signals on the MDI.

In the receive direction, the PMD continuously sends # parallel'symbol streams to the PMA corresponding
to the signals received from the MDI, one per lane, each at a fiominal signaling rate of 26.5625 GBd.

The SIGNAL DETECT parameter defined in this clause maps to the SIGNAL OK parameter in the
PMD:IS SIGNAL.indication(SIGNAL_OK) inter-gublayer service interface primitive defined in 116.3.

The SIGNAL _DETECT parameter can take onone of two values: OK or FAIL. When SIGNAL DETECT
=FAIL, the rx_symbol parameters are undefined.

NOTE—SIGNAL DETECT = OK doesrnot guarantee that the rx_symbol parameters are known to be good. It is
possible for a poor quality link to provide'sufficient light for a SIGNAL DETECT = OK indication and still not meet the
BER defined in 122.1.1.

122.3 Delay and Skew
122.3.1 Delay constraints

The sum of the fransmit and receive delays at one end of the link contributed by the 200GBASE-FR4 or
200GBASE:-LR4 PMD including 2 m of fiber in one direction shall be no more than 4096 bit times
(8 pause quanta or 20.48 ns). The sum of the transmit and receive delays at one end of the link contributed
by.the.400GBASE-FR8 or 400GBASE-LR8 PMD including 2 m of fiber in one direction shall be no more
than'8192 bit times (16 pause_quanta or 20.48 ns). A description of overall system delay constraints and the
definitions for bit times and pause_quanta can be found in 116.4 and its references.

122.3.2 Skew constraints

The Skew (relative delay between the lanes) and Skew Variation must be kept within limits so that the
information on the lanes can be reassembled by the PCS. Skew and Skew Variation are defined in 116.5 and
specified at the points SP1 to SP6 shown in Figure 116—4 and Figure 116-5.
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If the PMD service interface is physically instantiated so that the Skew at SP2 can be measured, then the
Skew at SP2 is limited to 43 ns and the Skew Variation at SP2 is limited to 400 ps.

The Skew at SP3 (the transmitter MDI) shall be less than 54 ns and the Skew Variation at SP3 shall be less
than 600 ps.

The Skew at SP4 (the receiver MDI) shall be less than 134 ns and the Skew Variation at SP4 shall be less
than 3.4 ns.

If the PMD service interface is physically instantiated so that the Skew at SP5 can be measured, then the
Skew at SP5 shall be less than 145 ns and the Skew Variation at SP5 shall be less than 3.6 ns.

For more information on Skew and Skew Variation see 116.5. The measurements of Skew: ‘and” Skew
Variation are defined in 87.8.2.

122.4 PMD MDIO function mapping

The optional MDIO capability described in Clause 45 defines several variables tHatymay provide 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 Tadble/122-2 and the mapping of
MDIO status variables to PMD status variables shall be as shown in Table,122-3.

Table 122-2—MDIO/PMD control\wariable mapping

MDIO control variable PMA/PMD register name, Rflgl:fltl;l;/?lt PMD control variable
Reset PMA/PMD controlshregister 1.0.15 PMD_reset
Global PMD transmit disable | PMD transmit disable register | 1.9.0 PMD _global transmit disable
PMD transmit disable n—1 to | PMD transmit disable register | 1.9.8 to 1.9.1 PMD_transmit_disable n—1to
PMD transmit disable 0 PMD _transmit_disable 0

Table 122-3—MDIO/PMD status variable mapping

MDIO status.variable PMA/PMD register name bgilglilsl:::ér PMD status variable
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 detect | PMD receive signal detect register | 1.10.0 PMD_global_signal detect
PMD receive signal detect n—1 to | PMD receive signal detect register | 1.10.8 to PMD _signal detect n—1 to
PMD receive signal detect 0 1.10.1 PMD _signal detect 0
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122.5 PMD functional specifications

The 200GBASE-FR4, 200GBASE-LR4, 400GBASE-FR8, and 400GBASE-LR8 PMDs perform the
Transmit and Receive functions, which convey data between the PMD service interface and the MDI.

1225+ PMDbtockdiagram

measurements and tests defined in 122.8 are made at TP3.

PMD:IS_UNITDATA  Oxrequest to
PMD:IS_UNITDATAn—1.request

WD = Wavelength division

The PMD block diagram is shown in Figure 122-2. For purposes of system conformance, the PMD sublayer
is standardized at the points described in this subclause. The optical transmit signal is defined at the output
end of a single-mode fiber patch cord (TP2), between 2 m and 5 m in length. Unless specified otherwise, all
transmitter measurements and tests defined in 122.8 are made at TP2. The optical receive signal is defined,at
the output of the fiber optic cabling (TP3) at the MDI (see 122.11.3). Unless specified otherwise, all réceiver

Retimer Retimer
function function
(part of (part of
PMA) Patch @ @ PMA)
\ cord /
Lo —! Optical Optical | _.[—.L0
> P transmitter [ ™ P receiver [T —
: o I I :
Li 01 [ opti Sptical | | 1L
. ' ptical Optical ' '
> T transmitter [ ™ x é »! receiver |.. >
C o M— 0 S | I
: | : = | Optical a . [
. | . fiber cable = : | :
S .
Lpq' ' Oofi L ! "L
> ' ptical > Optical ' o
. . » transmitter * * 1 receiver _|_>. *_>.
_____ | MDI MDI TTTTTTTT Lo
| w |
w SIGNAL_DETECT
| | ~
I For clarity, only one direction of I
PMD service transmission is shown PMD service
interface interface

PMD:IS_UNITDATA_0.indication to
PMD:IS_UNITDATA_n-1.indication

NOTE—Specification of the retimer function and the electrical implementation of the PMD service interface is
beyond ‘the scope of this standard.

Figure 122—-2—Block diagram for 200GBASE-FR4, 200GBASE-LR4, 400GBASE-FR8, and
400GBASE-LRS transmit/receive paths

TP1<0:n—1> and TP4<0:n—1> are informative reference points that may be useful to implementers for
testing components (these test points will not typically be accessible in an implemented system).

122.5.2 PMD transmit function

The PMD Transmit function shall convert the n symbol streams requested by the PMD service interface
messages PMD:IS_UNITDATA_ 0.request to PMD:IS UNITDATA n—1.request into n separate optical
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signals. The n optical signals shall then be wavelength division multiplexed and delivered to the MDI, all
according to the transmit optical specifications in this clause. The highest optical power level in each signal
stream shall correspond to tx_symbol = three and the lowest shall correspond to tx_symbol = zero.

122.5.3 PMD receive function

The PMD Receive function shall demultiplex the composite optical signal received from the MDI into n
separate optical signals. The n optical signals shall then be converted into n» symbol streams for delivery to
the PMD service interface wusing the messages PMD:IS UNITDATA O.indication to
PMD:IS UNITDATA_ n—1.indication, all according to the receive optical specifications in this clause. The
higher optical power level in each signal shall correspond to rx_symbol = three and the lowest shall
correspond to rx_symbol = zero.

122.5.4 PMD global signal detect function

The PMD global signal detect function shall report the state of SIGNAL DETECT via the PMD service
interface.  The  SIGNAL DETECT  parameter is  signaled continuqusly, while the
PMD:IS SIGNAL.indication message is generated when a change in the value ‘of SIGNAL DETECT
occurs. The SIGNAL DETECT parameter defined in this clause maps to the SIGNAL OK parameter in the
inter-sublayer service interface primitives defined in 116.3.

SIGNAL_DETECT shall be a global indicator of the presence of optical'signals on all n lanes. The value of
the SIGNAL DETECT parameter shall be generated according tolthe conditions defined in Table 122—4.
The PMD receiver is not required to verify whether a compliant200GBASE-R or 400GBASE-R signal is
being received. This standard imposes no response time)'‘requirements on the generation of the
SIGNAL_DETECT parameter.

Table 122-4—SIGNAL_DETECT value definition

. . SIGNAL_DETECT
Receive'conditions
value
For any lane; Average optical power at‘TP3 < -30 dBm FAIL
For all lanes; OK
[(Optical power at TP3 > average'receive power, each lane (min) in Table 122-11 for
200GBASE-FR4 and 200GBASE-LR4 or Table 122-12 for 400GBASE-FRS8 and
400GBASE-LRS)
AND
(compliant 200GBASE-R or 400GBASE-R signal input)]
All other conditiens Unspecified

As.anunavoidable consequence of the requirements for the setting of the SIGNAL DETECT parameter,
itnplementations must provide adequate margin between the input optical power level at which the
SIGNAL DETECT parameter is set to OK, and the inherent noise level of the PMD including the effects of
crosstalk, power supply noise, etc.

Various implementations of the Signal Detect function are permitted by this standard, including

implementations that generate the SIGNAL DETECT parameter values in response to the amplitude of the
modulation of the optical signal and implementations that respond to the average optical power of the
modulated optical signal.
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122.5.5 PMD lane-by-lane signal detect function

Various implementations of the Signal Detect function are permitted by this standard. When the MDIO is
implemented, each PMD _signal detect i, where i represents the lane number in the range 0:n—1, shall be
continuously set in response to the magnitude of the optical signal on its associated lane, according to the
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122.5.6 PMD reset function

If the MDIO interface is implemented, and if PMD_reset is asserted, the PMD shall be reset as defined in
452.1.1.1.

122.5.7 PMD global transmit disable function (optional)

The PMD _global transmit disable function is optional and allows all of the optical transmitters to be
disabled.

a)  When the PMD_global transmit_disable variable is set to one, this functionshall turn off all of the
optical transmitters so that each transmitter meets the requirements of the average launch power of
the OFF transmitter in Table 122-9 for 200GBASE-FR4 and 200GBASE-LR4 and Table 122-10
for 400GBASE-FR8 and 400GBASE-LRS.

b) IfaPMD faultis detected, then the PMD may set the PMD_glabal*transmit_disable to one, turning
off the optical transmitter in each lane.

122.5.8 PMD lane-by-lane transmit disable function

The PMD _transmit disable i (where i represents the lane nuimber in the range 0:3 for 200GBASE-FR4 and
200GBASE-LR4 and 0:7 for 400GBASE-FR8 and)*400GBASE-LRS) function allows the optical
transmitters in each lane to be selectively disabled.

a) When a PMD_transmit_disable i variabl¢ is set to one, this function shall turn off the optical
transmitter associated with that variable so that the transmitter meets the requirements of the average
launch power of the OFF transmitter'in Table 122—9 for 200GBASE-FR4 and 200GBASE-LR4 and
Table 122—-10 for 400GBASE-ERS and 400GBASE-LRS.

b) IfaPMD faultis detected, then the PMD may set each PMD transmit_disable i to one, turning off
the optical transmitter, in;¢ach lane.

If the PMD transmit disable i function is not implemented in MDIO, an alternative method shall be
provided to independently disable each transmit lane for testing purposes.

122.5.9 PMD fault function (optional)

If the PMB-has detected a local fault on any of the transmit or receive paths, the PMD shall set PMD_ fault to
one.

If the MDIO interface is implemented, PMD _fault shall be mapped to the fault bit as specified in 45.2.1.2.3.
122.5.10 PMD transmit fault function (optional)

If the PMD has detected a local fault on any transmit lane, the PMD shall set the PMD transmit fault

variable to one.

If the MDIO interface is implemented, PMD _transmit fault shall be mapped to the transmit fault bit as
specified in 45.2.1.7.4.
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122.5.11 PMD receive fault function (optional)

If the PMD has detected a local fault on any receive lane, the PMD shall set the PMD _receive fault variable
to one.
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specified in 45.2.1.7.5.

122.6 Wavelength-division-multiplexed lane assignments

The wavelength range for each lane of the 200GBASE-FR4 PMD is defined in Table 122-5~Fhe
200GBASE-FR4 center wavelengths are members of the CWDM wavelength grid defined in ITU-T 6:694.2
and are spaced at 20 nm.

The wavelength range for each lane of the 200GBASE-LR4 PMD is defined in Table 122—-6. The
wavelength range for each lane of the 400GBASE-FR8 and 400GBASE-LR8 PMDs is defined in
Table 122-7. The 200GBASE-LR4, 400GBASE-FR8, and 400GBASE-LRS8 ~center frequencies are
members of the frequency grid for 100 GHz spacing and above defined in ITU-T{G:694.1 and are spaced at
800 GHz.

Table 122-5—200GBASE-FR4 wavelength-division-multiplexed lane assignments

Lane Center wavelength Wavelength range
Lo 1271 nm 1264.5 to 1277.5 nm
Ly 1291 not 1284.5 to 1297.5 nm
Ly 131 hm 1304.5 to 1317.5 nm
L3 1331 nm 1324.5 to 1337.5 nm

Table 122-6—200GBASE-LR4 wavelength-division-multiplexed lane assignments

Lane Center frequency Center wavelength Wavelength range
Lo 231.4 THz 1295.56 nm 1294.53 to 1296.59 nm
L 230.6 THz 1300.05 nm 1299.02 to 1301.09 nm
L 229.8 THz 1304.58 nm 1303.54 to 1305.63 nm
Ls 229 THz 1309.14 nm 1308.09 to 1310.19 nm

NOTE—There is no requirement to associate a particular electrical lane with a particular optical lane, as the PCS is
Capable of receiving lanes in any arrangement.

237
Copyright © 2017 IEEE. All rights reserved.

© IEEE 2017 - All rights reserved



https://iecnorm.com/api/?name=c9988e8402ed8380b26b6d6ea1aadd28

ISO/IEC/IEEE 8802-3:2017/Amd.10:2019(E)

IEEE Std 802.3bs-2017
Amendment 10: Media Access Control Parameters, Physical Layers, and Management Parameters
for 200 Gb/s and 400 Gb/s Operation

Table 122-7—400GBASE-FR8 and 400GBASE-LR8 wavelength-division-multiplexed
lane assignments

Lane Center frequency Center wavelength ‘Wavelength range
ory) 354 THZ 1273754 12725570 1274754 m
L 234.6 THz 1277.89 nm 1276.89 to 1278.89 nm
Ly 233.8 THz 1282.26 nm 1281.25 to 1283.27 nm
L3 233 THz 1286.66 nm 1285.65 to 1287.68 nm
Lyg 231.4 THz 1295.56 nm 1294.53 to 1296.59 nm
Ls 230.6 THz 1300.05 nm 1299.02 to 1301.09 nim,
Lg 229.8 THz 1304.58 nm 1303.54 to 1305:63.hm
Ly 229 THz 1309.14 nm 1308.09 to 1310.19 nm

122.7 PMD to MDI optical specifications for 200GBASE-FR4, 200GBASE-LR4,
400GBASE-FR8, and 400GBASE-LR38

The operating ranges for the 200GBASE-FR4, 200GBASE-LR4, 400GBASE-FRS8, and 400GBASE-LRS
PMDs are defined in Table 122-8. A 200GBASE-FR4,,“200GBASE-LR4, 400GBASE-FRS8, or
400GBASE-LR8 compliant PMD operates on type B1.1, B13,30r'B6_a single-mode fibers according to the
specifications defined in Table 122—-18. A PMD that exceeds-the operating range requirement while meeting
all other optical specifications is considered complianti(e.g., a 400GBASE-FR8 PMD operating at 2.5 km
meets the operating range requirement of 2 m to 2 km)” The 400GBASE-LR8 PMD interoperates with the
400GBASE-FR8 PMD provided that the channelrequirements for 400GBASE-FRS are met.

Table 122-8—200GBASE-FR4:200GBASE-LR4, 400GBASE-FRS8, and 400GBASE-LR8
operating ranges

PMD(type Required operating range
200GBASE-FR4 and 400GBASE-FR8 2mto2km
200GBASE-LR4 and 400GBASE-LR8 2mto 10 km

122.7.1 200GBASE-FR4, 200GBASE-LR4, 400GBASE-FR8, and 400GBASE-LR8 transmitter
optical. specifications

The:200GBASE-FR4 transmitter shall meet the specifications defined in Table 122-9 per the definitions in
122°8. The 200GBASE-LR4 transmitter shall meet the specifications defined in Table 122-9 per the
definitions in 122.8. The 400GBASE-FRS transmitter shall meet the specifications defined in Table 122—-10
per the definitions in 122.8. The 400GBASE-LRS transmitter shall meet the specifications defined in
Table 122—-10 per the definitions in 122.8.
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Table 122-9—200GBASE-FR4 and 200GBASE-LR4 transmit characteristics

Description 200GBASE-FR4 | 200GBASE-LR4 Unit
Signaling rate, each lane (range) 26.5625 + 100 ppm GBd
Modulation format PAM4 —
Lane wavelengths (range) 1264.5t0 1277.5 | 1294.53 to 1296.59 nm

1284.5t0 1297.5 | 1299.02 to 1301.09
1304.5to 1317.5 | 1303.54 to 1305.63
1324.5t0 1337.5 | 1308.09 to 1310.19

Side-mode suppression ratio (SMSR), (min) 30 dB
Total average launch power (max) 10.7 11.3 dBm
Average launch power, each lane (max) 4.7 53 dBm
Average launch power, each lane® (min) —42 3.4 dBm
Outer Optical Modulation Amplitude (OMA;.,), €ach lane 4.5 5.1 dBm
(max)
Outer Optical Modulation Amplitude (OMA ), €ach lane -1.2 —0.4 dBm
(min)b
Difference in launch power between any two lanes (OMA c;) 4 dB
(max)
Launch power in OMA ;. minus TDECQ, each lane (min):
for extinction ratio > 4.5 dB 2.6 -1.8 dBm
for extinction ratio < 4.5 dB 2.5 -1.7 dBm
Transmitter and dispersion eye closure for PAM4 (TDECQ); 33 34 dB
each lane (max)
Average launch power of OFF transmitter, each lane(max) -30 dBm
Extinction ratio, each lane (min) 3.5 dB
RIN ;¢ sOMA (max) -132 — dB/Hz
RIN;5OMA (max) — -132 dB/Hz
Optical return loss tolerance (max) 16.5 15.1 dB
Transmitter reflectance® (max) -26 dB

 Average launch power, ®ach lane (min) is informative and not the principal indicator of signal strength. A transmitter
with launch power below this value cannot be compliant; however, a value above this does not ensure compliance.

b Even if the TDECQ < 1.4 dB for an extinction ratio of > 4.5 dB or TDECQ < 1.3 dB for an extinction ratio of < 4.5 dB,
the OMA ¢, (min) must exceed this value.

¢ Transmitter.reflectance is defined looking into the transmitter.
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Table 122-10—400GBASE-FR8 and 400GBASE-LR8 transmit characteristics

Description 400GBASE-FR8 | 400GBASE-LRS8 Unit
Signaling rate, each lane (range) 26.5625 + 100 ppm GBd
Modulation format PAMA4 —
Lane wavelengths (range) 1272.55 to 1274.54 nm
1276.89 to 1278.89
1281.25 to 1283.27
1285.65 to 1287.68
1294.53 to 1296.59
1299.02 to 1301.09
1303.54 to 1305.63
1308.09 to 1310.19
Side-mode suppression ratio (SMSR), (min) 30 dB
Total average launch power (max) 13.2 dBm
Average launch power, each lane? (max) 5.3 dBm
Average launch power, each lane® (min) -3.5 2.8 dBm
Outer Optical Modulation Amplitude (OMA ), €ach lane 5.5 5.7 dBm
(max)
Outer Optical Modulation Amplitude (OMA ), €ach lane 0.5 0.2 dBm
(min)©
Difference in launch power between any two lanes (OMA ;) 4 dB
(max)
Launch power in OMA 4, minus TDECQ), each lane (main):
for extinction ratio > 4.5 dB -1.9 -1.2 dBm
for extinction ratio <4.5 dB -1.8 -1.1 dBm
Transmitter and dispersion eye closure for PAM4 (TDECQ), 3.1 33 dB
each lane (max)
Average launch power of OFF transmitter, each lane (max) =30 dBm
Extinction ratio, each lane (min) 3.5 dB
RIN;4 sOMA (max) -132 — dB/Hz
RIN;5OMA (max) — —-132 dB/Hz
Optical return loss.tolerance (max) 16.5 15.1 dB
Transmitter.ceflectanced (max) -26 dB

4 As therfotal’average launch power limit has to be met, not all of the lanes can operate at the maximum average launch

power, each lane.

b Average launch power, each lane (min) is informative and not the principal indicator of signal strength. A transmitter
with launch power below this value cannot be compliant; however, a value above this does not ensure compliance.
®Even if the TDECQ < 1.4 dB for an extinction ratio of > 4.5 dB or TDECQ < 1.3 dB for an extinction ratio of < 4.5 dB,

the OMA ¢, (min) must exceed this value.
Transmitter reflectance is defined looking into the transmitter.
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122.7.2 200GBASE-FR4, 200GBASE-LR4, 400GBASE-FR8, and 400GBASE-LRS8 receive
optical specifications

The 200GBASE-FR4 receiver shall meet the specifications defined in Table 122—-11 per the definitions in
122.8. The 200GBASE-LR4 receiver shall meet the specifications defined in Table 122-11 per the
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per the definitions in 122.8. The 400GBASE-LRS8 receiver shall meet the specifications defined in
Table 122—12 per the definitions in 122.8.

Table 122-11—200GBASE-FR4 and 200GBASE-LR4 receive characteristics

Description 200GBASE-FR4 200GBASE-LR4 Unit
Signaling rate, each lane (range) 26.5625 + 100 ppm GBd
Modulation format PAM4 —
Lane wavelengths (range) 1264.5 to 1277.5 129453 to 1296.59 nm

1284.5 to 1297.5 1299.02 to 1301.09
1304.5 to 1317.5 1303.54 to 1305.63
1324.5 to 1337.5 1308.09 to 1310.19

Damage threshold?, each lane 5.7 6.3 dBm
Average receive power, each lane (max) 4.7 53 dBm
Average receive power, each lane® (min) -8.2 -9.7 dBm
Receive power (OMA ,c;), €ach lane (max) 4.5 5.1 dBm
Difference in receive power between any two lanes (OMA : 4.1 4.2 dB

uter) (max)

Receiver reflectance (max) -26 dB
Receiver sensitivity (OMA ), €ach lane® (max) -6 =77 dBm
Stressed receiver sensitivity (OMA 0 )5 @ach lane? (max) -3.6 5.2 dBm

Conditions of stressed receiver sensitivity test:®

Stressed eye closure for'PAM4 (SECQ), lane under 33 34 dB
test
OMA e, of €ach aggressor lane 0.5 -1 dBm

2 The receiver shall-be able to tolerate, without damage, continuous exposure to an optical input signal having this
average power level.
Average recetve power, each lane (min) is informative and not the principal indicator of signal strength. A received
power.below this value cannot be compliant; however, a value above this does not ensure compliance.

¢ Receiver'sensitivity (OMA g ;) €ach lane (max) is informative and is defined for a transmitter with SECQ of 0.9 dB.

4 Measured with conformance test signal at TP3 (see 122.8.9) for the BER specified in 122.1.1.

£ These test conditions are for measuring stressed receiver sensitivity. They are not characteristics of the receiver.
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Table 122-12—400GBASE-FR8 and 400GBASE-LRS8 receive characteristics

Description 400GBASE-FR8 | 400GBASE-LRS8 | Unit
Signaling rate, each lane (range) 26.5625 + 100 ppm GBd
Modulation format PAM4 —
Lane wavelengths (range) 1272.55 to 1274.54 nm

1276.89 to 1278.89
1281.25 to 1283.27
1285.65 to 1287.68
1294.53 to 1296.59
1299.02 to 1301.09
1303.54 to 1305.63
1308.09 to 1310.19

Damage threshold?, each lane 6.3 dBm
Average receive power, each lane (max) 53 dBm
Average receive power, each lane® (min) -7.5 -9.1 dBm
Receive power (OMA ;;), €ach lane (max) 5.7 dBm
Difference in receive power between any two lanes (OMA ;) 44 4.5 dB
(max)

Receiver reflectance (max) -26 dB
Receiver sensitivity (OMAer)> €ach lane® (max) 53 7.1 dBm
Stressed receiver sensitivity (OMA ,e;), €ach lane? (max) -3.1 —4.7 dBm

Conditions of stressed receiver sensitivity test:®

Stressed eye closure for PAM4 (SECQ), ldne under test 3.1 33 dB

OMA ¢er Of each aggressor lane 1 0.2 dBm

4 The receiver shall be able to tolerate, without damage, continuous exposure to an optical input signal having this
average power level.
Average receive power, each lane (min) is informative and not the principal indicator of signal strength. A received
power below this value cannot be(eompliant; however, a value above this does not ensure compliance.

¢ Receiver sensitivity (OMAp)»\¢ach lane (max) is informative and is defined for a transmitter with SECQ of 0.9 dB.

d Measured with conformang test signal at TP3 (see 122.8.9) for the BER specified in 122.1.1.

€ These test conditions are fot"measuring stressed receiver sensitivity. They are not characteristics of the receiver.
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122.7.3 200GBASE-FR4, 200GBASE-LR4, 400GBASE-FR8, and 400GBASE-LRS illustrative
link power budgets

[lustrative power budgets and penalties for 200GBASE-FR4, 200GBASE-LR4, 400GBASE-FRS, and
400GBASE-LR8 channels are shown in Table 122-13.

Table 122-13—200GBASE-FR4, 200GBASE-LR4, 400GBASE-FR8, and 400GBASE-LRS8
illustrative link power budgets

& & = &
= = = =
g 2 2 2
Parameter < < % (fg Unit
==} =] [=2] [=<)
Q Q &} O
S S S S
S S S S
Q 2 Q =3
Power budget (for maximum TDECQ):
for extinction ratio > 4.5 dB 7.6 7.4 10.2 10.1 dB
for extinction ratio < 4.5 dB 7.7 7.5 103 10.2 dB
Operating distance 2 10 km
Channel insertion loss 42 6.3 dB
Maximum discrete reflectance See 122,11.2.2 See 122.11.2.2 dB
Allocation for penalltiesb (for maximum TDECQ):
for extinction ratio > 4.5 dB 3.6 34 3.9 3.8 dB
for extinction ratio < 4.5 dB 8.7 3.5 4 3.9 dB
Additional insertion loss allowed 0 0 dB

2 The channel insertion loss is calculated using the fhaximum distance specified in Table 122-8 for 200GBASE-FR4
and 400GBASE-FRS and fiber attenuation of 0.5, dB/km plus an allocation for connection and splice loss given in
122.11.2.1.

b Link penalties are used for link budget calgulations. They are not requirements and are not meant to be tested.

122.8 Definition of optical)parameters and measurement methods

All transmitter optical measurements shall be made through a short patch cable, between 2 m and 5 m in
length, unless otherwise-specified.

122.8.1 Test patterns for optical parameters

While compliance is to be achieved in normal operation, specific test patterns are defined for measurement
consistenty and to enable measurement of some parameters. Table 122—15 gives the test patterns to be used
in_ each measurement, unless otherwise specified, and also lists references to the subclauses in which each
parameter is defined. Any of the test patterns given for a particular test in Table 122—15 may be used to
perform that test. The test patterns used in this clause are shown in Table 122—14.
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Table 122-14—Test patterns

Pattern Pattern description Defined in
Square wave Square wave (8 threes, 8 zeros) 120.5.11.2.4
3 PRBS31Q 120.5.11.2.2
4 PRBS13Q 120.5.11.2.1

5 Scrambled idle 119.2.4.9
6 SSPRQ 120.5.11.2.3

Table 122-15—Test-pattern definitions and related subclauses

Parameter Pattern Related subclause
Wavelength Square wave, 3, 4, 5, 6 or valid 122.8.2
200GBASE-R or 400GBASE-R signal

Side mode suppression ratio 3,5, 6 or valid 200GBASE-R or —
400GBASE-R signal

Average optical power 3,5, 6 or valid 200GBASE-R or 122.8.3
400GBASE-R'signal

Outer Optical Modulation Amplitude (OMA ;) 4,0r 6 122.8.4

Transmitter and dispersion eye closure for PAM4 6 122.8.5

(TDECQ)

Extinction ratio 4or6 122.8.6

RIN]S IOMA and RIN1650MA Square wave 122.8.7

Stressed receiver conformance test signal 6 122.8.9.2

calibration

Stressed receiver sensitivity 3or5 122.8.9

122.8.2 Wavelength

The wavelength of each-eptical lane shall be within the ranges given in Table 122-5 for 200GBASE-FR4, in
Table 122—6 for 200GBASE-LR4 and Table 122—7 for 400GBASE-FRS8 and 400GBASE-LRS, if measured
per TIA/EIA-455+127-A or IEC 61280-1-3. The lane under test is modulated using the test pattern defined in
Table 122—15;

122.8.3 Average optical power

The-average optical power of each lane shall be within the limits given in Table 122-9 for 200GBASE-FR4
and 200GBASE-LR4 and in Table 122—-10 for 400GBASE-FRS8 and 400GBASE-LR8 if measured using the
methods given in IEC 61280-1-1, with the sum of the optical power from all of the lanes not under test
below —30 dBm, per the test setup in Figure 53—6.

122.8.4 Outer Optical Modulation Amplitude (OMAer)
The OMAie; Of each lane shall be within the limits given in Table 122-9 for 200GBASE-FR4 and

200GBASE-LR4 and in Table 122-10 for 400GBASE-FR8 and 400GBASE-LRS. The OMA ., 1S
measured using a test pattern specified for OMA ., in Table 122—15. It is the difference between the
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average optical launch power level P;, measured over the central 2 UI of a run of 7 threes, and the average
optical launch power level P, measured over the central 2 UI of a run of 6 zeros, as shown in Figure 122-3.
For this measurement the sum of the optical power from all of the lanes not under test is below —30 dBm, or
if other lanes are operating, a suitable optical filter may be used to separate the lane under test.

2Ul

| |
T

.PO.

Figure 122-3—Power levels Py and P3; from PRBS13Q test pattern

122.8.5 Transmitter and dispersion eye closure for PAM4 (TDECQ)

The TDECQ of each lane shall be within the limits givensf,Table 122-9 for 200GBASE-FR4 and
200GBASE-LR4 and in Table 122-10 for 400GBASE-FR& and 400GBASE-LRS8 if measured using the
methods specified in 122.8.5.1, 122.8.5.2, and 122.8.5.3.

TDECQ is a measure of each optical transmitter's vettical eye closure when transmitted through a worst case
optical channel (specified in 122.8.5.2), as measured through an optical to electrical converter (O/E) with a
bandwidth equivalent to a reference receiver,“and equalized with the reference equalizer (as described in
122.8.5.4). The reference receiver and equalizer may be implemented in software or may be part of the
oscilloscope.

Table 122—15 specifies the test patternis to be used for measurement of TDECQ.
122.8.5.1 TDECQ conformance test setup

A block diagram for the TDECQ conformance test is shown in Figure 122—4. Other equivalent measurement
implementations may.be used with suitable calibration.

Each opticalane is tested individually with all other lanes in operation and all lanes using the same test
pattern. There'shall be at least 31 Ul delay between the test pattern on one lane and the pattern on any other
lane, s¢ that the symbols on each lane are not correlated within the PMD. The optical splitter and variable
reflector are adjusted so that each transmitter is tested with the optical return loss specified in Table 122-16.
The’state of polarization of the back reflection is adjusted to create the greatest RIN. The optical filter is
used to separate the lane under test from the others. Each optical lane is tested with the optical channel
described in 122.8.5.2. The combination of the O/E and the oscilloscope has a fourth-order Bessel-Thomson
filter response with a bandwidth of approximately 13.28125 GHz. Compensation may be made for any
deviation from an ideal fourth-order Bessel-Thomson response.

The optical filter passband ripple shall be limited to 0.5 dB peak-to-peak and the isolation is chosen such
that the ratio of the power in the lane being measured to the sum of the powers of all of the other lanes is
greater than 20 dB (see ITU-T G.959.1 Annex B).
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The test pattern (specified in Table 122—-15) is transmitted repetitively by the optical lane under test and the
oscilloscope is set up to capture the complete pattern for TDECQ analysis as described in 122.8.5.3. The
clock recovery unit (CRU) has a corner frequency of 4 MHz and a slope of 20 dB/decade. The CRU can be
implemented in hardware or software depending on oscilloscope technology.

Polarization rotator

PMD OO Optical Test Optical
> spli ar —| filter »| O/E Pattern
Tx splitter fiber triggered
oscilloscope
A » CRU >
A y
Variable Reference
reflector équalizer and
analysis

Figure 122-4—TDECQ conformance test block diagram

122.8.5.2 Channel requirements

The transmitter is tested using an optical channel that meets the requiréments listed in Table 122—-16.

Table 122-16—Transmitter compliance channel specifications

Dispersion® (ps/nm) Insertion Optical Max
lossP return mean

. e . C
Minimum Maximum loss DGD

PMD type

200GBASE-FR4 | 0.0465 % -[1 — (1324 /A)*]N}0.0465 4 [1 — (1300 /1)*] | Minimum | 17.8dB | 0.8 ps
or
400GBASE-FRS

200GBASE-LR4 | 023251 -[1 - (1324 /2% | 0.2325 % -[1 - (1300/2)*] | Minimum | 15.7dB | 0.8 ps
or
400GBASE-LRS

4 The dispersion is measured.for the wavelength of the device under test (A in nm). The coefficient assumes 2 km for
200GBASE-FR4 and 400GBASE-FR8 and 10 km for 200GBASE-LR4 and 400GBASE-LRS.

b There is no intent to-streés the sensitivity of the O/E converter associated with the oscilloscope.

¢ The optical returnilogs is applied at TP2.

A 200GBASE-FR4, 200GBASE-LR4, 400GBASE-FR8 or 400GBASE-LRS transmitter is to be compliant
with,a‘total dispersion at least as negative as the “minimum dispersion” and at least as positive as the
“miaximum dispersion” columns specified in Table 122—16 for the wavelength of the device under test. This
miay be achieved with channels consisting of fibers with lengths chosen to meet the dispersion requirements.

To verify that the fiber has the correct amount of dispersion, the measurement method defined in
IEC 60793-1-42 may be used. The measurement is made in the linear power regime of the fiber.

The channel provides an optical return loss specified in Table 122—-16. The state of polarization of the back
reflection is adjusted to create the greatest RIN.

The mean DGD of the channel is to be less than the value specified in Table 122—16.
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122.8.5.3 TDECQ measurement method

TDECQ for 200GBASE-FR4, 200GBASE-LR4, 400GBASE-FR8, and 400GBASE-LR8 is measured as
described in 121.8.5.3 with the exception that the reference equalizer is as specified in 122.8.5.4.

—122.8-54-TbECQreferenceequalizer

The reference equalizer for 200GBASE-FR4, 200GBASE-LR4, 400GBASE-FR8, and 400GBASE-LR8 is a
5 tap, T spaced, feed-forward equalizer (FFE), where T is the symbol period. The sum of the equalizer tap
coefficients is equal to 1.

NOTE—This reference equalizer is part of the TDECQ test and does not imply any particular receiver equalizer
implementation.

122.8.6 Extinction ratio

The extinction ratio of each lane shall be within the limits given in Table 122-9 for 200GBASE-FR4 and
200GBASE-LR4 and in Table 122—-10 for 400GBASE-FR8 and 400GBASE-LR&if measured using a test
pattern specified for extinction ratio in Table 12215 with the sum of the optical power from all of the lanes
not under test being below —30 dBm, or if other lanes are operating, a suitable optical filter may be used to
separate the lane under test. The extinction ratio of a PAM4 optical sighaMs defined as the ratio of the
average optical launch power level P;, measured over the central 2 UL'ef arun of 7 threes, and the average
optical launch power level P, measured over the central 2 UI of a run of 6 zeros, as shown in Figure 122-3.

122.8.7 Relative intensity noise (RIN16.50MA and RIN{5:{OMA)

RIN shall be as defined by the measurement methodology of 52.9.6 with the following exceptions:

a) The optical return loss is 16.5 dB for 200GBASE-FR4 and 400GBASE-FRS and 15.1 dB for
200GBASE-LR4 and 400GBASE-LRS.

b) Each lane may be tested individually with the sum of the optical power from all of the lanes not
under test being below —30 dBm, or«if other lanes are operating, a suitable optical filter may be used
to separate the lane under test.

¢) The upper -3 dB limit of the‘measurement apparatus is to be approximately equal to the signaling
rate (i.e., 26.6 GHz).

d)  The test pattern is according to Table 122—-15.
122.8.8 Receiver sensitivity

Receiver sensitivity,*which is defined for an input signal with SECQ of 0.9 dB (e.g., an ideal input signal
without overshoot), is informative and compliance is not required. If measured, the test signal should have
negligible_impairments such as intersymbol interference (ISI), rise/fall times, jitter and RIN. Instead, the
normative.requirement for receivers is stressed receiver sensitivity.

122.8.9 Stressed receiver sensitivity
Stressed receiver sensitivity shall be within the limits given in Table 122-11 for 200GBASE-FR4 and

200GBASE-LR4 and in Table 122—-12 for 400GBASE-FR8 and 400GBASE-LR8 if measured using the
method defined in 122.8.9.1 and 122.8.9.3, with the conformance test signal at TP3 as described in

T22.8.9.2, Using the test pattern specified Tor SKS in Table 122—15. The BER is required to be met for the
lane under test on its own.
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Stressed receiver sensitivity is defined with all transmit and receive lanes in operation. Any of the patterns
specified for SRS in Table 122—15 is sent from the transmit section of the PMD under test. The signal being
transmitted is asynchronous to the received signal.

122.8.9.1 Stressed receiver conformance test block diagram

A block diagram for the receiver conformance test is shown in Figure 122—5. The patterns used for the
received conformance signal are specified in Table 122—15. The optical test signal is conditioned (stressed)
using the stressed receiver methodology defined in 122.8.9.2 and has sinusoidal jitter applied as specified in
121.8.9.4. A suitable test set is needed to characterize the signal used to test the receiver. Stressed receiver
conformance test signal verification is described in 122.8.9.3.

The low-pass filter is used to create ISI. The combination of the low-pass filter and the E/O convetter should
have a frequency response that results in at least half of the dB value of the stressed eye closure (SECQ)
specified in Table 122—-11 for 200GBASE-FR4 and 200GBASE-LR4 and in Table 122—-12-foh 400GBASE-
FR8 and 400GBASE-LR8 before the sinusoidal and Gaussian noise terms are added, according to the
methods specified in 122.8.9.2. The sinusoidal amplitude interferer causes additional €ye closure, but in
conjunction with the finite edge rates, also causes some jitter.

The sinusoidally jittered clock represents other forms of jitter and also verifies that the receiver under test
can track low-frequency jitter. The sinusoidal amplitude interferer may“be’ set at any frequency between
100 MHz and 2 GHz, although care should be taken to avoid harmoni¢\relationships between the sinusoidal
interferer, the sinusoidal jitter, the signaling rate, and the pattetn jrepetition rate. The Gaussian noise
generator, the amplitude of the sinusoidal interferer, and the low<pass filter are adjusted so that the SECQ
specified in Table 122—11 or Table 122—12 is met, according fo'the methods specified in 122.8.9.2.

For improved visibility for calibration, all elements in‘the signal path (cables, DC blocks, E/O converter,
etc.) should have wide and smooth frequency response;-and linear phase response, throughout the spectrum
of interest. Baseline wander and overshoot and unidershoot should be negligible.

122.8.9.2 Stressed receiver conformance test signal characteristics and calibration

The stressed receiver conformance test-signal characteristics and calibration methods are as described in
121.8.9.2 with the following exceptions:

— The SECQ of the stressédjreceiver conformance test signal is measured according to 122.8.5, except
that the test fiber is not'used.

— An example stressed receiver conformance test setup is shown in Figure 122-5; however, alternative
test setups that generate equivalent stress conditions may be used.

— The signaling rate of the test pattern generator and the extinction ratio of the E/O converter are as
given, in, Table 122-9 for 200GBASE-FR4 and 200GBASE-LR4 and in Table 122-10 for
400GBASE-FR8 and 400GBASE-LRS.

— (The'required values of the “Stressed receiver sensitivity (OMA ;). €ach lane (max)”, “Stressed eye
closure for PAM4 (SECQ), lane under test”, and “OMAouter of each aggressor lane” are as given in
Table 12211 for 200GBASE-FR4 and 200GBASE-LR4 and in Table 122—12 for 400GBASE-FR8
and 400GBASE-LRS.

122.8.9.3 Stressed receiver conformance test signal verification

The SECQ of the stressed receiver conformance test signal is measured according to 122.8.5, except that the
test fiber is not used. The clock output from the clock source in Figure 122—5 is modulated with the
sinusoidal jitter. To use an oscilloscope to calibrate the final stressed eye jitter that includes the sinusoidal
jitter component, a separate clock source (clean clock of Figure 122-5) is required that is synchronized to
the source clock, but not modulated with the jitter source.
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Figure 122-5—Stressed receiver conformance test block diagram

Care should be taken when characterizing the test signal because excessive noise/jitter in the measurement
system would result in an input signal-that does not fully stress the receiver under test. Running the receiver
tolerance test with a signal that issinder-stressed may result in the deployment of non-compliant receivers.
The noise/jitter introduced by the O/E, filters, and oscilloscope should be negligible or the results should be
corrected for its effects., While the details of test equipment are beyond the scope of this standard, it is
recommended that the.implementer fully characterize the test equipment and apply appropriate guard bands
so that the stressed-feceiver conformance input signal meets the stress and sinusoidal jitter specified in
122.8.9.2 and 121.819.4.

122.9 Safety, installation, environment, and labeling
122:9.1 General safety
All equipment subject to this clause shall conform to IEC 60950-1.

122.9.2 Laser safety

200GBASE-FR4, 200GBASE-LR4, 400GBASE-FRS8, and 400GBASE-LR8 optical transceivers shall
conform to Hazard Level 1 laser requirements as defined in IEC 60825-1 and IEC 60825-2, under any
condition of operation. This includes single fault conditions whether coupled into a fiber or out of an open
bore.
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Conformance to additional laser safety standards may be required for operation within specific geographic
regions.

Laser safety standards and regulations require that the manufacturer of a laser product provide information
about the product’s laser, safety features, labeling, use, maintenance, and service. This documentation

A BSIA | % . - 1 g 41 1 ‘- ‘- - el L
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certifications.®
122.9.3 Installation

It is recommended that proper installation practices, as defined by applicable local codes and regulation;\be
followed in every instance in which such practices are applicable.

122.9.4 Environment
Normative specifications in this clause shall be met by a system integrating @ '200GBASE-FR4,
200GBASE-LR4, 400GBASE-FRS, or 400GBASE-LR8 PMD over the life of the product while the product

operates within the manufacturer’s range of environmental, power, and other specifications.

It is recommended that manufacturers indicate in the literature associated, with the PHY the operating
environmental conditions to facilitate selection, installation, and maintendnCe.

It is recommended that manufacturers indicate, in the literature @associated with the components of the
optical link, the distance and operating environmental conditions.0ver which the specifications of this clause
will be met.

122.9.5 Electromagnetic emission

A system integrating a 200GBASE-FR4, 200GBASE-LR4, 400GBASE-FR8, or 400GBASE-LRS PMD
shall comply with applicable local and nationakcodes for the limitation of electromagnetic interference.

122.9.6 Temperature, humidity, and handling

The optical link is expected to operate over a reasonable range of environmental conditions related to
temperature, humidity, and physical handling (such as shock and vibration). Specific requirements and
values for these parameters arg considered to be beyond the scope of this standard.

122.9.7 PMD labeling requirements

It is recommended.that each PHY (and supporting documentation) be labeled in a manner visible to the user,
with at least the applicable safety warnings and the applicable port type designation (e.g., 400GBASE-FRS).

Labeling ;réquirements for Hazard Level 1 lasers are given in the laser safety standards referenced in
122.9.2.

8A host system that fails to meet the manufacturer’s requirements and/or usage restrictions may emit laser radiation in excess of the
safety limits of one or more safety standards. In such a case, the host manufacturer is required to obtain its own laser safety certification.
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122.10 Fiber optic cabling model

The fiber optic cabling model is shown in Figure 122-6.

MDI MDI
| |
|< Fiber optic cabling (channel) >
Patch Patch
d Link cord
PMD |[<—"—{ Connection [« P> Connection [“&—®» PMD

Figure 122—6—Fiber optic cabling model

The channel insertion loss is given in Table 122—17. A channel may contain additional connectors as long as
the optical characteristics of the channel, such as attenuation, dispersion, reflections,-and“polarization mode
dispersion meet the specifications. Insertion loss measurements of installed fiber/cables are made in
accordance with ANSI/TIA/EIA-526-7/method A-1. The fiber optic cabling medél{channel) defined here is
the same as a simplex fiber optic link segment. The term channel is used hete for consistency with generic
cabling standards.

Table 122—-17—Fiber optic cabling (channel) characteristics

= & & Z
= = = .
o 2 2 2
Description < < % %} Unit
=] =] =] =]
Q Q Q Q
[—3 S (=3 [—3
[ S > S
(| < (o] A
Operating distance (max) 2 10 km
Channel insertion loss®P(max) 4 6.3¢ dB
Channel insertion loss (min) 0 0 dB
Positive dispersionb (max) 6.7 1.9 9.5 ps/nm
Negative dispersionb (min) -11.9 -10.2 —28.4 —50.8 ps/nm
DGD_ma.xd 3 8 ps
Optical returiNoss (min) 25 22 dB

4 Thesechannel insertion loss values include cable, connectors, and splices.

b Over \the wavelength range 1264.5nm to 1337.5 nm for 200GBASE-FR4, 1294.53 nm to 1310.19 nm for
200GBASE-LR4, and 1272.55 nm to 1310.19 nm for 400GBASE-FR8 and 400GBASE-LRS.

€Using 0.46 dB/km at 1272.55 nm attenuation for optical fiber cables derived from Appendix I of ITU-T G.695 may
not support operation at 10 km for 400GBASE-LRS under worst case conditions.

4 Differential Group Delay (DGD) is the time difference at reception between the fractions of a pulse that were
transmitted in the two principal states of polarization of an optical signal. DGD_max is the maximum differential
group delay that the system must tolerate.
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122.11 Characteristics of the fiber optic cabling (channel)

The 200GBASE-FR4, 200GBASE-LR4, 400GBASE-FRS, and 400GBASE-LRS fiber optic cabling shall
meet the specifications defined in Table 122—17. The fiber optic cabling consists of one or more sections of
fiber optic cable and any intermediate connections required to connect sections together.

122.11.1 Optical fiber cable
The fiber optic cable requirements are satisfied by cables containing IEC 60793-2-50 type B1.1 (dispersion

un-shifted single-mode), type B1.3 (low water peak single-mode), or type B6_a (bend insensitive) fibers or
the requirements in Table 122—18 where they differ.

Table 122-18—Optical fiber and cable characteristics

Description Value Unit
Nominal fiber specification wavelength 1310 nm
Cabled optical fiber attenuation (max) 0.47% or 0.5° dB/km
Zero dispersion wavelength () 1300 < Ao <1324 nm
Dispersion slope (max) (Sp) 0093 ps/nm2 km

4 The 0.47 dB/km at 1264.5 nm attenuation for optical fiber cables@s’derived from Appendix I of ITU-T
G.695.

b The 0.5 dB/km attenuation is provided for Outside Plant cable’as defined in ANSI/TIA 568-C.3. Using
0.5 dB/km may not support operation 10 km for 200GBASE-LR4 or 400GBASE-LRS.

122.11.2 Optical fiber connection
An optical fiber connection, as shown in Eigiire 122—6, consists of a mated pair of optical connectors.
122.11.2.1 Connection insertion loss

The maximum link distance for*200GBASE-LR4 and 400GBASE-LR8 is based on an allocation of 2 dB
total connection and splice.loss. For example, this allocation supports four connections with an average
insertion loss per connection of 0.5dB. The maximum link distance for 200GBASE-FR4 and
400GBASE-FR8 is based on an allocation of 3 dB total connection and splice loss. Connections with
different loss chafagteristics may be used provided the requirements of Table 122—17 are met.

122.11.2.2.Maximum discrete reflectance

The ;maximum value for each discrete reflectance shall be less than or equal to the value shown in
Table 12219 corresponding to the number of discrete reflectances above —55 dB within the channel. For
nambers of discrete reflectances in between two numbers shown in the table, the lower of the two
corresponding maximum discrete reflectance values applies.
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Table 122-19—Maximum value of each discrete reflectance

. Maximum value for each discrete reflectance
Number of discrete
reflectances above —55 dB
200GBASE-FR4 or 400GBASE-FR8 | 200GBASE-LR4 or 400GBASE-LRS8
1 -25dB -22dB
2 -31dB -29 dB
4 -35dB -33 dB
6 -38 dB -35dB
8 —40 dB -37dB
10 —41 dB -39 dB

122.11.3 Medium Dependent Interface (MDI) requirements

The 200GBASE-FR4, 200GBASE-LR4, 400GBASE-FRS, or 400GBASE-LREPMD is coupled to the fiber
optic cabling at the MDI. The MDI is the interface between the PMD and the'“fiber optic cabling” (as shown
in Figure 122—-6). Examples of an MDI include the following:

a)  Connectorized fiber pigtail
b) PMD receptacle

When the MDI is a connector plug and receptacle connettion, it shall meet the interface performance
specifications of IEC 61753-1-1 and IEC 61753-021-2,

NOTE—Transmitter compliance testing is performed at TP2 as defined in 122.5.1, not at the MDI.
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122.12 Protocol implementation conformance statement (PICS) proforma for
Clause 122, Physical Medium Dependent (PMD) sublayer and medium, type
200GBASE-FR4, 200GBASE-LR4, 400GBASE-FR8, and 400GBASE-LR8®

122.12.1 Introduction

The supplier of a protocol implementation that is claimed to conform to Clause 122, Physical Medium
Dependent (PMD) sublayer and medium, type 200GBASE-FR4, 200GBASE-LR4, 400GBASE-FR8, and
400GBASE-LRS, 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.

122.12.2 Identification

122.12.2.1 Implementation identification

Supplier!

Contact point for inquiries about the PICS!

Implementation Name(s) and Version(s)1 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).

122.12.2.2 Protocol summary

Identification of protocol standard IEEE Std 802.3bs-2017, Clause 122, Physical Medium
Dependent (PMD) sublayer and medium, type
200GBASE-FR4, 200GBASE-LR4, 400GBASE-FRS, and
400GBASE-LRS

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

Have any Exception items been required? No [ ] Yes [ ]
(See Clapse 21; the answer Yes means that the implementation does not conform to IEEE Std 802.3bs-2017.)

Date of Statement

9Copyright 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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122.12.3 Major capabilities/options

Item Feature Subclause Value/Comment Status Support
*FR4 200GBASE-FR4 PMD 122.7 Device supports requirements 0.1 Yes [ ]
for 2606 BASE-FRIPHY- NeFd

*LR4 200GBASE-LR4 PMD 122.7 Device supports requirements 0.1 Yes [ ]
for 200GBASE-LR4 PHY No[]

*FR8 400GBASE-FR8 PMD 122.7 Device supports requirements 0.1 Yes [ ]
for 400GBASE-FR8 PHY Noy[ ]

*LR8 400GBASE-LR8 PMD 122.7 Device supports requirements 0.1 Yes| ]
for 400GBASE-LRS8 PHY No []

*INS Installation / cable 122.10 Items marked with INS include (0] Yes [ ]
installation practices and cable No[]

specifications not applicable to
a PHY manufacturer

TP1 Reference point TP1 exposed 122.5.1 This point may be made (0] Yes [ ]
and available for testing available for use by No[]
implementers to certify,

component conformanee

TP4 Reference point TP4 exposed 122.5.1 This point may bé made o Yes [ ]
and available for testing available for'use by No[]
implementers to certify

component conformance

DC Delay constraints 122.5.1 Device conforms to delay M Yes [ ]
constraints

SC Skew constraints 122.3.2 Device conforms to Skew and M Yes [ ]
Skew Variation constraints

*MD MDIO capability 122.4 Registers and interface (¢} Yes [ ]
supported No[]

122.12.4 PICS proforma tables for Physical Medium Dependent (PMD) sublayer and
medium, type 200GBASE-FR4, 200GBASE-LR4, 400GBASE-FR8, and 400GBASE-LR8

122.12.4.1 PMD functional specifications

Item Feature Subclause Value/Comment Status | Support

F1 Compatible with 200GBASE-R 122.1 M Yes [ ]
or 400GBASE-R PCS and PMA

E2 Integration with management 122.1 (¢} Yes [ ]

functions No[]

F3 Bit error ratio 122.1.1 Meets the BER specified in M Yes [ ]

122.1.1
E4 Transmit function 122 52 Convevs symbaols from PMD. M Yes [ ]

service interface to MDI

F5 Optical multiplexing and 122.5.2 Optically multiplexes the four or M Yes [ ]
delivery to the MDI eight optical signals for delivery
to the MDI
255

Copyright © 2017 IEEE. All rights reserved.

© IEEE 2017 - All rights reserved



https://iecnorm.com/api/?name=c9988e8402ed8380b26b6d6ea1aadd28

ISO/IEC/IEEE 8802-3:2017/Amd.10:2019(E)

Amendment 10: Media Access Control Parameters, Physical Layers, and Management Parameters

IEEE Std 802.3bs-2017

for 200 Gb/s and 400 Gb/s Operation

Item Feature Subclause Value/Comment Status Support
Fé6 Mapping between optical signal 122.5.2 Highest optical power M Yes [ ]
and logical signal for transmitter corresponds to tx_symbol =
three
F7 Receive function 122.5.3 Conveys symbols from MDI to M Yes [ ]
PMD service interface
F8 Conversion of four or eight 122.5.3 For delivery to the PMD service M Yes [ ]
optical signals to eight electrical interface
signals
F9 Mapping between optical signal | 122.5.3 Highest optical power M Yes'[ ]
and logical signal for receiver corresponds to rx_symbol =
three
F10 Global Signal Detect function 122.5.4 Report to the PMD service M Yes [ ]
interface the message
PMD:IS_SIGNAL.indication
(SIGNAL DETECT)
F11 Global Signal Detect behavior 122.5.4 SIGNAL DETECT is a global M Yes [ ]
indicator of the presen¢e-of
optical signals on alk four or
eight lanes
F12 Lane-by-lane Signal Detect 122.5.5 Sets PMD gignal detect i MD:O Yes [ ]
function values on\aane-by-lane basis No []
per requirements of Table 1224 N/AT[]
F13 PMD reset function 122.5.6 Résets'the PMD sublayer MD:O Yes [ ]
No []
N/A[]
122.12.4.2 Management functions
Item Feature Subclause Value/Comment Status Support
M1 Management register.set 122.4 MD:M Yes [ ]
N/AT]
M2 Global transmit disable 122.5.7 Disables all of the optical MD:O Yes [ ]
function transmitters with the No[]
PMD_global transmit_disable N/AT]
variable
M3 PMD lane by lane transmit | 122.5.8 Disables the optical transmitter | MD:0.2 Yes [ ]
disable function via MDIO on the lane No[]
associated with the N/A[]
PMD _transmit_disable i
variable
M4 PMD lane-by-lane transmit 122.5.8 Disables each optical 0.2 Yes [ ]
disable transmitter independently if N/A[]
M3 =No
}V{S P}v{D_fau}t fuu\.ﬁuu 1"“ 5‘9 Sctb Pl‘V{D_fau‘lt tU UIIv if auy }V{D.C ‘fcb [ ]
local fault is detected No[]
N/A[]
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Item Feature Subclause Value/Comment Status Support
M6 PMD transmit fault function 122.5.10 Sets PMD _transmit_fault to MD:O Yes [ ]
one if a local fault is detected No[]
on any transmit lane N/A[]
M7 PMD receive fault function 122.5.11 Sets PMD receive fault to one MD:O Yes [ ]
if a local fault is detected on No[]
any receive lane N/AT]
122.12.4.3 PMD to MDI optical specifications for 200GBASE-FR4
Item Feature Subclause Value/Comment Status Support
FRF1 Transmitter meets 122.7.1 Per definitions in 122.8 FR4:M Yes [ ]
specifications in Table 122-9 N/AT]
FRF2 Receiver meets specifications | 122.7.2 Per definitions in 122.8 FR4:M Yes [ ]
in Table 12211 N/A[]
122.12.4.4 PMD to MDI optical specifications for 200GBASE-LR4
Item Feature Subclause Value/Comment Status Support
LRF1 Transmitter meets 122.7.1 Pef.definitions in 122.8 LR4:M Yes [ ]
specifications in Table 122-9 N/AT]
LRF2 Receiver meets specifications 122.7.2 Per definitions in 122.8 LR4:M Yes [ ]
in Table 122-11 N/A T[]
122.12.4.5 PMD to MDI optical specifications for 400GBASE-FR8
Item Feature Subclause Value/Comment Status Support
FRE1 Transmitter meets 122.7.1 Per definitions in 122.8 FR8:M Yes [ ]
specifications in Table 122-10 N/AT]
FRE2 Receiver meets specifications 122.7.2 Per definitions in 122.8 FR8:M Yes [ ]
in Table'122-12 N/AT]
122.12.4.6'PMD to MDI optical specifications for 400GBASE-LR8
Item Feature Subclause Value/Comment Status Support
LREI Transmitter meets 122.7.1 Per definitions in 122.8 LR8&:M Yes [ ]
specifications in Table 122—10 N/AT[]
LRE?2 Receiver meets specifications 122.7.2 Per definitions in 122.8 LR&:M Yes []
in Table 122-12 N/A[]
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122.12.4.7 Optical measurement methods

Item Feature Subclause Value/Comment Status | Support
OM1 Measurement cable 122.8 2 mto 5 m in length M Yes [ ]
OoM2 Center wavelength 122.8.2 Per TIA/EIA-455-127-A or M Yes [ ]

IEC 61280-1-3 under
modulated conditions

OM3 Average optical power 122.8.3 Per IEC 61280-1-1 M Yes [ ]

OM4 OMA measurements 122.8.4 Each lane M Yes([]

OM5 Transmitter and dispersion eye | 122.8.5 Each lane M Yes [ ]
closure for PAM4 (TDECQ)

OM6 Extinction ratio 122.8.6 Each lane M Yes [ ]

OoM7 RIN,,OMA measurement 122.8.7 Each lane M Yes [ ]
procedure

OM8 Stressed receiver sensitivity 122.8.9 Each lane M Yes [ ]

122.12.4.8 Environmental specifications

Item Feature Subclause Value/Comment Status Support
ES1 General safety 122.9.1 Cenforms to IEC 60950-1 M Yes [ ]
ES2 Laser safety—IEC Hazard 122.9.2 Conforms to Hazard Level 1 M Yes [ ]

Level 1 laser requirements defined in

IEC 60825-1 and IEC 60825-2

ES3 Electromagnetic interference 122.9.5 Complies with applicable local M Yes [ ]
and national codes for the
limitation of electromagnetic
interference

122.12.4.9 Characteristics of the fiber optic cabling and MDI

Item Feature Subclause Value/Comment Status Support
OCl1 Fiber optic cabling 122.11 Meets requirements specified in INS:M Yes [ ]
Table 122-17 N/AT]

ocC2 Maximum discrete 122.11.2.2 | Meets requirements specified in INS:M Yes [ ]
reflectance Table 122-19 N/AT]

0C3 MDI requirements 122.11.3 Meets IEC 61753-1-1 and IEC 61753- INS:M Yes [ ]
021-2 N/A[]
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123. Physical Medium Dependent (PMD) sublayer and medium, type
400GBASE-SR16

123.1 Overview

This clause specifies the 400GBASE-SR16 PMD together with the multimode fiber medium. The PMD
sublayer provides a point-to-point 400 Gb/s Ethernet link over 16 pairs of multimode fiber, up to at least
100 m. When forming a complete Physical Layer, a PMD shall be connected to the appropriate PMA as
shown in Table 123-1, to the medium through the MDI and optionally with the management functions that
may be accessible through the management interface defined in Clause 45, or equivalent.

Table 123-1—Physical Layer clauses associated with the 400GBASE-SR16'PMD

Associated clause 400GBASE-SR16
117—RS Required
117—400GMIT? Optional
118—400GMII Extender Optional
119—PCS Required
120—PMA Required
120B—Chip-to-chip 400GAUI-16 Optional
120C—Chip-to-module 400GAUI-16 Optional
120D—Chip-to-chip 400GAUI-8 Optional
120E—Chip-to-module 400GAUI-8 Optional
78—Energy Efficient Ethernet Optional

4 The 400GMII is an optional'driterface. However, if the 400GMII is not implemented, a
conforming implementation.must behave functionally as though the RS and 400GMII were
present.

Figure 123—1 shows the relationship of the PMD and MDI (shown shaded) with other sublayers to the
ISO/TEC Open Systeém Interconnection (OSI) reference model. 400 Gb/s Ethernet is introduced in
Clause 116 and tli€ purpose of each PHY sublayer is summarized in 116.2.

400GBASE=SR16 PHYs with the 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 is not supported.

Farther relevant information may be found in Clause 1 (terminology and conventions, references, definitions
and abbreviations) and Annex A (bibliography, referenced as [B1], [B2], etc.).
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ETHERNET
osi LAYERS
REFERENCE HIGHER LAYERS
MODEL
LAYERS , LLC OR OTHER MAC CLIENT
7
APPLICATION / MAC CONTROL (OPTIONAL)
PRESENTATION / MAC
/ RECONCILIATION
SESSION
/7 400GMIl —p
TRANSPORT Y
) 400GBASE-R PCS
NETWORK / PMA PHY
DATALINK | / | PMD |
PHYSICAL MDI —»
__________ MEDIUM

400GBASE-SR16

400GMII = 400 Gb/s MEDIA INDEPENDENT INTERFACE PHY = PHYSICAL KAYER DEVICE

LLC = LOGICAL LINK CONTROL PMA = PHYSIEAL MEDIUM ATTACHMENT
MAC = MEDIA ACCESS CONTROL PMD = PHYSIEAL MEDIUM DEPENDENT
MDI = MEDIUM DEPENDENT INTERFACE

PCS = PHYSICAL CODING SUBLAYER SR = PMD,FOR MULTIMODE FIBER

Figure 123-1—400GBASE-SR16 PMD relationship to the ISO/IEC Open Systems
Interconnection (OSI) reference model and IEEE 802.3 Ethernet model

123.1.1 Bit error ratio

The bit error ratio (BER) shall beyless than 2.4 x 1074 provided that the error statistics are sufficiently
random that this results in a framelloss ratio (see 1.4.223) of less than 1.7 x 10712 for 64-octet frames with
minimum interpacket gap when'jprocessed according to Clause 119. For a complete Physical Layer, the
frame loss ratio may be degraded to 6.2 107! for 64-octet frames with minimum interpacket gap due to
additional errors from thé&electrical interfaces.

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 1.7 x 1072 for 64-octet frames with minimum interpacket

gap.

123+2 Physical Medium Dependent (PMD) service interface

This subclause specifies the services provided by the 400GBASE-SR16 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, and the PMD entity. The PMD translates the encoded data to and from signals suitable for the

specified medium.
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The PMD service interface is an instance of the inter-sublayer service interface defined in 116.3. The PMD
service interface primitives are summarized as follows:

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

PAARIQ QIONLA

I LVlU.lQ_OlUl‘F\L.illdibatiull
The 400GBASE-SR16 PMD has 16 parallel bit streams, hence i =0 to 15.

In the transmit direction, the PMA continuously sends 16 parallel bit streams to the PMD, one per lane, each
at a nominal signaling rate of 26.5625 GBd. The PMD converts these streams of bits into appropriate signals
on the MDI.

In the receive direction, the PMD continuously sends 16 parallel bit streams to the PMA comresponding to
the signals received from the MDI, one per lane, each at a nominal signaling rate of 26.5625\GBd.

The SIGNAL DETECT parameter defined in this clause maps to the SIGNAL~OK” parameter in the
PMD:IS SIGNAL.indication(SIGNAL_OK) inter-sublayer service primitive defined in 116.3.

The SIGNAL DETECT parameter can take on one of two values: OK or FAIL. When SIGNAL DETECT
= FAIL, the rx_symbol parameters are undefined.

NOTE—SIGNAL DETECT = OK does not guarantee that the rx_symboljparameters are known to be good. It is
possible for a poor quality link to provide sufficient light for a SIGNAL. DETECT = OK indication and still not meet the
BER defined in 123.1.1.

123.3 Delay and Skew
123.3.1 Delay constraints

An upper bound to the delay through the, PMA and PMD is required for predictable operation of the MAC
Control PAUSE operation. The sum of the\transmit and receive delays at one end of the link contributed by
the 400GBASE-SR16 PMD including2’m of fiber in one direction shall be no more than 8192 bit times
(16 pause_quanta or 20.48 ns). A description of overall system delay constraints and the definitions for bit
times and pause_quanta can be found in 116.4 and its references.

123.3.2 Skew constraints

The Skew (relativerdelay) between the lanes must be kept within limits so that the information on the lanes
can be reassembled/by the PCS sublayer. Skew and Skew Variation are defined in 116.5 and specified at the
points SP1 to\SP6 shown in Figure 116—4 and Figure 116-5.

If the PMD service interface is physically instantiated so that the Skew at SP2 can be measured, then the
Skewrat SP2 is limited to 43 ns and the Skew Variation at SP2 is limited to 400 ps.

The Skew at SP3 (the transmitter MDI) shall be less than 54 ns and the Skew Variation at SP3 shall be less
than 600 ps.

The Skew at SP4 (the receiver MDI) shall be less than 134 ns and the Skew Variation at SP4 shall be less

than 3.4 ns.

If the PMD service interface is physically instantiated so that the Skew at SP5 can be measured, then the
Skew at SP5 shall be less than 145 ns and the Skew Variation at SP5 shall be less than 3.6 ns.

261
Copyright © 2017 IEEE. All rights reserved.

© IEEE 2017 - All rights reserved



https://iecnorm.com/api/?name=c9988e8402ed8380b26b6d6ea1aadd28

ISO/IEC/IEEE 8802-3:2017/Amd.10:2019(E)

IEEE Std 802.3bs-2017
Amendment 10: Media Access Control Parameters, Physical Layers, and Management Parameters
for 200 Gb/s and 400 Gb/s Operation

For more information on Skew and Skew Variation see 116.5. The measurements of Skew and Skew
Variation are defined in 86.8.3.1.

123.4 PMD MDIO function mapping

The optional MDIO capability described in Clause 45 defines several variables that may provide 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 123-2 and the mapping of MDIO
status variables to PMD status variables shall be as shown in Table 123-3.

Table 123-2—MDIO/PMD control variable mapping

MDIO control variable PMA/PMD register name R(:lgl:lsrtlis:;/ll‘nt PMD control variable
Reset PMA/PMD control 1 register 1.0.15 PMD' teset
Global PMD transmit disable PMD transmit disable register 1.9.0 PMD _ global transmit_disable
PMD transmit disable 15 PMD transmit disable extension | 1.27.0 PMD_transmit_disable 15
register
PMD transmit disable 14 to PMD transmit disable register 1.9715\t0 PMD _transmit disable 14 to
PMD transmit disable 0 1.9.1 PMD _transmit_disable 0

Table 123-3—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/PMID status 2 register 1.8.11 PMD transmit fault
Receive fault RMA/PMD status 2 register 1.8.10 PMD _receive_fault
Global PMD receive signal detect | PMD receive signal detect register 1.10.0 PMD_global signal detect
PMD receive signal detect TS PMD receive signal detect extension | 1.28.0 PMD _signal detect 15
register
PMD receive signal detect 14 to | PMD receive signal detect register 1.10.15 to PMD signal detect 14 to
PMD receive signal detect 0 1.10.1 PMD _signal detect 0

12315 PMD functional specifications

The 400GBASE-SR16 PMD performs the Transmit and Receive functions, which convey data between the
PMD service interface and the MDI.

123.5.1 PMD block diagram

The PMD block diagram is shown in Figure 123-2. For purposes of system conformance, the PMD sublayer
is standardized at the points described in this subclause. The optical transmit signal is defined at the output
end of a multimode fiber patch cord (TP2), between 2 m and 5 m in length. Unless specified otherwise, all
transmitter measurements and tests defined in 123.8 are made at TP2. The optical receive signal is defined at
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the output of the fiber optic cabling (TP3) at the MDI (see 123.11.3). Unless specified otherwise, all receiver
measurements and tests defined in 123.8 are made at TP3.

Retimer Retimer
function TP1<0:15> TP2<0:15> TP3<0:15> TP4<0:15> function

(part o1 Patch (part of
PMA) \‘Y cord \ \I/ \;/ Y '/ PMA)

Optical
transmitter

, ' : . ' . ' L
Lo . , I | Optical ' (i i) | Optical | ! , -0
» ! ! .| transmitter m (\ {0 /\ receiver | | » ! ] »
' ' | ' . : | | . .
Ly [ | .'[ Optical L : O optical || [ M
’ ! ! .| transmitter [D [ I'I receiver [ ® ! ! Ly
' ' | , ! ' | ' |
' ' I ' . X :: I ! !
o : | | BERPAN
: | I . , ' [ | .
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* Optical * | SIGNAL_DETECT
fiber: | -

\} réceiver

PMD service For clarity, only one-direction of trans- PMD service
interface mission is'Shown interface
PMD:IS_UNITDATA_0.request PMD:IS_UNITDATA_0.indication
to PMD:IS _UNITDATA 15.request to PMD:IS _UNITDATA _15.indication

Figure 123-2—Block diagram for 400GBASE-SR16 transmit/receive paths

TP1 and TP4 are informative\reference points that may be useful to implementers for testing components
(these test points will not _typically be accessible in an implemented system).

123.5.2 PMD transmit function

The PMD Tsansmit function shall convert the 16 bit streams requested by the PMD service interface
messages RMD:IS UNITDATA_0.request to PMD:IS_UNITDATA_15.request into 16 optical signals. The
opticalssignals shall then be delivered to the MDI which contains 16 parallel light paths for transmit,
according to the transmit optical specifications in this clause. The higher optical power level in each signal
streain shall correspond to tx_symbol = one.

123.5.3 PMD receive function

The PMD Receive function shall convert the 16 optical signals received from the MDI into separate bit

streams for delivery to the PMD service interface using the messages PMD:IS UNITDATA _0.indication to
PMD:IS UNITDATA 15.indication, all according to the receive optical specifications in this clause. The
higher optical power level in the signal stream shall correspond to rx_symbol = one.
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123.5.4 PMD global signal detect function

The PMD global signal detect function shall report the state of SIGNAL DETECT via the PMD service
interface. = The  SIGNAL DETECT  parameter is  signaled  continuously, while the
PMD:IS_SIGNAL.indication message is generated when a change in the value of SIGNAL DETECT

ICANAL RN ETFROT TOALAL

[a i Q - I = B I 1 o] Q ya\ vd - SN |
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inter-sublayer service interface primitives defined in 116.3.

SIGNAL DETECT shall be an indicator of the presence of the optical signals on all 16 lanes. The value of
the SIGNAL DETECT parameter shall be generated according to the conditions defined in Table 1234,
The PMD receiver is not required to verify whether a compliant 400GBASE-SR16 signal is being received.
This standard imposes no response time requirements on the generation of the SIGNAL DETECT

parameter.
Table 123-4—SIGNAL_DETECT value definition
Receive conditions SIGNAL_DETECT value
For any lane; Average optical power at TP3 <-30 dBm FAIL
For all lanes; OK
[(Optical power at TP3 > average receive power, each lane (min) in Table'\95-77)
AND

(compliant 400GBASE-SR16 signal input)]
All other conditions Unspecified

As an unavoidable consequence of the requirements for the setting of the SIGNAL DETECT parameter,
implementations must provide adequate margin/between the input optical power level at which the
SIGNAL_DETECT parameter is set to OK,+and the inherent noise level of the PMD including the effects of
crosstalk, power supply noise, etc.

Various implementations of the PMB_global signal detect function are permitted by this standard, including
implementations that generate theSSIGNAL DETECT parameter values in response to the amplitude of the
modulation of the optical sighdls and implementations that respond to the average optical power of the
modulated optical signalg=, When the MDIO is implemented, the SIGNAL DETECT value shall be
continuously set in response to the magnitude of the optical signals, according to the requirements of
Table 123-4.

123.5.5 PMD lane-by-lane signal detect function

Various-implementations of the Signal Detect function are permitted by this standard. When the MDIO is
implenmented, each PMD _signal detect i, where i represents the lane number in the range 0:15, shall be
coentinuously set in response to the magnitude of the optical signal on its associated lane, according to the

réquirements of Table 123—4.

123.5.6 PMD reset function

11 the MDIO mieriace 1s implemented, and 1T FMD_teset 1s asseried, the FIMD shall be reset as defined 1n
45.2.1.1.1.
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123.5.7 PMD global transmit disable function (optional)

The PMD _global transmit disable function is optional and allows all of the optical transmitters to be
disabled.

a)  When the PMD_global transmit_disable variable is set to one, this function shall turn off all of the

optical transmitters so that each transmitter meets the requirements ot the average launch power ot
the OFF transmitter in Table 95-6.

b) IfaPMD_faultis detected, then the PMD may set the PMD_ global transmit_disable to one, turning
off the optical transmitter in each lane.

123.5.8 PMD lane-by-lane transmit disable function (optional)

The PMD _transmit_disable i (where i represents the lane number in the range 0:15) function is<Optional and
allows the optical transmitter in each lane to be selectively disabled.

a) When a PMD_transmit_disable i variable is set to one, this function shall turn,off the optical
transmitter associated with that variable so that the transmitter meets the requiremeénts of the average
launch power of the OFF transmitter in Table 95-6.

b) IfaPMD faultis detected, then the PMD may set each PMD _transmitCdisable i to one, turning off
the optical transmitter in each lane.

If the optional PMD _transmit disable i function is not implemented\in‘MDIO, an alternative method may
be provided to independently disable each transmit lane.

123.5.9 PMD fault function (optional)

If the PMD has detected a local fault on any of the transmit or receive paths, the PMD shall set PMD _fault to
one.

If the MDIO interface is implemented, PMD_fault'shall be mapped to the fault bit as specified in 45.2.1.2.3.
123.5.10 PMD transmit fault function.(optional)
If the PMD has detected a local fault 'on the transmitter, the PMD shall set PMD_transmit fault to one.

If the MDIO interface is implemented, PMD _transmit fault shall be mapped to the transmit fault bit as
specified in 45.2.1.7.4.

123.5.11 PMD receive fault function (optional)

If the PMD has detected a local fault on the receiver, the PMD shall set the PMD _receive fault variable to
one.

If the, MDIO interface is implemented, PMD_receive fault shall be mapped to the receive fault bit as
specified in 45.2.1.7.5.

123.6 Lane assignments

There are o tane assIgmTents (WithiT @ Zroup of ransmit or receive ranes ) for 200GBASE-SRT6-White it
is expected that a PMD will map electrical lane i to optical lane i and vice versa, there is no need to define
the physical ordering of the lanes, as the PCS sublayer is capable of receiving the lanes in any arrangement.
The positioning of transmit and receive lanes at the MDI is specified in 123.11.3.
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123.7 PMD to MDI optical specifications for 400GBASE-SR16

The operating range for the 400GBASE-SR16 PMD is defined in Table 123-5. A 400GBASE-SR16
compliant PMD operates on 50/125 pm multimode fibers, type Ala.2 (OM3), type Ala.3 (OM4), or type
Ala.4 (OMS), according to the specifications defined in Table 123—6. A PMD that exceeds the operating

TAaNge  TeqUITCITEIt Wit e Tieeting —att—otier —opticat —Specifications 1S cornsidered compiiant (e.g;, 4
400GBASE-SR16 PMD operating at 120 m meets the operating range requirement of 0.5 m to 100 m). The
operating range shown in Table 123-5 is the same as 100GBASE-SR4 (See Clause 95).

Table 123-5—400GBASE-SR16 operating range

PMD type Required operating range®

400GBASE-SR16 0.5 m to 70 m for OM3

0.5 m to 100 m for OM4

0.5 m to 100 m for OM5

4 The PCS FEC correction function may not be bypassed for any operating distance.

123.7.1 400GBASE-SR16 transmitter optical specifications

The optical characteristics of each lane of a 400GBASE-SRI6\fransmitter shall be the same as those of a
single lane of 100GBASE-SR4, as specified in Table 95-6and-95.7.1, with the exception that the “signaling
rate, each lane” is 26.5625 GBd + 100 ppm, TDEC is as;specified in 123.8.5, and the BER requirement is as
specified in 123.1.1.

123.7.2 400GBASE-SR16 receive opticalspecifications

The optical characteristics of each lane ofa400GBASE-SR16 receiver shall be the same as those of a single
lane of 100GBASE-SR4, as specified if”jlable 95-7 and 95.7.2, with the exception that the “signaling rate,
each lane” is 26.5625 GBd + 100 ppm, stressed receiver sensitivity is as specified in 123.8.8, and the BER
requirement is as specified in 123341.

123.7.3 400GBASE-SR16 illustrative link power budget

The illustrative power budget and penalties for each lane of a 400GBASE-SR 16 link are the same as those of
a single lane of I00GBASE-SR4, as specified in Table 95-8 and 95.7.3.

123.8 Definition of optical parameters and measurement methods
All transmitter optical measurements shall be made through a short patch cable, between 2 m and 5 m in
length, unless otherwise specified. Optical parameters and measurement methods for 400GBASE-SR16 are

the same as for 100GBASE-SR4.

123.8.1 Test patterns for optical parameters

The test patterns used in this clause shall be the same as those used for I0OGBASE-SR4, as described in
95.8.1 and shown in Table 95-9, with the exception that pattern 5 defined in 82.2.11 is encoded by
Clause 119 PCS for 400GBASE-SR16. Table 95-10 as modified by this subclause (123.8.1) shows the test
patterns to be used in each measurement, unless otherwise specified, and also lists references to the
subclauses in which each parameter is defined.
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123.8.2 Center wavelength and spectral width

The center wavelength and RMS spectral width shall be within the range given in Table 95-6 if measured
per TIA/EIA-455-127-A or IEC 61280-1-3. The transmitter is modulated using one of the test patterns
specified in Table 95-10 as modified by 123.8.1.

123.8.3 Average optical power

The average optical power shall be within the limits given in Table 95-6 if measured using the methods
given in IEC 61280-1-1. The average optical power is measured using one of the test patterns specified in
Table 95-10 as modified by 123.8.1.

123.8.4 Optical Modulation Amplitude (OMA)

OMA shall be within the limits given in Table 95—6 if measured as defined in 52.9.5 for measurement with a
square wave (8 ones, 8 zeros) test pattern or as defined in 68.6.2 (from the variabley,MeasuredOMA in
68.6.6.2) for measurement with a PRBS9 test pattern. See 123.8.1 for test pattern infermation.

123.8.5 Transmitter and dispersion eye closure (TDEC)

TDEC is a measure of the optical transmitter’s vertical eye closure, as described in 95.8.5. TDEC shall be
within the limits given in Table 95-6 if measured using the methods spegified in 95.8.5.1 and 95.8.5.2, with
the exceptions that the clock recovery unit (CRU) has a corner frequency of 4 MHz and in Equation 95-6,
3.8906R is replaced by 3.4917R, for consistency with the BER, @274 x 1074 given in 123.1.1. Table 95-10
as modified by 123.8.1 specifies the test patterns to be used for measurement of TDEC.

123.8.6 Extinction ratio

The extinction ratio shall be within the limits given in Table 95-6 if measured using the methods specified
in IEC 61280-2-2. The extinction ratio is measured using one of the test patterns specified for extinction
ratio in Table 95-10 as modified by 123.8.1.

NOTE—Extinction ratio and OMA are defined with different test patterns (see Table 95-10).
123.8.7 Transmitter optical waveform (transmit eye)

The transmitter optical waveform of a port transmitting the test pattern specified in Table 95-10 as modified
by 123.8.1 shall meet the*transmitter eye mask coordinates and hit ratio specified in Table 956 if measured
according to the metheds specified in 95.8.7 with the exception that the clock recovery unit’s high frequency
corner bandwidthis'4MHz.

123.8.8 Stressed receiver sensitivity

Stressed_feceiver sensitivity shall be within the limits given in Table 95-7 if measured using the methods
defined'in 95.8.8 with the following exceptions:

— The signaling rate of the test pattern generator is set to the rate defined in 123.7.2.
— The clock recovery unit (CRU) has a corner bandwidth of 4 MHz.
— Sinusoidal jitter is added as specified in Table 87—13 instead of Table 95—11.

requirement is as specified in 123.1.1 and 3.4917R replaces 3.8906R in Equation 95-6.
— The hit ratio for the stressed receiver eye mask definition is changed from 5 x 10°t02.4 x 1074,
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123.9 Safety, installation, environment, and labeling
123.9.1 General safety

All equipment subject to this clause shall conform to IEC 60950-1.

123.9.2 Laser safety

400GBASE-SR16 optical transceivers shall conform to Hazard Level 1M laser requirements as defined in
IEC 60825-1 and IEC 60825-2, under any condition of operation. This includes single fault conditions
whether coupled into a fiber or out of an open bore.

Conformance to additional laser safety standards may be required for operation within specific,gedgraphic
regions.

Laser safety standards and regulations require that the manufacturer of a laser productprovide information
about the product’s laser, safety features, labeling, use, maintenance, and service; ‘This documentation
explicitly defines requirements and usage restrictions on the host system necessary to meet these safety
certifications.'”

123.9.3 Installation

It is recommended that proper installation practices, as defined by applicable local codes and regulation, be
followed in every instance in which such practices are applicable,

123.9.4 Environment
Normative specifications in this clause shall be met’by a system integrating a 400GBASE-SR16 PMD over
the life of the product while the product operates.within the manufacturer’s range of environmental, power,

and other specifications.

It is recommended that manufacturers _indicate, in the literature associated with the PHY, the operating
environmental conditions to facilitateselection, installation, and maintenance.

It is recommended that manufacturers indicate, in the literature associated with the components of the
optical link, the distance and-eperating environmental conditions over which the specifications of this clause
will be met.

123.9.5 Electromagnetic emission

A system intégrating a 400GBASE-SR16 PMD shall comply with applicable local and national codes for the
limitationof'electromagnetic interference.

123.9.6 Temperature, humidity, and handling
The optical link is expected to operate over a reasonable range of environmental conditions related to

temperature, humidity, and physical handling (such as shock and vibration). Specific requirements and
values for these parameters are considered to be beyond the scope of this standard.

10A host system that fails to meet the manufacturer’s requirements and/or usage restrictions may emit laser radiation in excess of the
safety limits of one or more safety standards. In such a case, the host manufacturer is required to obtain its own laser safety certification.
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123.9.7 PMD labeling requirements

It is recommended that each PHY (and supporting documentation) be labeled in a manner visible to the user,
with at least the applicable safety warnings and the applicable port type designation (e.g.
400GBASE-SR16).

Labeling requirements for Hazard Level 1M lasers are given in the laser safety standards referenced in
123.9.2.

123.10 Fiber optic cabling model

The fiber optic cabling model is shown in Figure 123-3. The fiber type and length are the{same as
100BASE-SR4 (See Clause 95).

MDI MDI
| |
|< Fiber optic cabling (channel) >
Patch Patch
d Link cord
PMD [ Connection [ P> Connection [<—®» PMD

Figure 123-3—Fiber optic cabling model

The channel insertion loss is given in Table 123—6. A channel may contain additional connectors as long as
the optical characteristics of the channel, such as attenuation, modal dispersion, reflections and losses of all
connectors and splices meet the specifications. Insertion loss measurements of installed fiber cables are
made in accordance with IEC 61280-4-1:2009. AsyOM4 and OMS5 optical fiber meet the requirements for
OM3, a channel compliant to the “OM3” coluimn may use OM4 or OMS5 optical fiber, or a combination of
OM3, OM4 and OMS. The fiber optic cabling model (channel) defined here is the same as a simplex fiber
optic link segment. The term channel is used here for consistency with generic cabling standards.

Table 123-6—Fiber optic cabling (channel) characteristics for 400GBASE-SR16

Description OoOM3 OM4 OMS5 Unit
Operating distance/(max) 70 100 100 m
Channel insertion loss? (max) 1.8 1.9 1.9 dB
Channel insertion loss (min) 0 dB

2 Thes€ channel insertion loss values include cable loss plus 1.5 dB allocated for connection and splice loss,
over the wavelength range 840 nm to 860 nm.

123.11 Characteristics of the fiber optic cabling (channel)

The 400GBASE-SR16 fiber optic cabling shall meet the specifications deﬁned in Table 123—-6. The fiber

onti ablin ata of 41 £ oy ot abla and o 1t dinta actiong o oiiieo

optic-cablingconsists-of one-or-moresections-of fiberoptic-cable-and anyintermedinte-connectionsrequired
to connect sections together. The requirements for the optical fiber, connection insertion loss, and maximum
discrete reflectance are the same as l00GBASE-SR4 (see Clause 95).
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123.11.1 Optical fiber cable

The fiber contained within the 400GBASE-SR16 fiber optic cabling shall comply with the specifications
and parameters of Table 123-7. A variety of multimode cable types may satisfy these requirements,
provided the resulting channel also meets the specifications of Table 123-6.

Table 123-7—Optical fiber and cable characteristics

Description om3? oM4b OM5¢ Unit
Nominal core diameter 50 um
Nominal fiber specification 850 nm
wavelength
Effective modal bandwidth (min)d 2000 4700 MHz.km
Cabled optical fiber attenuation (max) 3.5 dB/km
Zero dispersion wavelength (1) 1295 <A0< 1340 1297 £ X0< 1328 nm
Chromatic dispersion slope (max) (Sy) 0.105 for 1295 <A0< 1310 —412/(840(1 — (7»0/840)4)) ps/nm?

and for J297 <Ao< 1328 km
0.000375 % (1590 — Ao)
for 1310 <Ao< 1340

4 [EC 60793-2-10 type Ala.2
b IEC 60793-2-10 type Ala.3
¢ IEC 60793-2-10 type Ala.4
4 When measured with the launch conditions specified in Table 95-6

123.11.2 Optical fiber connection

An optical fiber connection, as shown in Figure 123-3, consists of a mated pair of optical connectors.
123.11.2.1 Connection insertion.loss

The maximum link distance\is based on an allocation of 1.5 dB total connection and splice loss. For
example, this allocation supports 3 connections with an average insertion loss per connection of 0.5 dB.
Connections with lowen loss characteristics may be used provided the requirements of Table 123—6 are met.
However, the loss of.a_single connection shall not exceed 0.75 dB

123.11.2.2 Maximum discrete reflectance

The maximum discrete reflectance shall be less than —20 dB.

123.11.3 Medium Dependent Interface (MDI)

The 400GBASE-SR16 PMD is coupled to the fiber optic cabling at the MDI. The MDI is the interface

between the PMD and the “fiber optic cabling” (as shown in Figure 123-3). Examples of an MDI include
the following:

a)  Connectorized fiber pigtail
b) PMD receptacle
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123.11.3.1 Optical lane assignments

The 16 transmit and 16 receive optical lanes of 400GBASE-SR16 shall occupy the positions depicted in
Figure 123—4 when looking into the MDI receptacle with the connector keyway feature on top. The interface
contains 32 active lanes. The transmit optical lanes occupy the upper 16 positions. The receive optical lanes
occupy the lower 16 positions

Tx Tx Tx Tx Tx Tx Tx Tx Tx Tx Tx Tx Tx Tx Tx Tx
CHONONONONONONOHONONONONONONONC)

OO0O0OO0OO0OO0OOOOOOOOOO0
Rx Rx Rx Rx Rx Rx Rx Rx Rx Rx Rx Rx Rx Rx Rx Rx

Figure 123-4—400GBASE-SR16 optical lane assignments

Fiber cable Keyway

D

. .\ .
Alignment hole Alignment pin

o)
e

MPO-16 female two-row plug with flat interface MDI

Figure 123-5—MPO-16 female two-row plug with flat interface, and an MDI

123.11.3.2 Medium Dependent‘Interface (MDI) requirements

The MDI adapter or receptacle shall meet the dimensional specifications for designation FOCIS 18 A-k-0 as
defined in ANSI/TIA<604=18. The plug terminating the optical fiber cabling shall meet the dimensional
specifications of designation FOCIS 18 P-2x16-1-0-2-2 as defined in ANSI/TIA-604-18. The MDI shall
optically mate withjthe plug on the optical fiber cabling. Figure 123—5 shows an MPO-16 female two-row
plug with flat interface, and an MDI. The MDI shall meet the interface performance specifications of
IEC 61753:1-and IEC 61753-022-2 for performance Class Cm/2m.

NOTE--Transmitter compliance testing is performed at TP2 as defined in 123.5.1, not at the MDL.
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123.12 Protocol implementation conformance statement (PICS) proforma for
Clause 123, Physical Medium Dependent (PMD) sublayer and medium, type
400GBASE-SR16""

123.12.1 Introduction

The supplier of a protocol implementation that is claimed to conform to Clause 123, Physical Medium
Dependent (PMD) sublayer and medium, type 400GBASE-SR16, 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.

123.12.2 Identification

123.12.2.1 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 réquirements 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).

123.12.2.2 Protocol summary

Identification of protocol standard IEEE Std 802.3bs-2017, Clause 123, Physical Medium
Dependent (PMD) sublayer and medium, type
400GBASE-SR16

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

Have any Exception items been required? No [ ] Yes [ ]
(See Clause. 2} the answer Yes means that the implementation does not conform to IEEE Std 802.3bs-2017.)

Date'of Statement

llCopyright 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
*INS Installation / cable 123.10 Items marked with INS include (0] Yes [ ]
mstaHattonpractices-and-eabie NoH
specifications not applicable to
a PHY manufacturer
TP1 Reference point TP1 exposed 123.5.1 This point may be made (0] Yes [ ]
and available for testing available for use by No[]
implementers to certify
component conformance
TP4 Reference point TP4 exposed 123.5.1 This point may be made (¢} Yes [ ]
and available for testing available for use by No[]
implementers to certify
component conformance
DC Delay constraints 123.3.1 Device conforms to delay M Yes [ ]
constraints
SC Skew constraints 123.3.2 Device conforms to Skew and M Yes [ ]
Skew Variation constraints
*MD MDIO capability 123.4 Registers and intetface (¢} Yes [ ]
supported No[]

123.12.4 PICS proforma tables for Physical Medium-Dependent (PMD) sublayer and

medium, type 400GBASE-SR16

123.12.4.1 PMD functional specifications

Copyright © 2017 IEEE. All rights reserved.

© IEEE 2017 - All rights reserved

Item Feature Subclause Value/Comment Status Support
F1 Compatible with 400GBASE-<R 123.1 M Yes [ ]
PCS and PMA
F2 Integration with managérment 123.1 o Yes [ ]
functions No[]
F3 Bit error ratiQ 123.1.1 Meets the BER specified in M Yes [ ]
123.1.1
F4 Transmit_function 123.5.2 Conveys bits from PMD service M Yes [ ]
interface to MDI
F5 Mapping between optical signal 123.5.2 Higher optical power is a one M Yes [ ]
and logical signal for transmitter
E6 Receive function 123.5.3 Conveys bits from MDI to PMD M Yes [ ]
service interface
F7 Conversion of 16 optical signals | 123.5.3 For delivery to the PMD service M Yes [ ]
to 16 electrical signals interface
ES l\ﬂqppeng between ontical cignq] 123 53 Higher npﬁ{\q] power 1s-a-one. M Yes [ ]
and logical signal for receiver
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Item Feature Subclause Value/Comment Status Support
F9 Global Signal Detect function 123.5.4 Report to the PMD service M Yes [ ]
interface the message
PMD:IS SIGNAL.indication
(SIGNAT DETECT)
F10 Global Signal Detect behavior 123.5.4 SIGNAL DETECT is a global M Yes [ ]
indicator of the presence of
optical signals on all 16 lanes
F11 Lane-by-lane Signal Detect 123.5.5 Sets PMD signal detect i MD:O Yes,[ ]
function values on a lane-by-lane basis No ([
per requirements of Table 1234 N/AT]
F12 PMD reset function 123.5.6 Resets the PMD sublayer MD:O Yes [ ]
No []
N/A[]
123.12.4.2 Management functions
Item Feature Subclause Value/Comment Status Support
Ml Management register set 123.4 MD:M Yes [ ]
NAT[]
M2 Global transmit disable 123.5.7 Disables\all of the optical MD:O Yes [ ]
function tranSpaitters with the No[]
PMD~global_transmit_disable N/AT]
variable
M3 PMD lane by lane transmit | 123.5.8 Disables the optical transmitter MD:O Yes [ ]
disable function on the lane associated with the No[]
PMD _transmit_disable i N/A[]
variable
M4 PMD_ fault function 123.5.9 Sets PMD_ fault to one if any MD:O Yes [ ]
local fault is detected No[]
NAT[]
M5 PMD _transmit_fault function 123.5.10 Sets PMD_transmit_fault to MD:O Yes [ ]
one if a local fault is detected No[]
on any transmit lane N/AT]
M6 PMD _receive fault function 123.5.11 Sets PMD_receive_fault to one MD:O Yes [ ]
if a local fault is detected on No []
any receive lane N/A[]
123:42.4.3 PMD to MDI optical specifications for 400GBASE-SR16
Item Feature Subclause Value/Comment Status Support
SR1 Transmitter meets 123.7.1 Per definitions in 123.8 M Yes [ ]
specifications in 95.7.1 with
the exceptions in 123.7.1
SR2 Receiver meets specifications 123.7.2 Per definitions in 123.8 M Yes [ ]
in 95.7.2 with the exceptions in
123.7.2
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123.12.4.4 Optical measurement methods

Item Feature Subclause Value/Comment Status | Support
OM1 Measurement cable 123.8 2 mto 5 m in length M Yes [ ]
oM2 Center wavelength and spectral | 123.8.2 Per TIA/EIA-455-127-A or M Yes [ ]

width IEC 61280-1-3 under
modulated conditions
OM3 Average optical power 123.8.3 Per IEC 61280-1-1 M Yes [ ]
OM4 OMA measurements 123.8.4 Each lane M Yes([}
OM5 Transmitter and dispersion eye | 123.8.5 Each lane M Yes [ ]
closure (TDEC)
OM6 Extinction ratio 123.8.6 Per IEC 61280-2-2 M Yes [ ]
OM7 Transmit eye 123.8.7 Each lane M Yes [ ]
OMS8 Stressed receiver sensitivity 123.8.8 M Yes [ ]

123.12.4.5 Environmental specifications

Item Feature Subclause Value/Comment Status Support
ES1 General safety 123.9.1 Conforms to IEC 60950-1 M Yes [ ]
ES2 Laser safety—IEC Hazard 123.9.2 Coriforms to Hazard Level 1M M Yes [ ]

Level IM laser requirements defined in

IEC 60825-1 and IEC 60825-2

ES3 Electromagnetic interference 123.9% Complies with applicable local M Yes [ ]
and national codes for the
limitation of electromagnetic
interference

123.12.4.6 Characteristics of the fiber optic cabling and MDI

Item Feature Subclause Value/Comment Status Support
OCl Fiber optic cabling 123.11 Meets requirements specified in INS:M Yes [ ]
Table 123-6 N/AT]
0C2 Optical fiber characteristics 123.11.1 Per Table 123-7 INS:M Yes [ ]
N/A[]
Q€3 Maximum discrete 123.11.2.2 | Less than —20 dB INS:M Yes [ ]
reflectance N/A[]
0C4 MDI layout 123.11.3.1 | Optical lane assignments per M Yes [ ]
Figure 1234

QCSs MDI dimensions 123 11 .32 Meets FOCIS 18 A k-0 as M Yes [ ]

defined in ANSI/TIA-604-18
0C6 Cabling connector 123.11.3.2 | Meets FOCIS 18 P-2x16-1-0-2-2 INS:M Yes [ ]
dimensions as defined in ANSI/TIA-604-18 N/A[]
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Item Feature Subclause Value/Comment Status Support
0oC7 MDI mating 123.11.3.2 | MDI optically mates with plug on M Yes [ ]
the cabling
(0]6}:] MDI requirements 123.11.3.2 | Meets IEC 61753-1 and INS:M Yes[]
IEC 61753-022-2 N/AT]
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124. Physical Medium Dependent (PMD) sublayer and medium, type
400GBASE-DR4

124.1 Overview

This clause specifies the 400GBASE-DR4 PMD together with the single-mode fiber medium. The optical
signal generated by this PMD type is modulated using a 4-level pulse amplitude modulation (PAM4) format.
When forming a complete Physical Layer, a PMD shall be connected to the appropriate PMA as shown in
Table 124-1, to the medium through the MDI and optionally with the management functions that may be
accessible through the management interface defined in Clause 45, or equivalent.

Table 124-1—Physical Layer clauses associated with the 400GBASE-DR4 PMD

Associated clause 400GBASE-DR4
117—RS Required
117—400GMII? Optional
118—400GMII Extender Optional
119—PCS Required
120—PMA Required
120B—Chip-to-chip 400GAUI-16 Optional
120C—Chip-to-module 400GAUI-16 Optional
120D—Chip-to-chip 400GAUI-8 Optional
120E—Chip-to-module 400GAUI-8 Optional
78—Energy Efficient Ethernet Optional

2 The 400GMII is an optional driterface. However, if the 400GMII is not implemented, a
conforming implementation must behave functionally as though the RS and 400GMII were
present.

Figure 124—1 shows the*telationship of the PMD and MDI (shown shaded) with other sublayers to the
ISO/IEC Open System~ Interconnection (OSI) reference model. 400 Gb/s Ethernet is introduced in
Clause 116 and the purpose of each PHY sublayer is summarized in 116.2.

400GBASE-DR4 PHYs with the 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 deepJsleep mode of EEE is not supported.

124.1.1 Bit error ratio

The bit error ratio (BER) when processed according to Clause 120 shall be less than 2.4 x 10~* provided that
the error statistics are sufﬁcrently random that this results in a frame loss ratio (see 1.4. 223) of less than

then Clause 1 19 For a cornplete Physrcal Layer the frame loss ratio may be degraded to 6 2 X 10’11 for 64
octet frames with minimum interpacket gap due to additional errors from the electrical interfaces.
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ETHERNET
osi LAYERS
REFERENCE HIGHER LAYERS
MODEL
LAYERS , LLC OR OTHER MAC CLIENT
7
APPLICATION / MAC CONTROL (OPTIONAL)
PRESENTATION / MAC
/ RECONCILIATION
SESSION
/7 400GMIl —p
TRANSPORT Y
) 400GBASE-R PCS
NETWORK / PMA PHY
DATALINK | / | PMD |
PHYSICAL MDI —»
__________ MEDIUM

400GBASE-DR4

400GMII = 400 Gb/s MEDIA INDEPENDENT INTERFACE PHY = PHYSICAL IKAYER DEVICE

LLC = LOGICAL LINK CONTROL PMA = PHYSICAL MEDIUM ATTACHMENT
MAC = MEDIA ACCESS CONTROL PMD = PHYSICAL MEDIUM DEPENDENT

MDI = MEDIUM DEPENDENT INTERFACE

PCS = PHYSICAL CODING SUBLAYER DR = PMD'FOR SINGLE-MODE FIBER — 500 m

Figure 124-1—400GBASE-DR4 PMD relationship to the ISO/IEC Open Systems
Interconnection (OSI) reference model and IEEE 802.3 Ethernet model

If the error statistics are not sufficiently raridom to meet this requirement, then the BER shall be less than
that required to give a frame loss ratio of;less than 1.7 x 1072 for 64-octet frames with minimum interpacket

gap.

124.2 Physical Medium\Dependent (PMD) service interface

This subclause specifies the services provided by the 400GBASE-DR4 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, and the PMD entity. The PMD translates the encoded data to and from signals suitable for
the specifiedumedium.

The RMD service interface is an instance of the inter-sublayer service interface defined in 116.3. The PMD
s€rvice interface primitives are summarized as follows:

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

The 400GBASE-DR4 PMD has four parallel symbol streams, hence i = 0 to 3.
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In the transmit direction, the PMA continuously sends four parallel symbol streams to the PMD, one per
lane, each at a nominal signaling rate of 53.125 GBd. The PMD then converts these streams of data units
into the appropriate signals on the MDI.

In the receive direction, the PMD continuously sends four parallel symbol streams to the PMA

1. S | . 1 . 1 4] AW A 1 1 ‘- . 1o 1. ‘- £
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53.125 GBd. See NOTE at the end of 120.5.2 concerning the transition density of lanes operating at this
nominal signaling rate.

The SIGNAL DETECT parameter defined in this clause maps to the SIGNAL OK parameter in the
PMD:IS SIGNAL.indication(SIGNAL_OK) inter-sublayer service interface primitive defined in 116.3,

The SIGNAL _DETECT parameter can take on one of two values: OK or FAIL. When SIGNAL\DETECT
=FAIL, the rx_symbol parameters are undefined.

NOTE—SIGNAL DETECT = OK does not guarantee that the rx symbol parameters are knewn'fo be good. It is
possible for a poor quality link to provide sufficient light for a SIGNAL DETECT = OK indication-and still not meet the
BER defined in 124.1.1.

124.3 Delay and Skew
124.3.1 Delay constraints

The sum of the transmit and receive delays at one end of the link.¢ofitributed by the 400GBASE-DR4 PMD
including 2 m of fiber in one direction shall be no more than(8192 bit times (16 pause_quanta or 20.48 ns).
A description of overall system delay constraints and the.définitions for bit times and pause_quanta can be
found in 116.4 and its references.

124.3.2 Skew constraints

The Skew (relative delay between the lanes$)*and Skew Variation must be kept within limits so that the
information on the lanes can be reassembled by the PCS. Skew and Skew Variation are defined in 116.5 and
specified at the points SP1 to SP6 shewir'in Figure 116—4 and Figure 116-5.

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 u1s and the Skew Variation at SP2 is limited to 400 ps.

The Skew at SP3 (the ttansmitter 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 116.5. The measurements of Skew and Skew
Variation are defined in 86.8.3.1.

124.4 PMD MDIO function mapping

The optional MDIO capability described in Clause 45 defines several variables that may provide control and
status information for and about the PMD. If the MDIO interface is implemented, the mapping of MDIO
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control variables to PMD control variables shall be as shown in Table 124-2 and the mapping of MDIO
status variables to PMD status variables shall be as shown in Table 124-3.

Table 124-2—MDIO/PMD control variable mapping

MDIO control variable PMA/PMD register name Rigl:f;%lzl?lt 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
PMD transmit disable 3 to PMD transmit disable register | 1.9.4to 1.9.1 PMD_transmit_disable”3 to
PMD transmit disable 0 PMD _transmit_diSable 0

Table 124-3—MDIO/PMD status variable mapping

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

Fault PMA/PMD status 1 register 1.157 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 detect | PMD receive signal detectrégister | 1.10.0 PMD_global signal detect
PMD receive signal detect 3 to PMD receive signal detect register | 1.10.4 to PMD _signal detect 3 to
PMD receive signal detect 0 1.10.1 PMD _signal_detect 0

124.5 PMD functional specifications

The 400GBASE-DR4 PMD performs'the Transmit and Receive functions, which convey data between the
PMD service interface and the MDD

124.5.1 PMD block diagram

The PMD block diagfam is shown in Figure 124-2. For purposes of system conformance, the PMD sublayer
is standardized af the points described in this subclause. The optical transmit signal is defined at the output
end of a single-mode fiber patch cord (TP2), between 2 m and 5 m in length. Unless specified otherwise, all
transmitter.medsurements and tests defined in 124.8 are made at TP2. The optical receive signal is defined at
the output-of the fiber optic cabling (TP3) at the MDI (see 124.11.3). Unless specified otherwise, all receiver
measurements and tests defined in 124.8 are made at TP3.

TPR1<0:3> and TP4<0:3> are informative reference points that may be useful to implementors for testing
components (these test points will not typically be accessible in an implemented system).
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Figure 124-2—Block diagram for 400GBASE-DR4 transmit/receive paths

124.5.2 PMD transmit function

The PMD Transmit function shall convert the four symbol streams requested by the PMD service interface
messages PMD:IS UNITDATA 0.request t0 PMD:IS UNITDATA 3.request into four separate optical
signals. The four optical signals shall then be delivered to the MDI, which contains four parallel light paths
for transmit, according to the transmit'optical specifications in this clause. The highest optical power level in
each signal stream shall correspond to tx_symbol = three and the lowest shall correspond to tx_symbol =
Zero.

124.5.3 PMD receive function

The PMD Receiye function shall convert the four parallel optical signals received from the MDI into
separate symbol™~ streams for delivery to the PMD service interface using the messages
PMD:IS UNITDATA O.indication to PMD:IS UNITDATA _3.indication, all according to the receive
optical specifications in this clause. The higher optical power level in each signal stream shall correspond to
rx_symbol = three and the lowest shall correspond to rx_symbol = zero.

124.5.4 PMD global signal detect function

The PMD global signal detect function shall report the state of SIGNAL DETECT via the PMD service
interface.  The  SIGNAL DETECT  parameter is  signaled  continuously, while the

PAMPIS QICNATL o oot +ad L L : +h 1 £ QICN AL _DETECT
T IV IO OTO TN YA atrOT TS Sag OS5 s CnlratCt—w nCT—a— Cran g thC—varaC— o OTOTw Y I D T O T

occurs. The SIGNAL DETECT parameter defined in this clause maps to the SIGNAL OK parameter in the
inter-sublayer service interface primitives defined in 116.3.
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SIGNAL_DETECT shall be a global indicator of the presence of optical signals on all four lanes. The value
of the SIGNAL _DETECT parameter shall be generated according to the conditions defined in Table 124—4.
The PMD receiver is not required to verify whether a compliant 400GBASE-DR4 signal is being received.
This standard imposes no response time requirements on the generation of the SIGNAL DETECT

parameter.
Table 124-4—SIGNAL_DETECT value definition
. i SIGNAL_DETECT
Receive conditions -

value

For any lane; Average optical power at TP3 <—15 dBm FAIL

For all lanes; OK

[(Optical power at TP3 > average receive power, each lane (min) Table 124-7)

AND
(compliant 400GBASE-R signal input)]
All other conditions Unspecified

As an unavoidable consequence of the requirements for the setting of the”’SIGNAL DETECT parameter,
implementations must provide adequate margin between the input ‘optical power level at which the
SIGNAL DETECT parameter is set to OK, and the inherent nois€ level of the PMD including the effects of
crosstalk, power supply noise, etc.

Various implementations of the Signal Detect functien” are permitted by this standard, including
implementations that generate the SIGNAL DETECT(parameter values in response to the amplitude of the
modulation of the optical signal and implementations that respond to the average optical power of the
modulated optical signal.

124.5.5 PMD lane-by-lane signal detect function

Various implementations of the Signal ‘Detect function are permitted by this standard. When the MDIO is
implemented, each PMD_signal detect i, where i represents the lane number in the range 0:3, shall be
continuously set in response tefhie magnitude of the optical signal on its associated lane, according to the
requirements of Table 1244,

124.5.6 PMD resetfunction

If the MDIO interface is implemented, and if PMD _reset is asserted, the PMD shall be reset as defined in
45.2.1.1.1.

124.5.7.PMD global transmit disable function (optional)

The PMD_global transmit disable function is optional and allows all of the optical transmitters to be
disabled.

a)  When the PMD_global transmit_disable variable is set to one, this function shall turn off all of the
optical transmitters so that each transmitter meets the requirements of the average launch power of

the OFF transmitter in Table 124—6.

b) IfaPMD faultis detected, then the PMD may set the PMD_global transmit_disable to one, turning
off the optical transmitter in each lane.
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124.5.8 PMD lane-by-lane transmit disable function (optional)

The PMD _transmit_disable_i (where i represents the lane number in the range 0:3) function is optional and
allows the optical transmitters in each lane to be selectively disabled.

a) When a PMD_transmit_disable i variable is set to one, this function shall turn off the optical

transmitter associated with that variable so that the transmitter meets the requirements of the average
launch power of the OFF transmitter in Table 124—6.

b) IfaPMD_faultis detected, then the PMD may set each PMD _transmit disable i to one, turning off
the optical transmitter in each lane.

If the optional PMD _transmit_disable i function is not implemented in MDIO, an alternative methodumay
be provided to independently disable each transmit lane for testing purposes.

124.5.9 PMD fault function (optional)

If the PMD has detected a local fault on any of the transmit or receive paths, the PMD shall set PMD _fault to
one.

If the MDIO interface is implemented, PMD _fault shall be mapped to the fault bit as specified in 45.2.1.2.3.
124.5.10 PMD transmit fault function (optional)

If the PMD has detected a local fault on any transmit lane, th¢ /PMD shall set the PMD_transmit_fault
variable to one.

If the MDIO interface is implemented, PMD _transmit,_ fault shall be mapped to the transmit fault bit as
specified in 45.2.1.7.4.

124.5.11 PMD receive fault function (optional)

If the PMD has detected a local fault on any receive lane, the PMD shall set the PMD _receive fault variable
to one.

If the MDIO interface is implemented, PMD_receive fault shall be mapped to the receive fault bit as
specified in 45.2.1.7.5.

124.6 Lane assignments

There are no lane‘assignments (within a group of transmit or receive lanes) for 400GBASE-DR4. While it is
expected thatta PMD will map electrical lane i to optical lane 7 and vice versa, there is no need to define the
physical erdering of the lanes, as the PCS sublayer is capable of receiving the lanes in any arrangement. The
positiofiing of transmit and receive lanes at the MDI is specified in 124.11.3.1.

124.7 PMD to MDI optical specifications for 400GBASE-DR4

The operating range for the 400GBASE-DR4 PMD is defined in Table 124-5. A 400GBASE-DR4
compliant PMD operates on type B1.1, B1.3, or B6_a single-mode fibers according to the specifications

defined in Table 124—12. A PMD that exceeds the operating range requirement while meeting all other
optical specifications is considered compliant (e.g., a 400GBASE-DR4 PMD operating at 600 m meets the
operating range requirement of 2 m to 500 m).
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Table 124-5—400GBASE-DR4 operating range

PMD type Required operating range

400GBASE-DR4 2 mto 500 m

124.7.1 400GBASE-DR4 transmitter optical specifications

The 400GBASE-DR4 transmitter shall meet the specifications defined in Table 124—6 per the definitions in
124.8.

Table 124-6—400GBASE-DR4 transmit characteristics

Description Value Unit
Signaling rate, each lane (range) 53.125 + 100 ppm GBd
Modulation format PAMA4 —
Lane wavelength (range) 1304.5 to 1317.5 nm
Side-mode suppression ratio (SMSR), (min) 30 dB
Average launch power, each lane (max) 4 dBm
Average launch power, each lane® (min) -29 dBm
Outer Optical Modulation Amplitude (OMA;;,), each lane{(max) 4.2 dBm
Outer Optical Modulation Amplitude (OMA ;;.,), €ach{lane (min)® —0.8 dBm
Launch power in OMA ;. minus TDECQ), each lane\(min) 2.2 dBm
Transmitter and dispersion eye closure for PAM4(TDECQ), each 34 dB
lane (max)
Average launch power of OFF transmitter, each lane (max) -15 dBm
Extinction ratio, each lane (min) 3.5 dB
RIN,; 4OMA (max) -136 dB/Hz
Optical return loss tolerance (max) 21.4 dB
Transmitter reflectance® (max) -26 dB

2 Average launch power, each lane (min) is informative and not the principal indicator of signal strength. A transmitter
with launch;power below this value cannot be compliant; however, a value above this does not ensure compliance.

b Even if the\'DECQ < 1.4 dB, the OMA ey (min) must exceed these values.

¢ Transtittet reflectance is defined looking into the transmitter.

124.7.2 400GBASE-DR4 receive optical specifications

The 400GBASE-DR4 receiver shall meet the specifications defined in Table 124—7 per the definitions in
124.8. See NOTE at the end of 120.5.2 concerning the transition density of lanes operating at this nominal

signaling rate.
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Table 124-7—400GBASE-DR4 receive characteristics

Description Value Unit
Signaling rate, each lane (range) 53.125 + 100 ppm GBd
Modulation format PAMA4 —
Lane wavelengths (range) 1304.5to 1317.5 nm
Damage threshold?, each lane 5 dBm
Average receive power, each lane (max) 4 dBm
Average receive power, each lane® (min) -5.9 dBm
Receive power (OMA ,c;), €ach lane (max) 42 dBm
Receiver reflectance (max) -26 dB
Receiver sensitivity (OMA .p), €ach lane® (max) —4.4 dBm
Stressed receiver sensitivity (OMA ;) €ach laned (max) -1.9 dBm
Conditions of stressed receiver sensitivity test:®
Stressed eye closure for PAM4 (SECQ), lane under test 34 dB
OMA e Of each aggressor lane 42 dBm

2 The receiver shall be able to tolerate, without damage, continuous-exposure to an optical input signal having this
average power level. The receiver does not have to operate corrgetly at this input power.
Average receive power, each lane (min) is informative and notthe/principal indicator of signal strength. A received
power below this value cannot be compliant; however, a valie above this does not ensure compliance.

¢ Receiver sensitivity (OMA ;). each lane (max) is informafive and is defined for a transmitter with SECQ of 0.9 dB.

4" Measured with conformance test signal at TP3 (see 124.8.9) for the BER specified in 124.1.1.

¢ These test conditions are for measuring stressed receiver sensitivity. They are not characteristics of the receiver.

124.7.3 400GBASE-DR4 illustrative Tink power budget

An illustrative power budget and penalties for 400GBASE-DR4 channels are shown in Table 124-8.

Table124-8—400GBASE-DR4 illustrative link power budget

Parameter Value Unit
Power budget, (for max TDECQ) 6.5 dB
Operating distance 500 m
Channgl insertion loss? 3 dB
Maximum discrete reflectance See 124.11.2.2 dB
Allocation for penaltiesb (for max TDECQ) 3.5 dB
Additional insertion loss allowed 0 dB

4 The channel insertion loss is calculated using the maximum distance specified in Table 1245 and cabled optical fiber
attenuation of 0.5 dB/km at 1304.5 nm plus an allocation for connection and splice loss given in 124.11.2.1.
Link penalties are used for link budget calculations. They are not requirements and are not meant to be tested.
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124.8 Definition of optical parameters and measurement methods

All transmitter optical measurements shall be made through a short patch cable, between 2 m and 5 m in
length, unless otherwise specified.

While compliance is to be achieved in normal operation, specific test patterns are defined for measurement
consistency and to enable measurement of some parameters. Table 124—10 gives the test patterns to be used
in each measurement, unless otherwise specified, and also lists references to the subclauses in which each
parameter is defined. Any of the test patterns given for a particular test in Table 124—10 may be usedyto
perform that test. The test patterns used in this clause are shown in Table 124-9.

Table 124-9—Test patterns

Pattern Pattern description Defined'in
Square wave Square wave (8 threes, 8 zeros) 12005.1H.2.4
3 PRBS31Q 120.5.11.2.2
4 PRBS13Q 120.5.11.2.1

5 Scrambled idle 119.2.4.9
6 SSPRQ 120.5.11.2.3

Table 124-10—Test-pattern/definitions and related subclauses

Parameter Pattern Related subclause
Wavelength Square wave, 3, 4, 5, 6 or valid 124.8.2
400GBASE-R signal

Side mode suppression ratio 3,5, 6 or valid 400GBASE-R signal —
Average optical power 3,5, 6 or valid 400GBASE-R signal 124.8.3
Outer Optical Modulation Ainplitude (OMA ;c;) 4or6 124.8.4
Transmitter and dispetsion eye closure for PAM4 6 124.8.5
(TDECQ)

Extinction satie 4or6 124.8.6
RIN, r2OMA Square wave 124.8.7
Stressed receiver conformance test signal 6 124.8.9
calibration

Stressed receiver sensitivity 3or5 124.8.9

124.8.2 Wavelength

The wavelength of each optical lane shall be within the range given in Table 124—6 if measured per
TIA/EIA-455-127-A or IEC 61280-1-3. The lane under test is modulated using the test pattern defined in
Table 124-10.
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124.8.3 Average optical power

The average optical power of each lane shall be within the limits given in Table 124-6 if measured using the
methods given in IEC 61280-1-1. The average optical power is measured using the test pattern defined in
Table 124-10, per the test setup in Figure 53-6.

124.8.4 Outer Optical Modulation Amplitude (OMAtcr)

The OMA ¢, of each lane shall be within the limits given in Table 124—6. The OMA ;. is measured using
a test pattern specified for OMA ., in Table 124-10 as the difference between the average optical launch
power level P;, measured over the central 2 UI of a run of 7 threes, and the average optical launch power
level Py, measured over the central 2 UI of a run of 6 zeros, as shown in Figure 124-3.

P3
1 1 L

2Ul

2 Ul

' '
Ty

.PO.

Figure 124—-3—Example power levels Py and P; from PRBS13Q test pattern

124.8.5 Transmitter and dispersion eye'closure for PAM4 (TDECQ)

The TDECQ of each lane shall be within the limits given in Table 124—6 if measured using the methods
specified in 121.8.5.1, 121.8.5.2, and“121.8.5.3 using a reference equalizer as described in 121.8.5.4, with
the following exceptions:
— The signaling rate of"the test pattern generator is as given in Table 124—6 and uses the test pattern
specified for TDECQ in Table 124-10.
— The combination of the O/E converter and the oscilloscope has a fourth-order Bessel-Thomson filter
response with'a bandwidth of approximately 26.5625 GHz.

— The norimalized noise power density spectrum N(f) is equivalent to white noise filtered by a fourth-
ordet:Bessel-Thomson response filter with a bandwidth of 26.5625 GHz.

124.8.6-Extinction ratio

The extinction ratio of each lane shall be within the limits given in Table 124—6 if measured using a test
pattern specified for extinction ratio in Table 124—10. The extinction ratio of a PAM4 optical signal is
defined as the ratio of the average optical launch power level P;, measured over the central 2 UI of a run of
7 threes, and the average optical launch power level P, measured over the central 2 Ul of a run of 6 zeros, as

shown 1n Figure 124-3.
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124.8.7 Relative intensity noise (RIN21.40MA)

RIN shall be as defined by the measurement methodology of 52.9.6 with the following exceptions:
a)  The optical return loss is 21.4 dB.

b) Each lane may be tested individually with the sum of the optical power from all of the lanes not
under test being below —30 dBm.

c¢) The upper —3 dB limit of the measurement apparatus is to be approximately equal to the signaling
rate (i.e., 53.2 GHz).

d) The test pattern is according to Table 124—10.
124.8.8 Receiver sensitivity

Receiver sensitivity, which is defined for an input signal with SECQ of 0.9 dB (e.g., an ideal input signal
without overshoot), is informative and compliance is not required. If measured, the test signdl should have
negligible impairments such as intersymbol interference (ISI), rise/fall times, jitter apnd' RIN. Instead, the
normative requirement for receivers is stressed receiver sensitivity.

124.8.9 Stressed receiver sensitivity

Stressed receiver sensitivity shall be within the limits given in Table 124<7 if measured using the method
defined in 121.8.9 with the following exceptions:

— The SECQ of the stressed receiver conformance test signal is.mmeasured according to 124.8.5, except
that the test fiber is not used.

— The signaling rate of the test pattern generator and-the/extinction ratio of the E/O converter are as
given in Table 124—6 using test patterns specified inTable 124-10.

— The required values of the “Stressed receiver sensitivity (OMA  ;¢;), €ach lane (max)”, “Stressed eye
closure for PAM4 (SECQ), lane under test?,‘and “OMAouter of each aggressor lane” are as given in
Table 124-7.

124.9 Safety, installation, environment, and labeling

124.9.1 General safety

All equipment subject to this'clause shall conform to IEC 60950-1.

124.9.2 Laser safety

400GBASE-DR4 “optical transceivers shall conform to Hazard Level 1 laser requirements as defined in
IEC 60825-1 ‘and IEC 60825-2, under any condition of operation. This includes single fault conditions

whether ¢oupled into a fiber or out of an open bore.

Conformance to additional laser safety standards may be required for operation within specific geographic
fegions.

Laser safety standards and regulations require that the manufacturer of a laser product provide information
about the product’s laser, safety features, labeling, use, maintenance, and service. This documentation

12A host system that fails to meet the manufacturer’s requirements and/or usage restrictions may emit laser radiation in excess of the
safety limits of one or more safety standards. In such a case, the host manufacturer is required to obtain its own laser safety certification.
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124.9.3 Installation

It is recommended that proper installation practices, as defined by applicable local codes and regulation, be
followed in every instance in which such practices are applicable.

A0 A H s
T&S.J.%7 TTVITVUITITICTIU

Normative specifications in this clause shall be met by a system integrating a 400GBASE-DR4 PMD over
the life of the product while the product operates within the manufacturer’s range of environmental, power,

and other specifications.

It is recommended that manufacturers indicate in the literature associated with the PHY the operating
environmental conditions to facilitate selection, installation, and maintenance.

It is recommended that manufacturers indicate, in the literature associated with the components of the
optical link, the distance and operating environmental conditions over which the specifieations of this clause
will be met.

124.9.5 Electromagnetic emission

A system integrating a 400GBASE-DR4 PMD shall comply with applicablé local and national codes for the
limitation of electromagnetic interference.

124.9.6 Temperature, humidity, and handling

The optical link is expected to operate over a reasonable”range of environmental conditions related to
temperature, humidity, and physical handling (such as.shock and vibration). Specific requirements and
values for these parameters are considered to be beyond-the scope of this standard.

124.9.7 PMD labeling requirements

It is recommended that each PHY (and supporting documentation) be labeled in a manner visible to the user,
with at least the applicable safety warnitigs and the applicable port type designation (e.g., 400GBASE-DR4).

Labeling requirements for Hazard Level 1 lasers are given in the laser safety standards referenced in
124.9.2.

124.10 Fiber optic,cabling model

The fiber optic cabling model is shown in Figure 124—4.

MDI MDI
I |
|< Fiber optic cabling (channel) >
Patch Patch
d Link d
PMD . Connection [ P> Connection R PMD

Figure 124-4—Fiber optic cabling model
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The channel insertion loss is given in Table 124—11. A channel may contain additional connectors as long as
the optical characteristics of the channel, such as attenuation, dispersion, reflections, and polarization mode
dispersion meet the specifications. Insertion loss measurements of installed fiber cables are made in
accordance with ANSI/TTA/EIA-526-7/method A-1. The fiber optic cabling model (channel) defined here is
the same as a simplex fiber optic link segment. The term channel is used here for consistency with generic

1.1 - I D |
\.«aUllllé SLAITUAItusS.

Table 124—11—Fiber optic cabling (channel) characteristics

Description 400GBASE-DR4 Unit
Operating distance (max) 500 m
Channel insertion lossa’b(max) 3 dB
Channel insertion loss (min) 0 dB
Positive dispersionb (max) 0.8 ps/nm
Negative dispersionb (min) —0.93 ps/nm
DGD_max® 2.24 ps
Optical return loss (min) 37 dB

2 These channel insertion loss values include cable, corfneetors, and splices.
Over the wavelength range 1304.5 nm to 1317.5 nm

¢ Differential Group Delay (DGD) is the time différénice at reception between the
fractions of a pulse that were transmittedCin~the two principal states of
polarization of an optical signal. DGD_max is'the maximum differential group
delay that the system must tolerate.

12411 Characteristics of the fiber optic cabling (channel)

The 400GBASE-DR4 fiber optic cabling shall meet the specifications defined in Table 124—12. The fiber
optic cabling consists of one or more'§ections of fiber optic cable and any intermediate connections required
to connect sections together.

124.11.1 Optical fiber cable
The fiber optic cable requirements are satisfied by cables containing IEC 60793-2-50 type B1.1 (dispersion

un-shifted single-mod€), type B1.3 (low water peak single-mode), or type B6_a (bend insensitive) fibers or
the requirements in“Table 124—12 where they differ.

Table 124-12—Optical fiber and cable characteristics

Description Value Unit
Nominal fiber specification wavelength 1310 nm
Cabled optical fiber attenuation (max) 0.52 dB/km
Zero dispersion wavelength (&) 1300 <A0< 1324 nm
Dispersion slope (max) (Sy) 0.093 ps/nm?2 km

4 The 0.5 dB/km attenuation is provided for Outside Plant cable as defined in ANSI/TIA 568-C.3.
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124.11.2 Optical fiber connection
An optical fiber connection, as shown in Figure 1244, consists of a mated pair of optical connectors.

124.11.2.1 Connection insertion loss

The maximum link distance is based on an allocation of 2.75 dB total connection and splice loss. For
example, this allocation supports five connections with an average insertion loss per connection of 0.5 dB.
Connections with different loss characteristics may be used provided the requirements of Table 124—11 are
met.

124.11.2.2 Maximum discrete reflectance
The maximum value for each discrete reflectance shall be less than or equal to the value\shown in
Table 124—13 corresponding to the number of discrete reflectances above —55 dB within~the channel. For

numbers of discrete reflectances in between two numbers shown in the table, theylower of the two
corresponding maximum discrete reflectance values applies.

Table 124-13—Maximum value of each discrete reflectance

Number of discrete Maximum value.for.€ach discrete
reflectances above —55 dB reflectance
1 —37 dB
2 —42 dB
4 -45 dB
6 —47 dB
8 —48 dB
10 —49 dB

124.11.3 Medium Dependent’Interface (MDI)

The 400GBASE-DR4 PMD is coupled to the fiber optic cabling at the MDI. The MDI is the interface
between the PMD and the “fiber optic cabling” (as shown in Figure 124—4). The 400GBASE-DR4 PMD is
coupled to the fibér,optic cabling through one connector plug into the MDI optical receptacle as shown in
Figure 124—-6. Example constructions of the MDI include the following:

a) PMD-with a connectorized fiber pigtail plugged into an adapter
b) (PMD receptacle

124:11.3.1 Optical lane assignments
The four transmit and four receive optical lanes of 400GBASE-DR4 shall occupy the positions depicted in

Figure 124-5 when looking into the MDI receptacle with the connector keyway feature on top. The interface
contains eight active lanes within twelve total positions. The transmit optical lanes occupy the left-most four

positions. The receive optical lanes occupy the right-most four positions. The four center positions are
unused.
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Tx Tx Tx Tx Rx Rx Rx Rx
OHONOCHONONONONONONONONO)

Figure 124-5—400GBASE-DR4 optical lane assignments

124.11.3.2 Medium Dependent Interface (MDI) requirements

The MDI shall meet the dimensional specifications of IEC 61754-7-1 interface 7-1-9: M\MPO device
receptacle, angled interface. The plug terminating the optical fiber cabling shall meet~the dimensional
specifications of IEC 61754-7-1 interface 7-1-1: MPO female plug connector, down-angled interface for 2
to 12 fibres. The MDI shall optically mate with the plug on the optical fiber cabling. Figure 124—6 shows an
MPO female plug connector with down-angled interface, and an MDI as an active)device receptacle with
angled interface.

Fiber cable Keyway

/
]

=D

\
Alignment hole Alignrr}ent pin
MPO female plug connector with MDI as an active device receptacle
down-angled interface with angled interface

Figure 124-6—MPO female plug with down-angled interface and
MDI active device receptacle with angled interface

The MDI shall meet, the interface performance specifications of IEC 61753-021-2 for performance
level D/2.

NOTE—Transmitter compliance testing is performed at TP2 as defined in 124.5.1, not at the MDI.
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124.12 Protocol implementation conformance statement (PICS) proforma for
Clause 124, Physical Medium Dependent (PMD) sublayer and medium, type
400GBASE-DR4'3

124.12.1 Introduction

The supplier of a protocol implementation that is claimed to conform to Clause 124, Physical Medium
Dependent (PMD) sublayer and medium, type 400GBASE-DR4, 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.

124.12.2 Identification

124.12.2.1 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 réquirements 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).

124.12.2.2 Protocol summary

Identification of protocol standard IEEE Std 802.3bs-2017, Clause 124, Physical Medium
Dependent (PMD) sublayer and medium, type
400GBASE-DR4

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

Have any Exception items been required? No [ ] Yes [ ]
(See Clause. 2} the answer Yes means that the implementation does not conform to IEEE Std 802.3bs-2017.)

Date'of Statement

13Copyright 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
*INS Installation / cable 124.10 Items marked with INS include (0] Yes [ ]
mstaHattonpractices-and-eabie NoH
specifications not applicable to
a PHY manufacturer
TP1 Reference point TP1 exposed 124.5.1 This point may be made (0] Yes [ ]
and available for testing available for use by No[]
implementers to certify
component conformance
TP4 Reference point TP4 exposed 124.5.1 This point may be made (¢} Yes [ ]
and available for testing available for use by No[]
implementers to certify
component conformance
DC Delay constraints 124.3.1 Device conforms to delay M Yes [ ]
constraints
SC Skew constraints 124.3.2 Device conforms to Skew and M Yes [ ]
Skew Variation constraints
*MD MDIO capability 124.4 Registers and intetface (¢} Yes [ ]
supported No[]

124.12.4 PICS proforma tables for Physical Medium-Dependent (PMD) sublayer and
medium, type 400GBASE-DR4

124.12.4.1 PMD functional specifications

Copyright © 2017 IEEE. All rights reserved.
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Item Feature Subclause Value/Comment Status Support
F1 Compatible with 400GBASE-<R 124.1 M Yes [ ]
PCS and PMA
F2 Integration with managérment 124.1 o Yes [ ]
functions No[]
F3 Bit error ratiQ 124.1.1 Meets the BER specified in M Yes [ ]
124.1.1
F4 Transmit_function 124.5.2 Conveys symbols from PMD M Yes [ ]
service interface to MDI
F5 Mapping between optical signal 124.5.2 Highest optical power M Yes [ ]
and logical signal for transmitter corresponds to tx_symbol =
three
F6 Receive function 12453 Conveys symbols from MDI to M Yes [ ]
PMD service interface
F7 Conversion of four optical 124.5.3 For delivery to the PMD service M Yes [ ]
signals to four electrical signals interface
F8 Mapping between optical signal 12453 Highest optical power M Yes [ ]
and logical signal for receiver corresponds to rx_symbol =
three
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Item Feature Subclause Value/Comment Status Support
F9 Global Signal Detect function 124.5.4 Report to the PMD service M Yes [ ]
interface the message
PMD:IS SIGNAL.indication
(SIGNAT DETECT)
F10 Global Signal Detect behavior 124.5.4 SIGNAL DETECT is a global M Yes [ ]
indicator of the presence of
optical signals on all four lanes
F11 Lane-by-lane Signal Detect 124.5.5 Sets PMD_signal detect i MD:O Yes[ |
function values on a lane-by-lane basis No ([
per requirements of Table 1244 N/AT]
F12 PMD reset function 124.5.6 Resets the PMD sublayer MD:O Yes [ ]
No []
N/A T[]
124.12.4.2 Management functions
Item Feature Subclause Value/Comment Status Support
Ml Management register set 124.4 MD:M Yes [ ]
N/AT]
M2 Global transmit disable 124.5.7 Disables\all of the optical MD:O Yes [ ]
function tranSpaitters with the No[]
PMD~global_transmit_disable N/AT]
variable
M3 PMD lane by lane transmit | 124.5.8 Disables the optical transmitter MD:O Yes [ ]
disable function on the lane associated with the No[]
PMD _transmit_disable i N/A[]
variable
M4 PMD_ fault function 124.5.9 Sets PMD_ fault to one if any MD:O Yes [ ]
local fault is detected No[]
N/AT]
M5 PMD _transmit_fault function 124.5.10 Sets PMD _transmit_fault to MD:O Yes [ ]
one if a local fault is detected No [ ]
on any transmit lane N/AT]
M6 PMD_receive’ fault function 124.5.11 Sets PMD_receive_fault to one MD:O Yes [ ]
if a local fault is detected on No[]
any receive lane N/AT]
124142.4.3 PMD to MDI optical specifications for 400GBASE-DR4
Item Feature Subclause Value/Comment Status Support
DRI Transmitter meets 124.7.1 Per definitions in 124.8 M Yes [ ]
specifications in Table 1246
DR2 Receiver meets specifications 124.7.2 Per definitions in 124.8 M Yes [ ]
in Table 124-7
295

Copyright © 2017 IEEE. All rights reserved.

© IEEE 2017 - All rights reserved



https://iecnorm.com/api/?name=c9988e8402ed8380b26b6d6ea1aadd28

ISO/IEC/IEEE 8802-3:2017/Amd.10:2019(E)

Amendment 10: Media Access Control Parameters, Physical Layers, and Management Parameters

IEEE Std 802.3bs-2017

for 200 Gb/s and 400 Gb/s Operation

124.12.4.4 Optical measurement methods

Item Feature Subclause Value/Comment Status | Support
OM1 Measurement cable 124.8 2 mto 5 m in length M Yes [ ]
OoM2 Center wavelength 124.8.2 Per TIA/EIA-455-127-A or M Yes [ ]

1IEC 61280-1-3 under
modulated conditions
OM3 Average optical power 124.8.3 Per IEC 61280-1-1 M Yes [ ]
OM4 OMA measurements 124.8.4 Each lane M Yes([}
OM5 Transmitter and dispersion eye | 124.8.5 Each lane M Yes [ ]
closure for PAM4 (TDECQ)
OM6 Extinction ratio 124.8.6 Each lane M Yes [ ]
OoM7 Stressed receiver sensitivity 124.8.9 Each lane M Yes [ ]
124.12.4.5 Environmental specifications
Item Feature Subclause Value/Comment Status Support
ES1 General safety 124.9.1 Conforms toAEC 60950-1 M Yes [ ]
ES2 Laser safety—IEC Hazard 124.9.2 Conforms to Hazard Level 1 M Yes [ ]
Level 1 laserrequirements defined in
TEC 60825-1 and IEC 60825-2
ES3 Electromagnetic interference 124.9.5 Complies with applicable local M Yes [ ]
and national codes for the
limitation of electromagnetic
interference
124.12.4.6 Characteristics of the fiber optic cabling and MDI
Item Feature Subclause Value/Comment Status Support
OCl Fiber optic cabling 124.11 Meets requirements specified in INS:M Yes [ ]
Table 124-11 N/AT]
0C2 Maximum discrete 124.11.2.2 | Meets requirements specified in INS:M Yes [ ]
fefléctance Table 124-13 N/A[]
0C3 MDI layout 124.11.3.1 | Optical lane assignments per M Yes [ ]
Figure 124-5
QC4 MDI dimensions 124.11.3.2 | Per IEC 61754-7-1 interface M Yes [ ]
7-1-9
0Cs Cabling connector 124.11.3.2 | Per IEC 61754-7-1 interface INS:M Yes [ ]
dimensions 7-1-1 N/AT[]
0C6 MDI mating 124.11.3.2 | MDI optically mates with plug on M Yes [ ]
the cabling
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