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Abstract: This amendment to IEEE Std 802.3-2015 adds Physical Layer (PHY) specifications and
management parameters for 25 Gb/s operation over twinaxial copper cabling (25GBASE-CR and
25GBASE-CR-S), electrical backplanes (25GBASE-KR and 25GBASE-KR-S), and multimode
fiber (25GBASE-SR). This amendment also specifies a 25 Gigabit Attachment Unit Interface
(25GAUI) and optional Energy Efficient Ethernet (EEE).
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25GBASE-KR-S, 25GBASE-SR, 25GMIl, Auto-Negotiation (AN), Backplane Ethernet, Energy
Efficient Ethernet (EEE), Ethernet, Forward Error Correction (FEC), |IEEE 802®, IEEE 802.3™,
IEEE 802.3by™, multimode fiber (MMF), Physical Coding Sublayer (PCS), Physical Medium
Attachment (PMA) sublayer, Physical Medium Dependent (PMD) sublayer, Reconciliation
Sublayer (RS)
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Important Notices and Disclaimers Concerning IEEE Standards Documents

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

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

IEEE Standards documents (standards, recommended practices, and guides), both full-use and trial-use, <=
developed within IEEE Societies and the Standards Coordinating Committees of the IEEE Stanc.rds
Association (“IEEE-SA”) Standards Board. IEEE (“the Institute”) develops its standards thro.oh o
consensus development process, approved by the American National Standards Institute (“ANSI ). which
brings together volunteers representing varied viewpoints and interests to achieve the fin.' product.
Volunteers are not necessarily members of the Institute and participate without compensz‘ion from IEEE.
While IEEE administers the process and establishes rules to promote fairness in the concens. s development
process, IEEE does not independently evaluate, test, or verify the accuracy of any of 1. e into. mation or the
soundness of any judgments contained in its standards.

IEEE does not warrant or represent the accuracy or content of the material con riied in its standards, and
expressly disclaims all warranties (express, implied and statutory) not included in this or any other
document relating to the standard, including, but not limited to, the wa. anues of: merchantability; fitness
for a particular purpose; non-infringement; and quality, accurary, e fectiveness, currency, or completeness of
material. In addition, IEEE disclaims any and all conditics ru'ati.gwo: results; and workmanlike effort.
IEEE standards documents are supplied “AS IS” and “WITH » L FAULTS.”

Use of an IEEE standard is wholly voluntary. The existencoof an IEEE standard does not imply that there
are no other ways to produce, test, measure, purchse, market, or provide other goods and services related to
the scope of the IEEE standard. Furthermore, th ».vicwpoint expressed at the time a standard is approved and
issued is subject to change brought about >ro1gn developments in the state of the art and comments
received from users of the standard.

In publishing and making its standar.'s available, IEEE is not suggesting or rendering professional or other
services for, or on behalf of, an:z peieah or entity nor is IEEE undertaking to perform any duty owed by any
other person or entity to anot \er. Any person utilizing any IEEE Standards document, should rely upon his
or her own independent ¢ 1dgn.cit in the exercise of reasonable care in any given circumstances or, as
appropriate, seek the »Zice ~f'a competent professional in determining the appropriateness of a given IEEE
standard.

IN NO EVEXNT STTALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPL: RY,  OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO:
PROCUREMINT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR
BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY,
v/HE1T ER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR
OT,"ERV/ISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE UPON
AMY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND
REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE.

3
Copyright © 2016 IEEE. All rights reserved.


https://www.stdhive.com/standards/ieee-8023by-2016-pdf/

Translations

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

Official statements

A statement, written or oral, that is not processed in accordance with the IEEE-SA Standards Board
Operations Manual shall not be considered or inferred to be the official position of IEEE or any of its
committees and shall not be considered to be, or be relied upon as, a formal position of IEEE. At le‘ure.
symposia, seminars, or educational courses, an individual presenting information on IEEE standards si.n1l
make it clear that his or her views should be considered the personal views of that individual rather tha. the
formal position of IEEE.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from anv iriresic party, regardless of
membership affiliation with IEEE. However, IEEE does not provide cons. 'ting information or advice
pertaining to IEEE Standards documents. Suggestions for changes in documents should be in the form of a
proposed change of text, together with appropriate supporting comme. ts Since IEEE standards represent a
consensus of concerned interests, it is important that any responses -t co. »ments and questions also receive
the concurrence of a balance of interests. For this reason, iEEL' an¢ the members of its societies and
Standards Coordinating Committees are not able to provide an i>stant response to comments or questions
except in those cases where the matter has previously beer.adc-essed. For the same reason, IEEE does not
respond to interpretation requests. Any person who wuld like to participate in revisions to an IEEE
standard is welcome to join the relevant IEEE working grou.

Comments on standards should be submitted to .2 \Ollowing address:

Secretary, IEEE-SA Standards E»2.d
445 Hoes Lane
Piscataway, NJ 08854 USA

Laws and regulations

Users of IEEE Standacds 'ocuments should consult all applicable laws and regulations. Compliance with the
provisions of any IE.F.standards document does not imply compliance to any applicable regulatory
requirements. “raolemenurs of the standard are responsible for observing or referring to the applicable
regulatory reg urer. ents. IEEE does not, by the publication of its standards, intend to urge action that is not

in compliar. e w'th applicable laws, and these documents may not be construed as doing so.

Copyr.ghts

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

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

Updating of IEEE Standards documents

Users of IEEE Standards documents should be aware that these documents may be superseded at apy time
by the issuance of new editions or may be amended from time to time through the issuance of amendn. nts,
corrigenda, or errata. An official IEEE document at any point in time consists of the current ¢ ‘itio.. o’ 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 u.ove than ten years
old and has not undergone a revision process, it is reasonable to conclude that its conte. ts, al hough still of
some value, do not wholly reflect the present state of the art. Users are cautioned to cherk to determine that
they have the latest edition of any IEEE standard.

In order to determine whether a given document is the current editi>n ind whether it has been amended
through the issuance of amendments, corrigenda, or errata, visit he [EEE-SA Website at http://
ieeexplore.ieee.org/Xplore/home.jsp or contact IEEE at the addres: listcd previously. For more information
about the IEEE-SA or IOWA’s standards development {roccs, +isit the IEEE-SA Website at http://
standards.ieee.org.

Errata

Errata, if any, for all IEEE standards can be a>cecsed on the IEEE-SA Website at the following URL: http://
standards.ieee.org/findstds/errata/index.h*inl-~ Uscrs are encouraged to check this URL for errata
periodically.

Patents

Attention is called to the pussibility that implementation of this standard may require use of subject matter
covered by patent rights. 1y publication of this standard, no position is taken by the IEEE with respect to the
existence or validity 0. iy patent rights in connection therewith. If a patent holder or patent applicant has
filed a stateme.i ~f assuraace via an Accepted Letter of Assurance, then the statement is listed on the IEEE-
SA Website a. http.//standards.ieee.org/about/sasb/patcom/patents.html. Letters of Assurance may indicate
whether the Rubunitter is willing or unwilling to grant licenses under patent rights without compensation or
under -easonable rates, with reasonable terms and conditions that are demonstrably free of any unfair
disc“mination to applicants desiring to obtain such licenses.

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

This introduction is not part of IEEE Std 802.3by™-2016, IEEE Standard for Ethernet—Amendment 2: Media
Access Control Parameters, Physical Layers, and Management Parameters for 25 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., IEEE Std 802.3ba™-2010).

The half duplex Media Access Control (MAC) protocol specified in IEEE Std 802.3-1985 is Carrier Sense
Multiple Access with Collision Detection (CSMA/CD). This MAC protocol was key to the 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), IEEE Std 802.3z™ added 1000 Mb/s
operation (also called Gigabit Ethernet), IEEE Std 802.3ae™ added 10 Gb/s operation (also called
10 Gigabit Ethernet), IEEE Std 802.3ah™ specified access 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 separate documents.

At the date of IEEE Std 802.3by-2016 publication, IEEE Std 802.3 is composed of the following
documents:

IEEE Std 802.3-2015

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

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

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

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

Section Five—Includes Clause 56 through Clause 77 and Annex 57A through Annex 76A. Clause 56

through Clause 67 and Clause 75 through Clause 77, as well as associated annexes, specify subscriber
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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 802.3 format frames between stations
in a subscriber access network. Clause 68 specifies a 10 Gb/s Physical Layer specification. Clause 69

through Clause 74 and associated annexes specify Ethernet operation over electrical backplanes at
speeds of 1000 Mb/s and 10 Gb/s.

Section Six—Includes Clause 78 through Clause 95 and Annex 83A through Annex 93C. Clause 78
specifies Energy-Efficient Ethernet. Clause 79 specifies IEEE 802.3 Organizationally Specific Link
Layer Discovery Protocol (LLDP) type, length, and value (TLV) information elements. Clause 80
through Clause 95 and associated annexes include general information on 40 Gb/s and 100 Gb/s
operation as well the 40 Gb/s and 100 Gb/s Physical Layer specifications. Clause 90 specifies Ethernet
support for time synchronization protocols.

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, Annex 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.

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.

11
Copyright © 2016 IEEE. All rights reserved.



12
Copyright © 2016 IEEE. All rights reserved.



Contents

L INEEOQUCTION ...ttt ettt et s bbb et ettt e b s e nene 28
LT OVEIVIBW ..ttt ettt ettt sttt eb bt bt et sttt eaeeaeeuesae b aenaennen 28
1.1.3 ATChIteCtUIAl PEISPECTIVES. ..cuviiiuiieeieeeiieiteeetie et e ete et e ste et esteesbeesaeessaeebaessseensaesnnessseesssaessaenes 28
1.1.3.2 Compatibility iNterfaCES. ....coueiiiriiiiiitieeeeee ettt 28
1.3 NOIMAtIVE TETRTEIICES ...ttt ettt ettt ettt ettt sttt ettt sbe e s nen 28
1.4 DIETINILIONS ..ttt ettt ettt sttt ettt et ebe bbb bt e bt ea et et eaeeaeeuesbe b aenneneen 28
1.5 ADDIEVIATIONS ...cuventeiieiieiieit ettt sttt sttt ea ettt a ettt b et be et eae bbb naennen 29
4. Media AcCESS COMLIOL....c..couiiiiiiiieiiiiee ettt ettt sttt et ae bttt eae b e e nenee 30
4.4 Specific IMPlEMENTATIONS. ...c..iiierieiieteetiete ettt ettt ettt sttt sb e ste st e e e steeseesbeeaeeseeemeeneenbeeneeneens 30
4.4.2 MAC PATAIMCLEIS .....eeuteeueetietteteeteeteeeteste et e steeeteebeeste et eseenteesteseeeaeenbeemeesbeeseenseeseenseeaeeneeeneeneesees 30
30, MANAZEIMENL. ...c..eeiiiiiiieiteiie ettt ettt et sb et e e st e bt e sttt s bt e sbe e et e esbeeeaeeeabee st e eabeesateenbeeeabe e beenabeeneens 31
30.3 Layer management for DTES.......c.cooioiiiiiieiee et st 31
30.3.2 PHY device managed ODJECt CIASS .....cueiuirieiiiriieiieiieie ettt s 31
30.3.2.1 PHY device attribULES ......cc.ccveureuiriiriiniinienieteteteeeeeieeic sttt 31
30.3.2.1.2 @PRYTYPE .ttt e e 31
30.3.2.1.3 @PRYTYPELISE c..venieiiieiiieiic ettt 31
30.3.2.1.5 aSymbolErrorDUringCaITIOr .......eeueeiveieieiietieieeie et 31
30.5 Layer management for medium attachment units (IMAUS) ......ccooiirieiiiieniniee e 31
30.5.1 MAU managed ODJECT CLASS ....c.uiiuiiiiiiiieiieiiete et ettt st seeeneas 31
30.5. 1.1 MAU AtIIDULES ...ouvieiieiieiieie ettt ettt et e e e st ebe st eee s e teeneeseeeneenaeeneas 31
30.5.1.1.2 aMAUTYPE c.eoueeieiiieeteeeit ettt ettt sttt et 31
30.5.1.1.4 aMediaAvailable ...........oooiiiiiiiie e 32
30.5.1.1.15 @FECADIIILY c..veveeiieiiieeie ettt 32
30.5.1.1.16 @FECMOUE ..ottt ettt st 33
30.5.1.1.17 aFECCorrectedBIOCKS .......ccciiuieiiiieieriieeee ettt 33
30.5.1.1.18 aFECUncorrectableBIOCKS. ........ccoiiiieiieiieieeeee e 34
30.6 Management for link AUto-NEZOtAtION .......c.eeiuiriiriieieieiee ettt 34
30.6.1 Auto-Negotiation managed ObJECt CIASS .......ccueiuerriirieiirieie e 34
30.6.1.1 Auto-Negotiation attriDULES ..........ccereeriererierieetieree et eee ettt e sttt e e et e e seeeeeseeeneens 34
30.6.1.1.5 aAutoNegLocal TechnologyAbBIlity .......cccccvvieiirieirieeeeeee e 34
45. Management Data Input/Output (MDIO) INterface.........cccuevuirierieieieiee et 35
45.2 MDIO INterface REGISTETS. ... ..ecuieuieiieieie ettt ettt ettt et e st eeste e e sreeneesneensesneeneeneeens 35
45.2.1 PMA/PMD TEZISLEIS ...vevieuiitieiietieieeieeseeseteteeteetesteeneeteentesaeeneenseeneesseeseenseeseenseeseenseeneenseens 35
45.2.1.1 PMA/PMD control 1 register (Register 1.0)........ccooeririeiieienieieneee e 36
45.2.1.1.3 Speed selection (1.0.13, 1.0.6, 1.0.5:2) c.eeeeieiiieiieieeeeeeee e 36
45.2.1.2 PMA/PMD status 1 register (Register 1.1) .....cooveieiirieriiieeeeseeeee e 36
45.2.1.2.3 FAUIL (1. 1.7) ettt ettt 36
45.2.1.4 PMA/PMD speed ability (ReIStEr 1.4)......ccevieiirieiereeieeeesie e 37
45.2.1.4.225G capable (1.4.11) .eoiiiieieieee et st 37
45.2.1.6 PMA/PMD control 2 register (Register 1.7)......ccceeoeriririiieierieiereeee e 37
45.2.1.7 PMA/PMD status 2 register (Register 1.8) .......cccveieiiriieriieeeeseeeeee e 38
45.2.1.7.4 Transmit fault (1.8.11) ..cciiiiieiieeiiiieeieeee ettt e 38
45.2.1.7.5 Receive fault (1.8.10) . .ccieiiiieeiieseeiieie ettt eeen 38
45.2.1.8 PMD transmit disable register (Register 1.9) ........ccoccvroiiniriiiinieceeeeeeeeee e 38

13

Copyright © 2016 IEEE. All rights reserved.



45.2.1.10 PMA/PMD extended ability register (Register 1.11) .....ccocvroierinieiinieieieccee
45.2.1.10.aa 25G extended abilities (1.11.12) coecciiieiieiiieiiecieeieee et
45.2.1.14 EEE capability (ReZISter 1.10) ....ceeuieieirieiiiiieieeiieesieeeeee et
45.2.1.14.4a 25GBASE-R deep sleep (1.16.2) ouieieiiiieeeieeeeeeee et
45.2.1.14b 25G PMA/PMD extended ability register (Register 1.19) ......coocevirieiiniiieiree
45.2.1.14b.1 25GBASE-SR ability (1.19.4) .c.oociiieiieiieieeeeree e
45.2.1.14b.2 25GBASE-CR ability (1.19.3).c.coeirieiineiieieieeereeeeeeee e
45.2.1.14b.3 25GBASE-CR-S ability (1.19.2) ..coveireirieireireereereeeeee e
45.2.1.14b.4 25GBASE-KR ability (1.19.1).c.ccueoiiiiiriiirieieeeeeie e
45.2.1.14b.5 25GBASE-KR-S ability (1.19.0) ..ccooeireirieiieieeneereeece e
45.2.1.80 BASE-R PMD control register (Register 1.150) .....cccceevieririieninieeeieeeeeeeeee e
45.2.1.81 BASE-R PMD status register (Register 1.151) ..ocooiroieriiiiiieeceeeeeee e
45.2.1.82 BASE-R LP coefficient update, lane 0 register (Register 1.152) .....ccccecevevvervevennnnn
45.2.1.83 BASE-R LP status report, lane 0 register (Register 1.153) ...ccccevenininincicnninenenn
45.2.1.84 BASE-R LD coefficient update, lane 0 register (Register 1.154) ....c..cccceveevevvenennnn
45.2.1.85 BASE-R LD status report, lane 0 register (Register 1.155).....ccccoevvevenrccnenicncnennenn.
45.2.1.94 Single-lane PHY +0GBASE-R FEC corrected blocks counter
(RegiSter 1.172, 1.173) ceeeeeeee ettt
45.2.1.95 Single-lane PHY +0GBASE-R FEC uncorrected blocks counter
(RegIStEr 1.174, 1.175) ettt s
45.2.1.96 CAUI-4 ehip-to-meduleC2M and 25GAUI C2M recommended CTLE register
(REGISIET 1.179) .ttt ettt et a e see e nne s
45.2.1.96.1 Recommended CTLE peaking (1.179.4:1) ..ccooerieiieiieee et
45.2.1.97 25GAUI C2C and lane 0 CAUI-4 ehip-te-ehipC2C transmitter equalization,
receive direction;tane-0 register (Register 1.180) ......coecvvieiinieiinieeiee e
45.2.1.97.1 Request flag (1.180.15) ...ccui ettt
45.2.1.97.2 Post-cursor request (1.180.14:12) ...eiuieiirieieeeee et
45.2.1.97.3 Pre-cursor request (1.180.11:10) c.oovirieiiiieeeieeeeeeee e
45.2.1.97.4 Post-cursor remote setting (1.180.9:7)....cccueriieiiiiieieeeeeeee e
45.2.1.97.5 Pre-cursor remote setting (1.180.6:5) ...oocvivieiiiiieiieeeeeeee e
45.2.1.97.6 Post-cursor local setting (1.180.4:2) ....ccueeieiieieieere et
45.2.1.97.7 Pre-cursor local setting (1.180.1:0).....cccueeieriieiiieiere et
45.2.1.99 25GAUI C2C and lane 0 CAUI-4 ehip-te-ehipC2C transmitter equalization,
transmit direction;tane-0 register (Register 1.184) ......coooviiieiiiiiiiieeee
45.2.1.99.1 Request flag (1.184.15) .ccui oottt e
45.2.1.99.2 Post-cursor request (1.184.14:12) .ouiiuieiieieieeeeee et
45.2.1.99.3 Pre-cursor request (1.184.11:10) c.oooirieiiiieeeieeeeee e
45.2.1.99.4 Post-cursor remote setting (1.184.9:7).c..ccviiuieiiieeieeeee e
45.2.1.99.5 Pre-cursor remote setting (1.184.6:5) ...ooovivieiiiieiieeeeeee e
45.2.1.99.6 Post-cursor local setting (1.184.4:2) ....ccooieiieieiieere et
45.2.1.99.7 Pre-cursor local setting (1.184.1:0)......ccuieieiieieieere e
45.2.1.101 RS-FEC control register (Register 1.200).........cccceriririinirieneeieeeeee e
45.2.1.101.a 25G RS-FEC enable (1.200.2) ......cccvueireirieiieiiieiinieereeeieeee e
45.2.1.101.1 FEC bypass indication enable (1.200.1) .......cccovieierieienieeieeie e
45.2.1.101.2 FEC bypass correction enable (1.200.0).......ccerieierieiiniriereee e
45.2.1.102 RS-FEC status register (Register 1.201) ..c..ccecuvviririnineninieiieeeeinenceese e
45.2.1.102.1 PCS align status (1.201.15)...cceiieieiieieeeieeeiee e
45.2.1.102.2 RS-FEC align status (1.201.14) .c..cceviririiinirienenieeceeceeeeseeese e
45.2.1.102.7 RS-FEC high SER (1.201.2) c..ccueiiiiieirirenirieerieneeeteeeceeee st
45.2.1.102.8 FEC bypass indication ability (1.201.1) .....ccceevenieninininineiiieecnenenceeeenne
45.2.1.102.9 FEC bypass correction ability (1.201.0) .....ccceeevverinininineiiieeecnencnceecnenne
45.2.1.103 RS-FEC corrected codewords counter (Register 1.202, 1.203)......ccccoveveevrerenrennenne
45.2.1.104 RS-FEC uncorrected codewords counter (Register 1.204, 1.205).....c.ccccecevvervrennnn.
45.2.1.106 RS-FEC symbol error counter lane 0 (Register 1.210, 1.211)..ccccccevevvecirincninennenne

14
Copyright © 2016 IEEE. All rights reserved.



I B o G (4 1] 1<) SRR 47

45.2.3.1 PCS control 1 register (Register 3.0) .......ceeriirieiirieiere e e 47
45.2.3.2 PCS status 1 register (RegiSter 3.1) ....ooouieiiriiieiiee e 48
45.2.3.2.7 PCS receive link status (3.1.2) .ccuiecieiieeieeieeieeceeeeeee ettt e 48
45.2.3.4 PCS speed ability (REZIStEr 3.4) ...cc.eouiiiiiiiee ettt 48
45.2.3.4.5 25G CAPADIE (3.4.4).c.eiiiiiieeeeee et 48
45.2.3.6 PCS control 2 register (ReIStEr 3.7) ....uevuieieiieieieere et 48
45.2.3.6.1 PCS type selection (3.7.2:0) .ec.eecieieiiieiere et 49
45.2.3.7 PCS status 2 register (RegiSter 3.8) .....ccevieriiieiieeeeeee e 49
45.2.3.7.3a 25GBASE-R capable (3.8.7)...ccuecueieieiiiieeierieieieeeit ettt 49
45.2.3.9 EEE control and capability (Register 3.20) .......ccceeoeririeiieienieeiee e 49
45.2.3.9.2a 25GBASE-R deep sleep (3.20.11) c.occieirrriiieieieietet e 50
45.2.3.9.2b 25GBASE-R fast wake (3.20.10) ....cccoceririiriieieieieiee et 50
45.2.3.13 BASE-R and 10GBASE-T PCS status 1 register (Register 3.32) ....c.ccccccevererenennenne 50
45.2.3.13.1 BASE-R and 10GBASE-T receive link status (3.32.12) .....cccoovvriiiirierieene 50
45.2.3.13.4 BASE-R and 10GBASE-T PCS high BER (3.32.1)..ccccceiiviiieieieieeeeeeeeee 50
45.2.3.13.5 BASE-R and 10GBASE-T PCS block lock (3.32.0) ...cccevvevierieieieieeeeereeeene 50
45.2.3.14 BASE-R and 10GBASE-T PCS status 2 register (Register 3.33) ....c.ccoceceeevenenennenne 50
45.2.3.14.1 Latched block 10CK (3.33.15) .ooiieieieiee e 50
45.2.3.14.2 Latched high BER (3.33.14) ...cooiiiiiirieieieeietet ettt 51
45.2.3.14.3 BER (3.33.13:8) iueiieieieieieiieieetete ettt ettt sr et a et et na s s s s 51
45.2.3.14.4 Errored blocks (3.33.7:0) ..ccueiiiiiiirireneneeeteeeceese ettt 51
45.2.3.15 10/25GBASE-R PCS test pattern seed A (Registers 3.34 through 3.37) ......ccccecnee. 51
45.2.3.16 10/25GBASE-R PCS test pattern seed B (Registers 3.38 through 3.41)......c.ccccecuee. 51
45.2.3.17 BASE-R PCS test-pattern control register (Register 3.42)......c.ccocevvevenecerencncnennenn 51
45.2.7 AUtO-Negotiation TEZISLETS ... .cc.erutrtirterierteieiieiirierteeteste et et eie st st st st et et eseeaeebestesbesaeseenbenee 52
45.2.7.12 Backplane Ethernet, BASE-R copper status (Register 7.48) ......ccccceevevveverenencnennenn 52
45.2.7.12.1a RS-FEC negotiated (7.48.7) ....ccccsvirimeriirieieirene ettt 53

45.2.7.12.2 Negotiated Port Type (7.48.1, 7.48.2, 7.48.3, 7.48.5, 7.48.6, 7.48.8,
7.48.9,7.48.10, 7.48.11, 7.48.12, T.48.13) eceeriririininiicicicecieeenc e 53
45.2.7.13 EEE advertisement (Re@iSter 7.60)........c.cecueriieieriirienieeieieetesie st eieeie e 53
45.2.7.13.a 25GBASE-R EEE supported (7.60.14).......ccccceeirieriniinininincieeeeeeneneeseeeenne 53
45.2.7.14 EEE link partner ability (RegISter 7.61) ....cccvevieiiriieieeiieiecieie et 54

45.5 Protocol implementation conformance statement (PICS) proforma for Clause 45,
Management Data Input/Output (MDIO) Interface..........cceeveeveeieciinieieseeieeeiee e 55
45.5.3 PICS proforma tables for the Management Data Input Output (MDIO) interface................. 55
45.5.3.3 PMA/PMD management fUNCLIONS............cecuerrierieriieienieeiesiestestesseesesieeeesseenseseeensesens 55
69. Introduction to Ethernet operation over electrical backplanes ............ccoecveviecierieieneeciene e 56
69.1 OVEIVIEW ...ttt ettt sttt ettt b e sttt st ea bt e bt e bt eb e e bt bttt et esteb b e bt e bt s et e bt ebteaeebesbesaeneen 56
0. 1.1 SCOPC.c.uteetteett ettt ettt ettt e b e ettt sat et e s h bt e bt e b e st enbteeab e e bt e sabeeate e beesaaeenbeente 56
69.1.2 Relationship of Backplane Ethernet to the ISO OSI reference model...........c.ccceevvvevevennen. 56
69.2 Summary of Backplane Ethernet SUDIAYETS ........c.ccceeveiiriiiiieieciceeee e 58
69.2.1 Reconciliation sublayer and media independent interfaces..........cocvevveceeeiieienieceeneeienenenn 58
69.2.3 Physical Layer signaling SYStEIMS ........cccveruieierierieierieesiesieeieseeeeseeesesseesesseensesseessesseensessens 58
69.3 DAY COMSIIAINTS.......eevieereieerierteitertestteteetesteeseesseeseessesseessesssessesssenseessessesssensesssessesssessesssessenssensenns 59
69.5 Protocol implementation conformance statement (PICS) proforma...........cccccoecvevierverieniecieniennnnne, 59
73. Auto-Negotiation for backplane and copper cable assembly ........cccccveveriieiiiniiecierieie e 60
73.2 Relationship to the ISO/IEC Open Systems Interconnection (OSI) reference model...................... 60
73.3 Functional SPECITICALIONS .....ccvieuieriiiieiiiiesieeiieieeieieete et ste st e steeaesbessaeseeseessesseensesseensesseensansenns 60
73.6 Link cOdeWOord NCOMING ......c.ocveriirieiiiieieciietietiete ettt eae e etesteesbesteessesseessesseessesseessessnensessenns 61
15

Copyright © 2016 IEEE. All rights reserved.



74.

78.

73.6.4 Technology Ability Field.........ccoooiiiiiiiiee e e 61

73.6.5 FEC CaAPADIIILY ..o.eeitieiieiieiiieeeee ettt ettt s et e et et e sneeaesneeneennean 62
73.6.5.1 FEC resolution for 25G PHYS ....cociviiiriniieieieeeinene ettt 62
73.6.5.2 FEC resolution for 10 Gb/s per 1ane PHYS......cccoociiiiieiiiieeeeeee e 62
73.6.5.3 FEC control Variables ............cocouevieiriririniinenienieteteteiteie sttt ee e s snesne e 63

73.7 Receive function reQUITEIMENTS .........ccueeieriieierieeeerteete et etesteetesteeteeteeeeeseeseeneesseeneessesnsesseennenseans 63
73.7.1 DME PAZE TECEPTION ...cueeetieiieiiieiieetieieie ettt eee sttt st et e bt e te s st et e st eneesseeneeeseensesseeneesneensennean 63
73.7.6 Priority Resolution fUnCLiON............cueiuiruieieii et 63

73.6 Management re@iSter TEQUITCIMICIES .......euveruerrrereereeeeeseeeesseeeesseeseseensesseeneenseeneessesneessesssensesneensenns 64

73.10 State diagrams and variable definitions ..........coocueririeririeriee et 64
73.10.1 State diagram Variables ..........coviiiriieiiieieincc ettt 64

Forward Error Correction (FEC) sublayer for BASE-R PHY'S ....ccooiiiiiiiiiieeieeeeee e 66

TA.T OVEIVIEW ...ttt sttt ettt ettt ettt et a et ea bbbt bt s bbb et e st ebeeb e e bt e bt see e bt ebesaeebenbeneeneen 66

74.3 Relationship t0 Other SUDLAYETS ........c.oviiiiiieiieiieiee et enee e e 67

74.4 Inter-sSublayer INEETTACES ....c..eoveieieieiieirtieere sttt sttt ettt ettt st 67
74.4.1a Functional block diagram for 2SGBASE-R PHY'S ......cccocivinineiiinciiniseneccceececeen 68

74.5 FEC SETVICE INETTACE ....cviutinieuieiieiiitirieetestestet ettt ettt ettt ettt ettt ettt sae b een 69
74.5.1a 25GBASE-R SEIVICE PIIMITIVES ...c.veviureuieiieiieiieiiniintitetcteteit ettt sttt saeneen 69

T4.6 DAY CONSLIAINLS......cuveureueeiieieriertintentert ettt ettt ettt sttt ettt ea e ebe bbbt sttt et et eseebeebeebesaesbenbeseeneen 70

74.7 FEC principle 0f OPEIation .......c.ccccecirireiiriinieieieteiieitnicstesteste sttt ettt s sttt sbe e e 70

74.7.4 Functions wWithin FEC SUDIAYET.........ccccucoiiiiiiiiiiiiniiiciccetne ettt 70
74.7.4.1 Reverse gearbox fUNCION .........ccoviriririiniiiiieieee ettt 70

74.7.4.1.2 Reverse gearbox function for 25GBASE-R, 40GBASE-R, and 100GBASE-R... 70

74.7.4.3 FEC transmission Dit OFAEIING ........cceevverueeieriieierieeieie st sttee e sreeeneneas 71

74.7.4.4 FEC (2112,2080) ©NCOAECT .......ecteeuteeiieieeeieteetesteetentestesieeeeesteeeae e eneesseensesseensesneensesneas 72

T4.7.4.5 FEC dECOURT ......cuiiiiiciiiciicceee et 72

74.7.4.5.1 FEC (2112,2080) deCOING.....c..teeerieeierieieieeiierieseeie ettt esee e nae e 73

74.7.4.6 FEC 1eCIVE DIt OTACTING ......ceovieeieieeiieieeiieie ettt ettet et e et ae e ae s ensesseensesseensenseenees 74

74.7.4.8 FEC rapid block synchronization for EEE (optional)...........cccceeeeeverievienierienieieeeenen. 75

74.8 FEC MDIO function MAPPING ........ceecuerueeruerteeeenteeeenseetessessessessesesssesessessesssessesssessessssssessssssenns 76
74.8.1 FEC CaAPADIIILY ..ouviiviiieiiieiieieieetee ettt sttt st et ess e eneenseensesneennesseensansens 76

74.9 BASE-R PHY test-pattern MOME .........coceverieieiiieiiiiniinenietctetctnieeteste ettt s sne e seenes 76

74.11 Protocol implementation conformance statement (PICS) proforma for Clause 74,

Forward Error Correction (FEC) sublayer for BASE-R PHYS ....ccooiiiiiiiiieeeeeeeee 77
74.11.3 Major capabilitieS/OPtionS. ........ecueverieieeiieieetiete ettt sttt st ettt ettt et et eee e e e saeeeesaeeneeeneas 77
74.11.5 FEC REQUITEIMENLS .....coueiuiiiiieieieeiieieetieie ettt et ete st e see st eete st et e seeeneeseeeneesseeneesseeneesseensennean 77

Energy-Efficient Ethernet (EEE) ........cccooiiiiiiieeiee e 78

T8.1 OVEIVICW ...ttt ettt sttt et ettt ettt st a ettt ea bt e bt bt ekt s bttt et eateae e bt sbe st bt euesaeebenbenaeneen 78

T8.1.1 LPI SIZNAIING ...ttt et ettt ettt ee e e e st et e ese e e e eneenaesneensennean 78

78.1.3 Reconciliation SUDIAYET OPEIAtION .......ccueeuiereieieeiieiesieeiesieete et eteeteee e st eeeereeneesneesaesseenseeneas 78
78.1.3.3 PHY LPI OPEIAtiON ...ccvivieiiiiieieeiieieeieee ettt sttt sttt sse e saeeneennean 78

78.1.3.3.1 PHY LPI transmit OPeration .........ccecceecuerueerierueesienieesienteeneeeesseeeeseeeeessesnsessesneenes 78

78.1.4 PHY types optionally supporting EEE ............cccoiiiiiiiiieeeee e 79

78.2 LPI mode timing parameters deSCIIPTION ........ervieuierieriereeeiestieiesteeneeseeeeeeseesesneessesneeseesnaesseennensenns 79

78.5 Communication 1ink access 1ateNCY .......cceeeriririiriiniirieiiietcteereeeese ettt 79
78.5.2 25 Gb/s, 40 Gb/s, and 100 Gb/s PHY extension using 25GAUI, XLAUI, or CAUI-n.......... 80

16

Copyright © 2016 IEEE. All rights reserved.



90. Ethernet support for time synchronization protoCols...........cceeeririeririerieere et 81

LSO 8 (T 11T 5 () o USROS 81
105. Introduction to 25 Gb/S NETWOTKS ......c.eeiiiiieiiiiieieeeee ettt et sae e e 82
L B0 A=) 4 1<) SR 82
LOS5. 1.1 SCOPE ..ttt ettt ettt st e b e ea bt e bt e s bt e bt e b et et e bt e sab e bt e s it e bt e sabeeane 82
105.1.2 Relationship of 25 Gigabit Ethernet to the ISO OSI reference model..............cccveveenrnnenne. 82
105.1.3 NOMENCIATULE ......eeieiieiietieie ettt ettt et e st eae et et e seeeteesee s e eneanseeneenneenes 82
105.2 Physical Layer signaling SYSTEINS .......cc.evirrieriiriieitieiesieetieteeeete et eeesseeseeseeeaesseetesseeneesseeneeneeenes 84
105.3 Summary of 25 Gigabit Ethernet sublayers...........coccoeieiriiinininineneeeeteeeeerc e 84
105.3.1 Reconciliation Sublayer (RS) and 25 Gigabit Media Independent Interface (25GMII)....... 84
105.3.2 Physical Coding Sublayer (PCS) .....c.cociiiiirininiieicieeieeneeene et 85
105.3.3 Forward Error Correction (FEC) SUDIAYET ........cccoueiiiririnininieniciecceeeecececse e 85
105.3.4 Physical Medium Attachment (PMA) SUDIAYET.........ccecveeierieieeeiee e 85
105.3.5 Physical Medium Dependent (PMD) SUDIAYET .......cc.coveieuiriririninenicnecieeececeesie e 85
105.3.6 Auto-Negotiation (AN ......ccieieeieiere ettt ettt e st esee st e tesreensesseeneesseeneenneenneenes 85
105.3.7 Management interface (MDIO/MDQ) ........c.cooiriieiiieieieierie ettt 85
105.3.8 MANAZEIMENL. .....eitiiiiieiieiie ettt ettt et eate et e st e et esat e e bt e sbe e e bt esbaesateenbaesabeebeesbaesasennne 85
105.4 Service interface specification method and NOtAtION .........c.ceceveririnineninenieieceeence e 86
105.4.1 Inter-sublayer Service INtEITaCe. .........ccceririreririiieicirer ettt 86
105.4.2 Instances of the Inter-sublayer service Interface..........ccoevevererirenenieniereeeneneeene e 86
105.4.3 Semantics of inter-sublayer service interface primitives.........coccoeevevereeenenerenenenenennenne 87
105.4.3.1 IS UNITDATATEQUESE...c.ervietiteieieiieiteiteieeieeiente sttt sttt ettt ebe st et see b sae e aenee 87
105.4.3.1.1 Semantics of the SErvice PrimitiVe.........ccoevveriereerieenienerienteneneneeeeese e 87

105.4.3.1.2 When enerated ..........cccoevereririeieieieieieesieetese ettt ettt

105.4.3.1.3 Effect Of TECEIPE ...vcuveeeieeiiriirieriietetetetetet ettt ettt

105.4.3.2 IS UNITDATA.indication

105.4.3.2.1 Semantics of the SErvice PrimitiVe .........cceeceerierieeierieeierieierieseesaeseeee e eeeneenes 87
105.4.3.2.2 When Zenerated .........cocueruieieriiiieieeieieee st eiett et eee e e sesaesseesaesesnnensenns 88
105.4.3.2.3 Effect OF TECEIPE c.vvevviiieeieeiieieriieie sttt ettt sse s e e sseensens 88
105.4.3.3 IS SIGNAL.INAICALION ....eviiiiiiirtinieniiieiertetetet ettt ettt 89
105.4.3.3.1 Semantics of the SErvice PrimitiVe.........cceeeverierieeierieiiereieiereeeeereseee e eeeneenes 89
105.4.3.3.2 When Zenerated ..........ceceruieieriirienieeieiieeie et ete et etese e ssesaesseesaenseennensens 90
105.4.3.3.3 Effect OF TECEIPE c.vveuviiieiieiieieeiieie sttt ettt et seesae e eneensees 90
105.4.3.4 IS_TX_MODE.TEQUESL .......ccvrueuiiiiiiiieiiieteeeeieietenetere ettt 90
105.4.3.4.1 Semantics of the SErvice PrimitiVe.........cceecverierieeierieeiieriieierieseeseseere e eeeneens 90
105.4.3.4.2 When Zenerated .........ccccueruieieriirienieeieiietesieeetesteeee e eseesesnaessesaessesssesessnensenns 90
105.4.3.4.3 Effect OF TECEIPE c.vvevviiieiieeiieieeiieie sttt et esaesseesae e ssnensees 90
105.4.3.5IS_ RX MODE.TEQUESE .....eoruieriieeiieniieeitesite ettt sttt ettt ettt st ettt e sebeesaeenanas 90
105.4.3.5.1 Semantics of the SErvice PrimitiVe.........cceeeveriereeierieeiieniieiesieseeseeseeseseeneneens 90
105.4.3.5.2 When Zenerated ........c.occervieieriirienieeieiieiesieetete et saeste e ste e saessesssenseesaensenns 90
105.4.3.5.3 Effect OF TECEIPE c.vveuviiieieeiieieriieie sttt ettt et e s s se e aesesseensees 91
105.4.3.6 IS RX LPI ACTIVE.TEQUESE ..ccueeiiieiieriiieieenie ettt ettt ettt st ebee s e 91
105.4.3.6.1 Semantics of the SErvice PrimitiVe......c.cceiveerierieeierieeieerieeiesreeeeseeseeae e eaensenes 91
105.4.3.6.2 When generated ..........c.coceveveririenienienieieieteeeese ettt ettt sre e 91
105.4.3.6.3 Effect Of TECEIPE «..eeuvitieiieeieieeeiee sttt st s nee e 91
105.4.3.7 IS ENERGY DETECT.INAICAtION ..c..cetrviuiriiiiriiiiriiieieeeieieiee ettt 91
105.4.3.7.1 Semantics of the Service PrimitiVe..........coeoeerereerierieierieiese e 91
105.4.3.7.2 When Zenerated ..........cocevieieriirieieeieeteee sttt et st eeesnene 91
105.4.3.7.3 Effect Of TECEIPE «..veuvieieiieeieiietiee ettt ettt st eeee e 91
105.4.3.8 IS RX TX MODE.INICAON ....cviuiviiiiirieirieietceieeieee ettt 92
105.4.3.8.1 Semantics of the SErvice PrimitiVe..........ceeeeererieriereeierieiere e se et 92

17
Copyright © 2016 IEEE. All rights reserved.



105.4.3.8.2 When generated ..........cocorieiiiiieiereeiesteee sttt ettt st neeae 92

105.4.3.8.3 Effect OF TECEIPE «..eeuvieieiieeieii ettt ettt ettt st nee e 92

105.5 Delay CONSEIAINTS. ...c..eetietieiietieieeit ettt ettt et ettt et et e st e ese e et e eseeesee st eseeaseeseenseeneenseeseenseeneensesnee 92
105.6 State IAGIAINS .. .eeueeetieiietieieete ettt ee sttt e et e st ete et e eat et e es e e st eseessesseenseaseensesseenseeseenseeseanseeneenseens 92
105.7 Protocol implementation conformance statement (PICS) proforma............ccccceeeeieninenrncennnne. 93
106. Reconciliation Sublayer (RS) and Media Independent Interface (25GMII) for 25 Gb/s operation ...... 94
LOO. 1 OVEIVIBW ...ttt sttt sttt ettt sttt et sttt eat bbbt eb e sa bttt e et e bt e bt eaeebesbeebenbenaeneen 94
106.1.1 SUMMAry Of MAJOT CONCEPLS ....veeveetieuieireeierieeteie et tete et te et et et e e et eeesneeteseeensesseeneesneens 95
LT RN o o) o7 e o USSP 95
106.1.3 RAtE Of OPCTAtION. ....e.uietieeieiieeieie ettt ettt ettt et et enee st e eaeeneeeneesseeneenseentesseeneenseeneeneenes 95
106.1.4 Delay CONSIAINES. ....cc.eeitieeieieeierte et eie sttt te et te e ene et eseestesseensesneessesseenseeseenseeseenseeneesennes 95
106.1.5 Allocation Of fUNCLIONS .....cc.ecueieiiiiiririceteeere ettt sttt ebe b sae e saene 96
106.1.6 25GMIL SEIUCLUTE ....c..eoutiiieiiieiieit ettt ettt sttt eae e e e 96
106.1.7 Mapping of 25GMII signals to PLS Service primitives ........c.ccoceeerereeneeerreneneneneneneennenns 96
106.1.7.1 Mapping of PLS DATA.TEQUESE ....c..ecueieiriiriiririenteenteieteeteie et 96
106.1.7.2 Mapping of PLS DATA.INAICAtION......cc.ccueiiiriririinenicneicieeeceeeese e 96
106.1.7.3 Mapping of PLS CARRIER.INAICAtION ....c.eovivuiriiniiieieieieiececeenene e 96
106.1.7.4 Mapping of PLS SIGNAL.INAICAtION ....c..eoveriiniiriiriiieieieicieeececeene e 96
106.1.7.5 Mapping of PLS DATA VALID.INAICAtION .....eoverviveieieieiiieeieenienenieeeenie e 97

106.2 25GMII data SIEAM ......couerueriiriirtiriertetetet ettt sttt et ettt ettt sttt et et e e see st ebesbesbe st naenaeneen 97
106.3 25GMII functional SPECITICALIONS ...c..euveueeuiruiriirtinierieieiteit ettt ettt s 97
106.4 LPI Assertion and DEteCtiON ........c..coirererieieieiiirieneteteteitettete sttt ettt s st sae s 97

106.5 Protocol implementation conformance statement (PICS) proforma for Clause 106
Reconciliation Sublayer (RS) and Media Independent Interface (25GMII) for
25 Gb/s operation

106.5.1 INIOAUCHION. .....evieiieiieie ettt ettt ettt eae et e et e st e eseensesneessessaenseessenseeneensesneensennes
106.5.2 Identification
106.5.2.1 Implementation identiflcation............ccuecveererireninineeretetee e 98
106.5.2.2 ProtOCOL SUMIMALY ......cccviiuieieiieiieiieteeiesteetesieetesae e e sseeaestesssentesneanseeseesseennessesssensens 98
106.5.2.3 Major capabilitieS/OPtIONS ......c.eecvereerieriieierieeteteetesieseeseesseessesseesesseensesseenaessesssensens 99
106.5.3 PICS proforma Tables for Reconciliation Sublayer and 25 Gigabit Media
Independent INTEIfACE ........ceecveriieiiieiee et 99
106.5.3.1 GEIETAL ....euiiniiiiiiiieecteet ettt ettt ettt et ettt s be s nnenee 99
106.5.3.2 Mapping of PLS SEIviCe PrimitiVes .........cceriecieriierierieeieseeeesieseeseeeseeeeeseessesseensesseas 99
106.5.3.3 25GMII signal functional SPeCifiCatioNns. ..........ceceeruerierierieniieiieieeeesee e sie e sre e 99
107. Physical Coding Sublayer (PCS) for 64B/66B, type 2SGBASE-R........ccceccveiiiiriieeeee e 100
LOT.1 OVEIVIBW ..ttt sttt ettt b ettt b e sttt est e bt e bt e bt s bbbt et et et et eb b e st e bt ebeebesbenaens 100
LOT. 1.1 SCOPE..eteettetteeiteete ettt ettt ettt sttt et et e st e s atesat e e beesat e eabeesabe s st e bbeeabeeabeesabeenseennseenbeeseens 100
107.1.2 Relationship of 2SGBASE-R to other standards ............ccccevuirieneriecienieiee e 100
107.1.3 Summary of 2SGBASE-R SUDIAYETS ......cceecieriieieiieieieciereeeeeee e 100
107.1.3.1 Physical Coding Sublayer (PCS) ......ccoccieririeieieiese ettt 100
107.1.4 Inter-sublayer INTETTACES ........cvevveiierieeieiieieit ettt ettt esaeste e s e eseesesaeenseeneas 100
107.1.4.1 PCS service interface (25GMID) .....ocvevuirieriieiieieieeee et 101
107.1.4.2 Physical Medium Attachment (PMA) service interface..........ccoeveveverievevecveneeeennnnne. 101
107.2 Functions Within the PCS .......ccoooiiiiii ettt 101
107.2.1 NOtation CONVENTIONS .....eveteurenieniereetintertertestestestestestesteseeteebesbesbestebesseeeseeseesesuessessesaesaennen 102
107.2.2 TranSmMiSSION OTAET .....euveuiiuieiiriirteriertet ettt ettt ettt sttt sttt ettt ettt sbe e e naen 102
107.2.3 TeSt-PatteIN GENETALOT .. ..eevureeereeteerieeteesteesteeteesteeeteeteesteeseesseesabeesseesaseenseenseessseenseenseens 103
LOT.3 LPI ettt ettt ettt ettt et e b e e b e s s e s esb e st entes e e st ese e s et e s e s et ensensensensenteneeneeseereenens 103
107.3 Delay CONSLIAINTS....cueitieeiereieeiirtteie ettt ettt et et e et ese et e eneesaesseensesseenseeseenseeseensesneensesneensenneas 104
18

Copyright © 2016 IEEE. All rights reserved.



107.4 Support for AUtO-NEZOTIATION .....eeovireieieitieie ittt ieee ettt sttt ettt ettt seeteeneeeesneeseeenean 104
107.5 Protocol implementation conformance statement (PICS) proforma for Clause 107,

Physical Coding Sublayer (PCS) for 64B/66B, type 25GBASE-R ......ccoccviiiiieiiieeieieee 105
107.5.1 TNEEOAUCHION. ...ttt ettt ettt et e e et e e e st e e eseenteeseeteeneeeeeneenseenean 105
107.5.2 TA@NTIICAtION ...ttt ettt ettt et et e e e st entees e teeneeeesneenseenean 105

107.5.2.1 Implementation identification............coceeeeerieienieiere e 105

107.5.2.2 ProtOCOL SUMIMALY ......eoviieieieiiieiieeiieie ettt ee ettt st et eeae e et eneeeneeteeneeneeens 105
107.5.3 Major capabilitieS/OPtiONS. ... .ecuteiereieierieeeieteeeiete et et eee e steee st e e seeenee st eneesneeneesseenseenean 106
TO7.5.4 25G PCS ...ttt ettt ettt ettt ettt ettt e sesse st e be b et antensenteneeseeneeneesenen 106

107.5.4.1 Clause 49 functionalify ..........cccorieieririeiieieseee ettt enee s 106

107.5.4.2 TeSt-pattern GENEIALOT ......cccuertieitieeiieeiee sttt st ettt e sttt et e st e sbaesaeeeanes 106

LO7.5.4.3 LPI ..ottt ettt ettt ettt teebesse b e b e s essesbesseneaneaseeseeseesenen 106

107.5.4.4 Delay CONSIIAINES.....c..cveteieiririrtintietenteteteteteetettee ettt st se s et st eneebeebesaeseesnen 107

108. Reed-Solomon Forward Error Correction (RS-FEC) sublayer for 2SGBASE-R PHYSs .......cccccee....... 108
LT B0 A7) 4 1<) TP 108
TOB. 1.1 SCOPE.....eeereniieteieetee ettt ettt et et a e ettt et ene st ne e 108
108.1.2 Position of RS-FEC in the 25GBASE-R PHY sublayers ........ccccoccvvenirenenenecnenencnenen 108

108.2 FEC SEIVICE INTEITACE .....ueeoiieeieiieiieie sttt ettt ettt ettt st ste st en e e s et e sseenseeseensesneensesneensens 108
108.3 PMA COMPAIDILILY ..cuveueeiiiiiiiiriiniiiienietctetetet ettt ettt ettt 109
108.4 Delay CONSIIAINES. .....cveeeuieiiiiiriintirie sttt ettt ettt ettt et ettt et et et ene bt eaeebesbenaens 110
108.5 Functions within the 25GBASE-R RS-FEC SUbIayer .........ccccccecirinineninenieieieincnceceenenene 110
108.5.1 Functional block digram .......c..coeoueoiriririninininienieseetetee ettt 110
108.5.2 TranSmit fUNCHION........cc.veiiriieieriieteeie ettt ettt e st e st te et ensesseenteeneensesneensesnean 110

108.5.2.1 Block SYNCHAIONIZALION ......eevieuieiieiieieeiesieciieie ettt ee sttt enae e e e neeens 110

108.5.2.2 Rate compensation for codeword markers in the transmit direction ............c.cccce...... 110

108.5.2.3 64B/66B t0 256B/257B transCOder .......ccuccureruirieririinienienienieieteteieeie e e 110

108.5.2.4 Codeword marker INSETION .........coeeveruerueruerieieieieiieenie sttt sttt ettt s s seennes 112

108.5.2.5 Reed-Solomon €NCOUET ........c.cceiiririirineieieiete ettt 112

108.5.2.6 Codeword SeTIaliZation ...........cceveeuiruireriiriinienienieetee ettt 112

108.5.2.7 RS-FEC encoding for rapid codeword lock (EEE deep sleep).......cceovevvvecieniieeennnnne. 112
108.5.3 RECEIVE TUNCHION .....euiiiiiiiriiitieieiteseet ettt ettt ettt s eaen 114

108.5.3.1 Codeword marker 10CK........ccccoiririniiniininieicie et 114

108.5.3.2 Reed-Solomon deCOET ........c.ocuriririnirineieieeetee ettt 114

108.5.3.3 CodeWOrd MONITOT .....cc.eeuiiueriiriiniiniintetetet ettt et ettt ebeebe e s nes 115

108.5.3.4 Codeword marker remoOVal ..........cooouevierierieiiiiiicriceese et 116

108.5.3.5 256B/257B to 64B/66B transSCOdeT .......c..ccueutruirieriiriinienienieieieeeieeieee et 116

108.5.3.6 Rate compensation for codeword markers in the receive direction..........cc.cccceueenenee. 116

108.5.3.7 Rapid codeword lock for EEE deep SIEep .....ccevvvveveriiiierieieecieeeee e 116

108.5.3.8 RECEIVE DIt OTACTING......cccviieieieeiieieeieie ettt ettt et e et eeeaesseenseseeneenseenns 117
108.5.4 Detailed functions and state diarams ..........c.cccvevverirrierierierieiese e eae e eseennes 117

108.5.4.1 State diagram CONVENTIONS ........ccueeveruerrierrerieieeeieteeteeseseessesseesesseessesseessensesssesseeses 117

108.5.4.2 State Variables .......ccceceeuiriiririiriiieieieteit ettt ettt 117

108.5.4.3 FUNCLIOMS ...c.eeuteiieiieieiieitieteite sttt ettt ettt ettt et sttt ettt et et ebe et ebesbeseennen 119

J08.5.4.4 COUNLLTS ...ttt ettt ettt ettt ettt sttt b e bt ean et eaeenaeeae 119

TO8.5.4.5 TIIMIELS ...eueuienteieeiieieeie ettt ettt ettt eb bbbt be ettt e et e bt et ebeebeebesbeseennen 120

108.5.4.6 State dIAIAMS......ccveeuieeiieeieieiiieieeieete et et et et ettt esseesaesaeesaesseesaesesssenseessensenseenseenns 121

108.6 25GBASE-R RS-FEC MDIO function Mapping............cceeeeveruerreerrereesuesseeeesseesessesseessessesssens 122
108.6.1 FEC_bypass_correction_enable............cceecverieeieriieieniieieseeeiesieeteseeeeesseeesessesseesessnensesnees 123
108.6.2 FEC_bypass_indication_enable...........cccvecveriirieniieieiieierieeienie et see e eae e nsesenas 123
108.6.3 25G RS-FEC ENADIC......ccuiiiieiieiieiieiietecieeitee ettt st es s s e enas 124
108.6.4 FEC_bypass_correction_ability..........ccoceeoiiiirrieniieieriieiese e 124
108.6.5 FEC_bypass_indication_ability .........ccccceeoieiirieriieieriieiese e 124

19

Copyright © 2016 IEEE. All rights reserved.



108.6.6 FEC_ DI SET w..vvveeeeoeeeeeeee e eeeeeeeeeeee oo eseeeeseeeeeeeeeee e seeeeee e eeseeeseeeseseeeeseeeseseeeeee 124

108.6.7 FEC_COITected CW_COUNLET.......cueetiriieieetieieetieieetcete e seeescenee et teeseenteeneesteeneeneeeneeneeenean 124

108.6.8 FEC_uncorrected CW_COUNLET.........eeoiiruieieiteeieieeiieteeee st este st sieeeeeteeseesee e eeeeneenneenean 124

108.6.9 FEC_symbol error COUNLET 0.........cocceierieiiirienieeiieiieiesie ettt ettt enee e e s nae s 125

108.6.10 @lIZN_ STATUS ...vevieiieeiieie ettt ettt ettt ettt et e e st e e st e bt en et e ene et e eneesneeneesneeseenean 125
108.7 Protocol implementation conformance statement (PICS) proforma for Clause 108,

Reed-Solomon Forward Error Correction (RS-FEC) sublayer for 2GBASE-R PHYs ........... 126
108.7.1 INITOAUCTION. ...ttt ettt ettt ettt e te st e e s st e e eseenteeneeteeneeneesneesesnean 126
108.7.2 TAeNTIICAtION .....oeeieeieeiieeeie ettt ettt sttt e e e et et e e s e e eneeeesneeseenean 126

108.7.2.1 Implementation identification............coceeieruieierieiese et 126

108.7.2.2 ProtOCOL SUMIMALY ......cccviieieieiiieiesiieie ettt ettt st e ee st enae e e eeeeneeneeeneeneeenes 126
108.7.3 Major capabilitieS/OPtiONS. ... .eeuteueireieierteeieerteeeieie et et ee e eseeeeesee e seeensesseeeesneeneesneenseeneas 127
108.7.4 PICS proforma tables for Reed-Solomon Forward Error Correction (RS-FEC)

sublayer for 25GBASE-R PHY S......cccciiiiiiiiiiiininnenececcectetese et 127

108.7.4.1 TranSmit fUNCHION .......cccuireieieiieieeiieie ettt et st et eene e ee e eneeenes 127

108.7.4.2 RECEIVE TUNCHOMN ....eouiiiieiiiieieie ettt ettt et ae e et e e nseeneeeneenes 128

108.7.4.3 State dIAGIAINS ....cveveueeuieiieiietietenientert ettt ettt sttt ettt ebe et sbe e e nen 129

108.7.4.4 MDIO function MAaPPING .......cceeeruerrerrerterteieteeeenienienieseestessesseeeseeseesessessessessessenses 129

109. Physical Medium Attachment (PMA) sublayer, type 25GBASE-R......c.ccccoovininininiiiiiincncneee 130
LOO. T OVEIVIEW ....euieniieiieeteeite et eteeeteee s st ete s st ense st esee e st enseaseenseeseanseeseansesseensensaenseeseanseeseensesneensesnnensesnean 130
TOO9. 1.1 SCOPE.....eeireieeietetet ettt ettt ettt ettt e ae st enne e 130
109.1.2 Position of the PMA in the 25GBASE-R SUbIAYErs .......ccccecereriniinieniinicieiecncseneseneee 130
109.1.3 SUMMATY Of fUNCHONS .....ctieiitieiitieieeie ettt ettt s e e ente s e e e seeeneesneeneas 131
109.1.4 PMA SUDIAYET POSTLIONING .....eveevvieienieeteeiesiieiesteeieeteeeesseeseesseeaesseeesesesssenseeneensesnsessesnnen 132
109.2 PMA SEIVICE INETTACE .....eouiiuiiiiiiiiiriiteienicitetteit ettt ettt sttt ettt eae b naen 133
109.3 Service interface below PMA .....cc.cciiiiiiiiiiiriiectctctctcte ettt 134
109.4 Functions Within the PMA ........ccciiiiiiiiieee ettt sttt 135
109.4.1 SiZNAL ATIVETS ...evveiieiieiieeieeie ettt ettt e ste et et et e e steess e s st essesseensesseensesseensesseensesneensesneensessean 135
109.4.2 PMA local 100pback MOME .........ccecuiriiriiriieiieieie ettt et nse s 135
109.4.3 PMA remote 100pback MOAE .........c.eecveriirieriieieiieieiieie sttt 135
109.4.4 PMA tESt PALLEITIS....ccuveeiuiiiiieiieiitetie et et ettt et e st e st e bt e sate e bt esbtesateebeesabeenseenbaesseenanean 135

109.4.4.1 Transmit PRBS31 test-pattern eneration ...........ccecueeeeeeereerieseeseeseeeesrennessesneneenns 136

109.4.4.2 Receive PRBS31 test-pattern generation ............cceceereveeeerereenieerienieeieseeeeenseeeeseeenns 136

109.4.4.3 Transmit PRBS31 test-pattern checking..........cecevvirierierienieiieieseeeese e 136

109.4.4.4 Receive PRBS31 test-pattern checking ..........ccoocvvceeviieieniiienieeeeeeeeee e 137

109.4.4.5 Transmit PRBSO test-pattern generation ............ccocceecvereeceenerieneseeieseeeenie e e 137

109.4.4.6 Receive PRBSY test-pattern generation ...........ecceeveeererereeienieneeeeeeneeeeenenennennes 137

109.4.4.7 Transmit square wave test-pattern generation ...........cecceveereereeeeseeeeneeeeeneeeeeneeenes 137
109.4.5 Energy Efficient Ethernet for 25GAUL.........cooiiiiiiiieiee et 138

109.5 Delay CONSLIAINTS....c..uetieuieriieeiertteie st ette sttt ettt et esee et eseesteeseesaesseenseeseenseeseenseeseensesneensesneensenneas 138
109.6 PMA MDIO function MAaPPING........ccceeueeueeruertieientieeeateeneesteeneesaeeneessessessesseenseeseesseseensesseessesnees 138
109.7 Protocol implementation conformance statement (PICS) proforma for Clause 109,

Physical Medium Attachment (PMA) sublayer, type 25GBASE-R.......ccoooiniiiiniiieii 141
DO U 6513 o1 1317 510 s SR P R PSTS 141
109.7.2 TA@NTIEICAtION ...ttt ettt et et e et e e et e et e s e e eneeneesneeseenean 141

109.7.2.1 Implementation identification............coceeeieriirierieee e 141

109.7.2.2 ProtOCOL SUMIMALY ......cccviitieieiiieiieeiieiesieeee et eee it ee sttt eeeeestessaesseeseeeeeneeeeeneeneeens 141
109.7.3 PICS proforma tables for the 2SGBASE-R PMA Sublayer ..........ccccocceeveevircencnncnenenee 142
109.7.4 Major capabilitieS/OPtiONS. ... .ecuteuiereieierieeiiesteeeieieeteeteeteseesseeeessee e et eneesseeneesneeneesseensesnean 142

109.7.4.1 PMA fUNCHIONS ....coutiiieiiieieie sttt ettt et et eeseeseestesseeteeneeseeneeseeneeneeenes 142

109.7.4.2 PMA CRaraCteriStICS ....ccvieuieteeuieieeiieiesiieieeteete et e et eee s e ee st esae e eneeeeeseeneeeneeneeenes 143

20

Copyright © 2016 IEEE. All rights reserved.



110. Physical Medium Dependent (PMD) sublayer and baseband medium, type 25GBASE-CR
ANA 25GBASE-CR-=S ...ttt sttt bttt sttt sttt

L10.T OVEIVIBW ...ttt ettt ettt et e e sttt e e e et en e es e eneeeseeaeeeseemeesseemse s e enseeseenseeseentesneensesneensesnean
110.2 PMD SEIVICE INEETTACE .....eevieeieeieiieieeiieteee ettt ettt ettt ettt et e ene e st entesaeeneesneensesnean
110.3 PCS requirements for Auto-Negotiation (AN) service interface...........coeovevvereeeveneeceenerienennees
110.4 Delay CONSLIAINTS......eetieieetieeierteeie st eetesteete st eet et et e et esee et estesaeeseenseeseenseeseenseeneensesneensesneensesneas
110.5 PMD MDIO function MAaPPINg........cceeeueeeeruerreerienrieeeeteeeesseeeeseeeneessessessesseeseeseesseseessesseessesses
L1106 FEC MOG@S.....eeutieiieit ettt ettt ettt ettt eae et e s st e ae s st entees e e seeseenseeneeneeeneensesneensesnean
110.7 PMD functional SPecifiCations. .........c.evuieiereriierieeiiesieetieieeteeie sttt ete sttt neetesneeeesseeseeenean
110.7.1 Link BIOCK dIaGIAIM ... .ovieiiiiieiieiieie ettt ettt e eenneeneen
110.7.2 PMD transSmit fUNCHON ......eeuveruieeiiiieiesieeiieieeeieie ettt ettt e e et eee e eseenean
110.7.3 PMD 1€CEIVE fUNCLION ....cueiiieiieiieiiieiestieieetiet ettt et et et e et et e st et et eneeeneeeeeneennesnean
110.7.4 Global PMD signal detect fUNCHION .......c..ccceceririnerenienieieieceinene sttt
110.7.5 Global PMD transmit disable fUnction .............cccceeeirieienieieniee e
110.7.6 LoOpback MOGE........ccueeiieeieiieieie ettt sttt et esne e sseenseenean
110.7.7 PMD fault fUNCHION ....eovieeiiiieiieie ettt ettt esreeneesneennens
110.7.8 PMD transmit fault fUnCtion ..........ccoeoirieiieiieieseeeeee e e
110.7.9 PMD receive fault fUnCHiON..........ccveiiiiieiiieieiieieit ettt s eneas
110.7.10 PMD CONrOL fUNCHON .....eineieiiiiieiieeiceie sttt sttt sse e sneennens
110.8 Electrical CRAraCteriSTICS .......eoviruierierieieriieiesteeeteteeeesteestesteeeesaesseesesseen e sseensesseensesneensesneesesneas
110.8.1 SiZNAL LEVEIS ...ttt sttt ettt
110.8.2 SigNAl PALNS ....vitiitiiiiiieeeec ettt sttt
110.8.3 TranSmitter ChAraCtETISTICS .....evvvevirereieetieierieeie it eteet e te e see et st e e seeenbesseetesneensesneensesnean
110.8.4 RECEIVET ChATACLETISLICS «..eveviviteriirtiteienteteit ettt ettt sttt st ettt ettt st sbe et saenes
110.8.4.1 Receiver input amplitude tOlErance ...........cecceerereriinenienienienieneieieeeeeeeese e
110.8.4.2 Receiver interference tolerance test...........cevvverererirenerenienieieneeeeeeeeeeerese e
T10.8.4.2.1 TSt SELUP vttt ettt et
110.8.4.2.2 Test ChANNEL ....c..oveuiiiieiieiiiiiiensceeeece ettt s e
110.8.4.2.3 Test channel calibration ...........coccvererierienienieieircreeseee e
110.8.4.2.4 Pattern generator and NOiSE INJECTION ........ccceereririrererieieieeeeeeeene e
110.8.4.2.5 TSt PrOCEAULE. ... .eevieeieieeeieieeieieeeete et et et et e eeesteeeessesnaeseeseenseesaenseeneenseenes

110.8.4.3 Receiver Jitter tOIETANCE .......eevvereieieeiieiieieie et ettt ettt enseenes
110.8.4.4 SigNaling rate TANZE ....ccveevveveerieeerierieeterieneeetesteeeesseesesseesesseensesseensesseessesseensessennes

110.9 Channel CharaCteriSTICS ........cerueuiriruirietiieiiieieeet ettt ettt senenis
110.10 Cable assembly CharaCteriStiCs ..........ccvireueuereiririnienieteteteteeet sttt s sre e e
110.10.1 Characteristic impedance and reference impedance............cceccevverenerreneeceneeieeeeee.
110.10.2 Cable assembly inSEItion LOSS ........ceovererieriirieiieiieie et
110.10.3 Cable assembly differential return 10SS........cceeruieieriirieri et
110.10.4 Differential to common-mode return 10SS.........coevieieririierenieieee e
110.10.5 Differential to common-mode conversion 10SS...........cceevveririeririeneeieeee e
110.10.6 Common-mode to common-mode return LOSS ..........ccovreereriererierieieeee e
110.10.7 Cable assembly Channel Operating Margin ............cceceeeeererierierieneeeieneesee e e seeee e
110.10.7.1 Channel signal and crosstalk path calculations............ccccceverereenieceneeieseeeeee
110.10.7.1.1 Channel signal path..........ccccoeierieiinireieee e e
110.10.7.1.2 Channel crosstalk paths .......c..ccccocrereoieniiininincecceeecn e

110.10.7.2 Signal and crosstalk paths used in calculation of COM ........cccccecevvirvininenencneenns
110.10.7.2.1 SFP28 0 SFP28 ...ttt
110.10.7.2.2 QSFP28 10 SFP28 ...ttt
110.10.7.2.3 SFP28 t0 QSFP28 ...ttt
110.10.7.2.4 QSFP28 t0 QSEFP28 ...ttt

110.11 MDI SPECITICAtION ....uveeiieeieiiieeiete ettt sttt ettt et et et e st e s e sseensesseense s eensesseensensesneensesnean
110.11.1 Single-lane MDI CONNECTOTS ......ccuervivereieieiieiiriirieettrerteeteste ettt ettt et sre e seeenes
110.12 Environmental SPECIICALIONS......c.ceuirtiririiieieieieiieiiriereeetet ettt ettt et sttt e e i be e naene

21
Copyright © 2016 IEEE. All rights reserved.



110.13 Protocol implementation conformance statement (PICS) proforma for Clause 110,
Physical Medium Dependent (PMD) sublayer and baseband medium,

type 25GBASE-CR and 25GBASE-CR-S......cotiieieirieeree e 165
T10.13.1 INErOAUCIION.....c..eiuiriieiiteierteiceiciteieet ettt sttt ettt st s e s saenes 165
110.13.2 TdentifICatiON ....co.eeveeiiriiiientitcietceeiie sttt st ettt ettt st 165

110.13.2.1 Implementation identifiCation...........ccoceeieierieresieiese e 165

110.13.2.2 ProtOCO]l SUIMIMATY .....ccueeuietieiieieeiiesie et esteettete et eee et eee et eeeseeenaesseeseeseeeneenseeneeneeens 165
110.13.3 Major capabilities/OPtiONS. ......ceveruieierieeierieeieieeteete et te ettt enee st e e eneeneesneenaeenean 166
110.13.4 PICS proforma tables for Physical Medium Dependent (PMD) sublayer and

baseband medium, type 25GBASE-CR and 25GBASE-CR-S.......cccooiiiiiiieeteeeee 167

110.13.4.1 PMD functional SpecifiCations...........ccerueerueriiesieriieiienieeiesee et 167

110.13.4.2 Management fUNCLIONS. ........cc.erieruereeieeieeiesieeie sttt steeeesee et e e e eeeseeeneeneeeneeneeens 168

110.13.4.3 Transmitter SPECIfICAtIONS .....eeuieruieierieeiieie ettt se ettt e e eeeenes 168

110.13.4.4 Receiver SPECIfiCAtIONS ........cvecueieieiieeiieieiieeieie ettt ee st enee s e seeenes 170

110.13.4.5 Cable assembly SPECIfICAtIONS ......c.coceruirririerienienieieieteienene ettt eee s 171

110.13.4.6 MDI connector SPeCifiCatioNS .........ccveeveruerierieeiereeeiiesteeeesteeeeeae st eee s enee e eeeseeens 171

110.13.4.7 Environmental SPECIfICAtiONS ..........ceceririirierienienieiientnenene sttt e 172

111. Physical Medium Dependent (PMD) sublayer and baseband medium, type 25GBASE-KR

ANA 25GBASE-KR-S ...ttt e e ettt e e et e et et e et et e ae et et eereeenne s 173
LL1.T OVEIVIEW ..o e e e et e e e e e e e e et e e et eeeeaneeeeaseeeensaeeenaeeeenteeeeenseeeenseeeenneeeanns 173
111.2 PMD SEIVICE INEEITACE ....cvveeeieeieieeeeeeeeee et e et e e e e e e e e eeneeeeneeeeenneeeenns 174
111.3 PCS requirements for Auto-Negotiation (AN) service interface...........cocceceverenveieniercnicncnennens 175
111.4 Delay CONSITAINTS. .....cveieuiiiiiiriirtirie sttt ettt ettt ettt et ettt ettt a et et e it besbeebesbenaens 175
111.5 PMD MDIO function MappPing.........ccecceeruerueueteeerererersensesentetetesessessessessessesseseseseesesesensens 175
T11.6 FEC MOAES......cciiiiiiiiieciieeieeciee ettt ettt et e e eteeetbeeabeestseenseesbeebeasaeesbeesssesasaensesasseensennes 176
111.7 PMD functional SpeCifiCations.........c.ceeruiruirierieieieiieinienientetetet ettt sttt 177

111.7.1 Link Block dIa@Iam........cc.evueieiiiiieiininiirieeese ettt sttt sae s 177
111.7.2 PMD tranSmit fUNCHION ........ecviiiiiiiieeiieiiie ettt etee e ae et ebeenveesaneeaveeaeesebeeseeenean 177
111.7.3 PMD 1€CEIVE fUNCHION ....eoviiiiieiieciie ettt ettt ettt et s e e eve e s tbeebeesteeeveesaeesabeessnenenen 178
111.7.4 Global PMD signal detect funCtion .............cceecerirciirieiieni e 178
111.7.5 Global PMD transmit disable fUnction ............ccccoeueevieiiieneesie et 178
111.7.6 LoOPDaCK MOAE.......cciiiieeiiiieieit ettt ettt ettt esneennesseeseenean 178
111.7.7 PMD fault fUNCHION .....ccviiiiiiiieieccie ettt ettt ettt e v ettt eeve e aaeeveesaneeaseenseas 179
111.7.8 PMD transmit fault fUnCtion ..........ccoeeiiiiiiiiieeie et 179
111.7.9 PMD receive fault fUnCHioN...........ccuiiiviiiiieiiccie ettt e sveeeaee e s 179
111.7.10 PMD CONIOL fUNCHION ...ttt ettt ettt et eve et eaveesaeeeaneenreas 179
111.8 Electrical CharaCteriSTICS ......cvieiuiieieerieeieeteeiteeeteeeteesteeeteeeteeeereeseesareeeseeseeseseenseessseensesssseanseenns 179
TT1.B.1 MDDttt ettt et ettt e teesaa e ebeasabeeabeestbeesseeasseeaseenseesabeeseenaseas 179
111.8.2 TranSmitter CharaCteriSTICS .....cuueiviiiiuieerieiiieeieeeteecte et eeiee et e eeteeeteeeveebeesaseeveeaeesebeeseesanean 180
111.8.3 ReCEIVET CRATACTETISTICS ...viivieeiieiiiieieeeiee et eetee et ettt eeteeebeeeveestaeeveestseeveesaeeeabeeseenenean 180
111.8.3.1 Receiver interference tOIEranCe ..........cueevieiuieeieeirieeieeieeciee et e 180
111.8.3.2 Receiver Jitter tOlETANCE ........evveeveeieeiieiieieieeiestt ettt ettt eae et enaenseeneenseenes 182

111.9 Channel ChAraCteIISTICS .........eieveeeeuieeeeeeeeetee et et e et e et e e e e e eaee e e aaeeeeeeeeeneeeeereeeenseeeenneeeenns 183
111.9.1 25GBASE-KR ChaNNEL........ccvviiuiiiiiieeeiciie ettt et enee e s 183
111.9.2 25GBASE-KR-S ChAnNEl ........ccoviiiviieiiieieeceeeee et enee e 183
111.10 Environmental SPeCIfiCAtIONS........eeeiruirierieieieiieiieieetteee et sttt sttt e nee e eseeeneeseeeneas 184

111.11 Protocol implementation conformance statement (PICS) proforma for Clause 111,
Physical Medium Dependent (PMD) sublayer and baseband medium,

type 25GBASE-KR and 25GBASE-KR-S ..ottt 185
L O IO 0 13 o a1 T BRSPS 185
T11.11.2 TA@NTICATION .eueieeeeeeieieeie ettt ettt ettt ss et e st e e et ent et e eneeeneeneesneenseenean 185
111.11.2.1 Implementation identifiCation..........ccooeeeererieriecieie e 185

22

Copyright © 2016 IEEE. All rights reserved.



111.11.2.2 ProtOCO]l SUIMMATY .....cvieuieieeiieieeiieieeiceste et eeie et e et e e et eeeseeenaesseeneenteeneeeeeneeneeens 185

111.11.3 Major capabiliti€s/OPtiONS. ......eeuirueeierieeieriieieie ettt ce ettt eee e eneeeeseeenaeeneas 186

111.11.4 PICS proforma tables for Physical Medium Dependent (PMD) sublayer and
baseband medium, type 25GBASE-KR and 25GBASE-KR-S .......cccoiiiieiiiieeeeee, 187
111.11.4.1 Functional SPeCifiCations ...........cecererierertieierie ettt 187
111.11.4.2 Transmitter CharaCteriStICS ......eeueruierierireieieseee et eeiee sttt sae et e e enes 188
111.11.4.3 Receiver CharacCteriStiCs ........oueueeruereerieriieiesieeie st eieesteeeeseeeneesaeseeseeseeeneesneeeeeneenes 190
111.11.4.4 Channel CharacteriStICS ........couiruieruerierieeieiesteee et eiee st ee st ee et seeeeee e eeeeneenes 190
111.11.4.5 Environmental Specifications. ..........cceoereroierieiierieiesie et 191
112. Physical Medium Dependent (PMD) sublayer and medium, type 25GBASE-SR ........ccccccecvririnennee 192
L B0 1153 4 1<) SR 192
L T U 2 3 <) a () 14 Lo RSP SR 193
112.2 Physical Medium Dependent (PMD) service interface ..........ccoecveveereerienieeienieeiene e 193
112.3 Delay CONSLIAINTS. ....cuuitieieriieiierieeie st etest e te et eete et eeeeseeesee st entesaesneensesssenseeseenseeneensesneensesneesesnean 194
112.4 PMD MDIO function MappPing.........cceceeeruerueueteeerenenersinsestessentesnsessessessessessessesesseseesesesensens 194
112.5 PMD functional SPeCIifiCations.........c.ceevuiruirierierieieiiiinienienieteteteiei ettt sttt see 195
112.5.1 PMD blOCK QIZTAIM....c..eiviiiiiiiieiieiieiinieni ettt sttt ettt s 195
112.5.2 PMD transSmit fUNCHON ......ceuieruieeiiiieieeie ettt ettt see e e eee e eseenean 196
112.5.3 PMD 1€CEIVE fUNCLION ....cuviiieeieiieiiieieetieieetiet et eee sttt eae st e teeseensesseenteeneenseeneensesnean 196
112.5.4 PMD global signal detect fUnCtION .......c.coueeeeieiririnininineeneseeeceee et 196
112.5.5 PMD 1€S€t TUNCHOMN ....outieeiiiieiieeieeie sttt ettt ettt e et eseeene et eneesseenneseenseenean 197
112.5.6 PMD global transmit disable function (optional) .........c.cccecerverininieninenenencceeeceenen 197
112.5.7 PMD fault function (OPtioNal) .......ccecuerieriieieiieiesit ettt eneas 197
112.5.8 PMD transmit fault function (Optional) ..........ccceeveriirieriinieieeiee e 197
112.5.9 PMD receive fault function (0ptional)...........ccceecuerieriirieneiienieieeeee e 197
112.6 PMD to MDI optical specifications for 2SGBASE-SR ........cccceviriiminininininiieieinccecnenne 197
112.6.1 25GBASE-SR transmitter optical SpecifiCations..........ccecerererierenenereeereneneseeseneeneeneas 198
112.6.2 25GBASE-SR receive optical SPeCifiCatiOnS.........ceecveruirverieriierieienieieeeieee e seeeeense e 198
112.6.3 25GBASE-SR illustrative link power budget............ceoivieririerieieeeece e 198
112.7 Definition of optical parameters and measurement methods...........cocooererereieiieiiecnininicnenens 198
112.7.1 Test patterns for Optical PArAMELEIS........c.ccververieriierieriieieetetereeeste e eeeesesseeneeeeesesseesesseas 198
112.7.2 Center wavelength and spectral Width...........cccoecieiiiiiiriiie e 199
112.7.3 AVErage OPLICAl POWET ....c.eiruieieriieieeiieiesieeie ettt ettt ae st e ae s e e eteensesseensesneensesseensennean 199
112.7.4 Optical Modulation Amplitude (OMA) ......ccoecirieriieieieiereee et ae e 199
112.7.5 Transmitter and dispersion eye closure (TDEC) .......c.ccccovirievieririienieeieiceiee e 199
112.7.6 EXHNCHION TALIO «..veuiieiieiiieieeeieietee ettt s eene 199
112.7.7 Transmitter optical waveform (transSmit €Ye) .........c.eceervereerrerierieererieeeerieeseeseenesseesseseens 199
112.7.8 Stressed reCeIVET SENSILIVITY ....c.eeuiruirririeieieteiieiieteieettre sttt sttt ettt ettt sre e e enes 199
112.8 Safety, installation, environment, and 1abeling............ccooceererirniiieiiiieeeeee e 199
112.8.1 GENETAL SATELY ..ottt ettt sttt et et et e saeeneesaeeaeeneas 199
T12.8.2 LaS@I SATCLY ...eveeuieiieiieii ettt ettt ettt ettt et e sttt e e et ene et e et e eneeneeeneeneenean 200
112.8.3 TNSTALLAtION ...eeutiiieiieiieie ettt et ettt st e et e e e et e e e s e te e e eneeeneeseenean 200
112.8.4 ENVITONIMENL . ....etieiiieiieieeeieie ettt eeteste ettt et et e e steeaee s st eeesseenaesseentaeseensenseenseeneeneesneeseenean 200
112.8.5 Electromagnetic ©MISSION .......c.eeueeruerueerieeeieteeeieteetieteeneeseeeseeseesaesseeseenseeseesseeneenseeneesseenean 200
112.8.6 Temperature, humidity, and handling..............ccovirieiirieni e 200
112.8.7 PMD 1abeling réqUITCMENtS .........cecueruierieseieieetieieeteeteeeeenieseteeesseen e seeeneesseeeesneeneesseensesnean 200
112.9 Fiber optic cabling MOAEL .........c.cooiiiiiiiiieieeeieee ettt 201
112.10 Characteristics of the fiber optic cabling (channel)............c.ccooerieiinieiiinieee e 201
112.10.1 Optical fIDEr CaBIE......c.coiririiriiiiicicie ettt s 201
112.10.2 Optical fIDer CONMECLION. ....cc.eruirtiieieiieiiriintercrteetetetet ettt sttt sttt sr e s s nes 201
112.10.2.1 Connection iNSErtion 10SS........ccveruerierieiirierieeierte ettt eees 202
112.10.2.2 Maximum discrete refleCtanCe.........covveiererierieeieiese e 202

23

Copyright © 2016 IEEE. All rights reserved.



112.10.3 Medium Dependent Interface (IMDI) ........ccuoiieiirieiiiieee e 202
112.11 Protocol implementation conformance statement (PICS) proforma for Clause 112,

Physical Medium Dependent (PMD) sublayer and medium, type 25GBASE-SR..................... 203
T12.11.1 INErOAUCLION ....eeeiiieiieie ettt ettt ettt ettt ee et e st e e es et e eneenseeneesaeeneesneensesnean 203
112.11.2 TA@NtTICATION ..ttt ettt ettt sttt s et e et e ent et eneesneeneesneenseenean 203
112.11.2.1 Implementation identifiCation...........ccoceeieieriereiieiese e 203
112.11.2.2 ProtoCO]l SUIMIMATY .....cveeuieeieiieieeieeieeiieteettete et eee et e e s eeeeesteenaesseeseeneeeneeseeneeneeens 203
112.11.3 Major capabiliti€s/OPtiONS. ......ceveruieierieeiieriieiieieetieteeee ettt et esee e e e eneeneesseenaeenean 204
112.11.4 PICS proforma tables for Physical Medium Dependent (PMD) sublayer and

medium, type 25GBASE-SR ......oo o 204
112.11.4.1 PMD functional SpecifiCations...........ccuerueeruerieeieriieiesie et 204
112.11.4.2 Management fUNCLIONS. ........cc.erueeuereeieieeeiesieeie et eteeee et e seee e s eeeseeeneeneeeneeneeens 205
112.11.4.3 PMD to MDI optical specifications for 25GBASE-SR .........cccccovinviniinininencnnnnns 205
112.11.4.4 Optical measurement MethodS...........ccoeririerenierieirierineereree et 206
112.11.4.5 Environmental Specifications. ..........cceeererierieierieiesie e 206
112.11.4.6 Characteristics of the fiber optic cabling and MDI..........c.ccccoeceriinviriinincnencneenns 206
Annex 4A (normative) Simplified full duplex media access CONtIOl .........coccevererinenenerieieriereinenceeeen 207
4A.4 Specific IMPLeMENLALIONS ......eoveitiriirtireteitet ettt ettt ettt ettt et eaeebe b b saeees 207
4A 4.2 MAC PATAMELELS ..ottt ettt ettt ettt ettt et e ae s sre s e b e e ene st easessesanesaeeueeneenesaeen 207
Annex 31B (normative) MAC Control PAUSE OPEration ...........ccecueirererinenenienienieneeeeeneseseesresee e 208
31B.3 Detailed specification 0f PAUSE OPETation..........c.ceueueieieieieinininenieienieseeneeieieeeieeesie e 208
31B.3.7 Timing considerations for PAUSE OPeration .........cc.ccccecererinienienienieinenencnene e 208

31B.4 Protocol implementation conformance statement (PICS) proforma for MAC Control
PAUSE OPEIAtION ...c..cvitiiirtititciciteitett ettt ettt ettt st sttt ettt ebe b b e nes 209
31B.4.3 Major capabilitieS/OPLIONS  .....cceeeerieriieiietieiieeeerte et eeesteeee st eeeeeeeseesseeneesseeneessesseesensnens 209
31B.4.6 PAUSE command MAC timing considerations ...........ccecceeceereeeiererieeneseesieneeneeseeneenns 209
Annex 93A (normative) Specification methods for electrical channels............oceeveiererieienieieieiee 210
93A.1 Channel Operating Mar@IN ...........ccceecueriieierieeiertieierteeeesteseesesseesseseessesseeseessesssessesseensesssesnees 210
O3A. T4 FILETS .ot 211
93A.2 Test channel calibration USIng COM .........ccccveriirieriiniieiieiere sttt se e eese e eneesesseesseenees 211
Annex 109A (normative) Chip-to-chip 25 Gigabit Attachment Unit Interface (25GAUI C2C)................. 212
LOOA.T OVEIVIEW ..ottt ettt sttt b e ene e e ne 212
109A.2 25GAUI C2C compliance point definition ...........cccveeveeieriiecienieiene et 213
109A.3 25GAUI C2C electrical CharaCteriStiCS. ... ..eevuiuiriruiiriiieieeeieieieeieeerese et 213
109A.3.1 25GAUI C2C transmitter CharacteriStics ..........oeeuruerirueririeirieinierinieeeeeneeereeereeeneneene 213
109A.3.2 25GAUI C2C receiver CharacteriStiCs ........coeerieuerieuirieirieirieeeieesieeereeereeereseeneseeneeene 213
109A.3.3 Optional EEE OPETation ..........ccccceriieiieriieientieienieetesieeeesreeaeseessesseessesseensesseensesseensessnes 213
109A.4 25GAUI C2C channel charaCteriStiCS ... ....eouvuerirueirreirieirieiniiieieeees et 213

109A.5 Protocol implementation conformance statement (PICS) proforma for Annex 109A,
Chip-to-chip 25 Gigabit Attachment Unit Interface

(25GAUT C2C) .ttt sttt ettt ettt st ettt et et et et et esesaesesaenestesessanesseneas 214
TOOA.S.T INEOAUCTION .....eutetetiteieteicete ettt sttt ettt st sb e bt s na e 214
TO9A.S.2 TANTFICATION ...ttt st sttt ettt eb e s 214

109A.5.2.1 Implementation identifiCation..........c.ecieeieriieieriirieiesieeeeeee et see e ae e eeneneeens 214

109A.5.2.2 ProtOCO] SUIMIMALY .....cvieiieiieiieiieiiesteeitesieseestesteesresseessesseessesseessesseessessesssessesssensenns 214
109A.5.3 Major capabilitieS/OPtiONS. ......ccuieuieierrieierieeiesteeteteetesseestessessesesseessessaesesseensesseensesses 215

24

Copyright © 2016 IEEE. All rights reserved.



109A.5.4 PICS proforma tables for chip-to-chip 25 Gigabit Attachment Unit Interface

(25GAUT C2C) ittt sttt sttt sttt ettt eaenea 215
L R B ¥ 1157 11U (< (SRS 215
LOOA.5.4.2 RECEIVET ..ottt ettt ettt ettt ee sttt e st e et e s et et e sbeemaeaneeneeseeentenseeneeneeenes 216
T09A.5.4.3 ChaNNEL .....cvoiiviieiirieterieieet ettt ettt sttt sttt bt 216
Annex 109B (normative) Chip-to-module 25 Gigabit Attachment Unit Interface (25GAUI C2M)........... 217
LOOBLT OVEIVIEW ....veeuiieiieieeiiesie e st et e it e teste e st et et e s et en e esse e tesseeseeaseemsesseensenseensaseanseseensesneensesneensennean 217
TOO9B.1.1 Bit ©ITOT TALI0 ... ceutietieiieeieie ettt eteete et et et e ettt eeeseeense s st ensesseenseeseeneeeseeneesneensesreesneesesneas 218
109B.2 25GAUI C2M compliance point definitions..........couecvereeeireririntenieneieieteceeeeneseesresieneene 218
109B.3 25GAUI C2M electrical CharaCterisStiCs ..........ueruiruerieierieeieseeiesteeteseeeeeieeee st eee e eee e eneas 218
109B.3.1 25GAUI C2M host output characteristiCs ... .....eovevereererererienrenienieneeeeeeeeesresreseeseennes 218
109B.3.2 25GAUI C2M module output characteristics ...........ceceeerrerererrenienreneeeeiereneseseneneenes 218
109B.3.2.1 25GAUI C2M module output €y€ OPENING ......cc.erveerererrerieieieeeieeeeeeeeeieseneeseennes 219
109B.3.2.1.1 Eye opening using measurement method A............occooiviiiiniiiinieneeee 219
109B.3.2.1.2 Eye opening using measurement method B ..o 219
109B.3.3 25GAUI C2M host input CharaCteTiStiCS .. ..c..evvevereirerererierienteieneeeeeeeee e 219
109B.3.4 25GAUI C2M module input characteriStiCs ..........cocevererrerererienieneeeeeeieeneseneseeseennes 219
109B.3.4.1 Module stressed input test using measurement method A .........ccccecvcevinencncnene. 220
109B.3.4.2 Module stressed input test using measurement method B .......c.ccccocecevininninnne. 220
109B.4 25GAUI C2M measurement methodology .........cocevevueieiiiiiriinininenecetceeeeese e 220
109B.4.1 Eye width, eye height, and eye closure measurement method B ............ccccoceceeincninnnne. 220
109B.5 Protocol implementation conformance statement (PICS) proforma for Annex 109B,
Chip-to-module 25 Gigabit Attachment Unit Interface (25GAUIL C2M) ....cceevvvvveveeveiennnne. 222
T09B.5.1 INtOQUCLION ...ttt s s 222
109B.5.2 TANTIICATION ..euveutiiiiieiieeeieeiieicete ettt st ettt ettt ebe e e 222
109B.5.2.1 Implementation identifiCation ............cceceeiereeieriieierie e 222
109B.5.2.2 ProtoCO] SUIMIMALY .......couieieiiieiieiieiestieiesieeie st e e steesae st esaesseesesneesesseensesseensesseenes 222
109B.5.3 Major capabilitieS/OPLIONS ....c..eveureuiriiriirtieieriertetetetet ettt sttt ettt ettt sbe e e e eaes 223
109B.5.4 PICS proforma tables for chip-to-module 25 Gigabit Attachment Unit Interface
(25GAUL C2ZM)...iiiiiiciinceee ettt st 223
T09B.5.3.1 HOSt OULPUL ..ottt sttt sttt et sttt st s e sabeesbeesabeenaeenee 223
109B.5.4.2 MOAUIE OULPUL ...eueeeniiienieeiiett ettt ettt sttt ssa et et e ssesneesseesaesaeensesseensens 224
109B.5.4.3 HOSE INPUL ..e.vienteeiieiieiieie ettt ete st tesiessaesbeestesteenaesseessesseessesseensesssensesseansensenns 224
109B.5.4.4 MOAUIE INPUL ....vevieiiiieie ettt ettt teeaesteesaesseesaesseensesseensesseensensnens 225
Annex 109C (informative) 25GBASE-R PMA sublayer partitioning examples............ccccoeververierrereennnnns 226
Annex 110A (informative) TPO and TPS5 test point parameters and channel characteristics for
25GBASE-CR and 25GBASE-CR-S.......ciiiiieirieiiee ettt 230
LTOA LT OVEIVIBW ..cntintieiieetieiie et ettt et st et e st et e bt et e e et en e esaeemeesseeseenseesaenseeseenseeneenseeseensesneesmeensesneensesnean 230
110A.2 Transmitter characteristics at TPO .........cccoeiiriiiiiiee e 230
110A.3 Receiver characteristics at TPS5 .......oc.ooiiiiiiiieee e e 230
110A.4 Transmitter and receiver differential printed circuit board trace 10Ss.........cccoeveevvroeervecienennnen. 230
110A.5 Channel iNSETtiON LOSS ........eovieiireieieiieerte sttt ettt ettt ettt et e st et et este et esseeneesneenean 230
L110A.6 Channel TETUIN 1OSS ....eoouieuieiieiieie ettt ettt sae ettt st e e e st en e e st eneesneensesneenesnean 232
110A.7 Channel Operating Margin (COM).........ccceeieririeieeeietieiesieeeeseeeee et e e s enee e eas 232
Annex 110B (normative) Test fixtures for 2SGBASE-CR, 25GBASE-CR-S, and 25GAUI C2M ............ 233
LTOBLT TSt fIXEUIES ... eeueeeeieieeiieseeeeeesteeee st ettt et e bt et e e ene e teese et e eneesseeseeseenseaseeseenseensesesneansesneensesnean 233
110B.1.1 SFP28 TP2 0r TP3 teSt fIXtUIE ...ceevvieieieieiieiieiesie ettt ettt ne 233
25

Copyright © 2016 IEEE. All rights reserved.



110B.1.2 SFP28 Cable assembly test fIXTUIE.......cceeieriierieriieiieiee et
110B.1.3 SFP28 Mated teSt fIXTUIES ....eeiiuiieeeeie ettt e e e e et e e e e eeneeean

110B.1.3.1 Mated test fixtures differential inSertion 10SS...........ccoeeeeeiiiieeeeiieeeeeee e

110B.1.3.2 Mated test fixtures differential return 1OSS .........cc.oooeveeeeiieiiiie e

110B.1.3.3 Mated test fixtures common-mode conversion insertion 1oss...........cccccceeveeeeueeenn.

110B.1.3.4 Mated test fixtures common-mode return 10SS..........c..ooevvueiiiiieecieeeeeeecee e

110B.1.3.5 Mated test fixtures common-mode to differential mode return loss........................

110B.1.3.7 Mated test fixtures integrated near-end crosstalk N0iSe ..........ccceeovereeriecieneeceenennne.
110B.2 Protocol implementation conformance statement (PICS) proforma for Annex 110B,

Test fixtures for 25GBASE-CR, 25GBASE-CR-S, and 25GAUI C2M........cccccooeeveiieeeeeeenn,
TT10B.2.1 INtrOAUCIION ...t e e e et e e eeaa e eeane e e e e e eeneeeeereeeeneeens
) N U 1) N8 TeF: 1 T ) s IR

110B.2.2.1 Implementation identifiCation ............ccoceruereeierieiese e

110B.2.2.2 ProtoCO] SUMIMATY .......eouieieiiieieeiieiesiieieetteie et e et etee et e seeeseesaeseesseeneesesneeneeeneenes
110B.2.3 Major capabilitieS/OPTIONS ......eeueireieierieeiesieeiesieeteeteete e eseeseesee e eseenseeneeteeneeeeeneenseeneas
110B.2.4 PICS proforma tables for test fixtures for 25GBASE-CR, 25GBASE-CR-S, and

25GAUL C2M ...ttt e e e e e e et e e etteeeenaeeeennens

Annex 110C (informative) Host and cable assembly form factors for 25GBASE-CR and
25GBASE-CR-S PHY S ..ottt ettt ettt sttt nen

LTOC. T OVEIVIEW ..eeeeniieiietieiiesieete st ete st e testeeate st et esseensesseeneesseensesseansesseenseseensanseansenseensesneansesneensesnean
LT10C.2 HOSt fOIM fACLOTS. ....cuvieeieiieeieiietesie ettt ettt ettt et e s e et essessbesseessenseenseseeneensesnnensesnean
110C.2.1 SFP28 host fOrm factOr ......cccvivuieiiiiieie ettt eneas
110C.2.2 QSFP28 host fOrm fACtOr ......cccuiiieiieieciieiet et
110C.3 Cable assembly fOrm faCtOrS ........coerueviirieieiiriiiiitirtce ettt
110C.3.1 SFP28 to SFP28 cable assembly form factor.........c..ceceverenenenienienieneceincncsese e
110C.3.2 QSFP28 to QSFP28 cable assembly form factor...........cccoceevveveeiienieciirieeeeee e
110C.3.3 QSFP28 to 4xSFP28 cable assembly form factor...........ccceevevveiienieiinieeecec e

26
Copyright © 2016 IEEE. All rights reserved.



IEEE Standard for Ethernet

Amendment 2: Media Access Control Parameters,
Physical Layers, and Management Parameters for
25 Gb/s Operation

IMPORTANT NOTICE: IEEE Standards documents are not intended to ensure safety, health, or
environmental protection, or ensure against interference with or from other devices or networks.
Implementers of IEEE Standards documents are responsible for determining and complying with all
appropriate safety, security, environmental, health, and interference protection practices and all
applicable laws and regulations.

This IEEE document is made available for use subject to important notices and legal disclaimers. These
notices and disclaimers appear in all publications containing this document and may be found under the
heading “Important Notice” or “Important Notices and Disclaimers Concerning IEEE Documents.”
They can also be obtained on request  from IEEE or viewed at
http://standards.ieee.org/IPR/disclaimers. html.

(This amendment is based on IEEE Std 802.3™-2015 as amended by IEEE 802.3bw™-2015.)

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

The editing instructions are shown in bold italic. Four editing instructions are used: change, delete, insert, and replace.
Change is used to make corrections in existing text or 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 removes 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 carried over into future editions because the
changes will be incorporated into the base standard.!

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

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