UNITED STATES DEPARTMENT OF COMMERCE

United States Patent and Trademark Office

March 27, 2025

THISISTO CERTIFY THAT ANNEXED ISA TRUE COPY FROM THE
RECORDSOF THISOFFICE OF THE FILE WRAPPER AND CONTENTS
OF:

APPLICATION NUMBER: 16/698,935
FILING DATE: November 27, 2019
PATENT NUMBER: 10877233
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Certified by

ACTING DIRECTOR OF THE UNITED STATES PATENT AND TRADEMARK OFFICE

Marvell Semiconductor, Inc. - Ex. 1002, Page 000001
IPR2025-01218 (Marvell Semiconductor, Inc. v. Credo Technology Group Ltd.)



PTO/MIAGD (07-12)

Approved for use through 11/30/2014. OMB 0651-0035

. Patent and Trademark Office; U.S DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required o respond te a collection of information uniess it displays a valid OMB control number.

POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO

| hereby revoke all previous powers of atforney given in the application identified in the attached staterment
under 37 CFR 3.73{c).

i heraby appoint:

E Praciifioners associated with Customer Number: 63 4 67

OR

D Practitioner{s) named below (if more than ten patent practitioners are to be named, then a customer number must be used):

Name Registration Name Regisiration
Number Number

As sttorney(s) or ageni(s) to represent the undersigned before the United States Patent and Trademark Office (USPTO) in connection with
any and all patent applications asmgnad only to the undersigned according to the USPTO assignment records or assignments documents
attached to this form in accordance with 37 CFR 3.73(c).

Please change the correspondence address for the application identified in the attached statement under 37 CFR 3.73(c} to:

i [ | The address associated with Customer Number: 63 467
Firm or
individual Name

Address

City [ State Zip
X

Telephone Email

Assignee Name and Address: Gredo Technology Group Limited, Ugland House, Grand Cayman
Ky1-1104, Cayman Islands

A copy of this form, {ogether with a statement under 37 CFR 3.73(c) {Form PTO/AIA/SE or equivalent) is required to be
Filed in each application in which this form is used. The statement under 37 CFR 3.73{c} may be completed by one of
The practitioners appointed in this form, and must identify the application in which this Power of Attorney is {o be filed.

SIGNATURE of Assignee of Record
The individual WE‘O';@ ss(grrutt,re and iitle is supplied below is authorized to act on behalf of the assignea

I Date 2-9-2018
Name Adam Thorngate-Gottlund Telephone 408-664-9329 x127
Title General Counsel

This collection of information
by the USPTO to proc
to complete, including g
comment@ on the amcu“t of

Signature {

equired by 37 CFR 1.31, 1.32 and 1.33. The information is required to obtain or retain a benefit by the public which is to file {and
piication. Confide govermed by 35 U.5.C. 37 CFR 1.11 and 1.14. This collect »stimated to take 3 minutes
] (ompleted eppliwtirm frr.n m e ys PT(‘ Time v'l. Vde r‘eppr.dir G upa n the i-wd >, Ay

F"‘R MS ‘D T! is ADD?E‘:‘Q ‘SEND TO Commtss:oner for Patents, F‘ 0. Box 1450 Aiexandna, Vz;-\ 22313-145(1

if you need assistance in completing the form, call 1-800-PT0-8189 and select option 2.

Marvell Semiconductor, Inc. - Ex. 1002, Page 000002



Doc Code: PA..
PTO/AIA/82A (07-13)

Document Description: Power of Attorney Approved for use through 03/31/2021. OMB 0651-0035
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE
REGISTERED PRACTITIONERS

NOTE: This form is to be submitted with the Power of Attorney by Applicant form (PTO/AIA/82B) to identify the application to which the
Power of Attorney is directed, in accordance with 37 CFR 1.5, unless the application number and filing date are identified in the Power of
Attorney by Applicant form. If neither form PTO/AIA/82A nor form PTO/AIA82B identifies the application to which the Power of Attorney is
directed, the Power of Attorney will not be recognized in the application.

Application Number

Filing Date
First Named Inventor Yitei DAI, et al
Title ACTIVE ETHERNET CABLE WITH PRESET PRE-EQUALIZATION

Art Unit

Examiner Name

Attorney Docket Number 120160.0038.NPUS00

SIGNATURE of Applicant or Patent Practitioner

Signature /Dan Krueger/ Date (Optional) 1 1/27/201 9

Name Dan Krueger Eegiitration 42771
umber

Title (if Applicant is a Attorney for Apphcant
juristic entity)

Applicant Name (if Applicant is a juristic entity) Credo Technology Group lelted

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications. If
more than one applicant, use multiple forms.

|:| *Total of forms are submitted.

This collection of information is required by 37 CFR 1.131, 1.32, and 1.33. The information is required to obtain or retain a benefit by
the public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR
1.11 and 1.14. This collection is estimated to take 3 minutes to complete, including gathering, preparing, and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require
to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.

Marvell Semiconductor, Inc. - Ex. 1002, Page 000003



PTO/AIA/96 (08-12)

Approved for use through 01/31/2013. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c)
Applicant/Patent Owner: Credo Technology Group Limited

Application No./Patent No.: Filed/Issue Date:

Titleq: ACTIVE ETHERNET CABLE WITH PRESET PRE-EQUALIZATION

Credo Technology Group Limited . limited company

{Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.)

states that, for the patent application/patent identified above, it is (choose one of options 1, 2, 3 or 4 below):
1. The assignee of the entire right, title, and interest.

2. |:| An assignee of less than the entire right, title, and interest (check applicable box):

L] The extent (by percentage) of its ownership interest is %. Additional Statement(s) by the owners
holding the balance of the interest must be submitted to account for 100% of the ownership interest.

D There are unspecified percentages of ownership. The other parties, including inventors, who together own the entire
right, title and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

3. |:| The assignee of an undivided interest in the entirety (a complete assignment from one of the joint inventors was made).
The other parties, including inventors, who together own the entire right, title, and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

4. |:| The recipient, via a court proceeding or the like (e.g., bankruptcy, probate), of an undivided interest in the entirety (a
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached.

The interest identified in option 1, 2 or 3 above (not option 4) is evidenced by either (choose one of options A or B below):

A. An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in
the United States Patent and Trademark Office at Reel , Frame , or for which a copy
thereof is attached.

B. D A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:

1. From: To:

The document was recorded in the United States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.
2. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

[Page 1 of 2]
This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark
Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2.

Marvell Semiconductor, Inc. - Ex. 1002, Page 000004



PTO/AIA/96 (08-12)
Approved for use through 01/31/2013. OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

3. From:

STATEMENT UNDER 37 CFR 3.73(c)

4. From:

To:
The document was recorded in the United States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.
To:

5. From:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

To:

6. From:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

|:] Additional documents in the chain of title are listed on a supplemental sheet(s).

|:| As required by 37 CFR 3.73(c)(1)(i), the documentary evidence of the chain of title from the original owner to the
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11.

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08]

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee.

/Dan Krueger/ 11/27/2019

Signature Date

Daniel J. Krueger 42,771

Printed or Typed Name Title or Registration Number

[Page 2 of 2]

Marvell Semiconductor, Inc. - Ex. 1002, Page 000005




Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is 35
U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the
information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related
to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark
Office may not be able to process and/or examine your submission, which may result in termination of proceedings
or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records
may be disclosed to the Department of Justice to determine whether disclosure of these records is
required by the Freedom of Information Act.

2. Arecord from this system of records may be disclosed, as a routine use, in the course of presenting
evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the
course of settlement negotiations.

3. Avrecord in this system of records may be disclosed, as a routine use, to a Member of Congress
submitting a request involving an individual, to whom the record pertains, when the individual has
requested assistance from the Member with respect to the subject matter of the record.

4. Arecord in this system of records may be disclosed, as a routine use, to a contractor of the Agency
having need for the information in order to perform a contract. Recipients of information shall be required
to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. Arecord related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. Arecord in this system of records may be disclosed, as a routine use, to another federal agency for
purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act
(42 U.S.C. 218(c)).

7. Arecord from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency’s
responsibility to recommend improvements in records management practices and programs, under
authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA
regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or
Commerce) directive. Such disclosure shall not be used to make determinations about individuals.

8. Arecord from this system of records may be disclosed, as a routine use, to the public after either
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C.
151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the
public if the record was filed in an application which became abandoned or in which the proceedings were
terminated and which application is referenced by either a published application, an application open to
public inspection or an issued patent.

9. Arecord from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.

Marvell Semiconductor, Inc. - Ex. 1002, Page 000006



Doc code: IDS PTO/SB/08a (02-18)

C . . . Approved for use through 11/30/2020. OMB 0651-0031
Doc description: Information Disclosure Statement (IDS) Filed U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Application Number

Filing Date P019-11-22

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

First Named Inventor | Yifei DAI
Art Unit |

Examiner Name |

Attorney Docket Number | 20160.0038 NPUSO00

U.S.PATENTS Remove
. . . . Pages,Columns,Lines where
E)_(gm:ner Cite Patent Number Kind Issue Date Na”."e of Patentee or Applicant Relevant Passages or Relevant
Initial No Code? of cited Document )
Figures Appear
1 0322704 B1 P016-04-26 Neveux
2 7401985 B2 P008-07-22 fironson, et al
If you wish to add additional U.S. Patent citation information please click the Add button. Add
U.S.PATENT APPLICATION PUBLICATIONS Remove
Examiner| .. Publication Kind | Publication Name of Patentee or Applicant Pages,Columns,Lines where
- Cite No . Relevant Passages or Relevant
Initial Number Code'| Date of cited Document )
Figures Appear
1

If you wish to add additional U.S. Published Application citation information please click the Add button| Add

FOREIGN PATENT DOCUMENTS Remove
Name of Patentee or Pages, Columns Lines
Examiner| Cite | Foreign Document Country Kind | Publication Applicant of cited where Relevant Ts
Initial* No | Number3 Code2i Cade#4| Date PP Passages or Relevant
Document .
Figures Appear
1 |po1s161273 o A1 |2018.09-13 |[redo Technology Group

If you wish to add additional Foreign Patent Document citation information please click the Add button | Add

NON-PATENT LITERATURE DOCUMENTS Remove

EFS Web 2.1.18

Marvell Semiconductor, Inc. - Ex. 1002, Page 000007



Application Number

Filing Date 2019-11-22
INFORMATION DISCLOSURE First Named Inventor | Yifei DAI
STATEMENT BY APPLICANT At Unit |

( Not for submission under 37 CFR 1.99)

Examiner Name |

Attorney Docket Number |20160_0038_NPU800

. .. | Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
Examiner| Cite o . . '
No (book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue humber(s), TS

o
Initials publisher, city and/or country where published.
1 Rumer, B_ (2001, February 1). Fighting Jitter in Fibre-Channel Designs. EE Times. Retrieved January 23, 2019, from
https://www eetimes.com/document.asp?doc_id=1277249%.
2 Management Data Input/Qutput. (2018, November 25). Wikiepedia. Retrieved January 23, 2019, from hitps://en.
vikipedia_ org/wiki/Management_Data_Input/Qutput.
3 (ASFP-DD MSA - QSFP-DD Hardware Specification for QSFP Double Density 8X Pluggable Transceiver Rev 4.0
[Candidate. August 15, 2018.
4 PO Gigabit Ethernet, 40G QSFP+, 40GBASE-LR4, 40G-BASE-SR4, CFP module, CXP Transceiver, MPO MTP Fiber
bn May 25, 2015 [hitp://www cables-solutions com/guide-to-40-gigabit-ethemet-options_html]
5 JEEE P802 3cd/D1.2, 3rd February 2017 (Amendment of IEEE Std 802.3-2015 as amended) IEEE Draft Standard for
Fthernet Amendment: Media Access Control Parameters for 50 Gb/s, 100 Gb/s and 200 Gb/s Operation.

If you wish to add additional non-patent literature document citation information please click the Add button| Add

EXAMINER SIGNATURE

Examiner Signature Date Considered |

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a
citation if net in conformance and not considered. Include copy of this form with next communication to applicant.

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO

Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. ® Applicant is to place a check mark here if|
English language translation is attached.

EFS Web 2.1.18
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Application Number

Filing Date 2019-11-22
INFORMATION DISCLOSURE First Named Inventor | Yifei DAI
STATEMENT BY APPLICANT At Unit |

( Not for submission under 37 CFR 1.99)

Examiner Name |

Attorney Docket Number |20160_0038_NPU800

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection{s):

That each item of information contained in the information disclosure statement was first cited in any communication
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e){(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[ ] any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)(2).

See attached certification statement.
The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

X A certification statement is not submitted herewith.

SIGNATURE

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature /Dan Krueger/ Date (YYYY-MM-DD) 2019-11-27
Name/Print Dan Krueger Registration Number )42771

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.

EFS Web 2.1.18
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/aor examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.5.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may he disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
hisfher designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may he disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.

EFS Web 2.1.18
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w0 20187161273 A1 I A0 0O 0O A

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property =

Organization
International Bureau —/
(43) International Publication Date /
13 September 2018 (13.09.2018)

00 OO O 0

(10) International Publication Number

WO 2018/161273 Al

WIPOQIPCT

(51) International Patent Classification:
HO4L 12/24 (2006.01)

(21) International Application Number:
PCT/CN2017/075961

(22) International Filing Date:
08 March 2017 (08.03.2017)

HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KI, KN, KP, KR,
KW,KZ,LA,LC,LK,LR,LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
(25) Filing Language: English kind of regional protection available).: ARIPO (BW, GH,
oL . GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
(26) Publication Language: English UG, ZM, ZW), Furasian (AM, AZ, BY, KG, KZ, RU, T,
(71) Applicant: CREDO TECHNOLOGY GROUP LTD.; TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
P.O. Box 309, Ugland House, Grand Cayman 1104 (KY). EE, ES, FIL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
. . MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
(72) Inventors: pA.I, Yifei; Roo.m 508, No. 510 Chifeng Roa(%, TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
Hongkou District, Shanghai 200092 .(CN): QIAN, Haolij; KM, ML, MR, NE, SN, TD, TG).
48617 Tonopah Ct., Fremont, California 94539 (US).
TWOMBLY, Jeff; 13621 Burke Road, Los Altos Hills, Published:

California 94022 (US).

(74) Agent: SHANGHAI PATENT & TRADEMARK LAW
OFFICE, LLC; 435 Guiping Road, Shanghai 200233
(CN).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA,CH, CL,CN, CO,CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FL, GB, GD, GE, GH, GM, GT, HN,

with international search report (Art. 21(3))

(54) Title: ETHERNET LINK EXTENSION METHOD AND DEVICE

(57) Abstract: Ethernet link extension methods and devices provide, in one illustra-
tive embodiment, an Ethernet link extender with physical medium attachment (PMA)

208 301 i:/(}»@ circuits each having a
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transmitter and receiver that communicate with a respective

node in a sequence of communication phases. The sequence includes at least an au-
to-negotiation phase and a subsequent training phase, the phases occurring simulta-
neously for both PMA circuits. In the auto-negotiation phase, the PMA circuits op-
erate in a pass-through mode, rendering the extender transparent to the two nodes. In
the training phase, the PMA circuits operate independently, sending training frames
to their respective nodes based in part on received back-channel information and lo-
cally-determined training status information. The training phases may be prolonged
if needed to provide a simultaneous transition to a frame-forwarding phase of the
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ETHERNET LINK EXTENSION METHOD AND DEVICE

BACKGROUND

[0001] The Institute of Electrical and Electronics Engineers (IEEE) Standards Associations
publishes an IEEE Standard for Ethernet, IEEE Std 802.3-2015, which will be familiar to those of
ordinary skill in the art to which this application pertains. This standard provides a common
media access control specification for local area network (LAN) operations at selected speeds
from 1 Mb/s to 100 Gb/s over coaxial cable, twisted wire pair cable, fiber optic cable, and
electrical backplanes. To support shared access on multisegment networks, the standard
provides for the use of repeaters at operational speeds up to 1000 Mb/s. Operation at higher
speeds appears contemplated solely for point-to-point communication links of an
inconveniently limited length. The length limits are imposed by the existence of channel non-
idealities such as dispersion and additive noise.

[0002] This choice to support only point-to-point links enables the protocol to include auto-
negotiation and training phases for optimizing high-speed communications. The auto-
negotiation phase enables the end nodes to exchange information about their capabilities, and
the training phase enables the end nodes to adapt both transmit-side and receive-side
equalization filters in a fashion that combats the channel non-idealities. Both phases are
governed by strict timing requirements, and they each fail to account for any intermediate
devices or filters.

[0003] At least in principle, link extenders, also known as signal reconditioners, retimers, or
repeaters, are well known. Ideally such devices operate solely as conduits between the link's
end nodes, supporting standard-compliant network operations without appearing as additional
nodes in the network. We are not aware of any existing link extension methods or devices that

can satisfactorily achieve this ideal for Ethernet links operating at 10 Gb/s or above.

SUMMARY
[0004] Accordingly, there are disclosed herein a Ethernet link extension methods and devices.
In one illustrative embodiment, an Ethernet link extender includes physical medium attachment

(PMA) circuits each having a transmitter and receiver that communicate with a respective node
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in a sequence of communication phases, the sequence including at least an auto-negotiation
phase and a subsequent training phase, the phases occurring simultaneously for both PMA
circuits. In the auto-negotiation phase, the PMA circuits operate in a pass-through mode,
rendering the extender transparent to the two nodes. In the training phase, the PMA circuits
operate independently, sending training frames to their respective nodes based in part on
received back-channel information and locally-determined training status information.

[0005] An illustrative Ethernet link extension method includes a first communications phase for
auto-negotiation and a subsequent communications phase for training for use by a first PMA
circuit that communicates with a first node and a second PMA circuit that communicates with a
second node. In the first phase, the transmitter of the second PMA circuit is coupled to the
receiver of the first PMA circuit to retransmit communications received from the first node, and
the transmitter of the first PMA circuit is coupled to the receiver of the second PMA circuit to
retransmit communications received from the second node. In the second phase, training
controllers in each PMA circuit generate training frames for the respective transmitter to send
to the respective node, the frames being based in part on received back-channel information
and locally-generated training status information from their respective receivers.

[0006] Each of the foregoing embodiments may be implemented individually or in combination,
and may be implemented with any one or more of the following features in any suitable
combination: (1) the transmitter of the second PMA circuit is coupled to the receiver of the first
PMA circuit during the auto-negotiation phase via an on-chip analog signal line. (2) the
transmitter of the second PMA circuit is coupled to the receiver of the first PMA circuit during
the auto-negotiation phase via a digital signal bus between an analog-to-digital converter and a
digital-to-analog converter. (3) the transmitter of the first PMA circuit and the transmitter of
the second PMA circuit each include a transmit filter adapted in accordance with back-channel
information received from the first and second nodes, respectively, during the training phase.
(4) the receiver of the first PMA circuit and the receiver of the second PMA circuit each include
a filter adaptation circuit that generates filter coefficient updates and detects filter convergence.
(5) at least one of the transmitter of the first PMA circuit and the transmitter of the second

PMA circuit includes a training controller providing back-channel information to at least one of
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the first and second nodes. (6) the training controller confirms filter convergence only when
filter converge is detected by both the receiver of the first PMA circuit and the receiver of the
second PMA circuit. (7) the receiver of the first PMA circuit and the receiver of the second PMA
circuit each include detector. (8) the extender initiates a training phase when either of the
detectors detects an end of the auto-negotiation phase. (9) the detectors monitor spectra of
received signals for high-frequency content indicative of training frames. (10) the detectors
decode information from auto-negotiation frames to detect said end. (11) each of the first PMA
circuit and the second PMA circuit include multiple transmitter-receiver pairs to support
multiple communication lanes between the first and second nodes. (12) coupling of the
transmitter of the second PMA circuit to the receiver of the first PMA circuit during the auto-
negotiation phase includes: (a) digitizing communications received from the first node to obtain
received signal samples; (b) conveying the received signal samples on a bus to the transmitter
of the second PMA circuit; and (c) converting the received signal samples into an analog
electrical transmit signal. (13) adapting a transmit filter in each of the transmitter of the first
PMA circuit and the transmitter of the second PMA circuit in accordance with back-channel
information received from the first and second nodes, respectively, during the training phase.
(14) generating filter coefficient updates and detecting filter convergence with a filter
adaptation circuit in each of the receiver of the first PMA circuit and the receiver of the second
PMA circuit. (15) providing back-channel information to the first and second nodes with a
training controller in each of the transmitter of the first PMA circuit and the transmitter of the
second PMA circuit. (16) confirming filter convergence with each of the training controllers only
when filter converge is detected by both the receiver of the first PMA circuit and the receiver of
the second PMA circuit. (17) initiating the training phase when either, but before both, the
receiver of the first PMA circuit and the receiver of the second PMA circuit detects an end of
the auto-negotiation phase. (18) monitoring spectra of received signals for high-frequency
content to detect said end of the auto-negotiation phase. (19) decoding information from auto-

negotiation frames to detect said end.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0007] Inthe drawing:

[0008] Fig. 1 shows an illustrative communications network.

[0009] Fig. 2 is a block diagram of an illustrative extended Ethernet link.
[0010] Fig. 3 is a block diagram of an illustrative Ethernet link extender.
[0011] Fig. 4 is a block diagram of an illustrative PMA circuit receiver.

[0012] Fig. 5 is a block diagram of an illustrative PMA circuit transmitter.
[0013] Fig. 6 is a flowchart of an illustrative Ethernet link extension method.

[0014] It should be understood, however, that the specific embodiments given in the drawings
and detailed description do not limit the disclosure. On the contrary, they provide the
foundation for one of ordinary skill to discern the alternative forms, equivalents, and

modifications that are encompassed in the scope of the appended claims.

DETAILED DESCRIPTION

[0015] The disclosed apparatus and methods are best understood in the context of the larger
environments in which they operate. Accordingly, Fig. 1 shows an illustrative communications
network 100 including mobile devices 102 and computer systems 104A-C coupled via a routing
network 106. The routing network 106 may be or include, for example, the Internet, a wide
area network, or a local area network. In Fig. 1, the routing network 106 includes a network of
equipment items 108, such as switches, routers, and the like. The equipment items 108 are
connected to one another, and to the computer systems 104A-C, via point-to-point
communication links 110 that transport data between the various network components. At
least some of the links 110 in network 106 are high-speed Ethernet links operating in
compliance with the IEEE Std 802.3-2015 at 10 Gb/s or more .

[0016] Fig. 2 is a block diagram of an illustrative high-speed Ethernet link that may be
representative of one or more links 110 in Fig. 1. The illustrated embodiment includes a first
node 202 (“Node A”) in communication with a second node 204 (“Node B”) via an Ethernet link
extender 206. Nodes A & B can each be, for example, any one of equipment items 108,

computer systems 104A-C, or other sending/receiving devices having high-speed Ethernet ports
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and separated by a distance greater than the point-to-point link length limitations imposed by
the standard. The nodes can also be integrated circuit (IC) chips in a switch or other
telecommunications system. The illustrated link includes four bidirectional communication
lanes 208 extending from Node A to the extender 206 and four communication lanes 210
extending from Node B to the extender 206. Each bidirectional lane represents two
unidirectional lanes operating in opposite directions. In accordance with the standard, these
unidirectional or bidirectional lanes may be transported by different twisted wire pairs,
electrical back-plane traces, copper transmission lines, or optical fibers, or they may be
multiplexed onto shared electrical/optical conductors.

[0017] The Ethernet standard specifies the node operations in terms of the hierarchical layers
of the Open Systems Interconnection (OSI) model, focusing in particular on the lowermost
“physical” layer, which provides the electrical and physical specifications of the connections
between the nodes and the communications medium (e.g., pin layouts, line impedances, signal
voltages & timing), arrangements of the communications medium (e.g., the network topology),
and the electrical and physical specifications for the communications medium itself (e.g.,
conductor arrangements in copper or fiber optic cable, limitations on attenuation, propagation
delay, signal skew). The physical layer is responsible for transmission and reception of raw bit
streams over the communications medium, employing simplex, half duplex, or full duplex
modes.

[0018] Depending on the applicable clauses, the Ethernet standard divides the physical layer
into at least three sublayers: the physical medium dependent (PMD) sublayer, the physical
medium attachment (PMA) sublayer, and the physical coding sublayer (PCS). The PMD sublayer
specifies the transceiver conversions between transmitted/received channel signals and the
corresponding bit (or digital symbol) streams. The PMA sublayer operation varies between
clauses, but generally specifies (potential) lane remapping, symbol encoding/decoding, framing,
and octet/symbol synchronization. In practice, the delineation between PMD and PMA
sublayers may be uncertain and the two sublayers more properly regarded as a combined
sublayer. The PCS sublayer provides scrambling/descrambling, data encoding/decoding, block

and symbol redistribution, alignhment marker insertion/removal, and block-level lane
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synchronization and deskew. An optional forward error correction (FEC) sublayer may reside
between the PMA and PCS sublayers to provide, e.g., Reed-Solomon coding/decoding that
distributes data blocks with controlled redundancy across the lanes. If present, the FEC sublayer
provides at least some of the functionality otherwise allocated to the PCS sublayer, e.g.,
encoding/decoding, alignment marker insertion/removal, and block-level lane synchronization
and deskew.

[0019] The circuitry associated with each sublayer (and each of the higher layers in the OSI
model) adds to the areal and power requirements of the protocol stack for each device’s
Ethernet connection, and exacerbates the communications link latency. While this situation is
largely unavoidable for the nodes, it is singularly undesirable to impose these penalties on
every link extender in the system. The following Ethernet link extender devices and methods
seek to exclude any circuitry for implementing the PCS sublayer and any higher layers of the OSI
model. At least some of the disclosed extender devices and methods limit their circuitry to only
that necessary to implement the PMD and PMA sublayers of the Ethernet standard. As
described below, this ideal is achievable by enabling the extender to switch between
transparent and opaque modes at different phases of the link establishment process. As a
result, the Ethernet link’s end nodes (Nodes A & B) conduct standard-compliant operations in
ignorance of any intermediate extender devices which may be present, thereby overcoming the
link length limitations otherwise imposed by the standard.

[0020] Fig. 3 is a high-level block diagram of an illustrative extender 206 having two PMA
circuits 300, one for communicating with Node A via communication lanes 208, and one for
communicating with Node B via communication lanes 210. The PMA circuits 300 each have a
transceiver for each communication lane, yielding four transmitter-receiver pairs within each
PMA circuit. For example, receiver 301 and transmitter 302 communicate with Node A via Lane
1, while receiver 311 and transmitter 312 communicate with Node B via Lane 1’. Lanes 2-4 and
2’-4’ are similarly supported. An integrated controller 350 provides chip-level support functions
(e.g., voltage regulation, clock generation, MDIO/I2C bus interface for programming and
testing) and a firmware-programmed microcontroller having registers for coordinating and

controlling the operations of the PMA circuits 300.
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[0021] In the normal operating phase, i.e., after the link has been established and data is being
conveyed between the nodes, extender 300 operates as follows. Receiver 301 receives via Lane
1 a channel signal from Node A, converts the channel signal into digital receive signal, or more
precisely, a frame- and symbol-synchronized bit stream representing the data conveyed via
Lane 1. Receiver 301 provides this digital receive signal to transmitter 312, which converts it
into a channel signal transmitted to Node B via Lane 1’. The signal-to-noise ratio of the
transmitted channel signal on Lane 1’ is thereby enhanced relative to the signal-to-noise ratio
of the received channel signal on Lane 1. Receiver 311 and transmitter 302 perform the same
operations for communications from Node B to Node A. The remaining transmitters and
receivers operate similarly for the remaining communications lanes. Note that it may
advantageously simplify implementation if the communication lanes are enabled to operate
independently in the described fashion.

[0022] To get to the normal operating phase, however, the standard requires that the link pass
through an auto-negotiation phase and a subsequent training phase. The auto-negotiation
phase enables the end nodes to exchange information about their capabilities, and the training
phase enables the end nodes to adapt both transmit-side and receive-side equalization filters in
a fashion that combats the channel non-idealities. Both phases are governed by strict timing
requirements, and the standard fails to account for the possibility of any intermediate devices
or filters.

[0023] The standard specifies that the end nodes initiate the setup of each communications
lane by transmitting and receiving frames of auto-negotiation information regarding the
respective capabilities of both nodes, acknowledgements of received information, and the
results of an arbitration process to select an optimal set of communications parameters given
the nodes’ respective capabilities. To comply with the standard, the extender, being initially
ignorant of the respective capabilities of the end nodes, must force multiple rounds of auto-
negotiation to assure an optimal set of communications parameters is chosen by the nodes.
(The extender would implement PMA and PCS sublayers that enter a first round of auto-
negotiation with each end node to determine their respective capabilities, then enter a second

round in which the extender masquerades itself to each end node as the other end node. Note
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that additional rounds would also be required if more than one extender is present. In the
meantime, the timing limitations on the training phase may cause a link failure.)

[0024] Preferably, then, the extender does not participate in the auto-negotiation process,
instead operating in a pass through (“transparent”) mode to retransmit the auto-negotiation
frames received from each node to the other. In at least some “packet-sniffing” embodiments,
the controller 350 monitors the contents of the auto-negotiation frames received on each lane,
determining from the embedded control codes for each lane when the selection process is
complete and the auto-negotiation phase is concluded. (Rather than treating the
communications lanes independently, some alternative embodiments conduct the auto-
negotiation process on only the first lane and apply the negotiated communications parameters
to all communications lanes. A subsequent failure on any one lane triggers a restart of the auto-
negotiation process for all lanes.)

[0025] Notably, however, the auto-negotiation frames are formed from low-rate channel
symbols having a large separation (in signal space) even after accounting for channel
attenuation and the use of untrained equalization filters. These frames accordingly are not
subject to the same link length limitation and can be accurately decoded a significantly greater
distances. Accordingly, other “non-decoding” embodiments of extender 206 merely pass along
the channel signal waveforms conveying the auto-negotiation frames without timing recovery,
demodulation, and/or decoding. Amplification and filtering may be provided, or in some cases,
analog-to-digital conversion followed by digital-to-analog conversion at a resolution suitable to
pass along the waveform with adequate fidelity. Such embodiments may monitor the spectral
content and/or other characteristics of the received channel signals to detect when the auto-
negotiation phase is concluded. (For example, the training frames will have high-frequency
spectral content that is absent from the auto-negotiation frames.)

[0026] The packet-sniffing embodiments can determine the negotiated operating parameters
from the embedded control codes, while the non-decoding extender embodiments can
determine the negotiated operating parameters from the spectral characteristics of the training
frames. If the negotiated operating parameters are within the extender’s capabilities, the

extender configures the receivers and transmitters accordingly and commences the training
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phase. For 10GBASE-KR, the training phase details can be found in IEEE Std 802.3 clause 72. For
100GBASE-KP4, the details are in IEEE 802.3 clause 94. If the auto-negotiation phase is
successful, the end nodes remain unaware of any intervening link extenders during the auto-
negotiation phase. However, if the end nodes negotiate a speed that cannot be supported, at
least some link extender embodiments treat this situation as an error condition and temporarily
disable the transmitters, thereby aborting the link setup process.

[0027] The auto-negotiation phase is followed by a subsequent training phase, in which each
end node transmits and receives frames of training information. The frames include broadband
training sequences that the other node can employ to adapt its receive filters, training status
information, and back-channel information used by the receiving node to adjust its transmit
filters. The standard link length limitations apply to the training sequences, and in any event,
the extender’s transmit and receive filters should also be trained. Accordingly, the extender
participates in the training phase, masquerading itself as an end node on each communication
lane. Thus, for example, receiver 301 and transmitter 302 participate in the training phase with
Node A, while at the same time receiver 311 and transmitter 312 participate in the training
phase with Node B. Other than the simultaneous nature of the training phases, the Node A and
Node B training occur independently of each other. If the training occurs more quickly on the
Node A link than on the Node B link (or vice versa), the extender may prolong the training
process on the sufficiently trained link until the training for both links is completed, so that the
Node A and Node B training phases conclude at substantially the same time.

[0028] As previously noted, some extender embodiments coordinate the operations of all lanes,
so that the training phase for all lanes begins and ends at the same time. Other embodiments
enable the lanes to operate independently, and for each lane provide coordination of the Node
A and Node B links. As the training phase for each lane (or for all lanes) concludes, the extender
places the lanes in a normal-operations mode, which may alternatively be referred to as the
frame-forwarding phase. In the frame-forwarding phase, the extender recovers the symbols or
bits from each frame received on a given lane from an end node and retransmits them as a
regenerated frame on the corresponding lane to the other end node. The extender can thus

convey data between the end nodes with very small latency and low power overhead.
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[0029] Fig. 4 shows an illustrative receiver 301 suitable for use in the PMA circuits 300. The
channel input (CH_IN) node receives an analog electrical signal from a transducer (e.g., a
photodiode) or directly from the channel lane conductor and supplies it to a low noise amplifier
(LNA) 402. The LNA 402 provides a high input impedance to minimize channel loading and
amplifies the received electrical signal to drive the input of a continuous time linear equalizer
(CTLE) filter 404. During normal operations, CTLE 404 provides continuous time filtering to
shape the signal spectrum in an adaptive fashion to reduce the length of the channel impulse
response while minimizing leading inter-symbol interference (ISI). A decision feedback equalizer
(DFE) 406 operates on the filtered signal to correct for trailing ISI and detect each transmitted
channel bit or symbol, thereby producing a demodulated digital data stream. Some
embodiments employ oversampling. A clock and data recovery (CDR) circuit 408 extracts a clock
signal from the filtered signal and/or the digital data stream and supplies it to DFE 406 to
control timing of the symbol detection. A serial-to-parallel circuit 410 groups the digital data
stream bits or symbols into blocks to enable the use of lower clock rates for subsequent on-chip
operations. During normal operations, multiplexer 412 places the blocks on the digital receive
bus (RXD) for retransmission to the remote end node by a transmitter (e.g., transmitter 312).
[0030] During the auto-negotiation phase, the illustrated LNA 402 supplies the amplified
receive signal to an analog-to-digital converter (ADC) 420. ADC 420 digitizes the receive signal,
optionally with a sampling rate and resolution to provide adequate reconstruction without
requiring timing recovery. The multiplexer 412 places the digital samples of the receive signal
on the RXD bus for retransmission on another link. A detector 422 monitors the receive signal
for the end of the auto-negotiation phase and/or the beginning of the training phase frames.
Alternatively, the auto-negotiation phase signals may be passed through the normal operations
signal path (402-404-406-410) with untrained (default) filters and a packet information
extractor 442 employed to monitor the contents of the auto-negotiation frames for detecting
the end of the auto-negotiation phase.

[0031] During the training phase, LNA 402 supplies the received signal to CTLE filter 404, DFE
406, and S2P circuit 410. A filter adaptation circuit 440 measures an error between the input

and output of a decision element in DFE 406, employing that error in accordance with well-
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known techniques from the literature on adaptive filtering to determine adjustments for the
coefficients in CTLE filter 404, DFE 406, and a transmit filter 506 (discussed further below), and
to determine whether convergence has been achieved. The locally-generated information
(LOCAL_INFO) including the transmit filter coefficient adjustments and the convergence status
are provided to the local transmitter (e.g., transmitter 302). As discussed below, the local
transmitter communicates the transmit filter adjustments and the convergence status via a
back-channel to the local end node. In that vein, the received signal includes back-channel
information from the local end node. A packet information extractor 442 detects the back-
channel information (BACK_INFO) and passes it to the local transmitter (e.g., transmitter 302).
Once convergence is achieved, receiver 301 is ready to begin normal operations.

[0032] Fig. 5 shows an illustrative transmitter 302 suitable for use in the PMA circuits 300.
During normal operations, demultiplexer 502 and multiplexer 503 supply blocks of channel bits
or symbols from the remote end node conveyed by the RXD bus to the parallel to serial (P2S)
circuit 504. P2S circuit converts the blocks into a digital data stream. A transmit filter 506, also
called a pre-emphasis filter, converts the digital data stream into an analog electrical signal with
spectral shaping to combat channel degradation. Driver 508 amplifies the analog electrical
signal to drive the channel output (CH_OUT) node.

[0033] During the auto-negotiation phase, illustrated demultiplexer 502 directs digital samples
of the received auto-negotiation signals received from the remote end node and conveyed via
the RXD bus to a digital-to-analog converter (DAC) 520. DAC 520 converts the digital samples
into an analog electrical signal that reproduces the received auto-negotiation signals. Driver
508 amplifies the analog electrical signal to drive the channel output (CH_OUT) node. If the ADC
path is omitted from receiver (Fig. 4), the DAC path may also be omitted from the transmitter.
The normal operations path may be employed with an untrained (default) transmit filter. As
another alternative, a switchable on-chip analog signal line may couple LNA 402 for a local end
node to the driver 508 for a remote end node.

[0034] During the training phase, multiplexer 503 obstructs information from the RXD bus,
instead supplying P2S circuit 504 with training frames from a training controller 540. The

training controller 540 generates the training frames based on the convergence status and
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transmit filter coefficient adjustments (LOCAL_INFO) received from the local receiver (e.g.,
receiver 301). Note that even after the local receiver indicates filter convergence has occurred,
the training controller 540 may prolong the training phase to coordinate training phase timing
with the receiver for the remote end node (e.g., receiver 311). The training frames further
include training sequences as specified by the relevant portions of the IEEE Std 802.3.

[0035] The training controller 540 further accepts the back-channel information (BACK_INFO)
extracted by the local receiver from received training frames sent by the local end node. The
training controller applies the corresponding adjustments to the coefficients of transmit filter
506. Upon conclusion of the training phase, multiplexer 503 begins forwarding RXD blocks to
the P2S circuit 504.

[0036] Fig. 6 is a flowchart of an illustrative Ethernet link extension method. It begins in block
602 with a technician or user connecting end nodes of an Ethernet link via an intermediate link
extender. When each end node powers up, or periodically thereafter, it initiates an auto-
negotiation phase to set up the link. In block 604, the extender conceals itself during the auto-
negotiation phase, transparently passing the signals received from each end node to the other
end node. The signals may be passed through the extender as analog signals; as analog-to-
digital and digital-to-analog converted waveforms, or as demodulated and remodulated data
frames. In other words, a transmitter of a second PMA (physical medium attachment) circuit is
coupled to a receiver of a first PMA circuit to retransmit communications received from a first
node; and a transmitter of the first PMA circuit is coupled to a receiver of the second PMA
circuit to retransmit communications received from the second node.

[0037] During the auto-negotiation phase, the extender monitors the received signals until, in
block 606, the end of the auto-negotiation phase is detected. As discussed previously, the
extender may perform this detection by decoding information from the auto-negotiation
frames exchanged between the end nodes and/or by monitoring the spectra for high-frequency
content typical of training sequences. Having detected the end of the auto-negotiation phase
from either end node on a given lane, the extender initiates the training phase on that lane for
both end nodes simultaneously in block 608. Training controllers for each of the first and

second PMA circuits generate training frames for transmission by the transmitter of the
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respective PMA circuit based in part on back-channel information and training status
information from the local receiver of the respective PMA circuit.

[0038] The training phase is performed concurrently for both end nodes, prolonged if
necessary until the links are trained for both end nodes in block 610, indicating that the training
phase can be concluded for both. The extender then signals the end of the training phase on
that lane to both end nodes and enters the frame-forwarding phase in block 612.

[0039] In the frame-forwarding phase of block 612, the extender demodulates the channel data
frames to extract the channel bits or symbols from each end node. The channel bits or symbols
are then remodulated for transmission to the other end node, obviating any need for a PCS
sublayer and thereby minimizing latency and power consumption with minimal impairment to
link robustness. In some extender embodiments, the extender monitors the equalization error
levels, or performs checksum calculations to detect errors. If a fault is detected, in block 614
the extender temporarily disables the transmitters for that lane to force re-initiation of the link,
and the method then repeats beginning with block 604.

[0040] Numerous alternative forms, equivalents, and modifications will become apparent to
those skilled in the art once the above disclosure is fully appreciated. For example, the
foregoing description focuses on implementations employing only one link extender between
end nodes, but the disclosed principles would still apply if multiple extenders are provided in
sequence between the end nodes. It is intended that the claims be interpreted to embrace all
such alternative forms, equivalents, and modifications that are encompassed in the scope of

the appended claims.
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CLAIMS
What is claimed is:
1. An Ethernet link extender that comprises:

a first PMA (physical medium attachment) circuit having a transmitter and a receiver that
communicate in a sequence of phases with a first node, the sequence including at least an
auto-negotiation phase and a subsequent training phase; and

a second PMA circuit having a transmitter and a receiver that communicate in said sequence
of phases with a second, different node, the phases in said sequence being simultaneous for
the first and second PMA circuits,

the transmitter of the second PMA circuit being coupled to the receiver of the first PMA
circuit during the auto-negotiation phase to retransmit communications received from the
first node,

the transmitter of the first PMA circuit being coupled to the receiver of the second PMA
circuit during the auto-negotiation phase to retransmit communications received from the
second node, and

the first and second PMA circuits each including a respective training controller that, during
the training phase, generates training frames for transmission by the transmitter of the
respective PMA circuit based in part on back-channel information and training status
information from the receiver of the respective PMA circuit.

2. The extender of claim 1, wherein said coupling of the transmitter of the second PMA circuit
to the receiver of the first PMA circuit during the auto-negotiation phase is via an on-chip
analog signal line.

3. The extender of claim 1, wherein said coupling of the transmitter of the second PMA circuit
to the receiver of the first PMA circuit during the auto-negotiation phase is via a digital signal
bus between an analog-to-digital converter and a digital-to-analog converter.

4. The extender of claim 1, wherein the transmitter of the first PMA circuit and the transmitter
of the second PMA circuit each include a transmit filter adapted in accordance with back-
channel information received from the first and second nodes, respectively, during the training

phase.
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5. The extender of claim 1, wherein the receiver of the first PMA circuit and the receiver of the
second PMA circuit each include a filter adaptation circuit that generates filter coefficient
updates and detects filter convergence.

6. The extender of claim 5, wherein at least one of the transmitter of the first PMA circuit and
the transmitter of the second PMA circuit includes a training controller providing back-channel
information to at least one of the first and second nodes, and wherein the training controller
confirms filter convergence only when filter converge is detected by both the receiver of the
first PMA circuit and the receiver of the second PMA circuit.

7. The extender of claim 1, wherein the receiver of the first PMA circuit and the receiver of the
second PMA circuit each include detector, and wherein the extender initiates a training phase
when either of the detectors detects an end of the auto-negotiation phase.

8. The extender of claim 7, wherein the detectors monitor spectra of received signals for high-
frequency content indicative of training frames.

9. The extender of claim 7, wherein the detectors decode information from auto-negotiation
frames to detect said end.

10. The extender of claim 1, wherein each of the first PMA circuit and the second PMA circuit
include multiple transmitter-receiver pairs to support multiple communication lanes between

the first and second nodes.

11. An Ethernet link extension method that comprises,
in a first communications phase for auto-negotiation:
coupling a transmitter of a second PMA (physical medium attachment) circuit to a
receiver of a first PMA circuit to retransmit communications received from a first node;
and
coupling a transmitter of the first PMA circuit to a receiver of the second PMA circuit to
retransmit communications received from a second node; and
in a subsequent communications phase for training:
generating, with a respective training controller for each of the first and second PMA

circuits, training frames for transmission by the transmitter of the respective PMA circuit

15
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based in part on back-channel information and training status information from the

receiver of the respective PMA circuit.

12. The method of claim 11, wherein said coupling of the transmitter of the second PMA circuit
to the receiver of the first PMA circuit during the auto-negotiation phase is via an on-chip
analog signal line.
13. The method of claim 11, wherein said coupling of the transmitter of the second PMA circuit
to the receiver of the first PMA circuit during the auto-negotiation phase includes:
digitizing communications received from the first node to obtain received signal samples;
conveying the received signal samples on a bus to the transmitter of the second PMA circuit;
and
converting the received signal samples into an analog electrical transmit signal.
14. The method of claim 1, further comprising adapting a transmit filter in each of the
transmitter of the first PMA circuit and the transmitter of the second PMA circuit in accordance
with back-channel information received from the first and second nodes, respectively, during
the training phase.
15. The method of claim 11, further comprising generating filter coefficient updates and
detecting filter convergence with a filter adaptation circuit in each of the receiver of the first
PMA circuit and the receiver of the second PMA circuit.
16. The method of claim 15, further comprising:
providing back-channel information to the first and second nodes with a training controller in
each of the transmitter of the first PMA circuit and the transmitter of the second PMA
circuit; and
confirming filter convergence with each of the training controllers only when filter converge is
detected by both the receiver of the first PMA circuit and the receiver of the second PMA
circuit.
17. The method of claim 11, initiating the training phase when either, but before both, the
receiver of the first PMA circuit and the receiver of the second PMA circuit detects an end of

the auto-negotiation phase.
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18. The method of claim 17, further comprising monitoring spectra of received signals for high-
frequency content to detect said end of the auto-negotiation phase.

19. The method of claim 17, further comprising decoding information from auto-negotiation
frames to detect said end.

20. The method of claim 11, wherein each of the first PMA circuit and the second PMA circuit
include multiple transmitter-receiver pairs to support multiple communication lanes between

the first and second nodes.

21. An Ethernet link extension method that comprises,
in a first communications phase for auto-negotiation:
coupling a transmitter of a second PMA (physical medium attachment) circuit to a
receiver of a first PMA circuit to retransmit channel signal waveforms received from a
first node;
coupling a transmitter of the first PMA circuit to a receiver of the second PMA circuit to
retransmit channel signal waveforms received from a second node; and
monitoring spectra of the channel signal waveforms received from at least one of the first
and second nodes to detect an end of the auto-negotiation phase; and
in a subsequent frame-forwarding phase:
demodulating communications received from the first node by the receiver of the first
PMA circuit to obtain a first digital channel symbol or bit stream;
conveying the first digital channel symbol or bit stream to the transmitter of the second
PMA circuit for transmission to the second node;
demodulating communications received from the second node by the receiver of the
second PMA circuit to obtain a second digital channel symbol or bit stream; and
conveying the second digital channel symbol or bit stream to the transmitter of the first

PMA circuit for transmission to the first node.

22. The method of claim 21, wherein said coupling of the transmitter of the second PMA circuit

to the receiver of the first PMA circuit during the first communications phase is via an on-chip
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analog signal line.
23. The method of claim 21, wherein said coupling of the transmitter of the second PMA circuit
to the receiver of the first PMA circuit during the first communications phase includes:
digitizing channel signal waveforms received from the first node to obtain received signal
samples;
conveying the received signal samples on a bus to the transmitter of the second PMA circuit;
and

converting the received signal samples into an analog electrical transmit signal.
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Fighting Jitter in Fibre-Channel Designs
Fighting Jitter in Fibre-Channel Designs

By Bob Rumer, 02.01.01 [0

Routing multiple serial signals can be a daunting task during the
development of fibre channel systems. Fortunately, digitalrepeaters and
retimer ICs can clean up signals and counteract jitter in order to ensure
spec compliance.

Storage area networking (SAN) and network attached storage (NAS) have garnered a great deal of attention
in the communication market as the demand for sophisticated e-commerce and mission-critical systems has
exploded over the past year. Estimates of future growth optimistically point to widespread deployment of these
systems to distribute databases, Web pages, streaming video, and movies-on-demand.

A chief concern of designers of SAN and NAS equipment is, of course, fast access to files. Merely locating
audio clips, video clips, and large databases is not enough; fast access and loading of the data is critical. To
this end, fibre channel has emerged as a fast and reliable method for making SAN and NAS equipment a
reality.

Fibre channel uses high-speed serial links at either 1.0625- or 2.125-Gbps data rates to link servers, switches,
routers, disk arrays, tape systems, and RAID controllers into complex, redundantly interconnected networks
which allow user access to data in the presence of component failures. Fibre channel-derived SAN
architectures are now being deployed in increasingly complex and creative ways to solve serious data
availability issues which, to-date, have been unsolvable. Designers implementing these systems must ensure
physical layer interoperability in order to reliably deliver future scaleability to users.

Unfortunately, designing robust gigabit speed serial links is typically viewed as a black art beyond the skill of
most system architects. The most challenging area is jitter, which can adversely affect the reliability of data
transfer through the link. As you'll see, repeaters and retimers can be used to mitigate these difficulties and,
with care, provide signals that comply with all jitter-related industry specifications. To better illustrate the
impact of repeaters and retimers, let's start with a more detailed look at the physical layer of fibre channel
links.

Speeding the connection

At the transmit source of a fibre channel architecture, 8 b of raw data are encoded into a 10-b character using
the 8B/10B encoding scheme. This encoding scheme provides the encoded data with several critical
properties of value in serial data communications. 10-b data is serialized and transmitted through a high-
speed, differential output buffer, onto copper cable or into an optical transceiver for conversion to light. This is
done with an output buffer that uses either positive emitter coupled logic (PECL) or current mode logic (CML).

At the other end of the fibre channel link, high-speed differential data from the copper cable or output of an
optical transceiver is input to a high-speed, differential input buffer that drives a clock and data recovery
(CDR) unit. This CDR extracts a bit-rate clock from the serial data, samples the data, then deserializes and
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WikirEDiA

Management Data Input/Output

Management Data Input/Output (MDIO), also known as Serial Management Interface (SMI) or Media

standards for the Media Independent Interface, or MII. The MII connects Media Access Control (MAC) devices wit
Ethernet physical layer (PHY) circuits. The MAC device controlling the MDIO is called the Station Management Entity
(SME).

Contents

Relationship with Mil

Electrical specification

Bus timing (clause 22)

MDIO Packet Format (clause 22)
Commands

References

Relationship with MII

MII has two signal interfaces:

= A Data interface to the Ethernet MAC, for sending and receiving Ethernet frame data.

= A PHY management interface, MDIO, used to read and write the control and status registers of the PHY in order
to configure each PHY before operation, and to monitor link status during operation.

Electrical specification

The MDIO interface is implemented by two signals:

= MDC clock: driven by the MAC device to the PHY.
= MDIO data: bidirectional, the PHY drives it to provide register data at the end of a read operation.

The bus only supports a single MAC as the master, and can have up to 32 PHY slaves.

The MDC can be periodic, with a minimum period of 400 ns, which corresponds to a maximum frequency of 2.5 MHz.
Newer chips, however, allow faster accesses.

The MDIO requires a specific pull-up resistor of 1.5 kQ to 10 kQ, taking into account the total worst-case leakage
current of 32 PHYs and one MAC.

Bus timing (clause 22)

Before a register access, PHY devices generally require a preamble of 32 ones to be sent by the MAC on the MDIO line.
The access consists of 16 control bits, followed by 16 data bits. The control bits consist of 2 start bits, 2 access type bits
(read or write), the PHY address (5 bits), the register address (5 bits), and 2 "turnaround" bits.
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During a write command, the MAC provides address and data. For a read command, the PHY takes over the MDIO
line during the turnaround bit times, supplies the MAC with the register data requested, then releases the MDIO line.
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When the MAC drives the MDIO line, it has to guarantee a stable value 10 ns (setup time) before the rising edge of the
clock MDC. Further, MDIO has to remain stable 10 ns (hold time) after the rising edge of MDC.

When the PHY drives the MDIO line, the PHY has to provide the MDIO signal between o and 300 ns after the rising
edge of the clock.[t] Hence, with a minimum clock period of 400 ns (2.5 MHz maximum clock rate) the MAC can safely
sample MDIO during the second half of the low cycle of the clock.

MDIO Packet Format (clause 22)

MDIO Packet Format
Bit: {10/1:2:3:4; | | i8:9 131415 16 L b {31
0 | PRE_32
32 {ST OP | PA5 { RAS TA D16
PRE_32

The first field in the MDIO header is the Preamble. During the preamble, the MAC sends 32 bits, all '1', on the MDIO
line.

ST

The Start field consists of 2 bits and always contains the combination 'o1'.

or

The Opcode consists of 2 bits. There are two possible opcodes, read '10' or write 'o1'.

PA5

5 bits, PHY address.

RA5

The Register Address field indicates the register to be written to or read from. It is 5 bits long.

TA

1/23/19, 12:56 PM
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The turn-around field is 2 bits long. When data is being written to the PHY, the MAC writes '10' to the MDIO line.
When data is being read, the MAC releases the MDIO line.

D16
16 bits, data. This can be sent by either the SME or the PHY, depending on the value of the OP field.
Z

Tristate MDIO.

Commands

IEEE 802.3 Part [2] use different opcodes and start sequences. Opcodes oo(set address) and 11(read)/o1(write)
/10(read increment) are used as two serial transactions to read and write registers.

References

|EEE. Retrieved February 29, 2012.
2. "IEEE 802.3 Part 3: Carrier Sense Multiple Access with Collision Detection (CSMA/CD) access method and

'Physical Layer specification” (http://standards.ieee.org/getieee802/download/802.3-2008_section2.pdf) (PDF).
|IEEE. Retrieved February 29, 2012.
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QSFP-DD 8X Pluggable Transceiver

1 Scope

The scope of this specification is the definition of a high density 8-channel (8x)
module, cage and connector system. QSFP-DD supports up to 400 Gb/s in aggregate over an
8 x 50 Gb/s electrical interface. The cage and connector design provides backwards
compatibility to QSFP28 modules which can be inserted into a QSFP-DD port and connected
to 4 of the 8 electrical channels.

1.1 Description of Sections

Section 1 Scope and Purpose

Section 2 Referenced and Related Standards and SFF S_'

Section 3 Introduction

Section 4 Electrical specifications

Section 5 Mechanical specifications and pr circuit board ré& endations

Section 6 Environmental and thermal considerat

Section 7 Management Interface
2 References

2.1 Industry Docum

The following document

- GR-253-CORE
- IEEE Std 802.3™-2018
- IEEE std 802
- InfiniBa

- TIA-604-5 (

- TIA-604-10 (FO

- TIA-604-18 (FOC

- IEC 61754-7-1

- ANSI/ESDA/JDEC JS00

- EN6100-4-2

- Common Management Inter Specification for 8X/16X Pluggable Transceivers

- GR63 Section 4.1.7 (Touc mperature Reference)

- UL 60950-1 Section 4.5.4 (Touch Temperature Reference)

- IEC 31300-3-35

- EIA-964 Specification for QSFP+ 10 Gb/s Pluggable Transceiver

- Keysight Application Brief 5991-2778EN: Methods for characterizing and tuning DC
inrush current

SFF Specifications
- SFF-8636 Management Interface for Cabled Environments
- SFF-8472 Diagnostic Monitoring Interface for Optical Transceivers

- SFF-8661 QSFP+ 4X Pluggable Module
- SFF-8679 QSFP28 4X Base Electrical Specification
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CS optical connector specification

- C5-01242017 Revision 1.0 (Can be found at www.QSFP-DD.com)

2.2 Sources

This document can be obtained via the www.QSFP-DD.com web site.

3 Introduction

This Specification covers the following items:

a) Electrical interfaces including pad assignments fogr
supplies and host PCB layout requirements. =

control, status and power

b) Optical interfaces (including optical recept -~ afing fiber plugs for
multimode and single-mode duplex and parallel ns) Breakout cable
applications are also specified. Optical si ons are not included in

this document but are defined in the applic

c) Mechanical specifications including dimensiz
and module system. Includes details of the requ
and host sides of the connector.

the connector, cage
iting of the module

d) Thermal requirements

e) Electrostatic discharge (ESD)

and test methods.

o industry standard limits

a) Electromagnetic interfézern : EMI protection is the responsibility of

e 'Common Management Interface
(see WWww.QSFP-DD.com) .

3.1 Objecti

Electrical signal con
defined in Section 4 a

el assignments, electrical and power requirements

ne assignments defined in Section 5 ensure that the
pluggable modules and ca mblies are functionally interchangeable. Dimensions,
mounting and insertion re ents defined in Section 5 for the bezel, optical module,
cable plug, cage and connectdr system on a circuit board ensure that these products are
mechanically interchangeable.
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3.2 Applications

This specification defines a common solution for combined eight-channel ports that
support Ethernet and/or InfiniBand and/or Fibre Channel requirements. The QSFP-DD
interface can support pluggable modules or direct attach cables based on multimode fiber,
single mode fiber or copper wires.

An application reference Model, shown in Figure 1, shows the high-speed data interface
between an ASIC and the QSFP-DD module.

HUST BOARE
{Only one channe! showen forsi

jslicityy

B
_{Retimer

eeEER

ZTLE

Host Card Bdge Uoraedior
Modile Caed Tdge [Host nterisge)

Note: For hig
should be used.
any difference be
boards specified in

4 Electrical Spe ration

This section contains signa efinitions and requirements that are specific to the QSFP-
DD module. High-speed signal requirements including compliance points for electrical
measurements are defined in the applicable industry standard.

4,1 Electrical Connector

The QSFP-DD module edge connector consists of a single paddle card with 38 pads on the
top and 38 pads on the bottom of the paddle card for a total of 76 pads. The pads are
defined in such a manner so as to accommodate insertion of a QSFP module into a QSFP-DD
receptacle. The legacy signal locations are deeper on the paddlecard, so that legacy
QSFP module pads only connect to the longer row of connector pins, leaving the short row
of connector pins unconnected in a QSFP application.
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The pads are designed for a sequenced mating:

First mate - ground pads
Second mate - power pads
Third mate - signal pads

Because the QSFP-DD module has 2 rows of pads, the additional QSFP-DD pads will have an
intermittent connection with the legacy QSFP pins in the connector during the module
insertion and removal. The 'legacy' QSFP pads have a 'B' label shown in Table 1 to
designate them as the second row of module pads to contact the QSFP-DD connector. The
additional QSFP-DD pads have an 'A' label in Table 1 to designate them as the first row
of module pads to contact the QSFP-DD connector. The additional QSFP-DD pads have first,
second and third mate to the connector pins for both insertion and removal. Each of the
first, second and third mate connections of the legacy Qg pads and the respective
additional QSFP-DD pads are simultaneous. =

Figure 2 shows the signal symbols and pad numberin e QSFP-DD module edge
connector. The diagram shows the module PCB edge d bottom view. There are 76
pads intended for high speed signals, low Speeui Sy and ground connections.
Table 1 provides more information about each ure 18 and Figure 19 show
pad dimensions. The connector can be intege i =d configuration with 2
ports as illustrated in Figure 8 or a surfa€ s shown in Figure 9.

For EMI protection the signals from the host
DD module is not present. Standard kg ‘tions to Vcc and
GND with vias, use of short and eqﬁ 5 re recommended.
The chassis ground (case common) of - : : hould be isolated from the
module’s circuit ground, GND, to pro = i fe
connections between external electromagigtic ¢ ields and circuit ground,
GND, of the module.

10
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Top side viewed from top
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Figure 2: Module pad layout
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Table 1- Pad Function Definition

Pad | Logic Symbol Description Plug Notes
Sequence4
1 GND Ground 1B 1
2 CML-I Tx2n Transmitter Inverted Data Input 3B
3 CML-T Tx2p Transmitter Non-Inverted Data Input 3B
4 GND Ground 1B 1
5 CML-T Tx4n Transmitter Inverted Data Input 3B
6 CML-TI Tx4p Transmitter Non-Inverted Data Input 3B
7 GND Ground 1B 1
8 LVTTL-I | ModSelL Module Select 3B
9 LVTTL-I | ResetL Module Reset 3B
10 VccecRx +3.3V Power Supply Receivej 2B 2
11 LVCMOS- | SCL 2-wire serial interface & 3B
I/0
12 LVCMOS— | SDA 2-wire serial interfa 3B
I/0
13 GND Ground 1B 1
14 CML-0 Rx3p Receiver ed Data Output 3B
15 CML-0 Rx3n Receiver ata Output 3B
16 GND Ground = 1B 1
17 CML-0 Rx1p Receiver
18 CML-0O Rxl1n Receive¥
19 GND Ground 1
20 GND Ground 1
21 CML-0 Rx2n Receiver
22 CML-0 Rx2p
23 GND 1
24 CML-0 Rx4n 3B
25 | CML-0 Rx4p 3B
26 GND 1B 1
27 LVTTL-O | ModPrsL 3B
28 3B
29 2B 2
30 2B 2
31 In legacy QSFP 3B
the InitMode pad is called
32 1B 1
33 CML-I Non-Inverted Data Input 3B
34 CML-T Inverted Data Input 3B
35 1B 1
36 CML-T Non-Inverted Data Input 3B
37 CML-I nsmitter Inverted Data Input 3B
38 GND Ground 1B 1

Marvell Semiconductor, Inc. - Ex. 1002, Page 000052
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Pad | Logic Symbol Description Plug Notes
Sequence4

39 GND Ground 1A 1

40 CML-I Tx6n Transmitter Inverted Data Input 3A

41 CML-T Tx6p Transmitter Non-Inverted Data Input 3A

42 GND Ground 1A 1

43 CML-T Tx8n Transmitter Inverted Data Input 3A

44 CML-TI Tx8p Transmitter Non-Inverted Data Input 3A

45 GND Ground 1A 1

46 Reserved | For future use 3A 3

47 Vsl Module Vendor Specific 1 3A 3

48 VccRx1 3.3V Power Supply 2A 2

49 VS22 Module Vendor Specific 2 3A 3

50 VS3 Module Vendor Specific 3 3A 3

51 GND Ground 1A 1

52 CML-0 Rx7p Receiver Non-Inverted Dg 3A

53 CML-0O Rx7n Receiver 3A

54 GND Ground 1A 1

55 CML-0 Rx5p Receiver 3A

56 CML-0 Rx5n Receiver 3A

57 GND Ground 1A 1

58 GND Ground 1A 1

59 CML-0O Rx6n Receiver

60 CML-0O Rx6p Receiver:

[ GND Ground 1A 1

62 CML-0 Rx8n Receiver 3A

63 CML-0 Rx8p Receiver 3A

64 GND Ground 1A 1

65 3A 3

66 3A 3

67 2A 2

68 2A 2

69 3A 3

70 B EOR 1A 1

71 CML-TI. z z “N : b d Data Input 3A

72 | CML# ' ~ d. Data Input 3A

73 Y ) 1A 1

74 & i :Non-Inverted Data Input 3A

75 | CML-T nverted Data Input 3A

76 : 1A 1

Note 1: QSFP-DD ound (GND) for all signals and supply (power). All are

common within the™ e and all module voltages are referenced to this

potential unless ot ed. Connect these directly to the host board signal-

common ground plane.

Note 2: VeccRx, VecRxl, Vce2, VecTx and VeeTxl shall be applied concurrently.

Requirements defined for the host side of the Host Card Edge Connector are listed

in Table 6. VccRx, VccRxl, Veccl, Vecc2, VeceTx and VecTxl may be internally

connected within the module in any combination. The connector Vcc pins are each

rated for a maximum current of 1000 mA.

Note 3: All Vendor Specific, Reserved and No Connect pins may be terminated with 50

ohms to ground on the host. Pad 65 (No Connect) shall be left unconnected within

the module. Vendor specific and Reserved pads shall have an impedance to GND that

is greater than 10 kOhms and less than 100 pF.

Note 4: Plug Sequence specifies the mating sequence of the host connector and

module. The sequence is 1A, 2A, 3A, 1B, 2B, 3B. (see Figure 2 for pad locations)

Contact sequence A will make, then break contact with additional QSFP-DD pads.

Sequence 1A, 1B will then occur simultaneously, followed by 2A, 2B, followed by

3A, 3B.
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Figure 4 and Figure 5 show examples of QSFP-DD host PCB schematics with

connections to CDR and control ICs. An 8 wide electrical/optical interface is shown. Note

alternate electrical/optical interfaces are supported using optical multiplexing

electrical multiplexing.
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Figure 3: Example QSFP-DD Host Board Schematic For Optical Modules
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4.1.1 Low Speed Electrical Hardware Signals

QSFR-0D Passive Copper Module

DD Host Board Schematic for passive copper cables

In addition to the 2-wire serial interface the module has the following low speed signals

for control and status:

ModSelL
ResetL
InitMode
ModPrsL
IntL

16
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4.1.1.1 ModSelL

The ModSell is an input signal that must be pulled to Vcc in the QSFP-DD module (see
Table 2). When held low by the host, the module responds to 2-wire serial communication
commands. The ModSellL allows the use of multiple QSFP-DD modules on a single 2-wire
interface bus. When ModSell is “High”, the module shall not respond to or acknowledge any
2-wire interface communication from the host.

In order to avoid conflicts, the host system shall not attempt 2-wire interface
communications within the ModSell de-assert time after any QSFP-DD modules are
deselected. Similarly, the host must wait at least for the period of the ModSell assert
time before communicating with the newly selected module. The assertion and de-asserting
periods of different modules may overlap as long as the above timing requirements are
met.

4.1.1.2 ResetL

The Resetl signal shall be pulled to Vcc in the modx
Resetl signal for longer than the minimum pulse le&
initiates a complete module reset, returning alk
state. .

ce Table 2). A low level on the
Beset init) (See Table 3)
settings to their default

4.1.1.3 InitMode

InitMode is an input signal. The InitMode sig
module (see Table 2). The InitMode signal all
module will initialize under host sgi
hardware control (InitMode deassert
remain in Low Power Mode until softw:
defined in the QSFP-DD Management In
(InitMode de-asserted Low), the module*
after the management inter
this signal while the
named LPMode. See SFF-

». Vce in the QSFP-DD
fether the QSFP-DD
‘gh) or module
software control, the module shall
ition to High Power Mode, as
Under hardware control

ition to High Power Mode
tL.not change the state of
applications, this signal is

4.1.1.4 ModPrsL
ModPrsL must be
Table 2). The
deasserted “H
pull-up res

board and pulled low in the module (see
odule is inserted. The ModPrsL is
sent from the host connector due to the

IntL is an output si . signal is an open collector output and must be pulled
to Vcc Host on the h Table 2). When the IntlL signal is asserted Low it
indicates a change in m a possible module operational fault or a status
critical to the host sy 1ost identifies the source of the interrupt using the 2-
wire serial interface. The signal is deasserted “High” after all set interrupt flags
are read.

4.1.2 Low Speed Electrical Specification

Low speed signaling other than the SCL and SDA interface is based on Low Voltage TTL
(LVITL) operating at Vcc. Vcc refers to the generic supply voltages of VccTx, VeccRx, Vecc
host or Vccl. Hosts shall use a pull-up resistor connected to Vcc host on each of the 2-
wire interface SCL (clock), SDA (data), and all low speed status outputs (see Table 2).
The SCL and SDA is a hot plug interface that may support a bus topology. During module
insertion or removal, the module may implement a pre-charge circuit which prevents
corrupting data transfers from other modules that are already using the bus.

Note: Timing diagrams for SCL and SDA are shown in Section 7.

17
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The QSFP-DD low speed electrical specifications are given in Table 2.

QSFP-

ensures compatibility between host bus masters and the 2-wire interface.

Table 2- Low Speed Control and Sense Signals

Parameter Symbol | Min Max Unit | Condition
SCL and SDA VOL 0 0.4 v IOL (max)=3mA for fast
mode, 20ma for Fast-mode
plus
SCL and SDA VIL -0.3 Vee*0.3 |V
VIH VCC*0.7 | Veet0.5 |V
Capacitance for SCL Ci 14 pF
and SDA I/0O signal
Total bus Cb 100 pF For 400kHz clock rate use
capacitive load for .0 k Ohms Pullup
SCL and SDA resistor, max. For
1000kHz clock rate refer
to Figure 40
200 . For 400kHz clock rate use
k Ohms pullup
stor, max. For
.. clock rate refer
‘e 40.
InitMode, ResetL VIL
and ModSelL VIH
| Tin| ovV<Vin<Vcc
IntL VOL IOL=2.0mA
VOH 10k ohms pull-up to Host
ModPrsL =2.0mA
odPrsL can be
implemented as a short-
circuit to GND on the
module
4.1.3 Timing

Timing for

18
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Table 3- Timing for QSFP-DD soft control and status functions

Parameter Symbol Min Max Unit | Conditions
Max MgmtInit 2000 ms Time from power on’' , hot plug or
MgmtInitDuration Duration rising edge of reset until
completion of the MgmtInit State
Resetl Assert Time [t reset init 10 us Minimum pulse time on the ResetL
signal to initiate a module reset.
IntL Assert Time ton IntL 200 ms Time from occurrence of condition
B triggering IntL until
Vout:IntL=Vol
IntL Deassert Time | toff IntL 500 us Time from clear on read? operation
B of associated flag until
Vout:IntL=Voh. This includes
sert times for Rx LOS, Tx
1ult and other flag bits.
Rx LOS Assert Time | ton los 100 ms ime from Rx LOS condition present
Rx LOS bit set (value = 1lb) and
asserted.
Rx LOS Assert Time | ton losf om Rx LOS state to Rx LOS
(optional fast 1b) and IntL
mode)
Rx LOS Deassert toff losf LOS condition absent
Time (optional Rx LOS status bit.

fast mode)

Tx Fault Assert
Time

ton Txfault

t state to Tx
(value=1b) and IntL

ime from Tx
Fault bit set
sserted.

Flag Assert Time

ton flag

e from occurrence of condition
ering flag to associated flag
't (value=1lb) and IntL

Mask Assert Time

serted.

ime from mask bit set (value=1b)
until associated IntlL assertion is
inhibited

Mask Deassert Ti

Time from mask bit cleared
(valueZOb)3 until associated IntL
operation resumes

Module Sele!
Time
DataPathDeinit
Duration
DataPathInit Max
Duration
ModulePwrDn Max

ataPathDex*

See CMIS Table 40

Duaration
ModulePwrbn
MaxDuration
Note 1. Power on is defined as the instant when supply voltages reach and remain at or

above the minimum level specified in Table 6.

Note 2. Measured from the rising edge of SDA in the stop bit of the read transaction
Note 3. Measured from the rising edge of SDA in the stop bit of the write transaction
Note 4. Rx LOS condition is defined at the optical input by the relevant standard

19
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Squelch and disable timings are defined in Table 4.

20

Table 4-1/0 Timing for Squelch & Disable

Parameter Symbol Max Unit | Conditions

Rx Squelch ton Rxsqg 15 ms Time from loss of Rx input signal until

Assert Time - the squelched output condition is
reached. See Subsection 4.1.4.1.

Rx Squelch toff Rxsq 15 ms Time from resumption of Rx input signals

Deassert Time until normal Rx output condition is
reached. See subsection 4.1.4.1.

Tx Squelch ton Txsq 400 ms Time from loss of Tx input signal until

Assert Time

the squelched output condition is
: subsection 4.1.4.2.

Tx Squelch
Deassert Time

toff Txsqg 400 ms

sumption of Tx input signals

Tx Disable
Assert Time

ton txdis 100 ms

quence ' until optical
5w 10% of nominal

Tx Disable
Assert Time
(optional fast
mode)

ton txdisf 3 ms

.bit set (value =
ut falls below

Tx Disable
Deassert Time

toff txdis

Tx Disable bit cleared (value
til optical output rises above

Tx Disable
Deassert Time
(optional fast
mode)

toff txdisf | 10

Disable bit cleared (value
ical output rises above

Rx Output
Disable Assert
Time

% Output Disable bit set
= 1b)' until Rx output falls
elow 10% of nominal

Rx Output from Rx Output Disable bit cleared
Disable De: slue = Ob)! until Rx output rises
Time : bove 90% of nominal

This applies to Rx and Tx Squelch and is
Squelch Di the time from bit set (value = 0b)’

Assert Time

until squelch functionality is disabled.

Squelch Disable

Deassert Time

This applies to Rx and Tx Squelch and is
the time from bit cleared (value = 0b)?
until squelch functionality is enabled

Note 1:

Measured fro
the write transaction

IGH SDA signal transition of the STOP condition of

Marvell Semiconductor, Inc. - Ex. 1002, Page 000060
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4.1.4 High Speed Electrical Specification

For detailed electrical specifications see the appropriate specification, e.g. IEEE Std

802.3-2018 Annex 86A, Annex 120E or Annex 120C, FC-PI-6, FC-PI-7, OIF-CEI-28G-V3SR, OIF-

CEI-56G-VSR or the InfiniBand specification. Partial or complete squelch specifications

may be provided in the appropriate specification. Where squelch is not fully defined by
the appropriate specification, the recommendations of the following subsections 4.1.4.1

and 4.1.4.2 may be used.

4.1.4.1 Rx(n) (p/n)

Rx (n) (p/n) are QSFP-DD module receiver data outputs. Rx(n) (p/n) are AC-coupled 100 Ohm
differential lines that should be terminated with 100 Ohm differentially at the Host
ASIC(SerDes). The AC coupling is inside the QSFP-DD moduy and not required on the Host
board. When properly terminated, the differential vol 'wing shall be less than or
equal to 900 mVpp or the relevant standard, whichevers ess.

Output squelch for loss of optical input signal,
shall function as follows. In the event of th
becoming equal to or less than the level requi
output (s) associated with that Rx port shal,
be associated with more than one Rx output®
state output impedance levels are maintained®
shall be less than 50 mVpp.

RX Squelch, is required and
1l on any optical port
then the receiver

le Rx optical port can
.4. In the squelched
oltage amplitude

1ive. Rx Squelch” can be
. serial interface.

In normal operation the default ca
deactivated using Rx Squelch Disabl

4.1.4.2 Tx(n) (p/n)

Tx(n) (p/n) are QSFP-DD mod
dlfferentlal lines with
module. The AC coupli
required on the Host b

sare AC-coupled 100 Ohm
inside the QSFP-DD optical
optical module and not

Output squelch for loss of . i reafter Tx Squelch, is an optional
function. Wh i ollows. In the event of the
differential, ude on any electrical input channel
becoming leg optlcal output associated with that
electrical : ched and the associated TxLOS flag set. If
multiple elec associated with the same optical output channel,
the loss of any
channel to be squ

For applications,
of average power,
applications, e.g. Infini
OMA, squelching the transm

sabling the transmitter is recommended and for
ijere the transmitter off condition is defined in terms of
by setting the OMA to a low level is recommended.

In module operation, where Tx Squelch is implemented, the default case has Tx Squelch
active. Tx Squelch can be deactivated using Tx Squelch Disable through the 2-wire serial

interface. Tx Squelch is an optional function. If TX squelch is implemented, the disable
squelch must be provided.

21
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4.2 Power Requirements

The power supply has six designated pins, VccTx, VecTxl, Veccl, Vecc2, VecRx, VccRxl in the
connector. Veccl and Vecec2 are used to supplement VeccTx, VeccecTxl, VccRx or VecRxl at the
discretion of the module vendor. Power is applied concurrently to these pins.

A host board together with the QSFP-DD module(s) forms an integrated power system. The
host supplies stable power to the module. The module limits electrical noise coupled back
into the host system and limits inrush charge/current during hot plug insertion.

All power supply requirements in Table 6 shall be met at the maximum power supply
current. No power sequencing of the power supply is requizred of the host system since the
module sequences the contacts in the order of ground, s and signals during
insertion.

4.2.1 Power Classes and Maximum Power Consumpti

There are two power modes; Low Power Mode ang
Class 1 - Class 8. Module power modes are dé¢
defined in Table 5.

and eight power classes,

d in Table 6 afg:power classes are

Since a wide range of module power classes exist E exceedin
supply limits and cooling capacity i
accommodate only low power consumpﬁ
the state machine defined in the QSF:
the power class of the module before

e system power

em designed to
ecommended that the host implement
rface Specification and identify
o go into high power mode.

fication levels are associated with higher data rates
gner is responsible for ensuring that the maximum case
ise temperature requirements.

In general, the hi
and longer reaches.
temperature does not e

4.2.2 Host Board Power Supply Filtering

The host board should use the power supply filtering equivalent to that shown in Figure
6.

22
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TuH I

weoHaest
oo Hast-%" f\‘ﬁ‘r\‘q :
LV oCBR. AV eCRx L
J_w.luF j_':zz WF %12% = EuF '
SR
— — LuH L i
Jm 4T, VeeTed
PR uf = 0L EdF
Note:Filter capa FSD i
values are informative and i QSFP' DD
wary depanding on apphlications TuH - § MODULE
[ %
Nete:Veol andfor vee may o uF ) Vel Vac2
be conpestedto acTs, VarTsl = == SLuE i
fecBd providedthe LGN L
applicablz derating ot the _ :
maginurm curpert Bmi is used -

QSFP-DD
Connector

upply Filtering

nted against the host DC set

f less than 0.1 Ohm should be
-d Edge Connector. It is
series resistance of 0.22

point accuracy specification
used in order to maintaing
recommended that the 22
ohm. :

The specifications for thed n in Table 6. The limits in Table 6 apply
Ban £ : ductors in the power supply filter
(represents IGE s i y 4 d for measuring inrush current can be
found in SF i tion brief 5991-2778EN provides useful
guidance.

4.2.3 Module P

In order to avoid
reset, all QSFP-DD
InitMode is not asse
intervention. Figure 7
state currents for Low PoW
instantaneous, sustained ari
6.

m power capacity, upon hot-plug, power cycle or
wer up in Low Power Mode if InitMode is asserted. If
will proceed to High Power Mode without host

rms for maximum instantaneous, sustained and steady
High Power modes. Specification values for maximum

ady state currents at each power class are given in Table

23
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HIGH POWER MODE
Transmitters ON

lcc Host (ma)
N LOW POWER MODE HIGH POWER MODE
Transmitters OFF ) Transmitters OFF j
‘ T_init

T_ip

i

Instantaneous peak, max

Sustained peak, max i
Pal
Steady state, max 0 -
a

At

| mannns ;

lccip Ip % 1 <—§~ 777777777777777
: ; ¥
:Ei ; :
§
lccsp lp - -geoemwsemwet N Sevwovwomomsweswos o8
AN N
Icclp : N
] Moo &
t (ms)
Mgmtlnit > MgmtReady >
Hot Plug Host Enables High

Instant Power:

Figure 7: Instantaneous a

4.2.4 Host Board Power Supply Noise O

The host shall generate an
value in Table 6 when t
exception that 4.7uH i T
.22uF capacitor (0.5 oh

4.2.5 Module P

The QSFP-DD
methods of
56 may need

lue in Table 6 when tested by the
eries resistor specified in D.17 Figure

8431, sect
reduced

presence of a sinusoida:
Hz to 10 MHz according

24

Marvell Semiconductor, Inc. - Ex. 1002, Page 000064



QSFP-DD Hardware Rev 4.0 Candidate

Table 6- Power Supply specifications, Instantaneous, sustained and steady state current limits

Parameter Symbol Min Nom Max Unit

Power supply voltages VccTx, VccTxl, 3.135 3.3 3.465 \%
VecRx, VeccRxl, Vecl & Vec2 including
ripple, droop and noise below 100kHz*

Host RMS noise output 10 Hz-10 MHz 25 mVy
Module RMS noise output 10 Hz - 10 MHz 15 mVy
Module power supply noise tolerance 10 Hz PSNRyoq 66 mVy
- 10 MHz (peak-to-peak)

Module inrush - instantaneous peak T ip 50 us
duration® B

Module inrush - initialization time T init 500 ms

Low Power Mode

Power Consumption P lp 1.5 W
Instantaneous peak current at hot plug : - 600 mA
Sustained peak current at hot plug Icc ] - - 495 mA
Steady state current Icc See Note 3 mA
High Power Mode Power
Power Consumption 1.5 W
Instantaneous peak current 600 mA
Sustained peak current 495 mA
Steady state current i te 3 mA
High Power Mode P

Power Consumption w
Instantaneous peak current mA
Sustained peak current - mA
Steady state current See Note 3 mA
High
Power Consumption 7 W
Instantaneous peak current - 2800 mA
Sustained peak current - 2310 mA
Steady state current See Note 3 mA
Power Consumption 8 W
Instantaneous peak cur - 3200 mA
Sustained peak current - 2640 mA
Steady stat See Note 3 mA
Power C 10 W
Instant - 4000 mA
Sustained™ - 3300 mA
Steady staté& Icc 5 See Note 3 mA
Power Mode Power Class 6 module
Power Consumption P & 12 W
Instantaneous pea Icc ip © - - 4800 mA
Sustained peak curréj Icc sp © - - 3960 mA
Steady state current Icc © See Note 3 mA
Power Mode Power Class 7 module
Power Consumption P 7 14 W
Instantaneous peak current Icc ip 7 - - 5600 mA
Sustained peak current Icc sp 7 - - 4620 mA
Steady state current Icc 7 See Note 3 mA
High Power Mode Power Class 8 module
Power Consumption p 8" >14 W
Instantaneous peak current Icc ip 8 - - P 8/2.5 A
Sustained peak current Icc sp 8 - - P 8/3.03 A
Steady state current Icc 8 - - 6 A

Note 1: Measured at VccTx, VeccTxl, VccRx, VecRxl, Vecl and Vece2

Note 2: T ip and T init are test conditions for measuring inrush current and not
characteristics of the module

Note 3: The module must stay within its declared power class.

Note 4: User must read management register for maximum power consumption

Marvell Semiconductor, Inc. - Ex. 1002, Page 000065



O W W-TOo U W N

=

=
N

13

14
15
16
17
18
19
20
21
22

23

24
25
26
27
28
29
30
31
32
33
34
35

36

37
38
39
40
41
42
43

44

QSFP-DD Hardware Rev 4.0 Candidate

4.3 ESD

Where ESD performance is not otherwise specified, e.g. in the InfiniBand specification,
the QSFP-DD module shall meet ESD requirements given in EN61000-4-2, criterion B test
specification when installed in a properly grounded cage and chassis. The units are
subjected to 15kV air discharges during operation and 8kV direct contact discharges to
the case. All the QSFP-DD module and host pins including high speed signal pins shall
withstand 1000 V electrostatic discharge based on Human Body Model per ANSI/ESDA/JEDEC
Js-001.

4.4 Clocking Considerations

4.4.1 Data Path Description

Within a module, host electrical and module
logical concept called a data path. A data p
that will be powered up or down and initial
100GAUI-4 to 100GBASE-SR4 module implementat
host electrical lanes and four module media :
implementation, where the data path would includ
module media lanes.

uped together into a
tepresent a group of lanes
mples include a

: . would include four
O0GBASE-DR4 module
> lanes and four

s intended

together. Some

where the data
or ai#

4.4.2 Tx Clocking Considerations

Within a given Tx data p g i % ring that all electrical
lanes delivered to the.t i Gy : urced from the same clock
domain). If a module s g concurrently, the different
» k domain or separate clock domains. The
module advertises which of™ : it pports via the management registers.

If the module; faltiple P Unring concurrently in a single clock

domain, the:# : ata paths continue to operate undisturbed
even as oth d Tx input lanes) are enabled/disabled by
the host.

Within a given Rx data path al nes received on the module media interface are required
to be frequency synchrono ced from the same clock domain). If a module supports
multiple Rx data paths runn concurrently, the module shall allow the different Rx data

paths to be asynchronous from each other (sourced from separate clock domains).

26
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Table 7- Datums

o
v
o
c
3

Description

Host Board Top Surface

Inside surface of bezel

**Distance between Connector terminal thru holes on host board

*Hard stop on module

**Width of module

Height of module housing

**Width of module pc board

Leading edge of signal contact pads on module pc board

Top surface of module pc board

*Host board thru hole #1 to accept

*Host board thru hole #2 to accep:

**Width of bezel cut out

Vertical Center line of intern

Seating plane of cage on hosg

*Hard stop on cage

**Connector slot width

Seating plane of connec

Top surface of module hou

HQWHUWEHMWZL—'NC‘E@WHUOWD’
[Eall Kool Reil Nl AWl o]

Primary Datum hol

*Datums D and T are aligned whe
**Centerlines of datums AA, C,

plane
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Figure 12: 2X1 stacked connector/cage datum descriptions

Marvell Semiconductor, Inc. - Ex. 1002, Page 000070



o U WIN

10
11
12
13
14
15
16
17
18

QSFP-DD Hardware Rev 4.0 Candidate

2N
W

T
X
o
-

95 REF ————

£
P
%
s
i

M APPLES TQ {AGES

NG FINGERSS

5.3 Module Mechanical 1

The mechanical outline for the Type 1 module is shown in Figure 14 and the Type 2 module
is shown in Figure 15. The module shall provide a means to self-lock with either the 2x1
stacked cage or SMT cage upon insertion. The module package dimensions are defined in
Figure 16 and Figure 17. The dimensions that control the size of the module that extends
outside of the cage are listed as maximum dimensions per Note 4 in Figure 16. Note: All
dimensions are in mm.

mensions

31
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Figure 15: Type 2 Module
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NOTES APFLY TO MODULE DRAWINGS .
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DIMENMSIONS AND TOLERANCING CONFORM TGO AGME ¥14.5-2005.
ALL DIMEMSIONS ARE IN MILLIMETERS.

UNLESS GTHERWISE SPECIFED. SHARP CORNERS AND EDGES ARE NOT ALLOWED.
ROUMD OFF ALL ERGES ARD CORNERS TO A MIMIMUM RATLS OF Q10 MM

DIMEMSION DEFINES ENLARGEDR SECTION OF TRANICEIVER THAT
EXTENDS DUTSIDE OF CAGE TG ACCOMMODATE MATING PLUG AMD
ACTUATAOR MECHANISM,

SURFACES ON ALL 4 ZIDES OF THE 12.4 WIN DIMENSION TO BE
CONDUCTIVE FOR CONNECTION TO CHASSIS GROUND.

DIMENSION APPLIES TQ LATUH MECHANISM.

DIMENSIGK APPLIES TQ THE LOCATION OF THE EDSE OF THE MODULE
BOARD PAD DATUM H, CONTACTS 31 220 36 AND 37 ARE ¥ISIRLE.

DIMENSION TO INCLUDE BAIL TRAVEL.
DIMENSIONG AFRLY TO OPENNGS IN THE HOUSING.

CRFTIONAL FEATURE TS AID WNEPELTION OF DIMENSIONS FROM DATLUM I3

FLATMNESS AND SURFALE ROUGHNESS Ral APPLIES FOR IKQICATER LEMNGTH
ARD MK WIDTH QF 13 MM, SURFACE TGO BE THERMALLY CONDUCTIVE.
SEE SECTION 5S4 TABLE 8 FOR FLATNESS AND ROUGHNESS REQUIREMENTS.

HIGHER wWATTAGE MORQULES MaY REGUIRE AGDITONAL SPALE FOR COOLING.

BLOCKING FEATURE IS CRITICAL TC APFLICATION FUNLTIGN. A RADIUS OF
00 2 O0% MM 1S REGLIRED G THE LEADING EDGES OF THIS FEATURE.
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Figure 16: Drawing of module
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5.4 Module Flatness and Roughness

Module flatness and roughness are specified to improve module thermal characteristics
when used with a riding heat sink. Relaxed specifications are used for lower power
modules to reduce cost. The module flatness and roughness specifications apply to the
specified heat sink contact area as specified in Figure 16. Specifications for Module
flatness and surface roughness are shown in Table 8 (see Figure 16 note 11).

Table 8- Module flatness specifications

Power Class Module Flatness (mm) Surface Roughness (Ra,um)
.075 1.6

.075
.075
.075
.050
.050
.050
.050

[ec) EN] Fo)Y NGz 1 =) NUVH H\OR Nog
(o] le] lo] o] o] (o] [o) le)
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5.5 Module paddle card dimensions

Notes for Module Paddie Card Drawings (Figures 18 and 19}):

1. Pre-wipe pads (shaded area) on module card host side are optional

2. Asingle split in the pre-wipe signal pad is optional, and if implemented, the
resulting 2 pads shall be separated with a gap of 0.13 +/- 0.05

3. Dimensioning and tolerancing conform to ASME Y14.5-2009

4. Alldimensions are in millimeters
: No solder mask within 0.05 mm of all defined contact pad edges.
No solder mask between end contacts and the of the paddie card

leading edge of the outer

Datum H is established with Datum Targe

_ Dimension and tolerance a
paddie card

Dimension and tolerance applies
paddie card

A2, Dimension and ¢
paddie card

A3 Azerog

Paddie ca
surface

A7 Minimum dimenst ed for mating sequence between signal and ground pads

A8, Component keep out area measured from Datum H

19.  Contact pad plating
0.38 micrometers minimum gold over
1.27 micrometers minimun nickel

Alternate contact pad plating
(.05 micrometers minimum gold over
0.30 micrometers minimum palladium over

1.27 micrometers minimum nickel
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5.6 Module Extraction and Retention Forces

The requirements for insertion forces, extraction forces and retention forces are
specified in Table 9. The QSFP-DD cage and module are designed to ensure that excessive
force applied to a cable does not damage the QSFP-DD cage or host connector. If any part
is damaged by excessive force, it should be the cable or media module and not the cage or
host connector which is part of the host system. The contact pad plating shall meet the
requirements of Section 5.5.

Table 9- Insertion, Extraction and Retention Forces

Measurement Min Max Units Comments

QSFP module insertion | O 40 N

QSFP-DD module 0 90

insertion

QSFP module 0 30

extraction

QSFP-DD module 0 50

extraction

QSFP module retention | 90 N/A 5 e to module below
1latch engaged

QOSFP-DD module 90 N/A o module below

retention *h engaged

Cage retention (Latch | 125 N/A :

strength)

Cage retention in 114° Force to be app

Host Board ertical direction, no

Insertion/removal 100 es r of cycles for the
cycles, connector/ teator and cage with
cage ultIple modules.
Insertion/remo ; ber of cycles for an
cycles, individual module.

module

Note: In forces apply with or without the
presen
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5.7 2x1 Electrical Connector Mechanical

The QSFP-DD Connector is a 76-contact, right angle connector. The integrated connector in
a 2x1 stacked cage is shown in Figure 20 with detailed drawings in Figure 21, Figure 22
and Figure 23. Recommendations for the 2x1 stacked cage bezel opening are shown in Figure
24.

rin 2x1 stacked

NOTES APPLY TO 2X1 STACDKED CAGE @

1 DIMENSIDNING AMD TOLERANCING COMFORM TO ASME Yi4.5-200%

Z ALL DIMENSIONS ARE IN MLLIMETERS.

A3\ OIMENSIONS FROM INSIDE SURFACES OF SPRING FINGERS WHEN FULLY DEFRESSED
L&X CONNECTOR REMOVED FOR DRAWING CLARITY,

z’g\ APPLIES TGO ALL SPRING FINGERS ON ALL SIDES.

w

EXTERNAL CAGE DIMENGIONS. DOES NOT INCLUDE FOLDING TARS,

LENGTH OF CAGE AND SIGNAL TALS

NS
?/
TV
o

LB\ PRESS FIT CAGE BINS APPLY TO RGHT SIBE OF CAGE.

L

13
A3
M
]
w

FIT CAGE PING APPLY TO LEFT SWE TD CAGE.

L0\ PRESS FIT PIN GFFSET BETWEEN RGHT AND LEFT SDE OF CAGE.

A
AN SEE AND POSITION OF CAGE AND CONNECTOR PRESS FIT FINS SHALL
BE DEFINED BY EALH SUPPLIER BASED UPON THE PCB FOOTPRINT LAYDUT

2
;_’1%\ CAVITY FOR HEAT SIRK 15 OFTIONAL

2y CONTACT PN DIMENTION MEASURED FROM DATUM T

/‘2\ CONTACLT PN DIMENSION MEASURED FROM DATUM Tt
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FORWARD CONTACTS REAR CONTACTS

Figure 23: Connector pins in 2x1 stacked cage
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Figure 24: 2x1 Bezel Opening
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trrrrirssre

e

t board connector contacts

ost PCB layout
A typical host board mechanical layout for attaching the QSFP-

system is shown in Figure 25 and Figure 26.

2x1 Connector and Ca
application specific.

.1

5.7

—AN M <0 O~ [e2]

DD 2x1 Connector and Cage
Location of the pattern on the host board is

To achieve 25-50 Gbps performance pad dimensions and associated

tolerances must be adhered to and attention paid to the host board layout.

9
10
11
12
13
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Notes for Host PCB {Figure 26):

1. The entire area under the connector (outside dashed lines) is to
be considered a keep out area for components

Hatched area represent zones on the PCB that come in contact
with or are in close proximity to the plastic housing or the
connector cage. Indicated areas to be considered trace free.

/3. Dimension applies to connector outline
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Figure 26: 2X1 Host PCB Mechanical Layout
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5.8 Surface Mount Electrical Connector Mechanical

The QSFP-DD Connector is a 76-contact, right angle connector. The SMT connector in a lxn
cage is shown in Figure 27 with detailed drawings in Figure 28 and
Figure 29. Recommendations for the SMT cage bezel opening are shown in Figure 30.

NOTES APPLY TO SMT 1 X N CAGE DRAWINGS
1. DIMENSIONING AND TOLERANCING CONFORM TO ASME Y14.5-2009
2. ALL DIMENSIONS ARE IN MILLIMETERS,

FAS
/3N DIMENSIONS FROM INSIDE SURFACES OF SPRING FINGERS WHEN
FULLY DEPRESSED.

SAN CAVITY FOR HEAT SINK IS OPTIONAL.

A

55\ APPLIES TO ALL SPRING FINGERS ON ALL SIDES.
&DATUM S IS DEFINED BY SEATING PLANE ON HOST BOARD.

5/7\5 SIZE OF CAGE PRESS FIT PINS SHALL BE DEFINED BY EACH SUPPUIER

BASED UPON THE PCB FOCTPRINT LAYOUT,
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Figure 30: SMT 1x1 bezel opening
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5.8.1 Surface mount connector and cage host PCB layout

A typical host board mechanical layout for attaching the QSFP-DD surface mount Connector
and Cage System is shown in Figure 31 and Figure 32. Location of the pattern on the host
board is application specific.

To achieve 25-50 Gbps performance pad dimensions and associated tolerances must be
adhered to and attention paid to the host board layout.

.

kit 3

T T S SN
— KN : i
:
3
B
£
{ES :
]
t
3
\\i
; :
= & SETTONG ‘
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Figure 31: SMT Host PCB Mechanical Layout
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Figure 32: SMT Connector and Host PCB Pin Numbers
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5.9 Module Color Coding and Labeling

An exposed feature of the QSFP-DD module (a feature or surface extending outside of the
bezel) shall be color coded as follows:

Beige for 850nm
Blue for 1310nm
White for 1550nm

Each QOSFP-DD module shall be clearly labeled. The complete labeling need not be visible
when the QSFP-DD module is installed and the bottom of the device is the recommended
location for the label. Labeling shall include: =

Appropriate manufacturing and part number ide
Appropriate regulatory compliance labeling
A manufacturing traceability code

The label should also include clear specifi
such as:

1 port characteristics

Optical wavelength
Required fiber characteristics
Operating data rate
Interface standards supporte
Link length supported
Connector Type

If required to comply with
surface of the module cag

>d to the top external

The labeling shall not al or EMI features.
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5.10 Optical Interface

The QSFP-DD optical interface port shall be either a male MPO receptacle (see Figure 34,
Figure 35 and Figure 36), a dual LC (see Figure 37) or a CS connector (see Figure 38).
The recommended location and numbering of the optical ports for each of the Media
Dependent Interfaces is shown in Figure 33. The transmit and receive optical lanes shall
occupy the positions depicted in Figure 33 when looking into the MDI receptacle with the
connector keyway feature on top.

MPO-12

TX RX RX
@@@@0000@@@@ @g@????ﬁ@
203 4 3 % 1 & > 4 3 d

—1 Two Row

MPO-12 ———  BIDi

4
TRY TR TRI Thd

Y4 RT3 RS RTR

POOOO0000DDOD g

Iy @ e )
> QO™

4
©00000¢
©00000

" 00
3
3

ve MPO 12, 2 row optical MDI is used
fortyeakoutapphcaUGnsandfsnot
intended for structured cabling applications.

%
b
L

Dual L.

Figure 33: Optical Media Dependent Interface port assignments
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5.10.1 MPO Optical Cable connections

The optical plug and receptacle for the MPO-12 connector is specified in TIA-604-5 and
shown in Figure 34 (MPO-12 Single Row)and Figure 36 (MPO-12 Two Row). The optical plug
and receptacle for the MPO-16 connector is specified in TIA-604-18 and shown in Figure 35
(MPO-16 Single Row). Note: This specification uses the terms MPO-12 in place of the TIA
term MPO and MPO-12 Two Row in place of the TIA term MPO Two Row.

Aligned keys are used to ensure alignment between the modules and the patchcords. The
optical connector is orientated such that the keying feature of the MPO receptacle is on
the top. Note: Two alignment pins are present in each receptacle.

N

1

e Row optical patch cord and module receptacle
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Dual LC Optical Cable connection

optical patchcord and module receptacle is specified in TIA-604-10 and shown

in Figure 37.

5.10.3
The Dual CS

Industry Docum

61

rd and module receptacle

S
X

e

Figure 38: Dual CS connector module receptacle (in support of breakout applications)
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5.10.4 Electrical data input/output to optical port mapping

Table 10 defines the mapping of electrical TX data inputs and RX data outputs to optical

ports. Note that there is no defined mapping of electrical input/output to optical

wavelengths for WDM applications.

Table 10- Electrical Signal to Optical Port Mapping
Electrical Optical Port Type (see Figure 33)
Signal LC CS or MPO-12 MPO-12 MPO-12 (two row) MPO-12
MPO-16 BiDi
1 TX fiber 2 TX fibers 4 TX fibers 8 TX fibers 8 Tx (Rx) fibers?
1 RX fiber' | 2 RX fibers' | 4 RX fibers' 8 RX fibers'

Tx1 TX-1 - TR1
Tx2 RT1
Tx3 TX-1 TX-2 TR2
Tx4 TX-1 RT2
Tx5 TX-3 TR3
Tx6 RT3
Tx7 TX-2 X TR4
Tx8 RT4
Rx1 RXE RT1
Rx2 TR1
Rx3 RX-1 RT2
Rx4 RX-1 TR2
Rx5 RT3
Rx6 TR3
Rx7 RX-2 RT4
Rx8 TR4

Note 1: TX-n or RX-n wher

ined in Figure 33

Note 2: TRn or RTn where

=fined in Figure 33

QSFP-DD 1is stacked, ganged and/or belly-to-belly
in a 1U 19" esign for cooling/airflow.

The equipment supplier is respon51ble for controlllng the module case temperature to the
specified range. The module supplier is responsible for defining a point on the module
case where the temperature is measured. This should be a point connected to an internal

component with the least thermal margin, e.g. a laser diode. It is recommended that the

defined point on the module case be behind the equipment faceplate in order to enable in-
system monitoring.

6.1 Thermal Requirement

The module case temperature may be within one or more of the case temperatures ranges
defined in Table 11. The temperature ranges are applicable between 60m below sea level
and 1800m above sea level, utilizing the host systems designed airflow. For further
information see Telcordia GR-63-CORE, Issue 4, April 2012, NEBS™ Requirements: Physical
Protection.

Table 11- Temperature Range Class of operation

Class Module Case Temperature
Standard 0°C through 70°C
Extended -5°C through 85°C
Industrial -40°C through 85°C
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6.2 Thermal Requirements — tighter controlled environments

The classes in Table 12 are intended for tighter controlled environments, e.g. data
center environments as described in “Thermal guidelines for data processing
environments”, fourth Ed., ASHRAE, 2015. The four classes correspond to different ranges
of equipment intake air temperature.

Table 12- Temperature Range Classes for Tighter Controlled Applications
Class Module Functional Case Module Performance
Temperature’ : Case Temperature’

Al 15°C to 62°C 25°C to 62°C
A2 10°C to 65°C 20°C to 65°C
A3 5°C to 70 15°C to 70°C

A4 5°C to 15°C to 75°C
Note 1: Functional includes all fe n Low Power Mode.
Performance means all specificatié wer mode.

are met in high

6.3 External Case and Handle Tguch Temp

ces outside of e cage must

If the module case temperature

a means must be provided to
prevent contact with the case during u : ] » Figure 10, Figure 11 and
Appendix A show typical ha : i he module, thereby limiting
contact with the module . : vpi g conductivity elastomer
and allow for a higher ion see “IEC/UL 60950-1
Requirements for Infor cordia GR-63-CORE, Issue 4,

For all power classes, all module
comply with applicable touch tempera

A management ¢ nly used in other form factors like QSFP, SFP,
and CDFP, 1is sp £ 1 i flexible use of the module by the user. The
memory map for QS mmon Management Interface Specification for
8x/16x pluggable t ee WwWww.QSFP-DD.com) Some timing requirements are
critical, especially annel device, so the interface speed may optionally be
increased. Byte 00h o age or Address 128 Page 00h is used to indicate the
use of the QSFP-DD memor er than the QSFP memory map. When a legacy QSFP28
module is inserted into a ¢ DD port the legacy QSFP memory map (i.e. SFF-8636) must be
used. This case is outside scope of this document.

In some applications, muxing or demuxing may occur in the module. In this specification,
all references to channel numbers are based on the electrical connector interface
channels, unless otherwise indicated. In cases where a status or control aspect is
applicable only to channels after muxing or demuxing has occurred, the status or control
is intended to apply to all channels in the mux group, unless otherwise indicated.
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7.1 SCL, SDA and ModSEL Timing Specification

7.1.1 Introduction

Low speed signaling is based on Low Voltage CMOS (LVCMOS) operating at Vcc. Hosts shall
use a pull-up resistor connected to Vcc host on the 2-wire interface SCL (clock) and SDA
(Data) signals. Detailed electrical specifications are given in section 4.1.2.
Nomenclature for all registers more than 1 bit long is MSB-LSB.

7.1.2 Management Interface Timing Specification

The timing requirements are shown in Figure 39 and specified in Table 13.

QSFP-DD 1s positioned to leverage 2-wire timing (Fast Mode devices) to align the use of
related cores on host ASICs. The default clock rate is imum of 400 kHz with an
option to support up to a maximum of 1 MHz. This subsegh closely follows the QSFP SFF-
8636 specification.

Tuonar T swoar

Vs

Vi sase

fnd of Transaction = 20e}

P-DD Timing Diagram

The 2-wire serial inte
allow access to multip

of the QSFP-DD module is 1010000X (AOh). In order to
modules on the same 2-wire serial bus, the QSFP-DD
includes a module select P dSell. This input (which is pulled high, deselected in
the module) must be held 1 the host to select the module of interest and allow
communication over the 2-wire serial interface. The module must not respond to or accept
2-wire serial bus instructions unless it is selected.

Before initiating a 2-wire serial bus communication, the host shall provide setup time on
the ModSell line of all modules on the 2-wire bus. The host shall not change the ModSellL
line of any module until the 2-wire serial bus communication is complete and the hold
time requirement is satisfied.
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7.1.3 Serial Interface Protocol

7.1.3.1 Management Timing Parameters

The timing parameters for the 2-Wire interface to the QSFP-DD module and the QSFP-DD
memory transaction timings are shown in Table 13. Tradeoffs between pull-up resistor
values, bus capacitance and rise time are shown in Figure 40.

for selacted pulb-up resistor values witd

G B 106G ERG 3 258 348 354
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Fast Mode | Fast Mode
(400 KHz) Plus (1 MHz)

Parameter Symbol Min Max | Min Max Unit | Conditions

Clock Frequency £SCL 0 400 | O 1000 KHz

Clock Pulse Width tLOW 1.3 0.50 us

Low

Clock Pulse Width tHIGH 0.6 0.26 us

High

Time bus free tBUF 20 1 us Between STOP and START and

before new between ACK and ReStart

transmission can

start

START Hold Time tHD.STA 0.6 0.26 The delay required between
SDA becoming low and SCL
starting to go low in a
START

START Setup Time tSU.STA 0.6 The delay required between
SCL becoming high and SDA
starting to go low in a

Data In Hold Time tHD.DAT 0

Data In Setup Time tSU.DAT

Input Rise Time

711, MAX=0.3*Vcc) to
IN=0.7*Vcc)

Input Fall Time

From (VIH,MIN=0.7*Vcc) to
(VIL,MAX=0.3*Vcc)

STOP Setup Time

STOP Hold Time

Aborted sequence -
bus release

Delay from a host de-
asserting ModSell (at any
point in a bus sedquence)
to the QSFP-DD module
releasing SCL and SDA

ModSell Setup T4

ModSell Setup Time is the
setup time on the select
line before the start of a
host initiated serial bus
sequence.

ModSell Hold Time

ModSell Hold Time is the
delay from completion of a
serial bus sequence to
changes of module select
status.

Serial Interface 500 500 us Maximum time the QSFP-DD

Clock Holdoff module may hold the SCL

“Clock Stretching” line low before continuing
with a read or write
operation

Complete Single or tWR 80 80 ms Complete Write of up to 8

Sequential Write to Bytes

non-volatile

registers

Endurance (Write 50K 50k cycl | Module Case Temperature =

Cycles) es 70° C

Note 1: When the host has determined that module is QSFP-DD, the management registers can be

read to determine alternate supported ModSell set up and hold times.
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Appendix A: Informative overall module length with elastomeric handle
attached to module latches

Figure 41 and Figure 42 show flexible elastomeric handles attached to the module latches.
Handle ends for Types 1 and Type 2 modules should be aligned independent of module case
extension. Type 1 modules should meet the overall length of 118mm maximum per Figure 41
with a handle length of approximately 50mm. Type 2 modules should comply with Figure 42
and have reduced handle length equal to the module case length extension

N
A1

Y

19 MAX

l

A

567 6AA
b 3 PAAR —aeed

£
@

]

MM

M8 REF

poo———— 35 MAX 483 MIN

Figure 42: Informative overall module length with handle for Type 2 module
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11/22/2019 40 Gigabit Ethernet Options Guideline

Fiber Optic Cabling Solutions

The largest solutions of pre-terminated fiber optics, including multimode and single-mode patch cords,

MTP/MPO fiber trunks and harnesses, plug-n-play modules/cassettes and fiber enclosures.

40 Gigabit Ethernet Options Guideline

w7

Gt
2

W

NN N

When the |EEE introduced the 802.3ba Ethernet standard, this was in response to the increasing bandwidth
demands facing data centers, paving the way for the introduction of 40Gb/s and 100Gb/s Ethernet operations.
Believe it or not, the 40 Gigabit Ethernet era is already upon us. This text put together a brief overview of the
current 40 Gigabit Ethernet optics types and form factors to aid in planning for future high-performance
Ethernet needs.

40 Gigabit Ethernet Standards

The IEEE 802.3ba introduced the 40 Gigabit and 100 Gigabit Ethernet standards in 2010. 802.3ba is the
designation given to the higher speed Ethernet task force which completed its work to modify the 802.3
standard to support speeds higher than 10 Gbit/s. This was the first time two different Ethernet speeds were
specified in a single standard. The table below gives detailed specifications for 40 Gigabit Ethernet standards.

40GBASE-SR: Multimode fiber 3 100m/OM:
40GBASE-LR4 = Singlemode fiber 10 km
40GBASE-ER4 Singlemode fiber 40 km

40 Gigabit Ethernet QSFPTransceiver Options
As with any new generation of technology, one design goal was to leverage as much existing technology as
possible. By minimizing the number of new interfaces, the interfaces become less expensive and take

www.cables-solutions.com/guide-to-40-gigabit-ethernet-options.html 1/5
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advantage of volume production and simplicity. To meet this design goal, there are three media modules will
be used in the first generation of 40 Gigabit Ethernet: QSFP, CXP and CFP.

e QSFP
The Quad Small-Form-Factor Pluggable (QS#F) is similar in size to the CXP and provides four transmit and
four receive lanes to support 40 Gigabit Ethernet applications for multimode fiber and copper today and
may serve single-mode in the future. Another future role for the QSFP may be to serve 100 Gigabit
Ethernet when lane rates increase to 25 Gbps.

e CXP
The CXP transceiver features 12 transmit and 12 receive 10-Gbps lanes to support one 100 Gigabit
Ethernet port, or up to three 40 Gigabit Ethernet ports. It can achieve rates up to 120 Gbps of pluggable
data over 12 lanes in one assembly while enhanced-footprint connectors transmit signals over 10 lanes
for up to 100 Gbps.

www.cables-solutions.com/guide-to-40-gigabit-ethernet-options.html
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e CFP
The C Form-Factor Pluggable (UFP) is a new media module that was designed for longer-reach
applications, with up to 24 watts of power dissipation. Its dense electrical connectors and integrated,
riding heat sink enable a range of interfaces. This module is used for 40GBASE-SR4, 40GBASE-LR4.

40GbE Cabling Options

The most common 40GbE cable is the QSFP+ Cable. Such as QSFP direct attach copper cable (DAC) and QSFP
active optical cable (AOC). Besides, the MPO/MTP cable is considered the best solution for 40GbE. Since
MPO/MTP connectors have either 12 fibres or 24 fibres array, which can allow data transmission across
multiple fibres simultaneously.

o Direct Attach Copper Cable

Transmitting 40 GbE over short distances of parallel coaxial copper cabling (also referred to as twinax cabling)
is accomplished using a special cabling assembly with four lanes of coaxial cabling (eight pairs). Four pairs each
transmit 10 Gbps in one direction and four transmit 10 Gbps in the other direction for a total data rate of 40
Gbps. The two common DACs used in 40g Ethernet are QSFP to QSFP and QSFP to 4 SFP+ copper direct-attach
cables.

QSFP to QSFP DAC ~ QSFP to 4 SFP+ Breakout DAC

e Active Optical Cable

www.cables-solutions.com/guide-to-40-gigabit-ethernet-options.html 3/5
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In the market, there are two common 40g fiber cable: QSFP to 4 SFP+ breakout AOC and QSFP to QSFP AOC.
The former is a 4x10 Gb/s parallel active optical cable which transmits four separate streams of 10 Gb/s data
over ribbon cables in a point-to-multipoint configuration. The cable contains a QSFP+ module on one end and
four separate SFP+ modules at the other ends. The latter is a 40 Gb/s parallel active optical cable which
fihar (MMF) ribbon cables.

transmits error-free parallel 4x10 Gb/s data over muiti:

QSFP to QSFP AOC  QSFP to 4 SFP+ Breakout AOC
s MPO/MTP Cable

Current multi-mode optics standards for 40GbE optics use multiple 10Gbps lasers, simultaneously transmitting
across multiple fiber strands to achieve high data rates. Because of the multi-lane nature of these optics, 40GbE
multi-mode optics use a different style of fiber cabling, known as MPO or MTP cabling. As with 10GbE optics
over multi-mode fiber, an OM3 or OM4 grade MMF is needed to be able to cover longer distances. For 40g
Ethernet, we can use 8 fibers MPO/MTP harness cables or 12 fibers MPO/MTP trunk cables. The former is to
directly connect a QSFP port to other 4 SFP+ ports. The latter is to directly connect one QSFP port to another
QSFP port.

MPO/MTP Trunk Cable MPO/MTP Harness Cable

Related articles:

w e o
P anuet

A
-
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This entry was postad in Q5FP+ Transceiver and tagged 40 Gigabit Ethernet, 400G QSFP+, 40GBASE-LR4,
ADGRASE-SRY, CFP module, OF Transceiver, MPO MTP Fiber on May 25, 2015 [htipffwww.cables-
solutions.com/guide-to-40-gigabit-ethernet-options.himi] by Alice.Gui,
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{Amendment of IEEE Std 802.3™.2015 3s amended by
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IEEE P802.3cd™/D1.2

Draft Standard for Ethernet
Amendment:

ledia Access Control Parameters for
50 Gb/s and Physical Layers and
anagement Parameters for 50 Gb/s,
100 Gb/s, and 200 Gb/s Operation

Prepared by the

LAN/MAN Standards Commitiee
of the
IEEE Computer Sogiety

This draft is an amendment of IEEE Std802.3-2015 as amended by IEEE Std 802.3bw-2015,
IEEE Std 802.3by-2016,  IEEE Std 802.3bg-2016, IEEE Std 802.3bp-2016, [EEE Std 802.3br-2016,
IEEE Std 802 3bn-2016, IEEE Std 802.3bz-2016, and {many others}. This amendment defines JEEE 8623
Media Access Control (MAC) parameters, Physical Layer specifications, and management parameters for
the transfer of IEEE 862.3 format frames at 50 Gb/s, 100 Gb/s, and 200 Gb/s. Draft D1.2 is prepared for
Task Force review. This draft expires 6 months after the date of publication or when the next version is
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All nghts reserved.

This document is an unapproved draft of a proposed IEEE Standard. As such, this document is subject to
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Draft Amendment to [EEE Std 802.3-2015 IEEE Draft P802.3cd/D1.2
{EEE P802.3cd Task Force ard February 2017

Abstract: This amendment to IEEE Std 802.3-2015 adds Clause 131 through Clause 140 and
Annex 135A through Annex 138C. This amendment includes IEEE 802.3 Media Access Control
{MAC) parameters, Physical Layer specifications, and management parameters for the transfer of
{EEE 802.3 format frames at 50 Gb/s, 100 Gbfs, and 200 Gb/s.

Keywords: S0GAUIL-1, 50GAUL2, B0GBASE-CR, 50GBASE-KR, 50GBASE-FR, 50GBASE-LR,
50GBASE-SR, 50 Gigabit Ethernet, 50GMI, 100GAUL2, 100GAUL-4, 100GBASE-CR2,
100GBASE-KR2, 100GBASE-SRZ, 100GBASE-DR, 100 Gigabit Ethernet, 200GBASE-CR4,
200GBASE-KR4, 200GBASE-SR4, 200 Gigabit Ethemet, Energy Efficient Ethernet (EEE), Ether-
net, forward error correction (FEC), I1EEE 802.3™ {EEE Sid 802.3cd™, LAULZ, MMF, SMF.

Copyright © 2017 IEEE. All rights reserved.
This is an unapproved {EEE Standards draft, subject to change.
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Draft Amendment to |[EEE Std 802.3-2015 IEEE Draft P802.3cd/D1.2
{EEE P302.3cd Task Force 3rd February 2017

Editor’s Nole {io be removed prior to publication):

This front matter is provided for comment only, Front matter is not part of a published standard and is
therefore, not part of the draft standard. You are invited to review and comment on it as it will be included
in the published standard after approval.

One exception to IEEE style that is consciously used 1o simpiify the balloting process is the numbering of
ihe front matter. instead of the front matier being iower case Roman numeral page numbers, with the draft
restarting at 1 with Arabic page numbers, bailoted front matter and draft are numbered consecutively with
Arabic page numbers,

important Notices and Disclaimers Concerning IEEE Standards Documents

TEEE documents are made available for use subject to imaportant notices and legal disclaimers. These notices
andt 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

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

IEEE does not warrant or represent the accuracy or content of the material contained in its standards, and
expressly disclaims all warranties (express, implied and statutory) not included in this or any other
document relating to the standard. including, but pot limited to, the wananties of: merchastabiity; fitoess
for a particular purpose; non-infringement; and qguality, accuracy, effectiveness, currency, or completeness
of material. In addition, IEEE disclaims any and all conditions relating to: results; and wortkmanlike offort.
IEEE standards documents are supplied “AS 187 and “WITH ALL FAULTS.”

Use of an [EEE standard is wholly voluntary. The existence of an IEEE standard does not imply that there
are no other ways to produce, test, measure, purchase, market, or provide other goods and services related to
the scope of the IEEE standard. Furthermeore, 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 cormments
received from users of the standard.

In publishing and making its standards available, IEEE is not suggesting or rendering professional or other
services for, or on behalf of, any person or entity nor i1s IEEE undertaking to perform any duty owed by any
other person or entity to another. Any person utilizing any 1EEE Standards document, should rely upon his
or ber own independent judgment in the exercise of reasonable care in any given circumstances or, as
appropriate, seck the advice of a competent professional in determining the appropriateness of a given IEEE
standard.

IN NO EVENT SHALL [EEE 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

Copyright © 2017 IEEE. Al rights reserved,
This is an unapproved IEEE Standards draft, subject {o change.
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Draft Amendment to [EEE Std 802.3-2015 IEEE Draft P802.3cd/D1.2
{EEE P802.3cd Task Force ard February 2017

BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY.
WHETHER IN CONTRACT, STRICT LIARILITY. 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.

Translations

The 1EEE consensus development process involves the review of documents in English only. In the event
that an IEEE standard is traoslated, only the Enghish version published by IEEE should be considered the
approved IEEE standard.

Official statements

A statement, writien or oral, that is not processed in accordance with the IEEE-SA Standards Board
Operations Magual shall not be considered or inferred o be the official position of IEEE or any of its
commitiees and shall not be considered fo 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 docunients are welcome from any interested party, regardless of
membership affiliaton with IEEE. However, IEEE does not provide consulting information or advice
pertaining to IEEE Standards documents. Suggestions for changes in documents should be inthe form of a
proposed change of text, together with appropriate supporting comiments. Since IEEE standards represent a
consensus of concerned interests, it is imporiant that any responses fo comments and questions also receive
the concurrence of a balance of interests. For this reason, IEEE and the members of its societies and
Standards Coordinating Cominitiees are not able to provide an instant response {0 comments o1 questions
except in those cases where the matter has previcusly been addressed. For the same reason, IEEE does not
respond fo interpretation requests. Any person who would bike to participate in revisions to an {EEE
standard is welcome to join the relevant IEEE working group.

Comuments on standards should be submitted to the following address:

Secretary, IEEE-SA Standards Board
445 Hoes Lane
Piscataway, NJ 08834 USA

Laws and regulations

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

Copyright © 2017 IEEE. All rights reserved.
This is an unapproved {EEE Standards draft, subject to change.
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Draft Amendment to |[EEE Std 802.3-2015 IEEE Draft P802.3cd/D1.2
{EEE P302.3cd Task Force 3rd February 2017

Copyrights

IEEE draft and approved standards are copyrighted by IEEE under U.S. and iaternational 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 oot waive any rghis in copyright to the
documents.

Photocopies

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

Updating of IEEE Standards documents

Users of [EEE 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 issvance of amendments,
corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the
document together with any amendments, corrigenda, or errata then in effect.

Every IEEE standard is subjected to review at least every ten years. When a document is more than ten years
old and has not undergone a revision process, it 1s reasonable to conclude that its contents, although stili 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 cumrent edition and whether it has been amended
through the isssance of amendments, comigenda, or errata, visit the [EEE-SA Websile at
http:/ceeaplore.ese. o/ spl/stan dards.isp or comtact IEEE at the address listed previeusly. For more

information about the JEEE SA or IEEE's standards development process, visit the IEEE-SA Website at
hftpstandards dece.org.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE-SA Website at the following URL:
htip.//standands.deec.org/Bndsids/onatadinde il Users are encouraged to check this URL for emata
perodically.

Patenis

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 assorance via an Accepted Letier of Assurance. then the statement is listed on the
IEEE-SA Website at hifp:/standards.fece.org/abont/sash/paicomy/patenta iiml. Letters of Assurmance may
indicate whether the Svbmitier is witling or unwilling {o grant licenses under patent nghis without

Copyright © 2017 IEEE. Al rights reserved,
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Draft Amendment to [EEE Std 802.3-2015 IEEE Draft P802.3cd/D1.2
{EEE P802.3cd Task Force ard February 2017

compensation or under reasonable rates, with reasonable terms and counditions that are demonstrably free of
any unfair discrimination to applicants desiring to obtain such licenses.

Essential Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not
responsible for identifying Essential Patent Claims for which a license may be required, for conducting
inquiries into the legal validity or scope of Patents Claims, or determining whether any licensing terms or
conditions provided in conoection 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 infaagement of such rights, is entirely their
own responsibifity. Further information may be obtained from the IEEE Standards Association.

Copyright © 2017 IEEE. All rights reserved.
This is an unapproved {EEE Standards draft, subject to change.
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Draft Amendment to |[EEE Std 802.3-2015 IEEE Draft P802.3cd/D1.2

{EEE P302.3cd Task Force 3rd February 2017
Participants 1
o]
The following individuals were officers and members of the IEEE 802.3 working group at the begioning of 3
the IEEE P802 3ed working group ballot. Individuals may have not voted, voted for approval, disapproval i

or abstained on this standard.

Bavid J. Law, [FEE 8023 Working Group Chair
Adam Healey, [LFE 802.3 Working Group Vice-Chair 8
Pete Anslow, [FFE 802.3 Working Group Secretary 9
Steven B. Carlson, [FFE 802.3 Working Group Executive Secretary
Valerie Maguire, [FEF 8023 Working Group Treasurer i

Mark Newell, [EEE P02 3cd Task Force Chair i3
Matt Brown, JELE P802. 3cd Task Force Editor-in-Chief 4
Arthar Marris, JEEE P802.3¢d Task Force Editor 13
Gary Nichell JEFE P&02.3cd Task Force Editor 16
Adee Ran, JEEE P802.3cd Task Force FEditor 17
Jonathan King [EEE PS02.3cd Task Force Editor 18

Peter Stassar, [FEE P80O2. 3cd Task Force FEditor 19
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The following members of the individual balloting comuitiee voted on this standard. Balloters may have
voted for approval, disapproval, or abstention.
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When the IEEE-SA Standards Board approved this standard on XX Month 201X, it bad the following
membership:

FirstName SecondName, ice Chair
FirstMame SecondMame, Past Chair
Konstantinos Karachalios, Secretary 6

i
2
FirsiName SecondName, Chair 3
4
5

{10 be supplied at publication}

8
*Member Emenitus 9

Also included are the following nonvoting IEEE-SA Standards Board liaisons:

[to be supplied at publication}

Michelie D. Turner
IEEE Standards Senior Program Manager, Document Development

Lisa Perry 13
[EEE Standards Program Manager, Technical Program Developmert 19
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introduction

Thic introduction is not part of IEEE Std 802.3cd-20xx, IEEE Draft Standard for Ethernet. Amendment:
Media Access Controel Parameters for 56 Gh/s and Physical Layers and Management Parameters for S0 Gh/s,
109 Gb/s, and 200 &Gb/s Operation.

IEEE Std 802.3™ ywas first published in 1983, Since the initial publication, many projects have added fone-
tionality or provided maintenance updates to the specifications and text included in the standard. Each
[EEE 802.3 project/amendment is identified with a suffix (¢.g., IEEE Std 802.3b3™.-2010).

The balf duplex Media Access Cantrol (MAC) protocol specified in IEEE Std %02.3-1985 is Catrier Sense
Muitiple 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 protocel was added
in 1997,

Some of the major additions to 1EEE 5td 802.3 are identified in the marketplace with their project number.
This is mest cormmon for projects adding higher speeds of operation or sew protocols. For example, IEEE
Std 802.3u™ added 100 Mb/s operation (also called Fast Ethernet), IEEE Std 802.37 added 1000 Mb/s oper-
ation {(also calied Gigabit Ethernet), IEEE Std #02.3ae 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 %02.3ba 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
#02.3-2015 and are not maintained as separate documents,

At the date of IEEE Std 802 3cd-20xx publication, IEEE Std 802.3 1s composed of the following documents:
[EEE Sud 862 3-2013

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 speads of operation.

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

Section Three—Includes Clavse 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 Clavse 55 and Anvex 44A through Anpex 35B. Section
Four includes general information on 10 Gb/s operation as well as most of the 10 Gb/s Physical Layer
specifications.

Section Five—Inclades Clause 36 through Clause 77 and Annex $7A through Aunex 76 A. Clause 56
through Clause 67 and Clause 75 theough Clause 77, as well as associated anncxes, specify subscriber
access and other Physical Layers and sublayers for operation from 512 kb/s to 10 Gb/s, and defines ser-
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vices and protocol elements that enable the exchange of IEEE 5td 502.3 format frames between sta-
tions 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 back-
planes 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
specifics Energy-Efficient Ethernet. Clause 79 specifies IEEE 8023 Crganizationaily Specific Lisk
Layer Discovery Protocol (LLDP) type, length, and value (TLV) information elements. Clause 80
theough Clause 95 and associated annexes includes general information on 40 Gb/s and 100 Gb/s oper-
ation as well the 40 Gb/s and 100 Gb/s Physical Layer specifications. Clause 90 specifies Ethernet sup-
port for tire synchionization protocols.

IEEE Std 802.3bwT™-2015

Amendment 1—This amendment includes changes to IEEE Std #02.3-2013 and adds Clause 96. This
amendment adds 100 Mb/s Physical Layer (PHY) specifications and management parameters for oper-
ation on a single balanced twisted-pair copper cable.

[EEE 5td 802 3by™-2016

Amendment 2—This amendment inclodes changes to IEEE Std 802.3-2015 and adds Clause 103
through Clause 112, Amnex 109A, Annex 109B, Annex 110A, Annex 110B, and Annex 1106C. 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 802.3bg™-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 Lavers for 25 Gb/s and 40 Gb/s operation over bal-
anced twisted-pair structured cabling systems.

IEEE Std 802 3bp™-2016
Amendment 4—This amendment includes changes to 1EEE Std 802.3-2015 and adds Clanse 97 and
Clause 98, This amendment adds point-to-point 1 Gb/s Physical Layer (PHY) specifications and man-
agement parameters for operation on a single balanced twisted-pair copper cable in automotive and
other applications not vtilizing the structured wiring plant.

[EEE Std 862.3br™-2016

Amendment 5—This amendment inchudes changes to IEEE Std 802.3-2013 and adds Clause 99. This
amendment adds a MAC Merge sublayer and a MAC Merge Service Interface fo support for Interspers-
ing Express Traffic over a single link.

IEEE Std 802 3bn™-2016

Amendment 6—This amendment adds the Physical Laver 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 opera-
tion of Ethernet Passive Optical Networks (EPON) protocols, such as Multipeint Control Protocol
(MPCP) and Operation Administration and Management (OAM).
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IEEE Std 802.3bz™-2016

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

IEEE 5td 862.3bo™-201x

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
TEEE 802.3 single twisted-pair interfaces.

IEEE Std 802.3bv™-201x

Amendment 9—This amendment includes changes to IEEE Std #02.3-2015 and adds Clause 115 and
Annex 115A. This amendment adds point-to-point 1000 Mb/s Physical Layer (PHY) specifications and
management parameters for operation on duplex plastic optical fiber (POF) targeting use in avtomotive,
industrial, home-network, and other applications.

IEEE Std 802.3bs"™-201x

This amendment includes changes to IEEE Std 802.3-2015 and adds Clause 116 through Clause 124
and Annex [19A through Anoex 120E. This amendment adds MAC parameters, Physical Lavers, and
management parameters for the transfer of 1EEE 802.3 format frames at 200 Gb/s and 400 Gb/s.

IEEE Std 802.3[others]™-201x
This amendment includes. ..

IEEE Std 802 3¢cd™-201x
This amendment includes changes to IEEE Std 802.3-2015 and adds Clause 131 through Clause 140
and Annex 133 A through Annex 136C. This amendment adds MAC parameters, Physical Layers. and

management parameters for the transfer of IEEE 802.3 format frames at 50 Gb/s, 100 Gb/s, and
200 Gb/s.

A companion document IEEE Std 802.3.1 describes Ethernet management information base (MIB) modules
for use with the Simple Network Management Protocol (SNMP). 1IEEE Std 802.3.1 is updated to add man-
agement capability for enbancements to IEEE Std 802.3 after approval of the enhancements.

IEEE 5td 802.3 will contioue 1o evolve. New Ethernet capabilities are agticipated to be added within the
next few years as amendments to this standard.
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Draft Standard for Ethernet
Amendment:

edia Access Control Parameters for
50 Gb/s and Physical Layers and
anagement Parameters for 50 Gb/s,
100 Gb/s, and 200 Gb/s Operation

IMPORTANT NOTICE: IEEE Standards documents are not intended to ensure safety, health, or envi-
ronmental protection, or ensure against inferference with or from other devices or networks. Implement-
ers 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 ol publications containing this document and may be found under the
heading “Important Notice” or “Important Notices and Disclaimers Concerning IEEE Docaments.”
They can also be obtained on request from IEEE or viewed at figiny/standardsieseoredPRd sain
ersftnd

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 cditing instructions are shown in bold #alic. Four editing instructions are used: change, delete, insert,
and replace. Change is used to make corrections in existing text or tables. The editing instruction specifics
the location of the change and describes what is being changed by using strikethrotgh (to remove old mate-
rial) and underscore (1o add now material). Delefe removes existing material. fuserf adds new material with-
out disturbing the existing material. Deletions and inserions may require renumbering. If so. repumbering
instructions are given in the editing instruction. Beplace is used to make changes in figures or cquations by
removing the existing figure or cquation and replacing it with a new one. Editing 1nstructions, change mark-
ings, 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 clanses, tables, equations, or figures not covered by this amendment are high-
lighted in green.

TO BE REMOVED PRIOR TO FINAL PUBLICATION: Reviewers and the publication editor should note
that editing instructions huve been written fo minimize the probability of changes being lost at publica-
tion from other IEFFE 802.3 amendment projects running in parallel fe.g., IFEE P802.3bj and IFEE
PEO2.3bii that modified the same text and fables.
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1. introduction

1.1 Overview

1.1.3 Architectural perspectives

1.1.3.2 Compatibility interfaces

Insert the following new compatibifify interjaces after “k) 46 Gh/s Parallel Physical fnterface (XL.PPE":

k) 50 Gb/s Media Independent Interface (S0GMID. The S0GMIE is designed to connect a 50 Gb/s
capable MAC to a 50 Gb/s PHY. While conformance with implementation of this interface is not
necessary o ensure communication, it allows flexability in intermuxing PHY's and DTEs at 50 Gby/s
speeds. The SO0GMIT is a logical interconmection intended for use as an intra~chip interface. No
mechanical connector is specified for use with the S0GMIL The 50GMI is optional.

K2y 350 Gb/s Attachment Unit Interfoce (LAUI-2350GAUT-n). The LAUI-2/50GAUI-n is a physical
instantiation of the PMA service interface to extend the connection between 50 Gb/s capable PMAs,
While conformance with implementation of this interface is not necessary to ensure commusication,
it is recommended, since it allows maximum flexibility in intermixing PHY's and DTEs at 50 Gb/s
speeds. The LAUI-2/50GAUI-n 1s intended for use as a chip-to-chip or a chip-to-module interface.
Two widths of 530GAUL-n are defined: a two-lane version (50GAUI-2) in Annex 135D and
Annex 135E. and a one-lane version (50GAUIL-1) in Annex 135F and Annex 133G, No mechanical
connector is specified for use with the LAUL-2/50GAUI-n. The LAUI-2/50GAUI-n is optional.

Change the compatibility interface “m) 100 Gb/s Attachment Unit Interface (CAUI-n}” as follows:

my 100 Gb/s Aftachment Unit Interface (CAUI-n/]100GAU-n). The CAUR-n/I00GAUI-n is a physical
instantiation of the PMA service interface to exiend the conmection between 100 Gb/s capable
PMAs. While conformance with implementation of this interface is not necessary to ensure comimu-
nication, it is recommended, since it allows maxiraum flexibiity 1o inteomining PHYs and DTEs at
100 Gb/s speeds. The CAUl-n is intended for use as a chip~to~chip or a chip-to-module interface.
TheeeTwe widths of CAUL-n are dnfl[]&d tgn iam Version (CAUT-10) in Anney 83A and

CALI -1 i()(bGAUI -1} i5 optmml.

1.3 Normative references
Change the reference for IEC 61753-622-2 as follows:
IEC 61783-022-2:2012. Fibie optic interconnecting devices and passive components - Performance standard

- Part 022-2: Fibre optic connectors terminated on multimode fibre for category C ~ Controlled environment:
performance-Class- M.
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1.4 Definitions
Insert the following new dejinition after 1.4.52 “I00GBASE-R encoding”:

14.52a 100GBASE-CR2: IEEE 802.3 Physical Layer specification for 100 Gb/s using 100GBASE-R
encoding over two lanes of shielded balanced copper cabling. (See IEEE Std 802.3, Clause 136.)

Insert the following new definifion affer 1.4.54 “100GBASE-CRIO”:

1.4.54a 100GBASE-DR: IEEE 802.3 Physical Layer specification for 100 Gb/s serial transmission using
FO0GBASE-R encoding and 4-level pulse amplitude modulation over one wavelength on single-mode fiber,
with reach up to at least 300 m. (Sec IEEE Std 802.3, Clause 140.)

Insert the following new definition after 1.4.55 “100GBASE-KP4”:

1.4.58a 100GBASE-KR2: IEEE 802.3 Physical Layer specification for 100 Gb/s using 100GBASE-R
encoding over two lanes of an clectrical backplane. {Sec IEEE Std 802.3, Clause 137.)

Insert the following new definition after 1.4.58 “100GBASE-LRY”:;

1.4.58a 100GBASE-SR2: IEEE 8023 Physical Layer specification for 100 Gb/s using 100GBASE-R
encoding over two lanes of multimode fiber. (See IEEE Std 802.3, Clause 138.)

Insert the following new definitions after 1.4.72a “40GBASE-T” {as inserted by IEEE 8td 802.3bg-2016):

1.4.72a1 S0GBASE-CR: IEEE 802 3 Physical Layer specification for 50 Gb/s using 50GBASE-R encoding
over one lane of shielded balanced copper cabling. (See [EEE Sid 802.3, Clavse 136.)

14.72a2 S0GBASE-FR: IEEE 802.3 Physical Layer specification for 30 Gb/s sertal transmission using
SO0GBASE-R encoding and 4-level pulse amplitude modulation over one wavelength on single-mode fiber,
with reach up to at feast 2 km. (See IEEE Sid 8023, Clause 139.)

1.4.72a3 530GBASE-KR: [EEE 802.3 Physical Layer specification for 30 Gb/s using S0GBASE-R encoding
over one lane of an electrical backplane. (See [EEE Std 802.3, Clause 137)

1.4.72a4 SOGBASE-LR: IEEE 8023 Physical Laver specification for 50 Gb/s serial transmission using
S0GBASE-R encoding and 4-level pulse amplitude modulation over one wavelength on single-mode fiber,
with reach up to at least 10 km. (See IEEE Std 802.3, Clause 139.)

1.4.72a5 SO0GBASE-R: An [EEE 802.3 physical coding sublayer for one-lane 50 Gb/s operation. (See IEEE
Std 802.3, Clause 131.)

1.4.72a6 SOGBASE-SR: IEEE 802.3 Physical Layer specification for 30 Gb/s using S0GBASE-R encoding
over multimode fiber. (Sce [EEE Std 802.3, Clapse 138}

1.4.72a7 30 Gb/s Attachment Unit Interfuce (S0GAUR-n, LAUL-2): A physical instantiation of the PMA
service interface to extend the connection between 30 Gb/s capable PMAs over one lane (50GAUI-1) or two
lanes (50GAUL2, LAUL-2), used for chip-to~chip or chip-to-module interconnections. (See IEEE Std 802.3,
Clanse 135 and Apnex 135B theough Anoex 135G))

1.4.72a8 50 Gh/s Media Independent Interface (S8GMIED: The interface between the Reconciliation
Sublayer (RS) and the Physical Coding Sublayer (PCS) for 50 Gb/s operation. (Sce 1EEE Std 802.3,
Claose 132)
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1.4.72a% 200GBASE-CR4: IEEE 802.3 Physical Layer specification for 200 Gb/s using 200GBASE-R
encoding over four lanes of shiclded balanced copper cabling. (See IEEE Std 802.3, Clause 136)

Insert the following new definition after 1.4.72¢ “200GBASE-FR4” {as inserfed by IEEE Xtd
802.3bs-201x);

1.4.72¢1 Z00GBASE-KR4: IFEE 802.3 Physical Layer specification for 200 Gb/s using 200GBASE-R
encoding over four lanes of an electrical backplane. (See IEEE Std 802.3, Clause 137.

Insert the following new definition after 1.4.72¢ “200GBASE-R” (as inserted by IEEF 8td 802.3bs-201x):

1.4.72¢1 200GBASE-SR4: [EEE 802.3 Physical Laver specification for 200 Gb/s using 200GBASE-R
encoding over four lanes of multimode fiber. (See IEEE Sid 8023, Clanse 138.)

Modify 1.4.81 as jollows:

1.4.81 190 Gb/s Attachment Unit Interface (CAUL-n, J00GAULn): A physical instantiation of the PMA
service interface to extend the connection between 100 Gh/s capable PMAS over n lanes, used for chip-to-

ﬁp or nhip—m modu]e iiﬁ"‘fCOEHlCuﬁOﬂ‘s ThreeFwe widths of CAUL-n are defined: a ten-lane version
23 (See
AUT-4,
id Annex 135G

for 100GAUL-2)

Insert the following new definition after 1.4.203 “fast wake”:

1.4.203a FEC lane (FECL): In SOGBASE-R and 100GBASE-R the FEC distabuies encoded data to mulii-
ple logical lanes, these logical lanes are called FEC lanes. One or more FEC lanes can be multiplexed and
cartied on a physical lane together at the PMA service interface. (See IEEE 5td 802.3, Clause 135.)

Modify 1.4.325 {as modified by IEEE 8td 802.3hs-201x} as follows:

1.4.325 PCS lane (PCSL): In 40GBASE-R__SOGBASE-R, [100GBASE-R, 200GBASE-R, and
400GBASE-R, the PCS distributes encoded data to multiple logical lanes, these logical lanes are called PCS
lanes. One or mare PCS lanes can be multiplexad and car mcd on a ph\/su,ai lane together at the PMA service
interface. (See IEEE Std 802.3, Clavse 83+ 20,

1.5 Abbreviations

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

H00GAUL 100 Gb/s Attachment Unit Interface
50GAUL 50 Gb/s Attachment Unit Interface
S0GMII 50 Gb/s Media Independent Interface
“ECL FEC Lane

LAUT 50 Gb/s Attachment Unit Interface
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4, Media Access Control

4.4 Specific implementations

4.4.2 MAC parameters

IEEE Draft P802.3cd/D1.2

ard February 2017

Change Table 4-2 (us modified by IEEE Std 802.3by-2016, IEEE Std 802.3b1-2016 and IEEE Std

802.355-201x) as follows:

Table 4-2—MAC parametesrs

MAC data rate

2.5 Gh/s, S Ghis,

Parameters Up to amd 25 Gb/s, 40 Gh/s,
including 1 Ghfs 50 Gh/s, 1006 Gb/s, 10 Gbis
100 Rb/¢ 260 Gb/e, and
400 Gb/s

siotTime 512 bit times 4096 bit times not applicable not applicable
interPacketGap? 96 bits 96 bits 96 bits 96 bits
atteraptliost 16 16 ot applicable not applicable
backoffLimit 10 16 ot applicable not applicable
jamSize 32 bits 32 bits not applicable not applicable
maxBasicFrameSize 1518 octeis 1518 octets 1518 octets 1518 octets

maxEnvelopeFrameSize

2000 octets

2000 octets

2000 octets

2000 octets

minFrameSize

512 bits (64 octets)

512 bits (64 ociets)

512 bits {64 octets)

512 bits (64 octeis)

burstLimit

not applicable

65 536 bits

not applicable

not applicable

ipgStretchRatio

tot applicable

nol applicable

not apphcable

104 bits

#References o intetFrameGap or interFrameSpacing in other clauses (2.g., 13, 35, and 42) shali be interpreted as inter-

PacketGap.

Change Note 7 below Table 4-2 {as modified by [EEE Std 802.3bs-201x) as follows:

400GMIL receive siguals at the DTE due to clock tolerance and lane alignment requiretnents,
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30. Management

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 the following new entry in “APPROPRIATE SYNTAX” after the entry for 40GBASE-R:
APPROPRIATE SYNTAX:

SOGBASE-R Clapse 133 50 Gb/s muoit-PCS lane 64B/668

30.3.2.1.3 aPhyTypelist
Insert the following new entry in “APPROPRIATE SYNTAX” after the entry for 40GBASE-R:
APPROPRIATE SYNTAX:

S0GBARSE-R Clause 133 50 Gb/s multi-PCS lane 64B/66B

30.3.2.1.5 aSymbolErrorDuringlarrier

Change the fourth paragraph in the “BEHAVIOUR DEFINED A8 section of 30.3.2.1.5 {as modified by
TEEE 8td 802.3by-2016 and IEEE 5td 802.355-201x) as follows:

BEHAVIOUR DEFINED AS:

For operation at 10 Gb/s, 25 Gb/s, 40 Gb/s, 30 Gb/s, 100 Gb/s, 200 Gb/s, and 400 Gb/s, itis a
count of the number of times the receiving media is non-idle (the timne between the Start of Packet
Delimiter and the End of Packet Delimiter as defined by 46.2.3 and 81 2.5) for a period of time
equal to or greater than minFrameSize, and during which there w, as at least one ou:unem:» of an

event that causes the PHY to indicate “Receive Emor” on the (sec

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 aMAU Type

Insert the following new entries in “APPROPRIATE SYNTAX” section of 30.5.1.1.2 {as modified by

IEEE Std 802.3bs-201x) with the 530G entries going after 48GBASE-FR, the 100G entries going afier
100GBASE-ER4 and the 200G entyics going after 200GBASE-L.R4:
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APPROPRIATE SYNTAX:

S0GBASE-R Mutlti-lane PCS as specified in Clause 133 with PMA as specified in
Clause 135 over undefined PMD

S0GBASE-CR S0GBASE-R PCS/PMA over shielded copper balanced cable PMD as
specified in Clause 136

S0GBARSE-KR S0GBASE-R PCS/PMA over an electrical backplane PMD as
specitfied in Clause 137

S0GBASE-SR S0GBASE-R PCS/PMA over multimode fiber PME? as specified in
Clause 138

S0GBASE-FR S0GBASE-R PCS/PMA over single mode fiber PMD as specified in
Clause 139

S0GBASE-LR 50GBASE-R PCS/PMA over single mode fiber PMD as specified in
Clause 139

100GBASE~CR2 100GBASE-R PCS/PMA over 2-lane shiclded copper balanced cable
PMD as specified in Clause 136

100GBASE-KR2 100GBASE-R PCS/PMA gver an electrical backplane PMD as
specified in Clause 137

100GBASE-SR2 100GBASE-R PCS/PMA over 2-lane muftimode fiber PMD as specified
in Clause 138

100GBASE-DR 100GBASE-R PCS/PMA over single mode fiber PMD as specified in
Clause 146

200GBASE-CR4 100GBASE-R PCS/PMA over 4-lanc shiclded copper balanced cable
PMD as specified in Clause 136

200GBASE-KR4 I00GBASE-R PCS/PMA over an clectrical backplane PMI) as
specified in Clause 137

200GBASE-SR4 100GBASE-R PCS/PMA over 4-lage multimode fiber PMD as specified

in Clause 138

Change the last paragraph of the “BEHAVIOUR DEFINED AY” section of 30.5.1.1.2 {as modified by
TEEE 8td 802.3by-2016 and IEEE Std 802.355-201x) as follows:

BEHAVIOUR DEFINED AS:
The enumerations 1000BASE-X, 1000BASE-XHD, 1000BASE-XFD, 10GBASE-X,
I0GBASE-R, 10GBASE-W, 25GBASE-R, 40GBASE-R, S6GBASE-R, 100GBASE-R,
200GBASE-R, and 400GBASE-R shall only be returned if the underlying PMD type is unknown.;
30.8.1.1.4 aMediaAvailable

Change the sixth paragraph of the “BEHAVIOUR DEFINED AS” section of 30.5.1.1.4 {as modified by
{EEE Std 802.3bq-2016 and JIEEE 8td 802.3b5-201x) as follows:

BEHAVIOUR DEFINED AS:

For 40 Gb/s, 50 Gb/s, 100 Ghby/s, 200 Gb/s, and 4060 Gb/s, the enumerations map 1o valoe of the
tink fault variable within the Link Fault Signaling state diagram (see 8 tand? : 1)
as follows: the values OK and Link Interruption map to the enumeration “ava uldbic , the vi due
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Local Fault maps to the enumeration “not available” and the value Remote Fault maps to the
enumeration “remote fanlt”.

38.58.1.1.11 aBiPErrorCount

Change “APPROPRIATE SYNTAX” and first sentence of “BEHAVIOUR DEFINED AS” of 30.5.1.1.11
as follows:

ATIRIBUTE

APPROPRIATE SYNTAX:
A SEQUENCE of generalized nonresettable counters. Hach counter has a maximum increment
rate of 10 000 counts per sccond for 40 Gb/s and 50 Gb/s implementations and 5 000 counts per
second for 100 Gb/s implementations.

BEHAVIOUR DEFINED AS:
For 40/30/100GBASE-R PHYs and 100GBASE-P PHYS, an array of BIP error counters.
30.5.1.1.12 aLansMapping

Change the first sentence of “BEHAVIOUR DEFINED AS” of 30.5.1.1.12 {as modified by IEEE Std
802.3bs-201x) as follows:

BEHAVIOUR DEFINED AS:

identifiers.
30.5.1.1.15 aFECADility

Change the first sentence of “BEHAVIOUR DEFINFED AS8” of 30.5.1.1.15 (as modified by IEEE Std
802.3by-2016) as follmvs:

BEHAVIOUR DEFINED AS:
A read-onty vahue that iodicates if the PHY suppous an FEC sublayer for forward enror correction
(see 63.2, Clause 74, Clause 91, and ¢ 108, and Clause 134).

38.5.1.1.17 aFECCorrectedBlocks

Change “APPROPRIATE SYNTAX” of 30.5.1.1.17 (as modified by IEEE Std 802.3by-2016 and IEEE
8td 862.355-281x} as follows:

APPROPRIATE SYNTAX:
A SEQUENCE of generalized nonresettable counters. Each counter has a maximum increment
rate of | 200 000 counts per second for 1000 Mb/s implementations, 5 600 000 counts per second
for 10 Gb/s, 25 Gb/s, and 40 Gb/s implementations, 10 000 000 counts per second for 50 Gb/s
implementations. 2 500 000 counts per second for 100 Gh/s implementations, 40 000 000 counts
per second for 200 Gb/s implementations, and 80 000 000 counts per second for 400 Gb/s
tmplementations.

Change the first sentence of the “BEHAVIOUR DEFINED AS” of 30.5.1.1.17 {as modified by IEFE 8td
802.3by-2016 and IEEE Std 802.3b5-201x) as follows:

BEHAVIOUR DEFINED AS:
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For 1000BASE-PX, 10/25/40/50/100/200/400GBASE-R, 1006GBASE-P, 10GBASE-PR, or 10/
1GBASE-PRX PHYS, an array of corrected FEC block counters.

30.5.1.1.18 aFECUncorrectableBlocks

Change “APPROPRIATE SYNTAX” of 36.5.1.1.18 {as modified by IFEE Std 802.3by-20616 and IEEE
Std 802.355-281x} as follows:

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, 5 600 000 counts per second
for 10 Gb/s, 25 Gb/s, and 40 Gb/s implementations, 10 000 000 counts per second for 50 Gb/s
inplementations, 2 506 000 counts per second for 100 Gb/s implementations, 40 600 000 counts
per second for 200 Gb/s implementations, and 80 000 000 counts per second for 400 Gh/s
implementations.

Change the first sentence of the “BEHAVIOUR DEFINED AS” 0f 30.5.1.1.18 (as modified by IEEE 8td
882.3by-2016 and IEEE Std 802.3b5-201x) as follows:

BEHAVIOUR DEFINED AS:
For 1000BASE-PX, 10/25/40/50/100/200/400GBASE-R, 100GBASE-P, 10GBASE-PR, or 10/
IGBASE-PRX PHYs, an array of uncorrectable FEC block counters.

30.5.1.1.26 aRSFECBIPErrorCount

Change “APPROPRIATE SYNTAX” and first sentence of “BEHAVIOUR DEFINED AS” 0f 36.5.1.1.26
as follows:
ATIRIBUTE

APPROPRIATE SYNTAX:
A SEQUENCE of generalized nonresetable counters. Each counter has a maximom increment rate
of 5 000 counts per second for 30 Gb/s and 100 Gb/s implementations.

BEHAVIOUR DEFINED AS:
For S30GBASE-R. 100GBASE-R, and 100GBASE-P PHYSs, an array of BIP ertor counters.

30.5.1.1.27 aRSFECLaneMapping
Change the first sentence of “BEHAVIOUR DEFINED AS” 0f 30.5.1.1.27 as follows:

BEHAVIOUR DEFINED AS:

Copyright © 2017 IEEE. All rights reserved.
This is an unapproved {EEE Standards draft, subject to change.

43

Marvell Semiconductor, Inc. - Ex. 1002, Page 000156

I S S
N=lis ol |

»2
a3 NG e D

ad L Lo
O g



Draft Amendment to |[EEE Std 802.3-2015 IEEE Draft P802.3cd/D1.2
{EEE P302.3cd Task Force 3rd February 2017

30.6 Management for link Auto-Negotiation
30.6.1 Auto-Negotiation managed object class
30.6.1.1 Auto-Negotiation atiributes

30.6.1.1.5 aAutoNeglocaiTechnologvAbility

fnsert the following new entries in “APPROPRIATE SYNTAX” section of 36.6.1.1.5 with the 530GR entry

poing after 40GBASE-URY, and the 180GR2 and 200GRA entries going after I00GBASE-KP4 as foliows:
APPROPRIATE SYNTAX:
S0GR S0GBASE-CR as specified in Clause 136 or S0GBASE-KR as
specified in Clause 137
100GR2 100GBASE-~CR? as specified in Clause 136 or 100GBASE-KR?2 as
specified i Clause 137
200GR4 200GBASE-CR4 as specified in Clause 136 or 200GBASE-KR4 as

specified in Clause 137
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45. Management Data Input/Output (MDIO)} interface
45.2 MDIO iInterface Registers

45.2.1 PMA/PMD regisiers

Change Table 45-3 (us modified by IEEE 8td 302.3b2-2016 and IEFE Std 302.3bs-201x} as follows
(unchanged rows not shownj:

Table 45-3—PMA/PMD registers

Register address Register name Subelanee
1.20 Reserved-30G PMA/PMD extended ability 43.2.1.14b1
1.25-+-26 Reserved PMA/PMD extended ability 2 45.2.3. 1411
1.500 through 1.515 50GAUI-n, 100GAUL-2, 200GAUI-n, and 43.2.1.1164,
460GAUL-n chip-to-chip transntter equalization, 45.2.1.116¢c
receive direction, lane 0 through lane 15
1.516 through 1.531 SGGALT-n, 100GALL-2, 200GAUL-n, and 45211161,
400GAUI-n chip-to-chip transmifter equalization, 45.2.1.116g
transmit direction, lane 0 through lane 15
Reserved
PMA grecoder control down Tx 452.1.116h
1.601 PMA precoder contrel down Rx 45211161
1602 PMA precoder control up Tx 45.2.1.116j
1.603 PMA precoder control up Bx 45.2.3. 116k
1.604 PMA precoder request siatus 45.2.1.1161
1.605 PMA precoder reguest down 452.1.116m
PMA precoder request up 45 i6n
Reserved
LU0 tronegh 11119 Reserved
1.1320 through 1,123 BASE-R PAM4 PMD training LP countrol weisters, | 45.2.1.1184
ianes O through 3
- HH0-threugh-+H99 Reserved
11124 through 11199
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Tabie 45-3——PMA/PMD registers {continued)

Register address Register name Subelanse

11230 through 1.1219 Reserved

11220 duough 1.§223 BASE-R PAM4 PMD training LP status yegisters 4521119
lanes O through 3

+-4230-threugh-1-4299 Reserved

1.1224 through 1.1299

1. 1310 through 1.3319 Reserved

1.1320 tuough 1.§323 BASE-R PAM4 PMD training LI} control registers 45.2.1.120a
lanes O through 3

43 0-threneh 3399 Reserved

1.1324 through 1.1399

1.1410 throneh 13419 Reserved

1.1420 through 1.§423 BASE-R | 43.2.50121a

) through 3

A

1.1424 thyoush 1.1449

Reserved

45.2.1.1 PMA/PMD control 1 register (Register 1.0}

Change the row for bits 1.0.5:2 in Table 454 (as modified by IEEE 5td 862.3by-2016, ITEEE Std 86235z~
2016, and IEEE Std 802.3b5-201x) as follows {unchanged rows not showsn):

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 IEEF 8td 802.3by-2016 and IEEF Std 862.3bs-
201x} as fellows:

When bits 5 through 2 are set to 0010 the use of a 40G PMA/PMD is selected; when set to 0011 the use of a
100G PMA/PMD is selected; when set 1o 0100 the use of a 235G PMA/PMD is selected; when set 10 0101 the
use of 2 30G PMA/PMD is selected; when set to 1000 the use of a 200G PMA/PMD is selected; when set o

1001 the use of a 400G PMA/PMD is selected. More specific selection is performed using the PMA/FMD
control 2 register (Register 1.7) (see 45.2.1.6.3).

46
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Tabie 45-4—PMA/PMD control 1 register bit definitions

Bit{s) Name Bescription R/W?*
1052 Speed sclection 545312 R/W
I 1 x x =Reserved
1 ¢ 1 x =Resarved
1 6 0 1 =400Gb/s
10 06 0 =200Gh/fs
0 1 1 1 =5Gbfs
6 1 1 6 =25Gb/s
0 1 0 1 =Reserved 30 Gb/s
0 8 0 0 =25Gbfs
8 6 1 1 =190Gh/s
0 6 1 0 =40Gb/s
0 ¢ 0 1 =10PASS-TS/ZBASE-TL
0 0 0 0 =10Ghfs

IR/W = Read/Write, SC = Self-clearing, RO = Read only

485.2.1.2 PMA/PMD status 1 register (Register 1.1}

4582123 Fault (1.1.7)

Change the fourth sentence of 45.2.1.2.3 (as modified by IEEE Std 802.3by-2016 and IEEE Std 362.3bs-

201x} as follows:

1.8.10) located in register 1.8 are sei to a one.

This is an
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45.2.1.4 PMA/PMD speed ability (Register 1.4}

Change the row for 1.4.3 in Table 45-6 {as modified by IEEE Std 802.3bn-2016, IEEFE 8td 802.3b7-2016
und IEEE Std 8062.3bs-201x) as folliows {unchanged rows not shown):

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

Bit(s) Name Description W
143 Reserved-300 capable Yatue-adways-8 RO

RO = Read only

Insert 45.2.1.4.6a after 45.2.1.4.6 as follows:
45.2.1.4.6a 50C capable (1.4.3)

When read as a one, bit 1.4.3 indicates that the PMA/PMD is able fo operate at a data rate of 30 Gb/s. When
read as a zero, bit 1.4.3 1ndicates that the PMA/PMD is not able to operate at a data rate of 50 Gh/s.

48.2.1.8 PMA/PMD conitrol 2 register {Register 1.7}
Change Table 45-7 {as modified by IEEF Std 802.3bw-2015, IEEE Std 802.3by-2016, IEEFE 8id

802.3bg-2016, IEEE Ntd 802.3bp-2016, IEEE Std 802.3bn-201x, IEEE Std 802.3bv-2016, IEEF Std
862.3b7-2016, IEEE Std 892.3b5-201x, IEEE Std 802 3ch-201x, and IEFE 8td 302.3cc-201x) as follows:

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

Bit(s) Name Bescription RIWH
1.7.15:1¢ | Reserved Value always 0 RO
179 PIARE PMA ingress AU stop enable R/W
i.7.8 PEASE PMA egress AU stop enable R/W
177 Reserved Vahue always ¢ RO
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Table 45-7—PMA/PMD control 2 register bit definitions {continued)

Bit(s)

Name

Description

RIW?

17.6:0

PMA/PMD type selection

I 1 x=reserved
110§ =reserved
1011106=400GBASE-LRS PMA/PMI
1011011 =400GBASE-FRS PMA/PMD
101101 0=400GBASE-DR4 PMA/PMD
10119001 =400GBASE-SR16 PMA/PMD
PO 11000 = reserved
PO 1011 x=reserved
1010101 =200GBASE-LR4 PMA/PMD
1416190 =200GBASE-FR4 PMA/PMD
1016011 =200GBASE-DR4 PMA/PMD
PO 1001 0=2000BASE-8RE PMA/PMD xeserved
10610001 =200GBASE-CR4 PMA/PMD
10190000 =2000BASE-KR4 PMA/PMD
+-8-+-8-8-G-re=-resorved
FOO1 1 xx=reserved
160101 1=100GBASE-DR PMA/PMD
1800101 0=1000BASE-SR2 PMA/PMD
1001091 = 100GBASE-CR2 PMA/PMD
00 1000=100GBASE-KR2 PMA/PMD
106011 x=reserved
1000101 =1 eserved
19001 90=350GBASE-LR PMA/PMD
100606011 =50GBASE-FR PMA/PMD
000010 =350GBASE-SR PMA//PMD
1000901 = SOGBASE-CR PMA/PMD
10090000 =350GBASE-KR PMA/PMD
011111 x=r1eserved
0111101=BASE-TI PMA/PMDY
3111 100=5SCBASE-KR PMA/PMD
11161 1=25GBASE-KX PMA/PMD
0111010=25GBASE-SE PMA/PMD
0111061 =25GRBASE-KR or 25GBASE-KR-S PMA/PMD
0111060 =25GBASE-CR or 25GBASE-CR-S PMA/PMD
G11011 1 =25CBASE-T PMA
g110110=25GBASE-ER PMA/PMD
0110101 =25GBASE-LR PMA/PMD
0110100=BASE-H PMA/PMD®
311001 1= 10GPASS-XE-U PMA/PMD
G110 0=10GPASS-XR-D PMA/PMD
110001 =5GBASE-TPMA
0110000=250BASE-TPMA
0101111=100GBASE-SR4 PMA/PMD
3101 110=100GBASE-CR4 PMA/PMD
G1G1101=100GBASE-KR4 PMA/PMD
g101100=100GBASE-KP4 PMA/PMD
0101011 =100CGBASE-ER4 PMA/PMD
01010610 =100GBASE-LR4 PMA/PMD
3101001 =100GBASE-SRIO PMA/PMD
§141609=100GBASE-CR10 PMA/PMD
0100111 =reserved

4
KX KX K= reserved
i1

f

R/W
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Table 45-7—PMA/PMD control 2 register bit definitions {continued)

Bit(s) Name Bescription R/W?
1.7.6:0 PMA/PMD type selection | 0 100 1160 =40GBASE-T PMA
{contin- (continued) 0100101 =400BASE-ER4 PMA/FPMD
wed) 0 100106=40GRASE-FR PMA/PMD

310001 | =40GBASE-LR4 PMA/PMD
3100010 =40GBASE-SR4 PMA/PMD
0103001 =40GBASE-CR4 PMA/PMD
0100000 =40GBASE-KR4 PMA/PMD
0011111=10/1GBASE-PRX-U4
G011 110=10GBASE-PR-U4
GG11101=10/1GBASE-PRX-D4
0311100 =10GBASE-PR-D4
0011011 =reserved

0011010 =10GBASE-FR-U3
GO01100 1 =10GBASE-PR-U1
g011000=10/1GBASE-PRX-U3
0310111 =10/1GBASE-PRX-J2
03101 10=10/1GBASE-F
3010101 =10GBASE-PR-D3

GO0 100 =10GBASE-PR-D2
gG10011=10GBASE-PR-DI
GG10010=10/1GBASE-PRX-D3
00180601 =10/1GBASE-PRX-D2
300100300 =10/1GBASE-PRX-D1
G001 11 1= 10BASE-T PMA/PMD
G060 1110=100BASE-TX PMA/PMD
GO0 1101 =1000BASE-KX PMA/PMD
0001100 =1000BASE-T PMA/PMD
G00101 1 =10GBASE-KR PMA/PMD
G066 191 6=10GBASE-KX4 PMA/PMD
0001001 =10GBASE-T PMA

0G0 1000=10GBASE-LRM PMA/PMD
0000111 =10GRASE-SR FMA/PMD
GGG0 11 0=10CBASE-LR PMA/PMD
000101 = 10GBASE-ER PMA/FPMD
03003100 =10GBASE-LX4 PMA/PMD
080801 1= 10GRASE-SW PMA/PMD
00000 10=10GRASE-LW PMA/PMD
GGG000 1 = 10CGBASE-EW PMA/PMD
000000 = 10GBASE-CX4 PMA/FPMD

#R/W = Read/Write, RO = Read only
SIf BASE-T1 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 45.2.1.6.3 {as modified by IEEE 8td 862.385-201x) as follows:
45.2.1.6.3 PMA/PMD type selection (1.7.6:0)

The PMA/PMID type of the PMA/PMD shall be selected using bits 6 to 6. The PMA/PMD type abilities of
the PMA/PMD are advertised 1n bits 9 and 7 through 0 of the PMA/PMD status 2 register; the PMA/PMD
extended ability register; the 40G/100G PMA/PMD extended ability register; the 530G PMA/PMD extended
ability_register; the 200G PMA/PMD extended ability register, and the 400G PMA/PMD extended ability

register. A PMA/PMD shall ignore writes to the PMA/PMI} type selection bits that select PMA/PMD types
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it has not advertised. {t is the responsibility of the STA entity to ensure that nmwtually acceptable MMD types
are applied consistently across all the MMDs on a particular PHY.

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 after the row for 40GBASE-T (which was inserted by IEEE Std 862.3bg-2016)

with the exception of the 100GBASE-DR row which goes afier the 100GBASE-SR4 PMD in Table 45-9
uas follows {(unchanged rows not shownj:

Table 45-%-—Transmit faulf description location

PMAPMD Bescription location
50GBASE-KR, [00GBASE-KRZ, 13789
200GBASE-KR4
SO0GBASE-CR, 10GGBASE-CR2, 136.8.9
Z00GBASE-CR4
SOGBASE-SR, 100GBASE-SR2, 138.5.10
200GBASE-SR4
50GBASE-FR, 50GBASE-LR 13958
100GBASE-DR 14058

45.2.1.7.5 Receive fault {1.8.10}

Insert the following rows affer the row for 40GBASE-T (which was inserted by IEEE Std 802.3bg-2016}
with the exception of the 100GBASE-DR row which goes after the 100GBASE-SR4 PMD in Table 45-10
as follows (unchanged rows not shown):
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Tabie 45~10—Receive faull description location 1
o]
PMA/PMD Description location z
s
6
50GBASE-KR, 100GBASE-KR2, 137.8.10 7
200GBASE-KR4 8
9
SOGRASE-CR, 100GBASE-CR2, £36.8.10 10
200GBASE-CR4 U
SOGBASE-SR, 100GBASE-SR2, 138.5.11 1%
200GBASE-SR4 3
14
50GBASE-FR, S0GBASE-LR 13959 15
16
i7
13
100GBASE-DR 140.5.9 10
20
21
45.2.1.8 PMD transmit disable register {Register 1.8} 22
23
Insert the following rows affer the row for 40GBASE-T (which was inserted by IEEE Std 802.3bg-2016} 24
with the exception of the 100GRBASE-DR row which goes after the 100GBASE-SR4 PMD in Table 45-12 25
as follows (unchanged rows not shown): 26
2%
Table 45-12—Transmit disable description location 29
30
PMA/PMED Description location 2;
33
P 34
S0GBASE-KR, 100GRASE-KR2, and 13786 15
200GBASE-KR4
36
S0GBASE-CR. [00GBASE-CR2, and 13686 37
200GBASE-CR4 38
39
SOGBASE-SR, 100GBASE-SR2, and 138.5.7 40
200GBASE-SR4 41
- 42
50GBASE-FR and 50GBASE-LR 13856 3
44
458
100GBASE-DR 14056 46
/
48
49
50
51
32
53
54
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Insert 45.2.1. 14b1 before 45.2.1. Ve {as inserted by IEEE 8td 802.3b7-2616) as follows:
45.2.1.14b1 50G PMA/PMD extended ability {Register 1.20)

The assignment of bits in the 530G PMA/PMD extended ability register is shown in Table 45-17b1.

Table 45~17b1—50G PMA/PMD extended ability register bit definitions

Bit(s) Name Bescription R/wW2
1.20.15 350G PMA remote 1= 50G PMA has the ability o perforn a remote RO
loopback ability loopback function

0 = 350G PMA does not have the ability to perform a
remote loopback function

1.20.14:3 Reserved Value always ¢ R
£.20.4 S0GBASE-LR ability 1 =PMA/PMD is able to perform 56GBASE-LR RO

0 = PMA/PMI} is not able to perfonm SO0GBASE-LR.

1.20.3 SOGBASE-FR ability 1 =PMA/PMD is able to pedorm SOGBASE-FR RO
(= PMA/PMD is not able to perform SOGBASE-FR

1202 SOGBASE-SR ability i = PMA/PMD is able to perform 50GBASE-SR RO
0 = PMA/PMD is not able to perform SOGBASE-SR

1.20.1 SOGBASE-CR. ability 1 =PMA/PMD is able to perform S0GBASE-CR RO
0 = PMA/PMD is not able to perform S0GBASE-CR

1.20.0 S0GBASE-KR ability 1 = PMA/PMD is abie to perform S0GBASE-KR RO
0 = PMA/PMD is not able to perform SOGBASE-KR

¥RO = Read only

45.2.1.14b1.1 530G PMA remote loopback ability (1.20.15)

When read as a one, bit 1.20.15 indicates that the 30G PMA is able to perform the remote loopback fumction.
When read as a zero, bit 1.20.15 indicates that the 50G PMA is not able to perform the remote loopback
function. If a PMA is able to perform the remote loopback function, then it is controlled using the FMA
reraote loopback bit 1.0.1 (see 43 2.1 14),

45.2.1.14b1.2 B0GBASE-LR ability {1.20.4}

When read as a one, bit 1.20.4 indicates that the PMA/PMD is able tc operate as a 30GBASE-LR PMA/
PMD type. When read as a zero, bit 1.20.4 indicates that the PMA/PMD is not able to operate as a
S0GBASE-LR PMA/PMI} type.

45.2.1.140b1.3 80GBASE-FR ability {1.20.3}

When read as a one, bit 1.20.3 indicates that the PMA/PMD is able to operate as a 30GBASE-FR PMA/
PMD type. When read as a zero, bit 1.20.3 indicates that the PMA/PMD is not able to operate as a
50GBASE-FR PMA/PMD type.
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45.2.1.14b1.4 50GBASE-SR ability {1.20.2)

When read as a one, bit 1.20.2 indicates that the PMA/PMD is able to operate as a 50GBASE-SR PMA/
PMD type. When read as a zero, bit 1.20.2 indicates that the PMA/PMD is not able to operate as a
S0GBASE-SR PMA/PMD type.

45.2.1.14b1.5 S0GBASE-CR ability (1.20.1)

When read as a one, bit 1.20.1 indicates that the PMA/PMD is able to operate as a S0GBASE-CR PMA/
PMD type. When read as a zero, bit 1.20.1 indicates that the PMA/PMD is not able to operate as a
S0GBASE-CR PMA/PMD type.

45.2.1.14b1.6 S0GBASE-KR abifity {1.20.0}

When read as a one, bit 1.20.0 indicates that the PMA/PMD is able to operate as a S0GBASE-KR PMA/
PMD type. When read as a zero, bit 1.20.0 indicates that the PMA/PMD is not able to operate as a
S0GBASE-KR PMA/PME} type.

fnsert 45.2.1.14f1 after 43.2.1.14f (as inserted by IEEE Std 862.3bs-2018x) as follows:

45.2.1.14f1 PMA/PMD extended ability 2 {Register 1.25)

The assignment of bits in the PMA/PMD extended ability 2 register is shown in Table 45-17f1.

Table 451711 —PMAPMD extended ability 2 register bit definitions

Bit(s) Name Description RIWH
£.25.15:3 Reserved Value always 0 RO
1.250 350G extended abilities 1 = PMA/PMD has S0G extended abilities listed in RO

register 1.20
0 = PMA/PMD docs not have 50G extended abilities

R0 = Read only

48.2.1.14f1.1 50C extended abilities {1.25.0)

When read as a one, bit 1.25.0 indicates that the PMA/PMD has 530G extended abilities Hsted in register
1.20. When read as a zero, bit 1.25.0 indicates that the PMA/PMD does not have 560G extended abilities.
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45.2.1.101 RS-FEC control register {(Register 1.200}
Change Table 45-79 (as modified by IFEE Std 882.3by-2016} as follows:
Table 45-79—RS-FEC control register bit definitions
Bit(s) Name BDescription R/wW?2

1.208.15:.4

Reserved Value always 0 RO

1 =FEC is not being used with a four-lane PMD (the
four_lanc pmd variable defined 21.6.2a is set to 710
0 = FEC 1s being used with a four-lage PMD (the -

1.200.3 Four lane PMD indication

four lane pmd varigble defined 91.6.2a is set to one

< 1="The 25GBASE-R Reed-Solomon FEC is enabled .
b, b Q. FRC 2 7
1.200.2 25G RS-FEC enable 0 = The 25GBASE-R Recd-Solomon FEC is disabled R/W

) . PTSSRTR 1 =FEC decoder does not indicate errors to the PCS .
1.260.1 FEC bypass indication enable { = FE{ decoder indicates errors to the PCS layer RIW

1 =FEC decoder performs error detection without error
1.200.0 FEC bypass cotrection enable ‘*Oh(;cbfm . N ) . R/W
. 0 = FEC decoder performs error detection and error
correction

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

fnsert 45.2.1.181.aa before 45.2.1.101.a (as inserted by IEEE Std 802.3by-2016) as follmws:
45.2.1.101.aa Four-lane PMD (1.200.3}

This bit enables the alignment marker mapping function in the RS-FEC to substitute the fixed bytes of the
alignment markers corresponding to PCS lanes 17, 18, and 19 with the fixed bytes for the alignment marker
corresponding to PCS lane 16 (see 91.5.2.6). When this bit is set to zero, the alignment markers
corresponding to PCS lanes 17, 18, and 19 are passed through vomodified. The default valoe of this bit s

ZE50.
45.2.1.102 RS-FEC status register {Register 1.201}
Change the reserved rows for 1.201.7:3 in Table 45-86 as follows (unchanged rows not shown)j:
Table 45-80—RS-FEC status register bit definitions
Bitls) MName Description R/
poriad
:’;.4)] 67:; Reserved afue abways 0 RO

IR0 = Read only, LH = Latching high
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Change 45.2.1.182.1, 45.2.1.182.2 {as modified by IEEE Std 802.3by-2016}, and 45.2.1.192.5, and
43.2.1.182.6 as follows

45.2.1.102.1 PCS align status {1.201.15)

Clausc 134 PCS ah gmne;ht is dg,fmt.d as block lock, ahpnm;,ﬂ{ maﬂ\cr lof‘k zmd dcs}\cw Gf all 20 transmit
PCS lanes. For the RS-FEC described in {1 1%, PCS alignment is defined as block lock of the transmit
PCS sigoal. Whes read as a zero, bit 1.201.15 indicates that the RS-FEC has not obtained PCS aligniment.
When read as a one, bit 1.201.15 indicates that the RS-FEC has obtained PCS alignment.

45.2.1.102.2 RS-FEC align status {1.201.14}

Clausc 134 PMA ahgim)cm 1s defined as ;ﬂ; grment maikx,r Enc}\ and d(:a!\m' of all f our Mms on the PMA
serviee interface. For the RS-FEC described tn Clagse 108, PMA alignment is defined as codeword marker
lock on the PMA service interface. When read as a zero, bit 1.261.14 indicates that the RS-FEC has not
obtained PMA alignment. When read as a one, bit 1.201.14 indicates that the RS-FEC has obtained PMA
alignment.

45.2.1.102.8 FEC AM iock 1 {1.201.9)

When read as a one, bit 1.201.9 indicates that the RS-FEC described in Clause 91 or Clause 134 has Jocked
and aligned lane 1 of the PMA service interface. When read as a zero, bit 1.201.9 indicates that the RS-FEC
has not locked and aligned lane | of the PMA service interface. This bit reflects the state of amps_lock{1}
{sec 91.5.3.1).

45.2.1.102.6 FEC AM iock 0 {1.201.8)

When read as a one, bit 1.201.8 indicates that the RS-FEC described in Clause 91 or Clause 134 has focked

and aligned lane O of the PMA service interface. When read as a zero, bit 1.201.8 indicates that the RS-FEC
has not locked and aligned lane 0 of the PMA service interface. This bit reflects the state of amps_lock|0]
{see 91.5.3.1).

Insert 45.2.1.162.6a afier 45.2.1.102.6 as follows:

485.2.1.102.8a FEQC optional states supported {1.201.7)

When read as a one, bit 1.201.7 indicates that the RS-FEC described in Clause 91 implements the optional
states in Figure 91-8. When read as a zero, bit 1.201.7 indicates that the optional states are not implemented.

Change the second sentence of 45.2.1.168 as foliows

45.2.1.108 RS-FEC BIP error counter lane 8 (Register 1.230)

91.6.3).
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Change 45.2.1.116d to 45.2.1. 116f {as inserted by IEEE 5¢d 862.3b5-201x} as follows: 1
o]

45.2.1.116d 80GAULn, 100GAUL-2, 200GAUN, and 400GAUL-n chip-to-chip transmitter 3

equalization, receive direction, lane 0 register (Register 1.500} 4
5

The assignment of bits in the 30GAUI-n, 100GAUI-2, 2060GAUI-n, and 400GAUL-n chip-to-chip transmit- 6
ter equalization, teceive direction, lane 0 register is showan in Table 45-90ab. The transmitier, receive ditec- 7

fion, 1s the transmitter that sends data towards the MAC. 8

9

10

Table 48-90ab—50GAUL-n, 100GAUI-2, 200GAULn, and 400GA UL chip-to-chip transmitter 11

eqgualization, receive direction, lane § register bit definitions 12

i3

Bit(s) Name Bescription R/w? i'/f

>

1.500.15 Request flag 1 = Chauge in equalization is requested RO 16

0 = MNo change in equalization is requested 17

1.500.14:12 | Post-cursor request 41312 RO 18

1 1 1 Reserved 19

1} ¢ Reserved 20

1 0 | Reguested eq cl =35 (c(l)ratio ~0.25) 21

i 8 8 Reguested eq ¢l =4 {c(})rtio—0.2) 92

0 1 1 Requested eg ¢l =73 {c(1)atio -0.15) ,;

0 1 ¢ Reguested eq ci=2 {c(t)ratio -0.1) 23

0 ¢} Reguesied eq ¢l =1 (c(l)ratio ~0.05) 24

0 0 O Reguesied eq cl =0 (c(1)ratio 0} 25

B 26

1.500.11:10 | Pre-cursor request H 15 ) , RO st

1 1 Reguested eq cmi =3 {c{~1)ratic -0.15)

1 ¢ Reguested eq cmi =12 {c(—1)ratic -0.1) 28

0 | Requested eq cml =1 {c{-1) ratio —-0.03) 29

0 O Requested eq oml =0 {(c(—1) ratio 0} 30

1,500,977 Post-cursor remote setting | 787 R/W H

11 Reserved 32

110 Reserved 33

{01 Remote eg cl (c{1) tatio —0.25} 34

100 Remote eg ci =4 {c(i)ratio -0.2) 15

01} Remote eq cl=3 (c(l)ratio —0.15} q

010 Remote eg ol =2 (ct1) ratio —0.1) 36

001 Remote eq cl=1 (c{1) ratio ~0.05) 37

000 Remote eg ci=0 {c(}) ratio 0) 38

39

1.500.6:5 Pre-cursor remote setting | ¢ 3 R/W 50
11 Remote eq cmil =3 (c{~1)ratio —0.15)

10 Remote eq cml =72 (c{—1)ratio ~0.1) 41

01 Remote eq cml =1 (¢(—1) ratio —0.95) 42

00 Remote_eq cml =0 {(c(-1) ratio 0) 43

44

45

46

7

48

49

50

51

32

53

54
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Tabie 45-~-%0ab—30GAUL-n, 100GAUI-2, 200GAULNn, and 400GAULN chip-to-chip transmitier
equalization, receive direction, lane § register bit definitions {continued)

Bit(s) Name Description RWH
1.560.4.2 Post-cursor local setting 432 R/W
1it Resevvpd

i /

161 I {c(1) ratio —-0.25)

100 K \cki) ratio —0.2)

011 Local eq cl=3 i

610 Local eq ci=12 {

001 local eg ci=1{c

0090 Local eq oI =0 {c(3) ratic )
1.560.1:0 Pre-cursor local setting bo R/IW

1} Local eq eml =73 (c{~1) raiio —-0.15)

18 fLocal eq emi =72 {c(—1)ratio —0.1)

01 Local eg cmi=1 {c{-1) ratio -0.05)

00 Local eq eml=0 (c(-=1) ratio 0)

8R/W = Read/Write, RO = Read only

45.2.1.116d.1 Request flag (1.500.15)

The value of this bit indicates the value of the variable Reguest flag in Lh» lane 0 30GAULn, 100GAUL-2Z
200GAUL-n, or 400GAUI-n receiver in the receive direction (see 2 3). This indicates
whether the 30GAUL-n, 100GAUI-2, 200GAUL-n, or 400GAUT-n chip-to- clnp device 1s issuing a request (o

change the remote transmitter equalization in the 30GAUL-n, 100GAUIL-2, 200GAUL-n, or 400GAUI-n chip-
to~chip lane 0 transmitter in the receive direction. If a lane 0 30GAUIL-n, 100GAUI-2, 200GAULn, or
400G AUL-a 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 {1.508.14:12}

The value of these bits indicates the value of the variable Requested eq cl in the lanc 0 ‘SO(:ALI 21k
100GAUIL-2, 2006GAUI-n, or 400GAUL-n recetver in the receive direction (see 10 32 i

When Reqguest flag is equal to 1, this value indicates the ratio of the post-cursor coefficient ¢(1), which is

requested for the transmitter ﬂquah,gauon in the 30GAUE-n, 100GAUL2, 200GAUL-p, or 406GAUI-n chip-

to-chip lane O 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 Reguested eq emi in the fane O 50(:AL1 1L
100GAUIL-2. 2006GAUI-n, or 400GAUL-n recetver in the receive direction (see | 2 i
When Reguest 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 30GAUL-n. 100GAUIL-2, 200GAUL-n, or 400GAUT-n chip-
to-chip lane O transmitter in the receive direction.

45.2.1.116d.4 Post-cursor remote setting (1.800.8:7}

The value of these bits sets the variable Remofe eq cl for the lane 0 30GAUL-n, 100GAUI-2, 200GAUL-n,
or 4OUGALI i rece:mr in i_he (&CCI‘«& dnectmn (see 2 2 ami 2 "). This is used bx a ‘300 /-\LI -1

~

fcuibaok as an mchcauon of the ratio of ﬂ]@ post-carsor coefl E'tc;f."nt C(E) bcmg uscd in E;m«, 0 of thc
S0GAULD, 160GAUL-2. 200GA UL, or 400GAUI-n transmitter in the receive direction (see 3.1 and
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SN . It mav be used to generate vahies for the request flag and the request bits. I a lane ©
SO(JAUE n F)()(zAUi 2, 200GAULn, or 400GAUL-n receiver in the receive direction is not present in the

package. then these bits have no effect.

45.2.1.116d.5 Pre-cursor remote setting (1.500.8:5)

The value of these bits sets the vadable Remofe eq cml for the lane O 50GAUL-n. I00GAULZ
200GAUIn, or 400GAUI-n receiver in the receive direction (see i Zand 12002 .3.2.3). This is used by
a 30GAUI-n, 100GAUIL-2, 200GAUIn, or 400GAUL-n receiver that implements the optional transmitter
equalization feedback as an indication of the ratio of the pre-cursor coefficient c(—1) being used in lane () of
the 30GAUTI-u, 100GAUL-2, 2060GAUI-n, or 400GAUT-n transmitter in the receive direction (see
and 1200 31.2). It may be used to generate values for the request flag and the request bits. If a lane ©
S0GAUIn IOOGAUE 2. 200GAUIn, or 400GAUI-n receiver in the receive direction is not present in the
package, then these bits have no effect.

45.2.1.116d.8 Post-cursor iocal setting {1.500.4:2}

The vatue of these bits sets the variable Local e¢ ¢l for {h\, ane 0 50GAUL-n, 100GAUL2, 200GAUT-n, or
400GAUIn transmitier in the receive direction (see 12 2 and 12083.2.3), which controls the weight of
the transmitter equalization post-cursor coefficient ¢{1). If a lane 0 S0GAUL-n, 100GAUIL-2, 200GAUln, or
400G AU 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 mrthﬂ lane 0 30GAUI-u, 100CAUL-2, 200GAUTn,
or 400GAUI-n transmitter in the receive direction (see ! 3. {and 12603 3.1.2), which controls the weight
of the transmitier cqualization pre-cursor coctficient ¢(—1). I a lane 0 30GAUL-n, 160GAUL-2. 200GAUI-n,
or 400GAUT-n transmitter in the receive direction is not present in the package, then these bits have neo

effect.

45.2.1.116e 530GAUID, 100GAUI2, 200GAUIN, and 400GAULN chip-to-chip transmitier
equalization, receive direction, lane 1 through lane 15 ragisters {Registers 1.801 through
1.515)

The S0GAUL-n, 100GATI-2. 200GAUI-u, and 400GAUT-n chip-to-chip transmilter equalization, receive
direction, lane 1 through lane 15 registers are defined similarly fo register 1.500 (which is used for lane 0,
see 45.2.1.116d)y but for lanes 1 theough 13, respectively. The transmitter, receive direction, is the transmit-
ter that sends data towards the MAC.

45.2.1 1167 38CGA LN, 180GAULZ, 200GAULN, and 400GAULn chip-to-chip transmitier
equalization, tfransmit direction, lane 0 register {Register 1.516)

The assigoment of bits in the 30GAUE-n. 100GAUL-2. 200GAUE-n, and 400GAUL-n chip-to-chip transmit-
ter equalization, transmit direction, lane 0 register is shown in Table 45-90ac. The transmitter, transmit
direction, 15 the transmitter that sends data towards the PMD.

45.2.1.1161.1 Request flag {1.516.15)

The value of this bit indicates the value of the variable Request flag i
200GAUL-n, or 400GAUI-n receiver in the transmit direction (sec 3
whether the S0GAUI-n, 100GAUI-2. 200GAUL-n, or 400GAUT-n chip-to-chip device is issuing a request to
change the remote transmitter equalization in the 30GAULn, 100GAUL-2, 200GAUL-n, or 400GAUI-n chip-
to-chip lane O transmitter in the transmit direction. I a lane 0 30GAUL-n, 106GAUI-2, 200GAUL-n, or
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Table 45-90ac~80GAUII-N, 100GAUI-2, 200GAUI-n, and 400GAUI-n chip-to-chip transmitter
eqgualization, transmit direction, lane § register bit definitions

Bit(s) Name Bescription W
1516.15 Reguest flag i = Change inequalization is yequested RO
) 0 = No change in cqualization is requested
1.516.14:12 | Post-cursor request 141312 RO
i 1 | Reserved
I 1 4§ Reserved
1 0 1 Regiuested eq ¢l =5 {c(l)ratio ~0.25)
1 & 6 Requested eq cl =4 {c(1)rato-0.2)
0 1 1 Reguested eq ¢l =73 {c(l)ratio-0.15)
0 | & Regueste 2 {c(}) mtio 0.1}
0 0 1 Requeste {c(1) ratio -0.05)
0 0 O Regiested eq 0 {c(1) ratio 0)
1.516.11:110 | Pre-cursor request 110 RO
i | Requested eq cml =3 {(c{—1) ratio —0.15)
1 0 Requested eq cml =2 {c(~1)ratic -0.1)
0 1 Reguested eq cml {c{—1) ratio —0.05)
0 O Reguested eq cmi =0 {c(-1) ratio )
151697 Post-cursor remote sctting | 987 R/W
111 Reserved
110 Reserved
181 Remete eq ol =5 (c{1)ratio —0.25)
100 Remote eq cl =4 (c(1)ratio-0.2)
01§ Remote eq cl =3 {c(}) mtio —0.15)
G010 Remote i=2 {c(})atio -0 1)
001 Remote eq cl=1 (c(l)ratio —0.05}
000 Remote eq ¢l =0 (c{1)ratio 0)
1.516.6:5 Pre-cursor ternole setiing 65 R/IW
11 Remote eq cml =73 {(c(~1)ratio -0.15)
10 Remote eq cmi =2 (c¢{—1)matio 0.1
G 1 Remote eqg cmi=1 (c¢{—1) ratio —8.05)
00 Remote 2q cml =10 (c{~1) ratic 0)
1.510.4:2 Post-cursor local setting 432 R/IW
1 i1 Reserved
[ eq 5 {c(1) ratio ~0.25)
P00 Local eq ¢l =4 (c(1)rabo —0.2)
011 Local eq ci=3 {c(1)ratio ~0.15)
00 Local eq ci =2 {c(1)ratio —0.1)
081 Local eq ci=1 (¢c(1) rativ—0.05)
0090 Local eq o1 =90 {c(3) ratic )
1516.1:0 Pre-cursor local setting bo R/W
VE Local eq eml =3 {c{—})ratioc —0.15}
18 Local eq cmi =12 {c(~1)rato ~0.1)
01 Local eq cmi=1 {(c{-1) ratio -0.05)
00 Local eg eml =0 (¢{=}) ratio )

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

400GAUT-n receiver in the transmit direction is not present in the package, then the value returned for this

bit should be zew.

60
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45.2.1.116f.2 Post-cursor request {1.516.14:12)

The valuc of rthr. s¢ bits indicate:s thf. vaiuc of thc mriabir. R?{;uevt()d eq_ c/ in the lane O wOGALI -1

i 2 and 1
W hen Rm,m mf flno is cquai o J this value mdu,atm thg ratio of the p()st-cwfam cocfficient c(1}, w hn,h is
requested for the transmitter \.quaiuduon in the 530GAUL-n, 100GAUIL-2, 200GAUL-n, or 400GAUI-n chip-
to-chip lane O transmitter in the transmit direction,

45.2.1.1161.3 Pre-cursor request {1.516.11:10)

The veaiu of thf‘se bits indicates thf‘ va]ug of ﬂ]{, \/ambic Requa m; ceml i the lane O 30GAULD
.2 and 1 3
W hen Reqz,e.w‘jlag is cquai EO 1, this vahie mdmatcs the ratio of the pre-cursor coefficient c(—-1), which is
requested for the transmitter equalization in the 30GAULn, 100GAUIL-2, 200GAUL-n, or 400GAUI-n chip-
to-chip lane O transmitter in the transmit direction.

45.2.1.116f.4 Post-cursor remote setting {(1.516.8:7)

The value of these bits sets the vanable Remote eq <l for the lane 6 30G/ XUI-;} 100GAUL-2, 200GAUI-n,
or 400GAUL-n receiver m the transmit direction (see 1} 2 and 1} 323y This is used by a
50GAUI-n. 160GAUL-2. 200GAUI-p, or 400GAUI-n receiver that impiunems the optional transmitter
equalization feedback as an indication of the ratio of the post-cursor coefficient ¢(1) being used in lane 0 of
the Sf‘GALI -1t 100GAUL-2. 260GAUE-n, or 400G AUT-n transmitter in the transmit direction (see 34
and @ 3.1.3). It may be used to generate values for the request flag and the request bits. If a lane ©
50GAUL-n. 160GAUL-2. 200GAUL-n, or 400GAUI-n recerver in the transmit direction is not present in the
package, then these bits have no effect.

~

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 O 30GAUL-n. 100GAUIL-2,

200GAULn, or 400GAUT-n receiver in the transmit direction ( (see 2 and 3). This is used
by a 30GAULn, 100GAUL-2. 200GAUI-n, or 400GAUI-n receiver that 1mpkmems ah@ optional transmitter
equalization feedback as an indication of the ratio of the pre-cursor coefficient ¢(—1) being used in iamg 0 of
the 3()(; AUT-n, 100GAUI-2, 200GAUI-n, or 400GAUL-n transmitter in the transmit direction (see | 3.
and 1 1.2). It mav be used to generate valoes for the request flag and the request bids. Ef a 1anc
306G ﬁ&U I-n l()ﬂ(JAUI 2, 200GAUIn, or 400GAUL-n receiver in the transmit direction is not present in the
package, then these bits have no effect.

48.2.1.1161.6 Post-cursor ocal setting {(1.5186.4:2)

The value of these bits sets the variable Local eq ¢l ’fm the lane 0 5OGAUI-n 100GAUL-2, 200GAUL-p, oF
400GAUL-n ransmitter in the transmit direction (see 130831 and 1200.3.1.2), which controls the weight
of the transmitier equalization post-cursor coefficient c(1). Ifalanc 0 SOGAUimn 160GAUTE-2, 200GAUI-n,
or 400GAUT-n transmitter in the transmit direction is not present in the package, then these bits have neo
effect.

~

48.2.1.1161.7 Pre-cursor local sefting {1.516.1:0}

The value of these bits sets the variable Local eq cml for the lane 0 S0GAUT-0, 100GAUT-2, 200GAUT-n,
or 400GAUI-n transmitter in the transmit direction (see B3 1 and 1.2, which controls the
weight of the transmitter equalization pre-cursor coefficient c( iy, I a lane 0 30GAUL-n 100GAUIL-2
200GAUIn, or 400GAUI-n transmitter in the transmit direction is not present in the package, then these bits

have no effect,
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45.2.1.116g 50GAUL-n, 100GAUI-2, 200CGAUI-N, and 400GAUI-n chip-to-chip transmitier
ggualization, transmit direction, lane 1 through lane 18 registers {Registers 1.817 through
1.531)

The 30GAULn. 100GAUI-2. 200GAUL-n, and 400GAUI-n chip-to-chip transmitter cqualization, 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 I throwgh 135, respectively. The transmitier, transmit direction, is the
transmitter that sends data towards the PMD.

Insert 45.2.1.116k to 45.2.1.116n after 45.2.1.116g (as inserted by IEEE Std 862.3bs-201x} as follows:
45.2.1416h PMA precoder control down Tx {(Register 1.800)

The assignment of bits in the PMA precoder control down Tx register is shown in Table 45-90ad.

Table 45-8%0ad—PMA precoder conirol down Tx register bit definitions

Bit(s) Name Description RW*
1.600.15:4 Reserved Value always 0 RO
1.600.3 Lane 3 down transmitier 1= Lane 3 down Tx precoder enabled RW
precoder cnable 0 = Lane 2 down Tx precoder disabled

1.600.2 Lane 2 down transmitter 1 = Lane 2 down Tx precoder enabled RW
precoder enable = Lane 2 down Tx precoder disabled

1.600.1 Lane 1 down transmitier 1= Lane 1 down Tx precoder enabled RW
precoder enable 0 = Lane 1 down Tx precoder disabled

1.600.0 Lane O down transmitter 1 =Lane 0 down Tx precoder enabled RW
precoder enable 0 = Lane 0 down Tx precoder disabled

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

48.2.1.116h.1 PMA precoder down Tx enable lane 3 {1.600.3}
This bit enables the lane 3 down Tx precoder.

48.2.1.116h.2 PMA precoder down Tx enabie lane 2 {1.600.2}
This bit enables the lanc 2 down Tx precoder.

48.2.1.116h.3 PMA precoder down Tx enabie lane 1 {1.600.1}
This bit enables the 1anc 1 down Tx precoder.

48.2.1.116h.4 PMA precoder down Tx enabie lane § {1.600.0}
This bit enables the lane 0 down Tx precoder.

48.2.1.116i PMA precoder controf down Rx {Register 1.601}

The assignment of bits in the precoder control down Rx register is shown in Table 43-90ac.

Copyright © 2017 IEEE. Al rights reserved,
This is an unapproved IEEE Standards draft, subject {o change.

62

Marvell Semiconductor, Inc. - Ex. 1002, Page 000175

20

28



Draft Amendment to [EEE Std 802.3-2015
IEEE P802.3cd Task Force

Table 45-80ae—PMA precoder control down Rx register bit definitions
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ard February 2017

Bit(s) Name Description R/W
1.601.15:4 Reserved Value always 0 RO
1.601.3 Lane 3 down receiver 1= Lane 3 down Rx precoder enabled RW

precoder cnable 0 = Lane 2 down Rx precoder disabled
1.601.2 Lane 2 down receiver 1 = Lane 2 down Rx precoder enabled RW
precoder enable = Lane 2 down Rx precoder disabled
1.601.1 Lane 1 down receiver { = Lane | down Rx precoder cnabled RW
precoder enable 0 = Lane | down Rx precoder disabled
1.601.0 Lane 0 down receiver 1 = Lane 0 down Rx precoder enabled RW
precoder enable 0 = Lane 0 down Rx precoder disabled
TR/W = Read/Write, RO = Read only
48.2.1.116i.1 PMA precoder down Rx enabile lane 3 {1.601.3}
This bit enables the lane 3 down Rx precoder.
48.2.1.116i.2 PMA precoder down Rx enabile lane 2 {1.601.2}
This bit enables the lane 2 down Rx precoder.
48.2.1.1161.3 PMA precoder down Rx enable lane 1 {1.801.1}
This bit enables the lane 1 down Rx precoder.
48.2.1.1161.4 PMA precoder down Rx enable lane § {1.601.0}
This bit enables the lane 0 down Rx precoder.
48.2.1.116] PMA precoder control up Tx {Register 1.602}
The assignment of bits in the precoder control up Tx register is shown in Table 45-90af.
Table 45~80af—PMA precoder control up Ty register bit definitions

Bit(s) Name Bescription Rrw?h
1.602.15:2 Reserved Value always 0 RO
1.602.1 Lane 1 up transmitter {=Lane 1 up Tx precoder enzbled RW

precoder enabie = Lane 1 up Tx precoder disabied
1.602.0 Lane 0 up transmitter = Lane 0 up Tx precoder enabled RW

precoder enable

= Lane 0 up Tx precoder disabled

3R/W = Read/Write, R( = Read only
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45.2.1.116).1 PMA precoder up Tx enable lane 1 {1.602.1)

This bit enabl

es the lane 1 up Tx precoder

45.2.1.1161.2 PMA precoder up Tx enable lane § {1.602.0})

This bit enabl

es the lane € up Tx precoder.

45.2.1.116k PMA precoder control up Rx (Register 1.603)

IEEE Draft PB02.3cd/D1.2
3rd February 2017

The assigniment of bits in the precoder contro] up Rx register is shown in Table 45-90ag.

Table 45-%30ag—PMA precoder control up Rx register bit definitions

Bit(s) Name Description RW?
1.603.15:2 Reserved Jalue always O RO
1.603.1 Lane 1 up receiver precoder 1= Lane 1 up Rx precoder enabled RW

enable 0 = Lane 1 up Rx precoder disabled
1.603.0 Lane 0 up receiver precoder 1= Lane 0 up Rx precoder enabled RW
enable 0 = Lane 0 up Rx precoder disabled
TR/W = Read/Write, RO = Read only

45.2.1.116k.1 PMA precoder up Rx enable lane 1 {1.603.1}

This bit ¢cnables the lane 1 up Ry precoder.

48.2.1.116k.2 PMA precoder up Rx enable lane 0 {1.603.0)

This bit ¢nables the lane G up Ry precoder.

45.2.1.1161 PMA precoder request status {Register 1.604}

The assignment of bits in the precoder request status register is shown in Table 43-90ah.

Table 45-%0ah—PMA precoder request status register bit definitions

Bit(s) Name Description R/W?
1.604.35:2 Reserved Value always 0 RO
1.604.1 precoder_reguest_status i { =Lanc 1 precoding requested RO

0 = Lane 1 precoding not requested
1.604.0 precoder_tequest_status 0 1 = Lane 0 precoding requested RO
0 = Lane 0 precoding not requested

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

64
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45.2.1.1161L1 PMA precoder request status lane 1 (1.604.1)
This bit indicates the lane | precoder request status.
45.2.1.1161L.2 PMA precoder request status lane § (1.604.0)
This bit indicates the lane 0 precoder request status.
45.2.1.116m PMA precoder request down (Register 1.605)

The assignmment of bits in the precoder request down register is shown in Table 45-90ai.

Table 45-930ai—PMA precoder request down register bit definitions

Bit(s) Name Description R/W*

1.605.15:2 Reserved Jalue always O RO

1.605.1 precoder_request_down | { =Lane { precoder down reguested RW
0 = Lane 1 precoder down not requested

1.605.0 precoder_request_down O 1=Lane 0 precoder down requested RW
0 = Lane 0 precoder down not requested

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

45.2.1.116m.1 PMA precoder request down fane 1 (1.605.1)
This bit enables the request of precoding 1o the down direction for lane 1.
48.2.1.116m.2 PMA precoder request down fane § (1.605.0)
This bit enables the request of precoding 1o the down direction for lane 0.
48.2.1.116n PMA precoder request up {(Register 1.606}

The assignment of bits in the precoder request up register is shown in Table 45-90a;.

Table 45-80aj—PMA precoder request up register bit definitions

Bit(s) Name Description R/W?

1.606.15:2 Reserved Value always 0 RO

1.606.1 precoder_reguest up | i =Lane { precoder up requested RW
0 = Lane 1 precoder up not requested

1.606.¢ precoder_tequest_up 0 1 = Lane 0 precoder up requested RW
0 = Lane 0 precoder up not requested

IR/W = Read/Write, RO = Read only
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45.2.1.116n.1 PMA precoder request up lane 1 {1.606.1}

This bit cnables the request of precoding in the up direction for lane 1.
45.2.1.116n.2 PMA precoder request up fane 0 {1.606.0}

This bit enables the request of precoding in the up direction for lane 0.
Insert 45.2.1.118qa after 45.2.1.118 as follows:

45.2.1.118a BASE-R PAM4 PMD training LP control registers, lanes § through 3 {(Register
1.1120 through 1.1123)

The BASE-R PAM4 PMD training LP control registers, lanes O through 3, reflect the contents of the first 16-
bit word of the training frame most recently received from the control channel for each lane. Lane 0 maps to
register 1.1120, lane 1 maps to register 1.1121, lane 2 maps to register 1.1122, and lane 3 maps to register
£.1123.

The assignment of bits in the BASE-R PAM4 PMD twining LP control registers is shown in Table 45-90ak.

Table 45-30ak—BASE-R PAM4 PMD training LP control register bit definitions

Bit(s) Name Description RWH
1.1120.15:41 | Reserved Vahue always ¢ RO
1.1120.13:12 | Initial condition request i3 12 RW

11 =Preset3
I 0 =Preset2
g 1 =Presett
¢ 0 =Individual coefficient control

1.1120.11:10 | Reserved Value always € RO
1112098 Modulation and precoding 9 8 RW
equest I 1 =PAM4 with precoding
1 0 =PAM4
¢ 1 =Reserved
¢ 0 =PAM2
1.1120.7:5 Reserved Value always § RO
1132642 Cocfficient select 4 3 2 RW
1 0 =e-2)
t 1 1 =co-b
4 0 & =c0)
6 0 1 =y
1.1126.1:0 Cocfficient request 0 RW

i
t 1 =Noequalization
I 0 =Decrement

g 1 =Increment

¢ ¢ =Hold

8R/W = Read/Write, RO = Read only

Normally the bits in this register are 1ead only; however, when training is disabied the registers become
writeable.

Copyright © 2017 IEEE. Al rights reserved,
This is an unapproved IEEE Standards draft, subject {o change.

66

Marvell Semiconductor, Inc. - Ex. 1002, Page 000179

20

28



Draft Amendment to [EEE Std 802.3-2015 IEEE Draft P802.3cd/D1.2
{EEE P802.3cd Task Force ard February 2017

Insert 45.2.1.11%a after 45.2.1. 119 as follows:

48.2.1.11%a BASE-R PAM4 PMD training LP status registers, lanes § through 3 {Register
1.4220 through 1.1223)

The BASE-R PAM4 PMD training LP status registers, lanes 0 through 3, reflect the contents of the second
16-bit word of the training frame most recently received from the control channel for each lane. Lane O maps
to register 1.1220, lane 1 maps to register 1.1221, lane 2 maps to register 1.1222, and lane 3 maps fo register
£.1223.

The assignment of bits in the BASE-R PAM4 PMD training LP status registers is shown in Table 45-90al.

Table 45-30al—BASE-R PAM4 PMD training LP status register bit definitions

Bit(s) Name Description RWH
1.1220.15 Receiver weady t = Training is complete and the receiver is ready RO
for data
¢ = Request for tratning 10 continue
1.1220.14:12 | Reserved Value always 0 RO
1.1220.11:10 | Modulation and precoding 11 10 RO
status 11 =PAM4 with precoding
1 0 =PAM4

¢ 1 =Reserved
g 0 =PAM2

1.1220.9 Receiver frame lock 1 = Frame boundarics wdentified RO
¢ = Frame boundaries not identified
112208 fnitial condition status t = Updated RO
4 = Not updated
1.1220.7 Panty Even parity bit RO
112206 Reserved Value always O RO
1.1220.5:3 Coefficient select echo 5 4 3 RO
bl 0 =2
A T e
g 0 0 =)
g 0 1 =cb
1.1220.2:0 Coefficient status 2 1 ¢ RO
I 1 1 =Reserved

t 1 0 =C(ocfficient at limit and equalization
Tiemit

1 0 | =Reserved

I 0 6 = Dquahzation Hmit

¢ 1 1 = Cocfficient not supporied
g 1 ¢ =Coefficient at Hruit

g 0 1 =Updated

g 0 ¢ =Notupdated

*R/W = Read/Write, RG = Read only
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Insert 45.2.1.120a afier 45.2.1.126 as follows:

48.2.1.120a BASE-R PAM4 PMD training LD control registers, lanes 0 through 3 {Register
1.4328 through 1.1323)

The BASE-R PAM4 PMD training LD control registers, lanes O through 3, reflect the contents of the first
16-bit word of the cutgoing training frame for each lane. Lane O maps to register 1.1320, lane 1 maps to

register 1.1321, lane 2 maps to register 1.1322, and lane 3 maps to register 1.1323.

The assignment of bits in the BASE-R PAM4 PMD training LP control registers is shown in Table 43-90am.

Table 45-20am—BASE-R PAM4 PMD training LD conirol register bit definitions

Bit(s) Name Description RwWH
1.1320.15:41 | Reserved Value always 0 RO
1.1320.13:12 | Initial condition request 13 12 RW

1 1 =Preset3
I 0 =Preset2
¢ 1 =Presetl
3 0 = individual coefficient countrol
113201110 | Reserved Value always 0 RO
1.1320.9:8 Modulation and precoding 3 8 RW
request 1 =PAM4 with precoding
I 6 =PAM4
¢ 1 =Reserved
G O =PAMZ
1.1320.7:5 Reserved falue always O RO
1.1320.4:2 Coefficient select 4 3 2 RW
b1 6 =c-2)
P11 =D
0 0 0 =)
¢ 0 1 =l
1.1320.4:0 Cocfficient reqguest [ RW
I 1 =DNoequalization
0 =Decrenknt
g 1 =Increment
6 0 =Hold

*R/W = Read/Write, RO = Fead only
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48.2.1.121a BASE-R PAM4 PMD training LD status registers, lanes 0 through 3 {Register
1.4420 through 1.1423)

The BASE-R PAM4 PMD training LD status registers, lanes O through 3, reflect the contents of the second
16-bit word of the cutgoing training frame for each lane. Lane O maps to register 1.1420, lane 1 maps to
register 1.1421, lane 2 maps to register 1.1422, and lane 3 maps to register 1.1423.

The assignment of bits in the BASE-R PAM4 PMD training LD status registers is shown in Table 45-90an.

Table 45~-%0an—BASE-R PAM4 PMD fraining LD status register bit definitions

b1 1 =Reserved

b1 6 =Cocificient at limit and equalization
limut

I 0 1 =Reserved

1 0 © =Equalization limit

¢ 1 1 = Coefficent not supporied

¢ 1 0 =Coecfficient at limit

8 0 1 =Updated

¢ 06 ¢ =Notupdated

Bit(s) Name Description RwWH
1.1420.15 Receiver ready I = Training is complete and the receiver is ready RO
fordata
& = Request for training to continue
1.1420.14:12 | Reserved Valoe always € RO
1.1420.11: 10 | Modulation and precoding it 1o RO
status 11 =PAM4 with precoding
0 =PAM4
¢ 1 =Reserved
¢ 0 =PAM2
1.1420.9 Receiver frame lock 1 = Framie boundaries identified RO
¢ = Frame boundaries not identified
114208 Initial condition status I = Updated RO
= Not updated
1.1420.7 Parity Even parity bit RGO
1.1420.6 Reserved Value always € RO
1.1420.5:3 Coeflicient select echo 35 4 3 RO
I 1 0 =c(-2)
Tl =)
¢ 0 0 =c)
g 0 1 =)
1.1420.2:0 Coefficient status 2 1 ¢ RO

R/W = Read/Write, RO = Read only
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45.2.1.124 PRES pattern testing control {(Register 1.1501) 1
o]
Change the last four sentences of 45.2.1.124 {as inserted by IEEFE Std 802.3b5-201x) as follows: 3
4
g

For the S30GBASE-R. 100GBASE-R PAM4, 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 bif is asserted, then 6
register 1.1501 bit 13 has no effect. Also for the S30GBASE-R. 100GBASE-R PAM4, 200GBASE-R, and 7
400GBASE-R PMAs, the assertion of register 1.1501 bit 14 operates in conjunction with register 1.1501 bit 8
3.1 bit 1.1301.3 is ot asserted, then register 1.1301 bit 14 has no effect. For other PMA/PMD types register 9
1.1501 bits 13 and 14 have no effect. i

48.2.3 PCS registers 14
45.2.3.1 PCS control 1 register {(Register 3.0} 16
Change the row for bits 3.0.5:2 in Table 45-120 (as modified by IEEE Std 802.3bz-2016) as follows 18
(urnchanged rows not shownj: i9

20

Table 45-120—PCS control 1 register bit definitions 22

Bit{s) Name Description Riw? 24

" J R/W 28
= Reserve

= Reserved 39
= 400 Gb/s S
= 200 Gb/s 31
=5 (3b/s 32
=2.5 Gb/s 33

3.0.5:2 Speed selection

<
D bem e B LAY
D R MDD

-
-

D it ot okt ot
D
<

p-‘,-\
oo
O kot
[ g

el
<

=40 Goys 36
= 10/1 Gbrs 37
~ 10PASS-TS/2BASE-TL 38
= 10 Gb/s 2

DL
=)
& i

<

ﬁ
=

[

-

R0 = Read only, B/W = Read/Write, SC = Self-clearing 42
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45.2.3.2 PCS status 1 register {Register 3.1}
48.2.3.2.7 PCS receive link status (3.1.2}

Change the third sentence of 45.2.3.2.7 (as modified by TEEFE 8td 862.3by-2016, IEEE Std 882.3hg-2016
and IEEE 8td 802.3bs-201x) as follows:

selected for the PCS vsing the PCS type selection ficld (3.7.2:0), this bit s a latching low version of bit
3.32.12.

48.2.3.4 PCS speed ability {Register 3.4}

Change the row for 3.4.5 in Table 45-122 (as inserted by IEEE 8Std 802.3b3-2016) as follows (unchanged
rows nrot shownj:

Table 45~122—PCS speed ability register bit definitions

Bit{s) Name Description RW®

3.4.5 Reserved 500 capable Satue-abrays RO
I = PCS is capable of operating at 50 Gb/s
0 = PCS is not capable of operating at 50 Gb/s

“RO = Read only

Insert 45.2.3.4.5a afier 45.2.3.4.5 (as inserted by IEEF Std 882.3by-2016} as follows:
45.2.3.4.5a 50G capable (3.4.5)

When read as a one, bit 3.4.5 indicates that the PCS is able to operate at a data rate of 50 Gb/s. When read as
a zero, bit 3.4.5 indicates that the PCS is not able to operate at a data rate of 30 Gb/s.
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45.2.3.8 PCS control 2 register {Register 3.7} 1
o]
Change Table 45123 {as modified by IEEE 8td 862.3by-2016, TEEE Std 802.3bg-2016, IEEE Std 3
802.367-2016, and IEEE Std 802.3b5-201x) as follows: 4
5
6
Table 45-123—PCS control 2 register bit definitions 7
8
Bit(s) Name Description R/ 19
0
3.7.154 Reserved Value always O RO il
12
3.7.3:0 PCS type selection | 3 2 1 0 R/W i3
T b1 x =reserved 14
{1 6 1 =Select 400GBASE-R PCS type .
1 1 0 0 =Sclect 200GBASE-R PCS tvpe 15
I ¢ 1 1 =3Select SGBASE-T PCS type 16
1 0 1 0 =Select 2.5GBASE-TPCS type i7
T 6 06 1 =Select 25GBASE-T PCS type 18
L 6 6 0 =Select S0GBASE-R PCS type reserved 19
O 1 1 | =Select 23GBASE-R PCS type o
0 1 1 0 =Sclect 40GRASE-T PCS type 20
0 1 0 1 =Sclect I00GBASE-R PCS type 21
0 1 0 0 =Select 40GBASE-R PCS type 22
G 0 1 1 =Select IBGBASE-T PCS type 33
0 0 1 0 =Seloct IDGBASE-W PCS type 24
0 0 0 1 =Seclect I0GBASE-X PCS type - <
0 0 0 ¢ =Sclect 1I6GGBASER PCS type 26
RO = Read only, R/W = Read/Write 27
28
29
30
31
45.2.3.7 PCS status 2 register {Register 3.8} 32
33
Change row for 3.8.8 in Tuble 45-124a (as modified by IEEE Std 802.3bg-2816) as foliows (unchanged 34
rows not shows):, 35
36
37
Table 45124 —PCSE siatus 3 register bit definitions 38
39
Bit(s) N ame Begseription R/W? 40
43
388 Mrosarerd St RO 42
50GBASE-R capable 1 =PCS is able to support SO0GBASE-R PCS type 43
0 =PCS is not able to support S0GBASE-R PCS type 44
9R( = Read only 45
46
7
48
49
50
51
32
53
54
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Insert 45.2.3.7.3ab after 45.2.3.7.3aa {as inserted by IEEE 8td 862.3bg-2016) as follows:
45.2.3.7.3ab 50GBASE-R capabile (3.8.8}

When read as a one, bit 3.8.8 indicates that the PCS is able to support the S0GBASE-R PCS type. When read
as a zero, bit 3.8.8 indicates that the PCS is not able to support the 50GBASE-R PCS type.

45.2.3.% EEE controf and capability 1 (Register 3.28)

Change the reserved row jor 3.20.15:14 in Table 45-125 as follows (unchanged rows not shown):

Table 45~125EEE controf and capabifity 1 register bit definitions

Bit(s) Name Bescription R/wW?

3.20.15:44 | Eeserved Value always 0 RO

1 = EEE fast wake s supported for SO0GBASE-R
0 = FEF fast wake is not supported for SO0GBASE-R

3.20.14 SOGBASE-R fast wake

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

Fnsert 45.2.3.9.a before 45.2.3.9. 1 as jollows:
45.2.3.9.a S0CGBASE-R EEE fast wake supported {3.20.14}

If the PCS supports EEE fast wake operation for 50GBASE-R, this bit shall be set to a one; otherwise this bit
shall be set t¢ 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 862.3b4-2016,
IEEE 8td 802.3b7-2016, and IEFE 5td 802.3b5-281x) as follows:

This bit is a reflection of the PCS_status variable defined in 43.2.14 1 for 10/25GBASE-R, in 126 371 for
2 SGBASE-T and SGBASE-T, in 8337 1 for 10GBASE-T, in 71 for 25GBASE-T and 40GBASE-T,
in 82 3.1 for 40/50/100GBASE-R, and in 1193 for 200/400GBASE-R.
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45.2.3.13.4 BASE-R and MultiGBASE-T PCS high BER {(3.32.1)
Change third sentence of 45.2.3.13.4 (as modified by IEFE 8td 862.3by-2816} as follows:

This bit is a direct reflection of the state of the hi
1621322 for 10/25GBASE-R and in 82.2 ¢

_ber variable in the 64B/66B state dragram and is defined in
1.2 for 40/30/100GBASE-R.

45.2.3.13.5 BASE-R and MultiGBASE-T PCS block lock {3.32.0)

Change third sentence of 45.2.3.13.5 {as modified by IEEE S8td 802.3by-2016 and IEEE 8td 862.3ch-~
201x} as jollows:

This bit is a direct reflection of the state of the block lock variable in the 64B/66B state diagmam and is
defined in 452 132 2 for 5/10/25GBASE-R and in 82. .2 for 40/50/100GBASE-R.

45.2.3.14 BASE-R and MultiGBASE-T PCS status 2 register {Register 3.33}
48.2.3.14.1 Latched block lock {3.33.15)

Change 45.2.3.14.1 (as modified by IKEE 8td 802.3bg-2016 and IEEE Std 802.3¢cH-201x} as follows:

MultiGBASE-T set PCS has achieved block lock. When read as a zero, bit 3.33.15 indicates that the 5/10/
25/40/30/100GBASE-R or a member of the MultiGBASE-T sct PCS has lost block lock.

status bit (3.32.0).

45.2.3.14.2 Latched high BER {3.33.14)

Change 45.2.3.14.2 {as modified by IEEE Kid 802.3b4-2016, IEEE Std 802.36y-2816, and IEEF Std
882.3ch-201x} as folimvys:

When read as a one, bit 3.33.14 indicates that the 5/10/25/40/30/100GBASE-R or a member of the
MudtiGBASE-T set PCS has detected a high BER. When read as a zero, bit 3.33.14 indicates that the 5/10/

status bit (3.32.1).
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45.2.3.14.3 BER{3.33.13:8)

Change first sentenice of 45.2.3.14.3 {as modified by TEFE 85¢4 802.3b4-2016, IEEE 8td 802.38y-2016, and
IEEE 8td 802.3ch-201x) as follows:

.2 and ¥ 2.4 for 5/

The BER counter is a six bit count as defined by the ber count variable in 3
for 10GBASE-T and in

10/25/40/50/100GBASE-R and defined by counter Mer count in 530
1133622 for 25GBASE-T and 40GBASE-T.

45.2.3.14.4 Errored blocks {3.33.7:8}

Change first sentence of 45.2.3.14.4 {as modified by IEFE Std 802.3bg-2016, IEEE 5td 802.3hy-2016, and
IEEE Std 802.3ch-201x} as follows:

The errored blocks counter is an eight bit count defined by the errored block count counter specified in
A42 for S/10/25GBASE-R, in 8331 for 40/30/100GBASE-R and defined by counter
errared_block count in335.3.6.2 for IOGBASE-T and in | 3.2 for 25GBASE-T and 40GBASE-T.

45.2.3.17 BASE-R PCS test-patiern control register {Register 3.42}

Change the fifth sentence of 45.2.3.17 {(as modified by IEEE S¢d 802.3by-2016 and IEEE Std 862.3bs-
201x} as follows:

45.2.7 Auto-Negotiation registers
Change the reserved row 7.49 through 7.59 in Table 45-200 as foliows (unchanged rows not shovwn):

Table 45-200—Auto-Negotiation MMD registers

Register address Register name Subeclause

749 Backplane Ethernet, BASE-R copperstatus 2 | 45.2.7.12a

74930 through 7.59 Reserved
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45.2.7.12 Backplane Ethernet, BASE-R copper status {Register 7.48)

201x} as follows:

48.2.7.12.2 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,
7.48.11,7.48.12,7.48.13, 7.48.14, 7 .48.15, 7.48.0. 7.48.1. 7.49.2)

When the AN process has been completed as indicated by the AN coraplete bit, these bits in register 7.48
and register 7.49 indicate the negotiated port type.

fnsert 45.2.7.12a after 45.2.7.12 as follows
45.2.7 12a Backplane Ethernet, BASE-R copper status 2 {Register 7.48}

The assignment of bits in the Backplane Ethernet, BASE-R copper status 2 register is shown in Table 45—
20%a.

Table 45-20%a—Backplane Ethernet, BASE-R copper status 2 register {Register 7.49) bit

definitions
Bii(s) Name Bescription RO®
749.15:3 Reserved Value always 0 RO
7452 200GBASE-KR4 01 | 1 =PMA/PMD is negotiated to perform 200GBASE-KR4or | RO

200GBASE-CR4 ZO0GBASE-CR4
0= PMA/PMI is not negotiated to perform 200GBASE-KR4
or 200GBASE-CR4

7.46.1 100GBASE-KR2o0r | 1=PMA/PMD is negotiated fo perform 100GBASE-KR2or | RO
100GBASE-CR2 100GBASE-CR2

0 = PMA/PMI} is not negotiated to perform 100GBASE-KR2
or 100GBASE-CR2

7480 S0GBASE-KR or 1 = PMA/PMD is negotiated 1o perform S0GBASE-KR or RO
S0GBASE-CR S00BASE-CR
0 = PMA/PMIY is not negotiated to perform S0GBASE-KR or
SOGBASE~-CR

*R0O = Read only

45.2.7 12a.1 Negotiated Port Type

See 45.2.7.12.2.

Copyright © 2017 IEEE. Al rights reserved,
This is an unapproved IEEE Standards draft, subject {o change.

76

Marvell Semiconductor, Inc. - Ex. 1002, Page 000189

20

28



Draft Amendment to [EEE Std 802.3-2015 IEEE Draft P802.3cd/D1.2
{EEE P802.3cd Task Force ard February 2017

45.5 Protocol implementation conformance statement {PICS) proforma for
Clause 45, Management Data Input/Qutput (MDIO) interface’

45.5.3 PICS proforma tables for the Management Data input Qutput {(MDIO) interface
45.5.3.3 PMA/PMD management functions

Insert the following row at the end of the table in (unchanged rows not shown):

Frem Feature Subclause WValue/Comment Status Support
Yes |}
N/ATY
YCopwright release jor PICS proformas: Users of this standard may freely reproduce the PICS proforma in this subclause so that i can

be wsed for its intended purpose and may further publish the completed PICS.
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§9. Introduction {o Ethernet operation over slectrical backplanes

69.1 Qverview
£9.1.1 Scope

Change the second paragraph of 69.1.1 {as modified by IEEE Std 882.3hy-201x and
FEEE Std 802.3¢ch-201x} as follows:

Backplane Ethemnet supports the IEEE 802.3 full duplex MAC operating at 1000 Mb/s, 2.5 Gb/s, 5 Gb/s,
10 Gby/s, 25 Gb/s, 40 Gb/s, 50 Gh/s, or 100 Gl/s providing a bit error ratio (BER) better than or equal to 107
12 at the MAC/PLS service interface_or 200 Gb/s providing 3 BER better than or cqual to 1071 at the
MAC/PLS service mterface. The following Physical Layvers are supported:

Change the list after the second paragraph of 69.1.1 as follows {some unmodified list items are not
shown):

----- 40GBASE-KR4 for 40 Gb/s aperation over four lanes

— SOGBASE-KR for 30 Gb/s operation gver ong lane

------ 100GBASE-KR4 and 100GBASE-KP4 for 100 Gb/s operation over four lanes
——  100GBASE-KRZ for 106 Gb/s operation over two lanes

$9.1.2 Relationship of Backplane Ethernet {0 the ISO 08! reference model

Change the first paragraph of 69.1.2 {as modified by IEEE Std 802.3by-261x and
IEEE Std 802.3ch-201x) as follows:

Backplane Ethernet couples the IEEE 802.3 MAC to a family of Physical Lavers defined for operation over
electrical backplanes. The relationships among Backplane Ethemet, the IEEE 802.3 MAC, and the 150
Open System Interconnection (OS1) reference model are shown 1o 2 681 a 2
and ¥

e a
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Insert Figure 694 after Figure 69-2a (as inserted by IEEF 8id 802.30cb-201x} as follows:

ETHERNET
LAYERS
f
HIGHER LAYERS
LLE OR OTHER MAC CLIENT
o8 /
REFERENCE / MAC CONTROL (OPTIONAL)
MODEL )
LAYERS { MAC
‘o RECONCILIATION
APPLICATION I
;o EOBMI ——p e — 200G} —b
PRESENTATION] / / 77 e v
- i 50GRASE-R PCS 100GRASE-R PCS
SESSION , IU0GEASE-R PCS
i FEC FEC
G !

TRANSPORT ! / PMA PMA PRMA > PHY
NETWORK |/ PMD PMD PMD
DATALINK |/ AN AN AN
PHYSICAL MD! ——tp NID| e MDi ——tp

N Y § 1 MEDIUM <> / VEDIUM §
\ - e ; 4
B v “~"
50GBASE-KR 100GBASE-KRZ 200GBASE-KRA
200GMI = 200 Gb/s MEDIA INDEPENDENT INTERFACE PGS = PHYSICAL CODING SUBLAYER
50GIMI = 50 Gbls MEDIA INDEPENDENT INTERFACE PEY = PHYSICAL LAYER DEVICE
AN = AUTO-NEGOTIATION PMA = PHYSICAL MEDIUM ATTACHMENT
COMIE = 100 Gbfs MEDIA INDEPENDENT INTERFACE PMD = PHYSICAL MEDIUM DEPENDENT
MBI = MEDIUM DEPENDENT INTERFACE FEC = FORWARD ERROR CORRECTION

LLC = LOGICAL LINK CONTROL

Figure 689-4—~Architectural positioning of 80 Gb/s, 100 Gh/s, and 200 Gb/s PAM4
Backplane Ethernet

Change the lettered list after Figure 69-2 (as modified by IEEE Std 802.3by-201x and
IEEFE 8td 802.3c6-201x}) as follows (some unchanged rows not shown):

H The PMA sem’cs interf’me which when piwsicallv impienmﬂed as ?.SG A‘sUi (?% Gigabit

Imerface at an obsewabie mt@rcmmecﬂon m’t uses a semi t\,vouiane ath as s ecxﬁeﬁ in

200 Gb/s f@ur lane Lmachmcm Unit Intvrfaﬂ“\ at an obser\fabk 1merc0tmcctmn port, Bses a tour—

™

lane data path as specified in Annex respectively.
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11 The PMA service interface, w Eni"h whcn hv &ical}v 113} kumﬁcd as ”OOGAULX (20() Gb:’s et h'in

lane Astachment Uni

as specified in
i) The PMA service mﬁeriace which, when physically implemented as CAUI-10 (100 Gb/s ten-lane
Attachment Umt Interface) at an observable interconnection port, uses a ten-lage data path as speci-
fied in Am :
ky The MDIS Ior 10(‘OBA:>F~KX 2. 5GBASE-KX, 5GBASE-KR, HOGBA:aE-KR 7‘aGBAt~,F~KR ~aﬂe§
25(;8 ASL RR S and DO(zBASbKR use scnai daia pai‘h i <

T hc MDI for 1()13(;BA‘~L~KR2 uses 4 mﬂ l'mc daia mih

The MDIs for IO0GRBASE-KX4, 40GBASE-KR4, 100GBASE-KR4, 100GBASE-KP4. and
200GRBASE-KR4 use a four-lane data path,

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

Change 69.2.1 {as modified by IEEF Std 802.3by-201x) as follows:

The ¢

\\

3¢ 33 RS and GMIT, the Clanse 46 RS and XGMII, the Clanse 108 RS and 23GMIT-and the
RS XLGMIL, and CGMIL, the Clanse 132 RS and 50GMIL, and th RS and 200GMIL
are emplovcd for the same purpose in Backplane Ethernet, that being the interconnection between the MAC
sublayer and the PHY.

o

£9.2.3 Physical Layer signaling systems

Insert the following new paragraphs after the fourth paragraph in 69.2.3 (as inserted by
TEEE Std 802.3ch-201x):

Backplane Ethemet also specifics SO0GBASE-KR, 100GBASE-KR2, and 200GBASE-KR4. The
50GBASE-KR embodiment eruploys the PCS defined in Clavse 1’53, the RS-FEC defined in Clause 134, the

PMA defined in Clause 135, and the PMD defined in Clause 137, and specifies 50 Gb/s operation using 4-
fevel PAM over one d}ﬁ"eiemui path in each direction. The 1(?U(JLASL -KR2 embodiment eraploys the PCS
defined in Clause 82, the RS-FEC defined in Clause 91, the PMA defined in Clause 135, and the PMD
defined in Clause 137, and specifics 106 Gb/s operation using 4-level PAM over two differential paths in
cach direction. The 200GBASE-KR4 embodiment employs the PCS defined i Ulanse 119, the PMA
defined in 24, and the PMD} defined 1n Clavse 137, and specifies 200 Gb/s operation using 4-level
PAM over four differential paths in each direction.

Change the last paragraph in 69.2.3 (as modified by IEFE 5td 802.3by-201x and IEEE 5td 802.5cb-201x)
as follows:

R Geda, cang 1 Y. Lable 69-2b. Table 69-2¢. and Table 69-24
}DDCI‘R the conelatson ‘oetwccn nomc,ndature and clauses. A complete implementation conforming to one or
more nomenclatores meets the requirements of the corresponding clauses.
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Insert Table 69-2b, Table 69-2¢, and Table 69-2d afier Table 69-2a (as inserted by
FEEE §td 802.3ch-201x):

Table 8%-2b—Nomenciature and clause correlation for 50 Gb/s Backplane Ethernet
Physical Layers g

Clause?

~J
oD
[y
Sy
(5]
Pt
L
G
[y
)
ot

135 | 1354 | 135B | 133C

[y
Yl
~3
ok pd
d NS - O

PMD

Nomenclature

BASE-R PCS
-2 020

AL

W

1€
SOGBASE-R RS-FEC

SOGME

308G
SOGBASE-RPMA
LAUE2 C20
SOGAY

S6GAUR-1 C2C
SO0GBASE-K

20

50GBASE-KR 8] M

o
Z
ﬁ
Z
o
o
o
=

40 = Optional, M = Mandatory. 23

Table 69-2c—Nomenclature and clause correlation for 100 Gb/s two-lane Backplane Ethernet 29
Physical Layers 30
31

Clange?®

=X
K€
s

-
3R
3
]
Grd
Lz

3A 3%

]
N
—
ot
Tos
s

1338 | 135D

o
a2
-3
ad
g

Nomenciature

~-R FMA

1
i}

BASE-F PMA

BASE

<

X
~
>

EEE

100GRIE
106GBASE-R PCS
100G

108GBASE-R RS-FEC
106G

108GAUI4 C2C
106GATUE-2 C2C
106GBASE-KR2 PMD

RS

C | CAURI0 C2C
O § CAUL4 C2C

100GBASE-KR2 O M

<o
=
o

z
&
=
)
<
<
g
=

30 = Optional, M = Mandatory, 9
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Table §%-2d—Nomencilature and clause correlation for 200 Gb/s Backpiane Ethernet
Physical Layers

Clanse®
78 USO8 ] OReR | ien | 137
g
. w S 2
Nomeaclature 1% P o v 5
(e =4 & = [
B EEEERE
- | 208 225
= < < = = b
b2 ) ) « < =]
3] & & % &} > @
= p | 2|2 2 E|E|E
Tl 22 15 & b=t & < b=
200GBARE-KR4 O M O M M O {3 M

30 = Optional, M = Mandatory.

69.3 Delay constrainis
Insert the following paragraph after the fourth paragraph of 69.3:

For 50GBASE-KR, normative delay specifications may be found in 132.1.4, 133.3, 135,54, and 137.5, and
also referenced in 131 .4,

Insert the following paragraphs after the sixth paragraph of 69.3:

For 100GBASE-KR2, nonmative delay specifications may be found in 5114, 8
also referenced in 80.4.

For 200GBASE-KR4, normative delay specifications may be found in 117,14, 114§,
andt also referenced in 1164

69.5 Protocol implementation conformance statement {PICS) proforma

Change the first paragraph of 69.5 (as modified by IEEFE 8td 362.36p-201x and IEEE Std 802.3ch-201x)
as follows:

The supplier of a pmtoml 1mpkm°nmtion Ehat is "lanmud to ﬂani'f)rm to any part Gf IFFE btd ‘%U” 3,

by completing a pmmwi maplcmﬁ:ntdu Of wxucmume btaiement QPIL“‘) pmmmu
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73. Auto-Negotiation for backplane and copper cable assembly

73.2 Relationship to the ISOAEC Open Systems Interconnection {O81) reference
model

Replace Figure 731 (as modified by IEFE Kid 802.3b6y-2016 and IEEE Std 802.3ch-201x} with the
foliowing:

osl
REFERENCE ETHERNET
MODEL LAYERS
LAYERS
HIGHER LAYERS
APPLICATION (L [LOGICAL LINK CONTROL)

/ OR OTHER MAC CLIENT
/1 MAC—-MEDIAACCESS CONTROL

SESSION / RECONCILIATION
TRANGPORT | / / GMIL, XGMil, 25GMIE, XLGMI
AN / & SoGMI, COMIL or 200U

PRESENTATION

NETWORK iy ( PCS
A ) PiA

DATA LINK / PHY PO
AN

PHYSICAL

L 4

=P

1 Gbifs, 2.5 Gb/s, 5 Gb/s, 10 Gbis, 25 Glv's, 40 Glfs, 50 Gb/s, 100 Ghv/s, or 200 Gb/s

200GMIl = 200 Gb/s MEDIA INDEPENDENT INTERFACE  MDI = MEDILIM DEPENDENT INTERFACE
25GMIl = GIGABIT MEDIA INDEPENDENT INTERFACE PCS = PHYSICAL CODING SUBLAYER
E0GMIl = 50 Gh/s MEDIA INDEPENDENT INTERFACE PHY = PHYSICAL LAYER DEVICE

AN = AUTO-NEGOTIATION PMA = PHYSICAL MEDIUM ATTACHMENT

CGMI = 100 Gh/s MEDIA INDEPENDENT INTERFACE PMD = PHYSICAL MEDIUM DEPENDENT

GMII = GIGABIT MEDIA INDEPENDENT INTERFACE XGMi = 10 GIGABIT MEDIA INDEPENDENT INTERFACE
MDi = MEDIUM DEPENDENT INTERFACE XLGMH = 40 Gb/s MEDIA INDEPENDENT INTERFACE

Figure 73~-1—Location of Auto-Negotiation function within the ISQ/IEC O8]
reference model

73.3 Functional specifications

Change the third paragraph of 73.3 (as modified by IEEF 8itd 802.3by-2016 and IEEFE 8td 862.3ch-201x)
as follows:

These functions shall comply with the state diagrams fiom 311, The

aie 734 through ¥

Auto-Negotiation  functions shall imteract with the techoology-dependent PHYs thmuah the
} ’iedmoioayu})vpendcm PHYs are thobc bugggertvd b§ th

3R

Technology-Diependent interface (sce 73
Auto-Negotiation process (sce Table 73—4)' :
E%B%EL K}@A ------ } %BA%£ K;R 254}%4&&—% ﬁéGé}ASh&R—& 25(;&4&—(} 23(1}3-«&%£—€R-L

-}434}6&%‘5%5—@}%4.
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73.5 DME transmission
73.5.1 DME elecirical specifications
Change the second paragraph of 73.5.1 as follows:

For any multi-lane PHY, DME pagm shai! bc Tf’iﬂ&lm{tud on}v on iam 0. The transmitters on other lanes
should be disabled as specified in 71.6 7 fer3d 307 13687, 0r137.8.7

73.6 Link codeword encoding

73.6.4 Technology Ability Field

Change Table 734 {as modified by IEEE Std 802.3by-2016 and IEEE 8td 802.3c5-201x} as follows:

Table 73~4—Technology Ability Field encoding

Bit Technology

AD 1000BASE-KX

Al 10GBASE-KX4

A2 tOGBASE-KR

A3 40GBASE-KR4

Ad 40GBASE-CR4

AS 100GBASE-CR18

AG IBCGBASE-KP4

A7 100GBASE-KR4

A8 100GBASE-CR4

A9 25GBASE~-KR-5 or 25GBASE-CR-S

AlG 25GBASE-KR or 2Z5GBASE-CR

Al 2S5GRASE-KX

Al2 SGBASE-KR

Al3 SOGBASE-KE or SOGBASE-CE

Al4 100GBASE-KR2 or 100GBASE-CR2

Als 2000GBARE-KRY or 200GBASE-CR4
th:i_:?ié s Reserved for future techinology

Copyright © 2017 IEEE. Al rights reserved,
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Replace the third paragraph of 73.6.4 with a note and change the fourth and fifth paragraphs {as
modified by IEEFE Std 802.3byp-2016 and IEEE Std 802.3cb-201x) as follows:

NOTE~ Previons editions of this standard prohibited advertisement of PHY s that support operation over electrical back-
planes with PHY's that support operation over copper cable assemblies.

25GBASE-KR-S abilitics are a subsct of 25GBASE-KR abilitics, and likewise 25GBASE~-CR-S abilitics are
a subset of 25GBASE-CR abilitics. To allow interoperation between 25GBASE-KR-S and 23GBASE-KR

PHY types, and between 25GBASE-CR-S and 25GBASE-CR PHY types, a device that suppors
25GBASE-KR or 23GBASE-CR should advertise both A9 and A10 ability bits during auto-negotiation.

The ficlds A[22:1643] are reserved for futare use. Reserved fields shall be sent as zero and ignored on
TeCeive,

73.7 Receive function requirements

73.7.1 DME page reception
Change 73.7.1 (as modified by IEEFE Std 862.3by-2016 and IEEE Ntd 802.3ch-201x) as follows:
To be able to detect the DME bits, the rec civer shouid have the capabiht‘y 10 ©eCeve DME signais sent with

the clectrical specifications of the PHY
H{xB-A—%-E-M%—----D-S{:%ASLuKR --—QS{QA&-MRwé -----

%Q?B-A %E-KR«#

CR4y. The DME
tmnsmit sxgnal fevel dﬁd receive senmm/m are spemﬁcd n?7
Copyright © 2017 IEEE. All rights reserved.
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73.7.6 Priority Resolution function

IEEE Draft P802.3c5/D1.2

3rd February 2017

Change Table 733 (as modified by IEEE Std 802.3by-2016 and JEEE 5td 862.3c5-201x) as follows..

Table 73-8—Priority Resolution

Priority Techuslogy Capability
i 200GBASE-KR4 or 200GBASE-CR4 | 200 Gb/s 4 lane, highest priority
2 100GBASE-KR2 or 100GBASE-CRZ | 180 Gb/s 2 lane
33 100GRASE-CR4 100 Gb/s 4 lanc-highestpriosity
42 1O0GBASE-KR4 100 Gb/s 4 lane
53 JO0GBASE-KP4 166 Gb/s 4 lane
64 tO0GBASE-CR IO 100 Gb/s 10 lane
7 S0GBASE-KR or S0GBASE-CR 50 Gh/s 1 lane
85 40GBASE-CR4 44 Gb/s 4 lane
9& 40GBASE-KR4 40 Gb/s 4 lane
Bl 25GBASE-KR or 25GBASE-CR 25 Gb/s 1 lane
18 25GBASE-KE-S or 25GBASE-CR-S | 25 Gb/s | lane, short reach
248 I0GBASE-KR 10 Gh/s 1 lane
1348 JOGBASE-KX4 10 Gb/s 4 Jane
1441 SGBASE-KR 5 Gb/s 1 lane
542 2 5GBASE-KX 2.55 Gb/s | lane
1643 TO0ORASE-KX 1 Gh/s 1 lane, lowest priority

73.10 State diagrams and variable definitions

73.10.1 State diagram variables

Insert the following variables in the variable list by adding 50GR, 100GR, and 200GR at the appropriate

place.
50GR;
100GR2;
200GR4;
86

represents the S0GBASE-KR or 30GBASE-CR PMD.

represents the 100GBASE-KR2 or 100GBASE-CR2 PMD.
represents the 200GBASE-KR4 or 200GBASE-CR4 PMD.

Copyright © 2017 IEEE. Al rights reserved,
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Insert the following entries in the single link_ready status at the appropriate place and renumber the
existing entries:

9y link_status [SOGR] = 0K
14) ik status J100GR2] = Ok
13) ink_status [200GR4] = OK

73.10.2 State diagram timers

Change the link_fauli inhibit imer definition as follows:

link_fail_iohibit_timer
Timer for qualifying a link status=FAIL indication or a link status=0K indication when a spe-
cific technology link is first being established. A link will only be considered “failed” if the link -~
fail inhibit timer has expired and the hok has stifl not gone into the bk statas=CK state. The
link_fail inhibit_timer shall expire within the Himer values given in Table 73-7 49-ms+te-30a1

entering the-AN-EINK-GOOD-CHECK state.

Copyright © 2017 IEEE. All rights reserved.
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Change Table 73-7 {as modified by IEEE 8td 882.3c6-201x} as follows:

Table 73-7—Timer min/max value summary

IEEE Draft P802.3c5/D1.2

3rd February 2017

Parameter Min ‘%/aiu:e and Max Units
tolerance

autoneg_wait_timer 25 50 ms
break link timer 60 75 mws
clock_detect_min_fimer 48 6.2 us
clock_detect_max_timer 6.6 3.0 s
data_detect min timer 1.6 3. s
data_detect max_timer 34 4.8 s
interval_timer 3.24001% ns
Gurhen the link is SOGBASE-KR,
S0GBASE-CR, 100GBASE-KR2 16 B7 B
100GBASE-CR2, 200GBASE-KR4 or
200GBASE-CR4
tink_fail_inhibit_timer
{when the link is 10GBASE-KR,
2SCGBASE-KR, 25GBASE-KR-3
25GBASE-CR, 25GBASE-CR-8
40GBASE-KRY. 40GBASE-CR4 500 510 ws
I00GBASE-KR4, 100GBASE-KP4
100GBASE-CR4. or I00GRASE-CR 10-ei-
iink fail inhibit timer
(when the link is 1000BASE-KX, 40 3 s
2. 5GBASE-KX, SGBASE-KR, or ) >
I0GBASE-KX4)
page_test_nun_timer 305 330 jiid
page_test_max_timer 350 375 us

Copyright © 2017 IEEE. Al rights reserved,
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73.11 Protocol implementation conformance statement {PICS) proforma for
Clause 73, Auto-Negotiation for backplane and copper cable assembiyz

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

73.11.4.3 Link codeword encoding

Change table to delete PICS item LE18 as follows (unchanged rows not shown):

ftem Feature Subelause alue/Comment Status Support

LELS Incompatible-shilities T3-64 I : i . M Fes-t} 5

20

73.11.4.7 State diagrams and variable definitions 24

Change Table {as modified by IEEE 8td 862.3cb-281x} as follows (unchanged rows not shown): 26

item Feature Subclause Value/Comment Status Support

I
—

SDHS link fail jaiubit timer 73.10.2 The values in Table 73- 756048~ | M Yes |}

Go L2
a2 NI

TOOOBASEKK-

w3
i~

W

SG-ms-ptherwise

wd s Lo L2
R D

*Copyright release for PICS proformas: Users of this standard may freely reproduce the PICS proforma in this subclause so that it can
be wsed for its intended purpose and may further publish the completed PICS. 54

Copyright © 2017 IEEE. All rights reserved.
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78. Energy-Efficient Ethernet (EEE}

78.1 Qverview

78.1.4 PHY types oplionally supporting EEE

IEEE Draft P802.3c5/D1.2

3rd February 2017

Change Table 78-1 {us modificd by IEFE Std 332.36s-201x} as follows (some unmodified rows not

shown):

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

90

PHY or interface tyvpe

Clause

40GBASE-ER4Y

b
SOGRASE-CRY

50GBASE-SER 133,134, 138
50GRASE-FR 133,134, 139

S0CBASE-LRR

133,134 139

....... LW TSl TN 24

CAUL-4?

160GBASE-KP4

100GBASE-KR4

Rob
LY

100CGBASE:

100GBASE-CR10

100GBASE-CR4
100GBASE-CR2P 82. 135,136

100GBASE-SR10Y

82,83, 8¢

s

100GBASE-SR4®

82,83, 91, 83

100GBASE-SR2E

100GRASE-DRE

100GBASE-LR4Y

100GBASE-ER4P

200GRASE-KR4D

200GBASE-CR4

325GAUVXLAUICAULn shutdown is supported only when deep sleep is
enabled for the associated PHY.

Copyright © 2017 IEEE. Al rights reserved,
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78.5 Communication link access latency
Insert new row inte Tuble 78—4 below the row for 40GBASE-KRY {unmodified rows not shown):

Table 78~4—S8ummary of the LP! timing parameters for supported PHYs
or interfaces

O

T, W_3ys_tx T w_phy T phy_shrink _tx T, phy_shrink_rx T, W_SVS_¥X il
Case () {min) (max} {max) {min) 12
i3

(us) {us} {us) {15} (ps)

PHY or interface
type

SOGBASE-R fast 0.34 0.3 0 { .25 16
wike 17

20

I
—

W ed Lo L L L Lo L2
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Copyright © 2017 IEEE. All rights reserved.
This is an unapproved {EEE Standards draft, subject to change.

91
Marvell Semiconductor, Inc. - Ex. 1002, Page 000204



Draft Amendment to |[EEE Std 802.3-2015 IEEE Draft P802.3cd/D1.2
{EEE P302.3cd Task Force 3rd February 2017

80, Introduction to 40 Gb/s and 100 Gbfs networks

8.1 Overview
80.1.3 Relationship of 40 Gigabit and 100 Gigabit Ethernet o the 18O 081 reference maodel
Change the second paragraph in 80.1.3 as follows:

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:

o

a) The XLGMII and CGMIL, which, when implemented as a logical interconnection port between the

MAC sublayer and the Physical Layer (PHY). uses a 64-bit wide data path as specified in Clansg

by The management interface, which, when physically implemented as the MDIG/MDC (\/Eanawmem
Data Input/Output and Management Data Clock) at an observable interconnection port, uses a bit-
wide data path as specified in Clause 435,

¢y The PMA service interface, which, when physically implemented as XL (40 Gb/s Attachment Unit iS
Intcaf acc) or CAU 1-4 :md lOOGAUI 4 (100 Gb/s fcur— ane /-‘s‘ﬁdc:hmt:nt Unit Interface) at an 19

E \ A “ 21

& T he P\AA service misr-:f&ce which, when physically implemented as CAUL-10 (106 Gb/s ten-lane 92
Attachment Unit Tnterface) at an obscrvable interconnection port, uses a 10 lane data path as 73
specified in Avwex 834 or At ]38 2

¢)  The PMA service imierface whu,b when physicallv_implemented as 100GAUI-2 (100 Gb/s 25
tweo-lane Attachment Unit Interface) at an chservabice interconnection port, uses a 2-lane data path as 2%
specified in Aonex 135F or Annex 135G, 77

)  The PMD service interface, which, when physically implemented as XLPPT (40 Gb/s Paralie] 28
Physical Intf’rﬂrc) at an obscrvable interconnection port, uses a 4 lane data path as specified in 29

30

g Thc P‘vﬁ) service interface, which, when physically implemented as CPPI (100 Gb/s Paraliel 31
Physical Interface) at an observable interconnection port, uses a 10 lane data path as specified in 32

I . 33

) The MDIs as specified in Ulagse 8% for 40GBASE-FR and Clause 140 for 100GBASE-DR uses a 34
single lane data path. 33

i} The MDis as specified in Ulnuse 85 for 40GBASE-CR4, in K& for 40GBASE-SR4, in 36
(o 87 for 40GBASE-LR4 and 40GBASE-ER4, in O3 for 100GBASE-LR4 and 37
100GBASE-ER4, in 2 for IOOGBASE-CR4, and in U S for 100GBASE-SR4 allusc a 38

4 lage data path. 39

i} The MDis as specified in { 83 for 100GBASE-CR10, and in Clause 89 for 100GBASE-SR10 40
use a 10 lane data path. 41

k)  Although there is no electrical or mechanical specification of the MDI for backplane Physical Lay~ 42
ers, the PMDs as specified in O ¢ 84 for 40GBASE-KRY, in Clause 93 for 100GBASE-KR4, and 43

in Cf 4 for 100GBASE-KP4 all use a 4 lane data path. 44

b The ]\/[DIS Ac 8 "‘if Lcd in (‘]du\x l 36 f()r }()(}GRA‘SF CR? in Clause 137 for 100GBASE-KR2. and 45
46

7

48

49

30

51

52

33

54
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80.1.4 Nomenclature

Change Table 801 as follows {seme unchanged rows not shown):

Table 80148 Gb/s and 100 Glv/s PHYs

Name Description
40GBASE-ER4 40 Gb/s PHY using 4‘)(; BASE-R encoding over four WDM lanes on single-mode
fiber, with reach up to at least 40 km (se }

100GBASE-KR2 10C Gb/s PHY using 100GBASE-R encoding, Clause 91 RS-FEC and 4-level pulse
amplitude modulation over two lanes of an electrical backplane. with 2 total insertion
loss up 10 30 dB at 13.28 GHz (see Clause 137)

JOGGBASE-KR4 0 Gb/s PHY usiag 100GBASE-R encoding, Clause 91 RS-FEC and 2-level pulse
amph‘mce modulation over four lanes of an electrical backplane, with a total insertion
foss up to 35 dB at 12.9 GHz (see

106GBASE-KP4 100 Gb/s PHY using 100GBASE-R encoding, Clause 91 RS-FEC and 4-level pulse
amphitude modulation over é‘our lanﬂs of an electrical backplane, with a total msertion
lossup to 33 dB at 7 GHz (see Clavse #4)

100GRASE-CR2 100 Gb/s PHY using 100GBASE-R encoding and Clause 91 RS-}”{*(, and 4- i Vc{
jeit] odulation over two lanes of shielded balance
reach up to at feast 3 m {see Clause 130)

{OOGBASE-CR4 100 Gb/s PHY using 100GBASE-R encoding and Clause 91 RS-FEC over four lanes
of shiclded balanced copper cabling, with reach up to at least 5 m (see 8
100GRASE-CRIO 108 Gb/s PHY using 100GBASE-R enco'{mg over ten lanes of shiclded batanced
copper cabling, with reach up to at least 7 m {see %)
106GBASE-SR10 0 Gb/s PHY using 100(]3 ASE-R enco"hng over ten lanes of multimode fiber, with
£ mh up to at feast 100 m (see ¢ }
100GBASE-SR2 100 Gb/s PHY using 100GBASE-R encoding over two lanes of muitimode fiber, with

reach up to at least 100 m {see Clause 138)

J06GBASE-SR4 100 Gb/s PHY using 100GB ASF-R encoding over four lanes of multimode fiber, with
reach up to at least 100 m (see Clause 235}

190GBASE-DR 100 Gb/s PHY ysing 100GBASE-R encoding over single-mode fiber, with reach up to

{00GBASE-LR4 G Gb/s PHY using 100GBASE-R c.ncodn*g over four WDM lanes on single-mode
hbcr with reach up o at feast 10 km (see { 88)

80.1.5 Physical Layer signaling systems

Change the first paragraph of 80.1.5 as jfollows:
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3, Table $0-3, and-Table 50~ 1
_______________________________ s. Implementations conforming 2
to one or more nomenclatures must meet the requirements of the corresponding clauses. 3
4

3

Change Table 80-3 as follows:

Tabie 80-3—Nomenciature and clause correlation (100GBASE copper} 1

Clause®

oo |y

78
82

1
355

o8 = o«
& & an

@
93
135
135K
136
3
—
o

)

%

2}
-

Rr2

Nomenclature

BASE-RPCS
BASE-K PMA
CAUR-10
CAUI-4
RS-FEC
AUE-4 20

20

<
£

[

BASE~-CRIG PMD
BASE-CR4 PMD

‘

£
+

LS

Auto-Negotiation
BASE-R FEC
KEE
RS
CGMIET
168GAUL2 C2C
100 GBASE-KR2

188GBASE-(

108¢
£
(TEHE

188GBASE-KRS PMD
IMGBASE-KP4 PMB
I88GBASE-P PMA

180G
188G
108G

<
o)
<
(@)
<
-]
-]

M M

o)
o
4
b2

100GBASE-KR4 M O M| O M| M{O}|O M M

100GBASE-K P4 M O M O | M|OC I O0}IO M M 57

100GEA, M O M| QM o0 M MICG|oiM 28

100GBASE-CR4 M O M| O M| MO0 M| M

I
—

I00GBASE-CRIC { M | O { O 1M | O | M| M| 0|0 M

(2
N

%0 = Qptional, M = Mandatory.

o L2 LI oL
=3O\ o e

Change the title of Table 80—4 as follmys:

W s
R

Table 80-4-—hNomenclature and clause correlation {(100CGBASE-R optical)
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Insert Table 80-4q after Tuble 804 as jollows:

Table §0-4a—Nomenclature and clause correlation {100GBASE-P optical)

Clause?
- o Q S W - w; =] = sy 2w e
< et ;
Nemenclature E :% SIEIRIEE g
= o & &} &} |18} W ,
Bl S 2l r izl lslslelalalm
= 7] = =) oo o = = = = s L o why 122] w
Bl | Biei=i=2308 (I =T = I I O I s«
0L g S1gls| 2|« | < | =< |98
ER R © I I I I I 9 2
& | g | 8| &g
E E| 2|22 8= =
vy ot
10GBASE-SRZ (8] M O O o] (0] [¢] 6] M M O O o] M
100GBASE-DR o) M O (0] O o] O [¢] M M G O [¢] O M

0 = Optional, M = Mandatory.

8.2 Summary of 40 Gigabit and 100 Gigabit Ethernet sublayers
80.2.1 Physical Coding Sublayer {(PCS}
Change the text in 80.2.1 as foliows:

The terms 40GBASE-R, 100GBASE-R, and 100GBASE-P refer to a specific family of Physical Laver
ioplementations based upon thx 648/ ’66B daia coding method specified in Clause 82 and the PMA
specifications defined in Clanse 83,~ef Clw " . Clause 82 PCSs perform encoding
{decoding) of data from (to) the ‘(LGMH/LGI\/W m 641 ¢ blocks, distribute the data to multiple
{anes, and transfer the encoded data to the PMA.

80.2.3 Forward Error Correction {FEC) sublayers
Change the first paragraph in 80.2.3 as follows:

A }*omard Error Cﬁrrwnon sublaver 1s-pvaable

it )OGBA bF~KR4, i00GBASE-KP4, ],(‘OGBASF *_xR) &8&—1(}(‘(}8}&8}3 bR4 and iOUGBAQ (-]
The FEC sublayer can be placed in between the PCS and PMA sublayers or between two PMA sublavers.

80.2.4 Physical Medium Attachment {PMA) sublayer

Change the second paragraph of 80.2.4 as follows:

Copyright © 2017 IEEE. All rights reserved.
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The 40GBASE-R and ]QOGBAQF—R ‘PMA ar;, specxﬁcd m O
100GBASE-KP4 PHY is specified in C¥
Clause 135.

80.2.5 Physical Medium Dependent (PMD) sublayer
Change the second paragraph of 80.2.5 as follows:
Thc 4UGBA‘§FJR 1060GBASE-R, and 10(‘{38 ASE-P P\/{Ds and th( ir corresponding media are specified in

¢ through (% R4 —and (1 2 through Ci Clapse 136_through Clause 138, and
Clause 4().

80.2.8 Auto-Negotiation
Change the second paragraph of 80.2.6 as follows:

Clause 73 Auto-Negotiation is used by the 40 Gb/s and 100 Gb/s backplane PHYs (40GBASE-KR4,
100GBASE-KR2 100GBASE-KP4, and 100GBASE-KR4) and the 40 Gb/s and 100 Gb/s copper PHYs
{40GBASE-CR4, 100GBARSE-CR2. 100GBASE-CR10, and 100GBASE-CR4).

Copyright © 2017 IEEE. Al rights reserved,
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80.4 Delay constraints

Change Table 86--5 as follows (some unchanged rows not shown):

Table 80-5—3Sublayer delay constraints

Sublaver Maximum Waximum RMaximum Notes®
= ¥ (Bit time)® | (panse_guanta)® {as) ’

100GBASE-R PMA 9216 18 92.16 See &

I00GBASE-P PMA 9216 18 92.16 See 133.54.

100GBASE-KR2 PMD 4096 28 40.96 Includes allocation of 20 ns for ong
direction through backplane medium,
See 137.5.

I00GBASE-KR4 PMD 2048 4 2048 Includes delay of one mrevtr\n through
backplane medium. See 3.4,

100GBASE-KP4 8192 16 81.92 Includes delay of one C‘LH’C'"'[I\,D through

PMA/PMD backplane mediunm, See 94.2 3,

100GBASE-CR2 PMD 4096 8 40.96 Includes allocation for 20 ns for one.
direction through cable medmm. See
136.5,

100GBASE-CR4 PMD 2048 4 2048 Does not include delay of cable
medium, See W24,

106GBASE-CRI0 PMD 9728 19 97.28 Does not inchude delay of cable
medium, See 85,4,

100GBASE-SR? PMD 2048 4 20.48 Includes 2 mof fiber, See 138.3

100GBASE-SR4 PMD 2048 4 2048 Tackades 2 w of fiber. See 93 3.1,

106GBASE-SR1G PMD 2348 4 200,48 fnchudes 2 m of fibex, See 806.3 1,

100GBASE-DR PMD 2048 4 2048 Includes 2 m of fiber, See 1403,

100GBASE-LR4 PMD 2048 4 2048 Inchudes 2 m of fiber. See 88.3 1.

I00GBASE-ER4 PMD 2048 4 2048 Includes 2 m of fiber. See 8831,

For 40GBASE-R, 1 bit ttme (BT) is equal to 25 ps aund for I00GBASE-R, 1 bittime (BT)is equalto 10 ps. (See {4 187
f()r the definition of bit time.)
® For 40GBASE-R, 1 pause_quantum is equal to 12.8 ns and for 100GBASE-R, 1 pause_quantunt is equal to 5.12 ns.
(See 2 for thc definition of pause_guanta.)
¢ Should there be a discrepancy between this table and the delay requirements of the relevant sublayer clause, the
sublayer clause prevails.
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80.5 Skew constraints

1
2
Replace Figure 80-8 with the following figure: 3
4
s

MAC AND HIGHER LAYERS 8

i RECONCILIATION i

CGMi = - CGMI

100GBASE-R PCS 100GBASE-R PCS
PMA (20:n) PMA (20:0) i4

CAU-10 or CAUL-4 e » ) ALEAD or ©AL L i5
SPG'{Y % SPY7 580 "47 ’? ap7 G CAUL10 or CAUI-4 16

PMA (n:20} PMA (1:20) i7
RS-FEC R&-FEC 18

PMA (4:4) PMA (4:m) i)
Kz{

CAU-4 i g 100GAU-4 or

5P g |4 spe sPiy| |4 sPs . 100GAUI-2 21

PMA(44) | | PMA@mp) | 22

R AT S : 23

PMD SERVICE PMD SERVICE
S ; 4

INTERFACE P2 | 5P 5P24| |4 ops INTERFACE 24

PMD { [ PMD 25

MDE— sp34 |4 SP4 SP3¢| 4 8P4 @ MDI -

| MEDIUM § l MEDIUM <~ 28

S e | 29

100GBASE-R4 100GRASE-P

100GAULR2 = 100 Ghis TWO-LANE ATTACHMENT UNIT MDH = MEDIUM DEPENDENT INTERFACE
INTERFACE PCS = PHYSICAL CODING SUBLAYER

100GAUI4 = 100 Gbis FOUR-LANE FEC-RATE PMA = PHYSICAL MEDIUM ATTACHMENT
ATTACHMENT UNIT INTERFACE PMD = PHYSICAL MEDIUM DEPENDENT

CAUL-4 = 100 Gb/s FOUR-LANE ATTACHMENT UNIT RS.FEC = REED-SOLOMON ECRWARD ERROR
INTERFACE "~ ToORRECTION '
CAUIFI0 = 100 Gh/s TEN-LANE ATTASHMENT UNIT =20 d
INTERFACE
GGMIL = 100 Gb/s MEDIA INDEPENDENT INTERFACE
MAC = MEDIA ACCESS CONTROL

Figure 80-8—100GBASE-R Skew poinis with RS-FEC, CAUl-n, and 100GAULn 40

I
—
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SN W N

n=4o0r10
g=1or2
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R
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Change Table 806 as follows (fable footnotes not shown):

Table 80-6—Summary of Skew consiraints

Maximum Maximem
Maxinnm Skew for Skew for
Skew points Skew 40GBASE-R I00GBASE-R Notes
{ns) PCS lane PCS lane
(3] (U
SPO 29 N/A = 150 See 813
SP1 29 =299 = 150 See 83,332
Sp2 43 = 443 = 222 h
8 5, R
-B¥ . 13553, 13553,
136.6, 137.6, 1383, 01 1404
SP3 54 = 587 =278
SP4 134 = §1382 = 691
SPS 145 = 1495 = 748
SP6 160 = 1649 =~ 824
SP7 29 N/A = 150
At PCS woeive 180 = 1856 =928
At RS-FEC 449 W/A = 153
transmit
At RS-FEC receive 180 N/A = 4641
At PCS recetve 49 N/A =~ 253
{with RS-FEC)
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Draft Amendment to |[EEE Std 802.3-2015
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Change Table 80--7 as follows (table footnotes not shown):

IEEE Draft PB02.3¢ca/D1.2
3rd February 2017

Table 80-7—Summary of Skew Variation constrainis

Maximum Skew

Maximum Skew

(with RS-FEC)

Maximum e e e,
Stiow Yariation for Variation for
Skew points ";n'i‘i tion 13,3125 GBd 2578125 GRBd Nates
: (1:3} PYMD lane PHD lane

K D IcH1)
SPO 0.2 =) N/A
SP1 0.2 =] N/A
SpP2 0.4 = 4 = 10

e 05 3.0, 135,
1376, 1383, or 140.4

SP3 0.6 =6 = 15 See
SP4 34 = 35 = 88
SPS 3.6 = 37 = 93
SP6 38 = 39 =~ 98
SP7 0.2 =2 N/A
At PCS receive 4 =41 N/A
At RS-FEC 0.4 N/A = 10 See #1322
{ransmit
At RS-FEC 4 N/A =~ 103 See 91 .8
eeeive
At PCS recetve 0.4 N/A =~ 10

100
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82. Physical Coding Sublayer {(PCS) for 64B/66B, type 40GBASE-R and
100GBASE-R

82.6 Auto-Negotiation
Change the paragraph in 82.6 as follows:

The following requirements apply to a PCS used with a 40GBASE-KR4 PMD, 406GBASE-CR4 PMD,
100GBASE-CR10, 100GBASE-CR4, 100GBASE-CR2. 100GBASE-KR4—er 100GBASE-KP4, o1

F00GBASE-KR2 PMD where support for the Auto-Negotiation process defined in Clause 73 is mandatory.
The PCS shall support the primitive AN_LINK indication(link_status) {see 73.9). The parameter lind_status
shall take the value FAIL when PCS_status=false and the value OK when PCS_status=true. The primitive

shall be generated when the value of link statos changes.

82.7 Protocol implementation conformance statement (PICS) proforma for Clause 82,
Physical Coding Sublayer {PCS} for 64B/668, type 40GBASE-R and 100GBASE-R

82.7.4 PICS Proforma Tables for PCS, type 40GBASE-R and 100GBASE-R
Change the heading number of 82.7.5 “{est-patiern modes” to 82.7.4.5 as follows:

82.7.4.8 Test-pattern modes

Change the heading number of 82.7.6 “Management” to 82.7.4.7 as follows:

82.7.4.7 Management
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82.7.4.11 Auto-Negotiation for Backplane Ethernet functions

i
2
Change the table in 82.7.6.4 {revumbered as 82.7.4.11) as follows: 3
4
N

ftem Feature Subclanse Vatue/Comment Status Support

*ANI Support for use with a 82.6 AN techuology dependent O Yes { 8
40GBASE-KR4, interface described in No 9
40GBASE-CR4, Clause 73 10
190GBASE-CR10, 11
100GBASE-CR4,

100GBASE-CR2. 12
100GBASE-KRA -o5 13
100GBASE-KP4, o1 14
100GBASE-KR2 PMD 15

AN2 AN_LINK.indication primitive | 82.6 Support of the primitive ANEM Yes [1] -
AN_LINK indication(link_sta- N/ALL 17
sk 18
whenthe RCS-s-used-with 19
SARE-IR 20
49GRARE-CR4 - n
{WA%'%‘. JV R 3 N
LO0GBASE-CRd ’ 27

ANG link_statns parameter 82.6 Takes the value OK or FAIL, ANEM Yes [} 23
as described in 82.6 N/A [ 26

AN4 Generation of AN_LINK indi- 82.6 Generated when the vahie of ANEM Yes [ ~
cation primitive link_status changes NAL] N

I
—

W ed Lo L L L Lo L2
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90. Ethernet support for time synchronization protocols

80.1 Introduction

Change the first paragraph of 90.1 {us modified by IEEE 8td 302.36y-2016 and IEEE 8td 862.3b5-201x}
as follows:

The TSKI is defined for the full-duplex mode of operation only. It supports MAC operation at various data
rates. The MIT (Ulagse 22), GMIIT (X 335), XGMIH (Clawse 48), 28GMIT (Clavise 196}, XLGMIT (Claus:
%1}, 50GMI (Clause 132), CGMII (€ 3, 200GMIT (O 7). and 400GMIT (Ulause 117) specifi-
cations are all compatible with the @RS sublayer defined in 4.5
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Draft Amendment to |[EEE Std 802.3-2015 IEEE Draft P802.3cd/D1.2
{EEE P302.3cd Task Force 3rd February 2017

91. Reed-Solomon Forward Error Correction {RS-FEC) sublayer for
100GBASE-R PHYs

91.5 Functions within the RE-FEC sublayer

81.5.2 Transmit funciion

91.5.2.8 Alignment marker mapping and insertion
Change the third and fourth paragraphs of 81.5.2.6 as follows:

Forx=0t0 19, amp_ix_x<63:0> is constructed as follows:
a)  Sety=0whenx <3, set v=16 whenx > 16 and four_lane pmd Oﬂli.«'f\\'i'i( sety =x.
b) dmp tx_x<23:0> is set fo My, My, and M, as shown in Figuve 82-% (bits 25 to 2) using the values in
& for PCS lane number p. I an tx . "\)[T@\pOﬂdS ioa Rap}d Alignment marker, then the
M4, Ms, and M(, valuvs are used instead (see ).
¢y amp tx x<3124> = am tx x<33:26>
d) amp_ X x< 3:32> is set to My, Ms, and M as shownin ¥ 129 (bits 37 to 34) using the values
: ? for PCS lane numbery. am_ix_x corre spmds to a Rapid Alignment raadker, thea the
Mg, My, and M, values are used instead (se i
¢} amp tx x<63:56> = am x x<65:38>

o

Eus process mph\,es Cﬁc fm.d b‘,/tm oi the alig e 0t marke rs reccnxd poss;b]v with errors, mth the Vahkﬂ

laﬂcs 17, 1%, and 19 wﬁh the fmcd by K,s Ior the al 1gnmcm m’irkr.,i ceirwpmxdmg 10 PCS lane 16. Thc vari-
able bytes BIP or CD are unchanged. This process simplifies receiver synchronization since the receiver
only needs to scarch for the fixed bytes corresponding to PCS lane 0 on each FEC lane. When the optional
EEE deep sleep capability is supported, the receiver only needs to search for the fixed bytes corresponding
to PCS lanes ¢ and 16

81.5.2.7 Reed-Solomon encoder

Change the second sentence of the second paragraph of 81.5.2.7 as follows:

Vw’heih used to form a ‘lO)GBASF-KPJ, 1(0GBASF CR}' ‘i(f‘GBA‘sSEmKRZ 100GBASE-SR2, or
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81.5.3 Receive function

91.5.3.1 Alignment lock and deskew

Replace Figure 91-8 with the following:

reset + Isignal_ok + restart_lock E

.

IEEE Draft P802.3cd/D1.2
ard February 2017

amp_bad_count < &

COUNT_2

start amp_counter

LOCKE_INIT

amps_lock<x> < false

test_amp <= faise

UcT

GET_BLOCK

ship_done < false

A4

amp_counter_done

COMP_AM

amp_valid

famp_valid

first_pest <= current_pesi
start amp_counter

amp_counter_done *
larnp_valid

amp_valid
A4

COMP_2ND

AMP_COMPARE

tamp_match

amp_match

SLIP

2_GOOD

SLIP

slip_done

amps_jock<x> <= tiue
FEC_lane_mapping<x>
<= fec_lane

amp_counter_done *

fec_optional_siates

test_amp . : ¥ A4
! GOOD_AM INVALID_AM
a4 i - m—
amp_bad_count amp_bad_count+
FiNG_18T | amp-bac P-had_coum
test_amp < false | ucT H I
b e - amp_bad_count =5 —
famp_valid amp_valid | ¥
| 5 _BAD
COUNT_NEXT | restart_fock < true
|

box are

§ NOTE-—States inside the dotted

optional

Figure 91-8—FEC synchronization state diagram
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81.8.3.3 Reed-Solomon decoder
Change the second sentence of the second paragraph of 81.5.3.3 as follows:

When used to fonm a 100GBASE-KP4, 1C00GBASE-CR2. 10C0CBASE-KRZ. 100GBASE-SR2, or

symbol errors in a codeword.
Change the last sentence of $1.5.3.3 as jollows:

Whea the RS-FEC sublayer vsed to form a 100GBASE-KP4, IQ0GBASE-CRZ. 100GBASE-KR2
100GBASE-5R2, or 100GBASE-DR PHY, the symbol error threshold shall be K=6380.

81.5.4 Detailed functions and state diagrams
91.5.4.2 State variables
91.5.4.2.1 Variables
Change restart_{ock definition as foliows:
restart_lock
Boolean variable that is set by the FEC alignment process to teset the synchronization process on

all FEC lanes. It is set to true after 3 consecutive uncorrected codewords are received (3_BAD
state) and set to false upon entry iato the LOSS OF ALIGNMENT state. |t is also setfo true when

the FEC svachronization process.

Insert fec_optional_states definifion after fec lane us follows:
fec_optional states
Boolean vanable that is true if the optional states are implemented and false otherwise.
81.5.4.2.3 Counters
Insert new counter amp_bad_count before amp _counter as follows:
amp bad count

Counts the number of consecutive alignment markers that don’t match the expected values for a
given FEC lane if the optional states are supported in the FEC synchronization process.
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91.6 RS-FEC MDIO function mapping

Change Table 91--2 as follows:.

Table 91-2—MDIO/RS-FEC conirol variable mapping

MDIO control variable PMA/PMD register name Rﬁﬁf:g;?ﬁ FEC variable
FEC bypass correction enable RS-FEC control register 1.260.0 FEC bypass_correction_enable
FEC bypass indication enable RS-FEC control register 1.200.1 FEC bypass_indication_enable
Four lang PMD 12003 four, lane pmd

Ensert new row in Tuble 91-3 after “RE-FEC high SER” row as follows:.
Table 91-3—MDIO/RS-FEC status variable mapping

MDIO control variable PMA/PMD register name R;fit;ﬂ} t FEC variable

FEC optional states supported RS-FEC status register 1.261.7 fec_optional_states

Insert $1.6.2a after 31.6.2 as follows:
91.6.2a four_lane_pmd

When this variable is set to one, the alignment marker mapping function substitutes the fixed bytes of the
alignment markers corresponding to PCS lanes 17, 18, and 19 with the fixed bytes for the alignment marker
corresponding to PCS lage 16 (see 91.5.2.6). When this variable 15 set to zero, the alignment markers corre-
sponding to PCS lanes 17, 18, and 19 are passed through unmodified. The default value of the variable is
one which is the value required by the 100GBASE-CR4, I100GBASE-KR4, IC0GBASE-KP4, and
J00GBASE~SR4 PMDs. This vanable is set to zero for the 100GBASE-CR2, 100GBASE-KR2,
100GBASE-5R2, and 100GBASE-DR PMDs. This vanable is mapped to the bit defined in 45.2.1.101
(1.206.3).

Insert 91.6.5a gfter 91.6.5 as follows:
81.6.5a FEC_optional_states

This variable is set to true when the optional states in the FEC synchronization state diagram are imple-
mented.
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891.7 Protocol implementation conformance statement {PICS) proforma for 1
Clause 91, Reed-Solomon Forward Error Correction {RS-FEC) sublayer for 2
100GBASE-R PHYs? 3
4

891.7.4 PICS proforma tables for Reed-Solomon Forward Error Correction (RS-FEC) sublayer §
for 100GBASE-R PHYs 6
91.7.4.1 Transmit function 8
9

Change PICS itern TFI1 as follows: 10
1l

12

Ftem Feature Subclanse Value/Comment Status Support S

i3

16

TF11 Reed-Solomon encoder | 91.5.2.7 RS8(544,514) KP4:M Yes [} E’;
for 100GBASE-KP4,_ NAT] !
100GBASE-CR2 18
100GBASE-KR2. i9
100GBASE-SR2, or 20

22

23

24

25

91.7.4.3 State diagrams 26
Insert new PICY itesn SD6 after SDS as follows: 28
29

30

Ftem Feature Subclause Value/Comment Status Support 31

32

33

SD6 FEC synchronization 3 Check AMs after synchroniza- O Yes | ] 34
enhancement tion is achieved per Figure 91-8 No[] 35

36

37

38

39

40

43

42

43

44

45

46

7

48

49

50

51

32

3Copvright release for PICS proformas: Users of this standard may freely reproduce the PICS proforma in this subclause so that it can 33
be wsed for its intended purpose and may further publish the completed PICS. 54
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118, Introduction to 200 Gbis and 400 Gbfs networks

116.1 Qverview

116.1.2 Relationship of 200 Gigabit and 400 Gigabit Ethernet to the ISG 08l reference
model

Change item &t as follows:

h) The MDis as specified in € i for 200GBASE-DR4, in Clanse 122 for 200GBASE-FR4 and
200GBASE-LR4, and in 4 for 400GBASE-DR4, Clause 136 for 200GBASE-CR4,
Clause 137 for 200GBASE-KR4, and Clause 138 for 200GBASE-SR4, all use a 4-1ane data path.

116.1.3 Nomenciature

Change Table 116-1 as shown (some unchanged rows not shown):

Table 1161200 Gb/s PHYs

Name Deseription

2000BASE-KR4 200 Gb/s PHY

backplane {see Clause 137

200GBASE-CR4 200 Gb/s PHY using 200GBASE-R_encoding over four lanes of twinaxial
copper cable (see {4,407 and Clause 136}

200CGRASE-SR4 200 Gb/s PHY using 200GBASE-R enceding over four lanes of multimode
fiber {see Clause £38)

200GBASE-DR4 200 Gb/s PHY using 200GBASE-R encoamg over four lanes of single-mode
fiber, with reach up 1o at least 500 m (see Ulause 121)

116.1.4 Physical Layer signaling systems

Change the first paragraph in 116.1.4 as follows:

-4 specify the correlation between PHY types and clauses. Implementations conforming 1o one or
more PHY types must meet the requirements of the corresponding clauses.

1’%11@ standard specifies a fanuly of Physical Layver implementations. Table 116-2a, Table 116-3, and
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fnsert Table 116-2a as shown:

Table 116—-2a—PHY type and clause correlation {200GBASE copper)

Clause®

78

s
ot
>
>
e

P
12
,',3
ot
oo
(=5}
oy
Coa
~3

=2}

PHY type

~K PCS

-
ot

AUR4 C2C

1
Ll

EEE
RS
200GMIE
IOHGRBASE-R PMA
200GAUE-8 C2C
200G

200GRBASE

200GBASE-CR4 PMD
280GBASE-KRY PMD

200GBASE-KR4 G M (8]

z
o
o
G
z
3

_,
=
o
)
&
=
[t
xR

200GRASE-CR4 0O M Q

30 = Optional, M = Mandatoty. 30

Change Table 116-3 as shown: 25

Tabie 116-3—PHY fype and clause correlation {(200GBASE optical)

Clause®

I
—

~3
*
Ju—y
-
&
P

0
P83

53
5
T
R0

P

[
N

(5
a3

IM

PHY type

FEE
RS
SMEE
>l
L2 W L
A s

W ¢
~

200GAUERS C2C
200GAUE-4 C2C
288GATUL4 O2M

288GAUI-8 C

9

206¢
ZO0GBASE-RPCS
MOGBASE-R PMA

206GBASE-DRS PHD
200GBASE-FR4 PMD
2WHGHASE-LRA PMD
ad
Neolied

e
<
=

o
o)

o)
o

200GBASE-DR4 o) M 0O M M 0O G o] 9] M 42

200GBASE-FR4 8} M O M M o} O O O M

200GBASE-LR4 ¢} M O M M ¢ O O 0O M 45

40 = Optional, M = Mandatory. 46
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116.2 Summary of 200 Gigabit and 400 Gigabit Ethernet sublayers
116.2.8 Physical Medium Dependent {PMD) sublayer

Change the second paragraph in 116.2.5 as shown:

The 200GBASE-R PMDs and their corresponding media are specified i Claus i > 122, and
136 ﬁm}ugh Cldus&, 138 The 400GBASE-R PMDs and their corrcapondmo mf,cha are specified in

116.4 Delay constrainis

Change Table 116-5 as shown {some unchanged rows not shown):

Table 116-8—Sublayer defay constrainis {200GBASE}

Sublaver Maximum Maximum Maximum Notes®
v (Wit time)® | (pavse_guanta)’ {ns) SR

200GBASE-R PMA 18432 36 92.16 See 130,

200GBASE-KR4 PMD 8192 16 40.96 Includes allocation of 20 ns for one
disection through backplane medium,
See 137.5.

200GBASE-CRE PMD 8192 16 40.96 Includes allosation of 20 us for one
dizection through cable medium,
See 1373

200GBASE-SR4 PMDy 4096 8 2048 See 1383

200GBASE-DR4 PMD 4096 8 20.48 Includes 2 m of fiber, See 1213 1,

oy 200GBASE-R, 1 bit tme (BT) is equal to 5 ps. (See 1.4 he delinition of bit time.}

h1"01 200GBASE-R, | pause_guantum is equal to 2.56 us. {Se for the definition of panse_quanta.)
“Should there be a discrepancy between this table and me delay requirements of the relevant sublayer clanse, the
sublayer clause prevails.
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119. Physical Coding Sublayer {PC8} for 64B/668, type 200GBASE-R and
400GBASE-R

Insert new subclause 119.6 after subclause 119.5 as follows:

118.6 Auto-Negotiation

The following requirements apply to a PCS used with a 200GBASE-CR4 or 200GBASE-KR4 PMD where
support for the Aunto-Negotiation process defined in Clause 73 is mandatory. The PCS shall support the
AN_LINK.indication(link_status) primitive (see 73.%). The parameter link status shall take the value FAIL
when PCS_status=false and the value OK when PCS_status=tmue. The primitive shall be generated when the
value of link_status changes.

119.7 Protocol implementation conformance statement {PICS} proforma for
Clause 119, Physical Coding Sublayer {(PCS) for 64B/66B, type 200GBASE-R and
400GBASE-R

119.7. 4 PICS proforma tables for Physical Coding Sublayer {PCS) 64B/668, type
200GBASE-R and 400GBASE-R

Insert new subclause 119.7.4.12 after subclause 119.6.4.11 as follows:

118.7.4.12 Auto-Negotiation for Backpiane Ethernet functions

ftem Feature Subclange Value/Comment Status Sapport
*AN Support for use with a 119.6 AN technology dependent O Yes {
200GBASE-CR4 or interface described in No {}]
200GBASE-KR4 PMD “lause 73
AN1 AN_LINK.indication primitive | 119.6 Support of the ANM Yes 1
AN_LINK.indication(link_stat N/A (]
us) primitive
ANZ ik _statns parameter 119.6 Takes the value OK or FAIL, ANM Yes ||
as described in 119.6 MN/ATY
AN3 Generation of 119.6 Generated when the value of ANM Yes {1
AN_LINK indication primitive link_status changes N/AT]

Copyright © 2017 IEEE. Al rights reserved,
This is an unapproved IEEE Standards draft, subject {o change.

11z

Marvell Semiconductor, Inc. - Ex. 1002, Page 000225

20

28



Draft Amendment to [EEE Std 802.3-2015 IEEE Draft P802.3cd/D1.2
{EEE P802.3cd Task Force ard February 2017

120. Physical Medium Attachment {(PMA) sublayer, type 200GBASE-R and
400GBASE-R

120.5 Functions within the PMA

Ensert new heading 120.5.7 and change heading number 120.5.7 t0 120.5.7.1 as follows:

120.5.7 PAM4 Encoding

120.5.7.1 Gray coding for PAM4 encoded lanes

Ensert new subclause 120.5.7.2 as follows:
120.5.7.2 Precoding for PAM4 encoded lanes

A PMA adjacent to a 200GBASE-CR4 or 200GBASE-KR4 PMD, shall provide 1/1-+D) mod 4 precoding
capability on all transmit lanes and may optionally provide 1/{1+D) mod 4 decoding capability on all receive
lanes on the PMD service interface. Precoding is implemented as specified in 135.5.7.2.

The precoder is enabled independently for the transmitter and receiver on each lane (0, 1, 2, and 3).
Precoding i cnabled and disabled using vanables  precoder down (X emable i and
precoder down rx_enable 7 (whereiis 0, 1, 2, or 3).

H a Clanse4d MDIO s  implemented, the wvanables precoder down tx enable i and
precoder down_gx_epable / arc accessible through register 1.600 and 1601 {see 432.1.116h and
45.2.1.1161).

The variables precoder down X _enable i and precoder down rx _cnable 7 are alwavs set to O ina PMA
that is not adjacent {o a 200GBASE-CR4 or 200GBASE-KR4 PMD.

the PMD control function on lane /i (sce 136.8.11.7.3). The method by which the PMI} contro] function
affects these variables is implementation dependent.
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120.6 PMA MDIO function mapping 1
o]
Change Table 1201 as shown (some unchanged rows not shown): 3
4
5
Table 120—1—MDIC/PMA control variable mapping 6
MBO variable PMA/PMD register name ?ggastu/ PMA conirel variable 9

bit sumber
10
PMA remote loopback PMA/PMD coutrol 1 1.0.1 Remote_loopback_enable 1l
12
PMA local loopbaci PMA/PMD control 1 100 Local_loopback enable i3
i4
Lane 0 down transmitter PMA precoder control down Tx 1.600.0 precoder down tx enable 0 15
precoder enable

16
Lane § down ransmitter | PMA precoder control down Tx L.600.1 precoder down tx_emable 1 7
precoder enable 18
19
Lane 2 down transmitier PMA precoder control down Tx 1.600.2 precoder_dowe tx_euable 2 20
precoder enable 21
22
Lane 3 down transmitfer PMA precoder control down Tx 1.600.3 recoder _down tx_gnable 3 33
precoder enable 24
Lanec 0 down receiver pre- | PMA precoder control down Rx IR R precoder down_rx_enable § 2
coder gnable 26
Lane 1 down receiver pre- | PMA precoder control down Rx 1.601.1 precoder down rx cuable | 28
coder enable 29
30
Lane 2 down receiver pre- | PMA precoder control down Rx 1.601.2 recoder down rx_enable 2 11
32
Lane 3 down receiver pre~ | PMA precoder control down Rx 6013 precoder_down_rx_cnable 3 }‘
coder gnable 34
35
PRBS31 pattern enable PRES patiern testing coutrol 3ASOLT PRBS31 enable 36
37
38
39
40
41
42
43
44
45
46
7
48
49
50
51
52
53
54
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120.7 Protocol implementation conformance statement {PICS) proforma for 1
Clause 120, Physical Medium Attachment (PMA) sublayer, type 200GBASE-R and 2
400GBASE-R* 3
4

- 5

Insert new subclause 120.7.7 as follows:

120.7.7 Encoding

ftem Featnre Subclanse Yahe/Comment Status Support 10

0

*CKR4 PMA is adjacent to a §20.57.2 O Yes i} i
200GBASE-CR4 or Nof} 12
200GBASE-KR4 PMD. i3

El PMA supports Tx 120572 CER4M Yes [} 15
precoding N/AT]

E2 PMA supports Rx 120572 CKR4:O Yes |} 17
precoding Noff 18
N/AT] 19

20

I
—

W ed Lo L L L Lo L2
OO Y DN W e N

YCopright release for PICS proformas: Users of this standard may freely reproduce the PICS proforma in this subclause so that it can
be wsed for its intended purpose and may further publish the completed PICS. 54
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Insert Clause 131 to Clause 140 as follows:

131. intreduction to 80 Gb/s networks

131.1 Overview
131.1.1 Scope
This clause describes the general requirements for 50 Gigabit Ethernet.

30 Gigabit Ethernet uses the IEEE 802.3 MAC sublayer operating at a data rate of 50 Gb/s, coupled with
any IEEE 802.3 50GBASE Physical Layer implementation and is defined for full duplex operation only.

50 Gb/s Physical Layer entities, such as those specified in Table 1311, provide a frame loss ratio (see
14223 of less than 6.2 x 10717 for 64-octet frames with minimum interpacket gap.

131.1.2 Relationship of 50 Gigabit Ethernet to the IS0 O8l reference model
50 Gigabit Ethernet couples the IEEE 802.3 MAC to a family of 50 Gb/s Physical Layers. The relationships

among 50 Gigabit Ethernet, the IEEE 802.3 MAC, and the IS0 Open System Interconnection {OS1) refer-
ence model are shown in Figure 131-1.

ETHERNET
LAYERS
|
’ HIGHER LAYERS
ost / LLC OR OTHER MAC CLIENT
REFERCICE / MAC CONTROL (OPTIONAL)
LAYERS / MAC
APPLICATION /oy ] RECONCILIATION
PRESENTATION il S0GMIE b
{7 SE a
SESSION 5 50GBASE-R PCS
Y FEC
TRANSFORT | /
S PIIA PHY
NETWORK |/, PAID
DATALINK |/ AN
PHYSICAL
S0GBASER
SOGMII = 50 Gb/s MEDIA INDEPENDENT INTERFACE PCS = PHYSICAL CODING SUBLAYER
AN = AUTO-NEGOTIATION PHY = PHYSICAL LAYER DEVICE
FEC = FORWARD ERROR CORRECTION PMA = PHYSICAL MEDIUM ATTACHMENT
LLG = LOGICAL LINK CONTROL. PMD = PHYSICAL MEDIUM DEPENDENT
MAC = MEDIAACCESS CONTROL
MD! = MEDHM DEPENDENT INTERFACE NOTE 1--CONDITIONAL BASED ON PHY TYPE

Figure 131~1—Architectural positioning of 50 Gigabit Ethernet
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While thig specification defines interfaces in terms of bits, octets, and frames, implerentations may choose
other data-path widths for implementation convenience. The only exceptions are as follows:

a)

b)

9

d)

e

The 50GMIL, which, when implemented as logical interconnection point between the MAC sublayer
and the Physical Layer (PHY), uses a 64-bit wide data path as specified in Clause 132. Physical
instantiations of this interface may use other data-path widths.

The management interface, which, when physically implemented as the MDIG/MDC (Management
Data lnput/Output and Management Data Clock) at an obscrvable interconnection port, vses a bit-
wide data path as specified 1n Clause 45,

The PMA service interface, which, when physically implemented as LAUIL-2Z, as specified in
Annex 1358 and Annex 133C, or as S0GAUI-2 (50 Gb/s two-lane Attachment Unit Interface), as
specified in Annex 133D and Annex 135E, at an cbservable interconnection port, uses a 2-lanc data
path.

The PMA service interface, which, when physically implemented as S0GAUI-1 (50 Gb/s one-lane
Attachment Unit Interface) at an observable isterconnection port, uses a 1-lanc data path as speci-
fied in Annex 135F or Annex 135G,

The MDI as specified in Clause 136 for 56GBASE-CR, Clause 137 for S0GBASE-KER, Clause 138
for S0GBASE-SR, and Clause 139 for S0GBASE-FR and 50GBASE-LR use a 1-lane data path.

131.1.3 Nomenciature

The nomenclature employed by the 50 Gb/s Physical Layer is explained as follows.

The alpha-pumeric prefix S0GBASE in the port type (e.g., S0GBASE-R) represents a family of Physical
Layer devices operating at a speed of 50 Gb/s.

S0GBASE-R represents a family of Physical Layer devices using the Physical Coding Sublaver (PCS) for
50 Gb/s operation over mnltiple PCS lanes (see Clause 133). Physical Layer devices listed in Table 131-1
are defined for operation at 50 Gb/s.

Table 131=-1—50 Gb/s PHYs

Name Bescription
S0GBASE-KR 50 Gb/s PHY using S30GBASE-R encoding over an electrical backplane
{see Clause 137).
SOGBASE-CR 50 Gh/s PHY using S0GBASE-R encoding over twinaxial copper cable
{see " and Clanse 136).

S0GBASE-SR 30 Gb/s PHY using 50GBASE-R encoding over multimode fiber
{see Clause 138).

SOGBASE-FR 50 Gb/s PHY using S0GBASE-R encoding over single-mode fiber, with reach
up o at least 2 ke (see Clause 139).

S0GBASE-LR 30 Gb/s PHY using 50GBASE-R encoding over single-mode fiber, with reach
up to at least 10 km (see Clanse 139).

131.1.4 Physical Layer signaling systems

This standard specifies a family of Physical Layer implementations. Table 131-2 and Table 131-3 specify
the correlation between PHY types and clauses. Implementations conforming 1o one or more PHY types
must meet the requirements of the corresponding clanses.
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Table 131-2—PHY types and clause correlation (80GBASE copper)

Clauge®
. Clm i oa o |
2 s g
S 4o e § =<
PHY type g & P : ) E S
B | M| ™ oY i
0% % g S L 0
Mol m DY T o
= 2l< 2 3 BB 2 4
. 5 £ 02 2 2/ % % &2 &
=S| bre] I W ) ond ) bre] ) bre]
S0GBASE-KR O M O M M M O O O M
SO0GBARSE-CR O M O M M M O O O M

30 = QOptional, M = Mandatory .

Table 131-3—PHY types and clause correlation (B0GBASE ogptical)
Clause?
. @l o iala s o
w© = i3 IE I 8 EIE IS 8888 =
i~ L] Cnl Yt L] Yt e Aol Ll - Ll Y-t L]
& al & a
PHY type @ : - - NE-EE-EE-
&0 PR EE-RERE-RR-R R R
oo Eo g EI0 L0 0k & A
& wal & W | W & D D o o & fond
o (€] w w2 g [ oy [ oy w W w
= < - « D 3 = = = = o < o
e =~ <) 2] o] = = - - e -« 22 &) 2]
Bl @120 Tl elg e lwlQ
A8 $. 8 $. 8 3/ 3 8 2 8. 2 88 ¢
SO0GBASE-SR O % O M M M O O O O O O M
S0GRASE-FR O MO MI MM o000} O0 M
50GBASE-L o M MM M{GCi{0{0G 0G0 M

4G = Optional, M = Mandatory.

131.2 Summary of 80 Gigabit Ethernet sublayers
131.2.1 Reconciliation Sublayer (RS} and Media Independent Interface (BO0GMID

The Media Independent Interface specified in Clause 132 provides a logical interconnection between the
MAC sublayer and Physical Laver entities (PHY). The Media Independent Interface is not intended fo be
physically instantiated, rather it can logically connect layers within a device.

The SGCGMIT sopports 50 Gb/s operation through its 64-bit-wide transmit and receive data paths. The Recon-
ciliation Sublayer (RS) provides a mapping between the signals provided at the S30GMI and the MAC/PLS
service definition.
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While the S0GMII is an optional interface, it is used extensively in this standard as a basis for functional
specification and provides a common service imterface for the physical coding sublaver defined in
Clapse 133

131.2.2 Physical Coding Sublayer (PCS)

S0GBASE-R PHY s use the PCS specified in Claose 133, The 30GBASE-R PCS perdonms encoding of daia
from the S0GMII to 64B/6683 code blocks and transfers the encoded data to the PMA (or FEC) and performs
decoding of 64B/668 blocks from the PMA (or FEC) and transfers the decoded data to the 50GMIL

131.2.3 Forward Error Correction (FEC) sublayer

S0GBASE-R PHYs use the FEC sublayer specified 1o Clause 134, The FEC sublayer can be placed between
the PCS and PMA sublayers or between two PMA sublayers.

131.2.4 Physical Medium Attachment {PMA) sublayer

The S0GBASE-R PMA specified in Clause 135 provides a medinm-independent means for the PCS to sup-
port the use of a range of physical media.

The 30GBASE-R PMA performs the mapping of transmit and receive data streams between the PCS and
PMA via the PMA service interface, the mapping of transnit and receive data streams between the FEC and
the 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 service 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-pattern generation and checking.

131.2.8 Physical Medium Dependant {(PMD} sublayer

The Physical Medium Dependent sublayer is responsible for interfacing to the transmission medium. The
PMD is located just above the Mediom Dependent Interface (MDI). The MDD, logically subsumed within
cach PMD subclause, is the actual medium attachment for the various supported media.

The SO0GBASE-R PMDs and their corresponding media are specified in Clause 136 through Clause 139.

131.2.86 Management interface (MDIO/MDC)

The optional MDIO/MDC management interface (Clause 45) provides an interconnection between MDIO
Magageable Devices (MMDs) and Station Management (STA) entities.

131.2.7 Management

Managed objects, attributes, and actions are defined for all 50 Gigabit Ethernet components. These items are
defined in Clause 30.

131.3 Service interface specification method and notation

The service interface specification for the S0GBASE-R Physical Layers is as per the definition in
Note that the SCGGBASE-R intersublayer service interfaces use multiple scalar REQUEST .md
INDICATION prmitives, to indicate the transfer of nultiple independent streans of data units, as defined in
131.3.1 through 131.3.3.
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131.3.1 inter-sublayer service interface

The inter-sublayer service interface is defiped in 1163 1
131.3.2 instances of the inter-sublayer service interface

The inter-sublayer interface can be instantiated between different sublayers, hence 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 PMI} service inteeface.
by PMA:—for primitives issued on the interface between the PMA sublayer and the PCS or the FEC
sablayer called the PMA service interface.
¢y FEC:—for prinitives issued on the interface between the FEC sublaver and the PCS or the PMA
sablayer called the FEC service interface.

Examples of inter-sublayer service interfaces for 5S0GBASE-R with their corresponding instance names are
itlustrated in Figure 131-2. For example, the primitives for one instance of the inter-sublayer service infer-
face, named the PMD service interface, are identified as follows:

PMIDIS UNITDATA i request
PMD:IS_UNITDATA_ /indication
PMD:IS SIGNAL .indication.

Pamitives for other tnstances, of inter-sublayer interfaces, are represented in a similar manoer as described
above.

131.3.3 Semantics of inter-sublaysr service interface primitives

The semantics of the inter~sublaver service interface primitives for the S0GBASE-R sublavers are described

in VG thropgh 1163 3.3

Copyright © 2017 IEEE. Al rights reserved,
This is an unapproved IEEE Standards draft, subject {o change.

120

Marvell Semiconductor, Inc. - Ex. 1002, Page 000233

20

28



Draft Amendment to [EEE Std 802.3-2015
IEEE P802.3cd Task Force

IEEE Draft P802.3cd/D1.2
ard February 2017

MAC AND HIGHER LAYERS

RECONCILIATION SUBLAYER

50GMIt —

50GBASE-R PCS

FEC'IS_UF\%!T[IEA#A_{L)::SE request

FEC SERVICE -

T

A ;

-y
FECIS_UNI D%TA!_EQ';%].indi(;eaﬁon

INTERFACE » b FECHS_SIGNAL indication i
L A 4
i RS-FEC
L 1 1
PMAIS_UNITDATA_[0:1]request PMA:ES___UN!TTDATA__{D:‘T Lingication
PMASERVICE __ PIMAIS_SIGNAL indication
INTERFACE l -
[ PMA (2:11)
3 &
PMAIS_UNITRATA_[0:n-1lrequest F’MA:!S_UNETD/T\T/—\JO:H--‘: l.indication
PMASERVICE ___ PMAIS_SIGNAL.indication |
INTERFACE -
PMA (1)
e L 3 i
PMD:1S_UNITDATA request PMED:IS_UNITDATA indication
PMDSERVIEE oy PMD:iS_SIGNAL indication I
A 4
PMD
MD)] e
MEDIUM §
“ J
—

S0GMI = 50 Gb/s MEDIA INDEPENDENT INTERFACE
MAC = MEDIA ACCESS CONTROL

MDI = MEDIUM DEPENDENT INTERFACE

PCS = PHYSICAL CODING SUBLAYER

S50GBASE-R

PMA = PHYSICAL MEDIUM ATTACHMENT
PMD = PHYSICAL MEDIUM DEPENDENT
o= NUMBER OF PARALLEL STREAMS
n=1or2

Figure 131~-250GBASE-R inter-sublayer service interfaces
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131.4 Delay constraints

Predictable operation of the MAC Control PAUSE operation ({(lanse 31, Aonex 31B) demands that there be
an upper bound on the propagation delayvs through the network. This implies that MAC, MAC Control sub-
laver, and PHY implerenters most conform to certain delay maxima, and that network plasners and admin-
istrators comform to constraints regarding the cable topology and concatenation of devices. Table 1314
contains the values of maxiowom sublaver delay (sum of transmit and receive delays at one end of the link) in
bit times as specified in 1.4 and pavse quanta as specified in 3182 for 50 Gigabit Ethemet. If a PHY con-
tains an Auvto-Negotiation sublayer, the delay of the Auto-Negotiation sublayer is inchuded within the delay
of the PMD and medium.

Table 131-4—Sublayer delay constraints (0GBASE)

Sablaver Maximum Maximum Maximum Notes®
" v (bit time)® | (pavse_guanta)” {ns) e
30G MAC, RS, and f6 384 32 327.68 See 132.1.4.
MAC Control
SO0GBASE-R PCS 11264 22 225.28 See 133.3.
SGGBASE-R RS-FEC 25 600 50 512 See 134.4.
S0GBASE-R PMA 4 608 g 92.16 See 135.5.4.
SOGBASE-KR PMD 2 048 4 40.96 See 1375, Inchudes allocation of
29 ns for the medium.
50GBASE-CR PMD 2 048 4 40.96 See 136.5. Includes allocation of
20 ns for the medium.,
SOGBASE-SR PMD 1024 2 20.48 Includes 2 m of fiber.
See 138.3.1.
S0GBARE-FR PMI2 1024 2 23,48 {ncludes 2 mof {iber
See 1393,
SCGGBASE-LR PMD 1024 2 20,48 Tuchudes 2 m of fiber.
See 139.3.

_’"’For S0GBASE-R, 1 bit time (BT) is equal to 20 ps. (See 1.4 117

OFor 50GBASE-R, 1 pause_quantum is equal to 10.24 ns, (See 3if

“Should there be a discrepancy between this table and the delay requirements of the relevaxt sublayer clause, the sub-
layer clause prevails.

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 50 Gb/s.

131.8 Skew constraints

Skew (or relative delav) can be introduced between lanes by both active and passive elements of a
50GBASE-R link. Skew is defined as the difference between the times of the eatliest PCS lane and latest
PCS lane for the onc to zero transition of the alignment marker sync bits. The PCS deskew function (sec
133.2.3) compensates for all lane-to-lane Skew observed at the recetver. The Skew between the lanes must
be kept within Hmits as shown in Table 131-3 so that the transmitted information on the lanes can be reas-
sembled by the recetve PCS.
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Skew Variation may be introduced due to vanations 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 Vanation must be imited
to ensure that each PCS lane always traverses the same lane between any pair of adjacent sublayers while the
link remains in operation.

The maximum Skew and Skew Variation at physically isstantiated interfaces is specified at Skew points
SPO, SP1, SP2, and SP3 for the transmit direction and SP4, SP3, SP6, and SP7 for the receive direction as
iflustrated in Figure 131-3.

MAC AND HIGHER LAYERS
i RECONCILIATION
SOGMIf ~——p 50GMIE —
50GBASE-R FCS 5OGBASE-R PCS
RS-FEC PMA (4:2)
PMA (2:n) R
( LAULZ = spo gl 14 sp7
SOCAUN —¥ oo ol s spg PMA (2:4)
L oPMA@Y) | RS-FEC
PMD SERVICE ) PRMA (271
INTERFACE * spagl i6sPs @n
| PRID | S0GAULN —F o 1l 14 sps
MD} B 5P34| i SP4 5 PMA (1) !
FMD SERVICE _,
INTERFACE P24 i oPs
| PMD |
SOGBASE-R MDi —p SP3¢| 14 35P4
MEDIUM §
R
S0GBASE-R
50GAUIn = 50 Gbis ATTACHMENT UNIT INTERFACE PCS = PHYSICAL CODING SUBLAYER
50GMI! = 50 Gb/s MEDIA INDEPENDENT INTERFACE PMA = PHYSICAL MEDIUM ATTACHMENT
LAUI2 = 50 Gbfs ATTACHMENT UNIT INTERFACE PMD = PHYSICAL MEDIUM DEPENDENT
MAC = MEDIA ACCESS CONTROL n=for2

MO = MEDIUM DEPENDENT INTERFACE
Figure 131-3—80GBASE-R Skew poinis

In the transmit direction, the Skew points are defined in the following locations:
- SPO on the LAUI-2 interface, at the mput of the PMA above the RS-FEC;
SP1 onthe S30GAUI-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 MDHL
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In the receive direction, 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,
—  8P6 on the 30GAUT-n interface, at the output of the PMA below to the RS-FEC;
—  SP7 on the LAUT-2 interface, at the output of the PMA above the RS-FEC.

The allowable limits for Skew are shown in Table 1315 and the allowable Hmuts for Skew Variation are
shown in Table 131-6.

The Skew requirements for the PCS, PMA and PMD sublayers are specified in the respective clauses as
noted in Table 131-5 and Table 131-6.

Tabie 131~-5~Summary of Skew constrainis

Maximam M axinsum
Maximum Skew for Skew for
Skew points Skew S0GBASE-R | S0GBASE-R Notes?
{ne)® PCS lane FEC lane
ant ne
SPO 29 =374 1 e See 135.53.1
SPi 29 0 =771 See 1355353
SP2 43 — _ Sec 135.5.3.3, 136.6, 137.6, 13832,
= 1143 1393
SP3 54 — = 1433 See 136.6, 137.6, 138.3.2, 1393
SP4 134 — = 3560 See 136.6, 137.6, 13832, 1393
SPS 145 0 - = 3852 See 135.5.3.3, 136.6, 137.6, 138.3.2,
i39.3
SP6 160 — = 4250 See 135537
SP7 29 =374 1 See 135538
AL PEC trans- 49 - = 1302 See 134.5.2.2
mit
ALFEC receive 8 0 = 4782 See 134.52.2
AL PCS receive 49 =632 1 See 133.2.3

3The Skew limit includes 1 ns allowance for PCB traces that are associated with the Skew points,
5The symbol = indicates approximate equivalent of maximum Skew in Ul based on 1 Ul eguals 77.5758 ps at PCS lane
signaling rate of 12.890625 Gby/s.
“The symbol = indicates approximate equivalent of maximum Skew in Ulbased on | Ul equals 37.6471 ps at FEC lane
signaling rate of 26.5625 Gb/s.
4Should there be a discrepancy between this table and the Skew requirements of the relevant sublayer clause, the sub-
layer clanse prevails.
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Table 131-6—8ummary of Skew Variation constraints

Maximuim Maximun
Maximum Skew Skew
Skew points Skew Yariation for Variation for Notes®
B Variation 2578125 Gbd | 26.5625 Gbd g
{ns} jane fane
@r? oy’
SPo 0.2 =6 See 135531
SP1 02 =6 See 135533
SP2 64 0 = {1 See 135.5.3.5, 136.6, 137.6, 138.3.2,
1393
SP3 L = |6 See 136.6, 137.6, 138.3.2, 1393
SP4 34 4 - =9} See 136.6, 1376, 138.2.2, 1393
SP5 3.6 e = 96 See 135.5.3.6, 136.6, 137.6, 138.3.2,
1393
53P6 38 —_— ~ {01 See 135.5.3.7
SP7 0.2 =0 — See 135.5.3.8
At FEC transwmit 64— = 11 See 134522
AL FEC xeceive e = 107 See 134522
At PCS receive 0.4 11 — See 133.2.3

¥The symbol = indicates approximate equivalent of maximum Skew Variation in Ul based on 1 Ul equals 38,7879 ps
at LAUI-2 lane signaling rate of 25.78125 GBd.
The symbel = indicates approximate equivalent of maximum Skew Variation in Ul based on 1 Ul equals 37.6471 ps
at 50GAUI-n or PMD lane signaling rate of 26.5625 GBd.
“Should there be a discrepancy between this table and the Skew requirements of the relevant sublayer clause, the sub-
layer clause prevails.

131.8 State diagrams

State diagrams take precedence over text.

The conveuntions of 1.2 are adopted, along with the extensions lsted in 21,5,

Muitiple states of a function that have a transition to a common state utilizing different qualifiers (for exam-
ple, multiple exit conditions to an IDLE or WAIT siate) may be indicated by a shared arrow. An exit transi-
fion arrow must connect to the shared arrow, and the qualifier must be met prior to termination of the
transition arrow on the shared arrow. The shared arrow has no qualifier,

131.7 Protocol implementation conformance statement {PICS} proforma

The supplier of a protoco! implementation that is claimed to conform to any part of IEEE Std 8023,
Clause 132 through Clause 140, and related annexes demonstrates compliance by completing a protocol
implementation conformance statement (PICS) proforma.

A completed PICS proforma is the PICS for the implemeniation 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

Copyright © 2017 IEEE. All rights reserved.
This is an unapproved {EEE Standards draft, subject to change.

125

Marvell Semiconductor, Inc. - Ex. 1002, Page 000238

20

I
—

W ed Lo L L L Lo L2
OO Y DN W e N



Draft Amendment to |[EEE Std 802.3-2015 IEEE Draft P802.3cd/D1.2

{EEE P302.3cd Task Force

3rd February 2017

clause as appropriate. Each of the 50 Gigabit Ethernet PICS conforms to the same notation and conventions

used in 21.6.

126
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132. Reconciliation Sublayer {RS} and Media independent Interface {(50GMIil)
for 50 Gb/s operation

132.1 Overview

This clavse defines the characteristics of the Reconciliation Sublayer (RS) and the Media Independent Inter-
face between Ethernet media access controllers and various PHY's. Figure 132-1 shows the relationship of
the RS and Media Independent Interface to the ISG/IEC OSI reference model. The 56 Gb/s RS has identical

3

fogical functionality to the 40 Gb/s RS defined in O

The SOGMIT is an optional fogical interface between the MAC soblayer and the Physical Layer (PHY).

The RS adapts the bit serial protocols of the MAC to the parallel format of the PCS service interface.
Though the S0GMI is an optional 1oterface, it is used in this standard as a basis for specification. The
Physical Coding Sublayer (PCS) is specified to the 30GMIL, so if not implemented, a conforming
implementation shall behave functionally as if the RS and S50GMI were implemented.

The S0GMIT has the following characteristics:
a)  The 30GMII supports a speed of 50 Gb/s.
by  Data and delimiters are synchronous to a clock reference.
¢) It provides independent 64-bit wide transmit and receive data paths.
dy It supports foll duplex operation only.

132.1.1 Summary of major concepts

The following are the major concepts of the SOGMIL

a)  The SOGMII is functionally similar to other media independent interfaces that have been defined for
other speeds, as they all define an interface allowing independent development of MAC and PHY
ogic.

by  The RS converts between the MAC serial data stream and the parallel data paths of the SO0GMIL.

¢} The RS maps the signal set provided al the 530GMII 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.

¢} The RS generates contintious data or control charmciers on the transmit path and expects continuous
data or control characters on the receive path.

fy  The RS participates in link fault detection and reporting by monitoring the receive path for status
reports that indicate an nnreliable link, and gencrating status reports on the transmit path fo report
detected link faulis to the DTE on the remote end of the connecting link.

gy  The 50GMIH may also support Low Power Idle (LPD) signaling for PHY types supporting Encrgy
Efficient Ethernet (EEE) (sec Clause 78).

132.1.2 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 access controller may be used with all SOGBASE PHY tvpes.

132.1.3 Rate of operation

The 30GMIT is specified to support 50 Gb/s operation.
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ETHERNET
LAYERS

5 HIGHER LAYERS

oSl LLC OR OTHER MAC CLIENT
REFERENCE —
iy MAC CONTROL (OPTIONAL)
LAYERS MAC
APPLICATION RECONCILIATION
PRESENTATION /
/
SESSION /7
; FEC
TRANSPORT | /
[ PMA PHY
NETWORK |/ e
DATALINK |7 AN
PHYSICAL MDI B
_________ MEDILUM §
—
500BASE-R
50GMII = 50 Gb/s MEDIA INDEPENDENT INTERFACE PGS = PHYSICAL CODING SUBLAYER
AN = ALITO-NEGOTIATION PHY = PHYSICAL LAYER DEVICE
FEC = FORWARD ERROR CORRECTION PMA = PHYSICAL MEDIUM ATTAGHMENT

LLC = LOGICAL LINK CONTROL

MAG = MEDIA ACCESS CONTROL

PMD = PHYSICAL MEDIUM DEPENDENT

MDI = MEDILIM DEPENDENT INTERFACE NOTE 1-—~CONDITIONAL BASED ON PHY TYPE

Figure 132~1—RS and Mil relationship to the ISOAEC Open Systems Interconnection {OSH)
reference model and the IEEE 802.3 Ethernet moded

132.1.4 Delay constraints

The maximom cumulative 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 132-1. A description of overall system delay
constraints and the definitions for bit times and pause_guanta can be found in 1314 and its references.
Table 132-1—Delay constraints
. Maximum Maximum —
Sublayer {bit time) {pause_goanta) Maximumn (ns)
50 Go/s MAC, RS, and MAC Conirol 16 384 32 327.68
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132.1.8 Aliocation of functions

The allocation of functions at the 50GMII balances the need for media independence with interface
simiplicity. The 50GMIT maximizes media independence by separating the Data Link and Physical Layers of
the O8I seven-layer reference model.

132.1.6 50GMH structure
The SOGMI structure is identical to the CGMII structure specified in 8117,
132.1.7 Mapping of 50GMII signals to PLS service primitives

The Recounciiiation Sublayer (RS) shall map the signals provided at the S0GMII to the PLS service primi-
tives defined in > 6. The PLS service primitives provided by the RS and described here behave in
exactly the same manner as defined in 5. Foll duplex operation only is implemented at 50 Gb/s;
therefore, PLS service primitives supporting CSMA/CD operation are nat mapped through the RS to the
50GMIL This bebavior and restrictions are the same as described in 22.7, with the details of the signaling
described tn 132.3, LP1 REQUEST shall not be set to ASSERT unless the aitac,hcd link has been operational
for at least one second (i.e.. link_status = OK., according to the undetlying PCS/PMA).

EEE capability requires the use of the MAC defined in Annex 4A for simplified full duplex operation (with
carrier sense deferral). This provides full duplex operation but uses the carrier sense signal 1o defer transmis-
sion when the PHY is in its low power state.
Mappings for the following primitives are defined for 50 Gh/s:

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.

132.2 50GMH data stream

The 30GMII data stream has the same characieristics as the CGMIT data stream described in 81 2,

132.3 50GMH functional specifications

The 30GMI functions identically to the CGMIT specified in81.3.

132.4 L.P} assertion and dstection

LPT assertion and detection function identically to the CGMI specified in 814, with the single exception
that the PMA stop signaling is not applicable.

The operation of LPI in the PHY requires that the MAC does not send valid data for a time after LPI has
been deasserted as governed by resolved Transmit 7 defined in 7R A 20N

433

w_sys

This wake-up time is enforced by the transmit LPY state diagram osing CARRIER SENSE indication in an
identical manner to that defined in 81.4, with the single exception that the PMA stop signaling described in
81 4.4 is not applicable.
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132.8 Protocol implementation conformance statement (PICS) proforma for
Clause 132, Reconeiliation Sublayer (RS} and Media independent Interface {50GMIl)
for 50 Gb/s operation®

132.5.1 Introduction
The supplier of a protocol implementation that is claimed {o conform to Clause 132, Reconciliation Sublayer
(RS) and Media Independent Interface (SOGMID) for 30 Gb/s operation, shall complete the following

protocol implerentation 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 ¢ 21

N
N

132.5.2 identification

132.5.2.1 Implementation identification

Suppiiert

Contact point for inquiries about the PICS!

Imiplementation Name(s) and Version(s) L3

Gther information necessary for full identification—e.g.,
name(s) and version(s) for machines and/or operating
systems; System Namc(s)2

NOTE 1—Required for all implementations.
NOTE 2—May be completed as appropriate in meeting the requirements for the identilication.

NOTE 3—The terms Name and Version should be interpreted approprately to correspond with a

supplier’s terminology (e.g., Tvpe, Series, Model).

132.5.2.2 Protocol summary

Identification of protocol standard IEEE Std 802.3cd-20xx, Clause 132, Reconciliation
Sublayer (RS) and Media Iudependent Interface
(56GMIL) for 50 Gb/s operation

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

PICS
Have any Exception items vbeen required? No f | Yes i}
(See > 21; the answer Yes means that the implementation does not conform to IEEE Std 802 3¢d-201x)

Date of Statement

SCopyright release for PICS proformas: Users of this standard may freely reproduce the PICS proforma in this subclause so that it can
be wsed for its intended purpose and may further publish the completed PICS.
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ftern Feature Subclause alue/ Comment Status Support
*PHY PHY support of 30GMI i32.2 O Yes {1}
Nof}
*RS Recounciliation Sublayer 132.2 O Yesii
stppott of S6GMI No il
*LPI Implementation of LPI 132.4 O Yes i}
No ]

132.5.3 PICS proforma Tables for Reconciliation Sublayer {R8) and Media Independent

interface {SOGMII) for 88 Gb/s operation

132.8.3.1 General

ftem Feature Subclaunse Value/Comment Status Support
Gl PHY support of MAC datarate | 132.1 Support MAC data rate of PHYM Yes [}
54 Gh/s N/AT
G2 Cumulative MAC Control, 132.1.4 Per Table 1321 RSM Yes il
MAC, and RS round-trip delay N/ATY

132.5.3.2 Mapping of PLS service primitives

ftem Feature Subelause Value/Comment Status Support
PL1 Mapping to Cla 13217 RS implements mapping to RSM Yes [}
Clanse & PLS seyvice N/AT]

primitives
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133. Physical Coding Sublayer (PCS} for 64B/668, type 50GBASE-R

133.1 Qverview
133.1.1 Scope

This clause specifies the Physical Coding Sublayer (PCS) that is common to a family of 30 Gb/s Physical
Layer implementations known as S0GBASE-R. The 50GBASE-R PCS is a sublaver of the 50 Gb/s PHYs
fisted in Table 1311,

133.1.2 Relationship of 50GBASE-R to other standards

Figure 133-1 depicts the relationships among the SO0GBASE-R sublayers, the Ethernet MAC and Reconcili-
ation Sublayers, and the higher layers.

The 30GBASE-R PCS is identical to the 40GBASE-R PCS specified in Clause 82 with the following excep-
ftons:
13 The nominal rate at the FEC or PMA service interface is 12.890623 Gb/s per PCS lane, rather than
10.3125 Gb/s per PCS lane.
2y The alignment marker spacing i1s modified soch that alignment markers are inserted after every
20 479 66-bit blocks on cach PCS lane, rather than after every 16 383 66-bit blocks on each PCS
fane as described in82.2.7

3) The definitions of “current_am”, “am_counter”, “ber_cnt” and “xus_timer” in the state diagrams
defined in 52,2 1% are modified to support the different alignment marker spaciag and the different
data rate.

4y  The optional EEE deep sleep capability is not supported.
133.1.3 Summary of 50GBASE-R sublayers

Figure 1331 shows the relationship of the SOGBASE-R PCS sublayer (shown shaded) with other sublayers
to the ISO Open System Interconnection (OST) reference model.

133.1.3.1 Physical Coding Sublayer {PCS8)

The PCS service interface is the 50GMIL, which is defined in Clause 132, The S0GMII provides a uniform
interface to the Reconciliation Sablayer for all 30 Gb/s PHY implementations

The SOGBASE-R PCS provides all services required by the SOGMIL

4133.1.4 Inter-sublayer interfaces

The upper interface of the PCS may connect to the Reconciliation Sublaver through the S0GMIL

The lower interface of the PCS connects o the FEC sublaver. If the optional LAUL-2 interface (sec 135B.1
and 135C.1) is physically instantiated directly below the PCS sublayer, then the lower interface of the PCS
instead connects to the PMA. The 50GBASE-R PCS is based on 4 PCS lances and bas a nominal rate at the
FEC or PMA service inferface of 12.890625 Gb/s per PCS lanc, which provides capacity for the MAC data

rate of 36Gh/s.

It is 1mportant 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.
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ETHERNET
LAYERS
! HIGHER LAYERS
03 / LLC OR GTHER MAC CLIENT
REFERENCE -
MOBEL / MAC CONTROL (OPTIONAL)
LAYERS / MAG
APPLICATION , /' ! RECONCILIATION
PRESENTATION /7 S0GMI —
/7 " 3
SESSION . ;
; FEC
TRANSPORT | /
S PRIA PHY
¥ |
NETWORK |/ P
DATALINK |/ an't
J o
PHYSICAL MDD ~——
MEDIUM é
S
‘\_____v.._

50GBASE-R
SO0GMIl = 50 Gb/s MEDIA INDEPENDENT INTERFACE  PHY = PHYSICAL LAYER DEVICE

AN = AUTO-NEGOTATION PMA = PHYSICAL MEDIUM ATTACHMENT
LLC = LOGICAL LINK CONTROL PMD = PHYSICAL MEDIUM DEPENDENT
MAC = MEDIA ACCESS CONTROL FEC = FORWARD ERROR CORRECTION
MD! = MEDIUM DEPENDENT INTERFACE

PCS = PHYSICAL CODING SUBLAYER NOTE 1—CONDITIONAL BASED ON PHY TYPE

Figure 133-1—50GBASE-R PCS relationship to the ISOREC Open Systems Inferconnection
{O81) reference model and IEEE 802.3 Ethernet model

133.1.4.1 PCS service interface (80GMID

The PCS service interface allows the S0GBASE-R PCS to transfer information to and from a PCS client.
The PCS client is the Reconciliation Sublayer. The PCS Service Interface is defined as the SO0GMIL in
Clause 132.

133.1.4.2 Forward Error Correction {FEC) or Physical Medium Attachment (PMA) service
interface

The FEC or PMA service interface for the PCS is described in an abstract manner and does not imply any
patticular implementation. The FEC or PMA Service Intedface supports the exchange of encoded data
between the PCS and the FEC or PMA sublaver. The FEC service interface is defined in 134.2. The PMA
service interface is defined 1n 135.3.

133.1.8 Functional block diagram

Figure 133-2 provides a functional block diagram of the S0GBASE-R PCS.
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50GMil
TXD<63:0> RXD<62:02
TXC<T.0> RXC<7:0>
TX_CLK R¥_CLK
PCS
¥
£ncode Decode
Scrambie Descramble
Alignment
Block distribution A ar
Alignment s renrds
insertion Lane reorder
BER . o Alighment lock
monitor = = Lane deskew
Lane block sync
F N
&
instIS_UNITDATA jreguest instiS_UNITDATA_jindication
(i = 0 1o 3 for SOGBASE-R)  instIS_SIGNAL indication (=010 3 for S0GBASE-R)

k 4
FEC or PMA sublayer

Figure 133-2—80GBASE-R PCS functional block diagram

133.2 Physical Coding Sublayer (PCS}

133.2.1 Functions within the PCS

The 30GBASE-R PCS shall have all of the functionality of the 40GBASE-R PCS specified in Clause 82

with the following exceptions:

1) The nominal rate at the FEC or PMA service interface is 12.890623 Gb/s per PCS lane, rather than

10.3125 Gb/s per PCS lane.
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2y The alignment marker spacing is modified such that alignment markers are inserted after every
20 479 66-bit blocks on each PCS lane, rather than after every 16 383 66-bit blocks on each PCS
lane as described 10 8227, (See 133.2.2)

3y  The defimtion of “current am”, “am_counter” “ber cnt” and “xus_timer” in the state diagrams

defined in 8 % are modified to account for the different aligoment marker spacing and the differ-

ent data rate. (See 133.2.4)

4)  The optional deep sleep mode of EEE is not supported.

4133.2.2 Alignment marker inseriion

The alignment marker insertion for the S0GBASE-R PCS {s identical to the alignment marker insertion for
the 40GBASE-R PCS described in § 7, with the exception that the alignment markers shall be inserted

after every 20 479 66-bit blocks on each PCS lane, rather than after every 16 3583 66-bit blocks on each PCS

lane as described in 82.2.7. Alignment marker insertion is itlustrated in Figure 133-3 and Figure 1334,

PCSLane 0  lasnpiock 12 || [66bBlock®s || |Marker0 ||| 9bBlock4 || | 660 Bloke ||
PCSlanel  lssbBlock 13 || esbBiocks || [markert1 || lsspBiosks || |esusiockt ||
PCSLane2  |senBlock 14 || 68bBock 10 ||| Markera || issbBleks |[esomiockz |}
PCSLane 3 lespniock 15 ||| sobBlock 11 || {markers [} lssbmiock7 1] [esbmiocks [}

Figure 133-3—Alignment marker insertion

Kalignment marker

¥

PCS Lane 0 11 L 1/ A A ]
PCS Lane 1 1 L .

- N 1 /1 - .

3 ne g S— I

PCS Lane 2 1~y I N/ A A VN NIY N
Ill

PCS Lane 3 [1] IR - nw T
~

20 479 blocks between alignment markers

Figure 133—4—Alignment marker insertion period
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The format of the 30GBARSE-R PCS alignment markers is identical to the format of the 40GBASE-R PCS
alignment markers described in 82.2.7 and shown in 3

The content of the 50GBASE-R PCS alignment markers is idénl‘mdi 1o the content of the 40GBASE-R PCS
alignment markers descabed in82.2.7 and shown in

133.2.3 PCS lane deskew

The 30GBASE-R PCS receiver shall support a maxiranm Skew of 49 ng and a maxiraum Skew Variation of
0.4 ns.

Skew and Skew Variation are defined in 131.5.

133.2.4 Detailed functions and state diagrams

The state diagrams are identical to those for the 40GBASE-R PCS defined in
some variables, counters and timers are redefined as follows:

2. 1% with the exception that

current_any
This variable holds the lane aumber of the current alignment marker. This is compared to the
variable first_am to determine if we have alignment marker lock and is always n x 20 480
66-bit blocks away from the first am.

am_coumner
This counter counts 66-bit blocks that scparate two consecutive alignment markers. The termi-
nal count is 20 479,

ber cnt
This counter counts up to a maximum of 97 of the number of invalid syne headers within the
current 1 ms period.

xus_timer
Timer that is triggered every 1 ms +1%, -25%.

133.3 Delay constraints

The maximom delay contributed by the SOGBASE-R PCS (sum of transmit and receive delays at one end of
the link) shall be no more than 11 264 BT (22 pause_guanta or 223.28 ns). A description of overall system
delay constraints and the definitions for bit times and panse_quanta can be found in 131.4 and its references.

133.4 Auto-Negotiation

The following requirements apply to a PCS used with a 30GBASE-CR or S0GBASE-KR PMD where
suppart for the Auto-Negotiation process defined in Clanse 73 is mandatory. The PCS shall support the
primitive AN_LINK indication(link status) (sce 73.%). The parameter link status shall take the value FAIL
when PCS_status=false and the value OK when PCS_status=true. The primitive shall be generated when the
value of link_status changes.
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133.8 Protocol implementation conformance statement (PICS) proforma for
Clause 133, Physical Coding Sublayer (PCS) for 64B/66B, type 50GBASE-R®

133.5.1 Introduction

The supplier of a protocol implementation that is claimed to conform to Clause 133, Physical Coding Sub-
layer (PCS) for 64B/66B, type 30GBASE-R, shall complete the following protocol implementation confor-
mance 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 ¢ 2 21

133.5.2 identification

133.6.2.1 implementation identification

Supplier*

Contact point for inguiries about the PICS!

Implementation Name(s) and Version(s) L3

Other information necessary for full identification—e.g.,
natme(s) and version(s) f(;g machines and/or operating
systems; Systemn Name(s)~

NOTE i— Reguired for all implementations,
NOTE Z— May be compicted as appropriate in meeting the requirements for the identification.
NOTE 3—The terms Name and Version should be interpreted appropnately o correspond with a suppliet’s terminol-

ogy (e.g.. Type, Series, Model).

133.5.2.2 Protocol summary

Identification of protocol standard IEEE 5td 802.3cd~201x, Clause 133, Physical Coding
Sublayer (PUS) for 64B/668, type S0GBASE-R

Identification of amendments and corrigenda 1o this
PICS proforma that hiave been completed as part of this
PICS

Have any Exception items been required?  No | ] Yes| |
{Bee Ct i; the answer Yes means that the implementation does not conform to IEEE 5td 802.3¢d-201x.)

Date of Statement !

SCopright release for PICS proformas: Users of this standard may freely reproduce the PICS proforma in this subclause so that it can
be wsed for its intended purpose and may further publish the completed PICS.
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Ftem Feature Subclanse Value/Comment Status Support

PCH Supports SOGBASE-R PCS 133.11 M Yes [ ]
functionality

XGESG SOGMIL logical interface Logical interface is supported 8] Yes | ]

No{]

*MD MDIO Registers and interface O Yes [}

supported Noil

PMA Supports operation directly 133142 O.1 Yes [ ]

connected to a PMA No {1}

FEC Supports operation directly 133142 Q.1 Yes [ ]

conuected to a FEC sublayer No il

Y Supports test-patiern mode 8241 PMAM | Yes [

N/AL T

133.5.4 PICS Proforma Tables for Physical Coding Sublayer {PCS} for 84B/668, type
50GBASE-R

133.5.4.1 Coding rules

Ktem Feature Subelause Vahue/Comment Status Support

Ci Encoder {and ENCODE M Yes |}
function) inipiements the code
as specified

C2 Decoder (and DECODE M Yes [ ]
function) nuplements the code
as specified

C3 Only valid block types are 82 M Yes {}
transnritted

C4 Invalid block types are treated M Yes | ]
as an erroy

C5 Only valid control characters M Yes [}
are transmitied

6 Invalid control characters are Ri.21314 M Yes | ]
treated as an enor

C7 Idles do not internupt data §2.236 M Yes ]

C8 IDLE control code insertion Insertion or Deletionin groups | M Yes | ]
and delebon of 8 /t/s

Co Sequence ordered set deletion §2 & Only on¢ whole ordered setof | M Yes [ ]

two consecuiive sequence
ordered sets may be deleted
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Ftem Feature Subclause Value/Comment Status Support
51 Scrambler Performs as shown in M Yes | |
S2 Descrambler Performus ag shown in M Yes { ]

133.5.4.3 Deskew and Reordering

ftem Feature Subclause Y akue/Cormment Status Suppoet
DR1 Deskew Ableto deskew upto thevalue | M Yes {

in 133.2.3,
DR2 Reordenng Performs recrdering. M Yes { ]
133.5.4.4 Alignment Markers

Fem Feature Subclanse Value/Comment Status Support
AMI Aligument markey insertion 13322 Alignment markers are M Yes { ]

inserted periodically as
descrbed in section 133.2.2
AM2 Alignment marker format 13322 Alignment markers arc formed | M Yes {
as described -3
and
AM3 Lane mapping PCS lane normber is capinred MM Yes |
VAl
133.5.4.8 Test-patisrn modes
ftem Feature Subclanse Vabue/Comment Statug Support
JTi Scrambled idle transmit Pexformus as in FTMM Yes {1}
test-pattern generator is N/AL Y
implemented

312 Scrambled idle receive Performs as in JTMM Yes | ]
fest-pattern chiecker is imple- N/AL Y
mented

i3 Transruit and receive 8221 JIMM Yes ||
test-pattern modes can N/AT]
operate sixanitaneously
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Ftem Feature Subclause Value/Comment Status Support
§ Bi Transmit bit order 133.2.4, Placexent of bits into the M Yes |}
&1 : lanes as shown in
§ B2 Receive bit order Placement of bits into the M Yes { ]
30GMI as shown in
133.5.4.7 Management
Fem Feature Subclause Value/Comment Status Support
M1 Alternate access to PCS Man- 82 O res | |
agement objects is provided No {1}
133.5.4.8 State diagrams
item Feature Subclanse Value/Uomrsent Status Support
§ SMi SO0GBASE-R Block Lock 13324 fmplements 4 block lock M Yes | |
processes as depicted in
§ SM2 The SLIP function evaluates 133.2.4 M Yes [ ]
all possibic bit positions
§ SM3 S0GBASE-R Alignment i33.2.4 Implements 4 alignment M Yes |}
Marker Lock marker lock pracesses as
depicted in Figy
§ SM4 The AM_SLIP functions eval- | 133.24 M Yes |}
uates all possible blocks
§ SM5 SOGBASE-R PCS deskew 13324 Meets the requirements of M Yes |}
siate diagram 214
§ SMi S50GBASE-R BER Monitor 133.2.4 Meets the requirements of M Yes |}
Figure 8215 with
timer_done set to 1 ms
§ SM7 S0GBASE-R Transmit process | 133.2.4 Meets the requireraents of M Yes | |
§ SM8 SOGBASE-R Receive process 13324 guirements of M Yes [}
§ Copyright © 2017 IEEE. Al rights reserved,
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Ftem Feature Subclause Value/Comment Status Support
Lt Suppotts loopback §2. Performs as in 8234 M Yes |
£2 When in loopback, transmits Ri4 Performs as in 82,4 M Yes { ]

what it receives from the
S0GMI
133.5.4.10 Delay constraints
ftem Feature Subclause Y akue/Cormment Status Suppoet
TIM1 PCS Delay Constraint 1333 No more than {1 264 BT for M Yes ]
sur of transmuit and receive
path delays for S0GBASE-R
133.5.4.11 Auto-Negotiation for Backplane Ethernet functions

ftem Feature Subclanse Value/Comment Status Sapport

*AN Support for use with a 82.6 AN technology dependent O Yes {
S0GBASE-CR or interface described in No{}
50GBASE-KR PMD Clause 73

AN1 AN_LINK.indication primitive | 82.6 Suppott of the primitive ANM Yes | |

AN_LINK.indication(link_sta-~ N/AT
tus)

ANZ fiok_statns parametet 82.6 Takes the value OK or FAIL, ANM Yes |}

as described in 82.6 MN/AT ]

AN2 Generation of AN_LINK.indi- | 82.6 Generated when the value of ARNM Yes [ ]
cation primitive link status changes N/A[]
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134. Reed-Solomon Forward Error Correction {RS-FEC) sublayer for
50CBASE-R PHYs

134.1 Overview

134.1.1 Scope

This clause specifies a Reed-Solomon Forward Enror Correction (RS-FEC) sublayer for S0GBASE-R PHYs.
The RS-FEC soblayer for S0GBASE-R PHYs is identical to the RS-FEC sublayer for I00GBASE-R PHYs

specified 1 Clause 91 with the following exceptions:
1) The service materface bas four PCS lanes instead of 20 PCS lancs

2y Itonly implements the RS(544,514) Reed-Selomon encoder option defined in #1 .

3y The output of the Reed-Solomon encoder is distributed to two FEC lanes, rather than the four FEC
lanes described in W135.2 8,

4)  The alignment marker processing is modified to account for the difference in the alignment marker
format between the SO0GBASE-R PCS (Clause 133) and the 100GBASE-R PCS (Clause 82), for the
fact that the alignment markers arc mapped to two FEC lanes rather than four FEC lanes, and for the
fact that the aligranent marker mapping to the two FEC lanes needs to maintain a 10-bit alignment.

5y The definition of some of the variables and counters for the state diagrams in 91.5.4 are modified to
support the different alignment marker spacing and the different nomber of FEC lanes

6)  The states identified as optional in the FEC synchronization state diagram in 91,
are mandatory for the S0GBASE-R RS-FEC.
7y The optional EEE deep sleep capability is not supported.

4.3 (Figure 91-8)

8)  The optional FEC bypass correction feature is not supported.
134.1.2 Position of RS-FEC in the 50GBASE-R sublayers

Figure 1341 shows the relationship of the RS-FEC sublayer to the ISO/TEC Open System Interconnection
(OSI) reference model.

134.2 FEC service interface

This subclause specifies the services provided by the RS-FEC sublayer. The service interface is described in
an abstract manner and does not imply any particular implementation.

The FEC service interface is provided to allow the PCS to transfer information to and from the RS-FEC. The
PCS may be connected to the RS-FEC using an optional instantiation of the PMA service interface (s¢c
Annex 133B) in which case a PMA is the client of the FEC service interface.

The FEC service interface is an instance of the inter~-sublayer service interface defined in 131.3. The FEC
service interface primitives are sammarized as follows:

FEC:IS UNITDATA irequest

FEC:IS UNITDATA iindication

FEC:IS_SIGNAL.indication

The RS-FEC operates on four parallel bit streams, hence i = 0 to 3.
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ETHERNET
LAYERS
i HIGHER LAYERS !
[$153} / LLC OR OTHER MAC CLIENT
REFERENCE B T
MODEL / MAC CONTROL (CPTIONAL)Y
LAYERS / MAC
APPLICATION /oy g RECONCILIATION
PRESENTATION /7 S0GMi—
r Vs
7
SESSION 7 /
/ PMA PHY
NETWORK |/ / P
DATALINK |/ AN |
PHYSICAL MD| =3

S0GMIE = 50 Gb/s MEDIA INDEPENDENT INTERFACE PMA = PHYSICAL MEDIUM ATTACHMENT

AN = AUTO-NEGOTATION VD = PHYSICAL MEDIUM DEPENDENT

LLC = LOGICAL LINK CONTROL RS-FEC = REED-SCLOMON FORWARD ERROR
MAC = MEDIA ACCESS CONTROL CORRECTION

MD{ = MEDIUM DEPENDENT INTERFACE

PCS = PHYSICAL CODING SUBLAYER NOTE 1—CONDITIONAL BASED ON PHY TYPE

PHY = PHYSICAL LAYER DEVICE

Figure 134~1—RS8-FEC relationship to the ISOMEC Gpen Systems Interconnection {OSH)
reference model and the IEEE 802.3 Ethernet model

The PCS or PMA continuously sends four parallel bit streams to the RS-FEC, one per PCS lane, cach at a
nominal signaling rate of 12.8906235 Gh/s. The RS-FEC continvously sends four paralle] bit streams to the
PCS or PMA, one per PCS lane, each at a nominal signaling rate of 12.890625 Gb/s.

The SIGNAL_OK parameter of the FEC:IS_SIGNAL . indication primitive can take one of two values: OK
or FAIL. The value is set to OK when the FEC receive function has identified codeword boundaries as indi-
cated by fec_align_status equal to true. That value is set to FAIL when the FEC receive function is unable to
reliably establish codeword boundaries as indicated by fec_align_status equal {o false. When SIGNAL OK
is FAIL, the rx_bit parameters of the FEC:IS_UNITDATA /indication primitives arc undefined.

134.3 PMA compatibility

The RS-FEC sublaver requires that the PMA service interface consist of exactly two upstream FEC lanes
and exactlv two downstream FEC lanes, with cach lane running at a nominal signaling rate of 26.5625 Gb/s.
Therefore, the RS-FEC sublayer may be a client of the S0GBASE-R PMA sublayer defined in Clause 135,
when the PMA service interface width, p, is set to 2.
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134.4 Delay constraints
The maxtmue delay cootributed by the RS-FEC sublayer (sum of transmit and receive delays at one end of

the hink} shall be no more than 25 600 bit times (50 pause_quanta or 512 ns). A description of overall system
delay constraints and the definitions for bit times and panse_quanta can be found in 131.4 and its references.

134.5 Functions within the RS.FEC sublayer

4134.5.1 Functional block diagram

A functional block diagram of the RS-FEC sublayer is shown in Figure 134-2
134.5.2 Transmit function

134.5.2.1 PCS Lane block synchronization

The RS-FEC transmit function forms four bit streams by concatenating the bits from cach of the four
FECIS_UNITDATA irequest primitives in the order thev are received. Tt obtains lock to the 66-bit blocks
in each bit stream using the sync headers and outputs 66-bit blocks. Block lock is obtained as specified in the

LY

block lock state diagram shown in -12, but nsing the variabie definitions from 133.2.4.

134.5.2.2 PCS Alignment lock and deskew

Onee the RS-FEC transmit function achieves block lock on a PCS lane, it then bc.gms obtamm; alignmernt
marker lock as specified by the alignment marker lock state diagram shown i ¥ 8313, but using the

variable definitions from 133.2.4. This process identifies the PCS lane number received on a particular lane
of the service interface. After alignment marker lock is achieved on all four PCS fanes, all wnter-lane Skew is
removed as specified by the PCS deskew state diagram shown in 14, but using the variable defini-
tions from 133.2.4. The RS-FEC transmit function shall support a maximum Skew of 49 os and a maximum
Skew Variation of 0.4 ns. Skew and Skew Variation are defined in 131.5,

134.5.2.3 PCS Lane reorder

PCS lanes can be received on different lanes of the service interface from which they were originally trans-
mitted doe to Skew between lanes and multiplexing by the PMA. The RS-FEC transmil function shall order
the PCS lanes according to the PCS lane number,

134.5.2.4 Alignment marker removal

After all PCS lanes are aligned and deskewed, the PCS lanes are multiplexed together in the proper order o
reconstruct the original stream of blocks and the alignment markers are removed from the data stream. Note
that an alignment marker is always removed when am_lock is true for a given PCS lane even if it does not
maich the expected alignment marker value (due to a bit error for example). Repeated alignment marker
errors rosult i am_lock being set to false for a given PCS lane, but until that happens it is sufficient to
remove the block in the alignment marker position.

As part of the alignment marker removal process, the BIP; ficld is compared to the calculated Bit Inter-
leaved Parity (BIP) value (sec 82.2.8) for cach PCS lane. If a Clause 45 MDIO is implemented, then the
appropriate BIP error counter register {registers 1.230 to 1.233) is incremented by one cach time the calcu-
lated BIP value does not equal the value received in the BIP, ficld. The incoming bit error ratio can be esti-
mated by dividing the BIP block error ratio by a factor of T 351 680.
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Figure 134-2—Functional biock diagram

134.5.2.5 64B/868 to 256B/2578 transcoder

The 64B/66B to 256B/257B transcoder is identical to the transcoder for the 100GBASE-R R5-FEC sublaver

defined in 91,
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134.5.2.6 Alignment marker mapping and insertion

The alignment markers that were removed per 134.5.2 4 are re-inserted after being processed by the align-
ment marker mapping function. The alignment marker mapping function compensates for the operation of
the symbol distribution function defined in 134.5.2.8 and rearranges the alignment marker bits so that they
appear on the FEC lanes intact and in the desired sequence. This preserves the properties of the alignment
markers {e.g., DC balance, transition density) and provides a deterministic pattern for the purpose of syn-
chronization at the receiver. The RS-FEC receive function uses knowledge of this mapping to determine the
FEC lanc that is received on a given lane of the PMA service interface. to compensaie for skew between
FEC lanes, and to identify RS-FEC codeword boundaries.

The alignment marker mapping function operates on a group of four aligned and reordered alignment mark-~
ers received from the PCS. Let am_tx_x<65:0> be the aligniment marker for PCS lane x, x=0 to 3, where bit
0 is the first bit transmifted. The alignment markers shall be mapped to am_txmapped<256:0> in a manner
that vields the same result as the following process.

Forx=0to 3, amp_tx_x<63:0> is constructed as follows:
— Sety=0whenx <1, otherwise set y = x.

-5 {bits 25 to 2) using the values in

----- amp tx_x<23:0> 18 set to My, M, and M, asshown in ¥
bie 823 for PCS lane number y.

----- amp ix x<31:24> =am ix x<33:26>

5:32> is set to My, Ms, and My as shown in Figure 824 (bits 57 to 34) using the values
2.3 for PCS lane number y.

----- amp X _xr<63:56> =am_ix x<63:58>

This process replaces the fixed bytes of the aligoment markers received from the PCS, possibly with errors,
-3, In addition it substitutes the fixed bytes of the alignment markers corre-
sponding to PCS lane 1 with the fixed bytes for the alignment marker corresponding to PCS lane 0. The vati-
able bytes of the alignment markers received from the PCS (BIP; and BIP-) are unchanged. This simplifies
the syachronization process at the RS-FEC receiver, as the receiver only needs to search for the fixed align-
nent marker bytes corresponding to PCS lane 0 on each FEC lane.

am_txpayloads<0,129:0> and am_txpayloads<1,125.0> are then constructed from amp _tx as follows:
----- am_txpayloads<0, 63:0> = amp_tx 0<63:0>
— am_txpayloads<0, 127:64> = amp_tx_2<63:0>
— am_txpayloads<0, 129:128> = amp ix 3<57:56>
------ am_txpayloads<li, 63:0> =amp_tx_1<63:0>
— am_txpavioads<i, 119:64> = amp_tx_3<55:0>
----- am_txpavioads<l, 125:120> = amp {x 3<63:58>

This process is an intermediale step in the generation of am txmapped<256:0>. and s illustrated in
Figure 134-3.
Given =010 1, /=010 12, and y=i+2k, am_txoapped<235:0> is constructed from am_txpayloads as follows:
— T {w <25 thenam_txmapped<(10y+9):10v> = am_txpayloads<i, {10k+9): 104>
----- am txmapped<255:250> = am_txpayloads<d, 125:120>

A 1-bit pad is appended to the mapped alignment markers to vield the equivalent of one 257-bit block. The
pad bit, am_txmapped<236>, shall be set to 0 or I in an alternating pattern.
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am_txmapped<256:0> is inserted into the data path pror to the Reed-Solomon encoder {see Figure 134-4)
every 4 X 20 480 66-bit blocks, corresponding to every 1 024 Reed-Solomon codewords. The mapped align-
ment markers, am_txmapped<256:0> shall be inserted as the first 257 message bits to be transmitted every
1024th codeword. The first 257-bit block inserted after am_txmapped shall correspond to the four 66-bit
blocks received on PCS lanes 0, 1, 2, and 3 that immediately followed the alignment marker on each respec-
tive PCS lane.

The result of this alignment mapping process is that after Reed-Solomon encoding and symbol distribution
(134.3.2.7 and 134.3.2.8 respectively), the alignment marker bit pattemns shown in Figure 134-3 appear on
the two FEC output lanes and aligned with the start of every 1024th FEC codeword. The FEC receiver uses
this information to tock onto the two FEC lanes and to identify the FEC codeword boundaries.

An additional result of this aligoment mapping process, is that the BIP; and BIP; ficlds from sormal PCS
alignment markers arc carried across the link protected by FEC. These fields cannot be used to monitor
errars on the hnk protected by FEC as 64B/66B to 256B/2378 trasscoding and Reed-Solomon encoding
alters the bit sequence. However, these fields may again be used to monitor errors after the onginal bit
sequence is restored, L.e., following Reed-Sclomon decoding and 236RB/2578 to 64B/66R transcoding.

FEC Reed-Solomon symbol index, k (10-bit symbols)
Lane T T T T T T
ol1i2|3 a5 i6]7]a]o 10i1]r2]1z]14]15]16]17]18]10
Lane 0 arnp_tx_0(0:63} amp_tx_2(0:63)
0 63} & &3 %_scrambled
Lane 1 amp_tx_1(2:63) amp_tx_3(0:55,58:63)
83} 0 61
\\am_g__bg&(SG:S?}
Start of FEC codeword 1% 257-bit AM block (inciuding 1 bit pad) 1-bit pad

Figure 134-3—Alignment marker mapping to FEC lanes

134.5.2.7 Reed-Solomon encodsr

The Reed-Solomon encoder is identical to the RS(544,514) Reed-Solomon encoder defined in 3
134.5.2.8 Symbot distribution

Once the data has been Reed-Solomon enceded, it is distributed to two FEC lanes, one 10-bit symbol at a
fime in a round robin distabution from the lowest {o the highest numbered FEC lane. The distribution pro-
cess is shown in Figure 134-4.

134.5.2.9 Transmit bit ordering

The transoxit bit ordering is llustrated in Figure 134-4.

134.5.3 Receive function

134.5.3.1 Alignment lock and deskew

The RS-FEC receive function forms two bit streams by concatenating the bits from cach of the two
PMA:TS UNITDATA Jindication primitives in the order they are recetved. It obtains tock to the alignment
markers as specified by the FEC synchronization staie diagram shown in Figure 91-8, but using the variable
definitions from 134.5.4.
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After alignment marker lock is achieved the two FEC lanes, all inter-lane Skew 1s removed as specificd by
the FEC alignment state diagram shown in -8, The FEC receive function shall support a maximun
Skew of 180 ns between FEC lanes and 2 maxiowm Skew Vagdation of 4 ns.

134.5.3.2 FEC Lane reorder

FEC lanes can be received on different lanes of the service interface from which they were originally trans-
mitted. The FEC receive function shall order the FEC lanes according to the FEC lane number (see
£34.5.2.6). The FEC lane number is defined by the sequence of aligament markers that are mapped to cach
FEC lane.

After all FEC lanes arc aligned, deskewed, and reordered, the FEC lanes are multiplexed together in the
proper order to reconstruct the original steeam of FEC codewords.

134.58.3.3 Reed-Solomon decoder

The Reed-Solomon decoder extracts the message symbols from the codeword, corrects them as necessaty,
and discards the parity svmbols.

The RS-FEC sublayer shall be capable of correcting anv combination of up to =13 symbol errors in a code-
word. The RS-FEC sublayer shall also be capable of indicating when an errored codeward was not cor-
rected. The probability that the decoder fails to indicate a codeword with t+1 errors as uncorrected is not
expected to exceed 1070, This limit is also expected to apply for 42 ervors, t+3 errors, and so on.

The Reed-Solomon decoder shall indicate errors to the PCS sublayer by intentionally cormpting 66-bit
block synchronization headers. When the decoder determines that a codeword contains errors that were not
corrected, it ensurcs that for every other 257-bit block within the codeword starting with the first (Ist, 3rd,
Sth, etc.), the synchronization header for the first 66-bit block at the output of the 2563/257B to 64B/66B
trapscoder, £x_coded _0<i:0>, is set to 11, In addition, # shall ensure that tx_coded_0<1:0> corresponding
to the second 257-bit block and rx_coded 3<1:0> corresponding to the last (20th) 257-bit block in the code-
word are sei to 11 Setting x_coded 0<1:0> to 11 as described cavses the PCS to assign R_BLOCK -
TYPE=E to the 66-bit block and decode ifs content as EBLOCK. R (sec 4 > 1 and 4 1), This
causes the PCS to discard all frames 64 bytes and larger that are fully or partially contaiged within the code-
word.

The Reed-Sclomon decoder may optionally provide the ability to bypass the error indication feature to
reduce the delay contributed by the RS-FEC sublaver. The presence of this option is indicated by the asser-
tion of the FEC bypass_indication_ability variable (sec 134.6.2). When the option is provided it is enabled
by the assertion of the FEC bypass_indication_eaable variable {(see 134.6.1).

When FEC bypass_indication enable is asserted, additional ertor monitoring is performed by the RS-FEC
sublayer to reduce the likelihood that errors in a packet are not detected. The Reed-Solomon decoder counts
the number of symbol errors detected in consecutive non-overlapping blocks of 8192 codewords. When the
number of symbol errors in a block of 8192 codewords exceeds 6380, the Reed- Solomon decoder shall
cause synchronization header rx_coded<1:0> of ¢ach subsequent 66-bit block that is delivered to the PCS to
be assigned a value of 00 or 11 for a period of 60 ms to 75 ms. As a result, the PCS sets hi_ber = true, which
inhibits the processing of received packets. When Auto-Negotiation is supporied and enabled, assertion of
hi_ber causes Auto-Negotiation to restart.

134.5.3.4 Alignment marker removal
The first 257 message bits in every 1024th codeword is the vector am_mimapped<256:0> where bit 0 is the

first bit received. The specific codewords that inchude this vector are indicated by the alignment lock and
deskew function (sec 134.5.3.1).

Copyright © 2017 IEEE. All rights reserved.
This is an unapproved {EEE Standards draft, subject to change.

148

Marvell Semiconductor, Inc. - Ex. 1002, Page 000262

20

28



Draft Amendment to |[EEE Std 802.3-2015 IEEE Draft P802.3cd/D1.2
{EEE P302.3cd Task Force 3rd February 2017

The vector am_rxmapped shall be removed prior to transcoding.
134.5.3.5 256B/2578 to 64B/66B transcoder

The 236B/257B to 64B/66B transcoder is identical to the transcoder for the 160GBASE-R R5-FEC sublayer
defined in $L 338,

134.5.3.6 Block distribution

After the data has been transcoded, it shall be distributed to four PCS lanes, onc 66-bit block at a time in a
ronnd robin distribution from the Jowest to the bighest numbered PCS lanes. The distribution process is

shown in Fi 828,

134.5.3.7 Alignment marker mapping and insertion

The alignment marker mapping function compensates for operation of the lane reorder function (see
£34.52.3) to denve the PCS lane aligniment matkers, am rx x<635:0> for x=0 to 3, from am rx-
napped<256:0> (see134.5.3.4).

The alignment markers shall be derived from am_rxmapped<2356:0> in a manner that yields the same result
as the following process.

Given i=0 to 1, k=0 to 12, and y=i+2X, am_rxpayloads is constructed from am rxmapped as follows:.
— If{y <25) then am_rxpayloads<i, (104+9):10/> = am_rxmapped<(10y+9):10y>
------ am_rxpayloads<l, 123:120> = am_rxmapped<255:2350>

The one bit pad am_rximapped<2356> is ignored by the receiver.

Forx=0to 3, amp_rx_x<63:0> is construcied from am_rxpayloads as follows:
— amp_rx_0<63:0> = am_rxpayloads<0, 63:0>
— amp_rx_1<63:0>=am_rxpayloads<i, 63.0>
----- amp x_2<63:0>=am rxpayloads<0, 127.64>
— amp_rx_3<55:0> = am_yxpayloads<i, 119:64>
— amp_rx_3<37:56> = am_rapayioads<0, 129:128>

------ amp_rx_3<63:58> = am_rxpaylcads<i, 125:12

Forx=010 3, am_rx x<63:0> is constructed as follows:

— am_rx_x<0>=] and am_rx_x<i>=0.

— am X x<25:2>1s set to Mg, My, and M; as shown in
PCS lane numberx,

Husing the valpes in ¥

—- am_rx_x<33:26> =amp rx x<31.24>

— am_rx_x<57:34> 15 set to My, Ms, and Mg as shownin §
for PCS lane number x.

4 using the values in Ts
— am_rx_x<63:58> =amp rx_x<63:56>
Ome vector is mapped to four alignment markers every | 024 Reed-Solomon codewords (see 134.5.3.4). The

alignment markers are simultaneously transmitted on the four PCS lancs after every 20 47 9t column of four
656-bit blocks.
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The alignment markers am_rx 0 to am_rx 3 shall be inserted so that they are immediately followed by
rx_coded O torx_coded 3, respectively, as derived from the first 257-bit block following am_rxmapped

134.5.3.8 Receive bit ordering

The receive bit ordering is itlustrated in Figure 134-35. This illustration shows the case where the FEC lanes
appear across the PMAIS UNITDATA /indication primitives in the comrect order.

134.5.4 Detailed functions and siate diagrams.

The state diagrams, including the associated definitions of variables, functions and counters, are identical to
those for the 100GBASE-R RS-FEC sublayer defined in 91.5.4, with the exception that some of the vari-
ables and counters are redefined to account for the differences in aligrinent marker spaciog and sumber of

FEC lanes.

In addition, EEE optional deep sleep capability is not supported for SOGBASE-R PHYs and thercfore any
reference to the optional EEE deep sleep capability in 91.5 4 can be ignored.

134.5.4.1 State diagram conventions

The state diagram conventions are identical to those defined in 01,
134.5.4.2 State variables
134.5.4.2.1 Variables

This following variables are redefined from what 1s described 1n 91.5.4.2. 1.

amp_valid

Boolean variable that is set to true if the received 64-bit block is a valid alignment marker pay-
foad. The alignment marker payload, mapped to an FEC lane according to the process
described tn 134.5.2.6, consists of 48 known bits and 16 vanable bits (the BIP3 ficld and its
complement BIP7 see 82.2.7). The bits of the candidate block that are in the positions of the
known bits in the alignment marker pavicad are compared on a nibble-wise basis (12 compari-
sons). If no more than 3 nibbles in the candidate block fail to match the corresponding known
nibbles in the alignment marker payload, the candidate block is considered a valid alignment
matker payload. Each FEC lane compares the candidate block to the alignment marker payload
for PCS lane 0.

araps_lock<u>
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 = 0:1.

fec_lane

A variable that holds the FEC lane number (0 to 1) received on fane x of the PMA service
interface when anps_lock<x> = true. The FEC lane number is determined by the alignment
matker payloads in the 2Znd position of the scguence based on the mapping defined in
134.5.2.6. The 48 bits that arc in the positions of the known bits in the received alignment
marker payload are compared to the expected values for a given payload position and FEC lane
on a nibble-wise basis (12 comparisons). If no more than 3 nibbles in the candidate block fail
to match the corresponding konown mbbles on a given FEC lane, then the FEC lane number is
assigned accordingly.

fec_Ipi fw
Boolean vagable that controls the behavior of the Transmit LPI and Receive LPI state dia-
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Figure 134-5—Receive bit ordering

grams. This variable is set to true when the local PCS is configured to use the fast wake mech-
anism and set 1o false otherwise. This variable shall always be set to true.
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fec_optional_states
Boolean variable that is always set to true to indicate that the optional states in the FEC syn-
chronization state diagram in Figure 91--8 are implemented.

134.5.4.2.2 Functions

The functions are identical to those defined in 41
134.5.4.2.3 Counters

This following counters are redefined from what is described in 91.5.4.2.3:

amp_counier
This connter counts the 1 024 FEC codewords that separate the ends of two consecutive not-
mal alignment marker pavioad sequences. A FEC codeword is 2 720 bits per FEC lane

134.5.4.3 State diagrams

The state diagrams are identical to those defined in @

134.68 RS-FEC MDIC function mapping

The optional MDIO capability described in Clause 45 defines several registers that provide control and
status information for and about the RS-FEC. Hf MDIO is implemented, it shall map MDIO centrol bits to
RS-FEC control variables as shown in Table 134-1, and MEMO status bits to RS-FEC status variables as

shown in Table 1342, and if a separated PMA (see 45.2.1) is connected to the FEC service interface (e.g., if

the RS-FEC and PCS are separated via a LAUL-2 ixterface) it shall map additional MDO status bits to addi-
tional RS-FEC status variables as shown in Table 134-3.

Tabie 134-1—MDIO/RS-FEC control variable mapping

MBI control variable PMAPMD register name Register/bit FEL variable
" mumber
FEC bypass indication enable RS-FEC control register 1.200.1 FEC bypass_indication_snable

The following subclauses define variables that are not otherwise defined, ¢.g., for use by state diagrams.

134.8.1 FEC_bypass_indication_enable

This variable is set o one to bypass the error indication function (see $1.5.33) when this abillly is sup-
ported. When this variable is set to zero, the decoder indicates errors to the P(‘% sublaver. The default value
of this variable is zero. This variable is mapped to the bit deficed in 45.2.1.101 (1.200.1).

134.6.2 FEC _bypass_indication_ability

The Reed-Solomon decoder may have the option to bypass the error indication function (see $1.5.3.3) to
reduce the delay contributed by the RS-FEC sublayer. This variable is set to one to indicate that the decoder
has the ability to bypass error indication. The vadable is set to zero if this ability is oot supported. This vari-
able is mapped to the bit defined n 45.2.1.102 (1.201.1).
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Table 134-2~MDIO/RE-FEC status variable mapping

MBI control variable PMAPMD register name Register/bit FEL variable
= number

FEC bypass indication ability RS-FEC status register 12011 FEC bypass_indication_ability

RS-FEC high SER RS-FEC status register 1.201.2 hi_ser

FEC AM lock x,x=01t0 | RS-FEC status register 1.201.8:9 amps_lock<x>

RE-FEC align status RS-FEC status register 120114 fec_align_status

"EC corrected codewords RS-FEC corrected code- 1.202, 1203 | FEC corected _ow_counter
words counter register

FEC uncorrected codewords RS-FEC uncorrected code- 1.204, 1.205 | FEC uncorrected _cw_counter
words counter register

FEC lane x mapping RS-FEC lane mapping 1.206 FEC_lane_mapping<s>
regisier

FEC symbel errors, FEC lanes RS-FEC symbol error 210t FEC_symbeol_error_counter i

G101l contiier register, FEC lares ¢ 1.213
to 1

Table 134-3—MDIO/RS-FEC status variable mapping for separated PMA

MDIO control variable PRMA/PMD register name Register/ t.ut FEC variable
s number

PCS align status RS-FEC status register 1.261.15 align_status

BIP etrors, PCS lages 6 0 3 RE-FPEC BIP ervor counter 123010 BIP_error_counter /
regisier, PCS lanes 0 to 3 1.233

PCS lane x mapping PCS lane x mapping register 1.250 to lane_mapping<x>

1253

Block x lock RS-FEC PCS alignment 1.280 biock _lock<x>
status 1 register

Lane x aligned RS-FEC PCS alignment 1.282 am_lock<x>
status 3 register

134.6.3 hi_ser

This variable is defined when the FEC_bypass_indication_ability variable is set to one. When FEC by-
pass_indication _enable is set to one, this bit is set to one if the number of RS-FEC symbol errors in a win-
dow of 8 192 codewords exceeds the threshold (see ©1.5.3.3) and is set to zero otherwise. This variable is
mapped to the bit defined in 45.2.1.102 (1.201.2).

134.6.4 amps_lock<x>

These variables are assigned by the FEC alignment state diagram shown in Figuse 9019 (see 91 .54 Y and
134.5.4). They arc mapped to the bits defived 0 45.2.1.102 (1.201.8 to 1.201.9 for FEC lanes 0 {o 1, tespec-
tively)
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134.6.5 fec_align_status

This variable assigned by the FEC alignment state diagram shown in
mapped to the bit defined in 45.2.1.102 (1.201.14).

-3 (see 1543 Boas

134.8.8 FEC_corrected_cw_counter
A corrected FEC codeword is a codeword that contains errors and was corrected.

FEC _corrected_cw_counter is a 32-bit counter that counts once for each corrected FEC codeword processed
when fec_align_status 1s trye. This variable is raapped to the registers defined in 45 33(1.202, 1.203).

134.6.7 FEC _uncorrected_cw_counter

Anuncorrected FEC codeward is a codeword that contains errors (when the bypass correction feature is sop-
ported and enabled) or contains errors that were not corrected (when the bypass correction feature is not sup-
ported or not enabled).

FEC_oncorrected_cw_counter is a 32-bit counter that counts once for each unconected FEC wdeword pro-
cessed when fec_align status is true. This vanable is mapped to the registers defined in 4 104 (1.204,
1.205),

134.6.8 FEC lane_mapping<x>

When the RS-FEC receive function detects and locks to an alignment matker payload on PMA service inter-
face lane x, the FEC lane number corresponding to the detected alignment marker payload is assigned to the

varnable FEC lane mapping<>. These variables are mapped to the register defined 1n 43.2.1 103 (1.206).
134.6.9 FEC_symbol_error_counter_j
FEC_symbol_error_counter_/, where i=0 {0 1, is a 32-bit counter that counts once for each 10-bit symbel

corrected on FEC lane / when fec_align_ status is true. These variables are mapped to the registers defined in
4 Goand 4 7{121010 L “}%)

134.8.10 align_status

Thas variable is assigned the value of rx_align status as defined by the PCS deskew state diagram shown in
4 (see 134.5.2.2) It is mapped to the bit defined in 45.2.1.102 (1.201.15).

134.6.11 BIP_error_counier i

BIP error_counter i, where /=0 to 3, is a 16-bit counter that holds the BIP error count for PCS lane 7 as cal-
culated by the RS-FEC transmit function (see 134.5.2 4). These variables are mapped to the registers defined
in452.1.108 and 452 {1.230 to 1.233).

134.6.12 lane_mapping<x>

When the RS-FEC transmit function detects and locks to an alignment marker on FEC service interface lane
x. the PCS lane number corresponding to the detected alignment marker is assigned to the variable lane -
mapping<x>. These variables are mapped to the registers defined in 4 Gand 4320111 (1.250 ©
1.253).
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134.6.13 block_lock<x>

These vanables are assigned by the block lock state diagram shown in Figweg
are mapped to the registers defined in 4331112 (1.280).

8313 (see 134.5.2.1). They

134.6.14 am_lock<x>

These variables are assigned by the alignment marker lock state diagram shown in F
£34.5.2.2). They are mapped to the registers defined 1n 43.2.1. 114 (1.282).

134.7 Protocol implementation conformance statement {(PICS) proforma for
Clause 134, Reed-Sclomon Forward Error Correction (RS-FEC) sublayer for
50GBASE-R PHYs’

134.7.1 Introduction
The supplier of a protocol implementation that 1s claimed to conform to Clavse 134, Reed-Solomon Forward
Error Corroction (RS-FEC) sublayer for 30GBASE-R PHYs, shall complete the following protocol imple-

mentation conformance statement (PICS) proforma.

A detaifed description of the symbols used in the PICS proforma, along with instructions for completing the
PICS proforma, can be found in (i

son 31
HE LN

134.7.2 ldentification

134.7.2.1 Implementation identification

Supplier

Contact point for inquiries about the pICs!

Implementation MName(s) and Versionts)

Other information necessary for full identification—e.g.,
namels) and version(s) for machines and/or operating

, )
systems; System Name(s)”

NOTE 1— Reguired for all implementations,

NOTE 2 May be compieted as appropuiate in meeting the requirerents for the identification.

NOTE 3—The terms Name and Version shounld be interpreted appropriately to correspond with a supplier’s
terminology (¢.g.. Type, Series, Model).

TCopright release for PICS proformas: Users of this standard may freely reproduce the PICS proforma in this subclause so that it can
be wsed for its intended purpose and may further publish the completed PICS.
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134.7.2.2 Protocol summary

IEEE Draft P802.3cd/D1.2

ard February 2017

Identification of protocol standard

IEEE Std 802.3¢d-201x, Clause 134, Reed-Solomon
Forward Error Correction (RS-FEC) sublayer for
SOGBASE-R PHYs

PICS

Identification of amendments and corrigenda 1o this
PICS proforma that hiave been completed as part of this

Have as
(Bee

Exception items been required?
i; the answer Yes means that the implementation does not conform to IEEE Std 802.3-201x.)

No [}

Yes| ]

Date of Statement

134.7.3 Major capabilities/options

fiem Feature Subclause Value/Comment Status Support
§ RS-FEC  Supports S0GBASE-R RS~ 134.1.1 M Yes |}
FEC functionality
*MD MDIG capability 45, 134.6 Registers and interface O Yes | ]
supported No |
*BE}L Bypass error indication £34533 Capability is supported G Yes |}
Ne [}

134.7.4 PICS proforma tables for Reed-Solomon Forward Error Correction (RS-FEC) sub-
fayer for S0GBASE-R PHYs

134.7.4.1 Transmit function

Hem Feature Subclause Value/Comment Status Support
§ TFi Skew tolerance £34522 Maxinmm Skew of 49 ns M Yes |}
between PCS lanes and a
maxinum Skew Variation of
§ 460 ps.
TF2 Lane reorder £34523 Order the PCS lanes accord~ M Yes |}
ing to the PCS lane mumber
TF3 G4B/668 to 2568/2578 §34.52.5 tx_xcoded<256:0> M Yes |}
trauscoder constructed per 134.5.2.5
TF4 257-bit block transmission 134.5.25 First bit rassoitied isbit 0 M Yes |}
order
TES Alignruent maker mapping 134526 Map to am_tx- M Yes | |
mapped<256:0>per 134.5.2.6
TF6 Pad value 134.5.2.6 Set to 0 or 1 in an alternating M Yes | ]
patic
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ftem Feature Subclause Value/Comment Status Support
TF7 Alignment marker insertion £34.52.6 First 256 message bits to be M Yes |}
transmyitted from every 1024th
codeword
TF8 Alignmuent matker insertion 134526 First 257-bit block inseried M Yes |}
point after am_txmapped corre-
spoxds 1o the four 66-bit
blocks received on PCS lanes
0. 1, 2, and 3 that immediately
followed the alignment
marker on each respective
lane
TFY Reed-Soiomon encoder 334527 M Yes | |
TFi0 Symbol distribution [34528 Distributed to 2 FEC lanes, M Yes |}
one 10-bit symbol at a time in
a round robin distribution
from the lowest o the highest
numbered FEC lane
134.7 4.2 Receive function
Hem Feature Subclause Value/Comment Status Support
R¥F1 Skew tolerance 134531 Maximun Skew of 180 ng M Yes ||
between FEC lancsand a
maxinum Skew Variation of
4ns
RF2 Laue reorder 134523 Order the FEC lanes accord- M Yes | |
ing to the FEC lane number
RF3 Reed-Solomon decoder for 134533 Corrects any combination of M Yes |}
RS(544.514) up fo =15 gymbol errors ina
codeword.
RF4 Reed-Solomon decoder 134533 Capable of indicating whena | M Yes |}
codeword was not corrected.
RFS Error indication functon 134533 Corrupts 66-bit block syn- M Yes |}
chronization headers for
uncorected errored code-
words.
RF7 Error moniforing while error 134533 When the number of symbols | BELM es |
indication is bypassed errors ina block of 8 192 N/ATLY
codewords exceeds K, cor-
rapt 66-bit block synchroniza~
tion headers
RF8 Symbol exror threshold for 134533 K=6380 BELM Yes | ]
R8(544,514) N/ATY
RF9 Alignment marker removal 134.53.4 am_rxmapped removed prior | M Yes | |
to transcoding
RF10 256B/2578 o 64B/66B 134535 x_coded j<635:0>, j=0 10 3 M Yes | |
transcoder constructed per 134.5.3.5
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ftem Feature Subclause Value/Comment Status Support

round robin fashion frox the
iowest to the highest num~

3
2
RF11 Block distribution £34.53.7 One 66-bitblockatatime ina | M Yes [} i
&
bered PCS lane 6

RF12 Alignment marker mapping £34537 Maptoam rx_x, x=0to3per | M Yes{}
134.53.7 g

RF13 Alignment marker insertion 134537 Alignment markers immedi- M Yes | | 10
point ately followed by the 66-bit

blocks derived from the i
257-bit blocks bumnediately 12
following am_rxmapped i3

134.7.4.3 State diagrams 16

Item Feature Subclause Value/Comment Status Support 19
20
SDi SLIP function 134.54.2.2 | Ensure that all possible block | M Yes | ] il
positions are evainated 92

SD2 Synchronization process 134543 One instance per FEC laneper | M Yes { } 23
Figme 91-8 24

503 Alignment process 134543

134.7.4.4 Delay Constraints 29

43 43 B
—

(2
N

ftem Feature Subclause Value/Cormment Status Support

o ¢
tad

TiM1 RS-FEC Delay Constraint 1344 No more than 25 600 BT for M Yes ||
sor of transmit and receive
path dejays.

w3
i~

W

[
N

ad L3 LI ¢
O
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135. Physical Medium Attachment {PMA) sublayer, type 50GBASE-R and
100GBASE-P

135.1 Overview
135.1.1 Scope

This clause specifies the Physical Medium Attachiment sublayer (PMA) for the famiies of 50 Gb/s and
100 Gb/s PAM4 Physical Layver implementations known as S0GBASE-R (sec 131.1.3) and 100GBASE-P
(see 80.1.4). The PMA allows the PCS (see Clause 133 and Clause 82) and FEC (see Clause 134 and
Clause 91} to connect in a media-independent way with a range of physical media. The 50GBASE-R PMA
can support any of the 30 Gb/s PMDs in Table 1311 and the 100GBASE-P PMA can support any of the
100 Gb/s PAM4 PMDs according to Table 80-3 and Table 80-4a.

S50GBASE-R and 160GBASE-P PHY's can be exiended to support any full duplex medium reguiring only
that the PMD be compharnt with the appropriate PMA interface.

The interfaces for the inputs of the S0GBARSE-R and 100GBASE-P PMAs are defined in an abstract manner
aud do not tmply any particalar implementation. For 30GBASE-R PMAsz, clectrical interfaces conpecting
PMA sublavers, known as LAUI-2 and 50GAUl-n, arc defined in Clause 1358 through Clause 135G, For
100GBASE-F PMAs, electrical interfaces connecting PMA sublayers, koowan as 100GAUI-n, are defined in
Clause 135D through Clause 135G,

135.1.2 Position of the PMA in the 50GBASE-R and 100GBASE-P sublayers

Figure 135-1 shows the relationship of the PMA sublayer (shown shaded) with other sublayers o the ISO
Open System Interconnection (OSI) reference model

135.1.3 Summary of functions

The following is a summary of the principal funclions implemented (when required) by the PMA in both the
transmit and receive directions:

a)  Adapt the PCSL/FECL-formatted signal fo the appropriate mumber of abstract or physical lanes.

by  Provide per-input-lane clock and data recovery.

¢} Provide bii-level multiplexing,

dy  Provide clock generation.

¢}  Provide signal drivers.

) Optionally provide local loopback to/from the PMA service interface.

g)  Optionally provide remote loopback to/from the PMD service interface.

hy  Opticnally provide test-pattern generation and checking.

iy  Tolerate Skew Variation.

i} Perform PAM4 encoding and decoding when required

PAM4 encoding and decoding is required for SO0GBASE-R PMAs where the aumber of physical lanes is ¢
and for 100GBASE-P PMAs where the number of physical lanes is  or 2.
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NETWORK 17/ PMD ) PMD
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PHYSICAL MO P MDDl —
MEDIUR § WMEDIUM §
. “
S— S —
50GBASE-R 1000BASE-P
5CGMII = 50 Gh/s MEDIA INDEPENDENT INTERFACE PCS = PHYSICAL CODING SUBLAYER
AN = AUTO-NEGOTIATION PHY = PHYSICAL LAYER DEVICE
CGMII = 100 Gb/s MEDIA INDEPENDENT INTERFACE PMA = PHYSICAL MEDIUM ATTACHMENT
FEC = FORWARD ERROR CORRECTION PMD = PHYSICAL MEDIUM DEPENDENT
LLC = LOGICAL LINK CONTROL
MAC = MEDIAACCESS CONTROL NOTE 1--CONDITIONAL BASED ON PHY TYPE

MDI = MEDIUM DEFENDENT INTERFACE
Figure 135-1—50GBASE-R and 100GBASE-P PMA relationship to the ISOAEC Open
Systems Interconnection {OSI) reference model and IEEE 802.3 Ethernet model

135.1.4 PMA sublayer positioning

An implementation may vse one or more PMA sublayers to adapt the sumber and rate of the PCS lases to
the number and rate of the PMD lanes. The number of PMA sublayers required depends on the partitioning
of functionality for a particular implementation. An example is illustrated in Figure 135-2. Additional
examples are illustrated in Ammex 135A. Fach PMA maps the PCSLs/FECLs from p PMA input lanes to g
PMA cutpot lanes in the Tx direction, and from g 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 Tabie 431 for MMD device addresses). If the
PMA sublayer that is closest to the PMD is packaged with the PMD, it shares MMD 1 with the PMD. More
addressable instances of PMA sublayers, each one separated from lower addressable instances by chip-to-
chip interfaces, may be implemented and addressed allocating MMD addresses to PMAs in increasing
numerical order going from the PMD toward the MAC. The examples shown in Figure 135-2 could be
implemented with three addressable instances: MMD 1 addressing the lowest PMA sublaver (co-packaged
with the PMD), MMD 8 addressing the middie PMA sublayer, and MMD 9 addressing the highest PMA
sublayer (immediately below the FEC).
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s L PMAQT FEMMDS N ELE

50GAUI-T ——B 100GAUI2 o

 mnd

MDI MO —p

MEDIUM § MEDIUM §
\ A \ -~/

S0GBASE-R S0GBASE-R 100GBASE-P

100GAUL = 100 G/s ATTACHMENT UNIT INTERFACE MIMD = MDIO MANAGEABLE DEVICE
100GMIl = 100 Ghy/s MEDIA INDEPENDENT INTERFACE PCS = PHYSICAL CODING SUBLAYER

S0GAUL = 50 G/s ATTACHMENT UNIT INTERFACE PHY = PHYSICAL LAYER DEVICE
S0GMIE = 50 Gh/s MEDIA INDEPENDENT INTERFACE PiA = PHYSICAL MEDIUM ATTACHMENT
FEC = FORWARD ERROR CORRECTION PMD = PHYSICAL MEDIUM DEPENDENT

LAUI = 50 Gb/s ATTACHMENT UNIT INTERFACE

MAC = MEDIAACCESS CONTROL n=71or2

MDI = MEDIUM DEPENDENT INTERFACE

Figure 138-2—Example S0GBASE-R and 100GBASE-P PMA layering

The sumber of input Janes and the nuraber of output lanes for a PMA are always divisors of the number of
PCSLs/FECLs. For PMA sublayers supporting S0GBASE-R PMDs, the number of PCSLs (above the FEC)
is 4 and the number of FECLs (below the FEC) is 2. For PMA sublayers supportting 100GBASE-P PMDs,
the number of FECLs is 4.

The following guidelines apply to the partitiomng of PMAs:

a)

b)

)

€}

162

The inter-sublayer service interface, defined in 131.3.1, is used for the PMA service interfaces sup-

porting a flexible architecture with multiple PMA sublayers.

1) Aninstance of this interface can only connect service interfaces with the same number of lanes,
where the lancs operate at the same rate.

The abstract PMA service interface can be physically instantisted as a LAUL-2, 50GAUln, or

1006GAUI-n, using associated PMAs to map to the appropaate mumber of lages.

For physical instantiations of the PMA service interface, the PMA:IS SIGNAL indication is con~

veyed cutside of this physically instantiated interface.

Physical instantiations of the PMA service interface define electrical and timing specification as

well as requiring a receive re-timing function.

L.AUI-2 is a physical instantiation of the PMA service interface between two adjacent S0GBASE-R

PMA sublavers above the FEC.

1y LAUI-2 provides bit-multiplexing of 4 PCSLs.

2y LAUI-21sa 2578125 GBd by 2 lane NRZ physical instantiation of the 50 Gb/s connection.
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)

i}

50GAUI-n is a physical instastiation of the PMA service interface between two adjacent
SO0GBASE-R PMA sublayers below the FEC and contains 2 FECLs.

1
2

“7

3

50GAUI-n provides bit-oualtiplexing of 2 FECLs.
S0GAUR-2 is a 26,3625 GBd by 2 lane NRZ physical instantiation of the 530 Gb/s connection.
S0GAUL-1 is a26.5625 GBd by 1 lane PAM4 physical instantiation of the 50 Gb/s connection.

CAUI-n is a physical instantiation of the PMA service intedface between two adjacent

100GBASE-R PMA (see C

83) sublavers above the FEC for a 100GBASE-P PHY or between

adjacent sublayers below the PCS for a 100GBASE-R PHY. CAUI-n is not specified in this clavse,
but is listed here for completeness.

1y

3y
J

&

4
N’

CAUl-p provides bit-multiplexiog of 20 PCSLs.

CAUl-4 is a 25.78125 GBd by 4 lane NRZ physical instantiation of the 100 Gb/s connection.
CAUI4 s spectlied in €
CAUI-10 15 2 10.3125 GBd by 10 lane NRZ physical instantiation of the 100 Gb/s connection.
CAUI-10 is specified T A

73 and associated annexes.

{3 and associated annexes.

100GAUL-n is a physical instantiation of the PMA service interface between two adjacent
100GBASE-P PMA sublayers below the FEC for a 100GBASE-P PHY.

1y

2
=

s
N

100GAUI-n provides bit-multiplexing of 4 FECLs.

100GAUI4 is a 26,5625 GBd by 4 lane NRZ physical instantiation of the 100 Gb/s connec-
ton.

100GAUI-2 is a 26.5625 GBd by 2 1ane PAM4 physical instantiation of the 100 Gb/s connec-
tion.

Opportunities for aptional test-pattern generation, optional {est-patiern detection, optional local
foopback and optional remote loopback are dependent upon the location of the PMA sublaver in the
implementation. See Figure 135-5.

A minimum of one PMA sublayer is required ina PHY.
A maxiroum of four PMA sublayers are addressable as MDIC MMDs.

135.2 PMA interfaces

All PMA varants for S0GBASE-R and 100GBASE-P 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 ouviput lanes as ilustrated in Figore 135-3.

minput lanes

ny

PMA
it mux

n output ianes

Figure 135-3—PMA bit mux used in both Tx and Rx directions
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Conceptually, the PMA bit mux operates in one direction of transmission by demultiplexing PCSLs/FECLs
from m PMA input lanes and remultiplexing them into n PMA output lanes. The mapping of PCSLs/FECLs
from input to output lanes is not specified. See 135.5.2 and Figure 1354 for details.

2/ PCSLs/FECLS per demux z/n PCSLs/FECLS per mux

m input demuxes n output muxes

Is &
l/ """""""""""""" - H
i
| :
i ;
/ e
n outpul
fanes

m input
{anes

| 5
\ ‘
i .
-y
Every input PCSLFECL is mapped to an output PCSL/FECL position z = Number of PCSLs/FECLs

z =2 or 4 for 50GBASE-R
z = 4 for 100GBASE-P

Figure 135-4~PMA bit mux operation used in both Tx and Rx directions

135.3 PMA service interface

The PMA scrvice interface for S0GBASE-R and 100GBASE-P is an instance of the inter-sublayer service
interface defined in 131.3.1. The PMA service interface primitives are summarized as follows:

PMAIS UNITDATA irequest
PMAIS UNITDATA iindication)
PMAIS SEGNAL indication

Fora PMA service interface with p lanes, the primitives are defined fori=0to p - 1.

Hthe PMA client is the S0GBASE-R PCS, the PMA continuously sends four parallel bit streams to the PCS,
cach at the nominal signaling rate of the PCSL.

I a PMA client is another PMA, a S0GBASE-R PMA with p=2 physical input lanes receives NRZ symbols
on each of its input lanes at 2 tirnes the PCSL/FECL rate. A S0GBASE-R PMA with p=1 physical input lane
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receives PAM4 svmbols on each of its input lanes at 2 times the PCSL/FECL rate, with each symbol formed
from two bits. The bit stream represented by the input symbols carries z/p bit-multiplexed PCSLs/FECLs on

If a PMA chient is another PMA, 100GBASE-P PMA with p=4 physical input lanes receives NRZ symbols
on each of its input lanes at the FECL rate. A 100GBASE-P PMA with p=1 or p=2 physical input lancs
recetves PAM4 svmbols on each of its input lanes at 4 or 2 times. respectively, the FECL rate, with each
symbol formed from two bits. The bit stream represented by the input symbols carries #/p bit-multiplexed
FECLs on each physical input lane, where z=4 for 100GBASE-P.

Skew may exist between different PCSLs/FECLs received on the same physical input 1ane even thongh all
PCSLs/FECLs originate from the same synchronous scurce, so there is independence of arrival of bits from
cach PCSL/FECL on cach physical input lane.

In the Tx direction, if the symbol from a PMAIS_UNITDATA /request primitive is received over a
physically instantiated interface (LAUIL-2, 50GAUL-n, or 100GAUI-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 cutput lane through a process that may demultiplex PCSLs/FECLs from the input,
pedorm any necessary buffering to tolerate Skew Vartation across input lanes, and muitiplex PCSLs/FECLs
to output fanes. I necessary, pairs of bits on ouvtput lanes are converted to PAM4 symbols. The symbols are
sent on an output lane to the sublayer below using the mst IS _UNITDATA frequest (4 not necessarily
equal to ) primitive (sce 135.4).

In the Rx ditection, the PMA passes symbols from the input lages to the output Janes when data is being
received from every input lane from the sublayer below the PMA that has a PCSL/FECL 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/FECLs 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 iindication primitive. If necessary, PAM4 symbels are converted to
pairs of bits on the input lanes and/or pairs of bits are converted to PAMA4 symbols on the cutput lanes.

The PMA:IS_SIGNAL indication primitive is generated by a Signal Indication Logic (SIL) function 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
are met, the SEGNAL_OK parameter sent to the PMA client via the PMAIS_SIGNAL indication primitive
has the value OK. Otherwise, the SIGNAL OK primitive has the value FAIL.

135.4 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 FEC, PMD,
or another PMA. The variable inst represents whichever sublayer appears below the PMA (e.g., another
PMA, FEC, or PMD).

The sublayer below the PMA utilizes the inter-sublayer service interface defined in 131.3. The service
interface primitives provided to the PMA are summarized as follows:

inst:IS_UNITDATA i request
inst:1S UNITDATA iindication

inst, IS:SIGNAL.indicaﬁen

The number of lanes g for the service interface matches the number of lanes expected by the PMA. The
instIS_UNITDATA_/ primitives are defined for each lane 7 =0 to g — 1 of the service interface below the
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PMA. Note that electrical and timing specifications of the service interface are defined if the intedace is
physically instantiated (e.g., LAUIL-2, 30GAUI-n, or 100GAUI-n), otherwise the service interface is
specified only abstractly. The nterface between the PMA and the sublayer below consists of g lanes for data
transfer and a status indicating a good signal from the sublayer below the PMA (see Figure 135-5).

In the Tx direction, the PMA transfers symbols from the input lanes to the output lanes when data is being
received via the PMACTIS_UNITDATA_i.request prinitive from every input lane froo the PMA client at the
PMA service interface {see 1335.3) that has a PCSL/FECL that is routed to this output lane, and (f
necessary ), buffers are filled to provide the ability to tolerate the Skew Variation that may appear between
the tnput lanes from the PMA client, PCSLs/FECLs are demultiplexed from the input lanes, remultiplexed to
the output lanes, and symbols are transferred over each output lane fo the sublayer below the PMA.

In the Rx direction, if the symbol is reccived over a physically instantiated interface (S0GAUT-n,
100GAUL-n, or physically instantiated PMD service interface), clock and data are recoverad on the lane
receiving the svmbol. If necessary, 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/FECLs from the input, perform anv necessary buffering to tolerate Skew Vanation
across input lanes, and nundtiplex PCSLs/FECLs to ountput lancs. I necessary, pairs of bits are converted to
PAM4 symbols on the output lanes. Each svmbol is sent on an output lane to the PMA client using the
PMAIS UNITDATA k.indication (k not necessarily equal to 1) primitive at the PMA service interface.

135.5 Functions within the PMA

The purpose of the PMA is to adapt the PCSL/FECL-formatied signal to an appropriate number of abstract
or physical lanes, to recover clock from the recetved 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
PMA client carries one or more PCSLs/FECLs that are bit-mudtiplexed. Al input and output lanes between
the PMA and the PMA client carry the same number of PCSLs/FECLs and operate at the same nominal
signaling rate. Likewise, cach iaput (Rx direction) or output (Tx direction) lane between the PMA and the
sublayer below the PMA carries one or more PCSLs/FECLs that are bit-multiplexed. All input and output
lanes between the PMA and the sublayer below the PMA carey the same number of PCSLs/FECLs and
operate at the same nominal signaling rate. As described in 135.1.4, the number of input lancs and the
sumber of ouvtput lanes for a given PMA are divisors of 2 (below the FEC) or 4 (above the FEC) for
SOGBASE-R, or 4 for 100GBASE-P, which are the number of PCSLs/FECLs for the respective PHYs.

Figure 135-5 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 imterface (LAUI-2, 50GAUL-n, or
100GAUT-n above or below).

—  Whether the PMA 1is adjacent to the PCS.

—  Whether the PMA is adjacent to the PMD.

—  Whether the PMA is adjacent to the FEC.
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Figure 135-5—PMA Functional Block Diagram

135.56.1 Per input-lane ciock and data recovery

If the interface between the PMA client and the PMA is physically instantiated as LAUI-2, 50GAUL-n, or
100GAUL-n, the PMA shall meet the electrical and timing specifications above the PMA in Annex 1358

through Annex 133G, as

appropriate.

If the interface between the sublayver below the PMA and the PMA is physically instastiated as LAUL-2,
SO0GAUI-n, or 100GAUI-n, the PMA shall meet the ¢lectrical and timing specifications below the PMA at
the service interface as specified in Annex 1358 through Annex 135G, as appropriate.
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135.5.2 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 PMAIS _UNITDATA i request
primitives (for PMA client lanes 7 =0 to p — 1) with the result sent to the service interface below the PMA
using the insr: IS UNITDATA 7 request primitives (for serviee interface lanes 7 = 0 to g — 1), referencing the
functional block diagram shown in Figure 135-5. The bit multiplexing bebavior is iHhusirated in Figure 135~
4.

The aggregate signal carried by the group of input lanes or the group of cutput lanes is arranged as a set of
PCSLs/FECLs. The number of PCSLs/FECLs 7 is 2 FECLs (below the FEC) and 4 PCSLs (above the FEC)
for 30GBASE-R interfaces and 4 FECLs for 100GBASE-P interfaces. For S6GBASE-R | the nominal bit rate
Riune 18 12.890625 Gb/s for each PCSL and 26.5625 Gb/s for cach FECL. For 100GBASE-P, the nominal bit
rate By 15 26.5625 Gb/s for each FECL.

For a PMA with m input lanes (Tx or Rx direction). cach input lanc carries. bit muliiplexed, z/m
PCSLs/FECLs. Each input lane has a nominal bit rate of z/m x Ry,,.. Note that the signaling rate is equal to
the bit rate when the signal modulation i NRZ. The signaling rate is equal to half of the bit rate when the
signal modulation is PAM4. If necessary, PAM4 svmbols are converted fo pairs of bits on the input lanes
and/or pairs of bits are converted to PAM4 symbols on the output lancs. If bit x received on an input lane
belongs 1o a particular PCSL/FECL, the next bit of that same PCSL/FECL is received on the same input lane
at bit posttion x+(z/m}. The 2/m PCSLs/FECLs may arrive in any sequence on a given input lane.

For a PMA with n ouotput lanes {Tx or Rx direction), each cutput lane carries, bit multiplexed, #/n
PCSLe/FECLs. Each output lane has a nowminal signaling rate of z/n X Ry,,.. Each PCSL/FECL is mapped
from a position in the sequence on one of the m input lanes to a position in the sequence on one of the 0
output lanes. If bit x sent on an output lane belongs to a particniar PCSL/FECL, the next bit of that same
PCSL/FECL is sert on the same output lane at bit position x + (2/n). The PMA shall maintain the chosen
sequence of PCSLs/FECLs on all output lanes while it is receiving a valid stream of bits on all input lanes.

Each PCSL/FECL received in any teniporal position on an input lane is transferred into a temporal position
on an cutput lane. As the PCS (see Clause 133 and Clause 82) and FEC (See Clause 91 and Claose 134)
have fully flexible receive logic, an implementation is free to perform the mapping of PCSLs/FECLs from
input fanes to output lancs without constraint. Figure 135-6 illustrates one possible bit ordenng for a
100GBASE-P 4:2 PMA bit mux. Other bit orderings are also valid.

Note that since the number of input lanes and output lanes for a 30GBASE-R or 100GBASE-P PMA is
always a power of two, many PMAs converting between different oumbers of lanes pormally simply
nuultiplex 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 PCSLs/FECLs
on the output lancs is valid.

135.5.3 Skew and Skew Variation

The Skew (relative delay) between the PCSLs/FECLs must be kept within limits so that the information on
the laoes can be reassembled by the PCS and FEC.

Any PMA that commbines PCSLs/FECLs from different input lanes onto the same output lane must tolerate
Skew Variation between the input lanes without changing the PCSL/FECL positions on the output. Skew
and Skew Variation arc defined in 131.5. The limits for Skew and Skew Variation at physically tostantiated
interfaces are specified at Skew points SPO, SP1, and SP2 in the transmit direction and SP5, SP6, and SP7 in
the receive direction as defined in 131.5 and iltustrated in Figure 131-3 for SO0GBASE-R and as defined in
80.5 and illustrated in Figure 80-8 for 100GBASE-P.
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4 Lane PMA input {m=4}

x+din=x+2

2 Lane PMA output (n=2)
NOTE—i Kk indicates bit & on FECL . Skew may exist between FECLs.
Figure 135-8—Example 4:2 100GBASE-P PMA bit mux
135.5.3.1 Skew generation toward SP§

In an implementation with an instantiated LAUI-2 interface between the PCS and the FEC, the PMA that
sends data in the transmit direction toward the LAUL-Z (SP¢ in Figwre 131-3) shall produce no more than
29 ns of Skew between PCSLs and no more than 0.2 ns of Skew Variation.

135.5.3.2 Skew tolerance at SPO

In an implementation with an instantiated LAUI-2 interface, the PMA service interface that receives data in
the transmit ditection from the LAUIL-2 (SPO in Figore 131-3) shall tolerate the maximwim amount of Skew
Variation allowed at SP0O (0.2 ns) between input lanes while maintaining the bit ordering and position of
cach PCSL on each PMA lane 1o the transmit direction (foward the PMD).

135.5.3.3 Skew generation toward SP1

In an implementation with one or more physically instaatiated 30GAUI-a or 100GAUI-n interfaces, the
PMA that sends data in the transmit direction toward the 30GAUI-n or 100GAUI-n that is closest to the
PMD (SP1 in Figoee 131-3 and Figore 80-8) shall produce po more thas 29 ns of Skew between FECLs
toward the SO0GAUI-n or 100GAUI-n and no more than 0.2 ns of Skew Varation
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135.5.3.4 Skew iolerance at SP1

In an implementation with one or more physically instantiated S0GAUI-n or 100GAUI-n interfaces, the
PMA service interface that receives data in the transmit direction from the 30GAUL-n or 100GAUL-n (SP1
10 Figoee 131-3 and Figure 80-8) shall tolerate the maximuom amount of Skew Varation allowed at SP1
(0.2 ns) between input lanes while maintaining the bit ordering and position of each FECL on each PMA
lane in the transmit direction (toward the PMD).

135.5.3.5 Skew generation foward 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 gencrate no more than 43 ns of Skew, and no more than 0.4 us of
Skew Variation between output lanes toward the PMD service interface (SP2 in Figure 80-8 and
Figure 131-3). I there is a physically instantiated 30GAUI-p or 100GAUL-n as well, then the Skew
measured at SP1 is limited to no more than 29 ns of Skew and no more than 0.2 ns of Skew Variation.

135.5.3.6 Skew tolerance at SRS

I the PMD service interface is physically instantiated so that the Skew at SP3 can be measured, the PMA
adjacent to the PMD service interface (SP5 in Figure 131-3 and Figore 80-8) shall tolerate the maximuom
amount of Skew Variation allowed at SP5 (0.4 ns) between output lanes from the PMD service interface
while maintaining the bit ordering and posttion of cach FECL on each PMA lane in the receive direction
{toward the MAC).

135.5.3.7 Skew generation at 3P&

In an implementation with one or more physically instantiated 50GAUL-n or 100GAUI-n interfaces, at SP6
{the recetve direction of the S0GAUL-n or 100GAUL-n closest to the FEC), the PMA or group of PMAs
between the PMD and the 50GAUT-n or 100GAUT-n closest to the FEC shall deliver no more than 160 ns of
Skew, and no more than 3.8 ns of Skew Vanation between outpui lancs toward the S0GAUI-n or
100GAUT-n in the Rx direction. If there is a physically instantiated PMD service interface that allows the
Skew o be measared, the Skew measured at SP3 1s limted 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 imterface, the Skew
measured at SP4 is Himited to no more than 134 ns of Skew, and no more than 3.4 ns of Skew Variation.

135.5.3.8 Skew tolerance at SP6&

In an implementation with one or more physically instantiated 50GAUI-n or 100GAUI-n 1nterfaces. the
PMA between the S0GAUIL-n or 100GAULn closest to the FEC and the FEC shall tolerate the maximum
amount of Skew Variation allowed at SP6 (3.8 ns) between iaput lanes while maintaining the bit order and
position of FECLs on lanes sent in the receive direction towards the MAC.

135.5.3.% Skew generation at 8P7

In an implementation with an instantiated LAUIL-2 interface between the PCS and the FEC, the PMA that
sends data in the receive direction toward the LAUI-2 (SP7 in Figure 131-3) shall produce no more than
29 ns of Skew between PCSLs and no more than 0.2 ns of Skew Variation.

135.5.3.10 Skew tolerance at SP7

In an implementation with an instantiated LAUI-2 interface between the PCS and the FEC, the PMA service
interface that receives data in the receive direction from the LAUI-2 (SP7 in Figure 131-3) shall tolerate the
maximum amount of Skew Variation allowed at SP7 (0.2 ns) between input lanes while maintaining the bit
ordering and position of each PCSL on each PMA lane in the transmit dicection (foward the PMID).
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135.5.4 Delay constraints

The maxtmum cumulative delay contributed by up to three PMA stages in a PHY (sum of transmit and
receive delays at one end of the link) shall meet the values specified in Table 135-1. A description of overall
system delay constraints and the definitions for bit-times and pause guanta can be found in 131.4 and its
references.

Table 135-1—Delay constraints

TR Maximum Maximum - .
Sublayer (bt time) (pause_quanta) Maximyon {85)
SOGBASE-R PMA 4608 9 92.16
100GBASE-P PMA 9216 i8 9216

138.5.8 Clocking architecture

A PMA with m input lancs and o 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 PAMA4, the symbol rate
is half of the bit rate. This applies in both the Tx and Rx directions of transmission. In the case where the
interfaces between the PMA client and the PMA and/or the PMA and the sublayver below the PMA are
physically instantiated, the PMA may derive s input clock(s) from the elecirical interface on one o7 more of
the input lanes, and generate the cutput clock(s) with an appropriate PLL multiplier/divider circuit.

There is no requirement that the PMA clock all output lanes in unison. Exaraples 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/FECLs between input lanes and output lanes (although rearrangements are allowed). Such a
PMA may be implemented by driving each output lane using the clock recovered from the
corresponding input lane.

----- Since the nuraber of PCSLS/FECLs is a power of 2, whegever the number of 1opot asd output japes
are unequal, each input lane could be mapped to multiple output lanes (in the case where the number
of cutput lanes is greater), or muitiple input lanes covld be mapped to a single cutput lanc.

135.5.6 Signal drivers

For cases where the interface between the PMA chient and the PMA or between the PMA and the sublayer
below the PMA represent a physically instantiated interface, the PMA provides electrical signal drivers for
that intetface. The electrical and jitter/timing specifications for these interfaces appear in

— Apnex 135B for LAUL-2 C2C applications

— Ammex 135C for LAUI-2 C2M applications

----- Annex 135D for 50GAUL-2 and 100GAUL-4 C2C applications
— Annex 135E for 50GAUI-2 and 100GAU1-4 C2M applications
—  Annex 135F for 56GAUI-1 and 100GAUL-2 C2C applications

—  Anmex 135G for 50GAUI-1 and 100GAUT-2 C2M applications

The modulation format is NRZ for LAUL-2, 50GAUL-2, and 100GAUL-4 and the modulation format is
PAM4 for 530GAUI-1 and 100GAUIL-2,
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135.5.7 PAM4 encoding
135.5.7.1 Gray coding for PAM4 encoded lanes

For lanes encoded as PAMA4, the PMA transmit process shall map consecutive pairs of bits to one of four
Gray-coded symbols as specified in } 7

135.5.7.2 Precoding for PAM4 encoded fanes

For lanes encoded as PAMA4, the PMA shall provide 1/{1+D) mod 4 precoding capability on cach transmit
lane and may optionally provide 1/(1+D) mod 4 decoding capability on each receive lane.

On each transmit lane, for cach Gray-coded symbol G(/), a precoded symbol P()) shall be determined by the
following algorithin, where j 1s an index indicating the symbol munber:

P(j) = (G) - P(-1)) mod 4 (135-1)

On each receive lane, for each precoded symbol P(/). a Gray-code symbol G{y) shall be determined by the
following algorithm:

GG) = (P() + P(-1)) mod 4 (135-2)

The precoder is enabled independently for the transmitter and receiver on each lane (0 and 1) and interface
{up towards the MAC and down towards the PMD). Precoding is enabled and disabled using variables

precoder up tx_enable i precoder up rx_enable i, precaeder down tx_enable J,
precoder_down_ra enable 7 (where 7 18 ¢ or 1). I a Clagse 435 MDIO is implemented, the variables
precoder up tx_cnable i, precoder up 1x_enable i, precoder_down_{x_enable i,

precoder_down rx_enable 7 are accessible through register 1.600, 1.601, 1.602. and 1.603 (see 45.2.1.116h
through 45.2.1.116k).

have a physical instantiation of its service interface towards the PMD and s not adjacent to a PMD.

In a PMA that is adjacent to a S50GBASE-CR, 30GBASE-KR, I00GBASE-CR2, 10GGBASE-KR2,
shall be set as determined by the PMI control function on lane /r\ see 136.8.11.7.5). The method by which
the PMD control function affects these variables is implementation dependent.

135.5.8 PMA local loopback mode {optional}
PMA local loopback mode is optional. If it is implemented, it shall be as specified in this subclanse.

The PMA sublayer may provide a local loopback function. The function involves looping back each input
lane 1o the corresponding output lane. Each bit received from the
PMAIS UNITDATA irequest(tx_symbol) primitive is looped back toward the MAC using the
PMAIS_UNITDATA_/ indication{xx_symbol) primitive.

Dunog local loopback. the PMA performs normal bit muxing of PCSLs/FECLs per 135.5.2 onto 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
MIDHO 1s implemented, this vadiable is accessible through bit 1.8.0 (432, 1718

TAS).
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A device is placed in local loopback mode when the Local loopback enable control variable i set to one, i
and removed from local loopback mode when this variable is set to zero. If a Clause 45 MDIO is 2
implemented. this variable is accessible through PMA/PMD control 1 register (bit 1.0.0, see 43.2.1.1.35). 3
4
NOTE—Placiog a network poxt into loopback mode can be disruptive to a network. 5
6
135.5.8 PMA remote loopback mode {optionai) 7
8
PMA remote loopback mode is optional. If implemented, it shall be as described in this subclause. 9
10
Remote loopback, if provided, should be implemented in a PMA sublayer close enough to the PMD to 11
maintain the bit sequence on each individual PMD lane. When remote loopback is enabled, each symbol 12
received over a lane of the service interface below the PMA via inst: IS UNITDATA iindication is looped 13
back to the corresponding output lane toward the PMD via insrIS UNMD/U A zrequest Note that the 14
service inderface below the PMA can be provided by the PMB, FEC (LAUL-Z only), or another PMA 15
sublayer. 16
Daring remote loopback, the PMA performs normal bit muoxing of PCSLs/FECLs per 135.5.2 onto the lancs i E;
in the Rx direction towards the PMA client. 19
The ability to perform this function is indicated by the 50G_Remote loopback ability status variable for 20
S0GBASE-R 100G_Remote_loopback_ability status variable for 100GBASE-P. ;i
A device is placed in remote loopback mode when the Remote Joopback enable control vanable is set to 23
one and removed from remote loopback mode when this varniable is set o zero. 4
25
If a Claunse 45 MDIO is implemented, this variable is accessible throughbit 1.13.15 (¢ A 26
If a Clause 45 MDIO is implemented, this variable is accessible throngh PMA/PMD Control register 1 (bit gg
1.6.1, see 4 LAY, 29
30
135.5.10 PMA test patterns {optional} 31
32
Where the output lanes of the PMA appear on a physically instantiated interface LAUI-2, S0GAUTn, 33
100GAUL-n or the PMD service interface (whether or not is physically instaniiated), the PMA may 34
optionally generate and detect test patterns. These test patierns are used to test adjacent-layer interfaces for 35
an individual PMA sublayer or to perform testing between a physically instantiated interface of a PMA 36
sublayer and external test equipment. 37
38
135.5.10.1 Test patterns for NRZ encoded signals 10
40
Fora SOGBASE-R PMA with NRZ encoding, the test patterns in this clause may be supported. 41
42
135.5.10.1.1 PRBS31 test pattern 43
44
A PMA maw ophonally include a PRBS31 test-pattern genemtor on outpwt lanes in cither direction as 45
specified m § td 46
A P"AA may optmmilv include a PRBS31 test-pattern checker on input lanes in either direction as specified 4;;
49
135.5.10.1.2 PRBSY test pattern ‘5;;
.‘;
A PMA may optionaik include a PRBSY test-patiern generator on ouiput lanes in cither direction as ;3
specified in } 12 54
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135.5.10.1.3 Square-wave test pattern

A PMA may optionally inchide a square-wave test-pattemn generator on output lanes in either direction as
specified in 303 1.1

(1Y
ALY

135.5.10.2 Test paiterns for PAM4 encoded signals
For a S0GBASE-R PMA with PAM4 encoding, the test patterns described in this clause may be supported.

The PRBS13Q and guaternary sqnare wave test patterns are enabled on a lane-by-lane basis. The patterns
PRBES31Q and SSPRE arc enabled on all lanes of an interface at once. If a per-lane pattern is enabled on one
or more of the lancs and a per-interface pattern is also enabled, the per-lage patterns are generated ondy on
the indicated lancs and the per-interface pattern is generated on the remaining lanes. The behavior if more
than one per-lane pattem is cnabled for the same lane or more than one per-interface pattern is enabled is not
defined.

Editor's note: JPO3A and JPO3B fest patferns were deleted from P802.30bs. Since these patierns are
required only by specifications reference from P802.3bs the related fest pattern subclauses, MDIO vari-
ables, and ofher iext were removed. This edifor’s nofe wilf be removed in D1.3.

135.5.10.2.1 PRBS13Q test pattern

A PMA may optionally include a PRBS 134 test-patiern generator as specified in 128.¢

135.5.10.2.2 PRBS31Q test pattern

A PMA may optionally include a PRBS3 14 test-patiern generator as specified in 1
135.5.10.2.3 SSPRQ test pattern

A PMA may optionally include a short stress pattern random quaternary (SSPRQ)) test-patiern generator as
specified m 12051123,

1358.5.10.2.4 Sguare wave {quaternary} test pattern

Transmit square wave (quaternary) test-patiern generator optionally apphies to each lane of the Tx direction
PMA towards a physically instantiated 30GAUI-1 or 100GAUI-1, or towards a PAM4 PMD service
interface whether or not it is physically instantiated as specified ip 126 11.52.4

135.6 PMA MDIO function mapping

The optional MDIO capability described in Clause 43 describes several vaniables that provide control and
statos information for and about the PMA. Since a 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 45.2.1 and 135.1.4 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 those for MMD 1.

Mapping of MDIO control variables to PMA conirol variables is shown in Table 133-2. Mapping of MDIC
status variables to PMA status varables is shown in Table 135-3. Mapping of MDIO counter to PMA
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counters is shown in Table 135-4. These tables provide the register and bit numbers for the PMA addressed
as MMD 1. For implementations with multiple PMA sublayers, additional PMA sublayers use the

conresponding register and bit numbers 1 MMDs 8, 9, and 10 as necessary.

Table 135-2—MDIO/PMA control variable mapping

MBI variable

PMA/PMD register name

Register/
bit number

PRIA control variable

PMA remote loopback PMA/PMD countrol 1 101 Remote_loopback enable
PMA Iocal Joopback PMA/PMD control 1 1.0.0 Local_loopback _eunable
Laxe 1 up transwsitter pre- | PMA precoder control up Tx 16021 precoder np (x_enable 1
coder enable

Lane 0 up trapsmitter pre- | PMA precoder control up Tx 1.602.0 precoder_up_tx_enable_0
coder enable

Lane { up receiver pre- PMA precoder control up Rx 1.603.1 precoder up rx_enable 1
coder enable

Laxe 0 up receiver pre- PMA precoder controf up Rx £.603.0 precoder up rx_enable O
coder enable

Lane 1 down transmitter PMA precoder control down Tx 1.600.1 precoder_down_fx_enable 1
precoder enable

Lane 0 down transmitter PMA precoder control down Tx 1.600.0 precoder_down_fx_enable 0
precoder enable

Laxe 1 down receiver pre- | PMA precoder control down Ry Logid precoder_down_rx_emable 1
coder enable

Lane 0 down receiver pre- | PMA precoder control down Rx 1.601.0 precoder_down_rx_enable 0
coder enable

PRBS31 patiern enable PRBS patiern testing conirol 1.1501.7 PRBS31_enable

PRESY pattern enable PRBS pattern testing countrol L5016 PREBS9_enable

PREBSE3TQ pattern exable PREBS pattern testing control 13150113 PRBE3IQ pattern_cnable
SSPR{} pattern enabie PRBS pattemn testing control 1150114 SSPR{} pattern_enable

Tx generator enable PRES pattern testing control 115013 PRBS_Tx gen eunable

Tx checker enable PRBS pattern testing congrol 1.1501.2 PRBS Tx check enable

Rx generator enable PRBS pattern testing control LESOES PRBS_Rx_gen enable

Rx checker enable PRES pattern testing control £.1501.0 PRBS Rx check cnable
Lane 0 SW enable Square wave festing control 1.1510.0 Square_wave_gnable 0
Lane 1 SW enable Square wave testing control L1510 Square_wave enable 1
Lare 2 SW enable Square wave testing coutrol 1.1510.2 Sguare_wave enable 2
Lane 3 SW enable Square wave testing control 115163 Square_wave_cuable 3
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Table 135-2MDIQ/PMA control variable mapping {continued)

MBIG variable PMAPMD register name bgiengizi;r PMA control variable
Lane 0 PREBS13Q enable PRBSI3Q testing control 115120 PRES13(Q _enable 0
Lane 1 PRBS13(} enabie PRBS 34} testing control L5123 PRBSI3Q enable 1
Lare 2 PRBS13Q enable PRBSI3Q testing control 115122 PRBS130Q_enable 2
Lane 3 PRBS13Q cnabie PRBSI3Q testing control 1.15123 PRBSI3Q enable 3

Table 135-3—MDIG/PMA status variable mapping

ability

MBIO status variable PMA/PMD register name | onoter/bit PMA status variable
PMA local loopback ability PMA/PMD statas 2 1.8.0 Local_loopback ability
PMA remote loopback abiitty | 40G/100G PMA extended 11315 {00G_Remote_loopback abii-

ability ity

500G PMA remote loopback 50G PMA extended ability 122,15 50G_Remote_loopback
ability ability
PRBSY TxX generator ability Test-pattem ability 1.1300.5 PRBSY Tx generator_ability
PRBSY Bx gencrator ability Test-pattern ability 1.1560.4 PRBESY Rx generator_ability
PRBS31Tx generator ability Test-paitern ability 1.1500.3 PRBS31_Tx_generator ability
PRBS31Tx checker ability Test-pattern ability 1.1500.2 PRBS31_Tx_checker_ability
PRBS31 Rx gencrator ability | Test-pattern ability 1.1500.1 PRBS831 _Rx_ generater_ability
PRBE31 Rx checker ability Test-pattem ability £.1500.0 PRBS31 Rx checker ability
Square wave test ability Test-pattern ability 1.1500.12 Square_wave_ability
PRBS13Q Tx generator Test-pattern ability 1.1500.11 PRBSI3Q gen Tx ability
ability
PRBS513Q Rx gencrator Test-pattern ability 1.1500.10 PRBSI30Q _gen Rx ability
ability
PRBS31Q Tx generator Test-pattern ability 1.1500.9 PRBS31Q_gen Tx ability

PRBS31Q Rx generator
ability

Test-pattern ability

115007

PRBS31(_gen mx_ability

PRBS310 Tx checker ability | Test-pattemn ability 1.1500.8 PRBS31Q_Tx_checker ability

PRBS31Q Rx checker ability | Test-pattern ability 1.1500.6 PRBS310 _Rx_checker abil-
ity

SSPRG Tx generator ability Test-patiem abikity 1.1500.13 SSPRGQ_gen Tx_ability
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Tabie 1358~-4—MDIO/PMA counters mapping

coistor/hi
MBI variable PYMA/PMD register name Register/bit PMA ¢tatus variable
aumber

Bxror connter Tx, lane PRBS Tx patfem testing 1.1680 InG PRBS Tx test e counter
error counter, lane 0

Erwor counter Tx, lane 1 PRBS Tx pattern testing 1.1601 Lol PRBS Tx test err counter
error counter, lane §

Brror counter Tx, lane 2 PRBS Tx pattemn testing 1.1602 Ln2 PRBS Tx test err counter
error connter, lane 2

Error counter Tx, lane 3 PRBS Tx pattern testing 1.1603 Ln3 PRBS TX test ¢rr counter
etror counter, lane 3

Error counter Rx, lane & PREBS Rx pattern testing i.1760 Lnd PRBS Rx test err counter
error couner, lane €

Error connter Ry, lane 1 PRBS Rx pattern testing 1.17681 Lal PRBS Rx test err counter
error counter, lang

Erwor counter Rx, lave 2 PRBS Rx pattern testing 11702 Ln2 PRBS Rx test exr connter
error counter, lane 2

Error counter Rx, lane 3 PRBS Rx pattern testing 1.1793 In3 PRBS Rx test err counter
error connter, lane 3
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135.7 Protocol implementation conformance statement {PICS) proforma for
Clause 135, Physical Medium Attachment {(PMA) sublaver, type S0GBASE-R and
100GBASE-P®

135.7.1 Introduction

The supplier of a piotocol aplementation that is claimed to conform to Clause 133, Physical Medium
Attachment (PMA) sublayer, type 50GBASE-R and 100GBASE-P, shall complete the following protocol
traplementation conformance statement (PICS) proforma.

A detailed description of the symbols used in the PICS proforma, along with instructions for completing the

N g

PICS proforma, can be found in Clanse 24
135.7.2 identification

135.7.2.1 Implementation identification

Supplicr’

Contact point for enquiries about the PICS!

. - PN 3 %7 . 2
Emplementation Name(s) and Versmn(s)l"

Other information necessary for full identification—e.g.,
name(s) and version(s) for machines and/or operating
systoms, Systern Name(s)”

NOTE 1—Required for all implementations.

NOTE 2—May be completed as appropriate in weeting the requirements for the idexntification.

NOTE 3—The terms Name and Version should be interpreted appropriately to correspond with a supplier’s terminol-
ogy (c.g., Type, Serics, Model).

1358.7.2.2 Protocol summary

{dexntification of protocol standard TEEE Sid 802.3¢d-201x, Clause 135, Physical Medinm
Attachment (PMA) sublayer, type S0GBASE-R and
HIOGBASE-P

{dentification of amendments and corrigenda to this
PICS profouma that have been completed as paxt of
this PICS

ception items been reguired? No [ ]
the answer Yes means that the implementation does not conform to IEEE Std 802 3cd-201x.)

Date of Statenient

BCopright release for PICS proformas: Users of this standard may freely reproduce the PICS proforma in this subclause so that it can
be wsed for its intended purpose and may further publish the completed PICS.
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ftem Feature Subclause Value/Comment Status Support
#P3EQ PMA for 50GBASE-R 13511 0.1 Yes |}
Nof}
*P100 PMA for 100GBASE-P 135.11 Q.1 Yes { ]
No (|
*LMNU Number of lanes in 13514 Divisor of number P50: M 211
direction of MAC of PCS lanes ifl
P10G:M 41}
i}
*PUN NRZ modulation nsed for | 13556 {(PAG*LNU=2)+ Yes [}
physically instantiated (PIOOALNU=4)M | N/A{}
PMA service interface
*PUP PAM4 modulation used 13556 (PSO*LNU=1)+ Yes |}
for physically instantiated (PIOO*LNU=2) M N/ATY
PMA service interface
*LND Number of lanes in the 13514 Divisor of number P3O M 2{]
direction of PMI} of PCS lanes 11}
P163:M 4ij
21}
i}
*PDN NRZ modulation used for | 13556 (PAG*LND=2)+ Yes i}
physically lustantiated (PIOO*IND=4)M | N/AT{}
service interface below
the PMA
*PDP PAM4 modulation used 13556 (PEO*LND=1)+ Yes |}
for physically instantiated (PIOGFLND=2)+: N/ATY
service interface or PMD M
service interface below
the PMA
MD MO 1356 Registers and wtey- | O Yes i}
face supporied No [}

135.7.4 PICS proforma tables for Physical Medium Attachment (PMA) sublayer, type
S0GBASE-R and 100GBASE-P

135.7.4.1 Functions

ftem Feature Subclanse Valve/Comment Status Support
Fi Maintain lane mapping 13552 Maintain sequence of M Yes |}
while fink is in operation PCSLs/FECLs on all
sutput Janes
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ftem Feature Subclause Vahee/Comment Status Support
S1 Skew generation toward 3P0 in 135531 <29 us PID:M Yes | |
Tx direction NAT]
S2 Skew Variation generation 135531 <200 ps PID:M Yes | ]
toward SPO in Tx direction N/AT
S3 Skew Variation tolerance at SPO | 135332 Mintmum 200 ps PIUM Yes |1
N/AT]
54 Skew generation toward SP1 in 135533 <29 ns PID:M Yes |}
Tx direction N/ATL
S5 Skew Variation gencration 135533 <200 ps PID:M Yes|]
toward SP1 in Tx directiont N/AT]
56 Skew Variation tolerance at 3P} 135534 Mirdmum 200 ps PILM Yes [ |
N/A ]
S7 Skew generation toward SP2 in 135538 <43 ns PiP:M Yes |}
Tx direction N/AT]
S8 Skew Variation generation 135535 <400 ps PIP:M Yes [}
toward SP2 in Tx direction N/AT]
59 Skew Variation tolerance at SPS | 135536 Minimum 3.6 ns PIPM Yes | §
N/AT
Si0 Skew generation toward SP6 in 135537 <160 ns PIU:M Yes [}
Rx direction N/ATY
51 Skew Variation generation 135537 <38 ns PIUM Yes | |
toward SF6 in Rx direction N/A L]
Si2 Skew Vaoation tolerance at SP6 135538 Minimnum 3.8 ng PiD:M Yes |}
N/ATY
S13 Skew generation toward 3P7 in 135539 <160 ns PILM Yes [ ]
Rx direction N/AT]
Si4 Skew Variation generation 135.5.3.9 <38ns PIUM Yes [}
toward SP7 in Rx direction N/ATY
Si5 Skew Variation folerance at SP7 13553.10 | Minimum 3.8 ns PID:M Yes | }
N/AL]
516 Round-trip delay limit for 13554 No miore than 18 432 BT or P3g:M Yes |}
SOGBASE-R 36 pause_guanta N/AL
S17 Round-trip delay linut for 13554 No more than 36 864 BT or PIOOM | Yes|]
100GBASE-P 72 pause_guanta N/AT]
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ftem Featare Subclaunse Value/Comment Status | Support
Etl Lane signaling rate for LAUI-2 2578125 GBd M Yes i}
E2 Lane signaling rate for 26.5625 GBd M Yes {1}
S50GAULZ
E3 Lane signaling rate for 26,5625 GBd M Yes i
S0GAUI-1
B4 Lane signaling rate for one-lane 26,5625 GR4 M Yes i}
50 Gb/s PMD service interface.
Es Lane signaling rate for 26,5625 GBd M Yesi}
100GAUT4
Eo6 Lane signaling rate for 26.5625 GBRd M Yes [ ]
100GAUE-2
E7 Lane signaling rate for two-lane 26.5625 GBd M Yes{}
PMD service interface.
E3 Lane signaling rate for one-lane 53,125 GBd M Yes i}
PMID service iuterface.
E9 Electrical and tuning require- 13551, PHU:M Yes i}
ments of Annex 135B through 13555 N/AT]
Annex 135G as appropriate met
by upstreaws LAUL-2, 50GAULn
or 100GAULn
El0 Electrical and timing require- 135.5.1, PID:M Yes{]
ments of Annex 1358 through 13555 N/AT]
Annex 135G as appropriate met
by downstream LAUL-2,
50GAUL-n or H0OGAU-D
135.7.4.4 Diagnostics
ftem Feature Subclause Yaluse/Comment Status Support
*LBL PMA local loopback 13558 Supports local O Yes [ ]
foopback Noii
*LBR PMA remote loopback 13559 Suppotts temote O Yes |}
loopback Noii
Dt PMA local loopback 13558 Meets the LBLM Yes | ]
implemented requirements of VAT
i35.5.8
D2 PMA remote loopback £3559 Meets the LBR:M Yes [ |
implewmented requirements of N/AT]

13559
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Ftem

Feature

Subelanse

Valne/Comment

Status Support

Send PRBS3 1 Tx

13551011

PENO

Yes [ ]
No (]
N/ALY

D4

Send PRBS31 Rx

13551011

PUNO

Yes [ ]
No{l]
AL ]

Chieck PRBS31 Tx

135.5.10.1.3

PUNO

Yes [ ]
No [}
N/ALY

D6

Check PRBS31 Rx

13551011

FDN:O

Yes [ ]
No {1}
N/AL]

Send PRBSO Tx

135510.1.2

PDN:O

Yes [ ]
Noll

N/AT]

1924

Send PRBSY Rx

135514012

PUNO

Yes |}
Ne i
N/A

D9

Send NRZ sguare wave Tx

1355.10.1.3

PDN:G

Yes [ ]
Ne {1
N/AL

D1

Send PRBSI3Q Tx

135.5.19.2.1

[95)
e

PDPG

Yes [ §
No{l
/AL

Dl

Send PREBSI3Q Rx

135.5.10.2.1

PUPO

Yes | ]
Noii
MN/AT]

D12

Send PRBS31¢} Tx

13551022

FDP.O

Yes [ ]
Mo {1
N/AT ]

13

Send PRBS3IQ Rx

1355.19.2.2

PUP.G

Yes [ |
Ne{]
N/A[]

Di4

Check PRBS31Q Tx

PUP.C

Yes [ ]
Noii
MN/A[ ]

D15

Check PRBY310 Rx

135.5.10.22

FDPO

Yes | ]
No i}
N/AL

D16

Send SSPRQ Tx

1353.10.23

POPO

Yes [ ]
No [}
N/AL}

D17

Send quaternary square
wave Tx

PDP:C

Yes [}
Noil]
Y/‘A[ }
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ftem Feature Subclause Value/Comment Status Support

El PMA supports Gray coding | 135572 PUP+PDPM Yes {1
NIA{]

E2 PMA supports Tx 135572 PUP+PDPM Yes {1
precoding N/A{]

E3 PMA supports Rx 135572 PUPHPDP.O Yes {1}

precoding No{}
N/AT]
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138, Physical Medium Dependent (PMD} sublayer and baseband medium,
type S0GBASE-CR, 100GBASE-CRZ, and 200GBASE-CR4

136.1 Overview

This clanse specifies the S0GBASE-CR PMD, the 100GBASE-CR2 PME. the 200GBASE-CR4 PMD, and
the bascband medium. The specifications for the three PMDs are similar, except for the munber of lanes and
associated parameters and the MDL

There are three associated annexes. Annex 136A provides information on parameters with test points that
may not be testable 1n an fmplemented system. Annex 1368 specifies test fintures. Annex 136C describes
S0GBASE-CR, 100GBASE-~CR2, and 200GBASE~CR4 host and cable assembly form factors.

When forming a complete Physical Layer, a PMD shall be connected as iHlustrated m Figure 136-1, to the
appropriate sublavers (as specified in Table 1361, Table 136-2, and Table 136--3), to the mediom through
the appropriate MDI, and fo the management functions that arc optionally accessible through the
management interface defined in Clause 45, or equivalent.

Table 136-1—Physical Layer clauses associated with the S0GBASE-CR PMD

Associated clause SOGBASE-CR
132—RS Required
132—50GMIEF* Optional
£33-—PCS for 30GBASE-R Reqguired
134—RS-FEC Required
135—PMA for SOGBASE-E. Regquired
135B—LAUL2 C2C Optional
135D-30GAUL-2 C2C Optional
135F—SO0GAUL-1 C2C Optional
73—Auto-Negotiation Eequired
78-—Enexgy Efficient Ethemet Optional

iThe 50GMII is an optional interface. However, if the SOGMIT is not implemented, a conform-
ing implementation must behave functionally as though the RS and S0GMII were present.
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Table 136-2—Physical Layer clauses associated with the 100GBASE-CR2 PMD 1
o]
Associated clause 100GBASE-CR2 z
80—RS Regquired 5
6
80— GMIP Optioual 7
§2—PCS for IB0GBASE-R Required 8
5 s . 3 9
91—RS-FE Regnired 10
§3—PMA for IOOGBASE-R Optional® il
12
$3A--CAUI-10 Optional 13
DU AU4 C2C Optional 14
i3
135—PMA for 100GBASE-P Required 16
135D—100GAUL-4 C2C Optional 17
18
135F-—100GAUL2 C2C Optional 19
73-—Auto-Negotiation Reguired 20
21
78—Energy Efficient Ethernet Oyptional 92
The CGMII is an optional interface. However, if the CGMII is not implemented, a conforming 23
implementation umst behave fuxctionally as thongh the RS and CGMIT were present. 24
YPMA for 100GBASE-R is required when either CAUI-10 or CAUI-4 is used. 25
26
Table 136~3—Physical Layer clauses associated with the 200GBASE-CR4 PMD 28
29
Associated clause 2DGBASE-CRY 30
31
1V7—RB Reguired 37
{17 200GMII Optional 3;

J
119—PCS for 200GBASE-R Required 35
1 30-—PMA for 200GBASE-R Required ;f;
205--200GAULS €20 Optional 38
1200 200GAUL-4 C2C Optional ;‘;

{
73—Auto-Negotiation Regquired 41
78—Energy Efficient Bthernet Optional :g
“The 200GMU s au opuional interface. However, if the 200GMIL s aot implemented, a con- 4;1,
forming implementation must behave functionally as though the RS and 200GMI were pres- 45
ent. 3
46
7
For the S0GBASE-CR and 100GBASE-CR2 PHYSs. in order 1o support the required frame loss ratio (see 48
§.4223) of kess than 6.2 % 167 for 64-octet frames with minimem interpacket gap. the PMD and Lhe 49
adjacent PMA are required to detect bits from a compliant input signal at a BER lower than 2.4 « 107 2‘;

assuming errors are sufficiently uncormrelated. This BER allocation enables a frame loss ratio lower than i
et i 2 78 =3 t Q - Q o S
10719 after processing by the RS-FEC (Clause 134 or Clause 91) and the PCS (Clause 133 or Clause 82) if 2
there are negligible errors due to other electrical interfaces (30GAUL-n or 100GAUI-n). If the PMD and
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PMA create errors that are not sufficiently uncorrelated, the BER is required to be lower as appropriate to
maintain a frame loss ratio lower than 1070

For the OOGBASE—CRA& PHY, in order to support the required frame loss ratio (see £4.223) of less than
6.2 = 107" for 64-octet frames with miniroum interpacket gap, the PMD and the adjacent PMA arte required
to detect bits from a compliant input signal at a BER lower than 2.4 X 1o assuming errors are sufficiently
uncorrelated. This BER allocation enables a frame loss ratio lower than 9.2 x 1071 after processing by the
PCS (€ ) if there are negligible errors due fo other electrical interfaces (200GAUI-n). If the PMD
and PMA create errors that are not sufficiently umerrﬂldt-ad the BER is required to be lower as appropriate
to maintain a frame loss ratio lower than 9.2 x 1075,

SEE R

A compliant input signal is a transmitter output of a compliant PHY that has passed through a compliant
cable asserably.

S0GBASE-CR, 100GRBASE-CR2, and 200GBASE-CR4 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

fow link utilization {see Clause 78). The deep sleep mode of EEE is not supported.

Figure 1361 shows the relationship of the S0GBASE-CR, 100GBASE-CR2, and 200GBASE-CR4 PMD
sublayers and MDIs to the ISG/IEC Open Systen Interconnection (OS1) reference model.

138.2 Conventions

Clause 136 describes three PMDs, S0GBASE-CR, 100GBASE-CR2, and 200GBASE-CR4 PMD, which
have one, two, and four lanes, respectively. For efficient description, the parameter n is used to describe the
number of lanes in a specific PMD. Accordingly, n=1 for S0GBASE-CR, n =2 for 100GBASE~CR2, and
n =4 for 200GBASE-CR4.

The parameter 7 is used as an index or a suffix to wentify a specific lane, and takes the values 0 to n— L.

Within this clause, the unqualified term “PMD” refers to any of SO0GBASE-CR PMID). 100GBASE-CR2
PMD, or 200GBASE-CR4 PMD.

136.3 PMD service interfaces

This subclause specifies the services provided by the 3SOGBASE-CR, 100GBASE-CR2 and
200GBASE-CR4 PMDs. The service inferfaces for these PMDs are described in an abstract manner and do
oot imply any particolar implementation. The PMD service interface suppotts the exchange of encoded data
between the PMA entity that resides just above the PMD, and the PMD entity. The PMD translates the
encaded data to and from signals suitable for the specified medium.

The 30GBASE-CR PMD service interface is an instance of the ioter-sublayer service interface defined in
131.3, with a single symbel stream (n=1).

lhc 100GBASE-CR2 PMD service interface is an instance of the int\,r-'»;ubidver service interface defined in
6.3, with the exception that there are two parallel symbel streams (n =

Thc 200GBASE-CR4 PMI service interface is an instance of the inter-sublayer service interface defined in
3, with four parallel symbol streams (n=4).
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OSH
REFERENCE
MODEL ETHERNET
LAYERS LAYERS
j HIGHER LAYERS
/ LLC OR OTHER MAC CLIENT
/ MAC CONTROL (OPTIONAL)
i MAC
APPLICATION Ji / 1 RECONCILIATION
/
SESSION 'y 50GBASE-R PCS 100GBASE-R PCS A
SEo9 i 200GBASE-R FCS
/ RS-FEC RS-FEC

TRANSPORT / /

/ PHY
NETWORK /

DATA LINK /

e B
PHYSICAL g g
MEDIUM §
. — s N ~ \. e s
50GBASE-C 100GBASE-CR2 200GBASE-CR4
200GNH = 200 Ghb/s MEDIA INDEPENDENT INTERFACE MAC = MEDIA ACCESS CONTROL
S0GMI! = 50 Gb/s MEDIA INDEPENDENT INTERFACE PCS = PHYSICAL CODING SUBLAYER
AN = AUTO-NEGOTATION PHY = PHYSICAL LAYER DEVICE
COMIl = 100 Gb/s MEDIA INDEPENDENT INTERFACE PMA = PHYSICAL MEDIUM ATTACHMENT
LLC = LOGICAL LINK CONTROL PME = PHYSICAL MEDIUM DEPENDENT
MAC = MEDIA ACCESS CONTROL RS-FEC = REED-SOLOMON FORWARD ERROR
MDI = MEDIUM DEPENDENT INTERFACE CORRECTION

Figure 138-1—50GBASE-CR, 100GBASE-CR2, and 200GBASE-CR4 relationship {0
the ISOAEC Open Systems interconnection {O81) reference mode! and the
IEEE 802.3 Ethernet model

The service interface primitives are summarized as follows:
PMD:IS_UNITDATA_ /. request
PMD:IS UNITDATA iindication
PMIIS _SIGNAL indication
The SOGBASE-SR PME has a single symbol stream, hence i =0,
The 100GBASE-SR2 PMD has two paralie! symbol streams, hence i =0 1o 1.
The 200GBASE-SR4 PMD has four parallel symbol streams, hence i =0 t0 3.
In the transmit direction, the PMA continuously scnds # streams of PAM4 symbols to the PMD, one per

fane, using the PMD:IS_UNITDATA i request prirmitive, at a nominal signaling rate of 26.6325 GBd. The
PMD converts these streams of symbols into appropriate signals on the MDL
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In the receive direction, the PMD continnously sends » streams of PAM4 symbols to the PMA,
corresponding to  the signals received from  the MDIL  one per lame, using the
PMID:IS _UNITDATA iindication primitive, at a nominal signaling rate of 26.6525 GBd.

The SIGNAL_OK parameter of the PMD:IS_SIGNAL .indication primitive corresponds to the variable
Global PMD signal detect as defined in 136.8.4. When Global PMD signal detect is one, SIGNAL OK
shall be assigned the vatue OK. When Global PMD_sigual detect is zero, SIGNAL_OK shall be assigred
the value FAIL. When SIGNAL OK is FAIL, the PMD:IS UNITDATA jindication parameter is
undefined.

136.4 PCS requirements for Auto-Negotiation (AN} service interface

The PCSs associated with the S0GBASE-CR, 100GBASE-CR2, and 200GBASE-CR4 PMDs are required to
support the AN scrvice interface primitive AN LINK indication defined in 73.%. (See 1334, 82.6, and
119.6))

SOGBASE-CR, 100GBASE-CR2, and 200GBASE-CR-4 PHYs may be eatended vsing chip-to-chip (C2C)
SOGAUT-WLAUIL-2, 100GAUL-n/CAUT~n, and 200GAUI-n, respectively, as physical instantiations of the
infer-sublayer  service  imterface  between devices. U soch  extension is  wsed, then the
AN _LINK(link_stams).indication is relaved from the device with the PCS sublayer to the device with the
AN sublayer by means at the discretion of the traplementer. As examples, the implementer may cmploy use
of pervasive management or employ a dedicated clectrical signal to relav the state of link _status as indicated
by the PCS spblayer on one device to the AN soblayer on the other device.

136.5 Delay constraints
The sum of the transmit and the receive delays at one end of the link contributed by the PMD and AN

including the medinm in one direction shall be no more than the maximum delays histed in Table 136-4. It s
assumed that the one-way delay through the medium is no more than 20 ns.

Table 136—~4—Delay constrainis

PMD (?11&?}:::::31 (paiiii;ﬁggia)” Maximum (s)
SOGBASE-CR 2048 4 40.96
FOOGRBASE-CR2 4096 8 40.96
200GBASE-CR4 8192 HS 46,96

#0ne bit time is equal to 20 ps for S0GBASE-CR, 10 ps for 100GBASE-CR2, and 5 ps for 200GBASE-CR4. (See

RS

7 for the definition of bit time.)

%One pause_quantum is egual to 10.24 ns for S0GBASE-CR, 5.12 ns for 100GBASE-CR2, and 2.56 ns for

200GBASE-CR4, (See 318.2 for the definition of pause_quanta.)

Descaptions of overall system delay constraints can be found in 1314 for 530GBASE-CR, i 804 for

100GBASE-CR2, and in 116.4 for 200GBASE-CR4.
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136.6 Skew constrainis

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

136.6.1 Skew Constrainis for S0GBASE-CR

Skew and Skew Variation are defined in 131.5 and specified at the points SPO to SP7 shown in Figure 131~

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 us as defined by 135.5.3.5. Since the signal at the PMI} service interface
represents a serial bit stream, there is no Skew Variation at this point.

The Skew at SP3 (the transmitter MDT) shall be less than 54 ns. Since the signal at the MDI represents a
serial bit stream, there is no Skew Vanation at this point.

The Skew at SP4 (the receiver MDI) shall be less than 134 ns. Since the signal at the MDI represents a serial
bit stream, there is no Skew Varation at this point.

If the PMD service interface is physically instantiated so that the Skew at SP35 can be measured, then the
Skew at SP5 shall be less than 145 us. Since the signal at the PMD service interface represents a serial bit
stream, there is no Skew Variation at this point.

For more information on Skew and Skew Variation, see 131.5. The measurements of Skew and Skew
Variation are defined in 897 2,

136.6.2 Skew Constraints for 100GBABE-CR2 and 200GBASE-CR4

Skew and Skew Variation are defived in 86.5 and 116 5 and specified at the points SP1 to SP6 shown in
Figure 80-8 and & LG5

SRS ECIEN

If the PMD service interface is physically instantiated so that the Skew at SP2 can be measured, then the
Skew at SP2 is linnted to 43 ns and the Skew Variation at SP2 1s lunited to 400 ps.

The Skew at SP3 (the transmitter MDI} shall be less than 34 us 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 imterface is physicaily instantiated so that the Skew at SP5 can be raeasuored, then the
Skew at SP35 shall be less than 145 ns and the Skew Variation at SP3 shall be less than 3.6 ns.

For more information on Skew and Skew Variation see 80.5 and {103

136.7 PMD MDIC function mapping

The optional MDIO capability described in Clause 45 defines several registers that provide control and
statos information for and about the PMD. ' MDIO is implemented, it shall map MDIO control bits to PMD
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Table 136~-5—MDIO/PMD control variable mapping

MDBED control variable PMA/PME register namse ngf;?:g}ﬁ PME control variable
Reset PMA/PMID control § 1.0.15 PMD reset
Giobal PMD transmit disable | PMD transmit disable £.9.0 Global_PMD transmit disable
PMD transntit disable 3 to PMD transmit disable 1943 PMD_transmit_disable 3,
PMD transmit disable 22 PMD_transmit_disable_2
PMD transmit disable 1° PMD transmyit disable 192 PMD _transmit_disable 1
PMD transmit disable O PMID transmit disable 191 PMID_transmit_disable 0
Restart training BASE-R PMD control 11500 aK_restart_fraiing
Training cnable BASE-R PMD control £150.1 mr traindng enable

Polynontial identifier 32

PMD training pattern lane 3

1.1453.12:11

identifier 3

Seed 3?

PMD training pattern lane 3

1.1453.10:0

seed 3

Polynomial identifier 29

PMID traimug pattem lane 2

L1452 82: 11

dentifier 2

Seed 27

PMD training pattern lane 2

1.1452.10:0

sced 2

Polynomial identifier b

PMD training pattern lane 1

114511211

identifier 1

Seed 17

PMD training pattern lane 1

1.1451.10:0

seed 1

Polynomnal identifier ¢

PMD training patters lane 3

3. 1450.32:11

identifier 0

Seed O

PMD training pattern lane 3

£.1430.10:0

seed O

Initial condition request 32

PMD training LP control lane 3

1.1123.13:12

ic_req (lane 3)

Coefficient select 3%

PMD training L.P control lane 3

1.1123.4:2

coef_sel (Jane 3)

Coefficient request 3°

PMI traimung LP control jane 3

1112310

coef req (lave 3)

Initial condition request 2%

PMD training LP contio} lanc 2

1.1122.13:12

ic_teq (lane 2)

Coefficient select 27 PMD training LP control lane 2 | 1112242 coef sel (lane 2)
Coefficient request 2° FMD training LP control lane 2 | 1.1122.1:0 coef_req (lane 2)
titial condition request 1° PMD training LP control lane 1 | 1182113112 | ic_reg Qane |)

Coefficient select 1P PMD traiming LP control lane 1 | 1.1121.4:2 coef sel (lane 1)
Coefficient request 1° PMD training LP control lane 1 | 1.1121.1:0 coef_req (lane 1)

Initial condition request 8

PMD training LP control lane O

1.1120.13:12

ic_reg (laue 0)

Coefficient select §

PMD traimng LP control lane 0

£.1120.4.2

coel sel (lane 0

Coefficient request 0

PMD training LP control fane 0

3HE20.1:8

coef_req (lane ()

dAvailable only in 200GBASE-CR4.
b Available onfy in 100GBASE-CR2 and 200GBASE-CR4.

190

Copyright © 2017 IEEE. Al rights reserved,
This is an unapproved IEEE Standards draft, subject {o change.

Marvell Semiconductor, Inc. - Ex. 1002, Page 000303

20

I
—

W ed Lo L L L Lo L2
OO Y DN W e N



Draft Amendment to [EEE Std 802.3-2015

IEEE P802.3cd Task Force

IEEE Draft P802.3cd/D1.2
ard February 2017

Tabie 136~6~MDIO/PMD status variable mapping

MO status variable PYMA/PMD register name Rffj;t:;;?h PMID status variable
Fault PMA/PMD status | LE7 PMD_fauit
Transmit fanlt PMA/PMD status 2 £.8. 11 PMD transmit fault
Receive fault PMA/PMD status 2 1.8.10 PMD receive fanlt
Global PMD recetve signal detect PMD receive signal detect 1.10.0 Global PMID_signal detect
PMD receive signal detect 3 o PMD receive sigual detect 11043 PMD signal detect 3 1o
PMD receive signal detect 2° PMD_signal detect 2
PMD receive signal detect 1P PMD receive signal detect 1.10.2 PMD signal detect 1
PMD receive signal detect 0 PMD recetve signal detect £.10.3 PMI> signal detect O
Receiver status 3° BASE-R PMD status LESLI2 rx_trained 3
Frame lock 3° BASE-R PMD status 15113 local_frame lock 3
Statt-up protece! status 3° BASE-R PMD status 1.151.14 fraining_3
Training failure 3* BASE-R PMI} status LSS training_failore 3
Receiver status 2° BASE-R PMD status £.151.8 rx trained 2
Frame lock 22 BASE-R PMD status 11519 local frame lock 2
Start-up protocol statug 2° BASE-R PMID status LISLI0 traiming,_2
Training failure 2% BASE-R PMD status 510t traweing_failure 2
Receiver statug 1° BASE-R PMD status 1.E514 rx_trained 1
Frame lock 1° BASE-R PMD status 11515 Iocal_frame_lock 1
Start-up protocol status 1b BASE-R PMD status 1.151.6 traiping 1
Training faiture 1° BASE-R PMD status LESET gaindng_failure |
Receiver status 0 BASE-R PMD status L1510 rx_trained 0
Frame lock 0 BASE-R PMD status 1E511 local_frame lock 0
Start-up protocol status § BASE-R PMD status 11512 training,_ 0
Training faiinre O BASE-R PMD status L1513 tratning_failure 0
Receiver ready 39 PMD training LP status lane 3 | 1122315 remote_rx ready (lanc 3)

Modulation and precoding status 32

PMD training LP status lane 3

1122311010

tp_mode (lane 3}

Receiver frame lock 32

PMD training LP status lane 3

Initial condition statos 32

PMD training LP status lane 3

ic_sts (lane 3)

Coefficient status 32

PMD training LP status lane 3

coef sts (lane 3)

Receiver ready 22

PMD iraining LP status lane 2

remote_rx_ready (lane 2}

Modulation and precoding status 2°

FMD training LP status lane 2

1122231010

tp_mede (lane 2}

Receiver frame lock 2°

PMD training LP status lane 2

£.3222.9

Initial condition status 22

PMD training LP status lane 2

112228

ic_sts {lane 2)
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Table 136-6—MDIO/PMD status variable mapping (confinued)}

MO status variable PYMA/PMD register name Register/hit PMID status variable
number
Coefficient status 27 PMD training LP status Iane 2 | 3.1222.2:0 coef sts (lane 2)

Receiver ready 17

PMD training LP status lane |

£3221.85

remote_rx_ready (lane {})

Modulation and precoding status 1

PMD iraining LP status lane 1

1.1221.11:10

ip_mode (lane 1)

Receiver frame lock 1° PMD training LP status lane 1 | 112219 remote_tf lock (Jane 1)
Initial condition status 1° PMD training LP status lane § | 112218 ic_sts (lane 1)
Coefficient status 17 PMD training LP status lane { | 1.1220.2:0 coef_sts (lane 1)
Receiver ready © PMD training LP status lane ¢ | 1.1220.15 remote_rx_ready (lane 0)

Modulation and precoding status 0

PMID training LP status lane ¢

1.1226.11:10

ip_msde (lane 6)

Receiver frame Jock 0 PMD wraining LP status lane 0 | 112209 rewmote 1€ tock (ane 0)
Initial condition status § PMD training LP status lanc © | 112208 ic_sts (lanc 0}
Coefficient status & PMD fraining LP status lane 0 | 1.1220.2:0 coef_sts (lane §)

3Available only in 200GBASE-CR4,
bAvailable only in {00GBASE-CR2 and 200GBASE-CR4.

136.8 PMD functional specifications

136.8.1 Link block diagram

One direction of a S0GBASE-CR, 100GBASE-CR2, or 200GBASE-CR4 link is shown in Figure 136-2.
Note that the source lanc (SL) signals SL,<p> and SL<n> are the positive and negative sides of the
transmitter’s differential signal pair on lane 7 and the destination lane (DL} signals DL <p> and DL <> are
the positive and negative sides of the receiver’s differential signal pair on lane 7.

For purposes of system conformance, the PMD sublayer is standardized at the test points described in this
subclavse.

The electrical transmit signal is defined at TP2. Unless specified otherwise, all trapsmitier measurements
and tests defined in 136.9.3 arc made at TP2 utilizing the test fixture specified in 136B.1.1.

The electrical receive signal is defined at TP3. Unless specified otherwise, all receiver measurements and
tests defined in 136.9.4 are pedormed at TP3 utilizing the test fixture specified in 136B.1.1.

A mated connector pair has been included in both the transmitter and recever specifications defined in
136.9.3 and 136.9.4. The recommended maximum insertion loss from TPO to TP2 or TP3 to TP3 including
the test fixture is provided 1o %2 .8 3.6, Annex 136A provides information on parameters associated with test
points TPO and TP3 that may not be festable in an implemented system.

The channel (see 136.9) is defined between the transmitter (TP0) and receiver (TPS) blocks to include the
transmitter and receiver differential controlied impedance printed circuit board insertion loss and the cable
assembly insertion loss, as illustrated in Figure 136-2. All cable assembly measurements are to be made
between TP and TP4 as iflustrated in Figure 136-2. The cable assembly test fixture of 136B.1.1, or s
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F L | 100GBASE-CR2: 2x ¥ |
| ] | @ ZOGuB!-\SE--CFsﬁl. 4x M“L,‘ | |
| SL<p> | Signal<p> / . s DL,»<p>v |
[ PMD  [SLz<n> | Signat<n> / o RLAn> L pup |
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- T | Signal; shield i feceive —ti
function —~ — - .o e - - iy - 71 function
E o e e |
F ] Lil__l'__!.iggs!jleidv_ ______ HIJ ] |
S L SN - |
! e . |
TX PCB ) RXPCB
| ! | | |
| L ; Channel ) o |
IR i H Ll
| ‘ | ‘ |
i PMD pie Cable assembly pig PMD pl
f { |

PMDIS_UNITDATA jrequest

PMDIS_UNITDATA findication

Figure 136-2--50GBASE-CR, 100GBASE-CRZ or 200GBASE-CR4 link

{one direction is illusirated)

cquivalent, is required for measuring the cable assembly specifications in 136.10 at TP and TP4. Two
mated connector pairs and the cable assembly test fixture bhave been inchided in the cable assembly
specifications defined in 136.10. Transmitter and receiver differential controlled impedance printed circunt
board insertion losses defined between TPO and the MDI and between the MDI and TP3, respectively, are
provided informatively in 136A 4.

Table 1367 describes the defined test points illastrated in Figore 136--2.

Table 136-7—Test points

Test points Description

TPOto TPS | The chaunel including the transmitter and recetver differential controlied imupedance printed
circuit board inscrtion loss and the cable assembly insertion loss.

TPito TP4 | All cable assembly measurements are made between TP and TP4 as illustrated in

Figure 1362, The cable asserably test fixture of 1368.1.1, or ifs equivalewt, is required for
wmeasuring the cable assembly specifications in 13610 at TP1 and TP4.

TP 10 TP2

A ymated connector pair has been included in both the tansmitter and receiver specifications defined

TP3to TP5 | in 136.9.3 and 136.9.4. The recommended ma.xlmu.m insertion loss from TPO to TP2 or from TP3 to
TP including the test fixture is provided in &

P2 Unless specified otherwise, ail transmitter measurements defined in 136.9.3 are made at TP2 utilizing
the test fixtre specified 1o 1368.1.1

TP3 Unless specified otherwise, all receiver measurements and tests defined in 136.9.4 are made at TP3

utitizing the test fixture specified in 1368 1.1
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136.8.2 PMD transmit function

The PMD transmit function has two operating modes, DATA and TRAINING. The operating mode is
comntrolled by the PMD control state diagram (Figure 136-7).

When eperating in DATA meode, the PMD transmit function shall convert the symbol stream requested by
the PMD service interface message PMENIS _UNITDATA irequesi{ix_symbol) of each lane into an
clectrical signal, and deliver the eclectrical signals to the MDI, according to the fransmit electrical
specifications in 136.9.3. The bighest differential ovtput voltage (SL,<p> raious SL,<ie>) shall correspond {o
tx_symbol = three and the lowest differential output voltage shall correspond to tx_symbol = zero.

When operating in TRAINING mode, the PMD transmit function shall convert the symbeol stream generated
by the PMD control function of each lane into an electrical signal, and deliver the electrical signals o the
MDI, according to the transmit electrical specifications in 136.9.3. The highest differential output voltage
{SL;<p> minus SL;<6>) shall correspond to the symbel 3 and the lowest differential cutput voltage shall
correspond to the symbol 0.

136.8.3 PMD receive function

The PMD receive function shall convert the electrical signal from each of the lanes on the MDI into a
symbol  stream  for delivery  to  the PMD  service imtedace using the  messages
PMD:IS UNITDATA iindication(r_symbol). The highest differential input voltage (DL,<p> minus
DL;<o>) shall correspond to 1x_symbel = three and the lowest differential input voltage shall correspend to
rx_symibol = zero.

136.8.4 PMD giobal signal detect function

For the 30GBASE-CR PMD, the variable Global PMD signal detect is set to PMD signal detect 0 (see
£36.8.5). For the 100GBASE-CR2 and 200GBASE-CR4 PM3s, the variable Global PMD_signal detect is
set to the logical AND of the values of PMD signal detect i from each of the PMD lanes.

136.8.8 PMD lane-by-lane signal detect function

The PMD lane-by-lane signal detect function is used by the PMD to indicate the successful completion of

the start-up protocol by the PMD control fonction (see 136.8.11). PMD_signal_detect_/ shall be set to zero
when signal detect on lane 7 is set to false, and to one when signal detect on lane 7 is set to true. The
signal_detect variables are set independently on each lane by the PMD control state diagram (Figure 136-7).

If training is disabled by the management variable my training enable (see 136.7), PME signal detect /
shall be set to one for all lanes.

When the MDIO is implemented, this function maps the varniables to registers and bits as defined in 136.7.
136.8.6 PMD global transmit disable function {optional}

The PMD global transmit disable function is optional. When implemented, it allows the transmitters on all
lanes to be disabled with a single variable.

When Global PMD iransmit disable variable 1s set to one, this function shall turn off all the transmitters

such that cach transmutier drives a constant level (ie., no transitions) and does not exceed the differential
peak-to-peak output voltage (max.) with Tx disabled in Table 136-11.

If a PMD fault (136.8.8) is detecied, then the PMD mav set Global PMD _transmit_disable to one.
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136.8.7 PMD lane-by-lane transmit disable function

The PME lane-by-lane transmit disable fonction allows the transmitter in each lane to be selectively
disabled.

When a PMD transmit_disable 7 variable is set to one, this function shall tum off the transmitter in lane 7 s0
that it drives a constant level (1.c.. oo transitions) and does not exceed the differential peak-to-peak output
voltage (max.) with Tx disabled in Table 136-11.

If a PMD fault (136.8.8) is detected, then the PMD may set each PMD_transmit_disable 7 to one, turning off
the transmitter in each lane.

If MDIO is not unplemented, an aliervative method shall be provided to access the PMD_transmit_disable_/
variables in order to enable independently disabling each transmit lane for testing purposes.

136.8.8 PMD fault function

PMD_fault is the logical-OR of PMD reccive fault, PMD transmit fault, and any other implementation
specific fault. I the MDIO interface is implemented, then PMD_fault shall be mapped to the fault bit as
specified in45.2.1.2.3.

136.8.9 PMD transmit fault function {(optional)

The PMD transmit fauit function is optional. The faults detected by this fupction are implementation
specific, but the assertion of Global PMD transmit_disable is not considered a transmit fault,

HPMD_transmit fault is set to ong, then Global PMD _transmit_disable should also be set to one.

If the MIDIO interface is tmplemented, thea PMD}_trapsmit_favlt shall be mapped to the Transrait fault bit as
specified in45.2.1.7 4.

136.8.10 PMD receive fault function {optional)

The PMD receive fault function is optional. The faults detected by this function are implementation specific.
A fanlt is indicated by setting the variable PMD _receive fauit to one.

If the MDIO interface is implemented, then PMD_receive_fanlt shall be mapped to the Receive fanlt bit as
specified in 45.2.1.7.5.

136.8.11 PMD control function

The PMD control function performs the PMD start-up protocel. This protocol facilitates timing recovery
and equalization while providing a mechanism through which the receiver can configure the transmitter to
optimize performance. The protocol supports these functions through the continuous exchange of fixed-
length training frames.

The PMD shall implement one 1nstance of the PMID control function described in this subclause for each
lane. The PMD control functions operate independently on each lane.
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136.8.11.1 Training frame structure

The training frame is a sequence of PAM4 symbols whose values correspond to the possible valoes of the
tx_symbol and rx_symbol variables (the symbol values 0, 1, 2, and 3 correspond to tx_symbol or mx_symbol
values zero, one, two, and thiee, respectively). The structure of a training frame is shown in Figure 136-3.

16 3’s followed by 16 U's Frame marker (32 Ul)
X ™
o . Cell 15
Transmission order is left-
to-right then fop-io-bottom
> Control field (128 Ul
Celf 0 <
Cell 15
>’ Status field (128 Ut)
Celi 0 ﬁ
L L Training pattern and zero
T e > pad (16 384 U
[ 0oy 4

Figure 136~3—Training frame structure

436.8.11.1.1 Frame marker

Training frames are delimited by a specific sequence of PAMA4 symbols. The training frame marker is a nun
of 16 consecutive “37 svmbols followed by a run of 16 consecutive 07 symbols. This sequence is not found
in the control field, status field, or training pattern and it aniquely identifies the begioning of a training
frame.

136.8.11.1.2 Control and status fields

The control fickd comprises 16 bits with the structure defined in 136.8.11.2. The status ficld comprises 16
bits with the stracture defined 1o 136.8.11.3.

Each bit of the control and status ficlds is sent as a differential Manchester encoded cell where cach cell is
cight unit intervals in length. The specific rules for this encoding follow.

a) A transition from 0 10 3 or from 3 to 0 occurs at the start of the cell.

by A transition from 0 10 3 or from 3 to O at the midpoint of the cell, ie.. four vait intervals from the
transition at the beginning of the cell, corresponds fo a logical one.
¢y The absence of a transition at the midpoint of the cell corresponds to a logical zerc.

The control field is transmitted troreediately after the frame marker where the first cell transmitted
corresponds to the highest bit index in the field. The status field is transmitted immediately after the control
field where the first cell transmitted corresponds to the highest bit index in the field.
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136.8.11.1.3 Training pattern

The training pattern is the resolt of a training pattern generator equivalent to the strocture shown in
Figure 136-4.

Bl X3 g 00
Training
A N pattern
PRBS . Gra output
generator B 12 B cgdgr 10 e »
) E—

Polynormial selection
identifier_i B Precoder Bt 11
seed_i

Selector %
11 = PAM4 with precoding
10 = PAM4

00 =PAM2

Figure 136~-4—Training pattern generator

A set of four PRBS generator polynomials are defined to minimize correlated interforcnce between PMDs,
or physical lanes within a PMD, doring the start-up protocol. The PREBS generator for each lane shall
inplement each of four generator polynorials defined in Table 136-8. The polynomial used in eachlanc 7 is
selectable by identiflier i, The default identifier for each lanc is its lane number (¢.g., the default value for
identifier 0 is 0 which selects polynomial 0). A sample implementation of the PRBS generator for
identifier 7 = 0 is shown in Figure 136-3.

Nt
1 /%

i ] i i
B 52 E 83 ‘ &4 1 S5 Sﬁ{ 57 ‘ g8 1 89 15195311 sz

V PRBS pattern ouipul

Figure 136-5—Training pattern PRBS generator (identifier_i = §)

At the start of the training pattern, the state of the PRBS generator shall be sct to the valoe seed /. The
defaunlt value of seed 7 shall be the value given in Table 136-8 for n =i, A seed of all zeros is not valid.
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The polynomials for each identificr value » and the default seeds, as well as the first 13 symbols of the train-
ing pattern for each modulation and precoding mode, using the default seed, are provided in Table 136-8.

Table 136—8—Training patterns

S o ) Initial output,
n | Pelynomial s, G(x) “‘5";‘“; t’if“'ed '“’t;fi%‘;?“" I““"!;‘;%‘;ZW" PAM4 with
” U o~ precoding

12 iR

G E+x+x"+ 57 +x | 0000010101013 0030330336000 1031320220111° 1301260200101

P+ x| poltiowon0et | 3030303030333 | 3030213021333 | 3122012201212

3
4

2 b i+t w8+t | 1001000101100 | 0303333033030 | 1212332133031 | 1102120121301

3 E+x"+% +x +x0 | 0100010000010 3330300030330 2231210121221 2032013201110

*The leftmost bit in the sequence corresponds to the initial value of SO and the rightwost bit correspends to the initial
value of 512
bThis is equivalent to the PRRS13Q test pattern defined in 130

For a given configuration of the PRBS generator, there arc three possible training paiterns. The construction
of each traiming pattern begins by demultiplexing the PRBS generator output into pairs of bits {A, B} where
A corresponds to the 1st, 3nd, Sth, etc. bits output by the PRBS generator and B corresponds to the 2nd, 4th,
6th, etc. bits output by the PRBS generator. There is a new pair of bits each unit interval which implies that
the PRBS generator is required to generate bits at twice the signaling rate. Given these pairs of bits, the theee
different training patterns correspond to three modulation and precoding modes: PAM2, PAM4, PAMA4 with
precoding,

When the modulation and precoding mode is set to PAM?, the training patterm is the sequence of 16 382
PAM4 symbols derived by mapping only the A bits such that logical 0 is transmitted as 0 and logical 1 is
transmitted as 3.

When the modulation and precoding mode is set to PAMA4, the training pattem is the sequence of 16 382
PAM4 svmbols derived by Gray coding the { A, B} pairs as specified in 135.5.7.1.

When the modulation and precoding mede is set to PAM4 with precoding, the training pattern is the
sequence of 16 382 PAMA4 symbols dertved by Gray coding the {A. B} pairs as specified in 135571 and
precoding the result as specified in 135.5.7.2. The precoder state is initialized to 0 at the begimning of each

traiping pattern, so that P(=0) in Equation (135-1) is set to 0.

The modalaticn and precoding mode is set to PAMZ upon eatey to the INITIALIZE staie of the PMD conirol
state diagram (see Figure 136-7).

NOTE-—Exiting TRAINING mode requires both sides to use PAM4 modulation, thus the request and the status of the

modulation and precoding are both equired to have values other than PAMZ (either “PAM4” or “PAM4 with precod-
ing”).

136.8.11.1.4 Zero pad

Two “0” symbols are transmitted immediately after the training pattern. This zero pad ensores the training
frame is DC balanced and helps to delineate the start of the frame marker for the next training frame.
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136.8.11.2 Control field structure

The structure of the control ficld shatl be as shown in Table 136-9.

Table 136-9—Control fieid structure

IEEE Draft P802.3cd/D1.2
ard February 2017

Bit(s) Name Bescription
15:14 Reserved Tragsmit as 0, igeore on receipt
13:12 {nitial condition request 13 42

1 1 =Prreset3
1 6 =Preset2
0 1 =Preset}
0 ¢ = Individual coefficient control
11010 Reserved Transmuit as 0, ignore on receipt
9:8 Modulation and precoding 9 8
request i1 1 =PAM4 with precodiug
1 0 =PAM4
0 1 =Reserved
0 O =PAM2
7:5 Reserved Transmit as 0, ignore on receipt
4:2 Coefficient selec 4 3 2
11 0 =c-2)
i1 1 =~
0 ¢ 0 =0
0 9 1 =¢b
10 Cocefficient request i ¢
i 1 = Noequalization
1§ =Decrement
0 1
0 0

136.8.11.2.1 initial condition request

The initial condition request bits are used to select one of the thice pre-defined transmitter equalizer
configurations (presets) specified in 136.8.11.3.4. When the initial condition request bits are 00, the
cocfficient select and coefficient request bits are used to update the transmitter equalizer configuration.

4136.8.11.2.2 Modulation and precoding request

The modulation and precoding request bits are used to request that the Iink parlner transmitter transmit one

of the three training pattern formats defined in 136.8.11.1.3.

136.8.11.2.3 Coefficient select

The coefficient select bits are used to identify the cocfficient that is the target of a coefficient request. The
ralue of the field is the two’s complement encoding of the coefficient index. For example, binary value 111

corresponds to a coefficient index of —1.

Copyright © 2017 IEEE. All rights reserved.

This is an unapproved {EEE Standards draft, subject to change.

Marvell Semiconductor, Inc. - Ex. 1002, Page 000312

199

20

I
—

W ed Lo L L L Lo L2
OO Y DN W e N



Draft Amendment to |[EEE Std 802.3-2015 IEEE Draft P802.3cd/D1.2
{EEE P302.3cd Task Force 3rd February 2017

136.8.11.2.4 Coefficient request

The cocfficient request bits are used to change the value of the coefficient specified by the coefficient sclect
bits. A coefficient may be changed by incrementing or decrementing its value or by setting it to “No
equalization”. The “No cqualization” value is 1 for ¢(0) and 0 for o-2), ¢(~1), and c{1).

136.8.11.3 Status fieid structure

The strocture of the status field is shown in Table 136-10.

Tabie 136-10—Status field structurs

Bit(s) Name Pescription

15 Receiver ready 1 = Traimug is complete and the receiver is ready for data
0 = Request for training to confinue

14:12 | Reserved Transwit as O, ignore on receipt
11:10 | Modulation and precoding i1 19
status 1 1 =PAM4 with precoding
i 0 =PAM4

¢ 1 =Reserved
0 0 =PAM2

9 Reeeiver frame lock 1 = Frame boundaries identified
0 = Frame boundarics not identified
8 Initial condition status 1= Updated
0 = Not updated
7 Parity Even parity bit
6 Feserved Transmit as 0, ignore on receipt
53 Coefficient select echo 5 4 3
11§ =c=2
11 3 =ct-b
0 0 0 =c0)
0 0 | =cl)
2:0 Coefficient status 2 1 0
1 1 1 =Reserved
1 1 ¢ =Coefficient at limit and equalization limit
i1 0 | =Reserved
1 0 0 =Egualization Hmit
0 1 1 =C{ocfficient not supported
g 1 0 =lCo ient at limit
0 0 I =Updated
6 0 8 =Notupdated

136.8.11.3.1 Receiver ready
The receiver ready bit is used to signal the local receiver state to the ok partner. When this bit is 1,

indicates that the local receiver has completed training and is prepared to receive data. When this bitis 0, it
indicates that the local recetver is requesting that training continue.
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136.8.11.3.2 Modulation and precoding status

The modulation and precoding status bits acknowledge the modulation and precoding request bits received
from the link partner. When a change in the received modulation and precoding request bits are detected, the
format of the training pattern is changed accordingly (see 136.8.11.1.3). The modulation and precoding
status bits are then updated to confirm that the change to the format of the training pattern was completed.
136.8.11.3.3 Receiver frame lock

When the receiver frame lock bit is set to 1, the receiver is indicating that it has identified training frame
marker positions and is in a state wheie the response time requirements specified in 136.8.11.6 are met.

Recetver frame lock shall be set to 0 upon entedog TRAINING mede and shall not be set to 1 until
local tf lock is true.

136.8.11.3.4 Initial condition status

The initial condition status bit acknowledges the initial condition request bits received from the link partner.
The acknowledgment reflects the value of ic_sts resulting from the procedure descabed in 136.8.11.4.

136.8.41.3.5 Parity bit

The parity bit is calculated based on the other bits in the control field and statos field to create even parity for
these fields. Even parity ensures that the resulting pattern is DC balanced. This ficld may be ignored on
receipt.

136.8.11.3.8 Coefficient select echo

The coefficient select echo bits acknowledge the coefficient select bits received from the link partaer. When
a change to the coefficient select bits is detected, the coefficient select echo bits arc updated to represent the
same coefficient index. This serves as a confirmation to the ok pariner that subsequent coefficiont requests
will act on the targeted coefficient.

136.8.11.3.7 Coefficient status

The cocfficient status bits acknowledge the coefficient request bits received from the link partner. The
acknowledge reflects the value of coef_sts resulting from the procedure described in 136.8.11.5.

136.8.11.4 Initial condition setiing

When a change to the initial condition request bits is detected, the coefficients are configured in a manper
consistent with the following algorithm.

if ic req = ind ctl

sts = not upd

if ic req = preset 1
Set coefficients to preset 1

-

¥%]
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The varables ic_req and ic sts are defined in 136.8.11.7.1. The transmitier equalizer coefficients
corresponding to each of the three presets shall be within the ranges specified in Table 136-12.

The transnutter equalizer is set to preset 1 upon entry to the INITIALIZE state of the PMD control state dia-
Zram.

136.8.11.5 Coefficient update

When a change to the coefficient select or coefficient request bits is detected, the comresponding coefficient
update is performed in a manner consistent with the following algorithm.

if k in k_list

£ coef
ck =K1
else i redg
ck_ask (ki .
ise if coef req = NO EQUALIZATION
if k=20
ck ask = 1
else
ck ask = 0
end if
else
ck ask = c(k)
end if

AT LIMIT AND EQUALIZATION LIMIT

AT LIMIT

AT LIMIT AND EQUALLZATION LIMIT

coef sts = COEFFICENT AT LIMIT

end if

else 1if CHECK EOQ{ck ask, k)

coef sts = EQUALIZATION LIMIT

coef sts = COEFFLICIENT NOT SUPPORTED

The variables coef_req, coef _sts, and k are defined in 136.8.11.7.1. The following additional variables and
fonctions are used.

c(k)
‘ariable that contains the current vatue of the coefficient c(k).
Copyright © 2017 IEEE. Al rights reserved,
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ck_ask
Variable that contains the value of ¢l that would result from the requested update.
ck_min
/ariable that contains the minimum supported value of c(k).
ck max
Variable that contains the maximom supported value of c(k).
ck_sip
Variable that contains the maguitade of the change in ¢(k) for one step up or one step down
from its current value.
k list

The set of valid {ransmiticr equalizer coefficient indices {2, ~1, 0. 1}.

CHECK_EQ(ck_askk)
Compares the transmitter’s steady-state voltage that would result from setting transmit equal-
ization coefficient (k) value to ck_ask, while keeping all other coefficients unchanged, against
the ransmitier’s steady-state voltage {sec 136.9.3.1.2) and equalization capability. Returns
true if the resulting combination of coefficients would exceed the maxinmum steadv-state volt-
age or the transmitter’s equalization capability . Otherwise returns false.

436.8.11.6 Handshake timing

Changes to the configuration of the transmutter equalizer or the transmitted training pattem may occur at any
point between the time the request for the new configuration is received and the time that the request is
acknowledged.

The time from the receipt of a new request 1o the time that request is acknowledged shall be less than 2 ms
when the receiver frame lock bit in the status field of transmitted training frames is set to 1. A new request is

efined fo be a received training frame whose control field differs from the control field of the preceding
training frame. An acknowledgment is defined as the first transmitted training frame that contains a status
field encoding that is an appropriate response for the requested action. For example, a change in the coeffi-
cient select bits in the control field would be acknowledged by a change in the coefficient select echo bits of
the status field. Similarly, a change in the modulation and precoding request bits in the control field would
be acknowledged by a change in the modnlation and precoding status bits in the status field. All timing mea-
surernents are referred to a common reference point within the traimng {rame {(e.g., the 3 to O transition in
the training frame marker).

The timing of requests and acknowledgment is fHlustrated in Figore 136-6.

Link partner Reguest X 'y"\ Reguest Y
v
:Prcpagatic-n ‘ Response
¢ time . fime:
. Acknowledgment X X Acknowledgment Y
Local device

AY
. . N Al A N . . .
Transmitter configuration X mmm& Transmitter configuration Y

Figure 136~8~—Transmitter update timing
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136.8.11.7 Variabies, functions, timers, counters, and state diagrams

The PMD implements one instance of ecach of the PMD control state diagrams, and the sct of associated
variables, functions, counters and timers defined in this subclause, independently for cach of the n physical
lanes.

136.8.11.7.1 Variables

coef 1eq
Enumerated variable derived from the “coefficient request” bits from the control field of the
recetved training frames (see 136.8.11.2). This variable may be one of the following values:
hold, decrement, increment, no equalization.

coef sel
Variable derived from the “cocfficient select” bits from the control field of the received
tramning frames {(see 136.8.11.2). It 15 assigned a signed integer value that is the two’s
complement interpretation of the bits.

coef sts
Enumerated variable that may be assigned one of the following values (abbreviations used by
the state diagram are included in parentheses): not updated (not_upd), updated, coefficient at
limit, coefficient not supported. This value is assigned by the UPDATE_Cn function and
encoded in the status field of transmitted training frames via the ENCODE_STS function.

ic_req
Enumerated variable derived from the “initial condition request” bits from the control ficld of
the received training frames (see 136.8.11.2). This variable may be assigned one of the
following valnes (abbreviations used by the state diagram are included in parentheses):
individual control (ind_ctl), preset 1, preset 2, preset 3.

ic_sts
Enumerated variable that may be assigned one of the following values {(abbreviations used by
the state diagram are inchuded in parentheses): not updated (not_upd), updated.

k

Variable that stores the most recent value of coef sel.

iocal_ex_ready
Boolean variable that is sct to true by the training state diagram when local trained is asserted
and is set to false otherwise. This value is encoded as the “receiver ready” bit in the status field
of transmitted training frames.

ocal tf lock
Boolean variable that is true if the value of training is true and training frame matker positions
have been identified and is false otherwise.

local_trarned
Boolean variable that is set to true when the local receiver has determined that the remote
transmit and local recetve equalizers have been optimized and normal data transmission may
commence. It is set to false otherwise. The exact criteria for setting this variable to true are
implementation specific.

marker valid
Boolean variable that is set to true when the candidate frame marker matches the frame marker
pattern defined in 136.8.11.1.1 and is set to false otherwise.

mr_restart training
Boolean variable used by system management to restart the start-up protocol. When set to troe,
it forces the PMD control state diagram to the INITIALIZE state.
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mr_training enable
Boolean variable used by svstem management {o enable or disable the start-up protocol. When
set to true it enables the start-up protocol, and when set to false #t disables the start-up protocol.

new marker
Boolean vartable that is set to true when a new candidate frame marker is available for testing
and is set to falsc when the TEST MARKER state is entered. A new frame marker is available
for testing when the training frame lock process has accurmated 32 consecutive symbols
starting at the candidate frame start position.

remote_rx_ready
Boolean vanable derived from the “receiver ready”™ bit of the status field of received training
frames. If the bit is 1, the value of remote _rx_ready is true, otherwise it is false.

remote_tf Jock
Boolean variable derived from the “recciver frame lock” bit of the status ficld of received
tratning frames. If the bit 1 1. the value of remote_tf lock is true, otherwise it is false.

Boolean variable that resets the PMD. It is true whenever a reset is necessary including when
reset s initiated from the MIDIO, during power on, asd when the MDIO bas put the PMD into
low-power mode. It is false otherwise.

signal detect
Boolean variable that is set to true when the traiming process is complete and is set o false
otherwise. The value of signal detect 1s used by the PMD lane-by-lane signal detect function
(136.8.5).

slip_done
Boolean variable that is set to TRUE when the SLIP requested by the Training frame lock state
diagram (Figure 136-8) is completed indicating that the next candidate frame sync posifion
can be {ested.

i offset
Roolean variable that is set to true when receiving one full training frame (16 672 symbols, see
136.8.11.1) following the recent frame start position, such that a new frame marker is
expected. Otherwise it 1s set to false

tp_mode
Enumerated variable that corresponds to the “modulation and precoding status” bits in the
status field of received teaining frames. It may be assigned one of the following values: pam?2,
pam4, pam4 with precoding.

training
Boolean variable that is set to true when the start-up protocol is in progress and is set to false
otherwise.

training_failure
Boolean variable that is set to true when training failed to complete successfully within the
allotted tirne limit. Otherwise it is st to false.

136.8.11.7.2 Functions

ENCODE_STS
the recerver frame lock bit, k is mapped to the coefficient select echo biié, E@ef_sﬁ,s is mapped
to the coefficient status bits, ic_sts is mapped to the initial condition status bit, local rx_ready
is mapped to the receiver ready bit, and tp_mode is mapped to modulation and precoding bits
§ (see 136.8.11.3.2).
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SLIP
Causes the next candidate frame marker position to be tested. Repeated invocations of SLIP
cause all possible positions to be evaluated. The precise method for determining the next can-
didate frame marker position is implementation dependent and beyond the scope of this stan-
dard.

TRANSMIT(x_mode)
Controls the output of the PMD tansmit fonction on the current lane. When
tx_mode =DATA, the PMD tansmit function output is the parameter of the
PMDIS UNITDATA /request primitive (sce 136.3). When tx mode = TRAINING, the
PMD transmit function output is the stream of symbols generated by the PMD control func-
tion.

UPDATE Cn
Updates the value of c(k) based on the current valies of the variables k and coef req. The
result of the update is stored in the variable coef _sts. This function implements the algorithm
specified in 136.8.11.5.

UPDATE IC
Updates all transuxt equalizer coefficients based on the current value of the varable ic_req.
The result 1s stored in the vanable ic_sts. This function implements the algorithm specified in
136.8.11.3.4,

136.8.11.7.3 Timers

holdoff timer
This timer 18 started when the PMD control state diagram enters the TIMEOQUT state. The ter-
minal count of holdoff timer 15 80 ms £ 2%,

max_wait_timer
This timer sets the limit for how long the PMD start-up protocol is allowed to operate, It is
started upon entry to the INITIALIZE state of the PMD control state diagram. If the timer
expires before the LINK_READY state is reached, then a failore to train is indicated. The ter-
minal count of max_wait_timeris 1.5 3£ 2%.

walt_timer
This timer is started when the local receiver has compieted training and detects that the remote
receiver is ready to receive data. The local transmitter sends additional training frames until the
timer expires to ensure that the link partner correctly detects the local receiver state. The termi-
§ nal count of wait_timer is between 25 ps and 123 ps. equivalent to approsimately 40 to 200
training frames.

136.8.11.7.4 Counters

bad_markers

Count of the number of consecutive frame marker mismatches.
good markers

Count of the number of consecutive frame marker matches.

136.8.141.7.5 State diagrams

The notation used in the state diagrams follows the conventions of 21 5. State diagram timers follow the
coaventions of 14.2.3.2. The sotation ++ after a counter indicates that its value is to be increrented.

The PMD control state diagram (Figure 136-7) defines the operation of the start-up protocol.
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If the LINK_READY state is entered while the modulation and precoding status bits indicate “PAM4 with
precoding”, then the PMD shall cause the adjacent PMA to transniuit all subsequent data on the correspond-
ing lane with precoding (see 135.5.7.2 and 120.5.7.2).

If the LINK._READY state is entered while the modulation and precoding request bits are set to “PAM4
with precoding”, then the PMD shall inform the adjacent PMA that all subsequently received data on the
correspounding lane includes precoding (see 135.5.7.2 and 120.5.7.2).

The PMD countrol state diagram is supported by the training frame lock and coefficient update state
diagrams. The training frame lock state diagram (Figure 136-8) determines when the PMD control function
bas detected training frame boundanes. The coefficient update state diagram (Figure 136-9) defines the pro-
cess for updating the local transmitter equalizer coetficients in response to requests from the link partner.
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Figure 136-8-—Training frame lock state diagram
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Figure 1386-9—~Coefficient update state diagram
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136.8 Electrical characteristics

136.9.1 AC-coupling

The MDT (see 136.12) is a low-swing AC-coupled differential intedface. AC-coupling within the plug
connectors, as defined in 136.12, allows for inferoperability between components operating from different
supply voltages.

136.9.2 Signal paths

The MD1 trassmit and receive paths are point-to-point connections. Each path corresponds to one MEH lane
and comprises two complementary signals, which form a balanced differential pair.

For SOGBASE-CR, there is one differential path in each direction for a total of two pairs, or four
connections. For [00GRASE-CR2, there are two differential paths in each direction for a total of four pairs.

or eight connections. For 200GBASE-CR4, there are four differential paths in each direction for a total of

cight pairs, or sixteen connections.

136.9.3 Transmitter characteristics

The transmitter on each lane shall meet the specifications given in Table 13611 and detailed in the
referenced subclauses. Unless specified otherwise, all transmitter measurements are made for each lane
separately, at TPZ, utilizing the test fixtures specified in 136B.1.1, using a test systera with a fourth-order

Bessel-Thomson low-pass response with 33 GHz 3 dB bandwidth.

The transmitter characteristics at TPO are provided informatively in 136A.2.

Table 136-11—Summary of transmitter specifications at TP2

Subclause o
Parameter Value Units
reference

Differential pk-pk cutput voltage (max.) with Tx disabled® 30 mV
DC common-mode voltage (max.)® 1.9 AY
AC common-mode RMS output voliage, v,,,,; (max.}* 843123 30 mV
Differential pk-pk voltage, vy (max. wmV
Drifferental output retum loss (e} dB
Common-mode 1o differential mode output return loss {min.) dB
Conmmon-mode fo common~-mode output return loss {min.) QrR3.4 dB
Trausmitter steady-state voltage, vy (muin.) 1369312 0.34 v
Transmitter steady-state voltage, vy (max.) 8.6

Linear fit pulse peak {min.) 136.93.1.2 kY%
Level separation mismaich ratio Ry, (uin.) 1
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Tabie 1386~11~Summary of transmitter specifications at TP2

; Subclause .
Parameter y Value Units
reference

Trausmitier output waveform 6
abs step size for of—1), ¢(0), and «(1) (min.) 1369314 6005 ”
abs step size for o(—1), ¢{0), and c(1) (max.) 136.93.1.4 0.05 —
abs step size for of-2) (min.} 1369314 0005 1
abs step size for ¢(-2) {max.) 1369314 0.025 —
vahie at raindmum state for of-1) and (1) (max.) 136.93.1.5 -0.25 1 - i
value at maximum state for ¢(-2) (min.) 136.93.1.5 0.1 —

Signal-to-noise-and-distortion ratio {min.}

§ SNEpgr (min) 30 dB i4

Output jitter (max. )
Even-odd jitter, pk-pk
Jrnis
34

Ut i7
Ul i8

Signaling rate 26.5625 + 100 ppm GBd

"H)
pav
Unit interval nominal 37.64706 DS 21

§ Measurement uses the method described in $4.3.12.3 with the exception that the PRBS13Q test pattern is used.

136.%8.3.1 Transmitter output waveform

The transmit Rmction inchudes programmable equalization to compensate for the frequency-dependent loss
of the channel and facilitate data recovery at the receiver. The functional model for the transmit equalizer on
each lane is the four-tap transversal filter shown in Figure 136-10.
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Figure 136-10—Transmit equalizer functional model 52
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