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PTOAIAA0 (07-12) 
Approved for use through 11/30/2014. OMB 0651-0035 

US. 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 uniess it dispiays a valid OMB contro! number. 

  

POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO 
  

  

| hereby revoke all previous powers of attorney given in the application identified in the attached statement 

under 37 CFR 3.73ic}. 

[hereby appoint: 

| Practilioners associated with Customer Number: 63467 

Fractiioner(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 attorney(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 assigned 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: 

    

    
| The address associated with Customer Number: 63 4 67 

OR 
  

      

  
  

Firm or 

Individual Name     

Address 

  

City State Pa G
 

      

Country 
  

Telephone Email           

  

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

  

A copy of this form, together with a statement under 37 CFR 3.73(c} (Form PTO/AIA/96 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 fo be filed. 

SIGNATURE of Assignee of Record 

The individual whose signature and title is supplied below is authorized to act on behalf of the assignee 

Signature ( } 上 Date 2-9-2018 

  

  

  

    

Name Adam Thorngate-Gottlund Telephone 408-664-9329 x127 
Title General Counsel         

- This collection of information is required 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 

by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14 and 1.44. This collection is estimated to take 3 minutes 

to complete, including gathering, preparing, and submitting the completed application form io 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 22313-1459. 90 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 cornpleting the form, call 1-800-PTO-9199 and select option 2.
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Doc Code: PA.. 

Document Description: Power of Attorney 
PTO/AIA/82A (07-13) 

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 Yifei DAI, et al 

Title ACTIVE ETHERNET CABLE WITH PRESET PRE-EQUALIZATION 

  

Art Unit 

  

Examiner Name 

  

Attorney Docket Number 120160.0038.NPUS0O0     

  
  

  

    
  

  
  

  
  

  
          

SIGNATURE of Applicant or Patent Practitioner 

Signature /Dan Krueger/ pate prion) 41/27/2019 
Name Dan Krueger Registration 42771 

Number 

Title (if Applicant is a Attorney for Applicant 

juristic entity) 

Applicant Name (if Applicant is a juristic entity) Credo Tech nology G rou p Lj mM ited 

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. 

lf you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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PTO/AIA/96 (08-12) 
Approved for use through 01/31/2013. OMB 0651-0031 

U.S. Patent and Trademark Office; US. 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: 

Titled. ACTIVE ETHERNET CABLE WITH PRESET PRE-EQUALIZATION 

Credo Technology Group Limited _a 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): 

|_| 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.   

L] 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. L] 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. LJ 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 , of for which a copy 

thereof is attached. 

B. L] 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-PTO-9199 and select option 2.
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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) 
  

  

  

  

3. From: To: 

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

Reel ,Frame ,orforwhichacopythereofis attached. 

4. From: To: 

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

Reel ,Frame ,orforwhichacopythereofis attached. 

5. 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. 

6. 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. 

[| 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] 
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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/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. 
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.S.C. 552a(m). 
A record 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. 
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 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 (/.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 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. 
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.

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



Doc code: IDS 

Doc description: Information Disclosure Statement (IDS) Filed 

PTO/SB/08a (02-18) 
Approved for use through 11/30/2020. 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 contains a valid OMB control number. 

  

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

Application Number 
  

  
  

  
  

Filing Date P019-11-22 

First Named Inventor | Yifei DAI 

Art Unit 
  

Examiner Name   
    Attorney Docket Number   20160.0038.NPUSO0 
  

  

  

  

  

      

U.S.PATENTS Remove 

Examiner] Cite Kind Name of Patentee or Applicant Pages,Columns,Lines where 
tie Patent Number Issue Date 。 Relevant Passages or Relevant 

Initial No Code1 of cited Document - 
Figures Appear 

1 9322704 B1 P016-04-26 Neveux 

2 17401985 B2 P008-07-22 ronson, 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 

Initial* 
Cite No 

Publication 

Number 

Kind 

Code’ 

Publication 

Date 

Name of Patentee or Applicant 

of cited Document 

Pages,Columns,Lines where 

Relevant Passages or Relevant 

Figures Appear 

  

              
  

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,Linas 
Examiner| Cite | Foreign Document Country Kind | Publication Applicant of cited where Relevant Ts 

Initial* No | Number? Code2i Code4| Date PR Passages or Relevant 
Document ， 

Figures Appear 

1 |bo18161273 lwo A1 |2018.00-13 [Fredo 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 
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Application Number 
  

  

  

Filing Date 2019-11-22 

INFORMATION DISCLOSURE First Named Inventor | Yifei DAI 

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

Examiner Name 

Attorney Docket Number 20160.0038.NPUSO0O 

  
      
  

  

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item 

(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), TS 

publisher, city and/or country where published. 

Examiner] Cite 

Initials* | No 

  

1 Rumer, B. (2001, February 1). Fighting Jitter in Fibre-Channel Designs. EE Times. Retrieved January 23, 2019, from 

nttps://www.eetimes.com/document.asp?doc_id=1277249#. 

  

2 Management Data Input/Output. (2018, November 25). Wikiepedia. Retrieved January 23, 2019, from https://en. 

Wikipedia.org/wiki/Management_Data_Input/Output. 

  

3 QSFP-DD MSA - QSFP-DD Hardware Specification for QSFP Double Density 8X Pluggable Transceiver Rev 4.0 

Candidate. August 15, 2018. 

  

HO Gigabit Ethernet, 40G QSFP+, 40GBASE-LR4, 40G-BASE-SR4, CFP module, CXP Transceiver, MPO MTP Fiber 
bn May 25, 2015 [http:/Avww.cables-solutions.com/guide-to-40-gigabit-ethernet-options.html] 

  

5 EEE P802.3cd/D1.2, 3rd February 2017 (Amendment of IEEE Std 802.3-2015 as amended) IEEE Draft Standard for 

Ethernet 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 not 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. 5 Applicant is to place a check mark here iff 

English language translation is attached.   
  

EFS Web 2.1.18
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Application Number 
  

Filing Date 2019-11-22 
  INFORMATION DISCLOSURE 

STATEMENT BY APPLICANT 
First Named Inventor | Yifei DAI 
  

. Art Unit 
( Not for submission under 37 CFR 1.99)   

  Examiner Name 
      Attorney Docket Number 20160.0038.NPUSO0O 
  

  

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 Acertification 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/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 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 toa 

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.S.C. 552a(m). 

A record 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. 

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 

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. 

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 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 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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(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) 

UU ACTA A A 
(10) International Publication Number 

WO 2018/161273 Al 
WIPO! PCT 

  

(31) 

@21) 

(22) 

(25) 

(26) 

(71) 

(72) 

(74) 

(81) 

International Patent Classification: 

五 047 12/24 (2006.01) 

International Application Number: 

PCT/CN2017/075961 

International Filing Date: 

08 March 2017 (08.03.2017) 

English 

Publication Language: English 

Applicant: CREDO TECHNOLOGY GROUP LTD.; 

P.O. Box 309, Ugland House, Grand Cayman 1104 (KY). 

Inventors: DAI, Yifei; Room 508, No. 510 Chifeng Road, 

Hongkou District, Shanghai 200092 (CN). QIAN, Haoli; 

48617 Tonopah Ct., Fremont, California 94539 (US). 

TWOMBLY, Jeff; 13621 Burke Road, Los Altos Hills, 

California 94022 (US). 

Filing Language: 

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

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, FI, GB, GD, GE, GH, GM, GT, HN, 

(84) 

HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KH, KN, KP, KR, 
KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG, 
MK, MN, MW, MX, MY, MZ, NA, NG, NL 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. 

Designated States (unless otherwise indicated, for every 

kind of regional protection available): ARIPO (BW, GH, 

GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ, 
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ, 

TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK, 

EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, 

MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM, 

TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, 

KM, ML, MR, NE, SN, TD, TG). 

Published: 

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 Sot 308 ste 2160 

point Rs 

‘tl fixkH 
LANE1 | as oo LANE? 

pet RAs) F H 

302-t 3H] 
一 -EX XLS 

LANE? |; 二 二 LANE2 
4 EX 
i sequence. 
Li Fi 

LANES ;| oe 二 |} LANES 

+X} fi} 
LANE4 | oi: LANES’ 
起 Bx] 

  

circuits each having a transmitter and receiver that communicate with a respective 

a 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] In the 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. 

[001 1] 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

Marvell Semiconductor, Inc. - Ex. 1002, Page 000015



WO 2018/161273 PCT/CN2017/075961 

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 

“ohysical” 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, alignment 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 IS| 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- 

10
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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 

11

Marvell Semiconductor, Inc. - Ex. 1002, Page 000022



WO 2018/161273 PCT/CN2017/075961 

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. 

13
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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

Marvell Semiconductor, Inc. - Ex. 1002, Page 000026



WO 2018/161273 PCT/CN2017/075961 

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 

17
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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. 

18
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DESIGNLINES | MILITARY & AEROSPACE DESIGNLINE 

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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WIKIPEDIA 

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

Independent Interface Management (MIIM), is a serial bus defined for the Ethernet family of IEEE 802.3 

standards for the Media Independent Interface, or MII. The MII connects Media Access Control (MAC) devices with 

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 kO, 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. 

1of3 1/23/19, 12:56 PM
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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.“ 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 ;O:1:2:3:4 8:9 13 : 14:15: 16 31 

0 PRE_32 

32 | ST OP PA5 RA5 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', 

OP 

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. 

Zz 

Tristate MDIO. 

Commands 
  

IEEE 802.3 Part [2] use different opcodes and start sequences. Opcodes 00(set address) and 11(read)/o1(write) 

/10(read increment) are used as two serial transactions to read and write registers. 
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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 

c
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53 

to 4 of the 8 electrical channels. 

1.1 Description of Sections 

Section 1 Sco 

Section 2 Ref 

Section 3 Int 

Section 4 Ele 

Section 5 Mec 

Section 6 Env 

Section 7 Man 

2 Refer 

2.1 Industry Docume 

The following 

— GR-253-CORE 

- IEEE Std 8 

- IEEE Std 8 

- InfiniBand 

- FC-PI-6p 

— TIA-604-5 

— TIA-604-10 

一 TIA-604-18 

一 ITEC 61754- 

- ANSI/ESDA/ 
— EN6100-4-2 

- Common Man 

-— GR63 Secti 

- UL 60950-1 

-— TEC 31300- 

- EIA-964 Sp 

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

inrush cur 

SFF Specific 

— SFF-8636 

— SFF-8472 

— SFF-8661 

— SFF-8679 

pe and Purpose     

      

    

       

    

   

      

   

   

   

  

    

    

    

  

erenced and Related Standards and SFF S Vocations 

roduction 

ctrical specifications 

hanical specifications and p circuit board 

ironmental and thermal considera 

agement Interface 

ences 

document s% 

02.3™-2018 

02 38: 

  

  

(F 
(FO 
(FOC: 

7-1 
JDEC JSOOT: 

agement Inter 
on 4.1.7 (Touch“Temperature Reference) 

Section 4.5.4 (Touch Temperature Reference) 

3-35 

ecification for QSFP+ 10 Gb/s Pluggable Transceiver 

rent 

ations 

Management Interface for Cabled Environments 

Diagnostic Monitoring Interface for Optical Transceivers 

QSFP+ 4X Pluggable Module 

QSFP28 4X Base Electrical Specification 

endations 

pecification for 8X/16X Pluggable Transceivers
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CS optical connector specification 

- CS-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 fo 

supplies and host PCB layout requirements. 

control, status and power 

b) Optical interfaces (including optical recepta : ing fiber plugs for 

multimode and single-mode duplex and parallel s). Breakout cable 

applications are also specified. Optical si. ens are not included in 

this document but are defined in the applié¢ 

: ng specifi 

industry stand 
    
    
    

    

    

c) Mechanical specifications including dimens 

and module system. Includes details of the reg 

and host sides of the connector. : 

e connector, cage 

ing of the module 

    

        
d) Thermal requirements 

industry standard limits 
  

e) Electrostatic discharge (ESD) requi 

and test methods. =      

     

   

  

     

   

e 'Common Management Interface 

(see www.QOSFP-DD.com). 

3.1 Objectivi 

Electrical signal con : el assignments, electrical and power requirements 

defined in Section 4 a ne assignments defined in Section 5 ensure that the 

pluggable modules and Ca 二 lies are functionally interchangeable. Dimensions, 

mounting and insertion red ents defined in Section 5 for the bezel, optical module, 

cable plug, cage and connector 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. 

  

HOS) SOAR 

iQniy one channel shown for saysicity} 
  

  
    

  

    

a
e
 

ay 

io
e 

    ss   

  

oh,     

  

      

Ho
st

 
Ca
rd
 
Ed
ge
 
Co
nn
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r 

5 
= 
起 

HUST ee oe & CSFP-DD MODULE ASIC = 

a 
. > oe io 

去 a FX = 、 ELE Baie 
n s ee | boo 8 RE ty Sse ae Sree 

  

     

      

      

                    

  

  

            
      

   

  

Note: For high® 

should be used. 

any difference be 

boards specified in“& 

eed electri 

Asurements t 

4 Electrical Speci tion 

This section contains signal definitions 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 QOSFP 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 SER. pads and the respective 

additional QSFP-DD pads are simultaneous. 

  

    

    

   

      

    

    
   

      
   

Figure 2 shows the signal symbols and pad numberin 

connector. The diagram shows the module PCB edge 

pads intended for high speed signals, low spee 

Table 1 provides more information about each 

pad dimensions. The connector can be integz 

e QSFP-DD module edge 

bottom view. There are 76 

and ground connections. 

ure 18 and Figure 19 show 

configuration with 2 

shown in Figure 9. 

DD module is not present. Standard . 

GND with vias, use of short and equ 

The chassis ground (case common) of 

module’s circuit ground, GND, to provi 

connections between external electroma 

GND, of the module. 

10
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Top side viewed from top 
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Table 1- Pad Function Definition 
  

  

  

  

  

  

  

  

  

  

  

     
      

  

  

   

  

  

  

     
  

   

  

    
  

   
  

   

     
  

     
     
  

  
  

   
  

    
  

    
     
  

      

     
  

      
  

        
  

    

    

  

  

  

  

  

  

  

      
    

Pad | Logic Symbol Description Plug Notes 

Sequence’ 

1 GND Ground 1B 1 

2 CML-I Tx2n Transmitter Inverted Data Input 3B 

3 CML-I TxX2p Transmitter Non-Inverted Data Input 3B 

4 GND Ground 1B 1 

5 CML-I Tx4n Transmitter Inverted Data Input 3B 

6 CML-I Tx4p Transmitter Non-Inverted Data Input 3B 

7 GND Ground 1B 1 

8 LVITL-I | ModSelL Module Select 3B 

9 LVITL-I | ResetL Module Reset 3B 

10 VCCRX +3.3V Power Supply Receive. 2B 2 

11 LVCMOS- | SCL 2-wire serial interface 3B 

I/O 

12 LVCMOS- | SDA 2-wire serial inter 3B 

I/O 

13 GND Ground 1 

14 CML-O Rx3p Receiver Non-I 

15 CML-O Rx3n Receiver Inver 

16 GND Ground 1 

17 CML-O Rx1p Receiver 

18 CML-O RxIn Receive: 

19 GND Ground 1 

20 GND Ground 1 

21 CML-O Rx2n Receiver 

22 CML-O RX2P Receiver 

23 GND 1 

24 CML-O Rx4n 3B 

25 | CML-O Rx4p 3B 
26 GND 1B 1 

27 LVTTL-O | ModPrsL 3B 

28 : : 3B 

29 2B 2 

30 2B 2 

31 LVTT InitMode ation mode; In legacy QSFP 3B 

the InitMode pad is called 

32 1B 1 

33 CML-TI tter Non-Inverted Data Input 3B 

34 CML-I tter Inverted Data Input 3B 

35 1B 1 

36 CML-I mitter Non-Inverted Data Input 3B 

37 CML-I EFansmitter Inverted Data Input 3B 

38 GND Ground 1B 1              
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Pad | Logic Symbol Description Plug Notes 

Sequence’ 

39 GND Ground 1A 1 

40 CML-I Tx6n Transmitter Inverted Data Input 3A 

4l CML-I TxX6p Transmitter Non-Inverted Data Input 3A 

42 GND Ground 1A 1 

43 CML-I Tx8n Transmitter Inverted Data Input 3A 

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

45 GND Ground 1A 1 

46 Reserved | For future use 3A 3 

47 VS1 Module Vendor Specific 1 3A 3 

48 VecRx1 3.3V Power Supply 2A 2 

49 VS2 Module Vendor Specific 2 3A 3 

50 VS3 Module Vendor Specific 3 3A 3 

51 GND Ground 1A 1 

52 CML-O Rx7p Receiver Non-Inverted Dag 3A 

53 CML-O Rx7n Receiver Inverted Data 3A 

54 GND Ground UE 1A 1 

55 CML-O RXDP Receiver Non-Inver : 3A 

56 | CML-O Rx5n Receiver Inverted : 3A 

57 GND Ground 1A 1 

58 GND Ground 1A 1 

59 CML-O Rx6n Receiver 

60 CML-O Rx 6p Receiver. 3 

61 GND Ground 1A 1 

62 CML-O Rx8n Receiver 3A 

63 CML-O Rx8p Receiver 3A 

64 1A 1 

65 3A 3 

66 3A 3 

67 2A 2 

68 2A 2 

69 3A 3 

70 1A 1 

71 | CML-I, ce A 3A 
72 CML 3A 

73 : k 1A 1 

74 CML-T ‘ smi 3A 

75 | CML-I = 了 3A 
76 GND : 1A 1 

Note 1: QSFP-DD 4 ; mund (GND)for all signals and supply (power). All are 

common within the “9S: and all module voltages are referenced to this 

potential unless oth d. Connect these directly to the host board signal- 

common ground plane. 

Note 2: VecRx, VcecRxl, Vec2, VecTx and VecTxl shall be applied concurrently. 

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

in Table 6. VcecRx, VecRxl, Vecl, Vec2, VecTx 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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4.1.1 Low Speed Electrical Hardware Signals 

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

for control and status: 

16 

ModSelL 

ResetL 

InitMod 

ModPrsL 

IntL 

全
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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 ModSelL 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 Vec in the modu 

ResetL signal for longer than the minimum pulse 工 

initiates a complete module reset, returning als: 

state. : 

    
   

    
    
    

    
     
    

            

   
    

    
   

   
   

  

     

    

e Table 2). A low level on the 

eset_init) (See Table 3) 

ettings to their default 
  

   

  

4.1.1.3 InitMode 

InitMode is an input signal. The InitMode si must be.pulled Vee in the QSFP-DD 

module (see Table 2). The InitMode signal allo : her the QSFP-DD 

module will initialize under host s gh) or module 

hardware control (InitMode deassert software control, the module shall 

remain in Low Power Mode until soft ition to High Power Mode, as 

é : Under hardware control 

(InitMode de-asserted Low), the module “#3 i Sch tion to High Power Mode 

after the management interface..i initia 。 not change the state of 

this signal while the mc ations, this signal is 

named LPMode. See SFF-! 

4.1.1.4 ModPrsL 

ModPrsL must be p 

Table 2). The 

deasserted 、 

pull-up rest 

ult board and pulled low in the module (see 

odule is inserted. The ModPrsL is 

sent from the host connector due to the 

ed up 
  
  

    

4.1.1.5 IntL 

IntL is an output signal is an open collector output and must be pulled 

to Vcc Host on the ho6 : Table 2). When the IntL signal is asserted Low it 

indicates a change in moe a possible module operational fault or a status 

critical to the host syst ost 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 

(LVTTL) operating at Vcc. Vcc refers to the generic supply voltages of VcecTx, VccRx, Vcc 

host or Vecl. Hosts shall use a pull-up resistor connected to Vec 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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ensures compatibility between host bus masters and the 2-wire interface. 

    
18 

Table 2- Low Speed Control and Sense Signals 
  

  

  

  

  

  

   
    

  

  

          

  

  

  

  

     

  

       
  

    

    

  

Parameter Symbol | Min Max Unit | Condition 

SCL and SDA VOL 0 0.4 Vv TOL(max)=3mA for fast 

mode, 20ma for Fast-—mode 

plus 

SCL and SDA VIL -0.3 Vec*0.3 | V 

VIH VCC*O.7 | VectO.5 | V 

Capacitance for SCL Ci 14 pF 

and SDA I/O signal 

Total bus Ch 100 pF .. For 400kHz clock rate use 

capacitive load for : 3.0 k Ohms Pullup 

SCL and SDA resistor, max. For 

1000kHz clock rate refer 

to Figure 40 

200 : r 400kHz clock rate use 

: k Ohms pullup 

tor, max. For 

clock rate refer 

InitMode, ResetL VIL -0.3 

and ModSelL VIH 

|Iin| OV<Vin<Vcc 

InthL VOL TOL=2. 0mA 

VOH 10k ohms pull-up to Host 

VCC 

ModPrslL 

        

  
            

ModPrsL can be 

implemented as a Short- 

circuit to GND on the   module 
  

ions are described in Table 3. 

This specification 
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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 ps Minimum pulse time on the ResetL 

signal to initiate a module reset. 

IntL Assert Time ton_InthL 200 ms Time from occurrence of condition 

triggering IntL until 

Vout: IntL=Vol 

IntL Deassert Time | toff IntL 500 ps Time from clear on read’ operation 

of associated flag until 

Veut:IntL=Voh. This includes 

sert times for Rx LOS, Tx 

lt and other flag bits. 

Rx LOS Assert Time | ton_los 100 ms me from Rx LOS condition present 

Rx LOS bit set (value = 1b) and 

sserted. 

Rx LOS Assert Time | ton_losf 1 om Rx LOS state to Rx LOS 

(optional fast = 1b) and IntL 

mode) 

Rx LOS Deassert toff lost LOS condition absent 

Time (optional Rx LOS status bit. 

fast mode) 

   

  

  

Tx Fault Assert 

Time 

ton_Txfault 

  

   

  

“Time from Tx Fawlt state to Tx 

Fault bit set (value=1lb) and IntL 

  

Flag Assert Time ton_flag 
   

    
from occurrence of condition 

ering flag to associated flag 

(value=lb) and IntL 

  

Mask Assert Time    

  

e from mask bit set (value=1b)°* 

until associated IntL assertion is 

inhibited 
  

Mask Deassert 

  

Time from mask bit cleared 

(value=0b) ? until associated IntL 

operation resumes 
  

Module Sele 

Time 

DataPathDeinit 

Duration 

DataPathInit Max 

Duration 

ModulePwrDn Max                  See CMIS Table 40     

Duaration 

ModulePw 加 

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- I/O Timing for Squelch & Disable 
  

  

  

  

  

   

  

  

    

  

  

Parameter Symbol Max Unit | Conditions 

Rx Squelch ton_Rxsq 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 

reached. . subsection 4.1.4.2. 

Tx Squelch toff Txsq 400 ms : resumption of Tx input signals 

Deassert Time al Tx output condition is 

subsection 4.1.4.2. 

Tx Disable ton_txdis 100 ms stop condition of the Tx 

Assert Time 

  

     
   

uence ' until optical 

10% of nominal 
  

Tx Disable 

Assert Time 

(optional fast 

mode) 

ton_txdisf 3 
   

    

   

bit set (value = 

ut falls below 

  

Tx Disable 

Deassert Time 

toff txdis 

  

   

   

  

Tx Disable bit cleared (value 

il optical output rises above 

  

Tx Disable 

Deassert Time 

(optional fast 

mode) 

tof txdisf£} 10 
   

   

    

isable bit cleared (value 

tical output rises above 

  

Rx Output 

Disable Assert 

Time 

    

    
   value = 1b)! until Rx output falls 

low 10% of nominal 
  

Rx Output 

Disable D 
   
   

ne from Rx Output Disable bit cleared 

ue = Ob)+ until Rx output rises 

  

    

Time bove 90% of nominal 

This applies to Rx and Tx Squelch and is 

Sgquelch Di the time from bit set (value = Ob)? 

Assert Time 
   

until squelch functionality is disabled. 

  

Sgquelch Disable ™= 

Deassert Time             This applies to Rx and Tx Squelch and is 

the time from bit cleared (value = Ob)! 

until squelch functionality is enabled 
    Note 1: Measured fro 

the write transaction 
   

IGH SDA signal transition of the STOP condition of 
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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-VSR, 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 modyke and not required on the Host 

board. When properly terminated, the differential volté sswing shall be less than or 

equal to 900 mVpp or the relevant standard, whichever aless. 

   
    

  

   
     

   
   

    

   

   

Output squelch for loss of optical input signal, 

shall function as follows. In the event of thes 

becoming equal to or less than the level requ 

output(s) associated with that Rx port shalk 

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 

1 on any optical port 

then the receiver 

e Rx optical port can 

-4. In the squelched 

ltage amplitude 

  

      

   

   

  

    

In normal operation the default cag 

deactivated using Rx Squelch Disabl 

ive. Rx Squelch can be 

erial interface. 

4.1.4.2 Tx(n) (p/n) 

Tx(n) (p/n) are QSFP-DD mod: 

differential lines with 4 

module. The AC coupli 

required on the Host b 

re AC-coupled 100 Ohm 

i de the QSFP-DD optical 

.optical module and not 

    

   

      

    

    

Output squelch for loss of I 1 Hereafter Tx Squelch, is an optional 

function. Whe i ; follows. In the event of the 

differential 

For applications, e.g ere the transmitter off condition is defined in terms 

of average power, squel sabling the transmitter is recommended and for 

applications, e.g. InfiniBard? re the transmitter off condition is defined in terms of 

OMA, squelching the transmi 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, VecTx, VecTxl, Vecl, Vec2, VccRx, VecRxl in the 

connector. Vecl and Vcc2 are used to supplement VecTx, VecTxl, VecRx or VeccRxl 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 requi: ed of the host system since the 

module sequences the contacts in the order of ground, and signals during 

insertion. 

  

       4.2.1 Power Classes and Maximum Power Consumptii 

   Power Modé 

cd in Table 6 

nd eight power classes, 

ower classes are 
    

There are two power modes; Low Power Mode an 

Class 1 - Class 8. Module power modes are dé 

defined in Table 5. 
     

      

    
Since a wide range of module power classes exi 

supply limits and cooling capacity | sn a module 

accommodate only low power consumpt 

the state machine defined in the OSF 

the power class of the module before 

system power 

ted into a em designed to 

commended that the host implement 

face Specification and identify 

co go into high power mode. 

     
    

   
   

  

   
   

  

  

  

  

  

  

  

  

          

   

   

  

In general, the higk 

and longer reaches. T 

temperature does note 

gner is responsible for ensuring that the maximum case 

e temperature requirements. 

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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  eoHast 上 HH 
| 

| tec Hast 一 一 人 
Poem 

zie TNF 

  
  

  ' VeoBs WeCRN 上 

    
  

SHE 
LoH 

TT” WE ape fe UF aap 0, EGF 

    ' VWecks, Vceial 

    
      

rn 22 UF ps 0. bUF j 

Note: Filter capacitor Rael) T. 

values are informative ana _ OSF P-DD 

vary depending on applications Luk 一 MODULE 

yy 
Note: Yeok andfor vec? may J | > ue SC 

  or vceRs, YECESL provided the 

applicable derating of the 

maxknum current Himit is used 

be connectedts VicTs, CEESL 个 “T~ 5.LUF ; 
tT SGM ES 

  

      

   

  

   

    

    

  

   

    

  

     
     

   

    

             
7 F 

OSFP-DD 
    

Any voltage drop across a filter netw i ted against the host DC set 

£ less than 0.1 Ohm should be 

d Edge Connector. It is 

series resistance of 0.22 

used in order to maintai 

recommended that the 22 

ohm. 

The specifications for th 

to the combined 

(represents I FE : 

found in SF 。 ESatlIon brief 5991-2778EN provides useful 

guidance. 

n in Table 6. The limits in Table 6 apply 

4.2.3 Module FE 

In order to avoi 

reset, all QSFP-DD 

InitMode is not asse 

intervention. Figure 7 

state currents for Low P 

instantaneous, sustained a 

6. 

st system 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 

Forms for maximum instantaneous, sustained and steady 

igh Power modes. Specification values for maximum 

ady state currents at each power class are given in Table 
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HIGHPOWERMODE is 

Transmitters ON   

Icc Host (ma) 

bg LOW POWER MODE HIGH POWER MODE 
z Transmitters OFF ° Transmitters OFF 

T_init 

  

  

  
Instantaneous peak, max 

      Sustained peak, max 

    

4
4
 

tz
 

V
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Steady state, max 

     

   

4 2 + 

cm 
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个
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,
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Icc ip Ip 

  Icc sp Ip 

graph is informative 

cannot exceed the 

power mode Tratism 

      

  

   
   
       

              

   

     

   

  

    

  

  

“t
ie

, 
ee

e,
 a 

ae 
Icc Ip 

  

- t (ms)   

  

  
      MgmtlInit > MgmtReady > 

Hot Plug Host Enables High 
Instant Pow 

  

Figure 7: Instantaneous a 

4.2.4 Host Board Power Supply Noise 

The host shall generate a 

value in Table 6 when t 

exception that 4.7uH i 

-22uF capacitor (0.5 oh 

4.2.5 Module 

The QSFP-DD 

methods of 

Value in Table 6 when tested by the 

eries resistor specified in D.17 Figure 

modules. 

equirements and remain fully operational in the 

signal of amplitude given by Table 6, swept from 10 

Hz to 10 MHz according t iods of SFF-8431, section D.17.3. This emulates the 

worst case noise output o 

24
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Table 6- Power Supply specifications, Instantaneous, sustained and steady state current limits   
Parameter Symbol Min Nom Max Unit   

Power supply voltages VecTx, VcecTxl, 3.135 3.3 3.465 Vv 

VecRx, VecRxl, Vecl & Vec2 including 

ripple, droop and noise below 100kHz*   

  

  

  

  

  

Host RMS noise output 10 Hz-10 MHz 25 mV 

Module RMS noise output 10 Hz - 10 MHz 15 mV 

Module power supply noise tolerance 10 Hz PSNRmoa 66 mV 

- 10 MHz (peak-to-peak) 

Module inrush - instantaneous peak T ip 50 pus 

duration*® ~ 

Module inrush - initialization time T init 500 ms 

Low Power Mode 

  

  

     
  

     
     
  

  

    

  

  

    

Power Consumption P lp 1.5 W 

Instantaneous peak current at hot plug Icc ip lp 一 600 mA 

Sustained peak current at hot plug 一 一 495 mA 

Steady state current 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 ote 3 mA      
High Power Mode Pi   

Power Consumption 

  

  
Instantaneous peak current 

  

  
Sustained peak current   

    

     
  

  

  

  

  

  

       
  

  

  

  

     
  

      

  

  

  

  

  

  

  

  
   

    

  

  

    

  

    

  

  

  

  

  

  

  

  

  

  

  

  

  

            
Steady state current mA 

High Powé 

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 一 一 3200 mA 

Sustained peak rent 一 一 2640 mA 

See Note 3 mA 

module 

10 W 

一 一 4000 mA 

Icc sp 5 一 一 3300 mA 

_ Icec 5 See Note 3 mA 

Mode Power Class 6 module 

Power Consumptiot P 6 12 W 

Instantaneous pea Icc ip 6 一 一 4800 mA 

Sustained peak CurLeE Icc sp 6 一 一 3960 mA 

Steady state current Icc 6 See Note 3 mA 

gh Power Mode Power Class 7 module 

Power Consumption P 7 14 W 

Instantaneous peak current Icc ip 7 一 一 5600 mA 

Sustained peak current Icc sp 7 一 一 4620 mA 

Steady state current Icc 7 See Note 3 mA 

High Power Mode Power Class 8 module 

Power Consumption P 98° >14 W 

Instantaneous peak current Icc ip 8 一 一 P 8/2.5 A 

Sustained peak current Icc sp 8 一 一 P 8/3.03 A 

Steady state current Icc 8 一 一 6 A 
    Note 1: Measured at VecTx, VecTx1l, VecRx, VecRxl, Vecl and Vcc2 

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    
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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-O01. 

4.4 Clocking Considerations 

  

   
   
      
     

4.4.1 Data Path Description 

elanes ar 

sis intended 5 

together. Some 

where the data 

Or az OGAUI-8 

uped together into a 

resent a group of lanes 

ples include a 

would include four 

OGBASE-DR4 module 

lanes and four 

Within a module, host electrical and module 

logical concept called a data path. A data 

that will be powered up or down and initiak 

100GAUI-4 to 1OOGBASE-SR4 module implementa 

host electrical lanes and four module media 

implementation, where the data path would inclu 

module media lanes. : 

      

   
        
     

  

    

      

    

    

   

   
   
      

              

4.4.2 Tx Clocking Considerations 

ng that all electrical 

Fonows ourced from the same clock 

aths runing concurrently, the different 

k domain or separate clock domains. The 

ports via the management registers. 

Within a given Tx data p 

lanes delivered to the 

domain). If a module sug 

Tx data paths can eithe 

module advertises which o 

If the modul 

domain, the 

even as oth 

the host. 

ing concurrently in a single clock 

ata paths continue to operate undisturbed 

ed Tx input lanes) are enabled/disabled by 

  

4.4.3 Rx Clocking ¢ 

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). 

Within a given Rx data 
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13 5.2 Datums ; t Alignment 

14 A listing of the datu ous components is contained in Table 7. The 

15 alignments of some of noted. In order to reduce the complexity of the 

16 drawings, 

17 and tolerancing conform 

18 

19 

centered unless otherwise specified. Dimensions 

5-2009. All dimensions are in millimeters. 
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Table 7- Datums 
  

局 o 对 四 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 pe board 
  

Leading edge of signal contact pads on module pc board 
  

Top surface of module pe board 

  

  

*Host board thru hole #1 to accept 意 ctor guide post         
*Host board thru hole #2 to acce 
     **Width of bezel cut out 
  

Vertical Center line of inter 
     Seating plane of cage on ha 
  

*Hard stop on cage 
  

    

**Connector slot width . 
  

Seating plane of connec 

  

  

S
S
S
 

S
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p
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     Top surface of module ho 
  

加 加 

  

上 |
 

器 

  

  

Q Q Centerline of 1      
  

加 加   

  

Primary Datum ho 
    *Datums D and T are aligned whi 

**Centerlines of da 

plane 

      

    

  

s AA, C, ‘ i the same vertical     
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5.3 Module Mechanical ensions 

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. 
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Figure 15: Type 2 Module 
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NOTES APFLY TG MODULE SRAWINGS : 

  

33 

QIMENSIONS AND TGLERANCING CONFORM TQ ASME ¥14.5-2009, 

ALL BIMEMSIONS ARE IN MILLIMETERS. 

UNLESS OTHERWISE SPECIFIER. SHARP CORNERS AND EDGES ARE NOT ALLOWED. 

ROUNO GFF ALL EQGES AND CORNERS TO A MINIMUM RAQUS GF G10 MM, 

CIMENSION BEFINES ENLARGEE SECTION OF TRANSCEIVER THAT 

EXTENDS BUTSIDE OF CASE TO ACCOMMODATE MATING PLUG AND 

ACTUATOR MECHANISK. 

SURFACES ON ALL 4 SIDES OF THE 42.4 SIN DISENSION TO BE 

CONDUCTIVE FOR CONNECTION TO CHASSIS GROUND. 

DIMENSION APPLIES TQ LATCH MECHANISM. 

DIMENSION APPLIES TQ THE LOCATION OF THE ESRE QF THE MODULE 

BOARD PAG. DATUM H. CONTACTS 21 22. 36 ANO 37 ARE VISISLE. 

DIMENSION TO INCLUDE BAIL TRAVEL. 

DIMENSIONS ASSLY TO OPENINGS IN THE HOUSING. 

OSTIGNAL FEATURE TO AID INSPECTION OF DINENSIONS FROM DATUM D. 

FLATNESS AND SURFACE ROUGHNESS {Ral APRBLIES FOR INDICATED LENSTH 

AND SIN WIDTH OF 13 MM. SURFACE TO SE THERMALLY CONOMCTIVE. 

SEE SECTION 3.4 TABLE & FOR FLATNESS AND ROUGHNESS REQUIREMENTS. 

  

HIGHER WATTA&E MORULES MAY REQUIRE AGRITIQNAL SPACE FOR CGGLING. 

SLOCKING FEATURE IS CRITICAL TO APPLICATION FUNCTION. A RAQIUS OF 

O44 055 MM IS REQUIRED O8 THE LEADINS EDGES OF THIS FEATURE. 
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Figure 17: Detailed dimension 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, pm) 

.075 1.6 

.075 

.075 

.075 

.050 

.050 

.050 

.050 
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5.5 Module paddle card dimensions 

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

38   

1. 

之 

让 

inn’ 

_ Dimension and tolerance a 

Pre-wipe pads (shaded area} on module card host side are optional! 

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 

Dimensioning and tolerancing conform to ASME Y14.5-2009 

All dimensions are in millimeters 

       

   

   

      

   

  

   

    

  

No solder mask within 0.05 mm of all defined contact’pad edges. 

No solder mask between end contacts and th of the paddle card 

paddie card 

Dimension and tolerance applies 

paddie card 

Dimension andt 

oaddie card 

Paddie ca 

surface 

Minimum dimenst ed for mating sequence between signal and ground pads 

Component keep ot ea measured from Datum H 

Contact pad plating 

0.38 micrometers minimum gold aver 

1.27 micrameters minimunt nickel 

Alternate contact pad plating 

0.05 micrometers minimum gold aver 

0.30 micrometers minimum palladium over 

1.27 micrometers minimum nickel

Marvell Semiconductor, Inc. - Ex. 1002, Page 000078



N
r
 

QSFP-DD Hardware Rev 4.0 Candidate 

    

  

三
 

    

Ma eal 

    

       

  

  
  

  

  
      

  

  

    
                                                    

  

            
aie 

‘wRAD BS 

    

  

  
            

  

    

  

  

  

   
& 

s 
8 
让 

  
  

  

  
   

  

                          

    

                                        yet H id
e 

an
: 

其
 

rt
 

ti
t fec
k 

  

  

              
eee 
  

  

    

    

   

  

wm} been REF     en 
    

  

        ar 45.3 4   
  

    WS Tae   

  

39 

  

Figure 18: Module paddle card dimensions
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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 

OSFP module insertion 0 40 N 

OSFP-DD module 0 90 

insertion 

OSFP module 0 30 

extraction 

OSFP-DD module 0 50 

extraction ; 

OSFP module retention 90 N/A : to module below 

atch engaged 
  

  

  

QSFP-DD module 30 N/A module below 

retention engaged 

Cage retention (Latch 125 h below 

strength) _ a 

Cage retention in 114* Force to be applied ina 

Host Board rtical direction, no 

amage to cage 

r of cycles for the 
  

Insertion/removal 100 

                cycles, connector/ tor and cage with 

cage : e modules. 

Insertion/ remo: ber of cycles for an 

cycles, QSFP-D individual module. 

module 

Note: Insertion, e forces apply with or without the 

presen dding 
  

41
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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, 

N
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W
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Y
 

F
 

     

     

  

a’ 

  

    
      

Figure 20: Integrated c for in 2x1 stacke 

Oo
 

oO
 

co
 

~]
 

NOTES APPLY TO 2X7 STACKED CAGE : 

cn
t CYSENSIONING AND TOLERANCING CONFORM TO ASME YM4-208¢9 

2 ALL DIMENSIONS ARE IN MILLIMETERS. 

EN DIMENSIONS FROM INSIDE SURFACES OF SPRING FINGERS WHEN FULLY D&PRESSER 

A CONNECTOR REMOVED FOR DRAWING CUARITY,. 

EXTERNAL CAGE BIMENSIONS. DOES NOT INCLUDE FOLDING TABS. 

  

LENGTH OF CAGE AND SIGNAL Te 

aN PRESS FIT CAGE FINS APPLY TO RIGHT SIDE GF CAGE. 

LX PRESS FIT CAGE FINS APPLY TO LEFT SIME TO CAGE. 

48) PRESS FIT PIN OFFSET BETWEEN RIGHT AND LEFT SOR OF CAGE 

A 
oa an AND POSITION OF CASE AND CONNECTOR PRESS Sit FINS SHALL 

E DEFINED BY EACH SUPPLIER SASED UPON THE PCB FOOTPRINT LAYOUT 

机 
AX CAMTY FOR HEAT SINK iS OPTIONAL 

AX CONTACT PIN DINENSION MEASURED FROM DATUM + 

11 £2 CONTACT PIN DIMENSION MEASURED FROM DATUM T1 

42
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Figure 22: 2x1 stacked cage dimensions
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Figure 24: 2x1 Bezel Opening
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13 

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

9 

10 

11 application specific. 

system is shown in Figure 25 and Figure 26. 

A typical host board mechanical layout for attaching the QSFP-DD 2x1 Connector and Cage 

To achieve 25-50 Gbps performance pad dimensions and associated 

Location of the pattern on the host board is 
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Notes for Host PCB (Figure 26}: 

i. 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 

  

  

    

    

  

    

  

  

                      
  

                
  

  
                

  

    

  

            

ET 

~~ i DSTORE 

TS i : 

} j | 
Laan -人 

1 4 MAK 
eee , “ guppy y 

‘ y 
+ + FO 4 OO Oe te | 二 

a - J * 让 * 1 : ee Oe en SO RE OR SR oh 
eo, oo OH OR OR Oe eS +, + +. + » + + +8 ; ZS 

a a er i a as MAX 
ae at at at ay ath at 4 ' ee ee ee ee ee 二 机 t 
4 it sn: a SO AOC Sa 2 ‘ 
7 ao fd * +, + t - ariygt 4+ at ee fr at att 1 

二 | 
‘ at ， 1 ss 2 

. 1 3 MAX 
一 全 ok ke on _ 

AL » | { 
\, an 

% 
S-TETAL € \ > OETAIL 3 

PUPS PTH 一 一 ; ， 
2x “PATOM A 3 MAX 

my OT tT be 

Res 
No reren 

& 
EX 

Biz 4AX           
47]

Marvell Semiconductor, Inc. - Ex. 1002, Page 000087



48 

Cn
 

心 
W
N
 

Figure 26: 2X1 Host PCB Mechanical Layout 
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1 5.8 Surface Mount Electrical Connector Mechanical 

2 The QSFP-DD Connector is a 76-contact, right angle connector. The SMT connector in a 1lxn 

3 cage is shown in Figure 27 with detailed drawings in Figure 28 and 

4 Figure 29. Recommendations for the SMT cage bezel opening are shown in Figure 30. 

5 

6 

7 

8 

9 
10 

11 
12 

13 

14 —- 
NOTES APPLY TO SMT 41 X N CAGE DRAWINGS 

1 DIMENSIONING AND TOLERANCING CONFORM TO ASME ¥14.5-2009 

2. ALL DIMENSIONS ARE IN MILLIMETERS. 

i 

/3\ DIMENSIONS FROM INSIDE SURFACES OF SPRING FINGERS WHEN 

FULLY DEPRESSED. 

/人 - ~ - 
4 CAVITY FOR HEAT SINK IS OPTIONAL. 

人 
/s\ APPLIES TO ALL SPRING FINGERS ON ALL SIDES. 

/\ DATUM SiS BEFINED BY SEATING PLANE ON HOST BOARD. 

a f7\ SIZE OF CAGE PRESS FIT PINS SHALL BE DEFINED BY EACH SUPPLIER 

5 BASED UPON THE PCB FOOTPRINT LAYOUT, 

17 
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10 
11 Figure 31 SMT Host PCB Mechanical Layout 
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adhered to and attention paid to the host board layout. 

To achieve 25-50 Gbps performance pad dimensions and associated tolerances must be 

oa
 

board is application specific. 

and Cage System is shown in Figure 31 and Figure 32. 

A typical host board mechanical layout for attaching the QSFP-DD surface mount Connector 3 

4 Location of the pattern on the host 

5.8.1 Surface mount connector and cage host PCB layout 

QSFP-DD Hardware Rev 4.0 Candidate
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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 QSFP-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 ident 

Appropriate regulatory compliance labeling : 

A manufacturing traceability code 

The label should also include clear specifica, 

such as: 

1 port characteristics 

Optical wavelength 

Required fiber characteristics 

Operating data rate ; 

Interface standards supported 

Link length supported 

Connector Type 

If required to comply with... 

surface of the module ca 

d to the top external 

The labeling shall not thé¥mal 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. 

MPpO-1 oe MPO 

  

    

      

    

a 

RX 
SH9SOODOOOD0S 

ey EF FF A 3 
fo @ 2D A Boa 

      

TX RX 
©@0000000000 

2 3 4 we             

MIPO-T2 rr BID) EG rp Two Row 
    

    

AA TEA SEs 
TRA TRO TRA TRS 

GSOogoooodood 
RAYS RTS RY2 RTL 

uN    
        

    

    

for breakout applications and is not 

intended for structured cabling applications. 

% } 
te

t 

    

  

  

        

  

TX Rx TX RX TX 
              

            

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 

0 
le Row optical patch cord and module receptacle 
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The Dual LC 
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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 Documén 
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nnecti E: 

ISFP-DD module is specified in CS-01242017 (see 
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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 22TX-1 TRI 

TXx2 = TX-2 RTL 

Tx3 TX-1 TX-2 TX-3 TR2 
Tx4 TX-1 RT2 
Tx5 TX-3 TR3 

TxX6 RT3 

Tx7 TX-2 TR4 

Tx8 RT4 

Rx1 RX 1 RT1 

Rx2 2 TRI 

Rx3 3 RT2 

Rx4 RX-1 4 TR2 
Rx5 5 RT3 

Rx6 6 TR3 

Rx7 7 RT4 

Rx8 8 TR4                 

    Note 1: TX-n or RX-n where, ed in Figure 33 
    Note 2: TRn or RTn where 

  

ined in Figure 33 
  

       

  

$; stacked, ganged and/or belly-to-belly 

EBC esign for cooling/airflow. 

The equipment supplier is ponsi for controlling 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. 3 

          

     

  

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 O°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, 

center environments as described in “Thermal guidelines for data processing 

environments”, fourth Ed., ASHRAE, 2015. The four classes correspond to different 

of equipment intake air temperature. 

Table 12- Temperature Range Classes for Tighter Controlled Applications 

e.g. data 

ranges 

  

  

         
  

    

    

    

      

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 号 15°C to 75°C 

Note 1: Functional includes all f n Low Power Mode. 

Performance means all specificati 

  

         
‘are met in high wer mode.   

  

  

6.3 External Case and Handle T. 

For all power classes, all module ¢ 

comply with applicable touch temper 

and allow for a higher 

Requirements for Infor 

April 2012, NEBS™ Requi 

8x/16x pluggable t 

critical, especially - 

increased. Byte 00h on 

use of the QSFP-DD memory 

module is inserted into a. D port 

used. This case is outside thé scope o 

ann 

age 

In some applications, 

    

    

  

ee www.OSFP-DD.com) 

muxing or demuxing may occur in the module. 

    

     
      

      

   
   

   

   
   

  

the module case temperature 

a means must be provided to 

Figure 10, Figure 11 and 

te module, thereby limiting 

1 conductivity elastomer 

tion see “TEC/UL 60950-1 

nly used in other form factors like QSFP, SFP, 

flexible use of the module by the user. The 

ommon Management Interface Specification for 

Some timing requirements are 

el device, so the interface speed may optionally be 

or Address 128 Page 00h is used to indicate the 

er than the QSFP memory map. When a legacy QSFP28 

the legacy QSFP memory map (i.e. SFF-8636) must be 

f£ this document. 

In this specification, 

all references to channel numbers are based on the electrical connector interface 

channels, unless otherwise indicated. 

applicable only to channels after muxing or demuxing has occurred, 

is intended to apply to all channels in the mux group, 

63 
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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 Vec. 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 is positioned to leverage 2-wire timing (Fast Mode devices) to align the use of 

related cores on host ASICs. The default clock rate is a ximum of 400 kHz with an 

option to support up to a maximum of 1 MHz. This subse r Closely follows the QSFP SFF- 

8636 specification. 

   

staat stop START     

  

      

        
  

  
    

      

  

        
                

  

anne 3 & Mes 

& 3 

~ 下 te, 

Ss. 
. ann 
i wf 

; ranean 7 : 
ban 

\ i : Vigan et whee, ae 
yt \ 

a S 

和 
ia \ 

中 iE ‘ 
SN ew be V canes 

‘ x bo. 

Rad of Transaction —o9 eet   
re 3 P-DD Timing Diagram     

    

   

     

of the QOSFP-DD module is 1010000X (AOh). In order to 

odules on the same 2-wire serial bus, the QSFP-DD 

includes a module select £& elL. This input (which is pulled high, deselected in 

the module) must be held low: 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 ModSelL 

line of any module until the 2-wire serial bus communication is complete and the hold 

time requirement is satisfied. 

The 2-wire serial inté# 

allow access to multiplé 
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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. 

~ 下 站 sehase tae Ths, ， 四 vel 

Cagacitance (nf, ¥ axisivs Hise Tirne (ns, N axis} 
e oo 
for selected ouli-ug resistor values with CC Avolts 

300 

全 号 全 

200 

LOG 

  & G : oo nat ee    
           kofns 
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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 | 0 1000 KHz 

Clock Pulse Width 七 LOW 1.3 0.50 ys 

Low 

Clock Pulse Width tHIGH 0.6 0.26 ys 

High 

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

before new between ACK and ReStart 

transmission can 

start . 

START Hold Time tHD.STA 0.6 0.26 Pus The delay required between 

SDA becoming low and SCL 

starting to go low ina 

START 

START Setup Time tSU.STA 0.6 The delay required between 

SCL becoming high and SDA 

tarting to go low ina 

Data In Hold Time tHD. DAT 0 

Data In Setup Time 七 SU .DAT O.1 

Input Rise Time tR ns Fro FTL,MAX=0.3*Vcc) to 

  

    

  

  
(VIH, MIN=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 一 

bus release 
   Delay from a host de- 

asserting ModSelL (at any 

point in a bus sequence) 

to the QSFP-DD module 

releasing SCL and SDA 
  

ModSelL Setup 

    
ms ModSelL Setup Time is the 

setup time on the select 

line before the start of a 

host initiated serial bus 

sequence. 
  

ModSelL Hold Time?     

  

  

  

                    
tHD.ModSel 2 ms 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 
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19 

and have reduced handle length equal to the module case length extension 
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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 

  

When the IEEE 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-SRA Multimode fiber | OM3 100m/OM4 125m 

    
       

  

          

  

  

40GBASE-LR4 — Singlemode fiber 10km 

SQGBASE-ERS. Singlemode fiber AQ kin 

  

  

  

        

  

  

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 
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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. 

© QSFP 

The Quad Small-Form-Factor Pluggable (QS**) 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. 

    
© 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. 
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e CFP 

The C Form-Factor Pluggable (CFS) 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. 

e 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 3 =—- QSFP to 4 SFP+ Breakout DAC 

e Active Optical Cable 
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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 

  

OQSFP to QSFP AOC QSFP to 4 SFP+ Breakout AOC 

e 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: 
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This entry was posted in QSFF+ Transceiver and tagged 40 Gigabit Ethernet, 406 QSFP+, 4OGBASE-LR4, 

SOG BASE-SR4, CFP module, CAP Transceiver, MPG MTP Fiber on May 25, 2015 [httov/Awww.cables- 
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www.cables-solutions.com/guide-to-40-gigabit-ethernet-options.html 5/5

Marvell Semiconductor, Inc. - Ex. 1002, Page 000113



IEEE P802.3cd"/D1.2, 3rd February 2017 
{Amendment of IEEE Sid 862.37-20715 as amended by 

flist to be populated during publication process} 

IEEE P602.3cda ™/D1.2 

raft Standard for Ethernet 

Amendment: 

iedia 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 Society 

This draft is an amendment of TREE Std 802.3-2015 as amended by TEER Std 802 3bw-2015, 

TEEE Std 802. 3by-2016, IEEE Std 802.3bq-2016, TEEE Std 802. 3bp-2016, TEEE Std 802.3br-2016, 
TEEE Std 862.3bn-2016, EPE Sid 802.3bz-2016, and [many others]. This amendment defines IEEE 802.3 

Media Access Control (MAC) parameters, Physical Layer specifications, and management parameters for 

the transfer of TREE 802.3 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 

published, whichever comes first. 

Copyright © 2017 by The Tastitute of Electrical and Electronics Engineers, Inc. 

Three Park Avenue 

New York, New York 10016-5997, USA 

All nghis reserved. 

This document is an unapproved draft of a proposed TEEE Standard. As such, this document is subject to 

change. USE AT YOUR OWN RISK! TEEE copyright statements SHALL NOT BE REMOVED from draft 

ox approved TEER standards, or modified in any way. Because this is an unapproved draft, this document 

must net be utilized for any conformance/compliance purposes. Permission is hereby granted for officers 

from each TEEF Standards Working Group or Committee to reproduce the draft document developed by that 

Working Group for purposes of standardization consideration by ISO/IEC. TEEE Standards Department 

orust be informed of the submission for consideration prior to any reproduction (sidsipr@ises. ore). Prior to 

adoption of this document, in whole or in part, by another standards developmient organization, permission 

Inst fost be obtained from the TEER Standards Department (stds. jprepicee org). When requesting permis- 

sion, [EEE Standards Department will require a copy of the standard development organization's document 

highlighting the use of [EEE content. Other entities secking permission to reproduce this document, in 

whole or in part, must also obtain permission from the IEEE Standards Department. 

  

  

  

“
E
O
N
 

un
 

fe
 
W
b
 

o
e
 

O
S

Marvell Semiconductor, Inc. - Ex. 1002, Page 000114



TEEE Standards Department 

445 Hoes Lane 

Piscataway, NJ 08854, USA 

  

The Institute of Electrical and Electronics Engineers, inc. 
3 Park Avenue, New York, NY 10016-5997, USA 

Copyright © 2017 by the Institute of Electrical and Electronics Engineers, Inc. 
All rights reserved. Published xx Month 20xx. Printed in the United States of America. 

IEEE and 602 are registered trademarks in the U.S. Patent & Trademark Office, owned by the Institute of Electrical and 
Electronics Engineers, Incorporated. 

PDF: ISBN 978-0-7384-XXXX-X STOXKXKX 
Print: ISBN 978-0-7381-XXXX-X STDPDXXXXX 

JEGE prohibits discrimination, harassment and bullving. For more information, visit hipciwwwuiec3ce. orgiveb/aboubsAvhats/oolees 09-26. Army, 

No part of this publication may be reproduced in any form, in an eleciranic reirieval systern or otherwise, without the prior written permission 
of the publisher. 

wd
 

Us
 

mm
 

3 
wm

 
2 
w
w
 

Ww
W 

WwW
 
O
W
 

Ww
 

Ww
 

Ww
W 

Go
 
b
o
m
 

OD
 

8 
OD
 
E
N
 

Un
 

e
e
 

NG
 

44

Marvell Semiconductor, Inc. - Ex. 1002, Page 000115



Drak Amendment to IEEE Std 802.3-2015 IEEE Draff P8602 3cd/D1.2 

IEEE P8O02.3cd Task Force 3rd February 2017 

Abstract: This amendment to IEEE Sid 802.3-2015 adds Clause 131 through Clause 140 and 

Annex 135A through Annex 136C. This amendment includes IEEE 802.3 Media Access Control 

(MAC) parameters, Physical Layer specifications, and management parameters for the transfer of 

IEEE 802.3 format frames at 50 Gb/s, 100 Gb/s, and 200 Gb/s. 

Keywords: S0GAUI-1, 50GAUL2, SOGBASE-CR, 50GBASE-KR, SOGBASE-FR, 50GBASE-LR, 

50GBASE-SR, 50 Gigabit Ethernet, 50GMI, 100GAUI-2, 100GAUI-4, 100GBASE-CR2, 

{OOGBASE-KR2, TOOGBASE-SR2, 1O0GBASE-DR, 100 Gigabit Ethernei, 200GBASE-CR4, 

2OOGBASE-KR4, Z00GBASE-SR4, 200 Gigabit Ethernet, Energy Efficient Ethernet (EEE), Ether- 

net, forward error correction (FEC), IEEE 802.3™ IEEE Std 802.3cd™, LAUL2, MMF, SMF. 
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Editor’s Note (fo 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 inchided 
in the published standard after approval. 

One exception to [EEE style that is consciously used to simplify the balloting process is the nurmbering of 
the front matter. Instead of the front matter being lower 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 

TERE documents are made available for use subject to important notices and legal disclaimers. These notices 

and disclaimers, or a reference to this page, appear in all standards and may be found under the heading 

“Tmportant Notice” or “Important Notices and Disclaimers Concerning [HEE Standards Documents.” 

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

TEEE Standards documents (standards, recommended practices, and guides), both full-use and trial-use, are 

developed within [EEE Societies and the Standards Coordinating Committees of the TEEE Standards 

Association (TEEE-SA”) Standards Board. TEEE (“the Institute’) develops its standards through a 

consensus development process, approved by the American National Standards Institute (ANSI), which 

brings together volunteers representing varied viewpoints and interests to achieve the final product. 

Vohinteers are not necessarily members of the Institute and participate without compensation from TEFE. 

Whue TEEE administers the process and establishes rules to promote fairness in the consensus development 

process, [EEE does not independently evaluate, test, or verify the accuracy of any of the information or the 

soundness of any pidgments contained in its standards. 

TERE does not warrant or represent the accuracy or cantent of the material contained in its standards, and 

expressiy disclaims all warranties (express, implied and statutory) not included in this or any other 

document relating to the standard, including, but sot limited to, the warranties of: merchantability; fitness 

for a particular purpose, non-infringement; and quality, accuracy, effectiveness, currency, or completeness 

of material. In addition, IEEE disclaims any and all conditions relating to: results; and workmanlike effort. 

TEER standards documents are supplied “AS [S” and “WITH ALL FAULTS.” 

Use of an TERE standard is wholiy voluntary. The existence of an [EEE standard does not nnply that there 

are no other ways to produce, test, measure, purchase, market, or provide other goods and services related to 

the scope of the IEEE standard. Furthermore, the viewpoint expressed at the time a standard is approved and 

issued is subject to change brought about through developments in the state of the art and comments 

recerved from users of the standard. 

Yn publishing and making its standards available, IEEE is not suggesting or rendering professional or other 

services for, ar on behalf of, any person or entity nor is TEEE undertaking to perform apy duty owed by any 

other person or entity to another. Any person utilizing any TEEE Standards document, should rely upon his 

or her own independent judgment in the exercise of reasonable care im any given circumstances or, as 

appropriate, seck the advice of a competent professional in determining the appropriateness of a given IEEE 

standard. 

TIN NO EVENT SHALL DEERE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, 

EXEMPLARY, OR CONSEQUENTIAL DAMAGES CNCLUDING, BUT NOT LIMITED TO: 

PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR. PROFITS, OR. 
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BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, 

WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT GNCLUDING 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 IEEE consensus development process involves the review of documents in English oniy. In the event 

that an TEER standard is teanslated, only the Eaghsh version published by TEEE should be considered the 

approved TERE standard. 

Official statements 

A statement, written or oral, that is not processed in accordance with the TEEE-SA Standards Board 

Operations Manual shall not be considered or inferred to be the official position of IEEE or any of its 

committees and shall not be considered to be, or be relied upon as, a formal position of TREE. At lectures, 

symposia, seminars, or educational courses, an individual presenting information on IEEE standards shall 

make it cloar 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 TEEE Standards documents are welcome from any interested party, regardiess of 

membership affiliation with IEEE. However, IEEE docs not provide consulting information or advice 

pertaining to TEER Standards documents. Suggestions for changes in documents should be in the form of a 

proposed change of text, together with appropriate supporting comments. Since JEEE standards represent a 

consensus of concermed interests, it is important that any responses to comments and questions also receive 

the concurrence of a balance of interests. For this reason, TERE and the members of its societies and 

Standards Coordinating Committees are not able to provide an instant response to comments or questions 

except in thase cases where the matter has previously been addressed. For the same reason, FEEE does not 

respond to interpretation requests. Any person who would tke to participate in revisions to an TERE 

standard is welcome to join the relevant IEEE working group. 

Comments on standards should be submitted to the following address: 

Secretary, IEEE-SA Standards Board 

445 Hoes Lane 

Piscataway, NJ 08854 USA 

Laws and requiations 

Users of TEER Standards documents should consult all applicable laws and regulations. Compliance with the 

provisions of any TEEE Standards decument decs net imply compliance to anv applicable regulatory 

requirements. Implementers of the standard are responsible for observing or referring to the applicabic 

reguiatory requirements. [EEE docs 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. 
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Copyrights 

TEEE draft and approved standards are copyrighted by TEER under U.S. and international copyright laws. 

They are made available by IEEE and are adopted for a wide variety of both public and private uses. These 

include both use, by reference, in laws and regulations, and use in private self-regulation, standardization, 

and the promotion of enginecring practices and methods. By making these documents available for use and 

adoption by public authorities and private users, IEEE does not waive any rights in copyright to the 

documents. 

Photocopies 

Subject to payment of the appropriate fee, TREE will grant users a Limtted, non-exclusive license to 

photocopy portions of any individual standard for company or organizational internal use or individual, non- 

commercial use only. To arrange for payment of licensing fees, please contact Copyright Clearance Center, 

Customer Service, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 756 8400. Permission to 

photocopy portions of any individual standard for educational classroom use can also be obtained through 

the Copyright Clearance Center. 

Updating of IEEE Standards documents 

Users of TERE 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 ic time through the issuance of amendments, 

cotrigenda, 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 [EEE standard is subjected to review at least every ton years. When a document is more than ten years 

old and has not undergone a revision process, it is reasonable to conchide that its contents, although still of 

some value, do not whally reflect the present state of the art. Users are cautioned to check to determine that 

they have the latest edition of any [EEE standard. 

in order to determine whether a given document is the current edition and whether it has been amended 

through the issuance of amendments, corrigenda, or errata, visit the TEEE-SA Website at 

hitp./fecexplore jecc ore/spi/standards isp or contact TEEE at the address listed previously. For more 

information about the TEEE SA or TERE's standards developrnent process, visit the TEEE-SA Website at 

hte //standards icce ore. 

  

  

Errata 

Errata, if any, for all TEER standards can be accessed on the TERE-SA Website at the following URL: 

hito-//standards ieec ore/hadsics/errata/indes himt Users are encouraged to check this URL for errata 

periodically. 
  

Patents 

Aftention 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. [fa patent holder or patent applicant has 

filed a staternent of assurance via an Accepted Letier of Assurance, then the statement is listed on the 

TEEE-SA Website at htto.//standards jecc ore /abonut/sash/paicom/patents html, Letters of Assurance may 

indicate whether the Submitter is willing or unwilling to grant licenses under patent aghts without 
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compensation or under reasonable rates, with reasonable terms and conditions that are demonstrably free of 

any unfair discrimination to applicants desiring to obtain such licenses. 

Essential Patent Claims may exist for which a Letter of Assurance has not been received. The TEER is not 

responsible for identifying Essential Patent Claims for which a license may be required, for conducting 

inquiries into the legal validity or scope of Patents Claims, or determining whether any licensing terms or 

conditions provided in connection with submission of a Letter of Assurance, if any. or in any licensing 

agrecments 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 infoiagement of such rights, ts eatirely their 

own responsibility. Further information may be obtained from the LEEE Standards Association. 
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introduction 

  

This introduction is uot part of TEEE Std 862.3cd-20xx, EEE Draft Standard for Ethernet. Amendment: 
Media Access Contral Parameters for 56 Gb/s and Physical Layers and Management Parameters for 50 Gb/s, 
160 Gb/s, and 200 Gh/s Operation.       

YEEE Std 862.3?™ was first published in 1985. Since the initial publication, many projects have added func- 

tionality or provided maintenance updates to the specifications and text inchided in the standard. Each 

TEEE 802.3 project/amendment ts identified with a seffix (e.g., IEEE Std 802.3ba?™M-20 10). 

The half duplex Media Access Control (MAC) protocol specified in IEEE Std 802.3-1985 ts Carrier Sense 

Multiple Access with Collision Detection (CSMA/CD). This MAC protocol was key to the experimental 

Ethernet developed at Xerox Palo Alto Research Center, which bad 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 ip 1980. Ethernet at 10 Mb/s was approved as an [EEE standard by the TEER Standards Board in 1983 

and subsequently published in 1985 as TERE Std 802.3-1985. Since 1985, new media options, new speeds of 

operation, and new capabilities have been added to TEEE Std 802.3. A full duplex MAC protocol was added 

in 1997, 

Some of the major additions to [EEE Std 802.3 are identified im the marketplace with their project number. 

This is mast coramon for projects adding higher speeds of operation or new protocols. For example, [EEE 

Std $02.3u™ added 100 Mb/s operation (also called Fast Ethernet), IEEE Std 802.32 added 1600 Mb/s oper- 

ation (also called Gigabit Ethernet), TERE Sid 802.3ae added 10 Gb/s operation (iso called 10 Gigabit 

Ethernet), EEE Std 802.3ah™ specified access network Ethernet (also called Ethernet in the First Mile) and 

TERE Std 802.3ba added 40 Gb/s operation (also called 40 Gigabit Ethernet) and 100 Gb/s operation (also 

called 160 Gigabit Ethernet). These major additions are all now included in and are superseded by IEEE Std 

802.3-2015 and are not maintained as separate documents. 

At the date of TERE Std $02.3cd-20xx publication, EEE Std 802.3 is composed of the following documents: 

TEEE Std 8$02.3-2015 

Section One-——Inchides Clause | through Clause 20 and Annex A through Annex H and Annex 4A. 

Section One includes the specifications for 10 Mb/s operation and the MAC, frame formats and service 

interfaces used for all speeds of operation. 

Section Two--Tnclades Clause 21 through Clause 33 and Annex 22A through Annex 33E. Section 

Two inchides management attributes for nuutipic protocols and speed of operation as well as spectfica- 

tions for providing power over twisted pair cabling for muluple operational speeds. It also includes 

general information on 100 Mb/s operation as well as most of the 100 Mb/s Physical Layer specifica-~ 

tions. 

Section Three-——-Includes Clause 34 through Clause 43 and Annex 36A through Annex 43C. Section 

Three includes general information on 1000 Mb/s operation as well as most of the 1000 Mb/s Physical 

Layer specifications. 

Section Four—Inctudes Clause 44 through Clause 55 and Annex 444 through Annex 55B. Section 

Four includes general information on 10 Gb/s operation as well as most of the 10 Gb/s Physical Layer 

specifications. 

Section Five-—Includes Clause 56 through Clause 77 anc Annes 357A through Annex 76A. Clause 56 

through Clause 67 and Clause 75 through Clause 77, as well as associated annexes, specify subscriber 

access and other Physical Layers and sublayers for operation from 512 kb/s to 10 Gb/s, and defines ser- 

Copyright © 2017 IEEE. Allrights reserved. 

This is an unapproved IEEE Standards draft, subject to change. 

il

Marvell Semiconductor, Inc. - Ex. 1002, Page 000124



Draft Amendment to IEEE Std 802.3-2015 IEEE Draft P802.3cd/D1.2 

{EEE P802.3cd Task Force 3rd February 2017 

vices and protocol elements that enable the exchange of [EEE Sid 802.3 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—tIncludes Clause 78 through Clause 95 and Annex 83A through Annex 93C. Clause 78 

specifies Energy-Efficient Ethernet. Clause 79 specifies TEEE 802.3 Organizationally Specific Link 

Layer Discovery Protocol (LLDP) type, length, and value (TLV) information elements. Clause 30 

through 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 tume synchronization protocals. 

TERE Std 802. 3bwt™-2015 

Amendment 1—This ameodment includes changes to TEEE Std 402.3-2015 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. 

TEER Sid 802. 3by™-2016 

Amendment 2—-This amendrnent inckudes changes to TEEE Std 802.3-2015 and adds Clause 105 

through Clause 112, Annex 109A, Annex 109B, Annex LIOA, Annex LIOB, and Annex 110C. This 

amendment adds MAC pararneters, Physical Layers, and management parameters for the transfer of 

TEEE 602.3 format frames at 25 Gb/s. 

TEER Std 802. 3bqg™™-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 Gh/s operation over bal- 

anced twisted-pair structured cabling systems. 

TEER Std 802 3bp™-2016 

Amendment 4—This amendment includes changes to TEEE Std $02.3-2015 and adds Clause 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 utilizing the structured wiring plant. 

TEEE Std 802. 3br™-2016 

Ameodment 5—-This amendment includes changes to TEER Sid 802.3-2015 and adds Clause 99. This 

amendment adds a MAC Merge sublaver and a MAC Merge Service Interface to support for Interspers- 

ing Express Traffic over a single Junk. 

TEEE Std 862.3bn™™-2016 

Amendment 6-——This ameadment adds the Physical Layer specifications and management parameters 

for symmetric and/or asymmetric operation of up to 10 Gb/s on point-to-muitipoint Radio Frequency 

(RF) distribution plants comprising either amplified or passive coaxial media. Jt also extends the opera- 

tion of Ethernet Passive Optical Networks (EPON) protocols, such as Multipoint Control Protecol 

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

Amendment 7—-This amendment includes changes to IEEE Std 802.3-2015 and adds Clause 125 and 

Clause 126. This amendment adds new rates of 2.5 Gb/s and 5 Gb/s and new Physical Layers for Oper- 

ation at 2.5 Gb/s and 5 Gb/s over balanced twisted-pair structured cabling systems. 

TEEE Std 802 3bu™-201x 

Amendment 8--This amendment inchides changes to TEEE 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 

TERE 802.3 single twisted-pair interfaces. 

IEEE Std 862. 3bv™™-201x 

Amendment 9—-This amendment inckades changes to TERE Std 802.3-2015 and adds Clause 115 and 

Annex LI5A. 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 automotive, 

industrial, home-network, and other applications. 

TEEE Std 802.3bs?™™-201x 

This amendment includes changes to IEEE Std $02.3-2015 and adds Clause 116 through Clause 124 

and Aonex LI9A through Annex J20E. This amendment adds MAC parameters, Physical Layers, and 

mafagement parameters for the transfer of IEEE 802.3 format frames at 200 Gb/s and 400 Gb/s. 

IEEE Std 802.3 fothers]™-20 1x 

This amendment includes... 

IEEE Std 802.3cd?™-201x 

This amendment includes changes to IEEE Std 802.3-2015 and adds Clause 131 through Clause 140 

and Annex 135A through Annex 136C. This amendment adds MAC parameters, Physical Layers, and 

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

200 Gb/s. 

A companion document IEEE Std 202.3.1 describes Ethernet management information base (MIB) modules 

for use with the Simple Network Management Protocol (SNMP). IEEE Std 802.3.1 is updated to add man- 

agement capability for onhancements to IEEE Std 802.3 after approval of the enhancements. 

TEEE Std 802.3 will continue to evolve. New Ethernet capabilities are anticipated to be added within the 

next few years as amendments to this standard. 
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BOL OVELVIOW ooo cence ceseneenecoeece ent ecescnscnecseesencneeceecesenecsaeseecrseseictsenscsiseasenseseeseecenestestecntenecses 92 

80.1.3 Relationship of 40 Gigabit and 100 Gigabit Ethernet to the [$0 OSI reference model........ 92 

BOLL A Nommemchatere ooo ccc cece cee ceec cee ne essence cee ceeevaesaeseseeenecseteveesecssenseuecescenenestecntensentecrees 93 

80.1.5 Physical Layer signaling Systems 00 e ccc eeceescecee cesta ce eeensesseaseaseaeesenaesseeseesenseeeees 93 

80.2 Summary of 40 Girabit and 100 Gigabit Ethernet sublayers 00.0 ccc cc ecseccsecsecnesssecneerseses 95 

80.2.1 Physical Coding Sublayer (PCS) ooo ccc cccccsecsecsseseseeeensecteesseceescaecsasessesstnateseseteasenes 9S 

80.2.3 Forward Error Correction (FEC) sublayers oo. ecceecccseecsecescteecescssceeenecnicenesnrencenes 5 

80.2.4 Physical Medium Attachment (PMA) Sublayer occ ccc ccceec ces ceseeseersestessessesteestetneenes 93 

80.2.5 Physical Medium Dependent (PMD) sublayer oo. ccc ccc cccecercceesenseseeessessescseenenssecneenecsas 96 

80.2.6 Abio-NegSOHaHO 基 9 36 
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BO.4 Delay COMStragnts. o.oo ccc ccc cccecseen ee eeceeceee cee ciecrssssececssesuecescseeseesssceeerenutsssessessesdeeressstoneeneests 97 

BOS SKEW COMSEAUMES oo cc cece ceceecaceeenscesecaeeseecueteensesiecueeaeesensssaeeatesesaeaeensesseseasesensesaseeeseaseaes o8 

62. Physical Coding Sublayer (PCS) for 64B/o06B, type 40GBASE-R and lOOGBASE-R ooo. 101 

82.6 AMtO-NeSOt ation ooo ccc cece ccc cesceec cesses eessesseessessessesseessecessserseecsessascaecsacsaecsessteaeseteaseesseseetes 101 

82.7 Protocol implementation conformance statement (PICS) proforma for Clause 82, Physical 

Coding Sublayer (PCS) for 645B/66B, type 40GBASE-R and 100GBASE-R 101 

82.7.4 PICS Proforma Tables for PCS, type 40GBASE-R and LOOGBASE-R. oe 10] 

82.7 4.5 TPest-pattert MOUS occ cece cccseecceteecnateeeseceeeeaecesseceseeeaeseeseseeesatentsessseneaesnesecsas 101 

B27 ALT ManagereHE c ccc ceee cence nee seb eee ne eee Deak CLE EOE DEEUE CODEC DH CGEC EEC LER DE EODEEDECEECREEpEEDEEGEE idt 

82.7.4.11 Auto-Negotiation for Backplane Ethernet fimctions 0000 cece eeceerterenteees 102 

90. Ethernet support for time synchronization DrOtgCOHS ccc cecceecee sees ceasesceerseaseteentenseetsenenseenes 103 

GOL EGRC 人 了 103 

91. Reed-Solomon Forward Error Correction (RS-FEC) sublayer for lOOGBASE-R PHY s oo. 104 

91.5 Functions within the RS-FEC sublayet 0000s ccccescces cesses eesceeseessessesssessessesssesetseesseneetenes 104 

94.5.2 Transmit 有 CO 了 104 

91.3.2.6 Alignment marker mapping amd inSeT 人 DO 天 104 

91.5.2.7 Reed-Solomon encoder occ ec ccce cee cee ne seecs ec eeeeeevieseesetersesenstineesieseeneeienae 104 

91.5.3 Receive fgEEO 基 8 105 

9ES.3.1 Algnmont lock and deskew o.oo ccc ccc cececneeeeeceesessecnecsecessescrescesueereesenitnerees 108 

91.5.3.3 Reed-Solomon decoder ieee cece cee cee ceeeeeecescaseaseseaaeceensensesteaseaeesesaeeseeateaes 106 

91.5.4 Detailed functions and state Giagsranns ooo ccc ccccesccecce scree eeeceevsecuecesceseseeseseneerenies 106 

DLS.4.2 State variables occ cece ces cecee cee ceesseeseeseneeaeesesseceeeseesesaeeseensessasseeseeeceteereessees 106 

GES AZT Variables ccc ccc cece escne cece eeene cece esenseeeseeensouecseteneneceenoneeenenees 106 

GES A423 COUMECES occ cc ceec cee cc cece sen ceeseseesecaeesensceaecaeesesaesetsaneesessecaeesensaeateeseseaeeaes 106 

SEG RS-FEC MDIO function DaPPDID 区 9 107 

91.6.23 four lame rid occ ccc ce cceeseceecsersecssenseceeeceeceascascsaseaecaesaseaesusteaseestesseesserseetessesees 107 

91.6.5a FEC opttonal States occ cece cnecceccnecneceeceesesceeecessesceeeseutsseessessenersesesssecresssesieenees 107 

91.7 Protocol implementation conformance statement (PICS) proforma for Clause 91, Reed- 

Solomon Forward Error Correction (RS-FEC) sublayer for OOGBASE-R PHY so. 108 

91.7.4 PICS proforma tabies for Reed-Solomon Forward Error Correction (RS-FEC) sublayer 

for LOGGBASE-R PHYS ooo ccc ccc eeces cee eene cece eens csesesescsenesseensesenin onesies 108 

GUT 4D Pramsmit Pamction ce ccc ee cenceeseeeee cee eu cea ceecessaeeasesesaeecseeesesscaseeenenaetseesesses 108 

OL. TAS State GASTAIS ccc cece c neces eens e ee ece scree esac se seecesesceessesceeseesesutestecseensteeenessiess 108 

116. Introduction to 200 Gb/s and 400 Gb/s RetWG 环 Se 109 

PEG LCV CIVIOW ic ccc ccc ceee ee ccc eee e eee EA GenE EEC EEE EAU EEEROIEU EDGES DEAOGEEDHEC HAE GESHEC DHE DiEcAC DA GEEAGEAC eRe reCsEOGHE 109 

116.1.2 Relationship of 200 Gigabit and 400 Gigabit Ethernet to the ISO OSI reference 

MOG occ ce cee cee cestceecrees ee eecnaessesnecoecsecesenseceesescuecseessecntereesetevsevesseteneeecstsetterees 109 

116.13 Nomenchatare oii ccc eee ceceeccne cease acces ce ceeeeesevseenseeseecaetsescaetaesaecaeteasenseeetentesteveteeses 109 

116.1.4 Physical Layer signaling Systems 9 

116.2 Summary of 200 Gigabit and 400 Gigabit Ethernet sublayers 00.0 ececsecseeescteeteeeeaes lil 

116.2.5 Physical Medium Dependent (PME) sublayet ooo cccccccecrsecsecnecresecnecrnecesseecnees itl 

116.4 Delay conStaHRES ccc cece cescea sence eseuseeseeuseseesseeseeseessecsaeceecsasssecsatssesseseetensseseaseeseeesetes ill 

119. Physical Coding Sublaver (PCS) for 64B/66B, type 200GBASE-R and 400GBASE-R oo. 112 

119.6 Auto-NeggtaHGOR occ ccc ce cece ces ces seessesseatecseeusesseensessecneccsescaccsaceasessssatenecaeteaseseeaseaseerseseeses i12 
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119.7 Protecel implementation conformance statement (PICS) proforma for Clause 119, Physical 

Coding Sublayer (PCS) for 64B/66B, type 200GBASE-R and 400GBASE-R oo. 112 

119.7.4 PICS proforma tables for Physical Coding Sublayer CS) 64B/66R, type 

200GBASE-R and 400GBASEAR ccc cceseescesescesseeeseeseaeeecseseaeeecseseaseecseeseaseetieesens 112 

119.7.4.12 Auto-Negotiation for Backplane Ethernet finctions oo... eececeeerteenees 112 

120. Physical Mediom Attachment (PMA) sublayer, type 200GBASE-R and 400GBASE-R oo. 113 

120.5 Functions withia the PMA cece ce ceccnceeeneetecereeteceeceeenessstcrtcrecssetieteesiscteceesenettenies 113 

1205.7 PAMA Encoding ooo ccc cece ccc escceneaseuseesseuseescenseeeenseeseeceecsassaecsassaecessateaesuteatessseasentes 113 

120.5.7, 1 Gray coding for PAMA encoded lanes o.oo ccc ctr cteertestestirtctsetresenee LEB 

120.3.7.2 Precoding for PAM4 encoded lanes ooo. ccc ccccce cnc cnteeesestesseestesseceerseeseetsensees 113 

120.6 PMA MDIO famction Mapping occ ccc ccccescctecee sec ceeseeseeeseesesutessesnecsesereetesssseeetsesssensetaes it4 

120.7 Protocol implementation conformance statement (PICS) proforma for Clause 120, Physical 

Medium Attachment (PMA) sublayer, type 200GBASE-R and 400GBASE-R oo US 

120,77 EMCOdting ooo ccc ccc ccccceccesceeseessensecssesaecsecsaecsessesseseaseaseeaseaseeeseasesssersestesisessesieeserseessesecenes 115 

131. Introduction to 50 Gb/s ReEWO 环 Se il6 

TS EE OV GEVICW eee ccc eecee cae cecneeeaenseeseeseuceacesecsecseesesesseseneaseesassceeeseceseasesseseceecensseseeseeseneenes 116 

VS ELD SCOP cece cece cece eee ee nese cee essescsecnescsececrssceessseeeeccsutsaeesresueereesensecreensessseteetaes 116 

131.1.2 Relationship of 50 Gigabit Ethernet to the [SO OSI reference model... 116 

13 .3 Nowe mcbatwre oo cece cece ccc eec cece cneececnecoseseneseeeeseestecueenecnesersereesescteuessenteeeseaees 117 

131.1.4 Physical Layer signaling sySteqms 000.0 ceeceesceseeceesceeseessersectesssessecssensetseeseneceaes 117 

{31.2 Summary of 50 Gigabit Ethernet sublayers o.oo ccc ccecceessecseeceeceecrseceecescrsessecnecssessecnseeaes 118 

131.2.1 Reconcihation Sublayer (RS) and Media Independent Interface (SO0GMHD 118 

131.2.2 Physical Coding Sublayer (PCS) ooo ccc ccccseec tes cessetssreeieesectetesessteseseee LED 

131.2.3 Forward Error Correction (FEC) sublaver. oo. coccccccccccceceescesecsecssecseceessensecueessennesenes 119 

131.2.4 Physical Medium Attachment (PMA) sublayer o.oo ccc cccrsceseceecnserestecnertesnreicees 19 

131.2.5 Physical Medium Dependent (PMD) SblayeT o.oo ccc cc ccc ces cecesceerseatesseensenteessereenes 119 

131.2.6 Management interface (MDIO/MBIC) ooo ccc ccc cesces cree seseceeeessestssseseetenereenessieens 119 

131.2.7 ManageEDIEI 拓 9 119 

131.3 Service interface specification method and ROtAHOD cece tects tcseetenssecreeteecsscnsetaes 1i9 

131.3.1 Inter-sublayer service mterbace occ cc ece ce cssesse cue ceseteeceaseeteasesceseteasesseesessesseesenaes 120 

131.3.2 Instances of the Inter-sublayer service mterkace 0 

131.3.3 Semantics of inter-sublayer service imterface DIEWES o.oo. cece cee eceetsetseteeenes 120 

ES Ld Delay COmStrAES. oc ccc ccc cece sense cee cecuseesecrseese cee sese eee seseeeseesesutessesnecsesedeesessseetectsesisetseties 122 

ISLS Skew CORSET3HEES oo cece cc ee cee teste ceecenecnseasessesecaeesenscesecseeseaecsetseneesesiecaeeeneseateeseeeaeeaes 122 

ESD. State GhAQrares ooo cece ce cence cette cece c cnet cere nen eeCL EGU ASEH ECEA DEE CHSC EA DaGGHEC EAE DaGcACDAEsEOG HAC eEe;EEsEOGHE 125 

131.7 Protocol implementation conformance statement (PICS) Profornna ccc ecececeeseees 125 

132. Reconciliation Sublayer (RS) and Media Independent interface G0GMID for 50 Gb/s operation... 127 

P32 V OV GIVICW ooo cece cccceec ces ceeseec ses secsecsaecsecssessecsecssessecaecaseaseaeceatesceceteasesseessessesieessesssenserseesseseeseaes 127 

132 11 Suramary of major CONCEDES ooo ccc ccc cecene cee cee cesceeccessesueessecsessesedeetesssectecnsesecteeeaes 127 

VS212 Appbecatton. ccc ccccccccccccceateaceseseaseuseessesseesecnseeseensesseecsecsassecsasiecessteassuteasesteensetes 127 

132.1.3 Bate of OPOLAtOR ccc ccc cece cceecesenee eee ceeersetsecusenseceseseneteeseecresresitesteceetseetenessiecss 127 

132.1.4 Delay COMStAIIES cle ccc ccceseeceecsaecaecsataecuetasensseatenscessesseessessestesssessesssesetsectseceseaes 128 

132 1. Allocation Of fncHORS ooo cece ccc cnc cncenecese tee seseeccesseueessecsessasedecssssectecnsesecneeraes 12 

132.1.6 SOGMIE Stricture ooo cece ccc esesseseecesescesencesesceseeceaeceeseeceaecacseeceseceeseeceaeceeseeseneceeieeees 129 

132.1.7 Mapping of 50GMU signals to PLS service primitives 8 

132.2 SOGMIT data SHE occ ccc ececcccseeseceecssecuecaseaesateaseessesseeceersessecssessectesssessecssensetsecsseseeseaes 129 

$32.3 SOGMT functional speceficatio ns ooo. ccccescceceesceec cee sesseeeceesesseessesnecsesneenesssecsestsesssensceaes 12 

132.4 LPI assertion amd getectHig 有 es 129 
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132.5 Protecel implementation conformance statement (PICS) proforma for Clause 132, 

Reconciliation Sublayer (RS) and Media Independent Interface (50GMID for 50 Gb/s 

    

OPOEATLOT ccc cc ccec ce cee eee en ee nee cee eecnescseCHeCDHEDASEACEEAS EECCA GEEGS SUE GE ELE ELLE FOL EA DERE ECHAE FEE GHECtHE Ha AoH EEE 136 

T3254 Pntrodcti one. cee es cee cence eceeseeseeeseeseesecesescnsstaeeceeeeacsaeeseasesecaeseensseseeseeseeenes 136 

132.5.2 ea 和 0 有 130 

132.5.2.1 Inyplementation identification... cece ce cecs ees seteecseesaecsececssesneteaeteateateessenses 130 

132.5.2.2 Protocol STORY 3 

132.3.2.3 Major capabilities/Options ooo. cc cccccceceeceaeceaceaceeeseasesseueseaseeseenseeeenserseessessees 131 

132,5.3 PICS proforma Tables for Reconciliation Sublayer (RS) and Media Independent 

Interface (SOGMED for 50 Gb/s Operation oie cc cc eccccecseetsecsetuecnsecneceaeseatesenssensentes 131 

ESZS. SE Gem rab occ ccec ccc ctecne cee ccesceee eee cee eee eeeeceueeeeeesessesereesessssesessssesscsscrsecsscesensecsaes 13k 

132.5,3.2 Mapping of PLS service primitives ooo ccc ccccce cn cesesesesteasees tenses eenseeseeeessees 131 

133. Physical Coding Sublayer (PCS) for 64B/66B, type 50GBASE-R oo cecccee sens teeteeseetentes 132 

LBB E OV GEVIOW eee cece cc eeceetaececneeeaenseeseeseuccaecsecsecseeseesesseseneeseessassceeeseceseasessesecaesuenseeeeseeseeenes 132 

VSS LD SCOP cece cece cee cen eee ee necee cde nessescsecneccsececessceessseeeeseeutsasessesueersesesssecresnsessseseties 132 

133.1.2 Relationship of SOGBASE-R to other stamdards 0000 ccc cece cecese cnc ceeseeseseseessensenses 132 

133.1.3 Summary of SOGBASE-R sublayers ooo ccc ccc ccc ceccescesceesreeseecsecsesstesecieessteteenessieens 132 

133.1.3.1 Physical Coding Sublaver (PCS) ooo cece csee castes enesusteaseestesseaseenseeseeteessees 132 

133.14 Enter-sublayor interfaces ooo ccc cc ccsee ce ccnscneceescneceeceseceeeseseessesseseresensseeresssessecneeties 132 

133.1.4.1 PCS service interface (SOGMID occ cece cree cere etneesrteenaecnseseateseaeenese 133 

133.1.4.2 Forward Error Correction (FEC) or Physical Medium Attachment (PMA) 

SOLVICE EMCTERCE eee cece cee n ates eceseeuceesesseascaeceeseesaceaeesesscaecaeesenseeseeseeseneenes 133 

133.1.5 Ponctional Block Giagrare ooo ccc ccc ceccccncens cee cee sesceecceesesueeesecsesseeedecnssssectecnsesecteenaes 133 

133.2 Physical Coding Sublaver (PCS) oo. ceccccccceceesseeseesecnseecaeceeceaecaecsasesecueseasenssesteasenteesseeses 134 

133.2.) Functions within the PCS ooo ccc crt ct criterion Lo4 

133.2.2 Alignment marker insertion... ccc ccc ccccece csc cessescesceaceessesseessessectessessecsseserseessesnereaes 135 

133.2.3 PCS lame gs 136 

133.2.4 Detailed functions and state diagrams 

133.3 Delay CORSIF3HD 人 Se 136 

133.4 Artto~Negotiation ooo ccc ccc ccc ceecenscesceascessesseeseersestecssessecsesssevsecssenercaecsaceiecaeseateaesueteateneeeas 136 

133.3 Protocol implementation conformance statement (PICS) proforma for Clause 133, Physical 

Coding Sublayer (PCS) for 64B/66B, type 50GBASRE- 有 9 137 

133. 和 .1 Vitro ction. cee cece cc cececsees eee eecneecsecnecosesensesceeeseestscueenscuesersereesetevevessseneeaeestaees 137 

1335.2 1dentificatiG 人 3 137 

133.5.2.1 Implementation idonteficatian occ ccc cc ccee cee ceeeceseeenssectessessensseerenssesieenaes 137 

133.5.2.2 Protocol SHE lec eects cese cee ceaseeeceaseeceersessecseessecsesesersesssensersaessaseaeceaeates 137 

133.5.3 Major capabilties/options..0 occ cc cecceccsceececeecnseseecescesceesresenesessesitesseceetseeteenesseens 138 

133.5.4 PICS Proforma Tables for Physical Coding Sublayer (PCS) for 645/66B, type 

SOGBASEAR ooo ecccecccce cen cecetccesenscueceessecneecescnsenscnsesescreesensssevesiesasensesensteseestestecneenees 138 

B33.5.4.1 Coding TS 138 

133.5.4.2 Scrambler and Descrambler 3 

133.5.4.3 Doskew and Reordering ooo. cccescecseceeeaeceeceesseseceaesueteatestestenseersenseeseensees 139 

133.5.4.4 Alignment Markers ooo cc cc ccecceeccecs ence secseeseciecrsessececssesecescreesessesereesenitessesnees 139 

133.5.4.5 Test-pattern TOGES ccc ccc ccc cccccsseeesesenseescessecserseesecssecsecssecsectecssesseteaeteateasenssenses 139 

133.5.4.6 Bit OFder ooo cecceccnecescnecueeseeseneaceceesesevsevessssereeaecsesetiessesssenececsencenentesneens 146 

133.3.4.7 Management... ccc cccceceee cece eneaceeseesaeteseeesaeensaeneaseseeeeaeseacecseenatenseeeseneeeeees 140 

133. 8.4.8 State Ua grars ooo cece ee neececes ese eeeseceseeeecescssensecsesiesscesceessesenctecresssesteenses 140 

B33.5.4.9 Loopback ooo ccc cccecsecsecssensecescteeceaseesseaseeecersessecseessecsesssersecssenseteaeseaceatenesenses 141 

1335.4, 10 Delay constraints. occ cc cccccecceccee ces ceeeceueseeessesseeereseesssereveeesscssetsecsecrseniecsaes {4h 

133.5.4.11 Anto-Negotiation for Backplane Ethernet fonctions oo. cere eens 14} 

134. Reed-Solomon Forward Error Correction (RS-FEC) sublayer for SOGBASE-R PHY’ oo. 142 

Copyright © 2017 IEEE. All rights reserved. 

This is an unapproved IEEE Standards draft, subject to change. 

“
E
O
N
 

un
 

fe
 
W
b
 

o
e
 

O
S

Marvell Semiconductor, Inc. - Ex. 1002, Page 000133



Drak Amendment to IEEE Std 802.3-2015 IEEE Draff P8602 3cd/D1.2 

IEEE P8O02.3cd Task Force 3rd February 2017 

ESD OV GRVEOW cc ccc cece eee see ese eee CEC DEGEEGDECGHESEECDEEDHECEEC DEES EAUEH GH EAS FAUEA GE Su des GE Sires essaeCeSteseHscaE tae: 142 

TSA LA SCOpe cece ccceecseceecseecaeceaceaecaensasenesusteaseseesseessenseseeceecsasssecsasssessessetsaeseatetesssenseetes 142 

134.1.2 Position of RS-FEC in the SOGBASE-B SUbIAvers ooo ccc cc ccec cee eteecseseenetcseeneesiecns 142 

134.2 PEC service 1nteriace oie ccceccseecascsessecuessseaessteasescesseeceersesseessessectessensecssensessecsseseereaes 142 

$34.3 PMA compatibility ooo ccc ccceccnsececcnscceeeecrsecseseesesceeeseeseeeseesesueesseciecseseneetesssectecssesisenseties 143 

134.4 Delay conSHaHRES cece ccceec cee cesseeseesseusecseesseseessersecsecnsercaecsaceaecasssasenesaeteaseseesseaseessenseeses 144 

134.5 Functions within the RA-FEC sublayer ooo cc cceccsccsececcsecesceserescesseseeesseutessessessenereeensts 144 

134.5.1 Functional block 全 aa ooo ccc ccc ccc enceseseaseseesseaseessesseessensessesssecaessessetssesseneesenes 144 

1345.2 Transmit CO 144 

134.5.2.1 PCS Lane block SyncChrOHEZaHO 有 9 144 

134.5.2.2 PCS Altonment lock and deskKeW ccc ccececceccseetescsseeenecesscnecrescscesensecenie 144 

134.3.2.3 PCS Lame reorder occ ccccecccccteeceeeseeseesseneecaccsaceaecaeseaseaseaseaseaeenseneenseeseessessees 144 

134.5.2.4 Alionment marker TeTOOY 旨 es 144 

134.5.2.5 64B/66B to 256B/257B transcoder occ cece ces eeesseeseeseeeserseessensereaetsaceaecnessases 145 

134.5.2.6 Ahenmont marker mapping and ISCrtiom oo. cc cee ccceceecs sense tescnsceneteecaess 146 

134.5,2.7 Reed-Solomon encGGeT cece ccc cce cee seesececssecueceaeceeceaseaeceateaceerseatesieensenteeeens 147 

134.8.2.8 Symabol gist3bHEEO 人 9 147 

134.5.2.9 Transmit bit ordering ooo. cee ceecceeceaseeceersessecseessecsescsersecssensereaessaceaecestates 147 

1345.3 Receive CEC 人 用 147 

134.5.3.1 Alignment lock and deskew 000.0 cccccseceeceaccseceaecoecatenesusteaseestesseseenseeseesaeesees 147 

134.3.3.2 FEC Lane reorder... ccc cece cece ste cueceneeeeeeceeceecveeveesstcneerecsesesienaestscnecenseneetentes 149 

134.5.3.3 Reed-Solomon decegeT ccc ccc ccc cccceseesseesesseeseeeseeceesseeseeseensectaecsectestiessetsiesseses 149 

134.5.3.4 Ahgnmont marker 人 DO 149 

134.5.3.5 256B/257B to 64B/66B transcoder. occ cee cece eee seesees tue cestueteecieesensenesees 150 

134.S.3.6 Block istration ooo. cece ccceeccccseeneeesscnsecescesceeenaecsaesaesscesceeesessenctecresssesteenaes 150 

134.5.3.7 Alignment marker mapping anc MSCrtiON occ cece ces ceteetsenseeeeeceaceaeeeenanes 150 

134.5.3.8 Receive Dit OrgeTHRg occ ce cree cecet cere eeereesetreeeiisescetotctisseeee OE 

134.5.4 Detailed functions and State Hhagrarns. ooo. ccceeceecsecsersseseeceeecaecsataecsessstesesesteasenes 151 

134.S.4. State diagrarn COMVOMIGIS oo ccc cccccnsces ects ceseeeecesesecessesceesressenssecrsnssesiecnaes i3] 

134.5.4.2 State variables ooo ccc ccc ccc ccsecseceseceeceaseaeceaseaceersessesseeisesessseseeseensecsaecsectisesesentes 15] 

134.5,.4.2.2 PRC 人 ODS 153 

134. S.4.2.3 COWMECES ooo cc ccc ccc cccen neces ecneceeeceeceecessceeseseeeesceutssesenesesereesenstesestsecssctseties 133 

134.5.4.3 State Aiagrannas occ cccecsecscese ces ceaseesceaseceersessecseessecsesssersecssenseteaeseaceatenesenses 153 

134.6 BS-FPEC MDIO firnction Mapping 3 

134.6.1 FEC bypass indication omable ooo cccceceeeseeseesseeseessensesseeaecsaessensetseesseneesenes 153 

1346.2 FEC bypass indication ability ooo ccceec cesses eesceesesseessecsecseeesecnssssectecnsesecteeraes 133 

T3463 BE SOR ccc ceccccccseeseecescseecaeceateaecusnsasenesusseaseeseesseessenseseeceectesssessecsecssesseteasssteatesssenseetes 154 

134.6.4 ams LOCK cece cece eee seenesse eee esssececnescsececeseceeseecnssceeessceeceutsssesseesenereeteniiens 154 

134.6.5 foc aligm SEATS oo cece cseetseceecseeceecatsecueteasenssesseascessesteessessectessessesssessetseessentereaes 155 

1346.6 FEC corrected CW 《COURT 158 

134.6.7 FEC uncorrected CW _COUMECE.. 00 ec c ccc cctectecnecsteneceseteeceateaeceatcaceaeteasesseesseasesteessenses i358 

134.6.8 FEC Lane Mapping occ cccccecnecssececnescsectecssecesescrescessseceessenstsssessessenereenesiiens i535 

134.6.9 FEC symbol error COUMCT 了 155 

V34.G6.10 aber STATES oc ec cc ccc ececneecnecnecseececrsecseceecraeseesseceeesceutiasesnessesereesensssctesnsesecteeties 158 

34.6.1 BYP error COUREET FD ccc cece sees cena ten eeeaececsaeeeacesseesaeseaceesseecseteerseneentaeeeatesies 15S 

134.6.12 Lame Mapper ccc cece ccseeneessecsecnesesececsseceesescresseeussceseceussssssseetenereeteniieens i535 

134.6.13 BLOCK LOCK ice ccc cee cesses secseensetecssenaceaecaseaceeseasessseseaseseenseeeensesseeseessaeeaes 156 

VBA GLE we FORK cece eccsee neste nes nessesesecnescsececesscessscesesesutsssesescensrsesenssecresssersecniesaes 156 

134.7 Protocol implementation conformance statement (PICS) proforma for Clause 134, Reed- 

Solomon Forward Error Correction (RS-FEC) sublayer for SOGBASE-R PHYS... 156 

134.7.1 ntrogac 生 GO 天 156 

134.7.2 TenRHficatO 有 Rs 156 

134.7.2.1 Iniplementation identification... ccc ccece secs ees setae cee secsececssecneteeceateateeseenses 136 
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134.7.2.2 Protocol SHER3TY oo. ccc cece eeccecseeueecsecnse tee ciscrsetiecuecsiesscescretesseecreenesitecsenees 137 

134.7.3 Major capabilithes/Options. occ ccc ccececrseesececssensercactaeceatessceascaecaeteasesteesseateessesenses 157 

134.7.4 PICS proforma tables for Reed-Solomon Forward Error Correction (RS-FEC) 

sublaver for SOGBASE-R PHYS 157 

E347 AL Tramsrnnt 和 DeHORR cecceeccecsesseeesecneeeeciecsesssecsecssscascescreesessssceeecesetnseeeeees 137 

134.7.4.2 Receive 有 CGO 有 158 

134.7.4.3 State Gagranns ccc ccc ccccescescces cesses ceeeceueeeeessesseseressessssesessesesscecssececesensesenie 159 

134.7,4.4 Delay Comstraamts occ ccecccccseececeseeseesseceeccaccsaceeecaeseasesssaseaseeseeseseenseeseeaeenees 159 

135. Physical Medium Attachment (PMA) sublayer, type SO0GBASE-R and 10OGBASE-P oo... 160 

TBS. 人 WEI 让 友人 160 

VSS LD SCOP cece cece ce cen teases neces des neseecsecnescsececeesceessseeeesceutsaeeenessesersesensecrecnsessecteeies 160 

133.1.2 Position of the PMA in the 50GBASE-R and lOOGBASE-P sublavers oe 160 

135.1.3 Summary OF DectiORS cc ccc cescnee eee cserseee scree eiececescressessecseeresitessecreetssereenessiess 166 

135.1.4 PMA sublayer positioning ooo. cccc ccc encessseaseseesseseesceseessensecsaeaecastsesetsesseneesenes lol 

$35.2 PMA tterPaces ooo ccc ccc ecceccseec eens cence reese eene cee ceseees eae csacceessecuaceuesesesceesseaseserecrecrsecisenseties 163 

133.3 PMA Service 让 要 玫 CE oe eee ceec cee ee ces ee aes seesessesecaeeaenscesecseesesaeseteessesiesaeeaeeensaeateaseseeeaes 164 

135.4 Service interface below PMA ooo. ccceccecsesc cnc ceesesseessecesesaeciecsasssecuecuescsecnscsseseessacnesrensenets 165 

135.4 Functions within the PMA oo. ccc ccccccse cs csnssescesteaseescesseeceessesseeseecsecsesssessectsensetseeseseereaes 166 

135,5.1 Per input-lane clock and data reCOVORY 00. ecceecetcsetseeesecnseseeciecrssssectecssesecneeraes 167 

135.5.2 Bit-lovel mmiltipboxing ooo ccc ce ccnse secs see secsecssenseceaccaeceaseseseateaceaetessesseesseasesteeseeses 168 

135.5.3 Skew and Skew Vartan... ccc cceccecneccescsecneceseceecescnessesseeeeessesitessenecssteeenessiecss 168 

135.5.3.1 Skew generation toward SPO oo cece cee ces cea ceeeseaseaseeseaseeseenseneenseeseessessees 169 

135.3.3.2 Skew tolerance at SPG ccc eee ceceeneeeeeeceececveeneesstcneereesesesietaessseneeeeseecenenies 169 

135.5.3.3 Skew generation toward SP 169 

135.5.3.4 Skew tolerance at PT 

135.5.3.5 Skew generation toward SP2 occ cc cece cee c cee ceaceneteaseaceeseasenseesseeteenseeseessensees 170 

135.3.3.6 Skew tolerance at SP 170 

135.5.3.7 Skew generation at SPO occ cece ccecseceeeceeceasees cesses eesseeseeseensecssecsectastsestetsieeeses 170 

135.5.3.8 Skew tolerance 对 SPO 

135.5.3.9 Skew generation at SPT ccc ccc ccceeseeseessersecssensersaeseeceaseseseateaceerseateieesenseseens 170 

135.5.3.10 Skew tolerance at PT 170 

135.5.4 Delay COmStraints. ooo ccc ecccesseasecasessessecseensecsensereeceecsaecasssaseiecaeteasesteessesesteeseetes i7] 

135.5.5 Clocking architecture o.oo ccc cccececneesecneccsecsecusesseceesescresseeseeeeesseniteseeecteseteenessieens i7t 

135.5.6 Signal Aryevers ooo ccc ceccecsecseesseceecsaecaecataecueseasenssusseasessesseessessectesssessesssesesseesseseceaes 171 

135,5.7 PAMAE encoding ooo ccc ccc ecceccseceecnecseececvsecsecesceseseessceeesesutsesessesuesereesensssoeensecsscneetaes 172 

135.5.7.1 Gray coding for PAM4 encoded lanes oo... eccceceecsceseeneecseeteeceestastseceteaessenes 172 

135.5.7.2 Precoding for PAM4 encoded lames oo. ccrecreesecteetsecsetettctettescenes £72 

135.5.8 PMA focal loopback mode (optional)... cece ccc cesceeseessensectesssessesssesecseessentereaes 172 

135,5.9 PMA remote loopback mode (optional oo. ccc cc csececccecsecneenseeecrsessectecrececnieeaes 173 

135.5.10 PMA test patterns (opfiena 上 9 173 

135.5.10.1 Test patterns for NRZ encoded signals 3 

135.5.10.1.1 PRBS31 test pattern oo ccc cece ctecesesersecsseneeseacteateaseeeseatensessteatenteens 173 

1358.$.10.1.2 PRBSS test pattern ooo. cccce cece cesceeseee cee sesusesseciecsesenesessseetecnsesnectseeies 173 

135.5.10.1.3 Square-wave fest DatteT cece cceceee cee cesseescesseeceersesseeseessecsessserienseenes 174 

135.5.10.2 Test patterns for PAM4 encoded stemals 7 

135.5.10.2.1 PRBS13Q test patter oo ccecceesceseessceseessenserteeceecaecrestatenesustetenteeas 174 

135.5.10.2.2 PRBS3 1Q test Patter occ ccc cece se ceee serve sees nesesereesesssscestsecitensetees 174 

135.5.10.2.3 SSPRO test Pa 人 ET 174 

135.3.10.2.4 Square wave (quaternary) test pattern oo cn 174 

135.6 PMA MDIO function mapping ooo ccc cece cccccsseecesceaseescesseeceersessecssessecsesssessesseenerseesseseeseaes 174 

135.7 Protecel implementation conformance statement (PICS) proforma for Clause 135, Physical 

Medium Attachment (PMA) sublayer, type SOGBASE-R and 100GBASE-P oe. 178 
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VSS.7 1 Etro Geet cc ccc ccccecseceeenseenecnecseececvsecseceeceeeseeseceeesesuteeseerecsesseetesssteteensessecteeties 178 

133.7.2 idenH 者 CaO 有 178 

135.7.2.1 Teyplomontation identification... ccc ccc cececnseneeceecnsessececnescsesnecsseceseseneerenis 178 

13 和 .7.2.2 Protocol SBMMATY oo. cece ce ccees ces eeseecseeeaeceacsaecaecsatesesuateaseestesteaseerseeseeaensees 178 

135,7.3 Major capabilities/Options o.oo ccc cccceccecenscese ces cesesecceesesueessecsesseseteetesssectecnsesecteeraes 179 

135.7.4 PICS proforma tables for Physical Medium Attachment (PMA) sublayer, type 

SOGBASE-R and LOOGBASESP ooo cc ceccnccnecnccnsereeneccnscaecauccnscascanecnscatnecnecns 179 

BBS 7 AL FUPCtions ccc ccc cece seas enseessesessseeseessecsecsaecsecsuessessecaesueseateastesteseersenseeiessees 179 

BSS 7 ALD 了 全 站 本 180 

135.7.4.3 Ebectricad ooo ccc ccccccesecsesseeesecsesecseuecaeseereusssesaescuessesaeseusssenseeussesseteceesessenenensenas 181 

1 和 .7.4.4 下 tagROSEEECR occ cece ccc neccecce sense ce sceee ce cesecese se eeessesseereeseesssereseeesscssetsecsscesensesenis ist 

135.7.7 Emoto c cece cccceeccesceeseessensecssesaecsecsaecsesssessesaseasseateaseessessestsersestesseesesseesserseesseneceaes 183 

136. Physical Medium Dependent (PMD) sublayer and baseband medium, type SOGBASE-CR, 

LOOGBASE-CR2, and 200GBASE-CR4 ooo cc cccecce cece cesses ceesetesesaesnessessescievecneneesenes 184 

PSG VE 让 大 184 

136.2 COMVEMEOTS occ cece cee cee ceca cess coeteaseaceueseuseuseeuseuseseseseeneensersaecsacsaecsstsaseneseteaseaegeseaseerseseeses 186 

136.3 PMD service interfaces occ cece ccc ceccescesceescesceeececsesseessecesesaesiecasssecssessessecnscsseseessceserenseets 186 

136.4 PCS requirements for Auto-Negotiation (AN) service interface ccc cee cee ceecenetestenseees 188 

$36.5 Delay COmStrAES. ooo ccc cc ceecesceeceecnecusecsecnsesseceseseeeeseseeeseesesutestesnecsesneessstetecnsssssetsetaes 188 

136.6 SKEW COMSELATIES ooo cece cc cecccee ceases ceeeseatecseessesseensesecnecnsescaccsecsaecaessasesesaeteasenieeteaseersenseeses 189 

136.6.1 Skew Constraints for SOGBASE-CR ooo ccccccnecescesceesceeseeeeessenutesseieeneseeenessiens 189 

136.6.2 Skew Constraints for (OOGBASE-CR2 and ZOOGBASE-CR4 ooo ccc ctettectecenes 189 

136.7 PMD MDIO famction: Mapping occ cccccesccncees cee certs eesseeresseesiecsscteserecnsessecnecsiesseseaeeaes 189 

136.8 PMD functional spocrlications occ cccccecece cee seceecsessececeaeceateasceescasesseseteaseseesessesteenseeses 192 

136.8.) Link block Gia gran. occ ccc cece cscnee eee ceerseseecnseseecssesceesreseecseesesitessecsesssseeenessiess 192 

136.8.2 PMD tramsamiit 外 TecHO ccc cc ceee ce cnat eects eteaseessesseaseessesseessensessasssessecssesetseesseneesenes 194 

136.8.3 PMD recebve FARCtOR coc ccc cecstecnecnececescreeseeseceeeseuteseesaessesereesessstesesnsessscnseeaes 194 

136.8.4 PMD global signal detect PAMCTHION ccc ce cececs ees seceeesaeeastsatsaecaetesteaesustesesteeseetes 194 

136.8.5 PMB lane-by-lane signal detect PIncton oo. cc ccc cece ecneenesesecteeteecescnaeteecaceneeseces 194 

136.8.6 PMD giobal transmit disable fiinction (optional) oo ccc ccc cectecssestenseteetesteaseees 194 

136.8.7 PMD lane-by-lane transmit disable 有 ne 人 GO 198 

136.8.8 PMD fa Pamction ooo cc cece cca seceseuseuseeseceseessenserseeceecsacssecsatiecesssteaesuteasenssenseeses 19S 

136.8.9 PMB transmit fault fonction (optional 3 

136.8.10 PMD receive fault firnction (opHOna 上 es 195 

136,.8.11 PMB control function occ cccccceccnecnsccecnecese ces ceseseceeesesutessessecsesereesenssteteensessecteenaes 198 

136.8.1 4.1 Traming frame Stricture ooo cece ccceecceeseasecseerseeseenseeseeseensereaessecasenestetsiesseses 196 

U36.8.UL A Frame TREE 196 

136.8.11.1.2 Control and status fields ooo ccc ccceeccecsceseesseneeceactseetaecnesateesuetetenteees 196 

L3G.B.LE LS 了 Training DatterD ccc cccceecesccessecseeeeeesenseessesnecescseetesssectesnseeseenseties 197 

L3G. BALA Zero Pad occ ccc ene cee ae ceecsessecssseaesueteaseesseasenecersessecssesectestserieeseenes 198 

136.8.11.2 Control fiodd stractarre occ cee cece eecceesenseestesnesseseneesesssecseccsscaesescnsscesseseneesenite 199 

136.8.11.2.1 Initial comdition request 0... c cc ccceccccecseccseceecesesseseeseaccesteaseeesessesessteatenteens 199 

136.8.11.2.2 Modulation and precoding request ooo... ccc cc ccceccescreetecssectenneeseectsetees 199 

136.8.11.2.3 Cocffictent Select oo ciccccccccccee cee cssessecsstesesuscessestesseaseerseesecseesessestserieeseeas 199 

136.8.11.2.4 Coefficient request ooo cece crccnceecnecesceceecreeseeereciessseciecnsesiectecnietece 200 

136.8.11.3 Status frokd stractare ooo ccc ccc cseetee cee ceeceeceatssesseceteaeseateaseessesseeseertesteceesees 200 

LBG.B.ALLS LT Recomver Rady occ cece cee cescee cee sces ses eeeeseuesseeesessesereeesssetestsecssenseties 200 

136.8.11.3.2 Modulation and precoding St ccc ce ceceeccersesseessensecesssecneeneenes 201 

136.8.11.3.3 Receiver frame 10C 区 0 204 

136.8.11.3.4 Initial comdition Status ooo ec eccececsecnsecseesecnseneeteacteateateseseatesessteatenteens 201 

136.8.11.3.5 Parity 村 计 ee 20 

136.8.11.3.6 Cocffictent Select OCHO ccc cece cecccesese ces cesees cesses serseeseessecsectastsenieeneenes 201 
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136.8.11.3.7 Cookficiont Sates ooo ccc cece ceeccesseeseeceeeseutestesnecsesenetesssectestsecisetseties 201 

136.8.1 4.4 Initial condition SEE 本 201 

136.8. 11.5 Coefficient update occ ccc cc ccc cecceceeceeecenseeeeesnessesereessssereseeessceetsecsscesensesenes 202 

136.8.11.6 Handshake toming ooo. ccc cece cesceseensecseecaeceacsaecsesatenesusteaseestesseeseerserseeeensees 203 

136.8.11.7 Variables, functions, timers, counters, and state diagrarns oo... ee 204 

U3G6.BAUL TA Varta bes occ cece cecee sees euseecueeseucessseesensesseesecseaseeesecseatereseeseaseseseeseaees 204 

136.8. 00.7.2 Functions. cc ccc ccc cnseceeceecrsessecrsevsesescescresseseeeresrenitessessectescteenessiecns 205 

V3G6.BAUL 73 PHM O TS cece cece ceccec cas ea ete eeceees eases eeeececieciascensesisertesteateeseaeteetenesees 206 

L3G BLE A DDRII cece cec ce cnecnecnse cee cesenesseeseceeesesutesesenesseseneesessstereetsecsscnaeties 206 

136.8.11.7.5 State Gavan ooo cece cc ece ce cssessecsstesesusteaseeseasenccersessecieessestestsenieessenss 206 

136.9 Eloctrical Characteristics 000 ccecccecsecescseenecrsessececcsecsecuscssessseecrsesesssseeessesutessesreeceeerenseeets 21k 

136.91 AC-COUPLIG ccc ccceceecesensecssessecsecsaecsecesessetaceasseaseaseessessesteessestesisessenseetsesseeseneeseaes 211 

1369.2 Signal paths occ ccc cccccsecneccsececnecsseseecvecseceecsseseesseceeesesutessesrecsesedeetesssseteensesecteeties 244 

136.9.3 Transmitter Characteristics o.oo eccececeeseesecseeesensecesecseteatessseateacesetessesieeseaseeteeseaes 211 

136.93. 1 Transmitter output Wavelornn ooo ccc cece cccecsece sense ceecrsessececneccsecnscesecesssseneesenis 232 

136.9.3.1.1 Limear fit to the measured WavefOrwnn ccc cc ceeecceeseec ees seeseesseseeteetaens 213 

136.9.3.1.2 Steady-state voltage and limear fit pulse peak... ccc rtectenenees 214 

136.9.3.1.3 Coeffictemt initialization ooo. ccc ccc cececesenseeteeesertecseensersaccseesaseseseatensenetes 214 

136.9,.3.1.4 Coefficiomt StOp SIZ0 ooo ccc ctecctectecnseeseceeceecesceeseeeessenitessesieenesceenessieens 214 

136.9.3.1.5 Cootficiomt range... ccc ccccccccesesesseesseeseesseeseesseneeceaccsaceaecaeseateseseteatenteens 215 

136.9.4 Recetver Characteristics o.oo ccc ccc ecceessecnecceccssceeceascseceecesecesutseesssesseeerssenssseresssessecnaeeaes 245 

136.9.4.1 Receiver inpat amplitude tolerance ooo. secs ceceeesees cesses eessenseetaesiectentsessines 215 

136.9.4.2 Receiver interference tolerance ooo cc ccc cc ccccesesnecesenesssseseenesesscscssscecescneesenes 216 

136.9 AZT TeSt SOU ccc cececcteceteeceececeeatensecsaeseaceeeseecseteesenseesaesuateseeseaeteeseensees 216 

136.9.4.2.2 Test channel) oo ccccccccsecneccneceecesceessesseeeeeeseusessesnecseseneetessstesecnsessectseties 216 

136.9.4.2.3 Test channel calibration occ ccc cscs eeceenseeseesseseessensesseecsectastiectetsieseses 216 

136.9.4.2.4 Pattern generator and Moise INFECTION. ccc cece ccecteeceeceseeecnsecseeneneces 217 

136.9.4.2,.5 Test procedure... cccccccceeceecses ses tecssessecseessersecssenseteacceateaseeeseatensesetetenieens 218 

136.9.4.3 Receiver jitter tolerance oc cc ccc cceceeceeneecseeresnesssececnescasctsceescesesseteesenetneseenens 218 

136.9. 4.3.2 Test SO occ cc cee cceeccnereeeeescensecnetcsaeeeseesaseceseensateaecesseenseecsseeaerseeseates 218 

136.9, 4.3.2 Tost PfoCegHEE cecccscceecrscrecsecnsesecescesceesseseecseeresssesseciecsseceenessiecss 218 

136.9.4.4 Signaling rate range oo ccc ccceeserseesseceeccaccsaceaecaeseasesssuaseaseeseenseneenserseessessees 218 

$36.10 Channel characteristics ooo ccc ccccsecneccsececnsccsecessesceeesesseeeeeesesutessessecsesereetessseeneetsesectsetaes 219 

136.11 Cable assembly characteristics ooo... ccccctecseceecseceecsseceesesecsaceaseseceateaceseseaseseesteaseeseenseeses 219 

136.11.1 Characteristic impedance and reference tmpeda nce ooo. ccc eee ccesteeteecteenessseens 219 

136.11.2 Cable assembly imsertion 1088 ooo. cceeseescesceeceescesseessessectesssessesseesserseessesecsaes 219 

136.11.3 Cable assembly differential return loss oo. ccc ceccce secs escsecsecsecsececssessecnecssesnsseecnees 220 

136.11.4 Differential to common-mode return LOSS occ cccccneecaeeattsecasteaseseesseasenteesenses 220 

136.115 Differential to conymon-mode Conversion 10SS cece cece cece sesstesenecteseecnessieens 220 

136.11.6 Common-mode to common-mode return LOSS ooo ccc ccc cecensenseesecsertecteeterteessentetenes 220 

136.11.7 Cable assembly Channel Operating Margin ooo... ccc cece se sesceecneenescsectecnsecsecteenaes 220 

136.11.7.1 Channel signal and crosstalk path calcalaHemRS cececseceeceeectetesenetentes 222 

(36.EL 7441 Channel signal pa 222 

136.11.7.1.2 Channel crosstalk paths oo... ccc ccc ccecsecsecesetseceesesceasenccersesseeseesenteeseens 222 

136.11.7.2 Signal and crosstalk paths used in calculation of COM oo. 223 

136.1 1.7.2.1 SFP28 to SFP28 occ cece ce cee cet teeceeceetssseeseseiesstesieciecteesenetsetneses 223 

136.11.7.2.2 QSFP28 to SPP 28 ccc cece cee cee cee ceecstreseesseseeietiecetvitsiesttienetiesteces 224 

136.11.7.2.3 SFP2B to QSPP28 occ ccc ee cscec cece c eee teteecieeseseuseeeceecseciecseesesnerteas 224 

136.11.7.2.4 QSFP28 to QSFP28 ooo cece cece cee ceee ces ceecsesaesseseesesiesiscievesesenseneeses 22 

136.12 MIT specrtications ice cc ccccecenceeceeeseusesseesseseesseeseesecnsesaecaecsasssecsatesenseteeteeseateaseersensetes 224 

136.13 Environmental specications 00. ccc ccccteccsecsececcsecsecescesecescescreecesueseeessesstsseessessenerenseets 225 

136.14 Protocol implementation conformance statement (PICS) proforma for Clause 136, 

Physical Medium Dependent (MD) sublayer and baseband medium, type SOGRASE-CR, 

IQOGBASE-CR2, and 2O0GBASE-CRA ooo ccc cece cece tecceecees tu eteaceetueciessestenetteteessseteesas 226 
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136.14. [trOGdDC 有 On 226 

136.14.2 TderteFicatiom occ cece ces cee caeeeenscesenseeseaecaensensesesaeeeeaecuassaeseesensecaeeeensaeateeseseeenes 226 

136, 14.2.1 Implementation 刘 enEfGica 人 GO 用 226 

136.14.2.2 Protocol SHY ooo. ccc ccceececcseeseesseneccaeceacsaecsecateaesueteateasteatenseerseeseeaeensees 226 

136, 14.3 Major capabilities/Opttons. ooo ccc cece cecenceececeesceecceesecseesseciesseseneetesssectesnsessecneenaes 227 

136.14.4 PICS proforma tables for Physical Medium Dependent (PMD) sublayer and 

baseband mediurn, type SOGRASE-CR, LOOGBASE-CR2, and 200GBASR-CR4 228 

136.14.4.1 PMD fonetional specifications... ccc ce cece ces ceecceeceasesceerseaseeseenseeeenseeseeeeesees 228 

136.14.4.2 PMD comtrol famection eee ccececcees cece eneseecaecreeseeseneeseesecnenseneetenees 22 

136.14.4.3 Transmitter specrfications ooo. ccccceecceeccecsenseeseeceecsecssessececsseseeteaeseateaseesenses 229 

136. 14.4.4 Recetver SpectHications ooo ccc ccc cece seseee ses neesesereesessssesecnescsscseetsscsscesensecnaes 230 

136.14.4.5 Cable assembly specifications ooo. cccccceeccesceseceeceasesceseseaseestesseseenseeseeaeesees 230 

136.14.4.6 MDI comnector specifications o.oo cc ceccccccrscceecse cree ceecnscesceessesseecreeresitesieerees 231 
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140.3.2 Skew CONMStHAHIS ooo cece ccc cseeseceecseessecsecusessecacensceateaseessesseessessectessessesssessetseessestereaes 299 

140.4 PMD MDIO fpnctHoan Mapping 3300 

140.5 PMD functional SpecificaGHRS 00 

140.5.) PME block qiagaDR occ cece cccecscnseeeecnserseesecneersecesesereeteseeereeresutessecseesseeteenessiecss 300 

140.5.2 PMD tramsamit POmCtiOn oe ccc ccce ce cnat eases eteaseaesesseaseessesseessensectasssessesssessetseesenetenes 301 

140.5.3 PMD recebve FARCtOR occ ccc cecstecneccececesereeseeseeceeesesueeesesnecsesereeressstesesneessecteeties 303 

140.5.4 PMD giobal signal detect PAMCTHION 0 

140.5.5 PME} reset 外 RHO 302 

140.5.6 PMD giobal transmit disable fiinction (optional) oo cece ccc ccectecssetsensecenetesteasenes 302 

140.5.7 PMD fault fanction (optional) 02 

140.5.8 PMD transmit fault function (optionally 02 

140.5.9 PMB receive fault function (Optionad occ cccccescesceesceeseseeessenstessessecneseeenessiecns 302 

146.6 PMD to MDI optical specifications for OOGBASE-DR ooo ccc ccceccccteectentecneetsetesetsetnetenes 303 

140.6.1 LOOGBASE-DR transmitter optical specifications .03 

140.6.2 LOOGBASE-DR receive optical specifications 04 

140.6.3 LOOGBASE-DR illustrative link power budget oo c cee ee eecceseteeseseeteteeenessiecns 304 

146.7 Definition of optical parameters and measurement methods 0... ccc ceeteecsetsertseteetteenaes 305 

140,7.1 Test patterns for optical parameters 05 

140.7.2 Wavelenigthn 06 

140.7.3 Average Optical power occ cccescnscceecnserseeeecnsesuecescescresseseecreesesutessecieessteeonessiesns 306 

140.7.4 Outer Optical Modulation Amplitude (OMAOULCL). occ cece ctececertecneetserteetsentetenes 306 

140.7.5 Transmitter and dispersion eye closure for PAM4 (TDECOQ) ooo. ccccccnrectcnenee 306 

140,7.6 EXGUnCHIOD TAO 06 

140.7.7 Relative intensity noise (RIND TL AOMAD ooo ccc cece cee ceescesseeeeesseutessesnecneseseenessieens 307 

140.7.8 Receiver SOnSitivity occ cece cteccseesecesessersecseceaceaeceaseasessessestsersestesieessectsenserseesseseeeaes 307 

1467.9 Stressed receiver SCNSHEVEDY occ ccc cee ccccecnecesccesceeseceeesesueeesesnessesedeesesssectesnsessscteeeaes 307 

140.8 Safety, installation, environment, and labohng oo. ccc ccc ccc cee 7 

140.8.) Gonoral safety oo. cece cc cecccccecsecseecseceecsessececssecsecusesseseesescressesseeeeeseutessessesteseeenessiens 307 

1408.2 Laser Sagety ooo ccc ccccccecccescessesseeseeceecsaesaecsessesseseaseasseaseaseessesseessessestesssesseeseesesseesseneceaes 307 

VAG 8.3 Enstaatton ooo ccc ccc ecsec sense cee cnee eee seccecseceeceseseesseeeeesesutessesnecsesetessessseetecnsessscneeties 307 

1408.4 Environment... 08 

140.8.5 Electromagnetic CMAISSIOD occ ccc cccesceseceecsesseseecnsesuecscesceesseasenesecresitessecieessteeenessiess 308 

140.8.6 Temperature, humidity, and handbng occ ccc cee ceaseessessecsecaeerseceeterseesennerenes 308 

1408.7 PMD labeling requirements 008 

140.9 Fiber optic cabling model 8 

140.10 Characteristics of the fiber optic cabling (charmed ooo. cece cecec cere sesstecsessesssecreenensne 309 

140.10.1 Optical fiber cabbe ccc ccc cee cee cease ateaceseseaseeseaseaseessesseessessectesssensessseserseessesneceaes 309 

146 10.2 Optical fiber ceRBeECHO 人 Rs 309 

140.10.2.1 Connection insertion Loss 0 

140, 10.2.2 MaximUI discrete reflectance o.oo ccc ccses nese ccnecnescssesescecesscecrascssceseneecsaess 310 

140.10.3 Medium Dependent Interface (MDD occ cccccccc cee ceceeceaseessensestecieenseeeenserseessenneceaes 316 

{40.11 Protocol unplementation conformance statement (PICS) proforma for Clause 140, 

Physical Medium Dependent (PMD) sublayer and mednim, type lOOGBASE-DR ow. S11 

PAO LED TtrogC 和 DO 3 

PAO LD je 人 技 C3 人 GO 乱 4 31 

140.11.2.1 Implementation identification... ccc creer crt ct entities O4E 

140.11.2.2 Protocol SUMMA occ ccc ceeeecnceeesecneeteaecestesnseecssessertsesttestestessseseesse GEE 
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140.11.4 PICS proforma tables for Physical Medium Dependent (PMD) sublayer and 
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140.11.4.1 PMD fonetional specifications... ccc ccc cee cee ceecceeceasescsenseasenseenseeseenserseesaeesees 312 
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140.11.4.3 PMD to MDI optical specifications for IOOGBASE-DR eee GTS 

140,11.4.4 Optical measurement methods o.oo ecnsecee cee cnsessececnesesecescrseceecesensecenie 314 

140.11.4.5 Environmental specifications... ccc ceccccee cee ceaceaceeeseaseaceeseaseeseenseseenseeseeteessees 314 

140.11.4.6 Charactenstics of the fiber optic cabling and MD ooo een 344 

Annex 4A (normative) Sinyplified fill duplex media access control occ ccc ctceecnteetecesseecneecesteaee 315 

44.4 Specific implementations ooo. ccc ccc ces cee ceeeeeerettecsesestetoreetesiecsstessoeteceniseeeee G45 

4A 4.2 MAC parameters oo. ccc ce ceeceeccersessecseessessesesertesssensertestsstasersttatietietsteiteiteieeteeeee GLS 

Annex 31B (normative) MAC Control PAUSE opefa 和 Ge 316 

31B.3 Detailed specification of PAUSE operation... ccc cece ccseceeteteteneteteitestteiertesertene GLO 

318.3.7 Timing considerations for PAUSE operation oo... ecceecsecnenneecsscnsetesceeceeennecniess 316 

Annex 93A (normative) Specification methods for electrical channels 2000 eecectcteectnee, GET 

S3A.1 Channel Operating Margin co.cc cece cccecceccceenesneccreenesssscneneecescneeeescsscsessecssesseseesescresrensenets 317 

QS ALLA PHECTS oie cece cc ceeeccec eu aenseesenscaceaensessecseesensesaeaeneessesassceaeeseceaeasesseaecaeeeenesseeseeseneenes 318 

93 A. 1.4.2 Transmitter oqualizer ooo cc cece ecrescecctee resis eoteerseesctetsstesneetetere SE8 

93A.1.6 Determination of variable equalizer parameters 9 

Annex 1354 (informative) 50 Gb/s and 100 Gb/s PMA sublayer partitioning oxamples... 320 

1354.1 Partitioning examples of SOGBASE-R 了 有 ws 20 

135A.2 Partitioning examples of LOOGBASE-P PHYS ooo ccc ctecressecrsersecnecescssesesesceeerenseeets 325 

Annex 1358 (normative) Chip-to-Chip 50 Gb/s 2-lane Attachment Uni Taterface (LAUI-2 C2C).......... 326 

了 353 肌 上册 326 

135B.2 LAUI-2 C2C compliance point efit oo ccc ccsenseeteeceeceeecescsatsaecsesesteeseteatenes 327 

135B.3 LAUL2 C2C electrical charactoristics ooo cece eeccecensenceesnesesesestessstcressssssectscrsectsestenees GLP 

135B.3.1 LADL-2 C2C transmitter characteristics 2 

135B.3.2 LAUL2 C2C recerver Characteristtes oo. c cece eccee cece neces eee ces teres cee vaeteesitcneeneeeaees 327 

135B.4 LADEL-2 C2C channel characteristics ooo. ececeee eens cece ceecesecneseeeseeseeaeeeeerenesetieeseneeseees 328 

{35B.5 Protocol implementation conformance statement (PICS) proforma for Abnex 135B, Chip- 

to-Chip 50 Gb/s 2-lane Attachment Unit Interface (LAUT-2 229 

L3SBS.1 Entrodeiction eee cece ccc ces eee ne cesses css co sesenesceeeseesnscueenecuesersereesesetionesieeneeeeensees 329 

135B.5.2 [1dent 人 CaO 329 

135B.5.2.1 Typlementation identification 3 

135B.5.2.2 Protocol SOMMATY 9 

135B..5.3 Major capabilitics/Optias ooo ccc cccccceccescce cee ecese cu ceescesceesseseecsecresitessecseesseeeenessiens 330 

1358.5.4 PICS proforma tables for Chip-to-Chip 40 Gb/s 2-lane Attachment Unit Interface 

135B.S.4.2 RECEIVED. ccc cece cece stent co cenetseeccneseeceecnecvacseeetecreeceecnsevscssesescreeetitieneestecneens 334 

T3SB 5.4.3 Charmed occ ces ceceeceesesecacesenseaessesesaeseeeecessecseeseesesteceseeseessasseeneeneensees 331 

Annex 135C (normative) Chip-to-module 50 Gb/s 2-lane Attachment Unit Interface (LADI-2 C2M).... 332 
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USSC AA Bit ETTOT ratbo 3 

138C.2 LAUE2 C2M compliance point definitions ooo ccc ec ce cee ceeceesceseseessessesresensseereensests 333 

135C.3 LADEL-2 C2M electrical characteristics o.oo ccc ceceeececee ee ceeseseeseceenscsesseeseaeesesaesseeseeseeaeees 333 

135C.3.1 LAUT-2 C2M host output characteristics 3 

135C.3.2 LADL-2 C2M module output chazracteristics 3 

135C.3.3 LAUI-2 C2M host input Characteristics 00. ccc ccc ccceeceecseeseessecresssessecnsessessecnessiesns 333 

135C.3.4 LAUT-2 C2M module input charactefisticS ccc ccccecceseecsecseeseeceecteessececesetseteasenes 333 

135C.4 LAUL-? C2M measurement methodology 3 

135C.5 Protocol implementation conformance statement (PICS) proforma for Annex 135C, Chip- 

to-mocule 50 Gb/s 2-lane Attachment Unit Interface (LAUT-2 C2M) oo occccceccceeetcsesetees 335 

P3SCL5 4 Pmtrodection eee cee ccesceeeeceecesseesueeaceseesecesescessaecceeesacsaeseaseaecaeesensesseeseeseaeenes 335 

V3SC.5.2 Tdeptiicattoe 3 

135C.5.2.1 implomentation iderntiiicatig 攻 3 

135C.5.2.2 Protocol SHI ooo. ccc ccc cc cec cesses sees ces ueeeeessessesereesessssesessesesscsecrsscesceecnsecnaes 335 

135C.5.3 Major capabilities/Options 0... eccceseasenseesseuceesceeseessensecsaessessecssensetseesseneesenes 336 

135C.5.4 PICS proforma tables for Chip-to-module 50 Gb/s 2-lane Attachmest Unit Interface 

135C.5.4.1 Host OH 336 

135C.5.4.2 Modiile Output oe ccc cee cee ceca ceseeneee cee cataeceeseeacsseesesscaecaeesensetseeseseneenes 337 

B35C.5.4.3 Host PE GOP 

135C.3.4.4 Modhile in 

Annex 133D (normative) Chip-to-chip 50 Gb/s 2-lane Attachment Unit Interface GOGAUIL-2 C2C) and 

100 Gb/s 4-lane Attachment Unit Interface (OO0GAUT4 CC 338 

了 3 和 有 人 Ye 338 

135D.2 50GAUI-2 C2C and LOOGAUT-4 C2C compliance point GE 有 和 OH oo. eeeeees 340 

13SD.3 S0GAUT-2 C2C and LOOGAUT-4 C2C electrical characteristics 000 tecereeeees 346 

135D.3.1 SOGAUT-2 C2C and L00GAUT-4 C2C transmitter characteristics 340 

1381D.3.2 50GAUT-2 C2C and JOOGAUE-4 C2C receiver characteristics oo. 340 

135D.4 S50GAUI-2 C2C and LOOGAUT-4 C2C channel characteristics 0000 cece cess cece senesesees 346 

1353.5 Protocal snplementation conformance statement (PICS) proforma for Annex 135D, Chip- 

to-chip 50 Gb/s 2-lane Attachment Unit Interface (S0GAUI-2 C2C) and 100 Gb/s 4-lane 

Attachment Unit Interface (OOGAUT-4 C2C) oooocccccccccc cece cesceesstecsecrsssesuetessetseceseneesensns 341 

13 和 有 .1 EntregacHg ccc ec cccnseeesccsecsaecaecuatsaecuesasensseaseasessesseessessestesssessecteetserseesseneesenes 341 

USSD S.2 [entifGica 和 用 34} 

135D.5.2.1 Implementation identi 人 ca 人 DR 

13 和 有 32.2 Protocol SHIGIDaEW occ cc ec ce cess cescecsesseeesesneesesedecnesssecsessesesscecrsscsceiensecsaes 341 

135D.5.3 Major capabiltties/Options o.oo cece cee cccceesessensecsseeseesseseeseenseesaessecsaetsestettecseseetenes 342 

1330.5.4 PICS proforma tables for Chip-to-chip 50 Gb/s 2-lane Attachment Unit Interface 

(SO0GAUL2 C2C) and 100 Gb/s 4-lane Attachment Unit Interface (O0GAUT-4 C2C) 342 

E3505. 4.4 Trans otter ooo ccccccsecsceceaveevsncreessaeseavesvesessceesecenvrssseeceveriseeceseseeeaves 342 

135D 3.4.2 ReECOIVED oie ccc ceccceccnccc cee eececeeescessesesesessesnearscrseessesseessatesenissesetstsensetesnneseens 343 

135D.$.4.3 Charmed ioc cece ccccceccescsccvesseececveussvecsssseessusssssesescasessveeveresessavsessesessneerens 343 

Annex 135E (normative) Chip-to-module 50 Gb/s 2-lane Attachment Unit Interface GOGAUT-2 C2M) 

and 100 Gb/s 4-lane Attachment Unit Interface ((OO0GAUT-4 人 2 344 

L3SEL OVCTVIOW occ cccesceeeesseeseacuensenscaesecsenscatsecsenseaceecsenscaseatseeseaseectenseteatiettetesterteetateeteesee GAA 

L3SE. LE Bet BITOY atic ooo cece cc ccecsccnenceece sees tees eessess scree sieceseescreeseseeeresresitesseceenssetenessiens 345 

135E.2 SOGAUT-2 C2M and 100GAUT-4 C2M compliance point definitions oo. eee 346 

135E.3 50GAUE2 C2M and 10OGAUT-4 C2M electrical characteristics... cc cccceteecessennees 346 

135E.3.1 50GAUT-2 C2M and 100GAUI-4 C2M host output characteristics oo ee 346 
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133E.3.2 SOGAUL2 C2M and lOOGAUI-4 C2M module output characteristics oe 346 

135E.3.3 50GAUT-2 C2M and 100GAUL4 C2M host input characteristics 0 S46 

135E.3.4 SOGAUI-2 C2M and lOOGAUI-4 C2M module input characteristics .es 346 

135E.4 50GAUT2 C2M and 100GAUT-4 C2M measurement mnethodejogy eect 346 

135E.5 Protocol implementation conformance staterment (PICS) proforma for Annex 1358, Chip- 

to-module 40 Gb/s 2-lane Attachment Unit Interface (S0GAUI-2 C2M) and 100 Gb/s 4- 

lane Attachment Unit Interface GOOGAUT-4 CR 347 

USSES 1 THrodC 竹 DO 和 347 

133SE.S2 Jeet 有 CaHOR occ cc ccce cee ccesceecee esac cece eceee su seeseeeceeeseueessecsessassecesssectecnsessscteeties 347 

135E.5.2.1 implementation idemtication ooo. cctecteeceectersecssetsereactssceascsstetesesteses GAT 

E35E.S.2.2 Protocol Sum UMALY o.oo ccccc ec cecseeccessecseseseeeecisesaeciecssssecsecneccsesnecsaesessescnseceniss 347 

135E.5.3 Major capabilitics/Options oo... ccc cceesecsseceeceaeceaceaceaeseaseateeeseaseseessenseenserseessensaseaes 348 

135E.5.4 PICS proforma tables for Annex 135E, Chip-to-module 50 Gb/s 2-lane Attachment 

Unit Interface (SOGAUT-2 C2M) and 100 Gb/s 4-lane Attachment Unit Interface 

(LOOG AUT Hd COM occ cece ence ne cen ne ene cena eee cnc ne ese ccna ene cue scene neeuescnacnecuescenenecieeces 348 

135E.5.4.1 Host Ot put occ cece ceceececnecseeesesesseseeeeuessesecsenesaesseseuessesesenessenseseensenaeseees 348 

135E.5.4.2 Modutle OGtpat ooo cece cneccsecnecneccseceecresceeseecrsecesesecessesceesseesencteeressseieenaes 349 

I35E.5.4.3 Host (pet 350 

1355.5.4.4 Module (putt ooo eee ccte cee ceecseeeeecesescseciecesnittieseetecnssieceeneenieteeeseeees 350 

Annex 135F Gormative) Chip-to-chip 50 Gb/s l-lane Attachment Unit Interface GOGAUI-1 C20) and 

100 Gb/s 2-lane Attachment Unit Interface (IOOGAUT-2 2 GSE 

TBSP LP OV GIVICW oo cc cccecc ces censenseeseeceecseessecsecsaecsessaseaesuateaseesceatenceersessecssessesseseessesieensevseeteeseseaes 351 

{35F.2 50GAULI C2C and lJOOGAUT-2 C2C€ conrpliance point definition 00 353 

135F.3 50GAUT-1 C2C and 100GAUI-2 C2C electrical charactefristicSs etree 353 

135F.3.1 50GAUT-E C2C and lOOGAUE2 C2C transmitter characteristics 0.0 353 

135F.3.2 50GAUI-1 C2C and lOOGAUI-2 C2C receiver characteristics 2.000. eeectecneeeees 353 

135F.3.2.1 Transmitter precoder request (optional octet 39S 

135F.4 50GAUL1 C2C and 100GAUT-2 C2C channel characteristics 3 

135F.5 Protocol implementation conformance statement (PICS) proforma for Aonex 135SF Chip- 

to-chip 50 Gb/s i-lane Attachment Unit Interface (S0GAUT-1 C2C) and 100 Gb/s 2-lane 

Attachment Unit Interface (OGGAUE-2 C20) 3 

135SF.S. Emtrodeectio nl 354 

P3SPS.2 Tdentificatiot. occ ccc cccecceccnecsecceccesceeeeeeceecceceseceeesaecscesceesreseeesecresitesseceessteteenessiecss 334 

L345F.5.2.1 Implementation identification... ccc ccc cece ceeceeceeeceasesceesseatesseesseneenserseessessees 354 

135F.5.2.2 Protocol SU 3 

135F.5.3 Major capabilities/Options 3 

135F.5.4 PICS proforma tables for Chip-to-chip 50 Gb/s |-lane Attachment Unit Taterface 

(G0GAUT-1 C2C) and 100 Gb/s 2-lane Attachment Unit interface (100GAUL2 C20) 355 

I3SP S.4.1 Transmitter. ooo ccc ecccccecnescssseesnveevsrcreestseseeseventicivssvenesviecieeen GOS 

U35P.S.4.2 RECCHIVEE 3 

PSSF5.4.3 Chammed oie ccccescesccceceevescseesesvescssesecssscseavassesevsessssscessescesceensssseeesssseucsaess 356 

Annex 135G (normative) Chip-to-module 50 Gb/s [-lane Attachment Unit Interface (SOGAUT-1 C2M)} 

and 100 Gb/s 2-lane Attachment Unit Interface (OOGAUL-2 CIM) 3 

P3SGL OV CEVIOW occ cece cca cesense tae esceseeaesecaeesecsecseeseesesaececescastasseeeeseceteasessesecaeesenseeaeeseeseneenes 357 

USSG Bit Crror 3 丰 On 

135G.2 50GAUT-1 C2M and 100GAUL-2 C2M compliance point definitions oe G59 

135G.3 S5OGAUI-1 C2M and 100GAUT-2 C2M electrical characteristics 0000. tecetetenetees 359 

135G.3.1 50GAUT-1 C2M and LOOGAUI-2 C2M host output characteristics oe 359 

133G.3.2 50GAUI-1 C2M and LOOGAUL2 C2M module output charactefistics ee 359 

135G.3.3 S50GAUT-1 C2M and 100GAUT2 C2M host input characteristics 0000 ee 359 
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135G.4 50GAUT-1 C2M and 100GAUI-2 C2M measurement methodology 39 
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TSS5GS.T Entrodhiction. 60 
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135G.5.2.1 implementation igent 和 CaO 360 

13SG.3.2.2 Protocol SUDRDRaTY ooo ccc ce cc cccnecneceecneecescesceesnseceeesiesscesceessesenctecresitesseerees 360 

135G.5.3 Major capabilities/Opttons 6 

135G.5.4 PICS proforma tables for Chip-to-module 50 Gb/s 1-lane Attachment Unit Interface 
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PSG AL OVCIVIOW oo ccccccscceseeessecesceesseessecrsesesueversesesessesessssesessssecsscsesesuesessetsesessascntestseeserees 363 

136A.2 Transmitter characteristics at TPO 3 

136A.3 Receiver characteristics at TRS ooo cece ccc ceccsecesesesseesueceessceeeecsssessseesneessectieseseeeeses 363 

136A.4 Transmitter and recerver differential printed circuit board trace 108S erect cteetees 363 

136A.S Channel insertion 1688 ooo ccc cccecceseeesecesceesseesuecrsssesuenessecsecesesesseessesesssecsscnteseueterees 363 

136A.6 Channel retarn Loss 6 

136A.7 Channel Operating Margin (COM) occ cnecceccesceeccescessesereecesuessenssesseereesenssecrenneeses 366 
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136B.1.1.6 Mated test fixtures integrated crosstalk noise ooo ccceecescesscescenenecenie 368 

136B.2 Protocol implementation conformance statement (PICS) proforma for Annex 136B, Test 

fixtures for SOGRASE-CR, 100GBASE-CR2 200GBASE-CR4. SOGAUT-1 C2M, and 

136B.2.1 Entrodeiction cece cece ces ees eecceece saeco eesenesceeeseesnecueenscuesersereeresetionesieenteeesenees 369 

136B.2.2 [ident 和 CaO 369 

136B.2.2.1 Tayplemoentation identification ooo ccc cece ceecee cute seecnecescnessesseecteenesutesseenees 369 

136B.2.2.2 Protocol SOMMALY 669 

136B.2.3 Major capabilitics/Optias o.oo cc ccccccrccesc cece ecesecuseescesceesressenesecresssessecseetsteeenessiens 370 

136B.2.4 PICS proforma tables for test fixtures for Test fixtures for 5SOGBASE-CR, 

LOOGBASE-CR2, 200GBASE-CR4, 50GAUL-1 C2M, and lOOGAUI-2 C2M............. 376 

Annex 136C (normative) Host and cable assembly form factors for SOGBASE-CR, fOOGBASE-CR2, 

and 200GBASE-CRR 和 es 371 

LSGCLD QV ervde Wy occ cece cecetecseeccee cue tueeeeesecuecaeeecnsscateasessaesaenssnsesseaseasesensetseeseeseseestttatestsesenee GFE 
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$360.2 Host form Lactors. occ cccccececnsecsececnecesecneceseceseeceeseesseeeesesutessessessesreesessstetecnsecssenseties 374 

136C.2.4 SFP28 host form factor ooo ccccceccecesecssentecteeeserseessenseresetssssescsstsstestestesesesesee GOL 

136C.2.2 QSFP28 host fora Factor ooo cece cc cecccesseceseeesteesssssessesseseesessssessesessestseeesgsecsases 372 

136C.3 Cable assemibly form factors ooo. ccc cece ceseseesseaseeseesseeseenseeseeseecsecsaesecaessessetsetseteereaes 372 

136C.3.1 SFP28 to SFP28 cable assembly form factor oo. ccc ccc eetecceeeseenesssecteeneeesecteetaes 37 

136C.3.2 QSFP28 to OSFP28 cable assembly form factor 3 

136C.3.3 QSFP28 to 4«SFP28 cable assembly form factof ccc cece ecceececteereeteenessseens 373 
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raft Standard for Ethernet 

Amendment: 

iedla 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: [EEE Standards documents are not intended to ensure safety, health, or envi- 

ronmental protection, or ensure against interference with or from other devices or networks. Tmpiement- 

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 TEEE document is made available for use subject to important notices and legal disclaimers. These 

notices and disclaimers appear in all publications containing this document and may be found under the 

heading “Important Notice” or “Important Notices and Disclaimers Concerning TREE Documents.” 

They can also be obtained on request from [EEE or viewed at hép. standards iece corel PRidisciain- 

eps. fats 
  

NOTE—The editing instructions contained in this amendment define how to merge the material contained 

therein into the existing base standard and tts amendoients to form the comprehensive standard. 

The editing instructions are shown in Bold italic. Four editing istructions are used: change, delete, insert, 

and replace. Change is used to make corrections im existing text or tables. The editing instruction specifies 

the location of the change and describes what is being changed by using stele “eh (to remove old matc- 

  

rial) and underscore (to add new material). Delete removes existing material, Insert adds new material with- 

out disterbing the existing material. Deletions and insertions may require renumbering. If so. renumbering 

instructions are given in the editing instruction. Replace is used to make changes in figures or equations by 

removing the existing figure or equation and replacing it with a new onc. Editing instructions, 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 clauses, tables. equations, or figures not covered by this amendment are high- 

lighted in g    SONY Saree   

  

TO BE REMOVED PRIOR TO FINAL PUBLICATION: Reviewers and the publication editor should note 
that editing instructions have been written to minimize the probability of changes being lost at publica- 
tion from other [EEE 802.3 amendment projecis running in parallel feg., IEEE P8023; and [EEE 
P802.3bk) } that modified the same text and tables.       
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4. introduction 

1.7 Overview 

4.1.3 Architectural perspectives 

4.1.3.2 Compatibility interfaces 

insert the following new compatibility interfaces after “h} 46 Gh/s Parallel Physical Interface (XLPP”: 

KD 30 Gb/s Media Independent Interface (30GMID). The 50GMIT is designed to connect a 50 Gb/s 

capable MAC to a 30 Gb/s PHY. While conformance with implementation of this interface is not 

necessary to ensure communication, i allows flexibility in imtermixing PHYs and DTEs at 50 Gb/s 

speeds. The 50GMIE is a logical uiterconnection intended for use as an intra-chip interface. No 

mechanical connector ts spectfied for use with the SOGMIL The 50GMIU ts optional. 

k2) 50 Gb/s Attachment Unit Interface (LAUT-230GAULn). The LAUI-2/S0GAUI-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 communication, 

it is recommended, since it allows maximum flexibility in imtermixing PHYs and DTEs at 50 Gb/s 

speeds. The LAUI-2/S0GAUI-n is intended for use as a chip-to-chip or a chip-to-module interface. 

Two widths of 50GAUI-n are defined: a two-lane version (S0GAUI-2} in Annex 1345D and 

Annex 135E, and a one-lane version GOGAUTL-D in Annex 135F and Annex 135G. No mechanical 

connector is specified for use with the LAUI-2/50GAU I-n. The LAUT-2/50GAUI-n is optional. 

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

. The CAUI-n/100G/ 

instantiation of the PMA service “interface to exten the connection between | 0 Gb/s capable 

PMAs. While conformance with implementation of this interface is not necessary to ensure comimu- 

nication, if is recommended, since it allows maxiroum flexibility in intermiing PHYs and DTEs at 

100 Gb/s speeds. The CAUI-n is intended for) use as a chip-to-chip or a chip-to-module interface. 

Three widths of CAUT-n are defined: a ten-lane version (CAUT-10) in Annex 8 

  

m) 

    

   Annex S38, and—a four-lane version ( CAUL 4/100G AUI-4) in Annex SAD~and, 

AnoBS 135D and Anon 135E. aug a twao- fae. version JANG ANE. ig Annex 133F and 

  

CAUL- ony 100 GAUL “2 is optional 

1.3 Normative references 

Change the reference for IEC 61753-022-2 as follows: 

TEC 61753-022-2:2012. Fibre optic interconnecting devices and passive components - Performance standard 

- Part 022-2: Fibre optic connectors terminated on multimode fibre for category C - Controlled environment; 

porfemmance-Clase-M. 
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1.4 Definitions 

insert the following new definition after 1.4.52 GOO0GBASE-R encoding”: 

14524 1060GBASE-CR2: TEEE 802.3 Physical Layer specification for 100 Gb/s using JOOGBASE-R 

encoding over two lanes of shielded balanced copper cabling. (See [EEE Std 802.3, Clause 136.) 

insert the following new definition after 1.4.34 “100GBASE-CRIG: 

14.544 100GBASE-DR: TEEE 802.3 Physical Layer specification for 100 Gb/s serial transmission using 

LOOGBASE-R encoding and 4-Jevel pulse amplitude modulation over one wavelength on single-mode fiber, 

with reach up to at least 500 m (Sec TEEE Std 802.3, Clause 140.) 

Insert the following new definition after 1.4.55 “LG0GBASE-KP4”: 

1.4.53a 100GBASE-KR2: IEEE 602.3 Physical Layer specification for 100 Gb/s using LOOGBASE-R 

encoding over two lanes of an electrical backplane. (See HEEE Std 802.3, Clause 137.) 

lnsert the following new definition after 1.4.38 “L00GBASE-LR4”: 

14.488 100GBASE-SR2: TEEE 802.3 Physical Layer specification for 100 Gb/s using JOOGBASE-R. 

encoding over two lanes of multimode fiber. (See EEE Std 802.3, Clause 138.) 

insert the following new definitions after 1.4.72a “40GBASE-T” (as inserted hy LEEE Std 802.3bq-2016): 

14.7248) SOGBASE-CR: IEEE 602.3 Physical Layer specification for 50 Gb/s using 5OGBASE-R encoding 

over one lane of shielded balanced copper cabling. (See TEEE Sid 802.3, Clause 136.) 

1.4.72a2 SOGBASE-FR: [EEE 802.3 Physical Layer 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 2 km. (See TEEE Std 802.3, Clause 139.3 

1.4.72a3 SOGBASE-KR: [EEE 802.3 Physical Layer specification for 50 Gb/s using SOGBASE-R encoding 

over one lane of an electrical backplane. (See [EEE Std 802.3, Clause 137.) 

1.4.72a4 30GBASE-LR: IEEE 802.3 Physical Layer specification for 50 Gb/s senal transmission using 

SOGBASE-R encoding and 4-level pulse amplitude modulation over one wavelength on single-mode fiber, 

with reach up to at least 10 km. (See TEER Std 802.3, Clause 139.) 

1.4.72a5 SOGBASE-R: An TEEE 802.3 physical coding sublayer for one-lane 50 Gb/s operation. (See TEEE 

Sid 862.3, Clause 131.3 

1.4.72a6 SOGBASE-SR: TEEE 802.3 Physical Laver specification for 50 Gb/s using SOGBASE-R encoding 

aver multimode fiber. (See TERE Std 802.3, Clanse 138.) 

14.7247 38 Gh/s Attachment Unit Interface GOGAUTn, LAUE-2): A physical instantiation of the PMA 

service interface to extend the connection between 50 Gb/s capable PMAs over one lane (SOGAUI-D or two 

lanes (SOGAUI-2, LAUL2 used for chip-to-chip or chip-to-module interconnections. (Sec IEEE Std 802.3, 

Clause 135 and Annex 135B through Annex 135G.) 

1.4.72a8 30 Gh/s Media Independent Interface GOGMID: The interlace between the Reconciliation 

Sublayer (RS) and the Physical Coding Sublayer (PCS) for 50 Gb/s operation. (Sce IEEE Std 862.3, 

Clause 132) 
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1.4.72a8 200GBASE-CR4: TEEE 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 1.4.72c “200GBASE-FR4” (as inserted by TEER Sid 

802.368-20 13}: 

14.72c1 2OGBASE-KR4:; TEER 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 1.4,72e “200GBASE-R” (as inserted by DEEE Std 802,.3bs-261x): 

14.72¢1 200GBASE-SR4: TERE 802.3 Physical Laver specification for 200 Gb/s using 200GBASE-R 

encoding over four Janes of ayaltimode fiber. (See TEEE Std 802.3, Clause 138.) 

Modify 1.4.81 as follaws: 

1.4.81 100 Gb/s Attachment Unit Interface (AUD LO0GAUE«): A physical instantiation of the PMA 

service interface to extend the connection between 100 Gb/s capable PMAs over n lanes, used for chip-to- 

chip or chip-to-module interconnections. ThroeFeve widths of CAUI-n are defined: a ten-lane version 

{(CAUT-10), and-two four-lane versions as (C AUT-4, 100GAUT-4), and a two-lane version ne LOOGAUI- 2). (See 

TERE Std 802.3, Annecy S3A and Annex S38 for CAUEIO, 6A 3D and A & for CAUT-4, 

Clause 135, Annex 35D. nd Annex. L35E for JOOGAUI-4. or Clause 135. Annex | ask. and Annex 135G 

for LOOGAUT-2.) 

  

    

fnsert the following new definition after 1.4203 “fast wake”: 

1.4.203a FEC lane (PECL): In SOGBASE-R and [OOGBASE-R the FEC distributes encoded data to multi- 

pic logical lanes, these logical lanes are called FEC lanes. One or more FEC lanes can be multiplexed and 

carced on a physical lane together at the PMA service interface. (see IEEE Sid 802.3, Clause 135.) 

Modify 1.4.325 (as modified by IEEE Std 802.3bs-201x} as follaws: 

  

14.325 PCS jane @CSL): In 40GBASE-R, SOGRASE-R, LOOGBASE-R, 200GBASE-R, and 

4Q0GBASE-R, the PCS distributes encoded data to multiple logical lanes, these logical lanes are called PCS 

lanes. One or more PCS lanes can be ou Hupl exed and carric do on a ee lane together at the PMA service 

interface. (See TEBE Std 802.3, Clause C a, 

  

1.5 Abbreviations 

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

1OOGAUTL 100 Gb/s Attachment Unit Interface 

50GAUI 50 Gb/s Attachment Unit Interface 

S0GMIE 50 Gb/s Media Independent Interface 

FECL FEC Lane 

LAUL 40 Gb/s Attachment Unit Interface 
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4, Media Access Control 

4.4 Specific implementations 

4.4.2 MAC parameters 

Change Table 4-2 (as modified by TEER Std 802.3by-2016, IEEE Std 802.357-2016 and IEEE Std 

802. 3bs-201x) as follows: 

Table 4~2—MAC parameters 

  

MAC data rate 
  

2.5 Ghis, 5 Gb/s, 

  

  

  

  

  

  

  

Parameters Up to and 25 Gb/s, 49 Gh/s, 

inchiding 1 Gb/s 50 Gb/s, 108 Gb/s, 10 Gb/s 
106 Mb/s 200 Gb/s, ang 

400 Gb/s 

slotTime 312 bit times 4096 bit times not applicable not applicable 

interPacketGap* 96 bits 96 bits 96 bits 96 bits 

atteraptLimit 16 16 not applicable not applicable 

backoffLimit 18 18 not applicable not applicable 

jamSize 32 bits 32 bits not applicable net applicable 

maxBasicrrameSize 1518 octets 1318 octets 1518 octets 1518 octets 
  

maxEnvelopeFrameSize 2000 octets 2000 octets 2000 octets 2000 octets 
  

  

  

minFrameSize 512 bits (64 octets} | 512 bits (64 octets) | 512 hits (64 octets) | 512 bits (64 octets) 

burstLinnt not applicable 65 536 bits not applicable not applicable 

ipgStretchR atio tot applicable rot applicable not applicable 104 bits               

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

Change Note 7 below Table 4-2 (as modified by IEEE Sui 802.3bs-201x) as follows: 

  

400GME receive signals at the DTE due to clock tolerance and lane alignment requirements. 
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36. 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 Clause 133 50 Gb/s multi-PCS lane 64B/66B 

36.3.2.1.3 aPhyTypeList 

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

APPROPRIATE SYNTAX: 

S50GBASE-R. Clause 133 50 Gb/s multi-PCS iane 64B/66B 

36.3.2.1.5 aSymbolErrorDuringCarrier 

Change the fourth paragraph in the “BEHAVIOUR DEFINED AS” section of 30.3.2.1.5 (as modified hy 

IEEE Std 802. 3by-2016 and IEEE Std 802.3bs-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 umes the receiving media is non-idie (the time between the Start of Packet 

Delimiter and the End of Packet Delimiter as defined by 45.2.5 and 81.2.5) for a period of tune 

equal to or greater than minFrameSize, and during which there was at least one occurrence of an 

event that causes the PHY to indicate “Receive Exror”’ on the (see T le SI~3}, 

    

30.5 Layer management for medium attachment units (MAUs} 

36.5.1 MAU managed object class 

30.5.1.1 MAU attributes 

36.5.4.1.2 aMAU Type 

Insert the following new entries in “APPROPRIATE SYNTAX” section of 36.5.1.1.2 (as modified by 

TERE Std 802. 3hs-201x) with the 30G entries going es going after 

LBOGBASE-ER4 and the 200G entries going after 200GBASE-LR4: 
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APPROPRIATE SYNTAX: 

S50GBASE-R. Maulti-lane PCS as specified in Clause 133 with PMA as specthied in 

Clause 135 over undefined PMD 

SOGBASE-CR. S0GBASE-R PCS/PMA over shielded copper balanced cable PMD as 

specified in Clause 136 

S50GBASE-KR SO0GBASE-R PCS/PMA over an electrical backplane PMD as 

specified in Clause 137 

S0GBASE-SR S0GBASE-R PCS/PMA over roultimode fiber PMD as specified in 

Clause 138 

50GBASE-FR. 50GB ASE-R PCS/PMA over single made fiber PMD as specified in 

Clause 139 

S0GBASE-LR S0GBASE-R PCS/PMA over single mode fiber PMD as specified in 

Clause 139 

LOOGBASE-CR2 100GBASE-R PCS/PMA over 2-lane shielded copper balanced cabie 

PMD as specified in Clause 136 

IOUGBASE-KR? 100GBASE-R PCS/PMA over an electrical backplane PMD as 

specified in Clause [37 

LOOGBASE-SR2 LOOGBASE-R PCS/PMA over 2-lane multimode fiber PMD as specified 

im Clause 138 

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

Clause 140 

200GBASE-CR4 100GBASE-R PCS/PMA over 4-lane shielded copper balanced cable 

PMD as specified in Clause 136 

200GBASE-KR4 lOOGBASE-R PCS/PMA over an electrical backplane PMD as 

specified in Clause 137 

200GB ASE-SR4 IOOGBASE-R PCS/PMA over 4-lane multimode fiber PMD as specified 

in Clause 138 

Change the last paragraph of the “BEHAVIGUR DEFINED AS” section of 36.5.1.1.2 (as modified hy 

IEEE Std 802. 3hy-2016 and IEEE Std 802.3bs-201x) as follows: 

BEHAVIOUR DEFINED AS: 

The enumerations JOOOBASE-X, 1O0CGBASE-XHD, LOQOBASE-XFD, 10GBASR-X， 

1OGBASE-R, LOGBASE-W. 25GBASE-R. 40GBASE-R, SOGBASE-R, lOOGBASE-R, 

200GBASE-R, and 400GBASE-R shall only be returned if the underlying PMD type is unknown.; 

30.5.1.1.4 aMediaAvailable 

Change the sixth paragraph of the “BEHAVIOUR DEFINED AS” section of 30.5.1.1.4 (as modified by 

TERE Std 802.36q-2616 and IEEE Std 862.36s-261x9 as follows: 

BEHAVIOUR DEFINED AS: 

  

For 40 Gb/s, 30 Gb/s, 100 Gb/s, 260 Gb/s, and 460 Gb/s, the caumerations map to value of the 

link fault variable within the Link Fault Signaling state diagram (see §3.3.4.1 and F oi) 

as follows: the values OK and Link Interruption map to the enumeration “ave vailable”, the ya ahie 
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Local Fault maps to the enumeration “not available” and the value Remote Fault maps to the 

enumeration “remote fault”. 

30.5.1.1.11 aBlPErrorCount 

Change “APPROPRIATE SYNTAX” and first sentence of “BEHAVIOUR DEFINED AS” of 30.5.1.111 

as follows: 

ATTRIBUTE 

APPROPRIATE SYNTAX: 
A SEQUENCE of generahzed nonresettable counters. Hach counter has a maximum increment 

rate of 10 000 counts per second for 40 Gb/s and 30 Gb/s unplomentations and 5 000 counts per 

second for 100 Gb/s implementations. 

BEHAVIOUR, DEFINED AS: 

38.5.1.1.12 aLaneMapping 

Change the first sentence of “BEHAVIOUR DEFINED AS” of 30.5.L112 (as modified by IERE Std 

802. 3bs-201x) as follows: 

BEHAVIOUR, DEFINED AS: 

identifiers. 

36.5.1.1.15 aFECAbI hy 

Change the first sentence of “BEHAVIOUR DEFINED AS” of 303.1115 (as modified by IEEE Std 

802. 3hy-2016) as follows: 

BEHAVIOUR DEFINED AS: 
A tead-only value that indicates ifthe PHY supports an FEC sublayer for forward error correction 

(see 68.2, CI V4. Clause 91, and © : 108, and Clause 134).   

30.5.1.1.17 aFECCorrectedBlocks 

Change “APPROPRIATE SYNTAX” of 30.5. 11.17 (as modified by LEEE Std 802. 3hy-2016 and IEEE 

Std 862.36s-261x} as follows: 

APPROPRIATE SYNTAX: 
A SEQUENCE of generalized nonresettable counters. Each counter has a maximum increment 

rate of | 260 000 counts per second for 1000 Mb/s implementations, 5 000 000 counts per second 

for 10 Gb/s, 25 Gb/s, and 40 Gb/s implementations, 10 000 000 counts per second for 50 Gb/s 

implementations, 2 500 000 counts per second for 100 Gb/s paplementations, 40 000 000 counts 

per second for 200 Gb/s implementations, and 80 000 060 counts per second for 400 Gb/s 

unplementations. 

  

Change the first sentence of the “BEHAVIOUR DEFINED AS” of 30.5.1.1.17 (as modified hy TREE Std 

802. 3hy-2016 and IEEE Std 802.3bs-201x) as follows: 

BEHAVIOUR DEFINED AS: 
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For LOOOBASE-PX, 10/25/40/50/100/200/4G0GBASE-R, LOOGBASE-P, 1OGBRASE-PR, or 10/ 

IGBASE-PRX PHYs, an array of corrected FEC block counters. 

36.5.1.1.18 aFECUncorrectableBlocks 

Change “APPROPRIATE SYNTAX” of 36.5.1.1.18 (as modified by IEEE Std 802.3by-2016 and LEEE 

Std 802.3hs-201x) 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 unplementations, 5 G00 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 

unplementations, 2 500 000 counts per second for 100 Gb/s implementations, 40 000 000 counts 

per second for 200 Gb/s implementations, and 80 000 000 counts per second for 400 Gb/s 

ioyplementations. 

  

Change the first sentence of the “BEHAVIOUR DEFINED AS” of 30.5.1.1.18 (as modified hy TREE Std 

802. 3hy-2016 and IEEE Std 802.3bs-201x) as follows: 

BEHAVIOUR DEFINED AS: 
For 1000BASE-PX. 10/25/40/50/160/200/400GBASE-R, LOOGBASE-P, lOGBASE-PR, or 1G/ 
IGBASE-PRX PHYs, an array of uncorrectabie FEC block counters. 

30.5.1.1.26 aRSFECBIPErrorCount 

Change “APPROPRIATE SYNTAX” and first sentence of “BEHAVIOUR DEFINED AS” of 30.35.1126 

as follows: 

ATTRIBUTE 

APPROPRIATE SYNTAX: 
A SEQUENCE of generalized nonresetable counters. Each counter has a maximum increment rate 

of 5 G00 counts per second for 30 Gb/s and 100 Gb/s implementations. 

BEHAVIOUR DEFINED AS: 

For 50GBASE-R. LOOGBASE-R, and LOOGBASE-P PHYs, an array of BIP orror counters. 

30.5.1.1.27 aRSFECLaneManpping 

Change the first sentence of “BEHAVIGUR DEFINED AS” of 30.3.1.1.27 as follows: 

BEHAVIOUR DEFINED AS: 

Copyright © 2017 IEEE. Allrights reserved. 

This is an unapproved IEEE Standards draft, subject to change. 

“
E
O
N
 

un
 

fe
 
W
b
 

o
e
 

O
S

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



Draft Amendment to IEEE Std 802.3-2015 IEEE Draft P802.3cd/D1.2 

{EEE P802.3cd Task Force 3rd February 2017 

30.6 Management for link Auto-Negotiation 

36.6.1 Auto-Negotiation managed object class 

30.6.1.1 Auto-Negotiation attributes 

36.6.1.1.5 aAutoNegLocalTechnologyAbinty 

insert the following new entries in “APPROPRIATE SYNTAX” section of 30.6.1.4.5 with the 30GR entry 

going after 40GBASE-CR4, and the 100GR2 and 200GR4 entries going after 1GOGBASE-KP4 as foliows: 

APPROPRIATE SYNTAX: 

50GR S0GBASE-CR as specified in Clause 136 or SOGBASE-KR as 

specified in Clause 137 

100GR2 100GBASE-CR2 as specified in Clause 136 of 100GBASE-KR2 as 

specified in Clause [37 

200GR4 200GBASE-CRA 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 NMIDIO interface Registers 

45.2.4 PMA/PMDB registers 

IEEE Draft P802.3cd/D1.2 
3rd February 2017 

Change Table 45-3 (as modified by TERE Std 862.362-2016 and IEEE Std 862.3bs-261x) as follows 

(unchanged rows not shown): 

Table 45-3-—-PMA/PMD registers 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

1,532 through 1,599   

Register address Register aame Subclanse 

1.20 Reserved SOG PMA/PMD extended ability 45.2.1 146th 

1.25,-4:26 Reserved PMA/PMD extended ability 2 45.2.4 147) 

L26 

1.500 through 1.515 S0GAUEn, 1L00GAUT-2, 200GAULn, and 45.2.4. 116d, 
400GAUI-n chip-te-chip transmitter equalization, 45.2.1 1160 

receive direction, lane 0 through lane £5 

1.516 through 1.531 S0GAUEn, LOGGAUT2, 200GAUL-n, and 48.24.7168, 
400GAUL-n chip-to-chip transmitter equalization, 45.2.1. 1168 

transmit direction, lane 0 through lane 15 

4:532-throwek 1.699. Reserved 

  

  
  

  
  

  
  

  
  

  
  

    
  

  
  

  
  

  

  
  

    

1.606 PMA precoder control down Tx 45.2.1 116 

LGOE PMA precoder control down Rx 45,21. 1163 

1.602 PMA precoder control up Tx 45.2 1116} 

41.603 PMA precoder control up Rx 45.2.4, 116k 

1604 PMA precoder request status 45.2 1 AIG! 

1.605 PMA precoder request down 45,.2.4, 116m 

1,606 PMA precoder request up 45.2.4. 1160 

1.607 through 1.699 Reserved 

1.1140 through LE Reserved 

14320 through 31423 BASE-B PAM4 PMD training LP control tepisters, | 45.2. 1 18a 

lanes 0 through 3 
  

44140 throne +4499 Reserved 
1.1124 through £1199             
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Table 45~3--PMA/PMD registers (continued) 

  

  

  

  
  

    

Register address Register name Subclanse 

1.1240 through 1 12349 Reserved 

11220 through 11223 BASE-R PAM4 PMD training LP status registers 45.2 11194 

lanes @ through 3 
  

4421) threopeh-+1299 Reserved 

1.1224 through £.1299   
  

  

1.13 40 through £1319 Reserved   
  

1.1320 Uiough 1.1323   

  

  

$434) throne +4399 Reserved 
1.1324 through £.1399   
  

  

11410 throngh | 3419 Reserved   
  

11420 through 1 £423 45.2 1i21a   

  

  

    Reserved     1.1424 through E1449   
        

4§.2.1.1 PMA/PMD control 1 register (Register 1.0) 

Change the row for bits 1.0.5:2 in Table 45-4 (as modified by IEEE Std 802.3by-2016, IEEE Std 802.352- 

2016, and LERE Std 802.3bs-201x) as follows (unchanged rows not shown): 

45.2.1.1.3 Speed selection (1.0.13, 1.0.8, 1.0.5:2) 

Change the last paragraph of 45.2.1.1.3 (as modified by IEEE Stl 802.3iy-2016 and WEEE Std 802. 3hs- 

2O1x) as follows: 

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 to 0106 the use of a 25G PMA/PMD is selected; when set to 0101 the   

use of a 50G PMA/PMD is selected: when set to 1006 the use of a 200G PMA/PMD is selected; when set to 

1001 the use of a 400G PMA/PMD is selected. More specific selection is performed using the PMA/PMD 

control 2 register (Register 1.7} (see 45.2. 1.6.3). 
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Table 48-4—~PMA/PMD control 1 register bit definitions 

IEEE Draft P802.3cd/D1.2 
3rd February 2017 

  

  

  

      

Bit(s} Name Description RW? 

1652 Speed selection 5 43 2 RW 
} i x x = Reserved 
10 1 x =Reserved 

1 @ 0 L = 400 Gb/s 

16 0 @ = 200 Gh/s 

GO 1 i t =5 Gb/s 

O f { 8 =2.5 Gb/s 

0 | 0 1 =Reserved 50 Gb/s 
0 £ 0 0 =25 Gb/s 

6 G 4 £ = 100 Gb/s 

0 6 1 @ =40 Gb/s 

0 0G 0 1 = 1OPASS-TSOBASE-TL 

0 0 0 6 =10 Gbhis 
        

aR IW = Read/Write, SC = Self-clearing, RO = Read only 

45,2.4.2 PMA/PMD status 1 register (Register 1.7} 

45.2.4.2.3 Fault (7.4.7) 

Change the fourth sentence of 43.2.1.2.3 (as modified by IEEE Std 802. 3by-2016 and IEEE Std 802.358- 

201x) as follows: 

1.8.10} located in register 1.8 are set 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 TERE Std 802.3bn-2016, TEER Std 802.3h2-2016 

and LEEE Std 802.3bs-201x) as follows (unchanged rows not shown): 

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

  

  

  

   

  

Bit(s) Name Description we 

1.4.3 Reserved-50G capable Velue-abvays-0 RO 

de /PMD is capable of operating at 50 Gb/s 
0: AA/PMD is not capable of onerating at SQ Gb/s                 

®RO = Read only 

fnsert 45.2.1.4.64 after 43.2.1.4.6 as follows: 

45.2.1.4.6a 50G capable (1.4.3) 

When read as a one, bit 1.4.3 indicates that the PMA/PMD is able to operate at a data rate of 50 Gb/s. When 

read as a zero, bit 1.4.3 mdicates that the PMA/PMD is not able to operate at a data rate of 50 Gh/s. 

45,2.1.8 PMA/PMD control 2 register (Register 1.7) 

Change Table 45-7 {as modified by TEER Std 802.36w-2015, TEEE Std 802.3by-2016, IEEE Std 

802,.3bq-2016, fEBE Std 802.3bp-2016, LEER Std 802.3in-201x, DEEE Std 802.3bv-2016, IEEE Std 

802.3b¢-2016, TEEE Std 802.3bs-201x, IEEE Std 802.3ch-201x, and KERE Std 862.3cc-201x) as follows: 

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

  

  

  

  

        

Bris) Name Description RW* 

L715:10 | Reserved Value always 0 RO 

1.7.9 P{ASE PMA ingress AUT stop enable RAW 

1.7.8 PEASE PMA egress AU] stop enable R/W 

1.7.7 Reserved Value always 0 RO       
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IEEE P8O02.3cd Task Force 

Table 45~-7--PMA/PMD control 2 register bit definitions (continued) 

IEEE Draft P802.3cd/D1.2 
3rd February 2017 

  

  

    

Bit(s) Name Description RW? 

1.7.6:0 PMA/PMD type selection | 6543216 R/W 
LExXx xX xX = tesetved 

TOLLE Lx =teserved 
LOLL EO £ =xreserved 

LOL 1100 = 400GBASE-LR& PMA/PMD 

LOLLOL 1 =400GBASE-FRS PMA/PMD 

101 £6 16= 400GBASE-DR4 PMA/PMD 

1G) 106 1 = 400GBASE-SRI6 PMA/PMD 

{6130600 = reserved 
LOLOL I x= reserved 

1010101 =200GBASE-LR4 PMA/PMD 

19610100 200GBASE-FR4 PMA/PMD 

161601 1 = 200GBASE-DR4 PMA/PMD 

  
101060 1 = 200GBASE-CR4 PMA/PMD 

101060 6= 200GBASE-KR4 PMA/PMD 

$-64-6-0-0-4-= reserved 

1-G-Hrae = resenyed 
L603 Lx» = reserved 

1061461 1 = 100GBASE-DR PMA/PMD 

106160 LO= 100GBASE-SR?2 PMA/PMD 

1960100 1 = 1l00GBASE-CR2 PMA/PMD 

{601060 = IGOGBASE-KR? PMA/PMD 

LOOO LL» = reserved 
1060 10 1 = reserved 
1060 106=500BASE-LE PMA/PMD 

160601 1 = 50GBASE-FR PMA/PMD 

{6060 10 = SOGBASE-SR PMA/PMD 

1006060 1 = SOGBASE-CR PMA/PMD 

106060 6= 50GBASE-KR PMA/PMD 

OLL ELE x= reserved 

OLLLLG1=BASE-TI PMA/PMD® 

Ob £3 £00= SGBASE-KR PMA/PMD 

OELLGLL= 2 5GBASE-KX PMA/PMD 

OLLLGLO= 25GBRASE-SR PMA/PMD 

Ot 

  

  

  

  

  
  

  

  
  

  

  
  

  

  
  

OLEOLL b= 28GBASE-T PMA 

0110110=2SGBASE-ER PMA/PMD 

6410101 = 25GRASE-LR PMA/PMD 

0110100= BASE-H PMA/PMD* 

OLLGO £= 10GPASS-XER-U PMA/PMD 

04} £06010= 10GPASS-XR-D PMA/PMD 

6411060 1= 5GBASE-T PMA 

O£10000= 2 SGBASE-T PMA 

OLOLE LL = 100GBASE-SR4 PMA/PMD 

OLOLELO= 1GOGBASE-CR4 PMA/PMD 

O20110. = 100GBASE-ER4 PMA/PMD 

0101100= 106GBASE-KP4 PMA/PMD 

OLOLO EL = 10OGBASE-ER4 PMA/PMD 

OL01010= 100GBASE-LR4 PMA/PMD 

040106 1 = 1GOGBASE-SRIG PMA/PMD 

9401000 100GBASE-CRIO PMA/PMD 

GL601 1 1 = reserved   

{610010 = 200GBASE-SR4 PMA/PMD reserved 

11001 = 25GRASE-BR or 25GBASE-KR-S PMA/PMD 
0111000 = 25GBASE-CR or 23GBASE-CR-& PMA/PMD 
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Table 45~-7--PMA/PMD control 2 register bit definitions (continued) 

  

  

      

010601 1 = 40GBASE-LR4 PMA/PMD 

610060 16 = 40GBASE-SR4 PMA/PMD 

646060 1 = 40GBASE-CR4 PMA/PMD 

0100000 = 40GBASE-KR4 PMA/PMD 

OOGLLE LL = 10/1GBASE-PRK-Ud 

N01 £10= OGBASE-PR-U4 

SOLLLOL= 10/1GBASE-PRX-D4 

60111060 = 10GBRASE-PR-D4 

OOLLOL 1 = reserved 
06011010 = 10GBASE-PR-U3 

90100 t= OGBASE-PR-UL 

0011000= 10/1GBASE-PRX-U3 

GOLO LLL = 10/1GBASE-PRX-U2 

00101 10= 10/1IGBASE-PRX-U1 

JOLGLG t= 10GBASE-PR-D3 

0016100 = 10GBASE-PR-D? 

601061 1 = 10GBASE-PR-DI 

00100 £0= 10/1GBASE-PRX-D3 

0061600 1 = 10/1IGBASE-PRX-D2 

00616060 = 10/1GBASE-PRK-DI 

S001 11 b= 1GBASE-T PMA/PMD 

G0G1116= 106BASE-TK PMA/PMD 

O00 L101 = 1000BASE-KX PMA/PMD 

0601160= 1000BASE-T PMA/PMD 

DO01L01 t= 10GRBASE-KR PMA/PMD 

0001010= 10GBASE-KX4 PMA/PMD 

606160 1 = 10GBASE-T PMA 

0001000= 10GBASE-LRM PMA/PMD 

O006111= 10GBASE-SR PMA/PMD 

0000 E10= 10GBASE-LR PMA/PMD 

§9000101= 1GGBASE-ER PMA/PMD 

6060106 = 10GBASE-Lk4 PMA/PMD 

00060011 = 10GRASE-SW PMA/PMD 

06060 10= 10GBASE-LW PMA/PMD 

000000 l= 10GBASE-EW PMA/PMD 

0000000= 10GBASE-CX4 PMA/PMD 

  

Bit(s) Name Description RW? 

1.7.60 PMA/PMD type selection | 0100 110=40GBASE-T PMA 
(confin- (continued) 010010 1 = 40GBASE-ER4 PMA/PMD 
wed) 0 100 100=40GBASE-FR PMA/PMD 

      

AR/W = Read/Write, RO = Read only 
“If BASE-TI is selected, bits 1.2100.3:0 are used to differentiate which BASE-T1 PMA/PMD is selected. 

“ff 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 tas modified by IEEE Std 802.36s-201x) as follows: 

45.2.1.6.3 PMA/PMD type selection (1.7.6:0} 

The PMA/PMD type of the PMA/PMD shall be selected using bits 6 to 0. The PMA/PMD type abilities of 

the PMA/PMD are advertised in bits 9 and 7 through 0 of the PMA/PMD status 2 register, the PMA/PMD 

extended ability register, the 40G/100G PMA/PMD oxtended ability register, the 30G PMA/PMD oxtonded 

register. A PMA/PMD shall ignore writes to the PMIA/PMD type selection bits that select PMA/PMD types 
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it has not advertised. ft is the responsibility of the STA entity to ensure that mutually acceptable MMD types 

are applied consistently across all the MMDs on a particular PHY. 

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 802.3bq-2016) 

with the exception of the [00GBASE-DR row which gees after the L0OGBASE-SR4 PMD tn Table 43-9 

as follows (unchanged rows nat shown}: 

Table 4§—-9— Transmit fault description location 

  

  

  

  

  

  

  

  

PMA/PMD Description location 

S0GBASE-KR, ISOGBASE-KR2, 137.8.9 

200GBASE-KR4 

SOGBASE-CR, 1G0GHRASE-CR2, 136.8.9 
200GBASE-CR4 

SOGBASE-SR, 1OOGBASE-SR2, 138.5.16 
200GBASE-SR4 

S0GBASE-FR, SOGBASE-LR 139.5.8 

1OOGBASE-DR 140.5.8         

45.2.1.7.5 Receive fault (4.8.18) 

Insert the following rows after the row for 4@GBASE-T (which was inserted by TEER Std 802. 3ig-2616) 

with the exception of the 1Q0GBASE-DR row which goes after the 100GBASE-SR4 PMD in Table 43-10 

as follows (unchanged rows not shown}: 
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45.2.1.8 PMB transmit disable register (Register 7.9} 

Insert the following rows after the row for 4@GBASE-T (which was inserted by TEER Std 802. 3ig-2616) 

with the exception of the 100GBASE-DR row which goes after the 1(00GBASE-SR4 PMD in Table 43-12 

IEEE Draft P802.3cd/01.2 
3rd February 2017 

Table 45~-10-—Receive fault description location 

  

  

  

  

  

  

  

    

PMA/PM®D Description location 

SOGBASE-KR, LOOGBASE-KR2, 137.816 
200GBASE-KR4 

SOGBASE-CR, 100GBASE-CR2, 136.8.10 
200GBASE-CR4 

S50GBASE-SE, 100GBASE-SR?, 1385.14 

200GBASE-SR4 

SOGBASE-FR, 5O0GBASE-LR 139.49 

1OOGBASE-DR 40.5.9       

as follows (unchanged rows not shown): 

ta
y 

Table 45-12-—Transmit disable description location 

  

PMLA/PMD Description location 
  

  

  

  

  

  

    

50GBASE-KR, 100GBASE-ER?, and 137.8.6 
200GBASE-KR4 

S0GBASE-CR, [00GBASE-CR2, and 136.8.6 
200GBASE-CR4 

S0GBASE-SR, LOOGBASE-SR2, and 1385.7 
200GBASE-SR4 

50GBASE-FR and SOGBASE-LR 139.5.6 

100GBASE-DR 1405.6       
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fnsert 43.24.1461 before 45.2.1. 14¢ fas inserted by EEE Std 802.362-2016) as follows: 

45.2.1.14b1 50G PMA/PMD extended ability (Register 1.28} 

The assignment of bits in the 50G PMA/PMD extended ability register is shown in Table 45-1761. 

Table 45-17b1—50G PMA/PMBD extended ability register bit definitions 

  

  

Brits} Name Bescription RAW? 

1.20.15 50G PMA remote t= 50G PMA has the ability to perform a remote RO 

loopback ability ioopback function 
0 = 30G PMA does not have the ability to perform a 

remote loopback fimcetion 
  

  
1.20.14:5 Reserved Jane always 0 RO 

1.20.4 S0GBASE-LR ability 1 = PMA/PMD is able to perform 50GB ASE-LR RO 

0 = PMA/PMD is not able to perform SOGBASE-LE. 
  

1.20.3 SO0GBASE-FR ability 1 =PMA/PMD is able to petform SOGBASE-FR RO 
0 = PMA/PMD is not able to perform SOGBASE-FR 
  

$20.2 SO0GBASE-SR. ability 1 = 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 50GB ASE-CR RO 
0 = PMA/PMD is not able to perform S50GBASE-CR 
  

1.20.0 SO0GBASE-KR ability i = PMA/PMD is able to perform SOGBASE-KR RO 
0 = PMA/PMD is not able to perform SOGBASE-KR             

*RO = Read only 

45.2.1.14b1.1 80G PMA remote loopback ability (1.20.15) 

When read as a one, bit 1.20.15 indicates that the 50G PMA is able to perform the remote loopback function. 

When read as a zero, bit 1.20.15 indicates that the 50G PMA is not able to perform the remote loopback 

function. Ha PMA is able to perform the remote loopback function, then it is controlled using the PMA 

rernote loopback bit 1.0.1 (see 48.2.2 2.4). 

45.2.1.14b1.2 S0GBASE-LR ability (1.20.4) 

When read as a one, bit 1.20.4 indicates that the PMA/PMD is able to operate as a SOGBRASE-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/PMP type. 

45.2.1.1461.3 50GBASE-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 SOGBASE-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 

SO0GBASE-FR PMA/PMD type. 
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45.2.1.1461.4 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 SOGBASE-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 

SO0GBASE-SR PMA/PMD type. 

45.2.1.14b1.5 SOGBASE-CR ability (1.20.1) 

When read as a one, bit 1.20.1 indicates that the PMAAPMD is able to operate as a SOGBASE-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 

SOGBASE-CR PMA/PMB type. 

45.2.1.1461.6 50GBASE-KR ability (1.20.0) 

When read as a one, bit 1.20.0 indicates that the PMA/PMD is able to operate as a SOGBASE-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-ER PMA/PMD type. 

fasert 43.2.1 4477 after 43.2.1. US inserted by THEE Std 802,3hs-201x} as follows: 

45.2.1.1471 PMA/PMD extended ability 2 (Register 1.25} 

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

Table 45—-17f1—PMA/PMB extended ability 2 register bit definitions 

  

  

  

Bit(s) Name Description Rrwe 

1.25.15: Reserved Value always 0 RO 

1.25.0 50G extended abilities 1= PMA/PMD has S0G extended abilities listed in RO 

register 1.20 
G = PMA/PMD does not have SOG extended abilities             

ARO = Read only 

45.2.4. 1491.1 806 extended abilities (1.25.0) 

When read as a one, bit 1.25.0 indicates that the PMA/PMD has 50G extended abilities sted in register 

1.20. When read as a zero, bit 1.25.0 indicates that the PMA/PMD does not have 50G extended abilities. 
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4§.2.1.101 RS-FEC control register (Register 1.200) 

Change Table 45~79 (as modified by TREE Sid 802, 3hy-2016) as follows: 

Table 48-79--RS-FEC control register bi definitions 

  

  

  

  

    
  
  

  
  

  

          

Bit(s) Name Description RAW? 

200, 15:4 ， 、 
ee Soy 全 5:3 Reserved Vaine always 0 RO 

1 = FEC is not being used with a four-lane PMD (the 

. ed DRAPY bec dine four lane pid variable defined 91.6.2a is set to zero my} 
30 i ne PMD indicat - 了 R/W 

1200.3 Four Jane PMD indication 0 = FEC is being used with a four-lane PMD (the BIW. 

fout_lane_ pmd variable defined 91.6.2a is set to one 

x 1 = The 25GBASE-R Reed-Solomon FEC is enabled . 
3 9 ‘ S-FEC er . . ， ， 下 4 

1200.2 25G RS-FEC enable 0 = The 25GBASE-R Reed-Solomon FEC is disabled RW 

， 1 = FEC decoder does not indicate errors to the PCS 
260. FEC by ‘ation enable mpap Serene one R/W 

1200.1 FEC bypass indication enab 0 = FEC decoder indicates errors to the PCS layer RW 

i = FEC decoder performs error detection without error 

1,200.0 FEC bypass correction enable | COECHOR - setae RW 
© bypass correction enable 0 = FEC decoder performs error detection and error IW 

correction     

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

insert 45.21.161.aa before 45.2. L101 (as inserted by IFEE Sta 862. 3by-2016) as follows: 

45.2.1.101.aa Four-lane PMD (1.200.3) 

This bit enabies the alignment marker mapping function in the RS-FEC to substitute the fixed bytes of the 

aligament markers corresponding to PCS lanes 17, 18, and 19 with the fixed bytes for the aligament marker 

corresponding to PCS lane 16 (See 91.5.2.6). When this bit is set to zero, the alignment markers 

corresponding to PCS Janes 17, 18, and 19 are passed through unrnodified. The default value of this bit ts 

Zero. 

4§.2.1.102 RS-FEC status register (Register 1.267} 

Change the reserved rows for 12014.7:3 in Table 45-86 as follows (unchanged rows nat shown}: 

Table 45-80-——-RS-FEC status register bit definitions 

  

  

    
  
  

  

Bit(s) Name Description RIW' 

12017 FEC optional states sup- | 1 = RS-FEC supports optional states in Figure 91-8 RO 

— ported 0= RS-FEC does not support optional states in Figure 91-8 | 7 

+264-43 cavern lah alvunue 
120163 Reserved alue abways 0 RO           

*RO = Read only, LH = Latching high 
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Change 43.2.4.1021, 43.2.4.102.2 (as modified by TEER Std 802.3by-2016), and 45.2.1.102.3, and 

45,2.1,.102.6 as foliows 

45.2.1.102.1 PCS align status (1.201.15) 

Clause 134, PCS alignment ts defined as block lock, aligament marker lock and deskew of all 20 transmit 

PCS lanes. For the RS-FEC described in Clanse 108, PCS alignment is defined as block lock of the transmit 

PCS signal. When read as a zero, bit £.201.15 indicates that the RS-FEC has not obtained PCS alngnment. 

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) 

Clause 134, PMA alignment is defined as alignment marker lock and deskew of all four Janes on the PMA 

service interface. For the RS-FEC described in © 8, PMA alignment is defined as codeword marker 

lock on the PMA service interface. When read as a zero, bit 1.201.14 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. 

   Se 

45.2.7.102.8 FEC AM jock 1 (1.204.9) 

When read as a one, bit 1.201.9 indicates that the RS-FEC described in Clause 91 or Clause 134 has locked 

and aligned lane 1 of the PMA service interface. When read as a zero, bit 1.201.9 indicates that the RS-PEC 

has not locked and aligned lane | of the PMA service interface. This bit reflects the siate of amps lock[1] 

(see 91.5.3.1). 

45.2.1.102.8 FEC AM lock 0 (1.201.8) 

and aligned lane 0 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 iocki0j 

(see 94.5.3.1). 

insert 43.2.1.102.6a after 45,21. 102.6 as follows: 

45,2.4.102.8a FEC 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 1.2061.7 indicates that the optional states are not implemented. 

Change the second sentence of 45.2.1.108 as follows 

45,.2.1.108 RS-FEC BIP error counter lane 6 (Register 1.230} 

91.6.3). 
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Change 45.2.1. [6d to 43.2.1. L16f tas inserted by IEEE Std 862.36s-201x} as follows: 

45,.2.7.176d S0GAUI-n, 1G0GAUIL-2, 200GAUI-n, and 400GAUI-n chip-to-chip transmitter 

  

equalization, receive direction, lane 0 register (Register 1.800} 

3rd February 2017 

The assignment of bits in the SOGAUIT-n. IGOQGAUT-2, 200GAUT-n, and 400GAUT-n chip-to-chip transmit- 

ter equalization, receive direction, lane 0 register is shown in Table 45—-90ab. The transmitter, receive direc- 

tion, is the transmitter that sends data towards the MAC. 

  

Tabie 48-90ab—30GAUI-n, 10QGAUI-2, 200GAUI-n, and 400GAULn chip-to-chip transmitter 

equalization, receive direction, lane 0 register bit definitions 

  

  

  

  

    

  

  

    

  

          

Bit(s} Name Description RAW? 

1.500.145 Request fag 1 = Change in equalization is requested RO 
0 = No change in equalization is requested 

1.500.14:12 | Post-cursor request 141312 RO 
i i 1 Reserved 
1 1 0 Reserved 
10 1 Requested eg cil =5 (C1) ratio -0.25) 
1 0 0 Requested_eq cl =4 (c(h) ratio -0.2) 

0 Lt L Reguested_ eq cl =3 (c(h) ratio -0.15) 

0 1 6 Requested eq cl =2 (c(t) ratio -二 .全 
0 @ | Requested eq cl =1 (c(t) ratio -0.05) 

0 0 0 Requested eg ci =0 (1) ratio 9) 

1.500.1110 | Pre-cursor request HELO _ RO 
1 i Keqguested eq cmi=3 (cC-1) vatio -0.15) 
1 @ Requested eq cmi=2 tcl) rate-0.D 

0 1 Requested eq cml = 1 (c(-1) ratio -0.05) 
0 0 Requested eq cml =0 (c(-)D ratio 0 

1.560.9:7 Post-cursor remote setting | 987 RW 
LEL Reserved 
110 Reserved 
PGE Remote eg ci=5 (c(i) tatio 0.25) 
100 Remote eg 4 《COD ratio -0.2)》 
Gil Remote_eq 3 «CE ratio -G.15) 

G10 Remote eq ci=2 (c(h) rato -0.1) 
GOL Remote eg ci=1 (c(h) ratio -0.05) 

000 Remote eg cl = (cQ) tatio ® 

1.500.6:5 Pre-cursor remote setting 65 RAW 
Li Remote eq cmi=3 (CC ratio -0.15) 
10 Remote eq cmi=2 (cC-D ratio -0 和 
O01 emote eq cml=1 (c(-D ratio -0.05) 

00 Remote_eg cml = (c{-D ratio 0)     

Copyright © 2017 IEEE. Allrights reserved. 

This is an unapproved IEEE Standards draft, subject to change. 

a
 

os
t

Marvell Semiconductor, Inc. - Ex. 1002, Page 000170



Draft Amendment to IEEE Std 802.3-2015 IEEE Draft P802.3cd/D1.2 

{EEE P802.3cd Task Force 3rd February 2017 

Table 48-90ab—S0GAUI-n, 100GAUL2, 200GAUI-n, and 400GAUILn chip-to-chip transmitter 

equalization, receive direction, lane 0 register bit definitions (continued) 

  

  

  

Bit(s) Name Bescription Rw 

1,500.4:2 Post-cursor local setting 432 B/W 
rit 
LEG 

LOL f=5 《CCD ratio 0.25) 
100 =4 (¢(1) ratio -0.2) 

  

OLE Lecal eq cl =3 CCD ratio -0.15) 
916 Local ， eg ci=2 (c(i) ratio -O.1) 

GOL Local eg ci=1 (Ch) ratio 40.05) 

060 Local eq cl =0 (e(X) ratio 0) 

  

  

  

a
 .500.10 Pre-cursor local setting pa R/W 

Li Local eq cml =3 (c{-1) ratio ~0.15) 

10 Lecal eg cmf=2 (e(-1D rahe -O.1D 

ot Loca eg cml = 1 (c(-1) ratio -0.04) 
06 Local eg cml =0 (ci-1) ratio 0)             

aR/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 Request flag in the lane 0 GAL in, POOGAUT-2 

200GAUT-n, or 400GAUT-n tecerver m the receive direction (see }208.3.2 and §2053.3.2.3). This indicates 

whether the 50GAUT-n, [OQGAUT2, 200GAUT-n, or 400GAUT-n chip-to. chip device is issuing a request to 

change the remote transmitter equalization in the SOGAUT-n, lOOGAUT-2, 200GAUE-n, or 400GAUI-n chip- 

to-chip lane 0 transmitter in the receive direction. If a lane 0 SOGAUT-n. IGOGAUL?, 200GAULn, or 

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

should be zero. 

       

  

  

  

  

45.2.4. 1160.2 Post-cursor request (1.500.14:12} 

    

The value of these bits indicates the value of the variable Requested eq ci im the lane 0 S0GAUEn -也 

LOOGAUT2. 200GAUT-n, or 400GAUI-n receiver in the receive direction (see 120 2 > 

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

requested for the transmitter equalization in the SOGAULn. lOOGAUTL-2, 200GAULn, or 400GAUIT-n chip- 

to-chip lane 0 transmutter in the receive direction. 

  

  

45.2.4. 1160.3 Pre-cursor request (7.500.11:18) 

The value of these bits indicates the value of the variable Requested eq cmi im the lane 0 S0GAUI-n -也 

100GAUT2 200GAUJn or 400GAUJn receiver in the receive direction (Gee 1208 3.2 and 2 

When Request flag is equal to 1, this value indicates the ratio of the pre~cursor coefficient c(—]), which is 

requested for the transmitter equalization in the SOGAUT-n. lOOGAUL2. 200GAULn, or 400GAUIT-n chip- 

to-chip lane 0 transmutter in the receive direction. 

   

  

45.2.4. 1160.4 Post-cursor remote setting (1.500.3:7} 

The valuc of these bits sets the variable Remate_eq_ el for the lane 0 SOGAUT-n, 1OGGAUT-2, Z00GAUI-n, 

or 400GAUT- -有 receive rin the receive direction {see | Be and} P2OY.3.2.3 小 This is used by a UL <- 
  

29         

    

feedback : as an indication of the ratio ‘of the post-cursor coefficient cg) being used in lane 0 of the 

S0GAUI-n, IOSOGAUL-2, 200GAUT-n, or 400GAUI-n transmitter in the receive direction (see 1293.3.) and   
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. It may be used to generate vahies for the request flag and the request bits. If a lane 0 

S0GAUL- -了 > WOGALE. 2, 200GAULn, or 400GAUI-n receiver in the receive direction is not present in the 

package, then these bits have no effect. 
  

4§.2.1.116¢0.5 Pre-cursor remote setting (1.500.6:5) 

The vahie of these bits sets the variable Remote eq _cmi for the lane 0 SOGAUIL-n. 100GAUTL2 

200GAUI-n, or 400GAUT-n receiver in the recerve direction (see 12698.3.2 and 120D.3.2.5). This is used by 

a SOGAUI-n, LOOGAUTL-2. 200GAUT-n, or 400GAUT-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 0 of 

the SOGAUT-n. 1OOGAUT-2, 200GAUT-n, or 400GAUT-n transmitter in the receive direction (see 12083 4 

and {20%3.3.1.2). Tt may be used to generate values for the request flag and the request bits. if a lanc 0 

S0GAUL-n. iOOGAUE- 2. 200GAUTN, or 400GAUT-n receiver im the receive direction is not present in the 

package, then these bits have no effect. 

  

       
  

  

  

  

45.2.4. 1160.6 Post-cursor local setting (1.500.4:2} 

The valuc of these bits sets the variable Local eq cy for the lanc 0 S0GAUI-n, JOOGAUT-2, 200GAUT-n, or 
个 
  

  

400GAUI-n transmitter in the receive direction (see | Sand 120D.3.2.3), which controls the weight of 

the transmitter equalization post-cursor Coefficient c(1). ff a lane 0 SOGAU I-n, LOOGAUL2, 200GAUL-n, or 

400GAUT-n transmitter in the receive direction is not present in the package, then these bits have no effect. 
  

45,.2.4.1760.7 Pre-cursor local setting (1.600.7:0) 

The value of these bits sets the variable Local_eq_cm/ for the lane 6 SOGAUI-a, 10OGAUT-2, 200GAUT-n, 

or 400GAUi-n transmitter in the receive direction (sce }201.3.{ and 1200.3.1.2), which controls the weight 

of the transmitter equalization pre-cursor coefficient c(-1}. Ha lane 0 SOGAUT-n, IOOGAUT2. 200GAUT-n, 

or 400GAUT-n transmitter in the receive direction is net present in the package, then these bits have no 

effect. 

  

  

  

45,2.4.1716e GAU 100GAUI-2, 200GAUI-n, and 400GAUI-n chip-to-chip transmitter 

equalization, receive direction, lane 1 through lane 16 registers (Registers 1.507 through 

4.515) 

  

The 50GAUL-p, lOOGAUT2. 200GAUI-n, and 4G0GAUT-n chip-to-chip transmitter equalization, receive 

direction, lane 1 through lane 15 registers are defined similarly to register 1.500 Gwhich is used for lane 0, 

see 45.2.1. 116d) but for lanes 1 through 15, respectively. The transmitter, recetve direction, is the transmit- 

ter that sends data towards the MAC. 

  

  

equalization, transmit direction, lane 0 register {Register 1.516} 

The assigoment of bits in the 50OGAUEn. JOOGAUL?2. 200GAULNn, and 400GAUT-n chip-to-chip transmit- 

ter equalization, transmit direction, lane 0 register is shown in Table 45-90ac. The transmitter, transmit 

direction, is the transmitter that sends data towards the PMD. 

  

45.2.4.146f Request flag (1.516.185) 

The value of this bit indicates the value of the variable Request flag in the lane 0 SOGAUT-n, JOOGAUT-2. 

200GAUT-n, or 400GAUI-n receiver in the transmit direction (see 上 3.23 and iz 3}. This indicates 

whether the SOGAUT-n, IO00GAUL2 200GAUT-n, or 4G0GAUI-n chip-to-chip device is issuing a request to 

change the remote transmitter equalization in the 5|0GAUTL-n, lOOGAUT-2, 200GAUI-n, or 400GAUI-n chip- 

to-chip Jane 0 transmitter in the transmit direction. [fa lane 0 SOGAUT-n. 1OGGAUT2. 200GAUT-n, or 
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Table 45~-90ac—50GAULn. 100GAUL2, 200GAUI-n, and 400GAUI-n chip-to-chip transmitter 

  

equalization, transmit direction, lane 0 register bit definitions 

  

  

  

  

  

   
  

    

  

  

  

  

  

        
  

Bit(s) Name Bescription we 

1,516.15 Request flag E = Change in equalization is requested RO 
; 0 = No change in equalization is requested 

1.516.14:12 | Post-cursor request 1443 12 RO 
i 上 上 Reserved 
i ft O Reserved 

16 1 Reguested_eq ci =5 (c(h) ratio -0.25) 

1 @ 0 Requested eq cl =4 (c(B rane -0.2) 
GO 1 4 Requested eg cl =3 (c(¥) ratio -0.15) 
0 f 8 Requested. eg cl =2 (c(h) ratio 0.1) 

690 LE R cl =4 (c(h) ratio -0.05) 
0 6 6 {c(h} ratio 0) 

1S546.11:10 | Pre-cursor request HL 10 RO 
1 | Requested eq cml =3 (ci-}) ratio -0.15) 

1 0 Request omi=2 ((-1) ratio -0.1) 
0 1 Requested eq cmi=i (c(—-1 ratio 0.05) 

0 0 Requested eg cmi=0 (c{-1) raha 0) 

1516.9:7 Post-cursor remote setting | 987 RW 
Lid Reserved 
L116 Reserved 
LO Remote eq ci =5 (c(h xatio 0.25} 

100 Remote eg cl =4 (CD ratio -0.2) 
OLE Remote_eq cl=3 (cQ) ratio -0.15) 
G10 Remote eg ci=2 (c(h) ratio 0.1) 

GOL Remote eq cl = TCD ratio -6.05) 
G00 Remote eq cl =0 (c(t) ratio 0) 

1,516.6:5 Pre-cursor remote seting 65 R/W 
Lk Remote eq cml =3 (cC-D ratio -0.15) 
10 Remote eg cml =2 (CC 有 ratio -O.D 
G1 Remote eq cmi=1 (c(-]) ratio -0.05) 

00 Remote eq cmi = 和 (CC ratio 0) 

1516.42 Post-cursor local setting 432 R/W 
LiL Reserved 
LEO Reserved 

104 Local eq ci=5 (i) ratio -0.25) 
£60 Local eg cl =4 (c(i) rahe 0.2) 
OLE Local eq cl=3 (c(4) ratio -0.15) 
GEG Local eq el 2 (CQ) ratio -O.D 
GOL. Z oC) ratio—-9.05) 
000 Local eq. ol = -0 (COD ratio 0} 

1.516.1:0 Pre-cursor local setting a R/W 
Li Local eg cmi=3 (cCl) ratio -0.15) 

10 o£ ocal eg cmi=2 (e(-]) rato -0.) 
Gi Lo cal | eg cml = 1 (c(-1) ratio -0.04) 

0G Local eg cm] =0 (c{-}) ratio D       

aR/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 zero. 
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48.2.1 1167.2 Post-cursor request (1.516.14:12} 

The value of these bits indicates the value of the variable Requested 4 ¢ el in the lane 0 HHA Le < 

LOOGAUI-2, | } 3.2 and { 

When Request ‘flag i is equal to " this v: value indicates the ratio of the post-cursor coefficiont c(t}, which is 

requested for the transmitter equalization i in the 50GAUI-n. JOOGAUL2, 200GAUT-n, or 400GAUI-n chip- 

to-chip lane 0 transmitter in the transmit direction. 

  

      

  

45.2.1. 1167.3 Pre-cursor request (1.516.71:10) 

  

When Reque. oy - flag i is equal to 1, this w: value indicates the ratio of the pre-cursor coef ficient c(h, which i iS 

requested for the transmitter equalization i in the 50GAUI-n. JOOGAUL2, 200GAUT-n, or 400GAUI-n chip-   

to-chip lane 0 transmitter in the transmit direction. 

45.2.1 1167.4 Post-cursor remote setting (1.816.9:7)} 

The value of these bits sets the variable Remote_eq cy for the lane 0 SOGAUEN. LOOGAUT-2, 200GAUT-n, 

or 400GAULn receiver in the transmit direction (see 12 2 and 20D.3.2.3). This is used by a 

S0GAUEn. JOGGAUT-2. 200GAUT-n, or 400GAUIT-n receiver that paplements the optional transmitter 

equalization feedback as an indication of the ratio of the post~cursor coefficient c(1) being used in lane 0 of 

the SOGAUTL-n, lOOGAUT-2. 200GAUT-n, or 400GAUI-n transmitter in the transmit direction (see | 3 

and § 3.1.2). It may be used to generate values for the request flag and the request bits. if a iane 0 

S0GAULN. 100G, AUTL-2. 200GAUT-n, or 400GAUL-b receiver in the transmit direction is pot present in the 

package, then these bits have no effect. 

  

     
  

  

  
   

  

45.2.1. 1167.5 Pre-cursor remote setting (1.516.6:5} 

The value of these bits sets the variable Kemote eq emi for the lane 0 50G ALE ~n, LOOGAUTL-2, 

200GAULn, or 400GAUT-n receiver in the transmit direction (see 1208.3 2 and {2073.3.2 3). This is used 

by a 50GAUT-n, IGOGAUT-2, 200GAUL-n, or 400GAUI-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 0 of 

the *0GAL JE ~n, [OOGAUT-2, 200GAUT-n, or 400GAUT-n transmitter in the transmit direction (see (2543.31 

and f2003.3.2.2). Tt may be used to generate values for the request flag and the request bits. if a a lane 0 

50G. AUEa a lo0GAUL2 2, 2ZO0GAUT-n, or 400GAULn receiver in the transmit direction 1s not present in the 

package, then these bits have no effect. 

  

    
  

  

  

  

45,2.1.1169.6 Post-cursor focal setting (1.516.4:2} 

  The value of these bits sets the variable Local eq cl for the lane 0 wet lo “i, LOOGAUT-2, 200GAUI-n, or 

400GAUI-n transmitter in the transmit direction (sce SY and 120D.3.1.2), which controls the weight 

of the transmitter equalization post-cursor coefficient c(h}. Yea lane 0 S0GAUL “fi, JOOGAUT-2, 200GAUT-n, 

or 400GAUTL-n transmitter in the transmit direction is not present in the package, then these bits have no 

effect. 

~ 

    

  

45,2.4.1169.7 Pre-cursor local setting (1.516.1:0} 

The value of these bits sets the variable Local eq _cm/ for the lane 0 § S0GAUI- -0, (GOGAUI-2, 200GAUT-n, 

or 400GAULn transmitter in the transmit direction (see 1298.3.) and {299.3.1.2), which controls the 

weight of the transmitter equalization pre-cursor coefficient of bh. ia lane 0 30GAUEn LOOGAUL2 

200GAUI-n, or 400GAUI-n transmitter im the transmit direction is not present in the package, then these bits 

have no effect. 
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4§.2.1.116a S0GAUl-n. 1Q0GAUI-2, Z00GAUI-n, and 400GAUI-n chip-to-chip transmitter 

equalization, transmit direction, lane 1 through lane 15 registers (Registers 1.517 through 

41.8313 

  

The 30GAUTL-n. OOGAUT-2. 200GAUT-n, and 400GAUT-n chip-to-chip transmitter equalization, transmit 

direction, lane 1 through lane 15 registers are defined similarly to register 1.516 Gvhich is used for lane 9, 

see 45.2.1.116f but for lanes | through 15, respectively. The transmitter, transmit direction, is the 

transmitter that sends data towards the PMID. 

  

Insert 45.20. 116h to 45.2.1. L6n after 45.2.1, U6g (as inserted by LEEE Std 802.3hs-201x) as follaws: 

45.2.7. 418 PMA precoder control down Tx (Register 1.606} 

The assignment of bits in the PMA precoder control down Tx register is shown in Table 45—90ad. 

Table 45-90ad—PMA precoder control down Tx register bit definitions 

  

  

  

  

  

  

Bit(s) Name Description Rw 

1.600.154 Reserved Value always 0 RO 

1,600.3 Lane 3 down transmitter i= Lane 3 down Tx precoder enabled RW 

precoder enable 0 = Lane 3 down Tx precoder disabled 

1,600.2 Lane 2 down transmitter i= Lane 2 down Tx precoder enabled RW 

precoder enable 0 = Lane 2 down Tx precoder disabled 

1,600.1 Lane 1 down transmitter 1 = Lane 1 down Tx precoder enabled RW 

precoder enable 0= Lane 1 down Tx precoder disabled 

1,606.0 Lane 0 down transmitter i= Lane 0 dewn Tx precoder enabled RW 

precoder enable 0 = Lane 0 down Tx precoder disabled             

®RIW = Read/Write, RO = Read only 

45,.2.7.176h.1 PMA precoder down Tx enable lane 3 (1.600.3} 

This bit enables the Jane 3 down Ts precoder. 

45,.2.7.176h.2 PMA precoder down Tx enable lane 2 (1.600.2} 

This bit enables the lane 2 down Ts precoder. 

45,.2.7.176h.3 PMA precoder down Tx enable lane 1 (1.600.1} 

This bit enables the Jane 1 down Ts precoder. 

45,.2.1.116h.4 PMA precoder down Tx enable lane 0 (1.660.0} 

This bit enables the lane 0 down Ts precoder. 

45,.2.7.1161 PMA precoder control down Rx (Register 1.661} 

The assignment of bits in the precoder control down Rx register is shown in Table 45-902. 
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Table 45~S0ace-——PMA precoder control down Rx register bit definitions 

  

  

  

  

  

  

  

              

  

  

  

  

  

Bit(s) Name Description Rw 

160L.15:4 Reserved Value always 0 RO 

1.601.3 Lane 3 down receiver 1 = Lane 3 down Rx precoder enabled RW 

precoder enable 0 = Lane 3 down Rx precoder disabled 

1,601.2 Lane 2 down receiver i= Lane 2 down Rx precoder enabled RW 

precoder enable 0 = Lane 2 down Rx precader disabled 

Look t Lane 1 down receiver 1= Lane 1 down Rx precoder enabled RW 

precoder enable 0 = Lane 1 down Rx precoder disabled 

1601.0 Lane 0 down receiver i= Lane 0 dewn Rx precoder cnabled RW 

precoder enable 0 = Lane 0 down Rx precoder disabled 

®RIW = Read/Write, RO = Read only 

45,2.4.1761.1 PMA precoder down Rx enable lane 3 (1.601.3) 

This bit enables the lane 3 down Rx precoder. 

45,2.4.1761.2 PMA precoder down Rx enable lane 2 (1.601.2) 

This bit enables the lane 2 down Rx precoder. 

45,.2.7.1761.3 PMA precoder down Rx enable lane 1 (1.601.4} 

This bit enables the lane 1 down Rx precoder. 

45,.2.7.1761.4 PMA precoder down Rx enable lane 0 (1.601.0} 

This bit enables the lane 0 down Rx precoder. 

45,.2.7.116) PMA precoder control up Tx (Register 1.602} 

The assignment of bits m the precoder control up Tx register is shown in Table 45—90af, 

Table 45-90af-—-PMA precoder control up Tx register bit definitions 

Bit(s) Name Description Riw* 

1.602.152 Reserved Value always 0 RO 

1,602.1 Lane 1 up transmitter i=Lane 1 wp Tx precoder enabled RW 

precoder enable O = Lane Lup Ts precoder disabled 

1,602.6 Lane 0 up transmitter 1 = Lane 0 up Tx precoder enabled RW 

precoder enable 0 = Lane 0 up Tx precoder disabled             

AaR/W = Read/Write, RO = Read only 
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4§.2.1.1161.1 PMA precoder up Tx enable lane 1 (1.602.1} 

This bit enables the lane | up Tx precoder. 

4§.2.1.1161.2 PMA precoder up Tx enable lane 6 (1.602.0} 

This bit enables the lanc 0 up Tx precoder. 

4§.2.1.116k PMA precoder control up Rx (Register 1.603) 

IEEE Draft P802.3cd/01.2 
3rd February 2017 

The assignment of bits in the precoder contral up Rx register is shown in Table 43—-90ag. 

Table 45-90ag-—-PMA precoder control up Rx register bit definitions 

  

  

  

  

            

  

  

  

  

Bits) Name Description Rwy 

1.603. 15:2 Reserved Jatne always 0 RO 

1,603.1 Lane 1 up receiver precoder 1 = Lane | up Rx precoder enabled RW 

enable 0= Lane 1 up Rx precoder disabled 

1,603.0 Lane 0 up receiver precoder i= Lane 0 up Rx precoder enabled RW 
enable 0 = Lane 0 up Rx precoder disabled 

®RIW = Read/Write, RO = Read only 

45,.2.4.116K.1 PMA precoder up Rx enable lane 7 (1.603.7} 

This bit enables the lane | up Rx precoder. 

45,.2.4.116K.2 PMA precoder up Rx enable lane 0 (1.603.0} 

This bit enables the lane 0 up Rx precoder. 

45,2.7.1161 PMA precoder request status (Register 1.604) 

The assignment of bits in the precoder request status register ts shown in Table 45-90ah. 

Table 45-90ah-—-PMA precoder request status register bit definitions 

Bit(s) Name Description Rw? 

1.604.152 Reserved Bliue always 0 RO 

1,604.1 precoder _reqnest_status 1 i=Lane 1 precoding requesied RO 
0 = Lane 1 precading not requested 

1,604.6 precoder_tequest_status_0 1 = Lane 0 precoding requested RO 

0 = Lane 0 precoding not requested             

aR/W = Read/Write, RO = Read only 
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4§.2.1.7181.1 PMA precoder request status lane 7 (1.604.4) 

This bit indicates the lane | precoder request status. 

4§.2.1.7181.2 PMA precoder request status lane 0 (1.604.0) 

This bit indicates the lane 0 precoder request status. 

45.2.1.718m PMA precoder request down (Register 1.605) 

The assignment of bits in the precoder request down register is shown in Table 45—90ai. 

Table 48-90ai--PMA precoder request down register bit definitions 

  

  

  

Bits) Name Description Rwy 

1.605. 15:2 Reserved Jatne always 0 RO 

1,605.1 precoder _request_down_! 1= Lane | precoder down requested RW 

O= Lane 1 precoder down not requested 
  

1,605.0 precoder_request_down_0 1 = Lane 0 precoder down requested RW 
0 = Lane 0 precoder down not requested             

®RIW = Read/Write, RO = Read only 

45,.2.4.116m.1 PMA orecoder request down lane 1 (1.605.4) 

This bit enables the request of precoding in the down direction for lane 1. 

45,2.4.116m.2 PMA precoder request down lane 6 (1.605.0) 

This bit enables the request of precoding in the down direction for lane 0. 

45,.2.4.176n PMA precoder request up (Register 1.606) 

The assignment of bits in the precoder request up register is Showa tn Table 45-904}. 

Tabie 45-90a}-—PMA precoder request up register bit definitions 

  

  

  

Bit(s) Name Description Rw? 

1.606.152 Reserved Bliue always 0 RO 

1,606.1 precoder _reqnest_up | 1 =Lane 1 precoder up requested RW 
0 = Lane 1 precader up not requested 
  

1,606.6 precoder _tequest up 0 1 == Lane 0 precoder up requested RW 

0 = Lane 0 precoder up not requested             

aR/W = Read/Write, RO = Read only 
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4§.2.1.116n.7 PMA precoder request up lane 1 (1.606.17} 

This bit enables the request of precoding in the up direction for lane 1. 

4§.2.1.116n.2 PMA precoder request up lane 0 (1.606.0} 

This bit enables the request of precoding in the up direction for lane 0. 

insert 43.21.11 8a after 43.21 118 as follows: 

45,2.4.1418a BASE-R PAM4 PMD training LP control registers, lanes 0 through 3 (Register 

4.1126 through 1.1423} 

The BASE-R PAM4 PMD training LP control registers, lanes 0 through 3, reflect the contents of the first 16- 

bit word of the training frame most recently received from the control channel for cach lane. Lane 0 maps to 

register 1.1120, lane | maps to register 1.1121, lane 2 maps to register 1.1122, and lane 3 maps to register 

E1123. 

The assignment of bits in the BASE-R PAM4 PMD training LP control registers is shown tn Table 45—90ak. 

Table 45-90ak—BASE-R PAM4 PMD training LP control register bit definitions 

  

  

  

Bits) Name Description RW 

L.1t2G.15:4] | Reserved Vahie always 0 RO 

1.4120.13:12 | Initial condition request 13 了 2 RW 

1 4 = Preset 3 
1 OG = Preset 2 

QS | = Preset I 

0 = Individual coefficient control 
  

  

  

  

  

L.1}20.11:16 | Reserved Value always 0 RO 

1.1120.9:8 Modulation and preceding 9 8 RW 

request 1 oi =PAM4 with precoding 

1 0 =PAM4 
0 1 = Reserved 
0 0 =PAM?2 

1.1120.7:5 Reserved Value always 9 RO 

1.1320,4:2 Coefficient select 4 3 2 RW 

1 i 0 =e-2) 
fo do ob =e-D 
0 0 0 =cQ} 
6 8 - =e 

1.1120.1:0 Coefficient request 0 RW i 

{ 4 =WNo equalization 
1 @ = Decrement 

OG 1 =ITncrement 

0 0 =Hold             

saRAW = Read/Write, RO = Read only 

Normally the bits in this register are read onky; however, when training is disabled the registers become 

writeable. 
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insert 43.21. 119a after 43.24 119 as follows: 

45,.2.4.119a BASE-R PAM4 PMD training LP status registers, lanes 0 through 3 (Register 

4.1228 through 1.1223} 

The BASH-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 recerved from the control channel for cach lane. Lane 0 maps 

to register 1.1220, lane 1 maps to register 1.1221, lane 2 maps to register 1.1222, and lane 3 maps to register 

1.1223. 

The assignment of bits in the BASE-R PAM4 PMD training LP status registers is shown in Table 45—90al. 

Table 45-90al--BASE-R PAM4 PMD training LP status register bit definiions 

  

  

Bits) Name Description RW 

1,4220.15 Receiver ready t= Training is conrolete and the receiver is ready RO 

for data 
6 = Request for training to continue 
  

  
1.1220,14:12 | Reserved Value always 0 RO 

1.41220.11:10 | Modulation and precoding li 10 RO 

status 1 { =PAM4 with precoding 

1 0 =PAMA4 
Q 1 =Reserved 

9 0 =PAM2 
  

1,1220.9 Receiver frame lock 1 = Frame boundaries identified RG 

0 = Frame boundaries not identified 
  

  

  

  

  

1,4220.8 fninal condition status t= Updated RO 
0 = Not updated 

1.1220,7 Panty Even parity bit RO 

1.4220.6 Reserved Value always 0 RO 

1.1220.5:3 Coefficient select echo 5 4 3 RO 

1 tf 8 =c(-2) 

Po a of =e 
0 0 6 =e) 

6 0 1 =c¢(h) 

1.1220.2:60 Coefficient status 2 t 8 RO 

1 1 2 =Reserved 
{ 1 @ = Coefficient at limit and equalization 

1 0 £ = Reserved 
1 0 0 = Equalization limt 

0 1 1 = Coefficient not supported 

0 4 © = Coefficient at lirait 
0 0 | = Updated 

0 0 0 =Not updated             

aR/W = Read/Write, RO = Read only 
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insert 45.2.1. 1204 after 45.2. 1,126 as follows: 

45,.2.4.120a BASE-R PAN4 PMD training LD control registers, lanes 0 through 3 (Register 

4.1328 through 1.1323) 

The BASE-R PAM4 PMD training LD control registers, lanes 0 through 3, reflect the contents of the first 

16-bit word of the outgoing training frame for each lane. Lane 0 maps to register 1.1320, Jane 1 maps to 

register 1.1321, lane 2 maps te register 1.1322, and lane 3 maps to register 1.1323. 

The assignment of bits in the BASE-R PAM4 PMD training LP controi registers is shown in Table 45-90am. 

Table 45~90am-—BASE-R PAM4 PMD training LD control register bit definitions 

  

  

  

Bitts) Name Description RAP 

1.1320.15:41 | Reserved Value always 0 RO 

1.4320.13:12 | baitial condition request 13 12 RW 

1 i =Preset 3 

) = Preset 2 

0 1 =Preset I 
0 0 = Individual coefficient contre] 

~~
 

  

  
1.1320.11b:10 | Reserved Value always 6 RO 

1.1320.9:8 Modulation and precoding 9 8 RW 
request 1 = PAM4 with precoding i 

Lt 0 =PAM4 

G6 1 =Reserved 
0 0 =PAM? 
  

  

  

1.4320.7:5 Reserved Value always 0 RO 

1,1320.4:2 Coefficient select 4 3 2 RW 

1 1 0 =cfC2) 
1 1 1 =eCH 
0 0 06 =c@) 
5 0 TF =ch) 

1.1320.1:0 Coefficient request 人 RW } 

1 1 =No egnalization 
{ QO = Decrement 

9 | = Increment 

6 0 =Hold             

aR/W = Read/Write, RO = Read only 
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45,.2.4.121a BASE-R PAM4 PMD training LD status registers, lanes 0 through 3 (Reqister 

4.1428 through 1.1423} 

The BASE-R PAM4 PMD training LD status registers, lanes 0 through 3, reflect the contents of the second 

16-bit word of the outgoing training frame for each lane. Lane 0 maps to register 1.1420, Jane 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 48~-90an-—BASE-R PAM4 PMD training LD status register bit definitions 

  

  

  

  

  

  

  

  

  

  

        

Bit(s) Name Description Rea 

1,1420.15 Receiver ready 1 = Training is complete and the receiver is ready RO 

for data 
0 = Reguest for training to contime 

1.1420.14:12 | Reserved Value always 0 RO 

1.41420, 11:16 | Modulation and precoding ii 16 RO 

status 1 oi =PAM4 with precoding 

1 0 =PAM4 
@ i =Reserved 

0 OG =PAM2 

1.1426.9 Receiver frame lock 1 = Frame boundaries identified RO 

0 = Frame boundaries not identified 

1.14208 Initial condition status 1 = Updated RO 
0 = Not updated 

1.1420.7 Parity Even parity bit RO 

1.1426.6 Reserved Value always 0 RG 

1,4420.5:3 Coefficient select echo 3 4 3 RO 

boi 0 =ce2 
bot ob =ed 
0 8 0 =O) 

0 0 1 =cih 

1.1420.2:6 Coefficient status 2 i 6 RO 

} ot EF = Reserved 
1 1 0 = Coefficient at limit and equalization 

limst 

1 0 | =Reserved 
1 0 @ = Equalization limit 

0 { 1 = Coefficient not supported 

0 1 6 = Coefficient at mit 
0 0 | = Updated 

6 0 0 = Not updated     

ARIW = Read/Write, RO = Read only 
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4§.2.1.124 PRBS pattern testing control (Register 1.1501} 

Change the last four sentences af 45.2.1.124 (as inserted by TEER Std 802.36s-20 1x) as follows: 

For the SOGBASE-R. LlOOGBASE-R PAM4, 200GBASE-R, and 400GBRASE-R PMAS the assertion of 

register 1.1501 bit 13 operates in conjunction with register 1.1501 bits 3 and 1. If neither bit is asserted, then 

register 1.1501 bit 13 has no effect. Also for the 50GBASE-R. IOOGBASE-R PAM4, 200GBASE-R, and 

400GBASE-R PMAs, the assertion of register 1.1501 bit 14 operates in conjunction with register 1.1501 bit 

3. Hf bit 1. 1501.3 is not asserted, then register 1.1501 bit 14 has no effect. For other PMA/PMD types register 

1.1501 bits 13 and 14 have no effect. 

  

  

45.2.3 PCS registers 

4§.2.3.1 PCS control 4 register (Register 3.0} 

Change the row for hits 3.0.5:2 in Tabie 45-120 (as modified by LEEE Std 802.3b2-2016) as foliows 

(unchanged rows not shown}: 

Table 48-120-—-PCS control 1 register bH definitions 

  

  

  

   

Bit(s) Name Bescription RW? 

3.0.5:2 Speed selection 3 43 2 R/W 
1 1 x x =Reserved 

10 1 1 =Reserved 

19 1 @ =400 Gb/s 

16 0 | = 200 Gb/s 

160 0 0 =5 Gb/s 

0 £ i £ =2.5 Gb/s 

0 | 1 @ =50 Gb/s Reserved 

GO £ 0 £ =25 Gb/s 

0 8 @ = 160 Gb/s 

60 6 1 £ =40 Gb/s 

0 1 6 = 10/1 Go/s 

0.0 0 1 =10PASS-TS/2BASE-TL 

6 0 0 0 = 10 Gb/s               

aRO = Read only, B/W = Read/Write, SC = Self-clearing 
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4§.2.3.2 PCS status 7 register (Register 3.1} 

45,2.3.2.7 PCS receive link status (3.1.2) 

Change the third sentence of 45.2.3.2.7 (as modified by IEEE Std 862.3by-2016, IEEE Sid 802, 3bq-2016 

and TREE Std 862.3bs-201x%) as follows: 

selected for the PCS using the PCS type selection field (3.7.2:0), this bit is a latching low version of bit 

3.32.12. 

45.2.3.4 PCS speed ability (Register 3.4} 

Change the row for 3.4.5 in Table 43-122 (as inserted by IEEE Std 862.3bz-2016) as follows (unchanged 

rows not shown): 

Table 45-122-—-PCS5 speed ability register bit definkions 

  

Bit(s} Namie Bescription Rw 
  

  

3.4.8 Reserved 50G capable Value-ahrars0 RO 

1 = PCS is capable of operating at 50 Gb/s 
0 = PCS is not capable of operating at 50 Gb/s               

#RO = Read only 

dusert 45,.2.3.4.34 after 45.23.45 (as inserted by TREE Std 802, 3hy-2616} as follows: 

4§.2.3.4.5a 30G capable (3.4.3) 

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 50 Gb/s. 
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4§.2.3.6 PCS control 2 register (Register 3.7} 

Change Table 45-123 {as modified by TEEE Std 802.3by-2016, TEEE Std 802.3bq-2016, (EEE Sid 

802. 3h2-2016, and LEEE Std 802.3bs-201x) as follows: 

Table 45-123—PCS control 2 register bit definitions 

  

  

  

      
  

  

Bit(s) Name Description RIW' 

3.7. 15:4 Reserved Value always 0 RO 

3.7.3:0 PCS type selection | 3 2 1 6 RAW 
1 o£ i ox = reserved 

t £6 1 = Select 400GRASE-R PCS type 
1 1 0 0 =Select 200GBASE-R PCS type 
1 @ 1 1 = Select 5GBASE-T PCS type 
1 0 1 0 = Select 2 SGBASE-T PCS type 
10 0 1 =Select 285GBASE-T PCS type 
1 6 0 0 = Select 5SOGBASE-R PCS type reserved 
GO i 1 L =Select 2SGBASE-R PCS type 
0 1 1 6 = Select 49GRASE-T PCS type 
0 £ O L = Select 160GBASE-R PCS type 
O 1 0 6 = Select 46GBASE-R PCS type 
GO 6 1 1 =Select 1OGBASE-T PCS type 
0 @ 1 0 = Select IOGBASE-W PCS type 
O 0 6 1 = Select IOGRASE-X PCS type 

0 0 6 @ = Select IJOGBASE-R PCS type     

®RO = Read only, R/W = Read/Write 

4§.2.3.7 PCS status 2 register (Register 3.3} 

Change raw for 3.8.8 in Table 45-124a (as modified by TEER Std 802.3bq-2016) as follows (unchanged 

rows not shown):, 

Table 45-124 一 PCS status 3 register bit definkions 

  

Bits} Name Description Rave 
  

S0GBASE-R capable 

    
Yate 2 8 如 

1 = PCS is able io support SOGBASE-R PCS type 
0 = PCS is not able to support SOGBRASE-R PCS type     

RO 

    

aRO = Read only 

Copyright © 2017 IEEE. All rights reserved. 

This is an unapproved IEEE Standards draft, subject to change. 

72

Marvell Semiconductor, Inc. - Ex. 1002, Page 000185



Drak Amendment to IEEE Std 802.3-2015 IEEE Draff P8602 3cd/D1.2 

IEEE P8O02.3cd Task Force 3rd February 2017 

fnsert 43.2.3.7.3ab after 45.2.3. 7, 3a tas inserted by TERE Std 862.36q-2016} as follows: 

45.2.3.7 3ab 50GBASE-R capabie (3.3.8) 

as a zero, bit 3.8.8 indicates that the PCS is not able to support the 50GBASE-R PCS type. 

45.2.3.8 EEE control and capability 1 (Register 3.20) 

Change the reserved row for 3.20.15:14 in Table 43-125 as follows (unchanged rows not shown): 

Table 45~125--EEEF control and capability 1 register bit definitions 

  

  

  

  

          

Bit(s) Name Description Rw 

3.20. 15-4 | Reserved Value always 0 RO 

- - 1 = EEE fast wake is supported for SOGBASE-R 2°90 4: “RACELR fact wake 上 

时 SOGBASE-R fast wake | 9 = EEF fast wake is not supported for S0GBASE-R RO   
        

aRAW = Read/Write, RO = Read only 

Insert 45.2.3.9.4 before 48.2.3.9.1 as follows: 

45.2.3.9.a 50GBASE-R EEE fast wake supported (3.20.14) 

Hthe PCS supports EEE fast wake operation for 3|OGBASE-R, this bit shall be set to a one; otherwise this bit 

shall be set to a zero. 

4§.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 (3.32.72) 

Change the last sentence of 45.2.3.131 (as modified hy IEEE Std 802.3hy-2016, IEEE Std 802, 3bg~-2016, 

IEEE Std 802.362-2016, and ZEEE Std 802. 3bs-201x) as follows: 

This bit is a reflection of the PCS status variable defined in 49 or lO 5GBASE-R, in 126.3.7.1 for 

2? SGBASE-T and SGBASE-T. in 83.3.7 1 for IGGBASE-T, in 1) ? ? for 23GBASE-T and 40GBASE-T, 

in 82.3.1 for 40/50/1l00GBASE-R, and in 119.3 for 200/400GBASE-R. 
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4§.2.3.13.4 BASE-R and MultiGBASE-T PCS high BER (3.32.4) 

Change third sentence of 45.2.3.13.4 (as modified by TERE Std 862. US follows: 

This bit 1s a direct reflection of the state of the hi_ber variable in the 648/66B state diagram and ts defined in 

49,3,33.2.2 for 10/25GBASE-R and in $2.2.19.2.2 for 40/50/100GBASE-R. 

4§.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 LEEE Std 802.3by-2616 and LEEE Std 862. 3cbh- 

L01x} as follaws: 

This bit is a direct reflection of the state of the block lock variable in the 64B/66B state diagram and is 

defined in 49.2.13.2.2 for 3/10/25GBASE-R and tm 82.2.19.2.2 for 40/SG/IOOGBASE-R. 
  

    

4§.2.3.14 BASE-R and MultiGBASE-T PCS status 2 register (Register 3.33} 

45.2.3.14.1 Latched block lock (3.33.15) 

Change 45.2.3.141 (as modified by TEER Std 862. 3bq-2016 and IEEE Std 802.3cb-201x) as follows: 

MultiGBASE-T set PCS has achieved block lock. When read as a zero, bit 3.33.15 indicates that the 3/16/ 

25/40/50/100GB ASE-R or a member of the MultiGBASE-T set PCS has lost block lock. 

status bit G.32.0). 

45.2.3.14.2 Latched high BER (3.33.74) 

Change 45.2.3.14.2 (as modified by IERE Std 802.36q-2016, TEEE Std 802.3by-2016, and IEEE Std 

802. 3ch-201x) as follows: 

status bit G.32.1). 
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45.2.3.14.3 BER(3.33.13:3} 

Change first sentence of 435,2.3.14.3 (as modified by IEEE Std 802.3bq-2016, IEEE Std 802. 3by-2016, and 

IEEE Std 802. 3ch-201) as follows: 

     

  

     
14.3 and 82.2 » 4 for 5/ The BER counter is a six bit count as defined by the ber_count variable im a 

2 for LOGBASE-T and in 10/23/40/S0/1O0O0GBASE-R and defined by counter er count in 85 

HS3.6.2.2 for 23GBASE-T and 40GBASE-T. 

4§.2.3.14.4 Errored blocks (3.33.7:3} 

Change first sentence of 45.2.3.14.4 (as modified by IEEE Std 862. 3bq-2016, IEEE Std 802. 3hy-2016, and 

IEEE Std 802. 3ch-201x) as follows: 

The errored blocks counter is an eight bit count defined by the crrored_block count counter specified in 

492.942 for S5/10/25GBASE-R, in 82.3.1 for 40/SQ/100GBASE-R and defined by counter 

errored block count 155.3.6.2 for lOGBASE-T and in §13.3.6.2.2 for 23GBASE-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 THEE Std 802.3by-2016 and IEEE Std 802.3hs- 

201x) as follows: 

45.2.7 Auto-Negotiation registers 

Change the reserved row 7.49 through 7.59 in Table 45-206 as follows (unchanged rows not shown): 

Table 45—-200—Auto-Negotiation MMD registers 
  

Register address Register name Subclause 
  

了 49 Backplane Ethernet, BASE-R copper status2 | 43.27.128 
  

        74950 through 7.59 Reserved 
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4§.2.7.12 Backplane Ethernet, BASE-R copper status (Register 7.48) 

Change the title and text of 43.2.7.12.2 (as modified by [EEF Std 802. 3by-2016 and IREE Std 862. 3cb- 

201x) as follows: 

45.2.7.12.2 Negotiated Port Type (7.48.1, 7.48.2, 7.48.3, 7.48.5, 7.48.6, 7.48.8, 7.48.9, 7.48.10, 
7.48.91, 7.48.12, 7.48.73, 7.48.14, 7.48.18, 7.49.0, 7.49.1, 7.49.2) 

  

When the AN process has been completed as indicated by the AN complete bit, these bits in register 7.48 

  

insert 45.2.7. 12a after 45.2.7.12 as follows 

45.2.7 12a Backplane Ethernet, BASE-R copper status 2 (Register 7.43} 

The assignment of bits in the Backplane Ethermet, BASE-R copper status 2 register is shown in Table 45— 

2094. 

Table 48-209a-—Backplane Ethernet, BASE-R copper status 2 register (Register 7.49} bit 

  

  

  

definitions 

Bits} Name Description Ro 

749 15:3 Reserved Value always 0 RO 

749.2 200GBASE-KR4 or | 1 = PMA/PMD is negotiated to perform 200GRASE-KR4 or | RO 
200GBASE-CR4 200GBASE-CR4 

0 = PMA/PMD is not negotiated to perform 200GBASE-KE4 

or 200GBASE-CR4 
  

7494 1O0GBASE-KR2o0r | 1 = PMA/PMD is negotiated to perform L0OOGBASE-KR2 or | RO 
1O00GEASE-CR2 1OOGBASE-CR2 

0 = PMA/PMD is not negotiated to perform LOOGBASE-KR2 

or IOOGBASE-CR2 
  

749.9 SO0GBASE-KR or 1 = PMA/PMD is negotiated to perform S50GBASE-KR or RO 
SOGBASE-CR S0GBASE-CR 

0 = PMA/PMI) is not negotiated to perform SOGBASE-KR or 

SOGBASE-CR             

“RO = Read only 

45.2.7 12a.) Negotiated Port Type 

See 45.2.7.12.2. 
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45.5 Protocol implementation conformance statement (PICS) proforma for 

Clause 45, Management Data Input/Output (MDIO) interface! 

45.5.3 PICS proforma tables for the Management Data input Output (MBIO) interface 

45.5.3.3 PMA/PMD management functions 

Insert the following row at the end of the table in (unchanged rows not shown): 

  

Etem: Feature Subclause Valne/Comment Status Support 
  

    
Yes [ | 
N/A LY             

'Copvight release jor PICS p 

be used for its intended purpos 

rofovinas. Users of this standard may freely reproduce the PICS proforma in this subclause so that it can 

¢ aud may further publish the completed PICS. 
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69. introduction to Ethernet operation over electrical backplanes 

69.1 Overview 

63.1.1 Scape 

Change the second paragraph of 69.1.1 tas modified by EEE Std 802. 3hy-261x and 

IEEE Std 802.3cb-201x) as follows: 

Backplane Ethemet supports the [EEE 802.3 full duplex MAC operating at 1000 Mb/s, 2.5 Gb/s, 5 Gb/s, 

10 Gb/s, 25 Gb/s, 40 Gb/s, 50 Gb/s, or 100 Gb/s providing a bit error ratio (BER) better than or equal to 107 

'2 at the MAC/PLS service interface_or 200 Gb/s providing a BER better than or equal to 10-4 at the 

MAC/PLS service interface. The following Physical Lavers are supported: 

  

  

Change the list after the second paragraph of 69.1.1 as follows (some unmodified list items are not 

shown): 

-一 40GBASE-RER4for 40 Gb/s operation over four lanes 

一 S50GBASE-KR for 50 Gb/s operation over one Jane 

-一 100GBASE-ER4and 100GBASE-KP4fer 100 Gb/s operation over four lanes 

-- jJOOGBASE-RR? for 160 Gb/s operation over two lanes 

— 200GBASE-KR4 for 200 Gb/s operation over four Janes 

  

  

  

69.1.2 Relationship of Backplane Ethernet to the ISO OS! reference modei 

Change the first paragraph of 69.1.2 (as modified hy LEEE Std 802. 3hy-261x and 

IEEE Std 802. 3ch-201x) as follows: 

Backplane Ethernet couples the TEER 802.3 MAC to a family of Physical Layers defined for operation over 

electrical backplanes. The relationships among Backplane Ethemet, the IEEE 802.3 MAC, and the ISO 

Open System Interconnection (OSD reference model are shown in Fx Go, Fk oQ-Ja, Fignre OO-2, 

and ¢ ‘2a and Figure 69-4, 
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insert Figure 69-4 after Figure 69-2a (as inserted by [EEF Sid 802.3cb-201x) as follows: 

  

  

  

      
  

  
  

              
  
  

  
  

    

                    

ETHERNET 
LAYERS 

| 
HIGHER LAYERS 

LLC OR OTHER MAC CLIENT 
Osi i 

REFERENCE } MAC CONTROL (OPTIONAL) 
MODEL 
LAYERS f MAC 

rd RECONCILIATION 
APPLICATION if 

i 7 50GMH -一 和 CGMI -多 200GMI —— 
PRESENTATION) / / 7°° ~ . 

—— if 50GBASE-R PCS {D0GBASE-R PCS 
SESSION , 200GBASE-R PCS 

if FEC FEC 
TRANSPORT | | 

if PMA PMA PMA > PHY 

NETWORK |! / PMD PMD PMD 
DATALINK |/ AN AN AN 

PHYSICAL MDI ——p MD} ——pe MDE ——                         

  

MEDIUM “> MEDIUM “> 

‘ LA es ‘ _ 一 一 一 NS 一 一 1 人 一 

S0GBASE-KR 100GBASE-KR2 200GBASE-KR4 

200GMIl = 200 Gb/s MEDIA INDEPENDENT INTERFACE PCS = PHYSICAL CODING SUBLAYER 
SOGMH = 50 Gb/s MEDIA INDEPENDENT INTERFACE PHY = PHYSICAL LAYER DEVICE 
AN = AUTO-NEGOTIA TION PMA = PHYSICAL MEDIUM ATTACHMENT 
CGM = 100 Gb/s MEDIA INDEPENDENT INTERFACE PMD = PHYSICAL MEDIUM DEPENDENT 
MDI = MEDIUM DEPENDENT INTERFACE FEC = FORWARD ERROR CORRECTION 
iLO = LOGICAL LINK CONTROL 

Figure 69-4—Architectural positioning of 80 Gb/s, 100 Gb/s, and 200 Gb/s PAM4 

Backplane Ethernet 

Change the lettered list after Figure 69-2 (as modified hy IEEE Std 802. 3iy-201x and 

IEEE Std 802, 3cb-261x) as follows (some unchanged rows not shown}: 

f) The PMA service interface, which, when physically pnp 
    

       observable interconnection port, uses a serial data path as specified t 

lemented as 25GAUT Q5 Gigabit 

Attachment Unit Interface) | ( ie ini lace) at an 

SOFT Annex 135 

  

  

  

二 二 

h) The PMA service interface, which, when physically implemented as XLAUI (40 Gb/s Attachment 

Unit Interface),-er as CAUI-4 (100 Gb/s four-lane Attachment Umit Interface}, or as 200GAUT-4   

200 Gb/s four-lane Attachment Unit Interface) at an observable interconnection port, uses a four-   

  

lane data path as specified m Anmsex S3A,-e8 Annex 83D), o¢ > respectively. 
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Q scuucailed as AL 8 (200 Us eh 2b      

    

Lis. PMA service interface which, lias hy Sleuth im 

as specified i in é 

i) The PMA service interface, which, when physically implemented as CADI-10 (100 Gb/s ten-lane 

Attachment Uni Interface) at an observable interconnection port, uses a ten-lane data path as speci- 

fied in Arex 

k) The MDIs for 100GBASE-KX, 2. 5GBASE-KX, 5GBASE-KR, lOGBASE-KR, 25GBASE-KR,-and 

25GB ASE- RR- 5 and. 2RORASECSE | use a serial data path “hi 

  

S83 A 

    

  

  

Db OT The MDI for. LOOGBASE- KR21 uses a atwo- lane data path, 

m) The MDIs for lOGRASE-KXN4. 40GBASE-KR4, LOGGBASE-KR4 LOOGBASE-KP4. and 

200GBASE-KR4 use a four-lane data path. 

  

  

  

69.2 Summary of Backplane Ethernet Sublayers 

69.2.1 Reconciliation sublayer and media independent interfaces 

Change 69.21 (as modified by TEER Std 802. 3by-201x) as follows: 

    
     

  

35 RS and GMIH, the Clause 40 RS and XGMIU, the Clause 1o6 RS and 25GMIL-arnd the 

Nanse $1 RS, XLGMIE and COME, the Clause 132 RS and 50GMi and the Jause 11° RS and 200GMH 

are employed for the same purpose in Backplane Ethernet, that being the interconnection n between the MAC 

sublayer and the PHY. 

  

69.2.3 Physical Layer signaling systems 

insert the following new paragraph after the fourth paragraph in 69.2.3 fas inserted hy 

LEEE Std 862, 3c6-201x): 

Backpiane Ethernet also specifics SOGBASE-KR, ICOGBASE-KR2, and 200GBASE-KR4. The 

S0GBASE-ER embodiment employs the PCS defined in Clause 135, 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- 

level PAM over one differential path in cach direction. The 16 0GBASE -KR2 embodiment employs 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 100 Gb/s operation using 4-level PAM over two differential paths in 

each direction. The 200GBASE-KR4 embodiment employs the PCS defined in Clase 119, the PMA 

defined in Clause 120, and the PMD defined in Clause 137, and specifies 200 Gb/s operation using 4-level 

PAM over four differential paths in cach direction. 

  

Change the last paragraph in 69.2.3 (as modified by LEFE Std 802.3by-201x and IEEE Std 802.3cb-201x) 

as follows: 

    
o-Ta, Tall ‘a, Fable 69-26, Table 69-2c. and Table 69-2d 

specify the correlation between nomenclature and clauses. A complete implementation conforming to one or 

more nomenclatures meets the requirements of the corresponding clauses. 
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insert Table 69-26, Table 69-2, and Table 69-2d after Table 69-2a (as inserted by 

LEEE Std 862, 3c6-201x): 

Table 68-2b—Nomenciature and clause correlation for 60 Gb/s Backplane Ethernet 

Physical Layers 

  

  

  

                          

Clause* 

78 132 133 134 138 135A | 135B | 135C 137 

i) 
kel fry 

. a ra ra = 
Nomenclature 起 A = | 、 - By 

总 pe a 4 A 
ej) mei e ye) oC) Oo & ne or one pon H wi wh a on poe wn 

三 | #£ | 2) 2 & 
fa 2 总 4 2 2 可 Y 名 名 
fad 六 w w weal 六 次 ro) 

50GBASE-KR GO M 6) M M M oO GO M 
  

4© = Optional, M = Mandatory. 

Table 69—Z2c—-Nomenciature and clause correlation for 100 Gb/s two-lane Backplane Ethernet 

Physical Layers 

  

  

  

  

Clause® 

78 83 82 83 S3A | 830 1 135 | 135B | 313SD | 137 

i 

a < ms 二 名 
Nomenclature ee = FH = w w 

Boa Bu . om By ry ey rs 

a ae SF & a aN wo & 6 
i jal 已 nt fed - 好 人 bd 

pont BH wy S oo) wi H pest iene BH 

S gi e|e iz 2/2/22 2 & ez ! H ; 
53 加 o oS = 5 Oo z) a) 加 o 
id 2) = = = 所 所 = = & = = 

LOOGBASE-KR2 9 M OQ M Qo 0 oO M M Go o M                               

a0 = Optional, M = Mandatory. 
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Table 69-2d-—Nomenciature and clause correlation for 200 Gb/s Backplane Ethernet 

Physical Layers 

  

  

  

  

Clause 

78 ut Ly | i | AB | WN | 137 

e 
PE 

ni g Ps 
Nomenclature y a y B 2 

ei me  O | o | & 
faz 四 % + ba 

oa Or [有 pond ‘non wy 

= << ze no 网 < 
= ps sa < 所 oe 

bel Se io) 局 io oS i) 
图 Y & = = = Es = 
网 a4 入 & ey P< & = 

Z200GBASE-ER4 oO M Oo M M 人 Oo M                       
20 = Optional, M = Mandatory. 

69.3 Delay constraints 

insert the following paragraph after the fourth paragraph of 69.3: 

For S50GBASE-KR, normative delay specifications may be found in 132.1.4, 133.3, 135.5.4, and 137.5, and 

also referenced in 131.4. 

insert the following paragraphs after the sixth paragraph of 69.3: 

For lOOGBASE-KR2, normative delay spectications may be found in 81.1.4, 82.5, 135.5.4, and 137.5, and 

also referenced in 80.4. 

  

For 200GBASE-KR4, normative delay specifications may be found in [17 1.4, 119.5, 120.8.4, and 137.5, 

and also referenced in 116.4. 

69.5 Protocol implementation conformance statement (PICS) proforma 

Change the first poragraph of 69.5 (as modified by IEEE Std 862.3by-201s and IEEE Std 802.3cbh-201x) 

as follows: 

The supplier of a protecol implementation that is ¢ taimed to conform 1 to any part of JERE Sid 802.3 3 

Oo through . Pa, Chyuse § 3 9 e :    

  

          
  Clause 34, Clause 137 and related a annexes demonstr ates compliance 

by completing a protocol implementation conformance statement (PICS) proforma. 
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73. Auto-Negotiation for backplane and copper cable assembly 

73.2 Relationship to the ISOAEC Open Systems Interconnection (OS) reference 

model 

Replace Figure 73-1 (as modified by IEEE Std 862.36y-2016 and [EEE Std 802.3ch-201x} with the 

following: 

  
  

  
  

        
    

        

  
    

          

    

OSI 
REFERENCE ETHERNET 

MODEL LAYERS 

LAYERS 

HIGHER LAYERS 

APPLICATION LLC (LOGICAL LINK CONTROL} 
一 / OR OTHER MAC CLIENT 

PRESENTATION 
/ | MAC—MEDIAACCESS CONTROL 

SESSION / [ RECONCILIATION | 
TRANSPORT / f GMI, XGMIL 25GMIL XLGMH 

‘y 50GMIl, CGMI, er 200GMH 

NETWORK fy ( POS 
| 4 PMA 

DATA LINK 4/ HY PMB 
[A 

-| TAI 
PHYSICAL | M CH -p       

MEODHIM “7 

1 Gb/s, 2.5 Gh/s, 5 Gbis, 10 Gb/s, 25 Gb/js, 40 Gb/s, 50 Gh/s, 100 Gp/s, or 200 Gb/s 

200GMII = 200 Gb/s MEDIA INDEPENDENT INTERFACE MDI = MEDIUM DEPENDENT INTERFACE 

Z25GMil = GIGABIT MEDIA INDEPENDENT INTERFACE PCS = PHYSICAL CODING SUBLAYER 
SOGMI = 50 Gb/s MEDIA INDEPENDENT INTERFACE PHY = PHYSICAL LAYER DEVICE 

  

AN = AUTO-NEGOTIATION PMA = PHYSICAL MEDIUM ATTACHMENT 

CGMil = 100 Gb/s MEDIA INDEPENDENT INTERFACE PMD = PHYSICAL MEDIUM DEPENDENT 
GMI = GIGABIT MEDIA INDEPENDENT INTERFACE XGMil = 10 GIGABIT MEDIA INDEPENDENT INTERFACE 

MDI = MEDIUM DEPENDENT INTERFACE XLGMH = 40 Gb/s MEDIA INDEPENDENT INTERFACE 

Fiqure 73~1—Location of Auto-Negotiation function within the ISO/EC OS! 

reference model 

73.3 Functional specifications 

Change the third paragraph of 73.3 (as modified by IEEE Sid 802.3by-2016 and IEEE Std 802. 3cb-201x) 

as follows: 

    

These fiinctons shall comply with the state diagrams from } “3 through Fignex The 

Auto-Negotiation functions shall interact with the technology-dependent PHYs through the 

‘Technology-Dependent interface (see 73.9). fechnology “Dependent PHYs are these. supported Bs the 

Auto-Negotiation 23S 

  

  

        
WGBASE ESS, so 4 BGRASEKR- 23GB ASE 2SGBASEKRS -25GBASE-GR-- -25GBASE-GR-S 

1 全 已 Ps OCI ANNE B. S OO A 
z 2 7 t 

  

OGRA: SEC RA. 
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73.8 DME transmission 

73.5.1 DME electrical specifications 

Change the second paragraph of 73.5.1 as follows: 

For any multi-lane PHY, DME pages shall be transmitted only on lane 0. The transmitters on other lanes 

should be disabled as specified in 71.6.7, 84.7.7, 88.7.7 O23. 7.7, 93.9.7, o# 94.36.79, 136.87, or 137.8.7. 

      

  

73.6 Link codeword encoding 

73.6.4 Technology Ability Field 

Change Table 73—4 (as modified hy IEEE Std 802.3hy-2016 and IEEE Std 802. 3cb-201x) as follows: 

Table 73~4—~Technology Ability Field encoding 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  
  

    
  

    
        

Bit Technology 

AG IS00BASE-KX 

Al 1OGBASE-KX4 

AZ {OGBASE-KR 

A3 40GBASE-BR4 

AA 40GBASE-CR4 

AS 100GBASE-CR10 

AG 1OOGBASE-KP4 

AT IGOGBASE-KR4 

AS IGOGBASE-CR4 

AG 235GBASE-KR-S or 25GBASE-CR-S 

Ai0 25GBASE-KR or 25GBASE-CR 

All 2 SGBASE-KX 

Al? SGBASE-KR 

ALB 50GB ASE-KE or SOGBASE-CR 

Al4 IOCGBASE-KR2 or JOOGBASE-CR2 

Als 200GBASE-KR4 or 200GBASE-CR4 

nou 2 Reserved for future technology 
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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 TEER Std 802. 3by-2016 and LEEE Std 802.3cb-201x) as follows: 

  

NOTE- Previous editions of this standard prohibited advertisement of PH Ys that support operation over electrical back~ 

planes with PHYs that support operation over copper cable assemblies. 

245GBASE-KR-S abilities are a subset of 23GBASE-KR abilitics, and ikcwise ZSGBASE-CR-S abilitics are 

a subset of 2SGBASE-CR abiltics. To allow mteroperation between 25GBASE-KR-S and 2S5GBASE-KR 

PHY types, and between 25GBASE-CR-S and 25GBASE-CR PHY types, a device that supports 

25GBASE-KR or 25GBASE-CR should advertise both AO and AlO ability bits during auto-negotiation. 

The ficids A[22:1643] are reserved for future use. Reserved fields shall be sent as zero and ignored on 

receive, 

73.7 Receive function requirements 

73.7.1 DME page reception 

Change 73.7.1 (as modified by FER Std 802. 36y-2016 and LEEE Std 802.3cb-261x) as follows: 

To be able to detect the DME bits, the rece eiver should have the capability to receive DME signals sent with 

the electrical specifications of the PH Y-+ 

HOGBASE-KR- 25GB ASE-RR- ASGRASE ARS -25GBASE-ER-- 25GBASE-GRES- 9GBASE-KR4 

= 3 ASHER ot LOOGR ASE +. The DME 

    

transmit signal lev al and r receive sensitivity are specified j 让 
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73.7.6 Priority Resolution function 

Change Table 73-3 (as modified by IEEE Std 802.3by-2016 and IEEE Std 802. 3cb-201x) as follows:. 

Table 73-5-—Priority Resolution 

  

  

    
  

  

  

  

  

  

  

  
  

  

  

  

  

  

  

  

      

Priority Technology Capability 

i 200GBASE-KR4 or 200GBASE-CR4 | 200 Gb/s 4 lane. highest priority 

2 LOOGBASE-RR2 or LOOGBASE-CR2 | 1006 Gb/s 2 lane 

34 I00GBASE-CR4 100 Gb/s 4 lane-highest-eriesity 

42 100GBASE-KR4 100 Gb/s 4 Jane 

53 LOOGBASE-& P4 100 Gb/s 4 lane 

64 {O0GBASE-CR IO {60 Gb/s 16 lane 

7 SO0GBASE-KR or S50GBASE-CR 30 Gb/s I lane 

83 40GBASE-CR4 49 Gb/s 4 lane 

96 40GBASE-KR4 40 Gb/s 4 lane 

107 25GBASE-KR or 25GBASE-CR 35 Gb/s 1 lane 

Hg 25GBASE-KRE-S or 25GBASE-CR-S | 25 Gb/s | lane, short reach 

124 LOGBASE-KR 10 Gb/s t lane 

iw IOGBASE-KX4 18 Gb/s 4 lane 

上 4 和 5GBASE-KR 5 Gb/s 1 lane 

BR 2 SGBASE-KX 2.55 Gb/s 1 lane 

16 43 1OOCBASE-BX 1 Gb/s I lane, lowest priority       

73.10 State diagrams and variable definitions 

73.10.14 State diagram variables 

Insert the following variables in the variable list by adding 30GR, L00GR, and 200GR at the appropriate 

place. 

50GR; represents the 50GBASE-KR or 50GBASE-CR PMD. 

100GR2: represents the 100GBASE-KR2 or 100GBASE-CR2 PMD. 

200GR4; represents the 200GBASE-KR4 or 200GBASE-CR4 PMD. 

86 
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Insert the following entries in the single_link_ready status at the appropriate place and renumber the 

existing entries: 

9) link status [S50GR] = OK. 

14) link status [1D00GR2 = OR 

15) link status [200GR4] = OK 

73.16.2 State diagram timers 

Chunge the link fault inhibit imer definition as follows: 

link fail inhibit_timer 

Timer for qualifying a Ink status=FALL indication or a link status=OK indication when a spe- 

cific technology link is first being established. A link will only be considered “failed” if the ink - 

fail inhibit timer has expired and the link has still not gone into the link status=OK. state. The 

link fail imhibit_timer shall expire within the timer values given in Table 73-7 40-ms-te-Sd-ms 

after entermg the AN LINK GOOD CHECK. state-—whea-the—link—is—LOQoBASE-Kx ar 
  

  

entering the-A.N-LINK-GOOD-CHECK state. _ 
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Change Table 73-7 (as modified by IEEE Std 802,306-201x} as follows: 

Table 73~-7-——Timer min/max value summary 

IEEE Draft P802.3c0d/D1.2 
3rd February 2017 

  

  

  

  

  

  

  

  

  

  

  
  
  
  
  

  
  
  
  
  

    

   

  

  

    

Parameter Min Value and Max Units 
tolerance 

autoneg wait_timer 25 38 ms 

break _ link timer 69 75 Has 

clock detect_min_timer 48 6.2 ts 

clock _detect_max_timer 6.6 3.0 nS 

data_detect_min_ timer 1.6 3. ns 

data_detect_tmax_titner 3.4 48 tis 

interval timer 3.2 4:0.01% nS 

link fail inhibit timer 

Gwhen the link is SOGBASE-KR. 
S0GBASE-CR, 1O6GRASE-KR?2 16 LL? 8 
IGOGBASE-CR2, 200GBASE-KR4 or 
200GBASE-CR4 

lnk fail inhibit_pmer 

(when the link is IOGRASE-KR. 
25GBASE-KR, 25GBASE-KR-§ 
25GBASE-CR, 2Z5GRASE-CR-§ 
40GBASE-KR4, 40GBASE-CR4 500 S10 ws 
IOOGBASE-KR4, IGOGBASE-BP4 
LQOGBASE-CRA, or JOOGBASE-CR10-nei- 

E re as ts 全 了 

link fail inhibit timer 

(when the link is IOOOBASE-K-X, 49 5 ins 
2.5GBASE-KX, SGBASE-KR, or ~ _ 
1OGBASE-KX4} 

page_test_min timer 305 330 ns 

page test_max_timer 356 375 Ts             
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73.11 Protocol implementation conformance statement (PICS) proforma for 

Clause 73, Auto-Negatiation for backplane and copper cable assembly” 

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 LEI8 as follows (unchanged rows not shown): 

  

  

        
simuitaneeust-advertised- with 

0 a4     

Tern Feature Subclause /ane/Comment Status Support 

LES incompatibie-abilties 73-64 HV 6 x M Yest4 

    

73.11.4.7 State diagrams and variable definitions 

Change Table (as modified by LEEE Std 802.3cb-201x) as follows (unchanged rows not shown): 

  

  

        
  

HO0GBASE-KX 

  

    
S6-ms-otherwise     

Hem Feature Subclause Value/Comment Status Support 

SDS link fail intibit_timer 73,10.2 ‘The values in Table 73-7560+8- | M Yes [| 

    

Da ’ 了 ~ © t in A ry 本 人 ral . . + 
“Capvright release jor PICS proformas: Users of this standard may freely reproduce the PICS proforma in this subclause so that it can 

we 

be used for its intended purpose and may further publish the completed PICS. 
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78. Energy-Efficient Ethernet (EEE} 

78.1 Overview 

78.1.4 PHY types optionally supporting EEE 

Change Table 78 (as modified by TEEE Std 862.3bs-26ix} as follows (some unmodified rows not 

Shows): 

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

30 

  

PHY or interface type Clause 
  

  

40GBASE-BR4° 
  

  

SOGBASE-CR® 
  

S0GBASE-SE® 

  

  

50GBASE-FR2 133, 134, 139 ate te te 
  

SUGBASE-LR® 133, 134, 139 At ce aan ee 
  

CAUI-4? 
  

1G0GBASE-KP4 
  

10OGBASE-RR4 
  

100GBASE-KR2P 
  

IGOGBASE-CRIO 
  

100GBASE-CR4 
  

100GBASE-CR 好 
  

100GBASE-SR10P 
  

100GBASE-SR4B 
  

iGOGBASE-SR2" 
  

100GBASE-DR® 
  

100GBASE-LR4b 
  

100GBASE-ER4P 
  

WOGBASE-KR4® 
  

200GBASE-CR4 

  

  

20 GBASE-SR 4» 

  

  

200GBASE-DR4P 
          

a2SGAUIXLAUTVCAULua shutdown is supported only when deep sleep is 

enabled for the associated PHY. 
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78.5 Communication link access latency 

insert new row into Table 78-4 below the row for 40GBASE-KR4 (unmodified raws not shown): 

Table 78—-4-—Summiary of the LPI timing parameters for supported PHYs 

or interfaces 

  

  

  

PHY or interface 到 W_Sy¥s_{x 到 w_phy f, phy shrink tz 如 phy_shrink rx 到 研 SYS 了 

type Case (mitt) (min) (ax) (max) Cmin) 

(Bs) (us) (us) {Hs} {Hs} 

SOGBASE-R fast 0,34 0.3 0 G 0.25 

wake 
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8&9. introduction to 40 Gb/s and 100 Gb/s networks 

80.4 Overview 

80.1.3 Relationship of 40 GigabH and 100 Gigabit Ethernet to the [SO OS! reference model 

Change the second paragraph in 86.1.3 as foliows: 

While this specification defines interfaces im terms of bits, octets, and frames, implementations may choose 

other data-path widths for implementation convenience. The only exceptions are as follows: 

a) 

b) 

c) 

92 

The XLGMII and CGMIL, which, when implemented as a logical interconnection port between the 

MAC sublayer and the Physical Laver (PHY), uses a 64-bit wide data path as specified in Clause 81. 

The management interface, which, when physically implemented as the MDIG/MDC (Manag gement 

Data Input/Output and Management Data Clock) at an observable interconnection port, uses a bit- 

wide data path as specified in Clause 45, 

The PMA service interface, which. when physically implemented as XL (40 Gb/s Attachment Unit 

Interface) or CAUI4 and LO0GAUT-4 (100 Gb/s four-lane Attachment u nit Interface) at an 

observable interconnection port, uses a 4 lane data path as specified mm Aunex SSA, Agnes 

  

  

    

T he PMA service e interface, which, when physically implemented as CAUL-10 (100 Gb/s ten-lane 

Attachment U pit Faterface) § at an observable interconnection port, uses a 10 lane data path as 

  

   

SS 
specified in ARRRAR SSA or Annex 838. 

The PMA service interface. which. when physicaliv implomented as IOOGAUT-2 (100 Gb/s 

two-lane Attachment Unit Interface) at an observable interconnection port, uses a 2-lane data path as 

specified in Annex i35F or Annex 135G. 

The PMD service interface, which, when physically implemented as XLPPI (40 Gb/s Parallel 

Phvsical Interface) at an observable interconnection port, uses a 4 lane data path as specified in 

Amgex SGA, 

The PMD service interface, which, when physically implemented as CPPI (100 Gb/s Parallel 

Physical falesiace) at an observable intercomnection port, uses a 10 lane data path as specified in 

  

      
  

   

  

T he MDIs z as specified im Clanse 88 for 40GBASE-FR and Clause 140 for JOOGBASE-DR uses a 
single lane data path. 

The MDis as specified in Clause 85 for 40GBASE-CR4, in 

Clause 8Y for 40GBASE-L RA and * SOGBASELER, ip 

Renan ER4 in Clanse 92 for OOGBASE-CR4. and in 

lane data path. 

The MDis as specified in C1 

use a LO lane data path. 

Although there is no electrical or mechanical specification of the MDI for backplane Physical Lay~ 

crs, the PMs as specified ia Clause $4 for 40GBASE-KR4, ta © 93 for LOOGBASE-KR4, and 

ine od for OOGBASE-KP4 all use a 4 lane data path. 

Lis Mos as spec cif ied in C Jause i 36 foc} iH CS aa Ce jo Clause 137 for JOOGBASE-ER2, and 

  

   

    

S for 40GBASE-SR4. in 

8 for LOOGBASE-LR4 and 

S for 1OOGBASE-SR4 all use a 

   

285 for JOOGBASE-SRIO     RS for 100GBASE-CR10, and in Ci 
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$0.1.4 Nomenciature 

Change Table 80-1 as follows (some unchanged rows not shown): 

Table 60-11-48 Gb/s and 160 Gb/s PHYs 

  

Name Description 
  

  

40GBASE-ER4 40 Gb/s PHY using 40GBASE- R encoding over four WDM lanes on single-mode 
fiber, with reach wp to at least 40 km (see ? 

  

  

LOGGBASE-E.R2 obi & 上 HH Using. 1006 3B ASE- R enooding. ol lause 24 LBS. TEC and. 4. level lse   

  

ee up 10 30 全 at 8 Gh (see Clause Bh   
  

LOOGBASE-ER4 100 Gb/s PHY using LOOGBASE-R encoding, Clause 91 RS-FEC and 3-level pulse 
armsphtude modulation over four lanes of an electrical backplane, with a total msertion 
loss up to 33 dB at 12.9 GHz (see © 83) 

    

  

100GBASE-KP4 OG Gb/s PHY using 100GBASE-R encoding, Clause 91 RS-FEC and 4-level pulse 
amplinngs modulation over four Janes of an electrical backplane, with a total msertion 
Joss up to 33 dB at 7 GHz (see Clause 84) 
  

LOOGRASE-CR? 106 Gb/s POY u ising IOOGBASE-R encoding and fle lause wal ar TEC and. 4. fevel 
pulse : Top ty 

reach wp to at feast 3 3. m (see Clause 6) 

  

  

  
  

   
  

  

  

  

  

LOGGBASE-CR4 100 Gb/s PRY using JOOGBASE-R encoding and Clause 91 RS-FEC over fo 
of shielded balanced copper cabling, with reach up to at least 5 m (see C! 32 

LOOGBASE-CRIO 100 Gb/s PHY using JOOGBASE-R encoding over ten lanes of shielded balanced 
copper cabling, with reach up to at least 7 m { ve (see © R38) 

100GBASE-SR10 OG Gb/s PHY using 100GBASE-R encoding over ten lanes of multimode fiber, with 
te? reach up to at least 100 m (see © 3} 

108SBASE-SR 0 BOO 00 GI b/s PHY using 100GB ASE-R encoding over two lanes of multimode fiber, HR 
ee up to at least 100 m (see Clause 138)   
  

100GBASE-SR4 100 Gb/s PHY using 1OOGBASE-R encoding over four lanes of multimode fiber, with 
reach up to at ieast 100 m (seo Ch     of 
  

LOOGBASE-DR 100 Gb/s PHY using 10OGBASE-R encoding over single-mode fiber, with reach wp to   
at least 300m (see Clause 140)   
  

IO00GBASE-LR4 100 Gb/s PHY using 100GBASE-R encoding ov 
fiber, with reach up to at least 10 kim (Gee €    

four WDM lanes on single-mode 

          

80.1.5 Physical Layer signaling systems 

Change the first paragraph of 80.1.5 as follows: 
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This standard specifies a family of Physical Laver implementations. Tabic 80-2, Table 80-3, ancd-Table 80- 

to ope or more nomenclatures must meet the requirements of the corresponding clauses. 

Change Table 80-3 as follows: 

Table 80-3—Nomenciature and clause correlation (100GBASE copper} 

  

  

  

  

   
  

  

  

    
  

  

Clause 

， RH | ow 、 mS | Bx ~ 
rn = Fd Me Se a Be 六 x a a > = ce & % ae) = 

= aiaia 
nm) 也 = si2i6 : 6) 

Nomenclature | 2 | 2 z|z 名 和 | 让 | 名 ei eis 2 
2 | = . se ios + wm | 已 

人 | 人 | | 
总 a at Mio] 2] ow mf my Tk a a a 网 | wm | mw | 品 | 已 < 

四 | 四 el? Ss Bla) mimi om] etl me |! Zz i 已 4 << oO w a << Ra fe 
$| 3 S| ei 忆 “)/*) eis ies Rig) /@igias 
g 站 名 | 号 =) ian] ea mw | se = 2 县 

2/2 & eieigu;/s|2)s i és & a S = 有 = x 党 S = = = pont 
~“ 4 = 区 = vl 

总 ~ qe 4 

LQOGBASE-KR2 M OM: QO 1M B16 M MIO ;90 M 

LOOGBASE-KR4 M re) MO RM MO 全 M M 

1OOGBASE-KP4 M Go MO MO 全 会 M M 

LOOGBASE-CR2 of M Oo MiOQIM 和 | 外 M MIO ;G:M 

1OOGBASE-CR4 M 0 MO MiMi: G 0) RM | RM 

100GBASE-CRI0 MIO ie) MSO MiMi: @G@ o M                                           
  

®O = Optional, M = Mandatory. 

Change the title of Table 80-4 as follows: 

Table 80-4—Nomenciature and clause correlation (100GBASE-R optical} 
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fnsert Table 80-4a after Table 80-4 as follows: 

Table 80-4a-—Nomenciature and clause correlation (4 00GBASE-P optical} 

  

  

  

  

                                    

Clause* 

x ss < se & ae ~ w & 加 区 ee 2 
e SS 和 

xs ; 
Nomenclature pes sie =/2i fi gig 

sel © = = os Me i.) 1 已 区 fea 

。 2 2 S FS rizr gle |e /s is sisi g i" > ‘ a i i i i ‘) e 2 8 8 SBS 8.2 8 /&/5/8/5) 8/2) < fal eisai “i 2 Si 4¢)<4)<4) 24) <4)2) 8:8 eioiui & 让 | re ee rc re, 
id) i) 全 = 2 至 & = 
eS = = = & = 党 = 
x = = = = = ~ 
~ = 

LOOGBASE-SR2 Qo M o 0 Oo 0 M M 6 Qo M 

LOGGBASE-DR 9) M oO 10] oO oO 0 oO M M 0) oO 0) oO M     
a0 = Optional, M = Mandatory. 

80.2 Summary of 40 Gigabit and 100 Gigabit Ethernet sublayers 

86.2.1 Physical Coding Sublayer (PCS} 

Change the text in 80.2.1 as follows: 

The terms 40GBASE-R, IOOGBASE-R, and 1OOGBASE-P refer to a specific family of Physical Layer 

inyplementations based upon the 64B/66B data coding method spree in Clause 82 > an the | PMA 

specications defined in Clause 83,~er ©! a4 

(decoding) of data from (to) the XLGMIVCGME ta 648/668 code blocks distribute the data to ‘multiple 

lanes, and transfer the encoded data to the PMA. 

    

88.2.3 Forward Error Correction (FEC sublayers 

Change the first paragraph tn 80.2.3 as follows: 

A Forward Error Correction sublayer spade 

  

一 其 -4S optional F for 40GBASE-KR4. 40GBASE- CR4 and 

100GBASE- CRIO PHYs and mandatory ‘for I0OGBASE-CR2, 10O0GBASE-CR4, 1JQGOGBASE-KR2., 

LOOGBASE-KR4, 1OGGBASE-KP4, JOOGBASE-SR2. aad-10O0GBASE-SR4, and IOOGBASE-DR PHYs. 
The FEC sublayer can be placed in between the PCS and PMA sublayers or between two PMA sublayers. 

  

    

    

80.2.4 Physical Medium Attachment (PMA) sublayer 

Change the second paragraph of 80.2.4 as follows: 
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3. The PMA specific to the The 40GBASE-R and 1OOGBASE-R PMA are specified in Cl 3 

od. The PMA for other IJGOGBASE-P PHYs is specified in LOOGBASE-KP4 PHY is specified im © 

Clause 135. 

  

  

86.2.5 Physical Medium Dependent (PMD) sublayer 

Change the second paragraph of 80.2.5 as follows: 

The 40GBASER, io 068 ASE-R, and 100GB ASE-P PMDs and their corresponding media are specified in 

oe 84 through Clause 89,~aad Clan 2 through © Clause 136 through Clause 138. and 

Clause 140, 

  

了 
Clanse 

  

  

80.2.6 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 Gh/s backplane PHYs (40GBASE-KR4, 

LOOGBASE-KR2, IOOGBASE-KP4, and LOOGBASE-KR4) and the 40 Gb/s and 100 Gb/s copper PHY’s 

(40GBASE-CR4, JOOGBASE-CR?2, JOOGBASE-CR 10, and LJOOGBASE-CR4). 
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80.4 Delay constraints 

Change Table 80-5 as follows (some unchanged rows not shown): 

Table 60-5-——Sublayer delay constraints 
  

  

  

  

  

    
  

    

  

  

  

  

  

  

    
  

  

  

  

      
  

   

    

  

  

    
  

  

Sublaver Maximum Maximum Maximum Notes® 

- y (bit time)” | Grause_quaatay? (8) . 

100GBASE-R PMA 9216 18 92,16 See 83.5.4 

LOOGBASE-P PMA 9216 Is 92.16 See 135.5.4. 

LOOGBASE-KR2 PMD 4096 38 40,96 Includes allocation of 20 ns for on 
i kolane medi 

OOGBASE-KR4 PMD 2048 4 20,48 Includes delay of one direction through 
backplane medium. See 

LOCGBASE-KP4 R192 16 81.92 Includes delay of one direction through 
PMA/PMD backplane medium. See 34.2.8, 

LOUGBASE-CR2 PMD 4096, 8 40 96 Inckudes allocation for 20 ns for one. 

direction through cable medianm See 
136.5. 

1OCGBASE-CR4 PMD 2048 4 20,48 Does not include delay of cable 
medium. See 92.4, 

LOOGBASE-CRIO PMD 9728 19 97.28 Does not include delay of cable 
medium, See 83.4, 

NGBASE-SR?2 PMD 2048 4 20.48 Includes 2 m of fiber See 138.3. 

COGBASE-SR4 PMB 2648 4 20,48 Tachades 2 m of fiber. See 95 

JOOGBASE-SR10 PMD 2048 4 20,48 Inchudes 2 m of fiber, See 86.3.5, 

LOOGBASE-DR PMD 2848 4 20.48 Includes 2 m of fiber, See 140.3. 

LO0GBASE-LR4 PMD 2048 4 20,48 Inckudes 2 m of fiber. See 88.3.1. 

iOCGBASE-ER4 PMD 2048 4 20.48 Inchaudes 2 m of fiber See 88.3.3,               

@ For 40GBASE-R, | bit time (BT) is equal to 25 ps and for IOOGBASE-R. 1 bit time (BT) is equal to 10 ps. (See {4.547 

for the definition of bit time.) 
° For 40GBASE-R, 1 pause_quantum is equal to 12.8 ns and for LOOGBASE-R, 1 pause_quantum is equal to 5.12 us. 

(See 315.2 for the definition of pause_quanta.) 

© Should there be a discrepancy between this table and the delay requirements of the relevant sublayer clause, the 
sublayer clause prevails. 
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80.5 Skew constraints 

Replace Figure 80-8 with the following figure: 

IEEE Draft P802.3cd/01.2 
3rd February 2017 

  

  
MAC AND HIGHER LAYERS 

    
RECONCILIATION 
  

CGM 一 一 多 
  

{00GBASE-R PCS 

PMA (20:n) 
  

  
CALUH-10 or CALH-4 一 --- >     SPO gy, | SP7 

PMA (1:20) 

RS-FEC 

PMA (4:4) 

  

  

        
CAN aan 
~ SPi¢) (4 SPs 

[| PMA) 
  

  
PMD SERVICE 
INTERFACE SP24 | SPs 

| PMD 

MDI ——® spa g) |& spq 

i MEDIUM S 
、 ， 
a. 
{COGBASE-R4 

  

        
{OOGAUI-2 = 100 Gb/s TWO-LANE ATTACHMENT UNIT 

INTERFACE 

JOOGAUL-4 = 100 Gb/s FOUR-LANE FEC-RATE 
ATTACHMENT UNIT INTERFACE 

CAUI-4 = 100 Gb/s FOUR-LANE ATTACHMENT UNIT 
INTERFACE 

CAUI-10 = 100 Gb/s TEN-LANE ATTACHMENT UNIT 
INTERFACE 

CGMIl = 100 Gb/s MEDIA INDEPENDENT INTERFACE 
MAC = MEDIA ACCESS CONTROL 

Figure 80-8-——100GBASE-R Skew points with RS-FEC, CAUI-n, and 100GAULn 

38 

本 一 CGRN 
  

100GBASE-R PCS 

PMA (20:n} 
  

  

    SPG¢| [4 SP7 

PMA (11:20) 

RS-FEC 

PMA (4:0 

  

  

        
ga 100GAUHL4 oF 

SPi¢| [4 spé 100GAUIL-2 
PMA (m:p} 

  

  
PMD SERVICE 

SP24| 条 SPS INTERFACE 
过 -一 一 

PMD 
  

  

SP3 gi SPA 本 -一 MDI       
MEDIUM < 

\ 

100GBASE-P 

MBI = MEDIUM DEPENDENT INTERFACE 

PCS = PHYSICAL CODING SUBLAYER 

PMA = PHYSICAL MEDIUM ATTACHMENT 

PMD = PHYSICAL MEDIUM DEPENDENT 

RS-FEC = REED-SOLOMON FORWARD ERROR 
CORRECTION 

me=2Zor4 

n=4or%70 

p=dorz 
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Change Table 80-6 as follows (able footnotes not shown}: 

Table 80-6—Summiary of Skew constraints 
  

  

     
  

    

  

  
  

  

  

  

  

  

    
     

  

  

  

  

  

  

  

  

                

Maximum Maxine nm 

Maximum Skew for Skew for 

Skew points Skew 40GBASE-R 1O0GBASE-R Notes 

(2s) PCS lane PCS lane 

CEB CoD 

SPO 29 N/A = 150 See §3.5.3.3 

SPi 29 = 299 = 150 See 83.4.3.2 

SP2 43 = 4.43 = 222 

9 et3 3 1355.3, 133.53. 

136.6, 137.6, 138.3, or 140.4 

SP3 44 x 557 = O78 

SP4 134 = $382 = 691 

SPS 145 x 1495 x= TAS See $ 

88.3.2, 8 8, $3.5, 9 Bt 
. 135,5.3, 136.6, 137.6, $3 

H SPe 160 = 1649 = 824 See 83.4.3.4 or 135.53 

i SP7 29 N/A ~ 150 See $3.5.3.8. or 135.53 

At PCS receive 180 = 1856 = 928 

At RS-FEC 49 N/A 二 333 See SE S22 
transmit 

AtRS-FEC receive 186 N/A ~ 464] See Si5.33 

AtPCS receive 49 N/A ~ 283 See $2.2.13 
(with RS-FEC) 
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{EEE P802.3cd Task Force 

Change Table 80-7 as follows (able footnotes not shown}: 

IEEE Draft P802.3cd/01.2 
3rd February 2017 

Table 80-7-——Summary of Skew Variation constraints 
  

Maximum Skew Maximum Shevw 

  

  

  

      

  

  
  

  

  

  

      
  

  

  

  

  

  

  

  

  

    (with RS-PEC)         

Maximum nt gee arr ; 
Skew Variation for Yariation for 

Skew points aviation 410.3125 GBd 25.78125 GBd Notes 

. (ns) PMB lane PMD lane 

*. (UD QD 

SPO 0.2 wD NIA 

SP1 0.2 a2 N/A 

SP2 0.4 ad = 10 

137.6, 138.3, or 140.4 

SP3 0.6 =& = 15 

SP4 3.4 z= 35 = RB 

SP5 3.6 = 37 x= 93 

e¢ 95.3.2, 135.5.3 136.6 137.6 

138.3. or 140.4 

SP6 3.8 = 39 = O8 See 83.5.3 sor 135.53 

SP7 0,2 x 2 N/A 

At PCS receive 4 a A4l N/A 

AtRS-FEC 0.4 N/A = 10 
transmit 

At RS-FEC 4 N/A = 103 
receive 

At PCS receive 0.4 N/A = 10 See $2.2.13     
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IEEE P8O02.3cd Task Force 3rd February 2017 

82. Physical Coding Sublayer (PCS) for 64B/66B, type 40GBASE-R and 

1OO0GBASE-R 

82.6 Auto-Negotiation 

Change the paragraph in 82.6 as follows: 

The following requirements apply to a PCS used with a 4OGBASE-KR4 PMD, 40GBASE-CR4 PMD, 

LOOGBASE-CRIO, IGOGBASE-CR4, IGOGBASE-CR2. 100GBASE-ER4—er LOOGBASE-EP4, or 
  

  

shall take the value FATL when PCS status=false and the value OK. when PCS status=true. The primitive 

shall be generated when the value of link status changes. 

82.7 Protocol implementation conformance statement (PICS) proforma for Clause 82, 

Physical Coding Sublayer (PCS) for 64B/66B, type 40GBASE-R and 100GBASE-R 

82.7.4 FICS Proforma Tables for PCS, type 40GBASE-R and 100GBASE-R 

Change the heading number of 82.7.5 “Test-pattern modes” to 82.7.4.5 as follows: 

82.7.4.5 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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Draft Amendment to IEEE Std 802.3-2015 

{EEE P802.3cd Task Force 

82.7.4.11 Auto-Negotiation for Backplane Ethernet functions 

Change the table in 82.7.6.4 frenumbered as 82.7.4. 11) as follows: 

IEEE Draft P802.3cd/01.2 
3rd February 2017 

  

  

  

    

  

              

item Feature Subclause Value/Comment Status Sepport 

*ANT Support for use with a 82.6 AN technology dependent Oo Yes [| 
40GBASE-KR4, interface described in No 

40GBASE-CRA, Clause 73 
100GBASE-CR10， 

IGOGBASE-CR4, 

100GBASE-CR2. 
100GBASE-KR4,-e¢ 

INOGBASE-KP4, or 

IGOGBASE-KR?2 PMD 

AN2 AIN_LINE indication primitive | 82.6 Support of the primitive ANLM Yes [} 
AN LINK indicationdink sta- NAT 

tus); 

49GBASE-CR4— 

HOGBASE-CR4- 

AN3 link status parameter 82.6 Takes the value OK or FAIL, ANIM Yes [| 
as described in 82.6 N/A LH 

AN4 Generation of AN LINK indi- | 82.6 Generated when the vale of ANEM Yes [] 
cation primitive link status changes N/ATI     
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Drak Amendment to IEEE Std 802.3-2015 IEEE Draff P8602 3cd/D1.2 

IEEE P8O02.3cd Task Force 3rd February 2017 

90. Ethernet support for time synchronization protocols 

90.7 Introduction 

Change the first paragraph of 90.1 (as modified by IEEE Std 802. 3by-2016 and IEEE Std 802. 3bs-261x) 

as follows: 

    
The TSSI is defined for the full-duplox mode of operation only. it supports MAC operation at vari ious data 

rates. The MIT (Clause 22), GMIT (Clause 38), KGMHE (© 49), 2SGMH (Ch 1S), XLGMII (CY 

82), S5O0GMT (Clause 132), CGMIE ( '), 200GMT ( 117), and 400GMT (Clause £17) specifi- 

cations are all compatible with the eRS sublayer defined in 00.5. 

  

    
      

  

     

Copyright © 2017 IEEE. Allrights reserved. 

This is an unapproved IEEE Standards draft, subject to change. 

“
E
O
N
 

un
 

fe
 
W
b
 

o
e
 

O
S

Marvell Semiconductor, Inc. - Ex. 1002, Page 000216



Draft Amendment to IEEE Std 802.3-2015 IEEE Draft P802.3cd/D1.2 

{EEE P802.3cd Task Force 3rd February 2017 

91. Reed-Solomon Forward Error Correction (RS-FEC} sublayer for 

1OO0GBASE-R PHYs 

91.5 Functions within the RS-FEC sublayer 

$1.5.2 Transmit function 

91.5.2.6 Alignment marker mapping and insertion 

Change the third and fourth paragraphs of 91.5.2.6 as follows: 

ay Sety=Owhenx <3, sety= 16 when x > 16 andfour lane pmd, otherwise set y = x. 

b) < x¥<23:0> is set to Mp, Mj), and M, as shown in Figure 82-2 (bits 25 to 2) using the values in 

we 82-2 for PCS lane number y. If am_tx_x correspones to a Rapid Alignment marker, then the 

Ma, Ms, and Me ¥ values are used instead (see Figure 82-1] 

©) arap te x<31:24> = am tx x<33:26> 

d) amp _ tx x<35: 32> >is set to My, Ms, and Me as shown in Figure 82-9 (bits 57 to 34) using the values 

2 for PCS lane number y. (am_tx x corre sponds to a a Rapid Alignment marker, then the 

Mo, My, ;, and M, values are used instead (see Fig ui 

©) arop tx x<63:56> = am_tx_x<65:58> 

  

     

        

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

from Yabic 82-2. In addition it substitutes the fixed bytes of the alignment markers corresponding to PCS 

Janes L, 2, and 3 with the fixed bytes for the aligament marker corresponding to PCS lane 0. Similarly wheo 

used with a four-lane PMD, it substitutes the fixed bytes of the alignment markers corresponding to PCS 

lanes 17, 18, and 19 with the fixed bytes for the alignment marker corresponding to PCS lane 16. The vari- 

able bytes BIP or CD are unchanged. This process simplifies receiver synchronization since the receiver 

only needs to search for the fixed bytes corresponding to PCS lane 0 on each FEC lane. When the optional 

EEE deep sleep capability is supported, the receiver only needs to search for the fixed bytes corresponding 

to PCS lanes 0 and 16. 

  

  

9$1.5.2.7 Reed-Solomon encoder 

Change the second sentence of the second paragraph of 91,.5.2.7 as follows: 

When used to form a 1G HUBASE-R PA. ROSE -CR2 _100GBASE-KR? 1iQ0OGBASE-SR2,_or   
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Drak Amendment to IEEE Std 802.3-2015 

IEEE P8O02.3cd Task Force 

$1.5.3 Receive function 

91.5.3.1 Alignment lock and deskew 

Replace Figure 91-8 with the following: 

reset + lsignal_ok + resiart_lock 

¥   
LOCK _INIT 
  
amps_lock<x> «: false 
test_amp < false 

  
UCT 

  

  

amp_counter_done * 
lamp_valid 

  ¥   
GET_BLOCK 
  
slip_done < false       

    
  

      
lamp_valid 

  

  

IEEE Draft P802.3cd/D1.2 
3rd February 2017 

amp_bad_count < 4 
  

    
COUNT > 
  

      

i start amp counter 

| 

  ¥ 
amp_counter_done 

  
CGOMP AM 
  

      
| 

  
amp_valid larnp_ valid 

      

  

  
  

          
  

  

  
first_pcsi <=: current pcs! 
start amp_counter     

  

  \: y 

amp _counter_done * 
amp valid 

  
COMP_2ND 
  

  
AMP_COMPARE 

    
famp_ match 

¥       
amp match 

  
SLIP 

多 

2 GOOD 
  
SLIP 

  
  

    
slip done 

  
amps _lock<x> «=: true 
FEC Jane_mapping<x> 

< fec_lane     

fec_optional_siates 

Figure 91-8-—FEC synchronization state diagram 

  

test_amip ' € ¥ ¥ 

GOOD_AM INVALID AM 

END 7 a | amp..bad_count amp_bad_count++ 

test_amp = false | UCT H | 

Roo beet = amp_bad_count = 5 

amp_ valid | ¥ 

5 BAD 

COUNT NEXT restart_lock <— true 

| 

NOTE 

  
    

  

      

-一 States inside the dotied 

box are optional 
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Draft Amendment to IEEE Std 802.3-2015 IEEE Draft P802.3cd/D1.2 

{EEE P802.3cd Task Force 3rd February 2017 

31.5.3.3 Reed-Solomon decoder 

Change the second sentence of the second paragraph of 91,5.3.3 as follows: 

When used to form a 100GBASE-KP4, 100GBASE-CR2, 100GBASE-KR?2. 1OGGBASE-SR2, or 
LOOGBASE-DR PHY, the RS-FEC sublayer shall be capable of correcting any combination of up to 15 

syrobol errors in a codeword. 

  

Change the last sentence af 91.5.3.3 as follaws: 

When the RS-FEC sublayer used to form a 100GBASE-KP4, LOOGRASE-CR?2. IGOGBASE-KR2 

IOOGBASE-SR2, or JOOGBASE-DR PHY, the symbol error threshold shall be K=6380. 
  

  

91.5.4 Detailed functions and state diagrams 

$1.5.4.2 State variables 

$1.5.4.2.1 Variables 

Change restart_lock definition as follows: 

restart_lock 

Boolean variable that is set by the FEC alignment process to reset the synchronization process on 

all FEC janes. It is set to true after 3 consecutive uncorrected codewords are received G BAD 

state} and set to false upon entry into the LOSS OF ALIGNMENT state. It is also set to trac when   

the FEC svachronization process.   

insert fec_optional_states definition after fec_ lane as follows: 

fec_ optional states 

Boolean vanable that is true if the optional states are implemented and false otherwise. 

$1.8.4.2.3 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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Drak Amendment to IEEE Std 802.3-2015 IEEE Draff P8602 3cd/D1.2 

IEEE P8O02.3cd Task Force 3rd February 2017 

91.6 RS-FEC MDIO function mapping 

Change Table 91-2 as follows:. 

Table $94-2--MBIO/RS-FEC control variable mapping 

  

  

  

  

              

  

  

  

MDI control variable PMA/PMD register name Registeroe FEC variable 

FEC bypass correction enable RS-FEC control register 1,200.0 FEC bypass _correction_enable 

FEC bypass indication enable RS-FEC control register 1,200.1 FEC bypass indication enable 

Four lane PMD RS-FEC control register 1.200.3 four Jane pmd 

insert new row in Table 91-3 after “RS-FEC high SER” row as follows:. 

Table $1-3—MBIO/RS-FEC status variable mapping 

MBO control variable PMA/PMD register name Register/bit FEC variable 
aumber 

FEC optional states supported RS-FEC status register 1,201.7 fec_optional_states             

insert 91.6.26 after 31.6.2 as foliows: 

9$1.6.2a four _lane_pmd 

When this variabic is set to one, the ahgnment 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 lane 16 (see 91.5.2.6). When this variable is set to zero, the alignment markers corre- 

sponding to PCS lanes 17, 18, and 19 are passed through unmodified. The default valuc of the variable is 

one which is the vahie required by the LOOGBASE-CR4, IOGGBASE-KR4, L00GBASE-KP4, and 

LOOGBASE-SR4 PMDs. This variable is set to zero for the 1GOGBASE-CR2, 1O00GBASE-KR2, 

IQOGBASE-SR?2, and IOOGBASE-DR PMDs. This vanable is mapped to the bit defined rn 45.2. 1.101 

(1.206.3). 

Insert 91.6.3a after 91.6.5 as follows: 

91.6.5a 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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Draft Amendment to IEEE Std 802.3-2015 

{EEE P802.3cd Task Force 

91.7 Protocol implementation conformance statement (PICS) proforma for 

IEEE Draft P802.3cd/D1.2 
3rd February 2017 

Clause 91, Reed-Solomon Forward Error Correction (RS-FEC} sublayer for 

1O0GBASE-R PHYs° 

91.7.4 PICS proforma tables for Reed-Solomon Forward Error Correction (RS-FEC sublayer 

for 100GBASE-R PHYs 

$1.7.4.1 Transmit function 

Change PICS item TFL as follows: 

  

  

  

    
  
  

              

  

  

  

Rem Feature Subclanse Value/Conmment Status Support 

TFil Reed-Solomon encoder | 91,5.2.7 RS(G644,5 14) KP4:M Yes [ j 

for 1OOGBASE-KP4,_ NAT] 
LOGGBASE-CR2 
IOOGBASE-KR2., 
100GBASE-SR2. or 
10GGBASE-DR 

91.7.4.3 State diagrams 

insert new PICS item SD6 after SDS as follows: 

Hem Feature Subelause Value/Comment Status Support 

SD6 FEC synchronization OY Check AMs after synchroniza- oO Yes [ | 
enhancement tion is achieved per Figure 91-8 No [j       

  

          

3 Copright release jor PICS proformas: Users of this standard may freely reproduce the PICS proforma in this subclause so that it can 

be used for its intended purpose and may further publish the completed PICS. 
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IEEE P8O02.3cd Task Force 3rd February 2017 

116. introduction to 200 Gb/s and 400 Gb/s networks 

116.1 Overview 

116.1.2 Relationship of 200 Gigabit and 400 Gigabit Ethernet to the ISO OS! reference 

mode 

Change item h as follows: 

h) The MDIs as specified in Clause {21 for 200GBASE-DR4, in Clause 122 for 200GBASE-FR4 and 

200GBASE-LR4 and in Clause 134 for 400GBASE-DR4 Clause 136 for 200GBASE-CR4. 

Clause 137 for Z00GBASE-KR4. and Clause 138 for 200GBASE-SR4. all use a 4-lane data path. 

    

  

  

116.1.3 Nomenciature 

Change Table 116-1 as shown (some unchanged rows not shown): 

Table 116-1--200 Ghis PHYs 

  

Name Deseription 
  

200GBASE-KR4 200 Gb/s POY using 200GBASE-B encoding aver four lanes of an electrical 

backplane (see Clause 1373 
  

  
  

200GBASE-CR4 200 Gb/s PHY using 200GBASE-R encoding over four lanes of twinaxial 

Y and Clause 136} 
  

  

copper cable {see i   
  

    

  

200GBASE-SR4 200 Gb/s PHY using 200GBASE-R encoding over four lanes of multimode 

fiber (seo Clause 138) 

200GE ASE-DR4 200 Gb/s PHY using 200GBASE-R encoding ov: et four lanes of single-mode 
fiber, with reach wo to at least 500 m Gee Clause 121) 
          

416.1.4 Physical Layer signaling systems 

Change the first paragraph in 116.1.4 as follows: 

i specify the correlation between PHY types and clauses. implementations conforming to one or 

more PHY types must mect the requirements of the corresponding clauses. 

This standard specifies a family of Physical Layer implementations. Table 1l6—2a, Table 116-3, and 
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| {EEE P802.3cd Task Force 3rd February 2017 

insert Table 116-2a as shown: 

  

  

  

  

  

i Table 116-2a-—PHY type and clause correlation (2Z00GBASE copper) 

Clause* 

78 i 119 138 | YEN | tem | 1396 437 

各 向 

ot @ 3 已 i = = 
PHY type vs 名 加 名 S + x 

= a a % 可 es 名 
ae a = fad tal os = y : fad Fe 总 4 a) = = fad fal 
° 2 8 68/812 2 2 

“ io & g = P aa 
受 = S ba 过 Oo =~ 至 to] ws = 
a a = = 

et NN 

200GBASE-KR4 O M oO M M oO oO M 

200GBASE-CR4 oO M QO M M O o M                         
8Q = Optional, M = Mandatory. 

Change Table 116-3 as shown: 

  

  

  

  

  

  

  

  

  

                                  

i Table 116-3-——-PHY type and clause correlation (ZOQ0GBASE optical} 

Clause® 

78 3 19 138 ME IMM | Lash i 23 £22 138 

gS 名 oo 
wn < ben = fen 

_ Z end wo = Ww = z Pa = 

PHY type . | & | & | > REA) A | S| eS 
ial 四 a i a ~ a we =m @ * = 
名 六 g & # = 局 局 局 ial = a 
加 = < 未 of os a ~ i?) Ww wo 

a 名 ES ie os o o < < 所 
Zgi/¢ € € 2/2/8618 & 
= = e & a & e x x 
x ro & 全 Ss 

Rn iad nN 

M QO M M 2 G © M 

200GBASE-DR4 oO M 10) M M oO oO 10) ie) M 

200GBASE-FR4 0 M 名 M M 0 10) 名 Qo M 

200GBASE-LR4 9 M 人 M M GO oO 人 oO M 

8Q = Optional, M = Mandatory. 
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IEEE P8O02.3cd Task Force 3rd February 2017 

116.2 Summary of 200 Gigabit and 400 Gigabit Ethernet sublayers 

116.2.8 Physical Medium Dependent (PMD) sublayer 

Change the second paragraph in 116.2.3 as shown: 

The 200GBASE-R PMDs and their corresponding media are specified in Clause 12 t-aed Clause i22,_and 

Clause 136 through Clause 138. The 400GBASE-R PMDs and their corresponding media are specified in 

¢ 122 through Clause | 

    

  

    

116.4 Delay constraints 

Change Table 116-5 as shown (some unchanged rows net shown): 

Table 116-5—Sublayer delay constraints (200GBASE} 

  

  

  

  

  

    

  

  

        

  

  

    
  

Sublaver Maximum Maximum Maximum Notes® 

“ (hit time}* | (panse_quanta}” {ns} oo 

200GBASE-R PMA 18 432 36 92.16 See i 

2H0GBASEKR4 PMD 8 192 16 40.96 includes allocation of 20 ns for one 

200GBASE-CR4 PMD R193 16 40.96 Includes allocation of 20 us for one 
direction throuch cable medium, 

200GBASE-SR4 PMD 4096 & 20.48 See 138.3. 

200GBASE-DR4 PMD 4 096 8 26.48 Includes 2 m of fiber, See 125.5. 5. 
                

  

   
*For 200GBASE-R, 1 bit ume (BT) is equal te 5 ps. Gee } ? for the definition of bit time} 

'Fer Z00GBASE-R, | pause_quantim is equal to 2.56 ns. ( (See 3153.2 for the definition of panse_ quanta.) 

“Should there be a discrepancy between this table and the delay requirements of the relevant sublaver clause, the 

sublayer clause prevails. 
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119. Physical Coding Sublayer (PCS for S$4B/66B, type ZO0GBASE-R and 

490GBASE-R 

Insert new subclause 119.6 after subclause 119.5 as follows: 

113.6 Auto-Negotiation 

The following requirements apply to a PCS used with a 200GBASE-CR4 or 200GBASE-KR4 PMD where 

support for the Auto-Negotiation process defined in Clause 73 is mandatory. The PCS shall support the 

AN_LINK. indication(link status) promitive (see 73.9). The parameter link status shall take the value FATL 

when PCS_status=faise and the value OK when PCS _status=trie. The primitive shall be generated when the 

valne 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 

919.7.4 PICS proforma tables for Physical Coding Sublayer (PCS) 648/668, type 

Z00GBASE-R and 400GBASE-R 

Insert new subclause 119.7.4.12 after subclause 119.6.4.11 as follows: 

119.7.4.12 Auto-Negotiation for Backplane Ethernet functions 

  

  

  

  

    

Rese Featare Subctause Vaine/Comment Status Sapport 

*AN Support for use with a 119.6 AN technology dependent Oo Yes [| 
200GBASE-CR4 or interface described in No 上 

200GBASE-KR4 PMD Clause 73 

ANI AN_LINK indication prinutive | 119.6 Support of the ANIM Yes [ } 

AN_ LINK. indicationdink_stat N/A [4 

us} primitive 

AW2 link status parameter 139.6 Takes the value OK or FAIL, ANIM Yes | 

as described in 119.6 NAT] 

ANS Generation of 119.6 Generated when the value of ANIM Yes { | 

AN_LINK indication primitive link status changes NAT]               
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Drak Amendment to IEEE Std 802.3-2015 IEEE Draff P8602 3cd/D1.2 

IEEE P8O02.3cd Task Force 3rd February 2017 

120. Physical Medium Attachment (PMA) sublayer, type 200GBASE-R and 

490GBASE-R 

120.5 Functions within the PMA 

insert new heading 120.5.7 and change heading number 120.8.7 to 120.5.7.1 as follows: 

120.5.7 PAM4 Encoding 

120.8.7.1 Gray coding for PAM4 encoded lanes 

insert new subclause 120.5,7.2 as follows: 

420.5.7.2 Precoding for PAM4 encoded lanes 

A PMA adjacent to a 200GBASE-CR4 or 200GBASE-KR4 PMD, shall provide 1/(14+D) mod 4 precoding 

capability on all transmit lanes and may optionally provide 141+D) mod 4 decoding capability on all recerve 

lanes on the PMD service interface. Precoding is implemented as specified in 134.5.7.2. 

The precoder is enabled independently for the transmitter and receiver on each lane (0, 1, 2, and 3). 

Precoding is cnabled and disabled using variables precoder_down_tx_cnable i and 

Hoa Clause45 MDIO is implemented, the variables precoder down tx_enable i and 

precoder down rx enable / are accessible through register 1.600 and L601 (see 45.2.1. 116h and 

45.2, 4.1163). 

the PMD control function on lane i (see 136.8.11.7.5). The method by which the PMD control function 

alfects these variables is implementation dependent. 
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Draft Amendment to IEEE Std 802.3-2015 

| {EEE P802.3cd Task Force 

120.6 PMA MDIO function mapping 

Change Table 120-1 as shown (some unchanged rows not shown): 

IEEE Draft P802.3cd/01.2 
3rd February 2017 

Table 120-1—MBIG/PMA control variable mapping 

  

Register/ 

  

  

  

  

  

    

  

    

  

  

  

    

  

    

  

      

  

      

  

MBIO variable PMAJ/PMD register name a PMA control variable 
bit number 

i PMA remote loopback PMA/PMD control 1 10.1 Remote loopback enable 

| PMA iocal loopback PMA/PMD control 1 1.6.0 Local loopback enable 

Lane 0 down transmitter PMA precoder control down Tx 1,600.0 recoder down tx enable 0 

precoder enable 

Lane 1 down transmitter. PMA precoder control down fx 1.6004 precoder down tx enable} 

precoder enable 

Lane 2 down transmitter PMA precoder control down Tx L.600.2 precoder down tx enable 2 

precoder enable 

Lane 3 down transmitter PMA precoder control down Tx 1,600.3 recoder down tx enable 3 

precoder enable 

Lane 0 down receiver pre- | PMA precoder control down Rx 1.6010 precoder down rx enable 6 

coder enable 

Lane | down receiver pre- | PMA precoder control down Bx L60L 3} precoder down xx enable 上 

coder enable 

Lane 2 down receiver pre- | PMA precoder control down Rx LOUL2 recoder down rx enable 2 

Lane 3 down receiver pre- | PMA precoder control down Rx £6013 precoder down rx enable 3 

coder enable 

i PRBS31 pattern enable PRBS pattern testing contre] L.ESOL7 PRBS31_ enable 
              

1i4 
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120.7 Protocol implementation conformance statement (PICS) proforma for 

Clause 120, Physical Medium Attachment (PMA) sublayer, type 200GBASE-R and 

400GBASE-R‘ 

dasert new subclause 120.7.7 as follows: 

120.7.7 Encoding 

  

  

  

  

          

item Feature Subctause Yahie/Comment Status Support 

*CKR4 PMA is adjacent to a £20.5.7.2 0 Yes [ | 

200GBASE-CR4 or No [} 
200GBASE-KR4 PMD. 

El PMA supports Tx $20.3.7.2 CKR4M Yes {] 
precoding N/A FE] 

H2 PMA supports Rx $20.3.7.2 CER4O Yes {] 

precoding Not] 
i JA Hl |       

we 
‘Copuright release Jor PICS proformas: Users of this standard may feeely reproduce the PICS proforma in this subclause so that it can 

be used for its intended purpose and may further publish the completed PICS. 
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insert Clause 131 te Clause 140 as follows: 

131. Introduction to 50 Gb/s networks 

131.1 Overview 

131.1.4 Scope 

This clause describes the general requirements for 50 Gigabit Ethernet. 

50 Gigabit Ethernet uses the TEEE 802.3 MAC sublayer operating at a data rate of 50 Gb/s, coupled with 

any EREE 802.3 SOGBASE Physical Layer implementation and is defined for full duplex operation only. 

50 Gb/s Physical Layer entities, such as those specified in Table 131-1, provide a frame loss ratio (see 

1.4.223) of less than 6.2 x 107!° for 64-octet frames with minimum interpacket gap. 

431.1.2 Relationship of 50 Gigabit Ethernet to the ISO OSI reference model 

30 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 [SOD Open System Interconnection (OSD refer- 

ence model are shown in Figure 131-1. 

  

  

  

        

  
  

        

  
  

  
  

  

                        

ETHERNET 
LAYERS 

HIGHER LAYERS 

ost / LLC OR OTHER MAG CLIENT 
NE / MAC CONTROL (OPTIONAL) 

LAYERS / MAC 

APPLICATION hy | RECONCILIATION 

PRESENTATION if 50SMI 一 多 
1 f AGE. ing SESSION J, S0GBAGE-R PCS 

"y FEC 
TRANSPORT | f ! 

jf PMA PHY 
NETWORK |! MD 

DATALINK |/ AN! 

PHYSICAL MDI -一 -多 

| MEDIUM < 

my 
50GBASE-R 

50GMI = 50 Gb/s MEDIA INDEPENDENT INTERFACE CS = PHYSICAL CODING SUBLAYER 
AN = AUTO-NEGOTIATION PHY = PHYSICAL LAYER DEVICE 
FEC = FORWARD ERROR CORRECTION PMA = PHYSICAL MEDIUM ATTACHMENT 
LLC = LOGICAL LINK CONTROL PMD = PHYSICAL MEDIUM DEPENDENT 
MAC = MEDIA ACCESS CONTROL 
MDI = MEDIUM DEPENDENT INTERFACE NOTE 1—CONDITIONAL BASED ON PHY TYPE 

Figure 131-1—Architectural positioning of 60 Gigabit Ethernet 
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Whue this specification defines interfaces in terms of bits, octets, and frames, implementations may choose 

other data-path widths for implementation convenience. The only exceptions are as follows: 

a) The 50GMI, which, when implemented as logical interconnection pout 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. 

by The management interface, which, when physically implemented as the MDIO/MDC (Management 

Data Input/Output and Management Data Clock) at an observable interconnection port, uses a bit- 

wide data path as specified in Clause 45, 

c} The PMA service interface, which, when physically implemented as LAUI-2, as specified in 

Annex 135B and Annex 135C, or as S50GAUT-2 (50 Gb/s two-lane Attachment Unit Interface), as 

specified in Annex 135D and Annex 1352, at an observable interconnection port, uses a 2-lane data 

path. 

dj) The PMA service interface, which, when physically implemented as SOGAUI-1 (50 Gb/s one-lane 

Attachment Unit Interface) at an observable interconnection port, uses a i-lane data path as speci- 

fied in Annex 134F or Annex 135G., 

6} The MDI as specified in Clause 136 for SOGBASE-CR, Clause 137 for SOGBASE-KR, Clause 138 

for SOGBASE-SR, and Clause 139 for SOGBASE-FR and 50GBASE-LR use a liane data path. 

731.1.3 Nomenclature 

The nomenclature employed by the 50 Gb/s Physical Layer is explained as follows. 

The alpha-numeric prefix 50GBASE in the port type (e.g., 5O0GBASE-R) represents a family of Physical 

Layer devices operating at a speed of 50 Gb/s. 

50GBASE-R. represents a family of Physical Laver devices using the Physical Coding Sublaver (PCS) for 

50 Gb/s operation over multiple PCS lanes (see Clause 133). Physical Layer devices listed in Table 131-1 

are defined for operation at 50 Gb/s. 

Table 131-1--56 Gh/s PHYs 

  

  

  

Name Bescription 

S0GBASE-KR 50 Gb/s PHY using 30GBASE-R encoding over an electrical backplane 
{see Clause 137). 

SOGBASE-CR 50 Gb/s PHY using SOGBASE-R encoding over twinaxial copper cable 

(see $, ? and Clause 136).     
  

SO0GBASE-SR 30 Gb/s PHY using SOGBASE-R encoding over nultimode fiber 

(see Clause 138). 
  

S0GBASE-FR 50 Gb/s PHY using 50GBASE-R encoding over single-mode fiber, with reach 
up to at least 2 kxa (see Clause 139). 
  

S0GBASE-LR 30 Gb/s PHY using SOGBASE-R encoding over single-mode fiber, with reach 

up to at least 10 km (see Clause 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 to one or more PHY types 

must meet the requirements of the corresponding clauses. 
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Table 131~-2-—-PHY types and clause correlation (50GBASE copper) 

  

  

  

  

  

Clause® 

= ae 这 2 3 Se ac et ~ ~ 

Su 
到 a a 四 

T hee nat i o PHY type f oh i : _ 5. a 

Ba 总 Ba Se eS a = 
ee wy FO 0 0 x 
Bo Sp me SO) mo ww Ni wm | wH as seal pe NH 

SB» 2 8 ¢ es zg 2 gs 
id om wi iA wi iA ipod iA wi iA wi 

50GBASE-KR oO M oO M M M oO Qo M 

SOGBASE-CR oO M Oo M M M Oo oO Oo M                             
° = Optional, M = Mandatory. 

Table 131~-3—-PHY types and clause correlation (60GBASE optical} 

  

  

  

  

  

  

Clause® 

a=) YO i) 加 Re 
ey ery = 3 Ww 3 Ww 3 Ww 3 wa a 

e 8  $:2°28 98 8°8°8°8,°8, 8 & 

2 i mm 名 
PHY type 2 字 3 . ie = = 

Rom & wi iS AR SR ag zie 
e x x iE Oo oO 5 o FES 
由 ial 由 已 fae i 人 in “ foal 由 foal 

co a 
四 本 fea) a sf 党 ant ae ca ae 二 sm ea) a 
Saini Si¥ Sig i424; 2 2S F FS #8 Sigzgigs 
we me Fa ra Fa ra 四 pol Fa ra Fa ra Fa ra Fa 

SOGBASE-SR Oo M Oo M M M Oo oO Oo oO Oo oO M 

S50GBASE-FR 人 M 人 M M M 人 Oo 人 Oo 人 Oo M 

50GBASE-L 分 M 分 M M M oO 分 oO 分 oO M                                     

* = Optional, M = Mandatory. 

131.2 Summary of 50 Gigabit Ethernet sublayers 

131.2.1 Reconciliation Sublayer (RS} and Media Independent Interface (BOGMID 

The Media Independent Interface specified in Clause 132 provides a logical mterconnection between the 

MAC sublayer and Physical Layer entities PHY). The Media Independent Interface is not intended to be 

physically instantiated, rather it can logically connect layers within a device. 

The SOGMH supports 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 50GMH and the MAC/PLS 

service definition. 

Copyright © 2017 IEEE. All rights reserved. 

This is an unapproved IEEE Standards draft, subject to change. 

118

Marvell Semiconductor, Inc. - Ex. 1002, Page 000231



Drak Amendment to IEEE Std 802.3-2015 IEEE Draff P8602 3cd/D1.2 

IEEE P8O02.3cd Task Force 3rd February 2017 

While the 50GMU is an optional interface, it is used extenstvely in this standard as a basis for functional 

specication and provides a conimon service interface for the physical coding sublayer defined in 

Clause £33. 

731.2.2 Physical Coding Sublayer (PCS) 

SOGBASE-R PHYs use the PCS specified in Clause 133. The S0GBASE-R PCS performs oncoding of data 

from the 50GMH to 648/66B code blocks and transfers the encoded data to the PMA (or FEC) and performs 

decoding of 64B/66B blocks frorn the PMA (or FEC) and transfers the decoded data to the 50GMH. 

131.2.3 Forward Error Correction (FEC) sublayer 

50GBASE-R. PHYs use the FEC sublayer specified ia Clause 134. The FEC sublaver can be placed between 

the PCS and PMA sublayers or between two PMA subiayers. 

431.2.4 Physical Medium Attachment (PMA) sublayer 

The SOGBASE-R PMA specified in Clause 135 provides a medium-independent means for the PCS to sup- 

port the use of a range of physical media. 

The 50GBASE-R PMA performs the mapping of transmut and receive data streams between the PCS and 

PMA via the PMA service interface, the mapping of transmut 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 optionaliy provides test-pattern generation and checking. 

431.2.5 Physical Medium Dependent (PMD} sublayer 

The Physical Medium Dependent sublayer is responsible for interfacing to the transmussion medium. The 

PMD ts located just above the Medium Dependent Interface (MDD. The MDI, logically subsumed within 

cach PMD subclause, is the actual medium attachment for the various supported media. 

The SOGBASE-R PMDs and their corresponding media are specified in Clause 136 through Clause 139. 

431.2.5 Management interface (MBIO/MDC} 

The optional MDIO/MDC management interface (Clause 45) provides an interconnection between MDIO 

Manageable Devices (MMDs) and Station Management (STA) catities. 

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 SOGBASE-R Physical Layers is as per the definition in 1.2.2. 

Noie that the SOGBASE-R inter-sublayer service interfaces use miuitipie scalar REQUEST and 

INDICATION primitives, to indicate the transfer of multiple independent streams of data units, as defined in 

131.3.f through 131.3.3. 
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731.3.1 Inter-sublayer service interface 

The iater-sublayer service interface is defined in 136.3 4. 

731.3.2 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 PMD service interface. 

b) PMA:—for primitives issued on the interface between the PMA sublayer and the PCS or the FEC 

sublayer called the PMA service interface. 

c) FEC:—for priontives issued on the interface between the FEC sublaver and the PCS or the PMA 

sublayer called the FEC service interface. 

Examples of inter-sublayer service interfaces for 50GBASE-R with their corresponding instance names are 

iustrated in Figure 131-2. For example, the primitives for onc instance of the inter-sublayer service inter- 

face, narned the PMD service interface, are identified as follows: 

PMDB:AIS UNITDATA request 
PMDTS UNTTDATA indication 

PMD:ES SIGNAL indication. 

Primitives for other mstances, of inter-sublayer interfaces, are represented in a similar manner as described 

above. 

131.3.3 Semantics of inter-sublayer service interface primitives 

The semantics of the inter-sublaver service interface primitives for the 50GBASE-R sublayers are described 

in through 136.3.3.3. 
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MAC AND HIGHER LAYERS 

    

RECONCILIATION SUBLAYER 
  

50GMI —p 

¥   
50GBASE-R PCS | 
  

  

  

  

          

  

TTT ae 
FECIS_UNITDATA_[0:3] request FEC:IS_UNITDATA_[0:3]indication 

FEC SERVICE | 
INTERFACE > | FEC:IS SIGNAL indication 

vey it 
| RS-FEC 

& & 
PMAIS_UNITDATA [0:1] request PMAIS _UNITDATA [0:1] indication 

PMA SERVICE ___», PMA‘1S_ SIGNAL indication 
INTERFACE 

yy 

PMA (Zn) 

we & 
PMAIS UNITDATA_[O:n-1}] request 

PMA SERVICE 

PMA S_UNITDATA_[O:n-1 |. indication 

PMANS SIGNAL indication | 

  

  

    
  

INTERFACE > 

PMA (n:4) 

& 人 
PMD:IS_UNIIDATAregquest PMDAS_UNITDATA indication 

REACEE 一 和 | PMDUS SIGNAL indication | 

y 
PMD 

MDL 一 一 各 

S0GMi = 50 Gb/s MEDIA INDEPENDENT INTERFACE 
MAC = MEDIA ACCESS CONTROL 

MDI = MEDIUM DEPENDENT INTERFACE 

PCS = PHYSICAL CODING SUBLAYER 

      
MEDIUM a 

NY a 一 一 一 一 一 一 

SOGBASE-R 

PMA = PHYSICAL MEDIUM ATTACHMENT 

PMD = PHYSICAL MEDIUM DEPENDENT 

a= NUMBER OF PARALLEL STREAMS 

n=tor2 

Figure 131~2—S0GBASE-R inter-sublayer service interfaces 

Copyright © 2017 IEEE. Allrights reserved. 

This is an unapproved IEEE Standards draft, subject to change. 

12]

Marvell Semiconductor, Inc. - Ex. 1002, Page 000234



Draft Amendment to IEEE Std 802.3-2015 IEEE Draft P802.3cd/D1.2 

{EEE P802.3cd Task Force 3rd February 2017 

131.4 Delay constraints 

  

Predictable operation of the MAC Control PAUSE operation (Clause 33, Asnex 31B) demands that there be 

an upper bound on the propagation delavs through the network. This implies that MAC, MAC Control sub- 

layer, and PHY implementers must conform io certain delay maxima, and that network planners and admin- 

istrators conform to constraints regarding the cable topology and concatenation of devices. Table 131-4 

contains the values of maxinyur sublayer delay (sum of transmit and receive delays at one end of the link) in 

bit times as specified in 1.4 and pause quanta as specified in 315.2 for 50 Gigabit Ethemet. fa PHY con- 

tains an Auto-Negotiation sublayer, the delay of the Auto-Negotiation sublayer is inchided within the delay 

of the PMD and medium. 

  

Tabie 131-4—Sublayer delay constraints (50GBASE} 

  

  

  

  

  

  

  

  

  

  

Sublaver Maxingum Maxingum Maxingum Notes® 

* ” (hit time}? | (pause_quanta}? (ns) — 

50G MAC, RS, and 16 384 32 327.68 See 132.1.4. 

MAC Control 

SOGBASE-R PCS 11 264 22 225.28 See 133.3. 

SOGBASE-R RS-FEC 25 600 560 312 See 134.4. 

S0GBASE-R PMA 4 608 9 92.16 See 134.5.4. 

SO0GBASE-KR PMD 2 048 4 40.96 See 137.5. Inchides allocation of 
20 ns for the medium. 

30GBASE-CR PMD 2 048 4 40.96 See 136.5. inchades allocation of 

20 as for the medium. 

SO0GBASE-SR PMD 1024 2 20.48 Tnchides 2 m of fiber. 

See 138.3.1. 

SOGBASE-FR PMD 1024 2 20.48 {ncludes 2 m of fiber. 

See 139.3. 

SOGBASE-LR PMD 1024 2 20.48 lachides 2 wn of fiber. 

See 139.3.               

“For SOGBASE-R, | bit time (BT) is equal to 20 ps. (See 1.4 137 for the definition of bit time.) 

°For SOGBASE-R, 1 pause quantum is equal to 16.24 ns. (See 318.2 for the definition of pause_quanta.) 

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

layer clause prevails. 

  

   

  

See 80.4 for the calculation of bit time per meter of fiber or electrical cable. 

See 315.3.7 for PAUSE reaction timing constraints for stations at operating speeds of 50 Gb/s. 

131.5 Skew constraints 

Skew (or relative delay) can be introduced between lanes by both active and passive elements of a 

S50GBASE-R link. Skew is defined as the difference between the tumes of the earliest PCS lane and latest 

PCS lane for the one to zero transition of the alignment marker sync bits. The PCS deskew function (See 

133.2.3} compensates for all lane-to-lane Skew observed at the receiver. The Skew between the lanes must 

be kept within liniits as shown in Table 131-5 so that the transmitted information on the lanes can be reas~ 

sembled by the receive 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 hmited 

to ensure that cach PCS lane always traverses the same lance between any pair of adjacent sublayers while the 

link remains in operation. 

The maximum Skew and Skew Variation at physically instantiated interfaces is specified at Skew points 

SPO, SP1, SP2, and SP3 for the transmit direction and SP4, SPS, SP6 and SP7 for the receive direction as 

iltustrated ip Figure 131-3. 

  

MAC AND HIGHER LAYERS 
      

RECONCILIATION 
  

        

    

    

50GMI -一 名 50GMI —e 

50GBASE-R PCS S0GBASE-R PCS 

RS-FEC PMA (4:2) 

PMA (2:1) . LAUL2 一 请 goo J} sp7           
  

50GAULn -一 -名 
    

          
  

    

        
  

        

SP1 4] |& SPS PMA (2:4) 

PMA | RS-FEC 
PMD SERVICE ; PMA (2:n) 

INTERFACE * spo + i* SPS (en) 
| PMD | 50GAUIN 一 各 gpj 4| Aspe 

MDI 一- 一 多 SP24) 4 SP4 | PMA (n:1) | 
PMD SERVICE 

| MEDIUM 7 INTERFACE * spo 4| i* SPS 

ne [Fito ] 
ORBASE- SOGBASE-R MDI -一 sPs4| iA sp4 

MEDIUM “> 

a 

50GBASE-R 

50GAULn = 50 Gb/s ATTACHMENT UNIT INTERFACE PCS = PHYSICAL CODING SUBLAYER 
50GMIH = 50 Gb/s MEDIA INDEPENDENT INTERFACE PMA = PHYSICAL MEDIUM ATTACHMENT 
LAUL2 = 50 Gb/s ATTACHMENT UNIT INTERFACE PMD = PHYSICAL MEDIUM DEPENDENT 
MAC = MEDIA ACCESS CONTROL n= or2 
MDI = MEDIUM DEPENDENT INTERFACE 

Figure 131-3--50GBASE-R Skew points 

Tn the transmit direction, the Skew points are defined in the following locations: 

一 SPO on the LAUT-2 interface, at the ioputof the PMA above the RS-FEC， 

一 SPI onthe 50GAUI-n interface, at the input of the PMA closest to the PMD; 

-一 SP2 onthe PMD service interface, at the input of the PMID; 

-一 SP3 at the output of the PMD, at the MDT. 
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In the receive direction, the Skew pounts are defined in the following locations: 

一 SP4 at the MDI, at the input of the PMD; 

-一 SP5 onthe PMD service interface, at the output of the PMD: 

一 SP6 on the 50GAUIT-n interface, at the output of the PMA below to the RS-FEC; 

一 SP7 onthe LAUI-2 interface, at the output of the PMA above the RS-FEC. 

The allowable limits for Skew are shown in Table 131-5 and the allowable limits 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. 

Table 131~5—Summary of Skew constraints 

  

  

  

  

  

  

  

  

  

  

  

  

Maximum Maxingum 
Mla inmmence Skew for Skew for 

Skew points Skew SO0GBASE-R S0GBASE-R Notes 

Gas? PCS lane FEC tane 
(up? (ODS 

SPO 29 ae rs See 135.5.3.1 

SPI 29 ee a TTY See 135.5.3.3 

SP2 43 一 See 135.5,3.3, $36.6, 137.6, 138.3.2, 
=~ 1443 139.3 

SP3 54 一 家 43 See 136.6, 137.6, 138.3.2. 139.3 

SP4 134 -一 = 3360 See 136.6, 137.6, 138.3.2, 139.3 

SPS 145 | = 3852 See 135.5.3.3, 136.6, 137.6, 138.3.2, 

139,53 

SP6 160 -一 x 42450 See 135.5.3.7 

SP7 29 ae rs See 135.5.3.8 

At FEC trans- 49 Fe x 1302 See 134.5.2.2 

mit 

At FEC receive VO ee a 4782 See 134.5.2.2 

AL PCS receive 49 = 6320 fe See 133.2.3               

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

Phe syrubol ~ indicates approxiruate equivalent of maximum Skew in Ul based on 1 UL equals 77.5758 ps at PCS lane 
signaling rate of 12.890625 Gb/s. 

“The symbol ~ indicates approximate equivalent of maximum Skew in UL based on | Ul equals 37.6471 ps at FEC lane 
signaling rate of 26.5625 Gb/s, 

8Should there be a discrepancy between this table and the Skew requirements of the relevant sublaver clause, the sub- 

layer clause prevails. 
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Table 131~6—Summary of Skew Variation constraints 
  

  

  

  

  

  

  

  

  

  

  

    

Maximum Maximum 

ax Skew Skew 
Skew points Skew Variation for Variation for Notes 

了 Variation 25,78125 Ghd 26.5625 Ghd ° , 
(15) Jane lane 

con cup? 

SPO 0.2 ~=6 bo >" See 135.5.3.1 

SP1 02 | -一 2G See 135.5.3.3 

SP2 04 |， 一 x i] See 135.5.3.5, 136.6, 137.6, 138.3,2, 

139.3 

SP3 0 | = 16 See 136.6, 137.6, 138.3.2, 139.3 

SP4 34 | on =O} See 136.6, 137.6, 138.3.2, 1393 

SPS 3.6 一 = 96 See 135.5.3.6, 136.6, 137.6, 138.3.2, 

139.3 

SP6 3.8 -一 = 101 See 135.5.3.7 

SP7 0.2 =O -一 See 13S.5.3.8 

At FEC transmit 04 | wx 了 See 134.5.2.2 

ALFEC receive 4 = 107 See 134.5.2.2 

At PCS receive 0.4 il -一 See 133.2.3             

“The symbol ~ indicates approximate equivalent of maxitantn Skew Variation in UE based on 1 UT equals 38.7879 ps 

at LAUL-2 lane signaling rate of 25.78125 GBd. 

oT he symbol = indicates approximate equivalent of maximum Skew Variation in UE based on 1 UL equals 37.6471 ps 
at 50GAUT-n or PMD lane signaling rate of 26.5625 GBd. 

“Should there be a discrepancy between this table and the Skew vequirements of the relevant sublayer clause, the sub- 

layer clause prevails. 

131.6 State diagrams 

State diagrams take precedence over text. 

‘The conventions of {2 are adopted, along with the extensions listed in 21.5. 

Multiple states of a function that have a transition to a common state uuhzing different qualifiers (for exam- 

ple, multiple exit conditions to an IDLE or WAIT state) may be indicated by a shared arrow. An oxit transi- 

tion arrow must connect to the shared arrow, and the qualifier must be met prior to termmnation of the 

transition arrow on the shared arrow. The shared arrow has no qualifier. 

131.7 Protocol implementation conformance statement (PICS} proforma 

The suppher of a protocol implementation that is claimed to conform to any part of TEER Std 802.3, 

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 implementation in question. The PICS is a staternent of 

which capabilities and options of the protocol have been implemented. A PICS is included at the end of each 
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clause as appropriate. Each of the 50 Gigabit Ethernet PICS conforms to the same notation and conventions 

used im 23.6, 
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132. Reconciliation Sublayer (RS) and Media Independent Interface (SOGMI) 

for 50 Gb/s operation 

132.1 Overview 

This clause defines the characteristics of the Reconciliation Sublayer (RS) and the Media Independent Inter- 

face between Ethernet media access controllers and various PHYs. Figure 132-1 shows the relationship of 

the RS and Media Independent Interface to the ISO/TEC OSI reference model. The 50 Gb/s RS has identical 

logical fenctionality to the 40 Gb/s RS defined in Clause 81. 

The SOGMH is an optional logical interface between the MAC sublayer 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 SOGMII is an optional interface, it ts used in this standard as a basis for specification. The 

Physical Ceding Sublayer (PCS) is specified to the 50GMU, so if not implemented, a conforming 

unplementation shall behave functionally as ifthe RS and SOGMI were implemented. 

The 50GMET has the following characteristics: 

a) The SOGMH supports a speed of 50 Gb/s. 

b} Data and delimiters are synchronous to a clock reference. 

c) It provides independent 64-bit wide transmit and receive data paths. 

d) «It supports full duplex operation only. 

132.1.1 Summary of maior concepts 

The following are the major concepts of the SOGMM: 

a) The S0GMII is functionally similar to other media independent interfaces that have been defined for 

other speeds, as they ali define an interface allowing independent development of MAC and PHY 

logic. 

b) The RS converts between the MAC serial data stream and the paraliel data paths of the SOGMIL 

c) The RS maps the signal set provided at the 50GMII to the PLS service pnmitives provided at the 

MAC, 

d) Each direction of data transfer is independent and serviced by data, control, and clock signals. 

6) The RS generates continuous data or control characters on the transmit path and expects continuous 

data or control characters on the receive path. 

f} The RS participates in link fault detection and reporting by monitoring the receive path for status 

reports that indicate an unrehable tink, and gencrating status reports on the transmit path to report 

detected link faults to the DTE on the remote end of the connecting link. 

g) The S50GMI may also support Low Power Idle (LPD signaling for PHY types supporting Energy 

Efficient Ethernet (EEE) (see 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 mav be used with all SOGBASE PHY types. 

432.1.3 Rate of operation 

The 50GMH is specified to support 50 Gb/s operation. 
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ETHERNET 
LAYERS 

HIGHER LAYERS 

OSI , LLC OR OTHER MAC CLIENT 

halen ; MAC CONTROL (OPTIONAL) 
LAYERS pi MAC . 

APPLICATION / / xx maa LIATION _ 

PRESENTATION ff 50GMI 一 由 
SESSION / ; / 50GBASE-R PCS 

/ FEC 
TRANSPORT | / ; = ony 

NETWORK / / SMD 

DATA LINK / AN! 

PHYSICAL MDI ——Be 

re MEDIUM 作 
Ve 

50GBASE-R 

50GMI = 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 
LLC = LOGICAL LINK CONTROL PMD = PHYSICAL MEDIUM DEPENDENT 
MAC = MEDIA ACCESS CONTROL 
MDI = MEDIUM DEPENDENT INTERFACE NOTE 1—CONDITIONAL BASED ON PHY TYPE 

Figure 132~1—RS and Mil relationship to the ISOHEC Open Systems Interconnection (OS) 

reference model and the IEEE $62.3 Ethernet modei 

432.1.4 Delay constraints 

The maximum cumulative MAC Control, MAC, and RS delay (sum of transmit and receive delays at one 

end of the link) shall mect the values specified in Table 132-1. A description of overall system delay 

constraints and the defimtions for bit times and pause_quanta can be found in 131.4 and its references. 

Table 132-i--DBelay constraints 

  

  

Sublaver Maxim Maximun Maximum (ns) 

. ye (bit the) (pause _quanta) : “ 

80 Gb/s MAC, RS, and MAC Control 16 384 32 327.68             
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132.1.8 Allocation of functions 

The allocation of functions at the SOGMII balances the need for media independence with interface 

simplicity. The 50GMH maximizes media independence by separating the Data Link and Physical Layers of 

the OSI seven-layer reference model. 

432.1.6 50GMi structure 

The SOGMEH stricture is identical to the CGM stricture specified m Si... 

132.1.7 Mapping of BOGMIl signals to PLS service primitives 

The Reconciliation Sublayer (RS) shall map the signals provided at the SOGMT to the PLS service primi- 

tives defined in Clause 6. The PLS service primitives provided by the RS and described here behave in 

exactly the same manner as defined in &. Full duplex operation only is implemented at 50 Gb/s; 

therefore, PLS service primitives supporting CSMA/CD operation are not mapped through the RS to the 

50GMIL This behavior and restrictions are the same as described in 22.7, with the details of the signaling 

described in 132.3. LP] REQUEST shall not be set to ASSERT unless the attached link has been operational 

for at least one second (.c., link status = OK. according to the underlying PCS/PMA). 

      总 

  

Lena 

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

carner sense deferral). This provides full dirplex operation but uses the carrier sense signai to defer transmis- 

stop when the PHY is in tts 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 

Qi 4 
The RS maps ali primitives in an identical manner as the CGMIE does and as specified in 81.1.7. 

132.2 50GMUl data stream 

. 
The 50GMUH data stream has the same characteristics as the CGMI data stream described in 81.2. 

132.3 50GMH functional specifications 

The SOGMIT functions identically to the CGMIT specified in $1.3. 

132.4 LPI assertion and detection 

LPI assertion and detection fimction identically to the CGM specified in 8!.4, 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 LPT has 

been deasserted as governed by resolved Transmit 7, os defined in 8.4.2.3. 

This wake-up time is enforced by the transmit LPI state diagrarn using CARRTER SENSE indication in an 

identical manner to that defined in $1.4, with the single exception that the PMA stop signaling described in 

81.4.4 is not applicable. 
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132.5 Protocol implementation conformance statement (PICS) proforma for 

Clause 132, Reconciliation Sublayer (RS) and Media Independent interface (S0GMI} 

for 50 Gb/s operation® 

132.5.1 introduction 

The supplier of a protocol implementation that is claimed to conform to Clause 132, Reconciliation Sublayer 

(RS) and Media Independent Interface (SOGMID for 50 Gb/s operation, shall complete the following 

protocol implementation conformance statement (PICS) proforma. 

A detaded description of the symbols used i in the PICS proforma, along with iastructions for completing the 

PICS proforma, can be found in ¢ : 

  

132.5.2 identification 

732.5.2.1 implementation identification 

  

Supplier! 
  

Contact point for inquiries about the PICS! 
  

. 、 : : 3 
Implementation Name(s) and Version(s) BS 
  

Other information necessary for full identification-——e.g., 

name(s) and version(s) f for machines and/or operating 
systems, System Narne(s)”     
NOTE 1---Required for all implementations. 

NOTE 2 一 May be completed as appropriate in meeting the requirements for the identification. 

NOTE 3 一 TBe terms Name and Version should be interpreted appropnately to correspond with a     supplier's terminology (c.g., Type, Series, Model). 
  

132.8.2.2 Protocol summary 

  

Identification of protocol standard IEEE Std 802.3cd-20xx, Clause 132, Reconciliation 

Sublayer 《RS) and Media Independent Interface 
(S0GMID for 56 Gb/s operation 

  

Identification of amendments and corrizgenda to this 

PICS proforma that have been completed as part of this 
PES     
   

iy Excopriot nitems been required? No ff Yes [} 
© 21; the answer Yes means that the implementation does aot conform to TEEE Std 802.3cd-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 used for its intended purpose and may further publish the completed PICS. 
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era Feature Subclause Value/Comment Status Support 

*PHY PHY support of 50GMi 132.2 oO Yes [ | 

No [] 
*RS Reconciliation Sublayer 132.2 oO Yes ff 

support of SOGMIT Not] 

*UPE Implementation of LPI 132.4 o Yes { | 

No [|     

132.8.3 PICS proforma Tables for Reconciliation Sublayer (RS) and Media Independent 

interface (50GMi} for 0 Gb/s operation 

132.5.3.1 General 

  

  

  

                

  

  

  

item Feature Subcianse Valne/Comment Status Support 

Gi PHY support of MAC data rate | 132.1 Support MAC data rate of PHY:M Yes [] 
50 Gb/s NAT f 

G2 Cumulative MAC Control, 132.1.4 Per Table 132-3 RS:M Yes { } 
MAC, and RS round-trip delay N/A] 

432.5.3.2 Mapping of PLS service primitives 

Tern Feature Subclause /ane/Comment Status Support 

PLi Mapping to Cla: 132.1.7 RS implements mapping to RSM Yes [] 

Clause 6 PLS service N/AT I] 

        

  

primithves         
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133. Physical Coding Sublayer (PCS} for 64B/66B, type 50GBASE-R 

133.1 Overview 

133.1.1 Scope 

This clause specifies the Physical Coding Sublayer (PCS) that is common to a family of 50 Gb/s Physical 

Layer implementations known as SOGBASE-R. The 50GBASE-R PCS ts a sublaver of the 50 Gb/s PHYs 

bsted in Table 131-1. 

433.1.2 Relationship of S0GBASE-R to other standards 

Figure 133-1 depicts the relationships among the SOGBASE-R sublayers, the Ethernet MAC and Reconeth- 

ation Sublavers, and the higher lavers. 

The 50GBASE-R. PCS is identical to the 40GBASE-R PCS specified in Clause 82 with the following excep- 

tons: 

1) The nominal rate at the FEC or PMA service interface is 12.890625 Gh/s per PCS lane, rather than 

10.3125 Gb/s per PCS lane. 

2) The abgament marker spacing is modified such that alignment markers are inserted after every 

20 479 66-bit blocks on cach PCS lane, rather than after everv 16 383 66-bit blocks on each PCS 

lane as described in 82.2.7. 

3) The defintions of “current_am”, “am counter’, “bor_cnt” and “xus_ timer” in the state diagrams 

defined in 82.2.29 are modified to support the different ahgnment marker spacing and the different 

data rate. 

4) The optional EEE deep sleep capability is not supported. 

133.1.3 Summary of 50GBASE-R sublayers 

Figure {33-1 shows the relationship of the SOGBASE-R PCS sublayer (shown shaded) with other sublavers 

to the TSO Open System Interconnection (OST) reference madel. 

433.1.3.1 Physical Coding Sublayer (PCS) 

The PCS service interface is the S50GMIL, which is defined in Clause 132. The SOGMH provides a uniform 

interface to the Reconciliation Sublayer for all 80 Gb/s PHY implementations 

The SOGBASE-R PCS provides all services required by the SOGMITL 

133.1.4 Inter-sublayer interfaces 

The upper interface of the PCS may connect to the Reconciliation Sublaver through the SOGMOT. 

The lower interface of the PCS connects to the FEC sublayer. if the optional LAUI-2 interface (see 135B.1 

and 135C.1) is physically instantiated directly below the PCS sublayer, then the lower interface of the PCS 

iastead connects to the PMA. The 30GBASE-R PCS is based on 4 PCS Lancs and has a nominal rate at the 

FEC or PMA service interface of 12.890625 Gb/s per PCS lanc, which provides capacity for the MAC data 

rate of S0Gb/s. 

Ti is important to note that, while this specification defines interfaces in terms of bits, octets, and frames, 

implementations may choose other data-path widths for implementation convenience. 
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PRESENTATION if SOGMIE 一 多 
if ms ‘ SESSION 1/ 50GBASE-RPCS 

/ FEC 
TRANSPORT | / 

1 7/ PMA PHY 
a NETWORK |! y OND 

DATALINK i / AN t 
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50GBASE-R 

SOGMil = 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 

MDBI = MEDIUM DEPENDENT INTERFACE 
PCS = PHYSICAL COBING SUBLAYER NOTE 1—CONDITIONAL BASED ON PHY TYPE 

Figure 133-1—S0GBASE-R PCS relationship to the SOAEC Open Systems Interconnection 

(OS) reference model and IEEE 8062.3 Ethernet model 

733.1.4.1 PCS service interface (50GMID 

The PCS service interface allows the 50GBASE-R PCS to transfer information to and fram a PCS client. 

The PCS client is the Reconciliation Sublayer. The PCS Service Interface is defined as the SOGMIL 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 

particular implementation. The FEC or PMA Service Interface supports the exchange of encoded data 

between the PCS and the FEC or PMA sublayer. The FEC service interface is defined in 134.2. The PMA 

service interface ts defined in 135.3. 

133.1.5 Functional block diagram 

Figure (33-2 provides a functional block diagram of the 5OGBASE-R PCS. 
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    x 
FEC or PMA sublayer 

      

Figure 133—2--50GBASE-R PCS functional biock diagram 

133.2 Physical Coding Sublayer (PCS} 

433.2.1 Functions within the PCS 

The SOGBASE-R PCS shall have all of the functionality of the 40GBASE-R. PCS specified in Clause 82 

with the following exceptions: 

1) The nomial rate at the FEC or PMA service interface is 12.890625 Gb/s per PCS fane, rather than 

10.3125 Gb/s per PCS lane. 
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2) The alignment marker spacing is modtfied 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 cach PCS 

lane as described in 82.2.7. (See 133.2.2.) 

3) The definition of “current_am’”, “am counter” “ber cnt” and “xus_timer” in the state diagrams 

defined io 82 are modified to account for the different aligarnent marker spacing and the differ- 

ent data rate. (See 133.2.4.3 

  

4) The optional deep sleep mode of EEE is not supported. 

433.2.2 Alignment marker insertion 

The alignment marker insertion for the SOGBASE-R PCS is identical to the alkgnment marker insertion for 

the 40GBASE-R PCS described in 82.2.7, with the exception that the alignment markers shall be inserted 

after every 20 479 66-bit blocks on cach PCS lane, rather than after every 16 383 66-bit blocks on cach PCS 

lane as described in $ ?, Aligpment marker insertion is Wustrated in Figure 133-3 and Figure 133-4. 

      

  

  

  

  

  

  

  

PCSLaneO — lagn Biock 12 || lssb Block@ | | MarkerO |} | Sab Block 4 |] | 6b Block | 

PCSLanet {sep Biock 13. || ssbBiockg | | Marker || | 88b Biock 5 | | Seb Block 1 || 

PCSLane2 — eeh Block 14 || leap Block 19 |] | Marker2 | | ssbBlocks |] | 66b Block 2 | 

PCSLane3 | 6p Block 18 || | sab Block 11 | | warers |] sab Biock7 | [6b Biock 3 ||   

Figure 133-3——Alignment marker insertion 

py alignment marker 

  
  

  
  

  
  

  
  
  

pos tane 0 (IL ffi 

POS Lane) Tf TT 

PCS Lane 2 TT Hi [TB 一 TFT 

Pcs an 3 (TTT Ti | a a 
oO 

29 479 blocks between alignment markers 

Figure 133-4—Alignment marker insertion period 
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The format of the 50GBASE-R PCS aligament markers ts identical to the format of the 40GBASE-R PCS 

alignment markers described in 82.2.7 and shown in Figure 82-9. 

The content of the SOGBASE-R PCS alignment markers is identical to the content of the 4OGBASE-R PCS 

alignment markers described in 82.2.7 and shown in Table 82-3.   
  

133.2.3 PCS lane deskew 

The SOGBASE-R PCS receiver shall support a maximum Skew of 49 ns and a maximum 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 thase for the 40GBASE-R PCS defined in 

some variables, counters and timers are redefined as follows: 

  

: 19 with the exception that 

current_ am 
This vanable holds the lane mumber 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. 

ara counter 

This counter counts 66-bit blocks that separate two consecutive alignment markers. The termi- 

nal count is 20 479. 

ber_cnt 

This counter counts up to a maximum of 97 of the mumber 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 maximum delay contributed by the SOGBASE-R PCS (sum of transmit and receive delays at one end of 

the link) shall be no more than 1] 264 BT (22 pause quanta or 225.28 ns). A description of overall system 

delay constraints and the definitions for bit umes and panuse_quanta can be found in 151.4 and its references. 

133.4 Auto-Negotiation 

The following requirements apply to a PCS used with a SOGBASE-CR or SOGBASE-KR PMD where 

support for the Auto-Negotiation process defined in Clause 73 is mandatory. The PCS shall support the 

primitive AN LINK indicationG@ink status) (see 73.9). The parameter link status shall take the value FAIL 

when PCS_status=false and the valuc OK when PCS_status=truc. The primitive shall be generated when the 

value of link status changes. 
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133.5 Protocol implementation conformance statement (PICS) proforma for 

Clause 133, Physical Coding Sublayer (PCS) for 64B/66B, type 50GBASE-R® 

133.5.4 Introduction 

The supplier of a protocol implementation that is claimed to conform to Clause 133, Physical Coding Sub- 

layer (PCS) for 64B/66B, type 50GBASE-R, shall complete the following protocol implementation confor- 

mance statement (PICS) proforma. A detailed description of the symbols used 1 in the PICS proforma, along 

with imstructions for conrpleting the PICS proforma, can be found in Clauss 

  

133.5.2 identification 

733.5.2.1 Implementation identification 

  

Supplier’ 
  

Contact point for inquiries about the pres! 
  

implementation Name(s) and Version(s)'? 
  

Other information necessary for full identification—e.g., 

name(s) and version(s) for machines and/or operating 

systems; System Name(s)-     
NOTE 1-—- Required for all implementations. 

May be completed as appropriate in mecting the requirements for the identification. 
NOTE 3-—-The terms Name and Version should be interpreted appropnately to correspond wilh a suppher’s terminol- 

ogy (e.g Type, Series, Model. 

             

433.8.2.2 Protoce!l summary 

  

Identification of protocol standard TEEE Std 802.3cd-201x Clause 133, Physical Coding 

Sublayer (PCS) for 648/66B, type SOGBASE-R 
  

identification of amendments and corrigenda to this 

PICS proforma that have been completed as part of this     PICS 

Have any Exception ttems been required? No Yes | | 

(See C i; the answer Yes means that the implementation does not conform to TEER Std $02 3cd-201x.) 

  

  

  

Date of Statement         

®Copyright release for PICS proformas: Users of this standard may freely reproduce the PICS proforma in this subclause so that it can 

be used for its intended purpose and may further publish the completed PICS. 
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Kiem Feature Subclause Vahie/Comment Status Sepport 

PCS Supports SOGBASE-R PCS 33.8.1 M Yes [| 

functionality 

XGESO SOGMHE logical interface Logical interface is supported 3 Yes | | 

33.54 Nof} 

*MD MDIO 45, 82.3 Registers and interface oO Yes [ | 

supported No 

PMA Supports operation directly 133.1.4.2 O1 Yes [] 

connected toa PMA No {] 

FEC Supports operation directly 133.442 oO} Yes | 

connected to a FEC sublayer No { | 

*7TM Supports test-patiern mode PMAM {| Yes {} 
N/A]               

433.5.4 PICS Proforma Tables for Physical Coding Sublayer (PCS for 64B/66B, type 

50GBASE-R 

433.5.4.1 Coding rules 

  

  

     
  

  

  

  

  

  

  

  

  

  

  

          two consecutive sequence 
ordered sets may be deleted     

Kiem Feature Subclause Value/Comment Status Support 

Ci Encoder (and ENCODE M Yes |} 

function) implements the code 
as specified 

C2 Decoder (and DECODE M Yes { | 

funchon} implements the code 

as specified 

C3 Only valid block types are M Yes 上 
transmitted 

C4 fnvalid block types are treated =| 82.2.3 M Yes [ ] 
as an error 

C5 Only valid contro! characters 82 M Yes { | 

are transmitted 

C6 Invalid control characters are M Yes [| 

treated as ant error 

C7 fdles do not interrupt data 82 M Yes 上 

C8 IDLE control code insertion 3. Insertion or Deletion in groups | M ‘Yes | 

and delenon of 8 /A/s 

Co Sequence ordered set deletion §$2.3,5.9 Only one whole ordered set of | M Yes 上     
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Kiem Feature Subclause Value/Comment Status Support 

at Scrambler M Yes |} 

82 Descrambler M Yes { | 

433.6.4.3 Deskew and Reordering 

Kiem Feature Sabclause Value/Conmest Status Support 

DRI Deskew Able te deskew up to the value | M Yes 上 

in £33.23, 

DR2 Reordenng Performs reordering. M Yes {| 

133.8.4.4 Alignment Markers 

item Feature Subclause Value/Comment Status Support 

AMI Alignment marker insertion 133.22 Alignment markers are M Yes jj 

inserted periodically as 
described in section 133.2.2 

AM2 Alignment marker format 133.22 Alignment markers are formed | M Yes [} 

as described 3 

and 

ANB Lane mapping 3 PCS lane number is captured MDM Yes [ | 

N/A [4 

133,5.4.8 Test-patiern modes 

Rese Featare Subctause Vaine/Comment Status Sepport 

I Scrambled idle transmit Perforus as in $2.3. $3 JTM OM Yes {| 
test-pattern generator is N/AL 

implemented 

JT2 Scrambled idle receive Performs as in 82.2.{8 JTM IM Yes [ | 

test-patiern checker is inmple- AT 

mented 

iP Transmit and receive JTM:M Yes |} 

test-patiern modes can N/A[ ] 

operate sixanitancously       
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Kem Reature Subelause Yalue/Comment Status Support 
  

‘Transmit bit order 

  

Placement of bits i 

lanes as shown in 

  

M Yes | ] 

  

    
Receive bit order 

  

  

  
Placement of bits into the 

S50GM{ as shown in 

Dae 

M Yes { | 

        

433.5.4.7 Management 

  

  

                

  

  

   
  

  

  
  

  

  

  

  

  

    

  

  

Kem Feature Subclause Valne/Comment Status Support 

Mi Alerate access to PCS Man- 82. QO Yes {i 

agement objects is provided No {} 

133,6.4.8 State diagrams 

item Feature Subclause Value/Comment Statas Support 

i SMi S0GBASE-R Block Lock 133.24 tnaplements 4 block lock M Yes [ | 

processes as depicted in 

| SM2 The SLIP function evaluates 133.2.4 M Yes [ | 

all possible bit positions 

i 5M3 SOGBASE-R Alignment 133.2.4 Implements 4 alignment M Yes [ } 

Marker Lock marker lock processes as 

depicted in Pi 2-43 

i SM14 TheAM SLEP fictions eval- 133.24 M Yes [ | 

uates all possible blocks 

H SYS SOGBASE-R PCS deskew 133.2.4 Meets the requirements of M Yes | | 

state diagram F A 

i SMa SOGBASE-R BER Monitor 133.2.4 Meets the requirements of M Yes | | 

Figure 82-15 with 

xus_thuer_done set to 1 ms 

H SM7 SOGBASE-R Transmit process | 133.2.4 ; § the requitexnents of M Yes [ li 

H SM8 50GBASE-R Receive process 133.2.4 Meets the requirements of M Yes [J 

F 82-17         
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Kiem Feature Subclause Value/Comment Status Support 

Li Supports loopback 82 Performs as in S24 M Yes {] 

L2 When in loopback, transmits 82, Performs as in 82.4 M Yes [| 

what it receives from the 

S0GMII 

433.5.4.10 Delay constraints 

Kiem Feature Sabclause Value/Conmest Status Support 

TIMt PCS Delay Constraint 133.3 Ne more than 11 264 BT for M Yes {i 

sunt of transmit and receive 

path delays for SOGBASE-R. 

133,.6.4.11 Auto-Negotiation for Backplane Ethernet functions 

Rese Featare Subctause Vaine/Comment Status Sepport 

*AN Support for use with a 82.6 AN technology dependent 0 Yes [} 
SO0GBASE-CR or interface described in No 上 

S0GBASE-KR PMD “lause 73 

ANI AN_LINK indication primitive | 82.6 Support of the primitive ANIM Yes [ } 
AN LINK. indicationdink sta- N/AL] 

tus} 

AW2 link status parameter 82.6 Takes the value OK or FAIL, ANIM Yes | 

as described in 82.6 N/A[ ] 

AN2 Generation of AN_LINK indi- | 82.6 Generated when the vaine of AWM Yes jj 
cation primitive link status changes N/A[]                 
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134. Reed-Solomon Forward Error Correction (RS-FEC} sublayer for 

S0GBASE-R PHYs 

134.1 Overview 

134.1.4 Scope 

This clause specifies a Reed-Solomon Forward Error Correction (RS-FEC) sublayer for SOGBASE-R PHY. 

The RS-FEC sublayer for SOGBASE-R PHYs is identical to the RS-FEC sublayer for lOOGBASE-R PHYs 

specified in Clause 91 with the following exceptions: 

1} The service interface has four PCS lanes instead of 20 PCS lanes 

2) it only implements the RS(S44,514) Reed-Solomon encoder option defined in 93.5.2.7, 

3} The output of the Reed-Solomon encoder is distributed to two FEC lanes, rather than the four FEC 

lanes described in S2.5.2.8. 

  

4) The aligament marker processing is modified to account for the difference in the alignment marker 

format between the SOGBASE-R PCS (Clause 133) and the lOOGBASE-R PCS (Clause 82), for the 

fact that the ahgnment markers are mapped to two FEC lanes rather than four FEC lanes, and for the 

fact that the alignment marker mapping to the two FEC lanes needs to maintain a 10-bit alignment. 

5) 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 number of FEC lanes 

6) The states identified as optional in the FEC synchronization state diagram in 91.5.4.3 (Figure 91-8) 

are mandatory for the SOGBASE-R RS-FEC. 

7) The optional EEE deep sleep capability is not supported. 

$8) The optional FEC bypass correction feature is not sapported. 

134.1.2 Postion of RS-FEC in the 50GBASE-R sublayers 

Figure {34-1 shows the relationship of the RS-FEC sublayer to the ISOJIEC Open System Interconnection 

(OSD) reference madel. 

434.2 FEC service interface 

This subclanse specifies the services provided by the RS-FEC sublayer. The service interface is described in 

an abstract manner and docs 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 (sec 

Annex 135B) 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 summarized as follows: 

FECAS UNITDATA : request 

FECAS UNITDATA i indication 

FECIS SHGNAL indication 

The RS-FEC operates on four parallel bit streams, hence 7 = 0 to 3. 
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ETHERNET 
LAYERS 

| HIGHER LAYERS 

OS! / LLC OR OTHER MAC CLIENT 
REFERENCE - 一 MODEL / MAC CONTROL (OPTIONAL 

LAYERS / MAC 

APPLICATION hy | RECONCILIATION 

PRESENTATION ff 50GMI 一 各 
f f 

i of i fo 50GBASE-R PCS SESSION pf 

TRANSPORT | / / 
jf PMA PHY 

NETWORK / BMD 

DATALINK |/ AN | 

PHYSICAL MDI -一 此 

MEDIUM & 

50GMI = 50 Gb/s MEDIA INDEPENDENT INTERFACE PMA = PHYSICAL MEDIUM ATTACHMENT 
AN = AUTO-NEGOTATION PMD = PHYSICAL MEDIUM DEPENDENT 
LLC = LOGICAL LINK CONTROL RS-FEC = REED-SOLOMON FORWARD ERROR 
MAC = MEDIA ACCESS CONTROL CORRECTION 
MDI = MEDIUM DEPENDENT INTERFACE 
PCS = PHYSICAL CODING SUBLAYER NOTE 1—CONDITIONAL BASED ON PHY TYPE 
PHY = PHYSICAL LAYER DEVICE 

Figure 134~1—RS-FEC relationship to the ISONEC Open Systems Interconnection (OS!) 

reference model and the IEEE 602.3 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 12.890625 Gb/s. The RS-FEC contimiously sends four paralicl bit streams to the 

PCS or PMA, one per PCS lance, 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 vahie 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 FATL when the FEC receive function is unable to 

reliably establish codeword boundaries as indicated by fec_align status equal to faise. When SIGNAL OR 

is FAIL, the rx_bit parameters of the FECIS UNITDATA / indication primitives are undefined. 

134.3 PMA compatibility 

The RS-FEC sublayer requires that the PMA service interface consist of exactly two upstream FEC lanes 

and exactly two downstream FEC lanes, with each lanc running at a norninal signaling rate of 26.5625 Gb/s. 

Therefore, the RS-FEC sublayer may be a client of the SOGBASE-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 maximum delay contributed by the RS-FEC sublayer (sum of transmit and recetve delays at one end of 

the link) 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 pause_quanta can be found in 131.4 and its references. 

134.5 Functions within the RS-FEC sublayer 

434.8.1 Functional block diagram 

A functional block diagram of the RS-FEC sublayer is shown in Figure 134-2. 

434.5.2 Transmit function 

134.8.2.4 PCS Lane block synchronization 

The RS-FEC transmit fimction forms four bit streams by concatenating the bits from cach of the four 

FECIS UNTTDATA ‘request primitives in the order they are received. It obtains lock to the 66-bit blocks 

in cach bit stream using the syne headers and outputs 66-bit blocks. Block lock is obtained as specified in the 

block Jock state diagram shown in 2 82-12, but using the variable definitions fromm 133.2.4. 

  

134,6.2.2 PCS Alignment lock and deskew 

Once the RS-FEC transmit function achieves block lock on a PCS lane, it then begins obtaining alignment 

marker lock as specified by the alignment marker lock state diagram shown in Figure 82-13, but using the 

variable definitions from 133.2.4. This process identifies the PCS lane mumber received on a particular lane 

of the service interface. After alignment marker lock is achieved on all four PCS lanes, all inter-lane Skew is 

removed as specified by the PCS deskew state diagram shown in Signre S$2~14, but using the variable defini- 

tions from 133.2.4. The RS-FEC transmit function shall support 4 maximum Skew of 49 ps and a maximum 

Skew Variation of 0.4 ns, Skew and Skew Variation are defined in 131.5, 

  

  

  

434.5.2.3 PCS Lane reorder 

PCS lanes can be received on different lanes of the service interface from which they were originally trans- 

mutted duc to Skew between lanes and multiplexing by the PMA. The RS-FEC transmit function shall order 

the PCS lanes according to the PCS lance number. 

134,6.2.4 Alignment marker removal 

After al PCS lanes are aligned and deskewed, the PCS lanes are multiplexed together in the proper order to 

reconstract 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 doos not 

match the expected alignment marker value (due to a bit error for cxample). Repeated alignment marker 

errors result in am_lock being set to false for a given PCS lanc, but until that happens it is sufficient to 

remove the block in the alignment marker position. 

As part of the alignment marker removal process, the BIP, field is compared to the calculated Bit Inter- 

leaved Parity (BIP) valuc (see 82.2.8) for each PCS lane. If a Clause 45 MDIO is implemented, then the 

appropriate BIP error counter register (registers 1.230 to 1.233) is incremented by one cach time the calce- 

lated BIP value does not equal the value received in the BIP; field. The incoming bit error ratio can be esti- 
mated by dividing the BIP block error ratio by a factor of 1 351 680. 
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FECIS UNITDATA 3 request | FECIS UNITDATA 3 indication 
i Hi 

PCS Lane block Alignment 
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il & 

PCS Alignment fock Block 

and deskew distribution 
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¥ mapping 

4 
PCS Lane reorder Transcede 

¥ 

Alignment Alignment 

removal removal 

4 

Transcock Alignment Reed-Solomon 
ranscode mapping decoder 

y. 

多 

Alignment oo 
insertion FEC Lane reorder 

4 

Reed-Solomon FEC Afloanment lock 

encoder and deskew 

x 

¥ 

Symboli 

distribution 
, RS-FEC sublayer 

PMA:IS_UNITDATA_O.request to PMAIS UNITDATA_0 indication to 
PMA:IS_UNITDATA_1 request PMAIS UNITDATA_1 indication 

PMANS SIGNAL indication     

PMA sublayer 
      

Figure 134—2--Functional block diagram 

134,5.2.5 64B/66B to 2568/257B transcoder 

The 645B/66B to 256B/257B transcoder is identical to the transcoder for the IOOGBASE-R RS-FEC sublayer 

defined in 94.5.2.5, 
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134.5.2.6 Allgnment marker mapping and insertion 

The alignment markers that were removed per 134.5.2.4 are re-inserted after being processed by the ahign- 

ment marker mapping function. The alignment marker mapping function comipensates 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 recetver. The RS-FEC receive function uses knowledge of this mapping to determine the 

FEC lane that is received on a given lane of the PMA service interface, to compensate for skew between 

FEC lanes, and to identify RS-FEC codeword boundaries. 

The alignment marker mapping function operates on a group of four aligned and reordered alignment mark~ 

ers trecerved from the PCS. Let am_tx_x<65:0> be the alignment marker for PCS lane x, x=0 to 3, where bit 

0 ls the first bit transmitted. The alignment markers shall be mapped to am_txmapped<256:0> in a manner 

that yields the same result as the following process. 

For x=0 to 3, amp tx _x<63:0> is constructed as follows: 

— Sety=0 whenx < 1, otherwise set y =x 

“(bits 25 to 2) using the vahies in 

     

-一 amp tx x<23:0> is set to Mo, Mi and Mo as shown my 

Yablic 82~3 for PCS lane number 也 

-一 amp tx YX3124> 3 ix Y<33:26> 

-一 amp _ ix _*<55:32> is set to My, Ms, and Mz, as shown inf S2--%} (bits 37 to 34) using the values 

Taine 82-3 for PCS lane number v. 

      

-一 aoyp 这 Y<63:506> = am_ix_x«<65:58> 

This process replaces the fixed bytes of the aligarnent markers received from the PCS, possibly with orrors, 

with the values from Ts 2-3, In addition it substitutes the fixed bytes of the alignment markers corre- 

sponding to PCS lane | with the fixed bytes for the alignment marker corresponding to PCS lane 0. The vari- 

able bytes of the alignment markers received from the PCS (BIP; and BIP.) are unchanged. This simplifies 

the synchronization process at the RS-FEC receiver, as the receiver only needs to search for the fixed align- 

ment marker bytes corresponding to PCS lane 0 on each FEC lance. 

  

am_txpayloads<0,129:0> and am_txpayloads<1,125:0> are then constructed from amp tx as follows: 

-一 am_ tspayioads<0.63:0> = amp tx 0<63:0> 

一 30 txpayloads<0, 127:64> = amp tx_2<63:0> 

— ami txpayloads<0, 129:128> = amp tx_3<57:56> 

-一 aro_txpayloads<1, 63:0> = amp tx_1<63:0> 

A tn
 

人
 

2
 V — am_txpavioads<1, 119:64> = amp tx 3< 

-一 at tpayioads<1. 125:120> = amp tx 3<63:38> 

This process is an intermediate step in the generation of am txmapped<256:0>. and is ilunstrated in 

Figure 134-3. 

Given 0 to 1, 4=0 to 12, and y=i+24, am_txmappod<245:0> is constructed from am_txpayloads as follows: 

一 if@<25) then am_txsmapped<(i0y+9)}:10v> = am_txpayloads<i, (0A+9): 104> 

-一 ao txmapped<255:250> = am_txpayloads<1, 125:120> 

A. 1-bit pad is appended to the mapped alignment markers to yield the equivalent of one 257-bit block. The 

pad bit, am_txmapped<256>, shall be set to 0 or 1 in an alternating pattern. 
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am_txmapped<256:0> is mserted into the data path pnor 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_ixmapped<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 resuit of this alignment mapping process is that after Reed-Solomon encoding and symbol distribution 

(134.5.2.7 and 134.5.2.8 respectively), the aligarnent marker bit patterns 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 infornation to lock onto the two FEC Janes and to identify the FEC codeword boundaries. 

An additional result of this aligament mapping process, is that the BIP, and BIP; fields from normal PCS 

alignment markers are carried across the link protected by FEC. These fields cannot be used to monitor 

errors on the link protected by FEC as 64B/66B to 256B/257B transcoding and Reed-Solomon encoding 

alters the bit sequence. However, these fields may again be used to monitor errors after the ongimal bit 

sequence is restored, te following Reed-Solornon decoding and 256B/257B to 64B/66B transcoding. 

  

  

      
  

                

    

FEC Reed-Solomon symbol index, k (10-bit symbols} 

Lane 7 1 7 1 7 1 
ofa 2iaia]s)e|7| a) 9 fois] 12/13) 14/5 | 16] 17] 18/49 

Lane 0 arap bx _0(0:63} amp_tx_2(0:63) 

0 63} 0 63 b_scrarnbled 

Lane 1 amp_<_1(8:63) amp_tk_3(0:55,58:63) | 
0 63| 0 61K 

“Samp_tx_3(56:57) 
Start of FEC codeword 4x 257-bit AM block (including 14 bit pad) 41-bit pad 

Figure 134-3—Alignment marker mapping to FEC lanes 

134.5.2.7 Reed-Solomon encoder 

  

The Reed-Solomon encoder is identical to the RS(544,514) Reed-Solomon encoder defined in 93.5 

434.6.2.38 Symbol distribution 

Once the data has been Reed-Solomon encaded, it is distributed to two FEC lanes, one 10-bit symbol at a 

time in a round robin distnbution from the lowest to the highest murmbered FEC jane The distribution pro- 

cess is Shown in Figure 134-4. 

134,6.2.9 Transmit bit ordering 

The transmit bit ordering ts Ulustrated in Figure 134-4. 

134.5.3 Receive function 

434.5.3.1 Alignment iock and deskew 

The RS-FEC receive function forms two bit streams by concatenating the bits from cach of the two 

PMAHS UNFPDATA findication primitives in the order they are recerved. It obtains lock to the alignment 

markers as specified by the FEC synchronization state 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 is removed as specified by 

the FEC aignment state diagram shown in -9. The FEC receive function shall support a maximum 

Skew of 180 ns between FEC lanes and a maxinvurn Skew Variation of 4 ns. 

   

134.5.3.2 FEC Lane reorder 

FEC lanes can be recerved 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 

134.5.2.6). The FEC lane number is defined by the sequence of aligament markers that are mapped to each 

FEC lane. 

After all FEC lanes are aligned, deskewed, and reordered, the FEC lanes are multiplexed together in the 

proper order to reconstruct the original stream of FEC codewords. 

134.5.3.3 Reed-Solomon decoder 

The Reed-Solomon decoder extracts the message symbols from the codeword, corrects them as necessary, 

and discards the parity svmbols. 

The RS-FEC sublayer shall be capable of correcting any combination of up to 15 symbol errors in a code- 

word. The RS-FEC sublayer shall also be capable of indicating when an errored codeword was not cor- 

rected. The probability that the decoder fails to indicate a codeword with t+1 errors as uncorrected is net 

expected to exceed 10°. This limit is also expected to apply for t+2 errors, 1+3 errors, and so on. 

The Reed-Solomon decoder shall indicate errors to the PCS sublayer by intentionally corrupting 66-bit 

block synchronization headers. When the decoder determines that a codeword contains errors that were not 

corrected, it ensures that for every other 257-bit block within the codeword starting with the first (Ist, 3rd, 

5th, etc.), the synchronization header for the first 66-bit block at the output of the 2568/2575 to 64B/66B 

transcoder, rx_coded_O0<1:0>, is set to 11. In addition, it shall ensure that rx_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- 

ward are set to LL. Setting rx_coded_6<1:0> to 11 as described causes the PCS to assign R BLOCK - 

TYPE=E to the 66-bit block and decode its content as EBLOCK_R (see 49.2.33.2.i and 49.2.13.2.3). This 

causes the PCS io discard all frames 64 bytes and larger that are fully or partially contained within the code- 

word. 

   

The Reed-Solomon decoder may optionally provide the ability to bypass the error indication feature to 

reduce the delay contributed by the RS-FEC sublayer. The presence of this option is indicated by the asser- 

tion of the FEC bypass indication ability variable (sec 134.6.2). When the option is provided it is enabled 

by the assertion of the FEC_bypass_indication enable variable (see 134.6.1). 

When FEC bypass indication enable is asserted, additional error monitoring is performed by the RS-FEC 

sublayer to reduce the likelihood that errors in a packet are not detected. The Reed-Solomon decoder counts 

the number of symbol errors detected 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 each subsequent 66-bit block that is delivered to the PCS to 

be assigned a value of 00 or 11 fora period of 60 ms to 75 ms. As a result, the PCS sets bi ber = true, which 

inhibits the processing of received packets. When Auto-Negotiation is supported and enabled, assertion of 

hi ber causes Anto-Negotiation to restart. 

134.5.3.4 Alignment marker removal 

The first 257 message bits in every 1024th codeword is the vector am_rxmapped<256:0> where bit 0 is the 

first bit received. The specific codewords that inchide this vector are indicated by the ahgnment lock and 

deskew function (see 134.5.3.1). 
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The vector ama_rxmapped shall be rernoved prior io transcoding. 

134,5.3.5 2563/2876 to 648/668 transcoder 

The 256B/257B to 64B/66B transcader is identical to the transcoder forthe lJOOGBASE-R RS-FEC sublayer 

defined in 91.5.3. 

  

134.5.3.6 Block distribution 

Afier the data has been transcoded, it shall be distributed to four PCS lanes, one 66-bit block at a time ina 

rouod robin distribution from the lowest to the bighest pumbered PCS lanes. The distribution process is 

shown in Figure RS2 

  

434.5.3.7 Alignment marker mapping and insertion 

The alignment marker mapping finction compensates for operation of the lane reorder function (see 

134.5.2.3) to derive the PCS lane alignment markers, am rm x<65:0> for x=0 to 3, from am_rx- 

mapped<256:0> (see134.5.3.4). 

The alignment markers shali be derived from am_rxmapped<256:0> in a manner that yields the same result 

as the following process. 

Given 0 to 1, k=0 to 12, and p=i+2k, am_rxpayloads is constracted from am rxmapped as follows:. 

一 ift <25) then am_rxpayloads<i, (04+9):10k> = am_ rxamapped<(10y+9): LOy> 

-一 ar rxpayloads<1, 125:120> = am rmapped<255:250> 

The one bit pad am_rxmapped<256> is ignored by the receiver. 

For x=0 to 3, amp rs_x<63:0> is constructed from am_rxpayloads as follows: 

— amp rm _0<63:0> = am_rxpayloads<0, 63:0> 

一 amp rx 1<63:0>=am_rxpayloads<1, 63:0> 

-一 apip rx 2<63:0> = am_rxpayloads<0, 127:64> 

一 30p rm 3<3545:0>=am_rxpayloads<i, 119:64> 

-一 amp rx 3<57:56> = am rxpayloads<0, 129:128> 

-一 arap rx 3<63:58> = am_rspavioads<1, 125:120 

For x=0 to 3, am_rx_x<65:0> is constructed as follows: 

— ami rx x<0>=1 and am rx x<i>=0. 
   

  

aed © 82-9 using the values in Table 82-3 £ 

  

-一 am rx ¥<25:2> is set to My, My, and M, as shown in 

PCS lane number x. 

-一 am tx x<33:26> = amp rsx Y<31224>. 

  

-一 ai x<37:34> is set to My, Ms, and Mg as shown ia } 

for PCS lane mumber x. 

  

vo 82-9 using the values ia 

-一 amar x<65:58> = amp rx x<63:56> 

One vector is mapped to four alignment markers every | 024 Reed-Solomon codewords (see 134.5.3.4). The 

alignment markers are sumultancously transmitted on the four PCS lanes after every 20 4798 column of four 

66-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_0 to rx_coded_3, respectively, as derived from the first 257-bit block following am_rxmapped 

434.6.3.8 Receive bit ordering 

The receive bit ordering is illustrated im Figure 134-5. This illustration shows the case where the FEC lanes 

appear across the PMACIS UNITDATA / indication primitives in the correct order. 

134.5.4 Detailed functions and state diagrams. 

The state diagrams, inchiding the assoctated definitions of variables, functions and counters, are identical to 

those for the LOOGBASE-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 alignment marker spacing and oumber of 

FEC lanes. 

in addition, EEE optional deep sleep capability is not supported for SOGBASE-R PHYs and therefore any 

reference to the optional EEE deep sleep capability in 91.5.4 can be ignored. 

134.8.4.1 State diagram conventions 

The state diagram conventions are identical to those defined m1 93.5.4. 

《34.5.4.2 State variables 

34.5.4.2.4 Variables 

This following variables are redefined from what is described in 91.5.4.2.1: 

amp valid 

Boolean variable that is set to te if the received 64-bit block is a valid alignment marker pay- 

load. The alignment marker payload, mapped te an FEC lane according to the process 

described in £34.5.2.6, consists of 48 known bits and 16 vanable bits (the BIP3 ficid and its 

complement BIP7 see 82.2.7). The bits of the candidate block that are in the posttions of the 

known bits in the ahenment marker payload are compared on a mbble-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 

marker payload. Each FEC lane compares the candidate block to the alignment marker payload 

for PCS Lane 0. 

  

armnps lock<x> 

Boolean variabic that is set to trae 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 hoids the FEC lane number (6 to 1} received on lane x of the PMA service 

interface when anyps lock<x> = trac. The FEC lane number is determined by the alignment 

marker payloads im the 2nd position of the sequence based on the mapping defined in 

134.5.2.6. The 48 bits that are in the positions of the known bits in the received alignment 

marker payload are compared to the expected vahies for a given payload position and FEC lane 

ona nibble-wise basis (12 comparisons). [If no more than 3 mibbles in the candidate block fail 

to match the corresponding known mibbles on a given FEC lane, then the FEC lane number is 

assigned accordingly. 

fec_ipi iw 

Boolean vadable 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 to false otherwise. This variable shall always be set to true. 
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fec_optional states 

Boolean variable that is ahways set to truc to indicate that the optional states in the FEC syn- 

chronization state diagram in Figure 91-8 are implemented. 

434,.5.4.2.2 Functions 

  

The functions are identical to those defined in Si 

434.5.4.2.3 Counters 

This following counters are redefined from what is described in 91.5.4.2.3: 

amp counter 
This counter counts the 1024 FEC codewords that separate the ends of bwo consecutive nor- 

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 93.5.4.5. 

134.6 RS-FEC MDIO function mapping 

The optional MDIO capability described in Clause 45 defines several registers that provide control and 

status information for and about the RS-FEC. HW MDIO is implemented, it shall map MDIO control bits to 

RS-FEC control variables as shown in Table 134-1, and MIO status bits to RS-FEC status variables as 

shown in Table 134—2, and if a separated PMA (see 45.2.1) is connected to the FEC service interface (¢.g., if 

the RS-FEC and PCS are separated via a LAUL-2 interface) it shall map additional MDIO status bits to addi- 

tional RS-FEC status variables as shown in Table 134-3. 

Table 134-1—MDIO/RS-FEC contro! variable mapping 

  

  

MDIO control variable PMA/PMD register name Register/bit FEC variable 
" mumber 

FEC bypass indication enable RS-FEC control register 1,200.3 FEC bypass indication enable             

The following subclauses define variables that are not otherwise defined, e.g for use by state diagrams. 

134.6.1 FEC bypass indication_enable 

This variable is set to one to bypass the error indication function (see 91.8.3.3) when this ability is sup- 

ported. When this variable is set to zero, the decoder indicates errors to the PCS sublayer. The default value 

of this variable is zero. This variable is mapped to the bit defined 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 $i.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 ts set to zero if this ability is not supported. This vari- 

able is mapped to the bit defined in 45.2.1.102 C..201.1). 
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Table 134~2--MDIO/RS-FEC status variable mapping 

  

  

MDIO control variable PMA/PMD register name Register/bit FEC variable 
" mumber 

FEC bypass indication ability RS-FEC status register 12044 FEC _bypass_indication ability 
  

RS-FEC high SER RS-FEC status register 1201.2 hi_ser 
  

  
FEC AM lock x, x=0 to 1 RS-FEC status register 1.201.8:9 amps _lock<x> 

RS-FEC align status BRS-FEC status register 1.204814 fec_align status 
  

PEC corrected codewords RS-FEC corrected cade- 

words counter register 

1,202, 1.203 FEC_cortected_cw_countet 

  

FEC uncorrected codewords RS-FEC uncorrected code- 
words counter register 

1.204, 1.205 FEC uncorrected_cw_counter 

  

      to 于     FEC lane x mapping RS-FEC lane mapping 1,206 FEC lane _mapping<x> 

register 

FEC symbol errors, FEC lanes RS-FEC symbol error 1.210 to FEC_symbol_error_counter_i 

Gto t counter register, FEC lanes | 1.213     

Table 134-3-——-MDIO/RS-FEC status variable mapping for separated PMA 

  

  

  

  

  

      status 3 register     

MIO contre! variable PMA/PMB register name Register/ bit FEC variable 
number 

PCS align status RS-FEC status register 1,201.15 align status 

BI etrors, PCS lanes 0 to 3 RS-PEC BEP error counter 1.230 to BIP_error_counter_/ 

register, PCS lanes 0 to 3 1,233 

PCS lane x mapping PCS lane x mapping register 1.230 to lane_mapping<x> 

1.253 

Block x lock RS-FEC PCS alignment 1.280 block _lock<x> 
status 1 register 

Lane x aligned RS-FEC PCS alignment 1.282 am_lock<x>     

434.6.3 hi_ser 

This variable is ¢ 

dow of 8 19 2 codewords exceeds the threshold (see $2.5. 

mapped to the bit defined in 45.2.1.102 (1.201.2). 

434.6.4 amps lock<x> 

These variables are assigned by the FEC alignment state diagram shown in Figure 9} 

134.5.4}. They are mapped to the bits defined in 45.2.1.102 (1.201.8 to 1.261.9 for FEC | lanes 0 to L respec- 

tively). 
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134.6.8 fec_align status 

This variable assigned by the FEC ahgnment state diagram shown im Fig 

mapped to the bit defined im 45.2.1.102 (1.201.14). 

134.6.6 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 cach corrected FEC codeword processed 

whenfec align status is tec. This variable is mapped to the registers defined im 45.2.1.193 (1.202, 1.203).     

134.6.7 FEC uncorrected cw_counter 

An uncorrected FEC codeword is a codeword that contains errors (when the bypass correction feature is sup- 

ported and enabled) or contains errors that were not corrected (when the bypass correction feature is not sup- 

poried or not enabled). 

FEC uncorrected cw counter ts a 32-bit counter that counts once for each uncorrected FEC codeword pro- 

cessed when fec align status is truc. This variable is mapped to the registers defined in 45.2.1. 104 (1.204, 

1.205}, 

134.6.8 FEC lane _mapping<x> 

When the RS-FEC receive function detects and locks to an alignment marker payload on PMA service inter- 

face lane x, the FEC lane number corresponding to the detected alignment marker payload is assigned to the 

variable FEC lane _mapping<x>. These variables are mapped to the register defined ip 48.2.1 10S C206). 
  

934.6.9 FEC symbol_error_counter_i 

FEC symbol error _counter_i, where 0 to 1, is a 32-bit counter that counts once for cach 10-bit symbal 

corrected on FEC lane i when fec_align status is true. These variables are mapped to the registers defined in 

45.2.1,106 and 43.2 2.107 (1.216 to 1.213). 

  

134.6.16 align status 

This variable is assigned the value of rx_align status as defined by the PCS deskew state diagram shown in 

82-14 (see 134.5.2.2) lt is mapped to the bit defined in 45.2.1.102 (1.201.15).    

434.6.11 BIP_error_counter_/ 

BIP error counter 7, 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 

in 45.2.1.108 and 45.2.3, 109 (1.236 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 mumber corresponding to the detected abgnment marker 1 is assigned to the variable jane - 

apping<o> These variables are mapped to the registers defined in : Lid and 48.2.4. 121 (1.230 to 

1.233). 
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434.6.13 block lock<x> 

These variables are assigned by the block lock state diagram shown in Sigur 

are mapped to the registers defined in 45.2.3.1 12 (1.280). 

iZ (ee 1345.2. 1). They 

  

434.6.14 am_lock<x> 

These variables are assigned by the alignment marker lock state diagram shown in F 

134.5.2.2}. They are mapped to the registers defined in 4S 4 1.282). 

  

134.7 Protocol implementation conformance statement (PICS) proforma for 

Clause 134, Reed-Solomon Forward Error Correction (RS-FEC} sublayer for 

50GBASE-R PHYs7 

434.7.4 Introduction 

‘The suppher of a protocal implementation that is claimed to conform to Clause 134, Reed-Solomon Forward 

Error Correction (RS-FEC) sublayer for 50GBASE-R PHYs, shall complote the following protocol implc- 

mentation conformance statement (PICS) proforma. 

A detaifed description of the svmbols used in the PICS proforma, along with instructions for completing the 

PICS proforma, can be found in € S20. 

134.7 2 identification 

134.7.2.1 implementation identification 

  

  

Supplier’ 
  

Contact point for inquiries about the pics! 
  

Implementation Name(s) and Version(s}}° 
  

Other information necessary for full identification-—e.g., 

name(s) and version(s) for machines and/or operating 
: ) 

systems; System Name(sy     
NOTE 1-—- Required for all implementations. 

NOTE 2-- May be completed as appropnate im meeting the requirements for the identification. 
‘OTE 3—The terms Name and Version should be interpreted appropriately to correspond with a supplicr’s 

terminology (¢.2., Type, Series, Model). 

     
        

Ven 了 ~ 一 Cr 了 2 A 4 了 ores Ps + : + 
‘Copyright release for PICS proformas: Users of this standard mav freely reproduce the PICS proforma in this subclause so that it can 

be used for its intended purpose and may further publish the completed PICS. 
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identification of protocol standard IEEE Std 802.3cd-201x Clause 134, Reed-Solomon 

Forward Error Correction (RS-FEC) sublayer for 
SOGBASE-R PHYS 

  

PICS 

identification of amendments and corrigenda to this 

PICS proforma that have been completed as part of this     
(See © 

Have any Exception items been required? 

21; the answer Yes means that the inyplementation does not conform to TEEE Std 802.3-201%.) 
No Yes 

  

    Date of Statement 
      

134.7.3 Major capabilities/options 

  

  

  

  

Tien Feature Subclause Value/Comment Status Support 

i RS-FEC Supports 50GBASE-R RS- 34.11 M Yes [ | 

FEC functionality 

*MD MIO capability 45, 134.6 Registers and interface 外 Yes | 

supported No ff 

*BEI Bypass error indication 134.5.3.3 Capability is supported o Yes [ } 

No 有                 

134.7.4 PICS proforma tables for Reed-Solomon Forward Error Correction (RS-FEC) sub- 

layer for SOGBASE-R PHYs 

134.7 .4.1 Transmit function 

  

  

  

  

  

  

    

Ktem Feature Subchause Vahie/Comument Status Suppert 

i TFT Skew tolerance £34.5.2.2 Maximum Skew of 49 ns M Yes 上 

between PCS lanes and a 
maximum Skew Variation of 

H 400 ns. 

TF2 Lane reorder 1345.23 Order the PCS lanes accord- M Yes { | 

ing to the PCS lane mumber 

TF3 648/668 to 256B/257B 134,5.2.5 tx_xcoded<256:0> M Yes ff 
transcoder constructed per 134.5.2.5 

TR4 257-tit block transmission 134.5.2.5 First bit transmuitied is bi 0 ML ‘Yes | } 

order 

TES Alignment maker mapping 134.5.2.6 Map to am_ix- M Yes | 

mapped<256:6> per 134.5.2.6 

TF6 Pad value 134.3.2.6 Set to 0 or i in an alternating M Yes [ | 
pattern               
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Tien Feature Subclause Value/Comment Status Support 

TP7 Alignment marker insertion £34.5.2.6 First 256 nressage bits to be M Yes [] 
transmitted from every 1024th 

codeword 

TF8 Alignment marker insertion 134.5.2.6 First 257-bit block inserted M Yes [ | 

point after am_ixmapped corre- 

sponds to the four 66-bit 

blocks received on PCS lanes 
0, 1, 2, and 3 that immediately 
followed the alignment 

marker on cach respective 

lane 

TFS Reed-Solomon encoder 134.5,2.7 M Yes [ { 

TPIG Symbol distribution 134.5.2.8 Distributed to 2 FEC lanes, M Yes { | 
one 10-bit symbol at a time in 

around robin distribution 

from the lowest to the highest 

numbered FEC lane 

4134.7.4.2 Receive function 

Tem Feature Subclause Value/Comment Status Support 

H RFI Skew tolerance 134.5.3.4 Maximum Skew of 180 ns M Yes [ | 

between FEC lanes and a 
maxiniuua Skew Vatiation of 

i 4ns 

RE2 Latie reorder 134,5.2.3 Order the FEC lanes accord- M Yes | | 

ing to the FEC lane number 

RES Reed-Solomon decoder for 134.5.3.3 Corrects any combination of M Yes { | 
RS(S44,514) up to = 15 symbol errors in a 

codeword, 

RFA Reed-Solomon decoder 134.5.3.3 Capable of indicanng whena | M Yes | } 

codeword was not corrected. 

RFS Error indication function 134.5.3.3 Corrupts 66-bit block syn- M Yes [ | 

chronization headers for 

unconected errored code- 

words. 

RE7 Error monitoring while error 134,5.3.3 When the number of symbols | BELM Yes | | 
indication is bypassed errors ina block of 8 192 N/AT] 

codewords exceeds A, cor- 
rapt 66-bit block synchroniza-~ 

tion headers 

RFS Symbol error threshold for 134.5.3.3 K=63860 BECM Yes [| } 

RS(S44,514) N/A] 

RES Algnment marker removal 134.3.3.4 am_rxmapped removed prior | M Yes Ef 

to transcoding 

RFIG 256B/257B to 648/668 134.5.3.5 rx_coded_/<65:0>, j=0 ta 3 M Yes |} 
transcoder constructed per 134.5.3.5                 
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Tien Feature Subclause Value/Comment Status Support 

RFIL Block distribution £34.5.3.7 One 66-bit block ata time ina | M Yes 上 
round robin fashion frore the 

lowest to the highest mum~ 

bered PCS lane 

RE Alignment marker mapping 134.5.3.7 Map to am rx xy, x=Oto3 per | M Yes [| 
134,5,3.7 

REI3 Algnment marker insertion 134.3.3.7 Alignment markers inamedi- M Yes Ef 

point ately followed by the 66-bit 

blocks derived from the 
257-bit blocks immediately 

following am_rxmapped 

134.7.4.3 State diagrams 

Hem Feature Subclause Value/Comment Status Support 

SDI SLIP function 134.3.4.2.2 | Ensure that all possible biock | M Yes [ | 
positions are evaluated 

SD2 Synchronization process 134.5.4,3 One instance per FEC lane per | M Yes 上 

Figuye 93-8 

5D3 Alignment process 134.3.4.3 Per Fy M Yes Ef 

134.7.4.4 Delay Constraints 

Kiem Feature Sabclause Value/Conmest Status Support 

TIMI RS-FEC Delay Constraint 134.4 Ne more than 25 600 BT for ML Yes | ] 

        
sunt of transmit and receive 

path delays.         
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135. Physical Medium Attachment (PMA) sublayer, type SOGBASE-R and 

1OO0GBASE-P 

135.1 Overview 

738.1.4 Scope 

This clause specifies the Physical Mediura Attachment sublayer (PMA) for the families of 50 Gb/s and 

100 Gb/s PAM4 Physical Laver implementations known as SOGBASE-R (see 131.1.3) and LOOGBASE-P 

{see 80.1.4). The PMA allows the PCS (ee Clause 133 and Clause 82} and FEC (see Clause 134 and 

Clause 91) to connect in 4 media-independent way with 4 range of physical media. The SOGBASE-R PMA 

can support any of the 30 Gb/s PMDs in Table 131-1 and the 100GBASE-P PMA can support any of the 

100 Gb/s PAM4 PMBs according to Table 80-3 and Table 80-4a. 

S50GBASE-R and iGOGBASE-P PHYs can be extended to support any full duplex medium requiring only 

that the PMD be compliant with the appropriate PMA interface. 

The interfaces for the inputs of the SOGBASE-R and LOOGBASE-P PMAs are defined in an abstract manner 

and do not imply any particular implementation. For 5OGBASE-R PMAS electncal interfaces connecting 

PMA sublayers, known as LAUT-2 and S0GAUI-n, are defined in Clause 1345B through Clause 135G. For 

1OOGBASE-P PMAs. electrical interfaces connecting PMA sablayers, known as LOOGAUT-n, are defined in 

Clause 135D through Clause 134G. 

138.1.2 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 sublavers to the FSO 

Open System Interconnection (OSD teference model 

138.1.3 Summary of functions 

The following is 4 summary of the principal fimctions implemented (when required} by the PMA in both the 

transmit and receive directions: 

a) Adapt the PCSL/FECL-formatted signal to the appropriate number of abstract or physical lanes. 

b)》 =- Provide per-input-lane clock and data recovery. 

Cj Provide bi-level multiplexing. 

dj) Provide clock generation. 

e) Provide signal drivers. 

tf} Optionally provide local loopback to/from the PMA service interface. 

2) Optionally provide remote loopback to/from the PMD service interface. 

h) Optionally provide test-pattern generation and checking. 

i} ~=- Tolerate Skew Variation. 

3) Perform PAM4 encoding and decoding when required 

PAM4 encoding and decoding is required for SOGBASE-R PMAs where the mimber of physical lanes is | 

and for JOOGBASE-P PMAs where the mimber of physical lanes is I or 2. 
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50GBASE-R 100GBASE-P 

50GMIE= 50 Gb/s MEDIA INDEPENDENT INTERFACE PCS = PHYSICAL CODING SUBLAYER 
AN = AUTO-NEGOTIATION PHY = PHYSICAL LAYER DEVICE 
CGMIl = 100 Gb/s MEDIA INDEPENDENT INTERFACE PMA = PHYSICAL MEDIUM ATTACHMENT 
FEC = FORWARD ERROR CORRECTION PMD = PHYSICAL MEDIUM DEPENDENT 
LLC = LOGICAL LINK CONTROL. 
MAC = MEDIAACCESS CONTROL NOTE 1—CONDITIONAL BASED ON PHY TYPE 
MDI = MEDIUM DEPENDENT INTERFACE 

Figure 138-~1—30GBASE-R and 100GBASE-P PMA relationship to the ISONEC Open 

Systems interconnection (OS) reference model and IEEE 802.3 Ethernet model 

135.1.4 PMA sublayer positioning 

An implementation may use one or more PMA sublayers to adapt the sumber and rate of the PCS lanes to 

the mumiber and rate of the PMID lanes. The number of PMA sublayers required depends on the partitioning 

of functionality for a particular implementation. Ao example is iustrated in Figure 135-2. Additional 

examples are illustrated in Annex 1354. Each PMA maps the PCSLs/FECLs from p PMA input lanes to q 

PMA output lanes in the Tx direction, and from q PMA toput lanes to p PMA output lanes in the Rx 

direction. 

Management Data Input/Output (DIO) Manageable Device (MMD) addresses 1, 8, 9, and 10 are available 

for addressing multiple instances of PMA sublayers (see Table 43--) 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, cach one separated from lower addressable instances by chip-to- 

chip interfaces, may be implemented and addressed allocating MMOD addresses to PMAs in increasing 

numerical order going from the PMD toward the MAC. The exaniples shown in Figure 135-2 could be 

unplemented with three addressable instances: MMD | addressing the lowest PMA sublayer (co-packaged 

with the PMD), MMD 8 addressing the middie PMA sublayer, and MMD 9 addressing the highest PMA 

sublayer immediately below the FEC). 

    

Copyright © 2017 IEEE. Allrights reserved. 

This is an unapproved IEEE Standards draft, subject to change. 

i6]

Marvell Semiconductor, Inc. - Ex. 1002, Page 000274



Draft Amendment to IEEE Std 802.3-2015 IEEE Draft P802.3cd/D1.2 

  

  

  

              

    

          

  

  
  

           
  

  
  

{EEE P802.3cd Task Force 3rd February 2017 

| MAC | 
RECONCILIATION | 

50GMI 一 多 50GMIl——p 100GMI 一- 

50GBASE-RPCS | 50GBASE-R PCS 100GBASE-R PCS 
PMA (4:2) MMD 9 FEC FEC 

一 PMA (2:2) 7 MMD 9 
LAUL2 ——B 

S0GAUI-2——Pe 100GAUL4 ape 

多 me 一 PMA (2:1) | MMD 8 CT PMA (4:2) MMD 8 PMA) |] mmpe 
| S0GAUI-1 ——® 100GAUL2 -各 

   
            

FEC | 

PMAEC 人 NMMDp1 
PMD 

MDI 一 一 芭 MDI 一 一 多 

MEDIUM s MEDIUM S 

Ne pe Ne pe 

  

      

                  

  

SOGBASE-R 5OGBASE-R 100GBASE-P 

100GAUI = 100 Gb/s ATTACHMENT UNIT INTERFACE MMD = MDIO MANAGEABLE DEVICE 
100GMH = 100 Gb/s MEDIA INDEPENDENT INTERFACE PGS = PHYSICAL CODING SUBLAYER 
SOGAUI = 50 Gb/s ATTACHMENT UNIT INTERFACE PHY = PHYSICAL LAYER DEVICE 
50GMII = 50 Gb/s MEDIA INDEPENDENT INTERFACE PMA = PHYSICAL MEDIUM ATTACHMENT 
FEC = FORWARD ERROR CORRECTION PMD = PHYSICAL MEDIUM DEPENDENT 
LAU! = 50 Gbis ATTACHMENT UNIT INTERFACE 
MAG = MEDIAACCESS CONTROL n=doar2 
MDI = MEDIUM DEPENDENT INTERFACE 

Figure 135~-2-——-Example 50GBASE-R and (00GBASE-P PMA layering 

The sumber of mput Janes and the number of output lanes for a PMA are always divisors of the number of 

PCSLs/FECLs. For PMA subiayers supporting SOGBASE-R PMDs, the mumber of PCSLs (above the FEC) 

is 4 and the number of FECLs (below the FEC) is 2. For PMA sublayers supporting [OOGBASE-P PMDs, 

the number of FECLs is 4. 

The following guidelines apply to the partitioning of PMAs: 

a) 

b) 

9) 

d) 

&) 

162 

The inter-sublayer service interface, defined in 131.31, 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 lanes operate at the same rate. 

The abstract PMA service interface can be physically instantiated as a LAUI-2, S50GAUI-n, or 

1OCGAUI-n, using associated PMAs to map ic the appropriate nurmber of lanes. 

For physical instantiations of the PMA service interface, the PMA SIGNAL indication is con- 

veyed outside of this physically instantiated interface. 

Physical instantiations of the PMA service interface define cloctrical and timing specification as 

well as tequiting a receive re-timing function. 

LAUT-2 is a physical instantiation of the PMA service interface between two adjacent 50GBASE-R 

PMA sublavers above the FEC. 

1) LAUI-2 provides bit-multiplexing of 4 PCSLs. 

2) LAUI-2 isa 25.78125 GBd by 2 lane NRZ physical instantiation of the 50 Gb/s connection. 
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入 

i) 

S0GAUI-p ts a physical instantiation of the PMA service interface between two adjacent 

S0GBASE-R PMA sublayers below the FEC and contains 2 FECLs. 

1) SO0GAUI-n provides bit-multiplexing of 2 FECLs, 

2) S50GAUT-2 is a 26.5625 GBd by 2 lane NRZ physical instantiation of the 50 Gb/s connection. 

3) S50GAULI is a 26.5625 GBd by {| lane PAM4 physical instantiation of the 50 Gb/s connection. 

CAUI-p is a physical instantiation of the PMA service imterface between two adjacent 

100GBASE-R PMA (see € $3) sublayers above the FEC fora 1OOGBASE-P PHY or between 

adjacent sublayers below the PCS for a lOOGBASE-R PHY. CAUT-n is not specified in this clause, 

but is listed here for completeness. 

1) CAUTn provides bit-multiplexing of 20 PCSLs. 

2) CADE4 is a 25.78125 GBd by 4 lane NRZ physical instantiation of the 100 Gb/s connection. 

CAUI-4 ts specified in Clause 83 and associated annexes. 

3) CAUDE-10 is a 10.3125 GBd by 10 lane NRZ physical instantiation of the 100 Gb/s comnection. 

CAUT-10 is specified Clause 83 and associated annexes. 

100GAUI-n is a physical instantiation of the PMA service tsterface between two adjacent 

100GBASE-P PMA sublayers bclow the FEC fora lOOGBASE-P PHY. 

1) 100GAUI-n provides bit-roultiplexing of 4 FECLs. 

2) 100GAUI-4 is a 26.5625 GBd by 4 lane NRZ physical instantiation of the 100 Gb/s connec~ 

fon. 

3) 100GAUI-2 is a 26.5625 GBd by 2 lane PAM4 physical instantiation of the 100 Gb/s connec~ 

fon. 

    

   

Opportunities for optional test-pattern generation, optional test-pattern detection, optional local 

loopback and optional remote loopback are dependent upon the location of the PMA sublaver in the 

implementation. See Figure 135-5. 

A minimum of one PMA sublaver is required ina PHY. 

A maximum of four PMA sublavers are addressable as MDIO MMBs. 

135.2 PMA interfaces 

Ali PMA variants for SOGBASE-R and 1OOGBASE-P are based on a generic specification of a bit mux 

feoction 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 mput lanes to 

the appropriate number of output lanes as iflustrated in Figure 135-3. 

minpul lanes 

PMA 

bit mux 

  

      

n output lanes 

Figure 135-3—PMA bit mux used in both Tx and Rx directions 
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Conceptually, the PMA bit max operates in one direction of transmission by demultiplexing PCSLs/FECLs 

from m PMA input lanes and rermmuiltiplexing them into n PMA output lanes. The mapping of PCSLs/FECLs 

from input to output Janes is not specified. See 135.5.2 and Figure 135—4 for details. 

      

z/rn PCSLsS/FECLSs per demux Zn PCSLS/FECLSs per mux 

m input demuxes n output muxes 

, 一 一 可- 
/ -一 一 一 一 Be 2 

ae 

foe 
| Bie 

a 。 

全   \ n cutpul 

lanes 

  

. } 
m input 

lanes 

      
    

  

| 一 和 be 
\ 一 一 一 和 : 

ee / 

Every input PCSL/FECL is mapped to an output PCSL/FECL position z = Number of PCSLS/FECLs 
z= 2 or 4 for 50GBASE-R 
z= 4 for 10OGBASE-P 

Figure 135~-4—PMA bit mux operation used in both Tx and Rx directions 

135.3 PMA service interface 

The PMA service interface for SOGBASE-R and IOOGBASE-P is an instance of the inter-sublayer service 

interface defined in 131.3.1. The PMA service interface primitives are summarized as follows: 

PMA:ER_ UNITDATA i request 

PMAIS UNITDATA i indication) 

PMA:RN_ SIGNAL indication 

For a PMA service interface with p lanes, the primitives are defined for /= 0 to p- 1. 

ifthe PMA client is the SOGBASE-R PCS, the PMA continuously sends four parallel bit streams to the PCS, 

each at the nominal signaling rate of the PCSL. 

Ha PMA client is another PMA, a SOGBASE-R PMA with p=2 physical input lanes recerves NRZ symbols 

on each of its input lanes at 2 tirnes the PCSL/FECL rate. A SOGBASE-R PMA with p=1 physical input lane 
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recerves PAM4 symbols on each of its iaput Janes at 2 times the PCSL/FECL rate, with each symbol formed 

from two bits. The bit stream represented by the input svmbols carries z/p bit-multiplexed PCSLs/FECLs on 

Ifa PMA chent is another PMA, JOOGBASE-P PMA with p=4 physical iaput lanes recerves NRZ symbols 

on each of its input janes at the FECL rate. A 100GBASE-P PMA with p=i or p=2 physical input lancs 

recerves PAM4 symbols on cach of its input lanes at 4 or 2 times, respectively, the FECL rate, with each 

symbol formed from two bits. The bit steam represented by the input symbols cares z/p bit-maltplexed 

FECLs on each physical input lane, where z=4 for IOOGBASE-P. 

Skew may cxist between different PCSLs/FECLs received on the same physical input lanc even though all 

PCSLs/FECLs originate from the same synchronous source, so there is independence of arrival of bits from 

each PCSL/FECL on each physical input lane. 

In the Tx direction, if the symbol from a PMA UNITDATA i request primitive is received over a 

physically instantiated interface (LAUE-2, 30GAUEn, or POOGAUTn), clock and data are recovered on the 

lane recetving the symbol. If necessary, PAM4 symbols are converted to pairs of bits. Bits are routed 

through the PMA to an output lane through a process that may demultiplex PCSLs/FECLs from the inpat, 

perform any necessary buffering to tolerate Skow Variation across input lanes, and multiplex PCSLs/FECLs 

to output lanes. If necessary, pairs of bits on output lanes are converted to PAM4 symbols. The symbols are 

sent on an outout lanc to the sublayer below using the mstIS UNITDATA s&.request (4 not necessarily 

equal to 7) primitive (sce 135.4). 

In the Rx direction, the PMA passes symbols from the input lanes to the output lanes when data is being 

recerved from every input lanc from the sublayer below the PMA that has a PCSL/PECL that is routed to a 

particular output lane at the PMA service interface, and Gf necessary} buffers are filled to allow tolerating 

the Skew Variation that may appear between the input lanes, PCSLs/FECLSs are demultiplexed from the 

input lanes, remultiplexed ic the output lanes, and symbols are transferred over each output lane to the PMA 

client via the PMA‘TS UNITDATA ‘indication primitive. If necessary, PFAM4 symbols are converted to 

pairs of bits on the input lanes and/or pairs of bits are converted to PAM4 symbols on the output lanes. 

The PMATS SIGNAL indication primitive is generated by a Signal Indication Logic (SIL) fanction that 

reports signal health based on receipt of the instiS SIGNAL indication from the sublayer below, data being 

received on all of the input lanes from the sublayer below, buffers filled Gf necessary} to accommodate 

Skew Variation, and symbols being sent to the PMA client on ali of the output lanes. When these conditions 

are met, the SIGNAL OK parameter sent to the PMA client via the PMACIS 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, inchuding 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-sublaver service interface defined in 131.3. The service 

interface primitives provided to the PMA are summarized as follows: 

insti§S UNITDATA Frequest 

instiS UNFTDATA rindication 

inst iS SIGNAL indication 

The number of lanes q for the service interface matches the number of lanes expected by the PMA. The 

inst tS UNITDATA / primitives are defined for cach Jane i= 0 to q— 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 interface is 

physically instantiated (e.g, LAUI-2, SOGAUT-n, or l00GAUI-n), otherwise the service interface is 

specified only abstractly. The interface between the PMA and the sublayer below consists of q lanes for data 

transfer and a status indicating a good signal from the sublayer below the PMA (sce Figure 135-5). 

In the Tx direction, the PMA transfers symbols from the input lanes to the output lanes when data is being 

recerved via the PMACIS UNITDATA_i.request primitive from every input lane from the PMA client at the 

PMA service interface (see 135.3) that has a PCSL/FECL that is routed to this output lane, and Gf 

necessary), buffers are fillod to provide the ability to tolerate the Skew Variation that may appear between 

the input 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 to the sublayer below the PMA. 

In the Rx direction, 证 the symbol is recetved over a physically instantiated interface (SOGAUT-n, 

LOOGAUT-n, or physically instantiated PMD service interface), clock and data are recovered on the lane 

recerving the symbol. If necessary, PAM4 symbols received on the input lanes are converted to patrs of bits. 

The bits are routed through the PMA to an output lane toward the PMA client through a process that may 

demultiplox PCSLs/FECLs from the input, perform anv necessary buffering to tolerate Skew Variation 

across input lanes, and miutipies PCSLs/FECLSs to output lanes. If necessary, pairs of bits are converted to 

PAM4 symbols on the output lanes. Each symbol is sent on an output lane to the PMA chent using the 

PMA:B UNFPDATA k indication ( 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-formatted signal to an appropriate number of abstract 

or physical lanes, to recover clock from the received signal Gf 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-multiplexed. AH 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 taput (2x direction) or output (Tx direction) lane between the PMA and the 

sublayer below the PMA carries one or more PCSLs/FECLs that are bit-multipiexed. All input and output 

Janes between the PMA and the sublayer below the PMA carry the same mumber of PCSLs/FECLs and 

operate at the same nominal signaling rate. As described in 135.1.4, the number of input lanes and the 

mumber of output lanes for a given PMA are divisors of 2 (below the FEC) or 4 (above the FEC) for 

S0GBASE-R, or 4 for LOOGBASE-P, which are the mumber of PCSLs/FECLSs for the respective PHYS. 

Figure 135-5 provides the functional biock diagram of a PMA. The parameters of a PMA include the 

following: 

-一 The numbers of input and output lanes in cach direction. 

— Whether the PMA is adjacent to a physically instantiated mterface CLAUI-2, 50GAUI-n, or 

LOOGAUT-n above or below). 

— Whether the PMA is adjacent to the PCS. 

-一 Whether the PMA is adjacent to the PMD. 

— Whether the PMA is adjacent to the FEC. 
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Optional. 

Figure 135-5—PMA Functional Block Diagram 

738.5.1 Per input-lane clock and data recovery 

if the interface between the PMA chent and the PMA is physically instantiated as LAUT-2, SOGAUT-n, or 

1OOGAUI-n, the PMA shall meet the electrical and timing specifications above the PMA in Annex i35B 

through Annex 135G, as appropriate. 

E the interface between the sublayer below the PMA and the PMA is physically instantiated as LAUT-2, 

S50GAUT-n, or LOOGAUT-n, the PMA shall meet the electrical and timing specifications below the PMA at 

the service interface as specified in Annex 135B through Annex 135G, as appropriate. 
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438.5.2 Bit-level multiplexing 

The PMA provides bit-level orultiplexing in both the Tx and Rx directions. Ja the Tx direction, the function 

is performed among the bits received from the PMA chent via the PMA:IS UNITDATA i reanest 

prumitives (for PMA client Janes /=0 to p- D with the result sent to the service interface below the PMA 

using the jas TS UNITDATA j request primitives (or service interface lanes / = 0 to q — 1), referencing the 

functional block diagram shown ia Figure 135-5. The bit multiplexing bebavior is illustrated in Figure 135— 

4, 

The aggregate signal carried by the group of input lancs or the group of output Lancs is arranged as a set of 

PCSLS/FECLs. The number of PCSLs/FECLs z is 2 FECLs (oclow the FEC) and 4 PCSLs (above the FEC) 

for 50GBASE-R interfaces and 4 FECLs for lOOGBASE-P interfaces. For SOGBASE-R, the nominal bit rate 

Ruane is 12.890625 Gb/s for each PCAL and 26.5625 Gb/s for each FECL. For (COGBASE-P, the noniinal bit 
rate Riane is 26.5625 Gb/s for each FECL. 

For a PMA with m input lanes (Tx or Rx direction}, cach input lane carries. bit multiplexed, z/m 

PCSLs/FECLs. Each input lane has a nominal bit rate of z/m XRiane Note that the signaling rate is equal to 

the bit rate when the signal modulation is NRZ. The signaling rate is equal to half of the bit rate when the 

signal modulation is PAM4. If necessary, PAM4 symbols are converted te pairs of bits on the input lanes 

and/or pairs of bits are converted to PAM4 symbols on the output lanes. If bit x received on an input lane 

belongs to a particular PCSL/FECL, the next bit of that same PCSL/FECL is received on the same input lane 

at bit position x+(z/m). The 2/m PCSLs/FECLs may arrive in any sequence on a given input lance. 

For a PMA with n ontput lanes (Tx or Rx direction), each output lane carries, bit nmultiplexed, z/n 

PCSLS/FECLs, Each output lanc has a nonumnal signaling rate of Zn x Riane Hach PCSL/FECL is mapped 

from a position in the sequence on one of the m input lanes to a position im the sequence on one of the n 

oatput lanes. [f bit x sent on an output lane belongs to a particular PCSL/FECL, the noxt bit of that same 

PCSL/FECL is sent 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 temporal position on an input lane is transferred into a temporal position 

on an output lane. As the PCS (see Clause 133 and Clause 82) and FEC (See Clause 91 and Clause 134) 

have fully flexible receive logic, an implementation is free to perform the mapping of PCSLs/FECLs from 

input lanes to output lanes without constraint. Figure 135-6 illustrates one possible bit ordering for a 

LOOGBASE-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 SOGBASE-R or IOOGBASE-P PMA is 

always a power of two, masy PMAs converting between different pumbers of lanes normally simply 

multiplex two or four input lanes to one output lane, or demuitipiex two or four output lanes from one input 

lane. However, any PMA tmplementation which produces an allowable order of bits frorn all PCSLs/FECLs 

on the output lanes is valid. 

135.5.3 Skew and Skew Variation 

The Skew (relatrve delay) between the PCSLs/FECLs must be kept within limits so that the information on 

the lanes can be reassembled by the PCS and FEC. 

Any PMA that corabines 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 are defined in 131.5. The limits for Skew and Skew Variation at physically instantiated 

interfaces are specified at Skew pomts SPO, SP1, and SP2 in the transmit direction and SP5, SP6, and SP7 in 

the receive direction as defined in 131.5 and tbustrated in Figure 131-3 for SOGBASE-R and as defined tn 

60.5 and illustrated in Figure 80-8 for 1GOGBASE-P. 
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4 Lane PMA input (m=4) 

  

      Xt4IN=Xt2 

2 Lane PMA output (n=2) 

NOTE—ik indicates BRK on FECLi. Skew may exist between FECLS. 

Figure 138-6-——Example 4:2 100GBASE-P PMA bit mux 

435.5.3.1 Skew generation toward SPG 

Tn an implementation with an instantiated LAU1-2 interface between the PCS and the FEC, the PMA that 

sends data in the transmit direction toward the LAUL-2 (SPO in Figure 131-3} shall produce no more than 

29 os of Skew between PCSLs and no more than 0.2 ns of Skew Variation. 

135.6.3.2 Skew tolerance af SPO 

in an implementation with an instantiated LADI-2 interface, the PMA service interface that receives data in 

the transmit direction from the LAUT-2 (SPO in Figure 131-3) shall tolerate the maxinium amount of Skew 

Variation allowed at SPO (0.2 ns) between input lances while maintaming the bit ordering and position of 

each PCSL on cach PMA lane in the transmit direction (toward the PMD). 

438.5.3.3 Skew generation toward SP1 

Tn an iroplementation with one or more physically instantiated SOGAULn or JOOGAUT-n interfaces, the 

PMA that sends data in the transmit direction toward the 50GAUI-n or lOOGAUI-n that is closest to the 

PMD (SP1i in Figure 131-3 and Figure 80-8) shall produce po more than 29 ns of Skew between FECLs 

toward the SOGAUI-n or LOOGAUT-n and no more than 0.2 ns of Skew Vanation. 
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135.5.3.4 Skew tolerance at SP4 

Tn an iroplementation with one or more physically instantiated SOGAULn or JOOGAUT-n interfaces, the 

PMA service interface that receives data in the transmit direction from the 50GAUI-n or 1OOGAUI-n (SPI 

in Figure {131-3 and Figure 80-8) shall tolerate the maximum amount of Skew Variation allowed at SPI 

(0.2 ns} between input lancs while maintamung the bit ordering and position of each FECL on cach PMA 

lane in the transmit direction (toward the PMD). 

435.5.3.8 Skew generation toward SP2 

Hf 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 ns of 

Skew Variation between output lanes toward the PMD service interface (SP2 in Figure 80-8 and 

Figure 131-3). Hf there is a physically instantiated 50GAUT-n or LOOGAUT-n as well, then the Skew 

measured at SPI is limited to no more than 29 ns of Skew and no moro than 0.2 ns of Skew Variation. 

135.5.3.6 Skew tolerance at SP5 

Hf the PMD service interface is phvsically instantiated so that the Skew at SPS can be measured, the PMA 

adjacent to the PMD service interface (SP5 in Figure {31-3 and Figure 80-8) shall tolerate the maximom 

amount of Skew Variation allowed at SP5 (0.4 ns} between output lanes from the PMD service interface 

while maintaining the bit ordering and position of cach FECL on each PMA lane in the receive chrection 

(toward the MAC). 

438.5.3.7 Skew generation at SP6 

Tn an implementation with one or more physicalky instantiated SUGAULn or JOOGAUT-n interfaces, at SP6 

{the recerve direction of the SOGAUI-n or 1OOGAUT-n closest to the FEC), the PMA or group of PMAs 

between the PMD and the SOGAUT-n or LOOGAUI-n closest to the FEC shall deliver no more than 160 ns of 

Skew, and no more than 3.8ns of Skew Vanation between output lancs toward the SOGAUT-n or 

LOOGAUT-n in the Rx direction. If there is a physically instantiated PMD service mterface that allows the 

Skew to be measured, the Skew measured at SP5 is limited to no more than 145 ns of Skew and no more 

than 3.6 ns of Skew Variation. If there is no physically instantiated PMD service interface, the Skew 

measured at SP4 is limited 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 SP&é 

In an implementation with one or more physically instantiated SOGAUI-n or LOOGAUT-o interfaces, the 

PMA between the 50GAUI-n or LOOGAUI-n closest to the FEC and the FEC shall tolerate the maximum 

amount of Skew Variation allowed at SP6 (3.8 ns} between input lanes while maintaining the bit order and 

position of FECLs on janes sent in the receive direction towards the MAC. 

435.5.3.9 Skew generation at SP7 

in an implementation with an instantiated LAUIL-2 mterface 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 bo 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 LAUT-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 maintaming the bit 

ordering and position of each PCSL on cach PMA Jane in the transmit direction (toward the PMD). 
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735.5.4 Delay constraints 

The maximum cuowulative delay contributed by up to three PMA stages ina PHY (sum of transmit and 

recerve delays at one end of the link) shail meet the vahies specified in Table 135-1. A description of overall 

system delay constraints and the definitions for bit-times and pause quanta can be found in 131.4 and its 

references. 

Table 135-1—Delay constraints 

  

  

  

‘ble Maximum Maximum = . 
Satlaver (hit time) (pause_quanta) Maxiesuam (35) 

S0GBASE-R PMA 4608 9 92.16 

L00GBASE-P PMA 9216 is 93.16             

136.5.5 Clocking architecture 

A PMA with m input lanes and n output lanes shall clock the output Janes such that the bit rate of the output 

lanes is m/n times the bit rate of the input lanes. For input or output lanes encoded as PAM4., 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 cent and the PMA and/or the PMA and the sublayer below the PMA are 

physically instantiated, the PMA may derive tts input clock(s) from the electrical interface on one of more of 

the input lanes, and generate the output clock(s) with an appropriate PLL multiphier/divider circuit. 

There is no requirement that the PMA clock all output lanes in unison. Exarnples 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 

apd 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 cach output Jane using the clock recovered from the 

corresponding input lane. 

-一 Since the number of PCSLs/FECLs is a power of 2, whenever the number of ipput and output lanes 

are unequal, each input lane could be mapped to multiple output lanes Gin the case where the number 

of output Janes is greater), or multiple input lanes could be mapped to a single output Jane. 

135.8.6 Signal drivers 

For cases where the interface between the PMA chent and the PMA or between the PMA and the sublayer 

below the PMA represent a physically instantiated interface, the PMA provides clectrical signal drivers for 

that mterface. The electrical and jitter/timing specifications for these uxterfaces appear ip 

-一 Annex 135B for LAUI-2 C2C applications 

— Annex 135C for LADI-2 C2M applications 

-一 Annex 135D for 50GAUL2 and 100GAUL4C20 applications 

一 Annex 135E for 50GAUL-2 and 1OO0GAUI-4 C2M applications 

-一 Annex 135SF for SOGAUT-1 and LO0GAUI-2 C2C appheations 

— Annex 1345G for 50GAUL1 and 1O0GAUT-2 C2M applications 

The modulation format is NRZ for LAUI-2, 50GADE-2, and 100GAUIT-4 and the modulation format is 

PAM4 for S50GAUL-L and 1OGGAUT-2. 

Copyright © 2017 IEEE. Allrights reserved. 

This is an unapproved IEEE Standards draft, subject to change.

Marvell Semiconductor, Inc. - Ex. 1002, Page 000284



Draft Amendment to IEEE Std 802.3-2015 IEEE Draft P802.3cd/D1.2 

{EEE P802.3cd Task Force 3rd February 2017 

136.5.7 PAM4 encoding 

138.8.7.1 Gray coding for PAM4 encoded lanes 

For lanes encoded as PAM4, the PMA transmit process shall map consecutive pairs of bits to one of four 

Gray-coded symbois as specified in 120.5.7, 

435.5.7.2 Precoding for PAM4 encoded lanes 

For lanes encoded as PAM4, the PMA shail provide 1/(1+D) mod 4 precoding capability on cach transmit 

lane and may optionally provide 1/1+D) mad 4 decoding capability on each receive lane. 

On each transmit lane, for cach Gray-coded symbol Gi), a precoded symbol PY) shall be determined by the 

following algorithm, where / is an index indicating the symbol mumber: 

Pj) = (Gi) ~ Py-1) mod 4 (135-1 

On each receive lane, for each precoded symbol PG), a Gray-code symbol GO shail be determined by the 

following aigerithm: 

GQ) = ®G) + PY-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 mm enable i, precoder down _tx_ enable 4, 

precoder down rx enable / (where / is O or 1). If a Clause 45 MDIO is implemented, the variables 

precoder_up tx_enable j, precoder_up r_enable /, precoder_down tx enable i, 

precoder down rx enable / are accessible through register 1.600, 1.601, 1.602, and 1.603 Gee 45.2.1. 116h 

through 45.2.1.116k). 

have a physical instantiation of its service interface towards the PMD and is not adjacent to a PMD. 

In a PMA that is adjacent to a SOGBASE-CR, 50GBASE-KR, IOOGBASE-CR2, 100GBASE-KR2, 

shall be set as determined by the PMD control function on lane / (see 136.8.11.7.5). The method by which 

the PMD control function affects these variables is unplementation dependent. 

435.5.8 PMA local loopback mode (optional) 

PMA local loopback mode is optional. If it is implemented, it shall be as specified in this subclause. 

The PMA sublayer may provide a local loopback function. The fiction involves looping back cach input 

Jane to the corresponding output lane. Each bit received from the 

PMA UNITDATA irequest(tx symbol) primitive is looped back toward the MAC using the 

PMATS UNITIDATA 1indication(rx symbol) primitive. 

Dang local loopback, the PMA performs normal bit muxing of PCSLs/FECLs per 135.5.2 onto the Janes in 

the Tx direction toward the service interface below the PMA. 

Ability to perform this function is imdicated by the Local loopback ability status variabie. If a Clause 45 

MEMO is implemented, this variable is accessible through bit 1.8.0 (48.2.5.7 4S). 
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A device is placed in local loopback mode when the Local loopback enable control variable is set to one, 

and removed from local loopback mode when this variable is set to zero. If a Clause 45 MDIO is 

unplemented, this variable 1s accessible through PMA/PMD control | register (bit 1.0.0, see 48.21.15). 

NOTE—Placing a network port into loopback mode can be disruptive to a network. 

135.8.9 PMA remote loopback mode (optional 

PMA remote loopback mode is optional. If implemented, it shall be as described in this subclause. 

Remote loopback, if provided, should be implemented in a PMA sublayer clase enongh to the PMD to 

mainiain the bit sequence on each individual PMD lance. When remote loopback is enabled, each symbol 

recerved over a lane of the service interface below the PMA via instIS UNITDATA / indication is looped 

back to the corresponding output lane toward the PMD via inst IS UNITDATA irequest. Note that the 

service mterface below the PMA can be provided by the PMD, FEC (LAUIL-2 only), or another PMA 

sublayer. 

Daring remote loopback, the PMA performs normal bil maxing of PCSLs/FECLs per 135.5.2 onto the lanes 

iithe Rx direction towards the PMA client. 

The ability te perform this function is indicated by the 50G_ Remote loopback ability status variable for 

50GBASE-R. 100G Remote loopback ability status variable for LOOGBASE-P. 

A device is placed in remote loopback mode when the Remote loopback enable control vanable is set to 

one and removed from remote loopback mode when this variable is set to zero. 

HW a Clause 45 MDIO is implemented, this variable is accessible through bit 1.13.15 (45.2.2.92.0). 

fa Clause 4 45 MDIO i is implemented, this variable is accessible through PMA/PMD Control register 1 (bit 

1.0.1, see : Lia), 

  

136.5.10 PMA test patterns (optional) 

Where the output lanes of the PMA appear on a physically instantiated interface LAUT-2, SOGAUTH, 

LOOGAUTLn or the PMD service interface (whether or not is physically instantiated), the PMA may 

optionally generate and detect test patterns. These test patterns are used to test adjacent-laver interfaces for 

an individual PMA sublayer or to perform testing between a physically instantiated interface of a PMA 

sublayer and external test equipment. 

136,.5.10.1 Test patierns for NRZ encoded signals 

For a SOGBASE-R PMA with NRZ encoding, the test patterns in this clause may be supported. 

136,.5.10.1.1 PRBS31 test patie 

A PMA Day Re inchide a PRBS3T test-pattern generator on output lanes in either direction as 

specified rn 120. S.2f 4 

  

A PMA may optionally include a PRBS31 tesi-pattern checker on input lanes in either cirection as specified 

  

136,.5.10.1.2 PRBSS test pattern 

A PMA may Re include a PRBS9 test-pattern generator on output lanes in either direction as 

specified mn } 
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438.5.10.1.3 Square-wave test pattern 

A PMA may optionally inchide a square-wave tesi-patternm generator on output lanes in either direction as 

specified in ES 13, 

135.5.18.2 Test patterns for PAM4 encoded signals 

For a SOGBASE-R PMA with PAM4 encoding, the test patterns described in this clause may be supported. 

The PRBS13Q and quaternary square wave test patterns are enabled on a lane-by-lanc basis. The patterns 

PRBS31Q and SSPRO are enabled on all lanes of an interface at once. a per-lane pattern is enabled on one 

or more of the lanes and a per-interface patiern is aiso enabled, the per-lane patterns are generated only on 

the indicated lanes and the per-interface pattcrn is generated on the remaining lanes. The behavior if more 

than one per-lane pattern is enabled for the same lane or more than one per-interface pattern is enabled is not 

defined. 

  

Editor's note. JPOSA and JPO3B test patierns were deleted from P8G2.3b8. Since these patterns are 
required only by specifications reference from P8G@2.3bs the related test pattern subclauses, MDIO vari- 
ables, and ofher text were removed. This edifor’s note will be removed in D7.3.       

136.5.10.2.1 PRBS13Q test pattern 

A PMA may optionally inchide a PRBS13Q test-patiern generator as specified in 120.5. 11.2.4. 

136.5.10.2.2 PRBS231Q test pattern 

  

A PMA may optionally inchide a PRBS31Q test-pattern generator as specified in } 

136.5.10.2.3 SSPROQ test pattern 

A PMA may optional include a short stress pattern random quatemary (SSPRQ) test-patiern generator as 

specified mm 120.5 

  

138.8.10.2.4 Square wave (quaternary) test pattern 

Transmit square wave (quaternary) test-paticrn generator optionally apphes to cach lane of the Tx direction 

PMA towards a physically instantiated 50GAUI-1 or 1GOGAUI-1, or towards a PAM4 PMD service 

interface whether or not it is physically instantated as specified in 120.01. 5.2.4. 

135.6 PMA MDIO function mapping 

The optional MDIO capability described in Clause 45 describes several variables that provide control and 

status information for and about the PMA. Since a grven iniplementation 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 MMOD 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 control variables is shown in Table 135-2. Mapping of MDIO 

status variables to PMA status vanables 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 MMOD 1. Fer implementations with nmitiple PMA sublayers, additional PMA sublayers use the 

corresponding register and bit numbers in MMDs 8, 9, and 10 as necessary. 

Table 135-2—MDIO/PMA control variable mapping 

  

MBIO variable PMA/PMD register name 
Register! 

bit number 
PMA control variable 

  

  

  

  

  

  

  

  

  

  

  

  

  

PMA remote loopback PMA/PMD controi 1 10.1 Remote loopback enable 

PMA local loopback PMA/PMP control 1 1.6.0 Local loopback enable 

Lane 1 up transmitter pre- | PMA precoder control up Tx £6021 precoder_up tx enable 1 

coder enable 

Lane 0 up transmitter pree {| PMA precoder control up Tx 1.602.0 precoder_up_tx_enable_ 0 

coder enable 

Lane | up receiver pre- PMA precoder control up Rx 1.6031 precoder up _rx_enable } 

coder enable 

Lane 0 up receiver pre- PMA precoder control up Rx 1.603.0 precoder_up rx enable 0 

coder enable 

Lane 1 down transmitter PMA precoder control down Tx 1.600.1 precoder_down_tx_enable_1 

precoder enable 

Lane 0 down transmitter PMA precoder control down Tx 1.600.0 precoder_down_tx_enable_0 
precoder enable 

Lane 1 down receiver pre- | PMA precoder control down Rx Loot d precoder_down_rx_enable_ 1 

coder enable 

Lane 0 down receiver pre- | PMA precoder control down Rx 1,601.6 precoder down_rx_enable 0 

coder enable 

PRBS31 patiern enable PRBS pattern testing conirel LESOL7 PRBS31_ enable 

PRBS9 pattern enable PRBS pattern testing control LISOLSG PRBS9 enable 

PRBS31O pattern enable PRBS pattern testing control LE1301.13 PRBS31Q_ pattern enaple 
  

SSPRQ pattern enable PRBS patter testing control LESOL }4 SSPRO pattern enable 
  

  

  

  

  

  

  

          Tx generator enable PRBS pattern testing control 1.15013 PRBS Tx_gen enable 

Tx checker enable PRBS pattern testing control EES0b.2 PRBS Tx check enable 

Rx» generator enable PRBS pattern testing control LESOE TL PRBS Rx _ gen enable 

Rx checker enable PRBS pattern testing control £15010 PRBS Rx check enable 

Lane 0 SW enable Square wave testing control 1.15166 Square _wave_enabie 0 

Lane i SW enable Square wave testing control SO. Square wave_enable 1 

Lane 2 SW enable Square wave testing contro] L.3510.2 Square wave enable 2 

Lane 3 SW enable Square wave testing control 1.15103 Square wave enable 3     
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Table 135~2-—MDBiO/PMA contro! variable mapping fcontinued) 

  

MBIG variable PMA/PMD register same 
Register/ 

bit mumber 
PMA control variable 

  

  

  

          
Lane 0 PRBS13Q enable PRBS 130 testing control £1512.0 PRBS13Q enable 6 

Lane 1 PRBS13Q enable PRBS 130 testing contro] 下 PRBS13Q enable 1 

Lane 2 PRBS13Q enable PRBS 130 testing control £.4512.2 PRBS13Q enable 2 

Lane 3 PRBS 130 enable PRBS 13Q testing control L.E5i23 PRBS13Q enable 3     

Table 135~-3--MDIO/PMA status variable mapping 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

ability 

MBDIO status variable PMA/PMD register name Registeribi PIMA status variable 

PMA local loopback ability PMA/PMD status 2 1.8.0 Local loopback ability 

PMA remote loopback ability | 40G/100G PMA extended 143.15 {00G_ Remote loopback abil- 
ability ity 

50G PMA iemote loopback 50G PMA extended ability 1.22.45 S0G Remote loopback _ 

abibty ability 

PRBS? Tx generator ability Test-pattem ability £,1500.5 PRBS? Tx_ generator ability 

PRBS9 Rx generator ability ‘fest-pattern ability 1. 1500.4 PRBS? Rx generator ability 

PRBS31Tx generator ability Test-pattern ability 1.15003 PRBS31_Tx_generator_ability 

PRBS31Tx checker ability Test-patter ability 1,1300.2 PRBS31_Tx_checker_ability 

PRBS31 Rx generator ability | Test-pattern ability 1.1500.1 PRBS31_ Rx_generater_ ability 

PRBS31 Rx checker ability Test-patter 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 abibty 1.4500.41 PRBSI3Q gen _Tx_ability 

ability 

PRBS 130 Rx generator ‘Test-pattern ability 1.1500.10 PRBS1I3Q gen Rx_ability 
ability 

PRBS310 Tx generator Test-pattern ability 1.1500.9 PRBS310 gen _Tx_ability 

  

PRBS3 10 Rx generator 

abibty 

Test-pattera ability 4. 1500.7 PRBS31Q gen rs_ability 

  

  
PRBS310Q Tx checker ability {| Test-pattem ability 1.1500.8 PRBS31Q Tx_checker_ability 

PRBS310 Rx checker ability | Test-pattern ability 1.1500.6 PRBS31Q Rx_checker_abil- 
ity 

  

SSPRO Tx generator ability   Test-pattem ability     £,1500.13   SSPRO_gen_Tx_abthty     
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error counter, lane 0 

ai star/hy 

MDG variable PMA/PMD regisfer name Register/bit PMA status variable 
mumber 

Exror counter Tx, lane 0 PRBS Tx pattern testing 1.1600 LnO PRBS TS test et counter 

error counter, lane 0 

Error counter Tx, lane I PRBS Tx pattern testing 1.1601 Lal PRBS Tx_test_err counter 

error counter, lane 上 

Error counter Tx, lane 2 PRBS Tx pattem testing 1.1602 Ln2 PRBS Tx_test_err_ counter 

error counter, lane 2 

Error counter Tx, lane 3 PRBS Tx pattern testing 1.1603 Ln3 PRBS Tx test_err counter 

etrer counter, lane 3 

Error counter Rx, lane 0 PRBS Rx patter testing 1.1700 LnO PRBS Rx test_err_counter 

  

Exror counter Rx, lane | PRBS Rx pattern testing 

error counter, lane 上 

1.41703 Lal PRES Rx test_err counter 

  

      error counter, lane 3     Error counter Rx, lane 2 PRBS Rx pattem testing 1.1762 Ln2 PRBS Rx test exr_contter 

error counter, lane 2 

Error counter Rx, lane 3 PRBS Rx pattern testing 1.4703 Ln3_ PRBS Rx test er counter     
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135.7 Protocol implementation conformance statement (PICS) proforma for 

Clause 135, Physical Medium Attachment (PMA) sublayer, type 50GBASE-R and 

100GBASE-P® 

135.7.4 Introduction 

The supplier of a protocol implementation that is claimed to conform to Clause 135, Physical Medrum 

Attachment (PMA) sublayer, type 50GBASE-R and 1OOGBASE-P, shall complete the following protocol 

implementation conformance statement (PICS) proforma. 

A detailed description of the symbols used 1 in the PICS proforma, along with instructions for corapleting the 

PICS proforma, can be found in ¢ : 

  

135.7.2 identification 

135.7.2.1 implementation identification 

  

Supplier! 
  

Contact point for enquiries about the PICS! 
  

. T AN 4X7 : 3 
implementation Name(s) and Version(s} IS 
  

Other information necessary for full idenufication—e.g., 

name(s) and version(s) f for machines and/or operating 
systems, System Name(s)”     
NOTE i—Required for all implementations. 

NOTE 2 一 May be completed as appropriate in mecting the requirements for the identification. 
NOTE 3 一 The terms Name and Version should be interpreted appropriately to correspond with a supplier’s terminol- 

ogy (e.g. Type, Seres, Model.       

138.7 .2.2 Protocol summary 

  

Identification of protocol standatd IEEE Sid 802. 3cd-201x, Clause 135, Physical Medium 

Attachment (PMA) sublayer, type SOGBASE-R and 
LOOGBASE-P 
  

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

this PICS     
Have am eption items been required? No [| 
(See Clause 28; the answer Yes means that the implementation does not conform to [EEE Std 862. 3cd-201x.) 

  

   

  

        
Date of Statement 
  

2 Copyright release for PICS proformas: Users of this standard may freely reproduce the PICS proforma in this subclause so that it can 

be used for its intended purpose and may further publish the completed PICS. 
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era Feature Subclause Valnue/Comment Stanus Sepport 

*PSO PMA for S50GBASE-R 135.41 O14 Yes | 

RNo 

*Pi00 PMA for 100GRASE-P 135.E1 Ou Yes [] 

No 
*LNU Number of lanes in 135.44 Divisor of mumber P50: M 214 

direction of MAC of PCS lanes if] 

Pi100:M 4f} 

21] 

*PUN NRZ modulation used for | 135.5.6 (P30*LNU=2)+ Yes [ | 

physically instantiated (PIBO*LNU=4)-M | N/AT 
PMA service interface 

*PUP PAM4 modulation used 135.5.6 (P50*LNU= b+ Yes [| 

for physically instantiated (PISO*LNU=2):M | N/ATI 

PMA service interface 

*LND Number of lanes in the 135.41.4 Divisor of number P50: M 2{[] 
direction of PMD of PCS ianes ith 

PIOO:M 4f} 

21} 
LE] 

*PDN NRZ modulation used for | 135.5.6 (P30*LND=2)+ Yes f | 
physically zstantiated (PIBOFLND=4)M | N/ATY 

service interface below 
the PMA. 

*PDP PAM4 modulation used 135.5.6 (P50*LND= b+ Yes [} 
for physically instantiated (P100*LND=2) +: N/A TE] 

service interface or PMD M 

service interface below 
the PMA 

MD MIO 135.6 Registers and inter- | O Yes ft} 

face supported No ff     

135.7.4 PICS proforma tables for Physical Medium Attachment (PMA) sublayer, type 

50GBASE-R and 100GBASE-P 

135.7.4.1 Functions 

  

  

  

  

      output lanes     

item Feature Subclause Value/Comment Status Support 

Fi ain lane mapping 133.5.2 Maintain sequence of M Yes [| 
while link is in operation PCSLS/FECLs on all 

    

Copyright © 2017 IEEE. Allrights reserved. 

This is an unapproved IEEE Standards draft, subject to change.

Marvell Semiconductor, Inc. - Ex. 1002, Page 000292



Draft Amendment to IEEE Std 802.3-2015 

{EEE P802.3cd Task Force 

438.7.4.2 Timing 

IEEE Draft P802.3cd/01.2 
3rd February 2017 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

              

Kiem Feature Subclause Value/Comment Status Support 

at Skew generation toward SPO in 135,5.3,1 S29 ns PID M. Yes [ { 

Tx direction NAT] 

82 Skew Variation generation 135.5.3.1 = 206 ps PID:M Yes | | 

toward SPO in Tx direction N/A [4 

53 Skew Variation tolerance at SPO | 135.5.3.2 Minimum 200 ps PIUM Yes [] 
NAT] 

54 Skew generation toward SPI in 135,5.3.3 <= 29 ns PID:M Yes [ | 

Tx direction N/A [4 

SS Skew Variation generation 135.5.3.3 < 200 ps PIDIM Yes [] 

toward SPI in Tx direction N/A f] 

36 Skew Variation tolerance ai SP} 135,5.3.4 Minimum 200 ps PEUM Yes [ { 
N/A FA 

87 Skew generation toward SP2 in 135.5.3.5 <43 ns PEP:M Yes |} 

Tx direction N/A EY 

58 Skew Variation generation 135.5.3.5 = 400 ps PIP:M Yes [] 

toward SP2 in Tx direction NAP] 

59 Skew Variation tolerance at SP5 135.5.3.6 Minimum 3.6 ns PIP-M Yes [ | 
N/A FA 

S16 Skew generation toward SP6 in 133.5.3.7 < 160 ns PUM Yes [ ] 

Rx ditection N/A ET] 

Sil Skew Variation generation 135.5.3.7 <3.8 ns PRUOM Yes [| 

toward SP6 in Rx direction NAF] 

S12 Skew Variation tolerance at SP6 135.5.3.8 Mimnmuim 3.8 ns PIDIM Yes | } 
N/A FY 

B13 Skew generation toward SP7 in 135,5.3.9 < 160 ns PLUM Yes [ { 

Rx direction NA] 

S14 Skew Variation generation 1345.5.3.9 <= 3.8 ns PIUIM Yes | | 

toward SP7 in Rx direction WAL] 

S15 Skew Variation tolerance at SP7 | 133.5.3.10 | Minimum 3.8 ns PIDM Yes [ } 
NAF] 

516 Round-trip delay limit for 13S.3.4 No more than 18 432 BT or PSO:M Yes [4 

SOGBASE-R. 36 pause _quatita N/A LY 

Si7 Round-trip delay lint for 135.5.4 No more than 36 864 BT or PLOOM | Yes[]} 

100GBASE-P 72 pause_quanta N/A f]     

180 
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itera Feature Subclause Valne/Comment Status | Support 

Et Lane signaling rate for LAUL-2 25.78125 GBd M Yes | | 

E2 Lane signaling rate for 26.5625 GEd M Yes 了 

50GAUI-2 

六 3 Lane signaling rate for 26.5625 GBd M Yes [| 

S0GAUL-1 

E4 Lane signaling rate for one-lane 26.5625 GBRd M Yes {} 
50 Gb/s PMD service interface. 

ES Lane signaling rate for 26.5625 GBd M Yes [| 

100GAUT-4 

E6 Lane signaling rate for 26.5625 GBd M Yes { | 

1Q0GAUE-2 

E7 Lane signaling rate for two-lane 26.5625 GEd M Yes 了 
PMD service interface. 

8 Lane signaling rate for one-lane $3,125 GBd M Yes [] 

PMD service interface, 

E9 Electrical and timing tequire- 135.54 POM Yes tf} 

ments of Annex 13SB through 135.5.5 N/A TE] 
Annex [33G as appropriate met 

by upstream LAUL-2, 50GAUI-n 

or LOOGAULn 

EW Electrical and timing require- 135.5.1, PID:M Yes { } 
ments of Annex 135B through 135,55 NIA TT 

Annex 135G as appropriate met 

by downstreana LAUL-2, 
S0GAUI-n or JOOGAUER 

135.7.4.4 Diagnostics 

Kiem Feature Subclause Value/Comment Status Support 

*LBL PMA local loopback 135.38 Supports local oO Yes [] 

loopback No] ] 

*LBR PMA remate loopback 135.45.9 Supports temote oO Yes |} 

loopback No { | 

DI PMA local loopback 135.45.8 Meets the LBLIM Yes |} 

implemented requirements of VAT] 

135.5.8 

D2 PMA remote loopback {35.5.9 Meets the LBRIM Yes {| 

implemented requirements of N/A[]         1355.9         
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Hem Feature Subclanse Valne/Comment Status Support 
  

Send PRBS3 1 Tx (35.5. 10.114 PDN:O 

  

Send PRBS31 Rx 135.5.10.1.1 PUN:O 

  

PUN:O 

  

Check PRBS31 Rx 133.5.10.1.1 PDN:O 

  

Send PRBS9 Tx 135.5,10.1.2 PDN 

  

D8 Send PRBS9 Rx 135.5.16.1.2 PUN:O 

  

Dg Send NRZ square wave Tx PDN:G 

  

DIO Send PRBS13Q0 Tx PDP: 

  

Dil Send PRBS I3Q Rx 135.5.16.2.) PUP:O 

  

D2 Send PRBS31G Tx 133.5.10.2.2 PBP:O 

  

DY3 Send PRBS31Q Rx 135.5,10.2.2 PUP: 

  

Di4 Check PRBS31Q Tx PUP:G 

  

DIS Check PRBS310 Rx 133.5.10.2.2 PBP:O 

  

D6 135.5.10.2.3 PDP: 

      Send quaternary square 
wave TX       PDP:       

182 
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tem Feature Subclause Value/Comment Status Support 

El PMA supports Gray coding | £35.5.7.2 PUP+PDP.M Yes {] 
WALT 

R2 PMA supports Tx 435.35.7.2 PUP+PDP:M Yes [| 

precoding N/A] 

E53 PMA supports Rx 435.5.7.2 PUP+PDP 33 Yes {] 

precoding No f] 
NAT]     
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136. Physical Medium Dependent (PMD) sublayer and baseband medium, 

type 50GBASE-CR, 100GBASE-CR2, and 200GBASE-CR4 

136.1 Overview 

This clause specifies the SOGBASE-CR PMD, the LOOGBASE-CR2 PMB, the 200GBASE-CR4 PMD, and 

the baseband medium. The specifications for the three PMDs are similar, except for the number of lanes and 

associated parameters and the MDI. 

There are three associated annexes. Annex 136A provides information on parameters with test points that 

may not be testable in an implemented system. Annex 136B specifies test fixtures. Annex 136C describes 

S0GBASE-CR, lOOGBASE-CR2, and 200GBASE-CR4 host and cable assembly form factors. 

When forming a complete Physical Layer, a PMD shall be connected as illustrated in Figure 136-1, to the 

appropriate sublayers (as specified in Table 136-1, Table 136-2, and Table 136-3), to the medium through 

the appropriate MDI, and to the management functions that are optionally accessible through the 

management interface defined in Clause 45, or equivalent. 

Table 136~-1—Physical Layer clauses associated with the 50GBASE-CR PMD 

  

  

  

  

  

  

  

  

  

  

  

Associated clause SOGBASE-CR 

132—-R8 Required 

132——-50GMIF Optional 

t33-—PCS for 50GBASE-R Reqnired 

134—RS-FEC Reguired 

135—PMaA for 50GBASE-R Required 

135B—-LAUE2 C2C Optional 

135D---S0GAUE-2 C2 Optional 

{35F—SOGAUEL C2C Optional 

73—Auto-Negotiation Required 

78-—Energy Efficient Ethermet Optional         

“The 50GMHU is an optional interface. However, if the SOGMIE is nat implemented, a conform- 

ing implementation must behave functionally as though the RS and SOGMII were present. 
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Table 136-2-—Physicai Layer clauses associated with the 100GBASE-CR2 PMD 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Associated clause 1NOGBASE-CR2 

80—RS Required 

80---CGMIF Optional 

}-- PCS for 100GBASE-R Remuired 

91—RS-FEC Required 

§$3—PMA for LOOGBASE-R Optional” 

S83A--CAUL-16 Optional 

CAUE4 C2C Optional 

135—PMA for 100GBASE-P Reguired 

135D—100GAUT-4 C2C Optional 

135F—-100GAUI-2 C2C Optional 

73-—Auto-Negonation Required 

78&—Energy Efficient Ethernet Optional         

®The CGMIL is an optional interface. However, if the CGMII is not implemented, a conforming 
pple mentation must behave functionally as though the BS and CGMIH wete present. 

"PMA for 1OOGBASE-R is required when either CAUT-16 or CAUL-4 is used. 

Table 136-3-—-Physical Layer clauses associated with the 200GBASE-CR4 PMD 

  

  

  

  

              
  

  

  

  

  

  

Associated clause 200GBASE-CR4 

117--RS Remuired 

{37—200GMIF Optional 

119 ER Required 

120-—PMA for Z00GBASE-R Required 

1208-—200GAUT-8 C2C Optional 

120D—200GAUT-4 C2C Optional 

73—Anto-Negotiation Required 

78---Energy Efficient Ethernet Optional         

‘The 200GMU is an optional interface, However, if the 200GMIEL is not implemented, a con- 
forming implementation must behave functionally as though the RS and 200GMI were pres- 

ent, 

For the SOGBASE-CR and lOOGBASE-CR? PHYs, in order to support the required frame loss ratio (see 

(4.223) of less than 6.2 x 107!” for 64-octet frames with minimem interpacket gap, the PMD and the 

adjacent PMA are required to detect bits from a cornphant input signal at a BER lower than 2.4 104 

assuming errors are sufficiently uncorrelaicd. This BER allocation enables a frame loss ratio lower than 

107! after processing by the RS-FEC (Clause 134 or Clause 91) and the PCS (Clause 133 or Clause 82) if 

there are pegligtble errors due to other electrical interfaces GOGAUI-n or lOOGAUTn). 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 1071", 

  

For the 200GBASE-CR4 PHY, in order to support the required frame loss ratio (see 14.223) of less than 

6.2 x 107! for 64-octet frames with minimum interpacket gap, the PMD and the adjacent PMA are required 

to detect bits from a compliant input signal at a BER lower than 2.4 x io assuming errors are sufficiently 

uncorrelated. This BER allocation enables a frame loss ratio lower than 9.2 x 1074 after processing by the 

PCS (Cfause 119) if there are negligible errors duc to other electrical interfaces QOO0GAUI-n). [f the PMD 

and 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 9.2 x 107%, 

  

A compliant input signal is a transmitter output of a compliant PHY that has passed through a compliant 

cable asserbhy. 

S0GBASE-CR, lOOGBASE-CR2, and 200GBASE-CR4 PHYs with the optional Energy-Efficient Ethemet 

(EEE) fast wake capability may enter the Low Power Idle (LPI) mode to conserve energy during periods of 

low link utilization (sce Clause 78). The deep sleep made of EEE is not supported. 

Figure 136-1 shows the relationship of the 50GRASE-CR, LOOGBASE-CR?, and 200GBASE-CR4 PMD 

sublayers and MDis to the ISO/TEC Open System Interconnection (OSD reference model. 

136.2 Conventions 

Clause 136 describes three PMDs, 50GBASE-CR, 1G0GBASE-CR2, and 200GBASE-CR4 PMB, 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 PMID. Accordingly, n= 1 for SOGBASE-CR, n= 2 for JOOGBASE-CR2, and 

n= 4 for 200GBASE-CR4. 

The parameter / is used as an index or a suffix to identify a specific lane, and takes the values 0 to n— 1. 

Within this clause, the unqualified term “PMD” refers to any of SOGBASE-CR PMD, 100GBASE-CR2 

PMD, or 200GBASE-CR4 PMD. 

136.3 PMD service interfaces 

This subclause specifies the services provided by the SOGBASE-CR, IOOGBASE-CR2 and 

200GBASE-CR4 PMDs. The service interfaces for these PMDs are described in an abstract manner and do 

sot onply any particular ioyplementation. The PMD service interface supports the exchange of encoded data 

between the PMA entity that resides just above the PMD, and the PMD entity. The PMD translates the 

encoded data to and from signals suitable for the specified medium. 

The SOGBASE-CR PMD service interface is an instance of the inter-sublayer service interface defined tn 

131.3, with a single symbol stream (n= 1). 

The lOOGBASE-CR2 PMD service interface is an instance of the inter-sublayer service interface defined im 

15.3, with the exception that there are two parallel symbol streams (n = 2). 

The 200GB ASE-CR4 PMD service interface is an instance of the inter-sublayer service interface defined in 

£26.3, with four paraliel symbol streams (n = 4). 
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ost 
REFERENCE 

MODEL ETHERNET 

LAYERS LAYERS 

| HIGHER LAYERS 

/ LLC OR OTHER MAC CLIENT 

1 MAC CONTROL (OPTIONAL) 

1 MAC 

APPLICATION ly | RECONCILIATION 

PRESENTATION fy SOGMI—p CGM —P 206GMIl ~p: 

/ \ 
SESSION ; / 50GBASE-R PCS | [100GBASE-R PCS SNOGBASE-R PCS 

~ ~ 7 RS-FEC RS-FEC 

CS / f PMA PMA PMA PHY 
NETWORK 7 J Y 

DATA LINK AN AN | AN | J 

PHYSICAL     

  

  

5OGBASE-CR 

200GMiI! = 200 Gb/s MEDIA INDEPENDENT INTERFACE 

SOGMI = 50 Gb/s MEDIA INDEPENDENT INTERFACE 

AN = AUTO-NEGOTATION 
CGMIl = 190 Gb/s MEDIA INDEPENDENT INTERFACE 

LLG = LOGICAL LINK CONTROL 
MAG = MEDIA ACCESS CONTROL 

MDI = MEDIUM DEPENDENT INTERFACE 

-一 

190GBASE-CR2 200GBASE-CR4 

MAC = MEDIA ACCESS CONTROL 
PCS = PHYSICAL CODING SUBLAYER 

PHY = PHYSICAL LAYER DEVICE 

PMA = PHYSICAL MEDIUM ATTACHMENT 
PMD = PHYSICAL MEDIUM DEPENDENT 

RS-FEC = REED-SOLOMON FORWARD ERROR 

CORRECTION 

Figure 136-1—50GBASE-CR, 100GBASE-CR2, and 200GBASE-CR4 relationship to 

the ISONEC Open Systems Interconnection (OSH reference model and the 

iEEE 602.3 Ethernet modei 

The service interface primitives are summarized as follows: 

PMDIS UNTTDATA i request 

PMDIS UNITDATA i indication 

PMDUS SIGNAL indication 

The 50GBASE-SR PMD has a single symbol stream, hence i = 0. 

The 100GBASE-SR2 PMD has two parallel symbol streams, hence /=0 to 1. 

The 200GBASE-SR4 PMD has four parallel symbol streams, hence i = 0 to 3. 

Tn the transmit direction, the PMA continuously sends n streams of PAM4 symbols to the PMD, one per 

lane, using the PMDiIIS UNITDATA j request primitive, at a nominal signaling rate of 26.6525 GBd. The 

PMD converts these streams of symbols inte appropriate signals on the MDI. 
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In the receive direction, the PMD continuously sends » streams of PAM4 syrnbois to the PMA, 

corresponding to the signals recerved from the MDi, one per lane, using the 

PMDAS UNITDATA. findication pnmitive, 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 onc, SIGNAL OF 

shall be assigned the value OK. When Global PMD signal detect is zero, SIGNAL OK shall be assigned 

the value FAIL. When SIGNAL OF is FAIL, the PMDIIS UNITDATA /indication parameter is 

undefined. 

136.4 PCS requirements for Auto-Negotiation (AN} service interface 

The PCSs assoctated with the 50GBASE-CR, 1OOGBASE-CR2. and 200GBASE-CR4 PMDs are required to 

support the AN service interface primitive AN LINK indication defined in 73.9. (See 133.4, 82.6, and 

119.6.) 

    

SOGBASE-CR, iSOGBASE-CR2, and 200GBASE-CR-4 PHYs may be extended using chip-to-chip (C2C) 

S0GAUT-W/LAUT-2, lOOGAULn/ CAUF ~n, and 200GAUT-n, respectively, as physical instantiations of the 

inter-sublayer service interface between devices. TF such extension is used, then the 

AN LINK (ink status). indication is relayed from the device with the PCS sublayer to the device with the 

AN sublayer by means at the discretion of the irmplementer. As examples, the implementer may employ use 

of pervasive managernent or employ a dedicated clectrical signal to relay the state of link_status as indicated 

by the PCS sublayer on one device to the AN sublayer on the other device. 

136.5 Delay constraints 

The sum of the transmit and the receive delavs at one end of the link contributed by the PMD and AN 

jocluding the medium in one direction shall be no more than the maxinnum delays listed in Table 136-4. It ts 

assumed that the one-way delay through the medium is no more than 20 ns. 

Table 136~4—Delay constraints 

  

  

  

  

PMD it tineg" (pane quanta}? Maxiauamn (85) 

SOGBASE-CR 2048 4 40.96 

LOOGBASE-CR2 4096 8 40.96 

200GBASE-CR4. 8192 16 40.96             

“One bit time is equal te 20 ps for SOGBASE-CR, 10 ps for [100GBASE-CR2 and 5 ps for 200GBASE-CR4. Gee 

8) for the definition of bit time.} 

bOne pause _quantum is equal to 10.24 ns for SOGBASE-CR, 5.12 ns for i00GBASE-CR2, and 2.56 ns for 

200GBASE-CR4. (See 318.2 for the definition of pause_quanta.) 

  

Descriptions of overall system delay constraints can be found in 131.4 for 50GBASE-CR, in 80.4 for 

IOOGBASE-CR2, and in 116.4 for 200GBASE-CR4_ 
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136.6 Skew constraints 

The Skew (relative delay) between the PCS or FEC lanes mast 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 always traverses the same physical lane. 

136.6.1 Skew Constraints for 80GBASE-CR 

Skew and Skew Variation are defined in 131.5 and specified at the pornts SPO to SP7 shown in Figure 131— 
3 2. 

ff 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 as as defined by 135.5.3.5. Since the signal at the PMP service interface 

represents a serial bit stream, there is no Skew Variation at this point. 

The Skew at SP3 (the transmitter MDD shall be less than 54 ns. Since the signal at the MDI represents a 

serial bit stream, there 1s no Skew Variation at this point. 

The Skew at 5P4 (the receiver MDD shall be less than 134 ns. Since the signal at the MDI represents a serial 

bit stream, there is no Skew Variation at this point. 

if the PMD service interface is physically instantiated so that the Skew at SP5 can be measured, then the 

Skew at SPS shall be tess than 145 ns. Since the signal at the PMD service unterface represents a serial bit 

stream, there is no Skew Variation at this point. 

For more information on Skew and Skew Variation, sec 131.5. The measurements of Skew and Skew 

Variation are defined in 88.7.2. 

136.6.2 Skew Constraints for (Q0GBASE-CR2 and 200GBASE-CR4 

  

Skew and Skew Variation are defined in 80.5 and 115.5 and specified at the points SPI to SP6 shown in 

Figure 80-8 and Ri 5 

  

If the PMD service interface is physically instantiated so that the Skew at SP2 can be measured, then the 

Skew at SP2 is limited to 43 ns and the Skew Variation ai SP2 is limited to 400 ps. 

The Skew at SP3 Che transmitter MDT) shall be less than 54 as and the Skew Variation at SP3 shall be less 

than 600 ps. 

The Skew at SP4 (the receiver MDD shall be less than 134 ns and the Skew Variation at SP4 shail be less 

than 3.4 ns. 

If the PMD service interface is physically tastantiated so that the Skew at SPS can be measured, then the 

Skew at SP5 shall be less than 145 ns and the Skew Variation at SPS shall be jess than 3.6 ns. 

For more information on Skew and Skew Variation see 80.5 and 116.8. 

136.7 PMD MDIO function mapping 

The optional MDBIO capability described in Clause 45 defines several registers that provide control and 

status information for and about the PMD. I MDIO ts implemented, it shall map MDIO control bits to PMD 
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control variables as shown in Table 136-5, and MDIO status bits to PMD status variables as shown in 

Table 136-6. 

Table 136-8——MDIO/PMD contro! variable mapping 

  

  

  

  

  

  

  

  

MBIO control variable PMA/PMB register name Regieteribe PMD control variable 

Reset PMA/PMD control t 1.0.35 PMD reset 

Giebal PMD transmit disable | PMD transmit disable 19.0 Global PMD transmit_disable 

PMD transmit disable 3 to PMD transmit disable 1.9.43 PMD transmit_disable_ 3, 
PMD transmit disable 2° PMD transmit disable 2 

PMD transmit disable 1° PMD transnut disable 1.9.2 PMD transmit_disable_ | 

PMD transmit disable 0 PMD transmit disable Lot PMD transmit_disable_ 9 

Restart training BASE-R PMD control 1.156.0 nH_restart_traring 

Traiming enable BASE-R PMD control £230.14 mi _traiming enable 
  

Polynomial identifier 3° PMD training pattern lane 3 14453 22011 identifier_3 
  

Seed 34 PMD traming pattern lane 3 1.1453.10:0 seed_ 3 
  

Poly nomial identifier 24 PMD traimug pattern lane 2 3452. 02:11 identifier 2 
  

Seed 2? PMD training pattern lane 2 1.4452.10:6 seed_2 
  

Polynomial identifier yb PMD training pattern lane 1 Li4Sb 2h identifier 1 
  

Seed 1° PMD training pattern lane 1 L1431.10:0 seed 1 
  

Polynomial identifier 0 PMD training pattern Jane 3 L.44505251 identifier_0 
  

Seed 0 PMD training pattern lane 3 1.1450, 10:0 seed_0 
  

initial condition request 37 PMD training LP control lane 3 Y.4123.413:12 ic_req Gane 3) 
  

Coefficient select 3° PMD traming LP control lane 3 1.1123 .4:2 coef sel (lane 3} 
  

Coefficient request 3° PMD traimng LP contro! lane 3 1.14123,1:0 coef req Gane 3) 
  

Initial condition request 27 PMD training LP control lane 2 LLE22, 13:12 ic_teq (lane 2) 
  

Coefficient select 2° PMD training LP control lane 2 22.4: 之 coef_sel dane 2) 
  

Coefficient request 27 PMD training LP contro! lane 2 1.41122.4:0 coef req Gane 2) 
  

{initial condition tequest 1° PMD training LP control lane 1 LUPQL 3:12 ic_teq (ane 让 
  

  
Coefficient select 1° PMD traimng LP control lane 1 | 1.1421.4:2 coef sel dane 1} 

Coefficient request 也 PMD training LP control lane i i 1.1121.1:0 coef req Gane 1) 
  

Initial condition request 0 PMD training LP control lane 0 L.U220,13:12 ic_teg (lane 8) 
  

Coefficient select 0 PMD traimag LP contre! lane 0 £3420.4:2 coef sel dane 0} 
  

Coefficient request 0     PMD training LP control lane 0   L.EE20.4:0   coef req dane 0)     

“Available only in 200GBASE-CR4, 
> Available only in JOOGBASE-CR2 and 200GBASE-CR4. 
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Table 136~-6—MBIO/PMD status variable mapping 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

MIBIO status variable PMA/PMD register name Register/bit PMO status variable 

Fault PMA/PMD status | 7 PMD fault 

‘Transmit fault PMA/PMD status 2 和 8 PMD transmit_fault 

Receive fauit PMA/PMD status 2 1.8.10 PMD receive fault 

Global PMP receive signal detect PMD receive signal detect 1.10.5 Global PMD signal detect 

PMD receive signal detect 3 to PMD receive signal detect 1.40.43 PMD signal detect _3 to 

PMD teceive signal detect 2* PMD signal detect_2 

PMD teceive signal detect 1 PMD teceive signal detect 1.10.2 PMD signal detect_i 

PMD receive signal detect 0 PMD teceive signal detect £103 PMD signal detect_0 

Receiver status 3° BASE-R PMD status LEST? rx_trained 3 

Frame lock 34 BASE-R PMD status EESi 13 local_frame_lock_3 

Start-up protocel status 3° BASE-R PMD status 11531.14 training 3 

Training failure 3° BASE-R PMD status L.ESL AS training failure 3 

Receiver status 27 BASE-R PMD status L518 rx_trained_2 

Frame lock 2° BASE-R PMD status Lisi local_frame_lock_2 

Start-up protocol status 2° BASE-R PMD status LUSi.16 training 2 

Training failure 2° BASE-R PMD status EiSD Lt training faihure_2 

Receiver status 1° BASE-R PMD status Lisha rx_trained_] 

Frame lock 1° BASE-R PMD status EESLS local_frame_lock_1 

Statt-up protece! status ye BASE-R PMD status 1 E516 training | 

Training failure > BASE-R PMD status LESL? training failuye_ i 

Receiver status 0 BASE-R PMD status E1516 rx_trained_0 

Frame lock 6 BASE-R PMD status Lusi local_frame_lock_6 

Start-up protocal status 0 BASE-R PMD status L.ESL2 training 0 

Training failure 0 BASE-R PMD status L.451.3 traming faihire 0 

Receiver ready 3° PMD training LP status lane 3 | $1223.15 remote_rx_ready dane 3) 
  

Modulation and preceding status 37 PMD training LP status lane 3 EE223 21:10 tp mode dane 3} 
  

Receiver frame lock 3° PMP training LP status lane 3 
  

Initial condition status 34 PMD training LP status lane 3 ic_sts Gane 3) 
  

Coefficient status 3° PMD training LP status lane 3 coef sts dane 3} 
  

Receiver ready 2° PMD training LP status lane 2 remote_rx_teady dane 2} 
  

Modulation and precoding status 2° PMD training LP status lane 2 tp_mode Cane 2} 
  

          Receiver frame lock 2? PMD training LP status lane 2 | £.1222.9 remote tf lock (ane 2) 

Initial condition status 2 PMD training LP status lane 2 | 1.12228 ic_sts (lane 2)     
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Table 136~6-——-MDIO/PMB status variable mapping (continued) 

  

  

  

MIBIO status variable PMA/PMD register name Register/bit PMO status variable 
number 

Coefficient status 2° PMD training LP status lane 2 | 3.1222.2:0 coef sts dane 2 

Receiver ready pb PMD training LP status lane 1 | £.1221.55 remote_rx_ready dane 1 
  

Moduiation and precoding status iE PMD training LP status lane i | L.1221.11:10 | tp mode dane 1} 
  

  

  

  

Receiver frame lock 1° PMD training LP status lane 1 | L12219 remote tf lock Gane D 

initial condition status 1° PMD training LP status lane 1 | £12218 ic_sis dane 1} 

Coefficient status 1 PMD training LP status lane 上 | L.£221.2:0 coef sts dane 1) 

Receiver ready 0 PMD training LP status lane 0 | 1.1220.15 remote_rx_ready dane 0} 
  

Modulation and precoding status 0 | PMD training LP status lane O | 1.1220.11:10 | tp mode dane 0) 
  

  

  

Receiver frame lock 0 PMD training LP status Jane O | 1.1220.9 remote tf lock Gane 0) 

Initial condition status 0 PMD training LP status lane O | 1.1220.8 ic_sts Gane 0) 

Coefficient status 0 PMD training LP status lane 0 | 1.1220.2:0 coef Sts dane 0)             

2 Available only in 2OGBASE-CR4, 
> Available only in LOOGBASE-CR2 and 200GRASE-CR4. 

136.8 PMD functional specifications 

436.8.1 Link block diagram 

One direction of a SOGBASE-CR, LOOGBASE-CR2, or 200GBASE-CR4 link is shown in Figure 136-2. 

Note that the source lance (SL) signals SL;<p> and SL,;<m> are the positive and negative sides of the 

transmitter’s differential signal pair on lane / and the destimation lane COL) signals DL.<p> and DL <n> are 

the positive and negative sides of the receiver's differential signal pair on lane /. 

For purposes of system conformance, the PMD sublayer is standardized at the test points described in this 

subclause. 

The electrical transmit signal is defined at TP2. Unless specified otherwise, all transmitter measurements 

and tests defined in 136.9.3 are made at TP2 utilizing the test fixture specified in 136B.1.1. 

The electrical receive signai is defined at TP3. Unless specified otherwise, all receiver measurements and 

tests defined tn 136.9.4 are performed at TP3 utuizing the test fixture specified tn 136B. 1.1. 

A mated connector pair has been meluded in both the transmitter and receiver specifications defined in 

136.9.3 and 136.9.4. The recommended maximum insertion loss from TPO to TP2 or TP3 to TP5 including 

the test fixture is provided in 92.8 3.5. Annex [364 provides information on parameters associated with test 

points TPO and TPS that may not be testable in an implemented system. 

The channel (sce 136.9} 1s defined between the transmitter (TPO} and receiver (TPS) blocks to include the 

transmitter and receiver differential controlled impedance printed circuit board insertion loss and the cable 

assembly insertion loss, as illustrated in Figure 136-2. All cable assembly measurements are to be made 

between TPt and TP4 as illustrated in Figure 136-2. The cable assembly test fixture of 136B.1.1, or its 
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PMDIS UNITDATA frequest PMDIS_UNITDATA. (indication 

Fiqure 136-2-—30GBASE-CR, 100GBASE-CRZ or Z00GBASE-CR4 link 

equivaicni, is required for measuring the cable assembly specifications in 136.10 at TPi and TP4. Two 

mated connector pairs and the cable assembly test fixture have been inclided in the cable assembly 

specifications defined in 136.10. Transmutter and receiver differential controlled impedance printed circut 

board insertion losses defined between TPO and the MDT and between the MDI and TPS, respectively, are 

{one direction is Hustrated} 

provided informatively in 136A.4. 

Table 136-7 describes the defined test points illustrated in Figere 136-2. 

Table 136~-7—Test points 

  

  

  

  

  

      

Test points Description 

TPO to TPS | The channel including the transmitter and receiver differential controlled impedance printed 

circuit board insertion loss and the cable assembly insertion loss. 

TPito TP4 | Allcable assembly measurements are made between TPE and TP4 as ilhistrated in 
Pigure 136-2. The cable assembly test fixture of 136B .11 or tts equivalent, is required for 
measuring the cable assembly specifications in 136.10 at TP1 and TP4. 

TPG to TP2 | Amated connector pair has been inchided in both the transmitter and recetver specifications defined 

TP3 to TPS | in 136.9.3 and 136.9.4. The recommended maximum insertion loss from TPO to TP2 or from TP3 to 

TPS including the test fixture is provided in 92.9.3.8, 

TP2 Unless specified otherwise, all transmitter measurements defined in 136.9.3 are made at TP? utilizing 
dae test fixture specified in 136B.1.1. 

TP3 Unless specified otherwise, all receiver measurements and tests defined in 136.9.4 are made at TP3 

ublizing the test fixture specified in 136B     
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436.6.2 PMD transmit function 

The PMD transont function has two operating modes, DATA and TRAINING. The operating mode is 

controlicd by the PMD control state diagram (Figure 136-7). 

When operating in DATA mode, the PMD transmit finction shall convert the symbol stream requested by 

the PMD service interface message PMDVIS UNITDATA irequest(tx symbol) of cach lane into an 

electrical signal, and deliver the clectrical signals to the MDi, according to the transmit clectncal 

specifications in 136.9.3. The highest differential output voltage (SL,<p> mious SL,<n>) shall correspond to 

tx_symbol = three and the lowest differential output voltage shall correspond to tx_symbol = zero. 

When operating in TRAINING mode, the PMD transmit finction shall convert the symbol stream generated 

by the PMD control function of each lane into an electrical signal, and deliver the electrical signals to the 

MBI, according to the transmit electrical specifications in 136.9.3. The highest differential output voltage 

(SL,<p> minus SL;<a>) shall correspond to the symbol 3 and the lowest differential output voltage shall 

correspond to the symbol 0. 

136.8.3 PMB receive function 

The PMD receive fonction shall convert the electrical signal from each of the lanes on the MDI into a 

symbol stream for delivery to the PMD service interface using the messages 

DL,<n>) shall correspond to rx_symbol = three and the lowest differential input voltage shall correspond to 

rx_symbol = zero. 

136.8.4 PMD giobai signal detect function 

For the 50GBASE-CR PMD, the vanable Global PMD signal detect is set to PMD signal detect_0 (see 

136.%.5}. For the lOOGBASE-CR? and 200GBASE-CR4 PMDs, the variable Global PMD signal detect is 

set to the logical AND of the valucs of PMD signal detect_i from each of the PMD lanes. 

436.8.5 PMD lane-by-lane signal detect function 

The PMD lane-by-lane signal detect function is used by the PMD to indicate the successful compietion of 

the start-up protocol by the PMD control function (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 i is set to true. The 

signal detect variables are set independently on cach lane by the PMD control state diagram (Figure 136~-7). 

ff training is disabled by the management variable mr_traimmg enable (see 136.7}, PMD signal detect_/ 

shall be set to one for all lanes. 

When the MDIO is implemented, this function maps the variables to registers and bits as defined in 136.7. 

436.8.5 PMD giobai 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 transmit disable variable is set to one, this fimnction shall turn off all the transmitters 

such that each transmitter drives a constant level Ge no transitions) and does not exceed the differential 

peak-to-peak output voltage Gnax.) with Tx disabled in Table 136-11. 

Ifa PMD fault (136.8.8) is detected, then the PMD may set Global PMD transmit_disable to one. 
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136.8.7 PMD lane-by-lane transmit disable function 

The PMD lane-by-lane transmit disable function allows the transmitter in each lane to be selectively 

disabled. 

Whena PMD transmit disable i variable is set to one, this function shall tum off the transmitter in lane i so 

thai it drives a constant level (.c., no transitions) and does not exceed the differential peak-to-peak output 

voltage (max.) with Tx disabied in Table 136-11. 

Ha PMB fault (36.8.8) is detected, then the PMID may seteach PMD transmut disable / to one, turning off 

the transmitter in cach lane. 

Tf MDIO is not unplemented, an alternative 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 receive fault, PMD transmit fault, and any other implementation 

specific fault. If the MDIO interface is taplemented, then PMD fault shall be mapped to the fault bit as 

specified in 4S.2.1.2.3. 

436.8.3 PMB transmit fault function (optional) 

The PMD transmit fault function is optional. The faults detected by this function are implementation 

specific, but the assertion of Global PMD transmit disable is not considered a transmit fault. 

Tf PMD transmit fault is set to one, thea Global PMD transrat_disable should also be set to one. 

If the MDIO interface is unplemented, then PMD transmit faot shall be mapped to the Transrast fandt bit as 

specified in 45.2.1.7.4. 

436.8.16 PMD receive fault function (optional) 

The PMD receive fault function is optional. The faults detected by this function are implementation specific. 

A fault is indicated by setting the variable PMD receive _fault to one. 

If the MDIO ioterface is tmplemented, then PMD receive fault shall be mapped to the Receive fault bit as 

specified in 45.2.1.7.5. 

136.8.41 PMD control function 

The PMD control function performs the PMD start-up protocol. 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 instance of the PMD control fiction described in this subclause for each 

lane. The PMD control functions operate independently on cach lane. 
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936.8.11.1 Training frame structure 

The training frame is a sequence of PAM4 symbols whose values correspond to the passible values of the 

tx Symbol and rx_symbol variables (the Symbol values 0, 1, 2, and 3 correspond to tx_symbol or m_symbol 

values zero, one, two, and three, respectively). The structure of a traming frame is shown in Figure 136-3. 

  

   
  

  

  

  

  

  

  

  

          

  

    

16 3’s followed by 16 0's Frame marker (32 UD 

~ 

可 _ Cell 15 
Transmission order is left- 
to-right then top-to-bottom 

> Control field (128 UD 

Cell B < 

Cell 15 

> Status field (126 UD 

Cell G < 

_ | Training pattem and zero 
“a ae » pad (16 384 UD 

| 00) /       

Figure 136—-3-——Training frame structure 

436.8.11.1.1 Frame marker 

Training frames are delimited by a specific sequence of PAM4 symbols. The training frame marker is a nm 

of 16 consecutive “3” symbois followed by a ran of 16 consecutive “0” symbols. This sequence is not found 

in the control field, status field, or waining pattern and it uniqueby identifies the beginning of a training 

frame. 

436.8.11.1.2 Control and status flelds 

The control field comprises 16 bits with the structure defined in 136.8.11.2. The status field comprises 16 

brits with the structure defined in 136.8.11.3. 

Each bit of the control and status fields is sent as a differential Manchester encoded cell where cach cell is 

eight unit intervals in length. The specific rules for this encoding follow. 

a) A transition from 0 to 3 or from 3 to 0 occurs at the start of the cell, 

b) A transition from 0 to 3 or from 3 to © at the midpoint of the cell, Le four unit intervals from the 

transition at the beginning of the cell, corresponds to a logical one. 

c) The absence of a transition at the midpoint of the cell corresponds to a logical zero. 

The control field is transmitted uamediately after the frame marker where the first cell transmitted 

corresponds to the highest bit index in the field The status ficid 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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936.8.11.1.3 Training pattern 

The teaming pattern is the result of a training pattern generator equivalent to the structure shown in 

Figure 136-4. 
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Figure 136—-4-—-Training pattern generator 

A set of four PRBS generator polynomials are defined to minimize correlated interference between PMDs, 

or physical lanes within a PMD, during the start-rp protocol. The PRBS generator for each lane shall 

inwplement each of four generator polynomials defined in Table 136-8. The polynomial used in cach lane / ts 

selectable by identifier 7. The default identifier for each lane is its lane mimber (e.g the default value for 

identifier 0 is 0 which selects polynomial 0). A sample implementation of the PRBS generator for 

identificr j= 03s shown in Figure 136-5. 

十 © 直 

Be SO Bi S1 i_pisoisals4issise!s7 | sei] se isioisi s42 -一 

  

        
  

                                          

¥ PRBS pattern output 

Figure 136—-5-—-Training pattern PRBS generator (identifier_f = 0) 

At the start of the training pattern, the state of the PRBS generator shall be set to the value seed_/. The 

default value of seed_i shall be the value given in Table 136-8 for n = 1. A sced of all zeros is not valid. 
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The polynomials for cach identifier vahie n and the default seeds, as well as the first 13 symbols of the train- 

ing pattern for each modulation and precoding mode, using the defauit seed, are provided in Table 136-8. 

Table 136~-8—Training patterns 

  

Initial output, 

  

. Wess Default seed initial output Initial ovtpat, ; ie a g 2 9 n Polynomial 2, Gx) bits? PAM? PAMA PAM4 with 

precoding 

0 | Ltxtx +x +x" 000001010101 | 0030330330000 | 1031320220111 | 1303200200101 
  

boi + 他 二 + +x | 00L01000001 | 3030303030333 “| 3030213021333 | 3422012201212 
  

2 | ptxtx'tx%4+x" | 1001000101100 | 0303333033030 | 1212332133031 | 1102120121301 
  

3 Ltx tx +x? tx) | 0100010000010 3330300030330 2231210121221 2032013201110                 

“The leftmost bit in the sequence corresponds to the initial value of SO and the rightmost bit corresponds to the initial 
value of $12, 

bTpis is equivalent to the PRBS13Q test pattern defined in } 
yO 
fan) 

  

For 4 given configuration of the PRBS generator, there are three possible training patterns. The construction 

of cach training pattern begins by demultiplexing the PRBS generator output into pairs of bits {A, B} where 

A. corresponds to the Ist, 3rd, Sth, otc. 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 cach unit interval which implies that 

the PRBS generator is required to generate bits at twice the signaling rate. Given these pairs of bits, the three 

different training patterns correspond to three modulation and precoding modes: PAM2, PAM4, PAM4 with 

precoding. 

When the modulation and precoding mode is set to PAM2, the training pattern ts 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 PAM4, the training pattem is the sequence of 16 382 

PAM4 symbols derived by Gray coding the {A, B} pairs as specified in 135.5.7.1. 

When the modulation and precoding mode is set to PAM4 with precoding, the training pattern is the 

sequence of 16 382 PAMA symbols derived by Gray coding the {4, B} pairs as specified in 135.5.7.1 and 

precoding the result as specified in 135.5.7.2. The precoder state is initialized to 0 at the beginning of cach 

training pattern, so that PG=0) in Equation (135-1) ts set to 0. 

The modulation and precoding mode is set to PAM? upon entey to the INITIALIZE state of the PMD control 

state diagram (see Figure 136-7). 

NOTE——Exiting TRAINING made requires both sides to use PAM4 modulation, thus the request and the status of the 
modulation and precoding are both required to have values other than PAM? (etther “PAM4” or “PAMA with precod- 

ing”). 

136.8.11.1.4 Zero pad 

Two “0” symbols are wansmitted immediately after the training pattern. This zero pad ensures 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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The structure of the control field shall be as shown in Table 136-9. 

Table 136-9-—Control field structure 

IEEE Draft P802.3cd/D1.2 
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Bit(s) Name Bescription 
  

iS:i4 Reserved Transmit as 0, ignore on receipt 
  

13:12 Tnitial condition request 13 12 

i ot = Preset 3 
1 O = Preset 2 

0 | = Preset i 
0 0 = Individual coefficient control 
  

1:10 Reserved Transmit as 0, ignore on receipt 
  

a8 Modulation and precoding 
request 

8 

o = PAM4 

0 | = Reserved 
0 0 =PAM2 

9 

1 o£ = PAM4 with precoding 

1 

  

os
 

wa
n Reserved Transmit as 0, ignore on receipt 

  

Coefficient select 

  

1:6     Coefficient request   
4 3 2 
1 1 0 =cC2?) 
io} 1 =c-D 
0 06 0 =O} 
0 8 | =e) 

i 4 

i 3 = No equalization 
i 0 := 

Go of 

G 9 

  

    

136.8.11.2.1 Initial condition request 

The initial condition request bits are used to select onc of the three pre-defined transmitter equalizer 

configurations (presets) specified in 136.8.11.3.4. When the initial condition request bits are 00, the 

coefficient select and coefficient request bits are used to update the transmitter equalizer configuration. 

436.8.11.2.2 Modulation and precoding request 

The modidation and precoding request bits are used to request that the ink partner transmitter transmit one 

of the three training pattern formats defined in 136.8.11.1.3. 

136.8.41.2.3 Coefficient select 

The coefficient select bits are used te identify the cocfficient that is the target of a cocfficient request. The 

value of the field is the two's complement encoding of the coefficient index. For example, binary value if] 

corresponds te a coefficient index of -1. 
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436.8.11.2.4 Coefficient request 

The coefficient request bits are used to change the value of the coefficient specified by the coefficient select 

bits. A cocfficient may be changed by incrementing or decrementing its value or by setting it to “No 

equalization”. The “No equalization” vahie is 1 for c(Q)} and 0 for c(-2), e(-D, and c(i). 

136.8.11.3 Status field structure 

The structure of the status field is shown in Table 136-10. 

Table 136~-10-—-Status field structure 

  

Bit{s) Name Description 
  

15 Receiver ready 1 = Traine is complete and the receiver is ready for data 

0 = Request for training to continue 
  

14:12 | Reserved Transmit as 0, ignore on receipt 
  

  

Lh10 | Modulation and precoding i} 40 
status 1 i =PAM4 with precoding 

1 0 =PAM4 

QO 1 =Reserved 
0 0 =PAM?2 

9 Receiver frame lock 1 = Frame boundaries identified 

0= Frame boundaries not identified 
  

  

  

  

  

  

        

    

8 Initial condition status ted 

updated 

7 Parity Even parity bit 

6 Reserved Transmit as 0, ignore on receipt 

3:3 Coefficient select echo 3 4 3 
i 1 6 =cC2) 
tod ob =c-D 
0 0 0 =c) 
0 0 £ =ab 

2:0 Coefficient status 2 i 9 

1 4d 2 = Reserved 

1 1 0 =Coefficient at limit and equalization limit 
1 0 ££ =Reserved 

1 0 90 =Egualhzation mit 

0 i C i 

D | @ 

0 0 | =Updated 
0 0 0 =Not updated     

136.8.11.3.1 Receiver ready 

The receiver ready bit is used to stgnal the local receiver state to the fink partner. When this bit is J, it 

indicates that the local receiver has completed training and is prepared to recetve data. When this bit is 0, it 

indicates that the local receiver is requesting that training continue. 
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736.8.11.3.2 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 

oarker positions and is ina state where the response time requirements specified in 136.8.11.6 are met. 

Receiver frame lock shall be set to 0 upon entering TRAINING mode 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 resultrag from the procedure described in 136.8.11.4. 

436.8.17.3.3 Parity bit 

The parity bit is calculated based on the other bits in the control field and status field to create even parity for 

these fields. Even panty ensures that the resulting pattern is DC balanced. This field may be ignored on 

receipt. 

136.8.11.3.8 Coefficient select echo 

The coefficient select echo bits acknowledge the coefficient select bits recetved from the link partner. When 

a change to the coefficient select bits is detected, the coefficient sclect echo bits are updated to represent the 

same coefficient index. This serves as a coofirmation to the link partner that subsequent coefficient requests 

will act on the targeted coefficient. 

136.8.11.3.7 Coefficient status 

The coefficient status bits acknowledge the coefficient request bits recerved 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 setting 

When a change to the initial condition request bits is detected, the coefficients are configured in a manner 

consistent with the following algorithm. 

Lf ic req = ind ctl 

ic sts = not upd 
   

if ic req = preset i 

Set coefficients to preset 1 
他 else if ic reg = oreset 

Set coefficients to preset 2 
    else if ic_req = preset 3 

Set coefficients to preset 3 

end if 

ic sts = updated 

end if 
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The variables ic req and ic sts are defined m (36.8.11.7.1. The transmitter equalizer coefficients 

corresponding to cach of the three presets shall be within the ranges specified in Table 136-12. 

The transmitter equalizer is set to preset | upon entry to the INITIALIZE state of the PMD control state dia-~ 

pram. 

136.8.11.5 Coefficient update 

When a change to the coefficient select or coefficient request bits is detected, the corresponding coefficient 

update is performed in a manner consistent with the following algorithm. 

if k in k_list 

= JTNCREMENT 
+ 

  

ck ask = 1 

else 

ck ask = 0 

end if 

else 

ck ask = c(h} 

end if 

  

fa 
CHECK EQ(ck_ask,k 

7 

\ 
i 

sts = COEFFICIENT AT LIMIT AND EQUALIZATION LIMIT 

    
ck min 

(CK EO(ck ask, k) 

sts = CORPFICIENT AT LIMIT AND EQUALIZATION LIMIT 

- sts = COERFFICENT AT LIMIT 

© CORFPICTENT 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} 

Variable that contains the current value of the coefficient c(k). 
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ck ask 

Variable that contains the value of cd) that would result from the requested update. 

ck min 

Variable that contains the minimum supported valuc of c(k). 

ck max 

Variable that contains the maximum supported value of c(k). 

ck stp 

Variable that contains the magnitude of the change in c{k) for one step up or one step down 

from its current value. 

k list 
The set of valid transrnitter equalizer coefficient indices {~2, —1, 0, 1}. 

CHECK, EOtck_ask,k) 

Compares the transmitter’s steady-state voltage that would result from setting transrmt cqual- 

ization coefficient c(k) value to ck_ask, while keeping all other coefficients unchanged, against 

the lansmitter’s steady-state voltage (see 136.9.3.1.2) and equalization capability. Returns 

tre if the resulting combination of coefficients would exceed the maxiniam steady-state volt- 

age or the transmitter’s equalization capability. Otherwise returns false. 

436.8.11.6 Handshake timing 

Changes to the configuration of the transmitter equalizer or the transmitted training pattern 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 to the time that request is acknowledged shall be less than 2 ms 

when the receiver frame lock bit in the status field of transrnitied training frames is set io 1. A new request is 

defined to be a received training frame whose control field differs from the control field of the preceding 

training frame. An acknowledgment ts defined as the first transmitted training frame that contains a status 

field encoding that is an appropriate response for the requested action. For exampic, a change in the cocffi- 

cient select bits in the control field would be acknowledged by a change in the coofficiont select ocho bits of 

the siatus ficid. Similarly, a change in the modulation and precoding request bits in the control field would 

be acknowledged by a change in the modulation and preceding status bits in the status field. All timing mea- 

surements are referred to a common reference point within the training frame (e.g., the 3 to 0 transition in 

the training frame marker). 

The timing of requests and acknowledgment is iustrated in Figure 136-6. 

  

  

  

  

Link partner Request X x Request ¥ 
ra 

‘Propagation < Response 
‘ time : time 

“a pid ee 
Acknowledgment X ‘ Acknowledgment Y 
  Local device A 

aN A 7 
Transmitter configuration X JOOOO OO XK Transmitter configuration Y 
  

Fiqure 136-8—Transmitter update timing 

Copyright © 2017 IEEE. Allrights reserved. 

This is an unapproved IEEE Standards draft, subject to change.

Marvell Semiconductor, Inc. - Ex. 1002, Page 000316



Draft Amendment to IEEE Std 802.3-2015 IEEE Draft P802.3cd/D1.2 

{EEE P802.3cd Task Force 3rd February 2017 

436.8.11.7 Variables, functions, timers, counters, and state diagrams 

The PMD unplements one instance of each of the PMD contrel state diagrams, and the set of associated 

variables, functions, counters and timers defined in this subclause, independently for cach of the n physical 

Janes. 

136.8.11.7.1 Variables 

coef_req 

Enumerated variable denved from the “coefficient request” bits from the control ficid of the 

received training frames (see 136.8.11.2). This variable may be one of the following vahies: 

hold, decrement, increment, no equalization. 

coef sel 

Variable derived from the “coefficient select” bits from the control field of the received 

trang frames (see 136.8.11.2). If is 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 vahic 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 field of 

the received training frames (sce 136.8.11.2}. This variable may be assigned one of the 

following values (abbreviations used by the state diagram are included in parentheses): 

individual control (ind ctl), preset 1, preset 2, preset 3. 

ic_sts 

Enumerated variabie that may be assigned one of the following values (abbreviations used by 

the state diagram are inchided in parentheses): not updated (not_upd), updated. 

Variable thal stores the most recent value of coef sel. 

local_rx_ready 

Boolean variable that is set to true by the training state chagram when local trained is asserted 

and is set to false otherwise. This valuc is encoded as the “receiver ready” bit in the status field 

of transmitted traming frames. 

focal tf lock 

Boolean variable that is trie if the value of training is truc and training frame marker positions 

have been identified and is false othenvise. 

local trained 

Boolean variable that is set to trac when the local receiver has determined that the remote 

transmit and local recetve equalizers have been optirnized and aorolal data transmission may 

commence. It is set to false otherwise. The exact criteria for setting this variable to truc are 

poplementation specific. 

marker valid 

Boolean variable that is set to trac when the candidate frame marker matches the frame marker 

pattern defined in 136.8.11.1.1 and is set to false otherwise. 

myr_restart_training 

Boolean variable used by system management to restart the start-up protocol. When set to true, 

it forces the PMD control state diagram to the INITLALIZE state. 
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mr training enable 

Boolean variabie used by system management to enable or disable the start-up protocol. When 

set to true it enables the start-up protocol, and when set to false it disables the start-up protocol. 

new_miarker 

Boolean variable that is set to ruc 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 availabic 

for testing when the training frame tock process has accurmilated 32 consecutive symbols 

starting at the candidate frame start position. 

remote rx ready 

Boolean variable derived from the “receiver ready” bit of the status field of received training 

frames. {f the bit is 1, the value of remote _rx_ready is true, otherwise it is false. 

remote tf lock 

Booican variable derived from the “receiver frame lock” bit of the status ficld of received 

training frames. If the bit is 1. the vahuc of remote_tf_ lock is truc, otherwise it is false. 

Boolean variable that resets the PMD. It is trac whenever a reset is necessary inchiding when 

reset is initiated from the MDIO, during power on, and when the MDIO has put the PMD unto 

low-power mode. itis false otherwise. 

signal detect 

Boolean variable that is set to trae when the training process is complete and is set to false 

otherwise. The value of signal detect is used by the PMD fane-by-lane signal detect function 

(136.85). 

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 imdicating that the next candidate frame sync position 

can be tested. 

if_ offset 

Boolean variabic that is set to true when receiving one full training frarne (16 672 symbols, see 

136.8.11.1) following the recent frame start position, such that a new frame marker is 

expected. Otherwise it is set to false 

tp mode 

Enumerated variable that corresponds to the “modulation and precoding status” bits in the 

status field of received teatning frames. It may be assigned one of the following values: pam2, 

pani4, parm4 with precoding. 

training 

Boolean variable that is set to trac when the start-up protocal 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 ttme Hoiit Otherwise it is set to false. 

136.8.11.7.2 Functions 

ENCODE STS 

the recerver frame lock bit, k is mapped to the coefficient select echo bits, coef sts is mapped 

to the coefficient status bits, ic_sts is mapped to the initial condition status bit, local rx ready 

is mapped io the recerver 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 nnplementation dependent and beyond the scope of this stan- 

dard. 

TRANSMITGx mode) 

Controls the output of the PMD transmit function on the current lane. When 

tx_mode=DATA, the PMD transmit function ontput is the parameter of the 

PMBVIS UNIFDATA jxequest primitrve (see 136.3). When tx_mode = TRAENING, the 

PMD transmit function output is the stream of symbols gonerated by the PMD control func- 

tion. 

UPDATE Cn 

Updates the value of cU based on the current values of the variables k and coef_req. The 

result of the update is stored in the variable coef_sts. This function waplements the algorithm 

specified in 136.8.11.5. 

UPDATE EC 
Updates all transmit equalizer cocfficionts based on the current value of the variable ic_req. 

The result is stored in the variable ic sts. This function implements the algorithm spectlied in 

136.8.11.3.4, 

136.8.41.7.3 Timers 

holdoff_timer 

This umer is started when the PMD control state diagram enters the TIMEOUT staic. The ter- 

minal count of holdoff_timer is 80 ms + 2%. 

max wait_timer 

This timer sets the limit for how long the PMB start-up protocol is allowed to operate. Ht is 

started upon entry to the INITIALIZE state of the PMD control state diagram. ff the timer 

expires before the LINK READY state is reached, then a failure to train is indicated. The ter- 

minal count of max_wait_timeris 155+ 2%. 

wait timer 

This timer is started when the local receiver has completed training and detects that the remote 

receiver is ready to reccive data. The local transmitter sends additional traimng frames until the 

timer expires to ensure that the link partner correctly detects the local receiver state. The termi~ 

i nal count of wait_timer is between 25 ps and 125 ps. equivalent to approximately 40 to 200 

training frames. 

436.8.41.7.4 Counters 

bad_markers 

Count of the nurmber of consecutive frame marker mismatches. 

good_markers 

Count of the number of consecutive frame marker matches. 

436.8.11.7.5 State diagrams 

The notation used in the state diagrams follows the conventions of 21.5. State diagram timers follow the 

conventions of 14.2.3.2, The notation ++ after a counter indicates that its value is to be incremented. 

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 radicate “PAMA4 with 

precoding”, then the PMD shall cause the adjacent PMA to transmut ail 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 

corresponding lane inchides precoding (see 135.5.7.2 and 120.5.7.2). 

The PMD control state diagram is supported by the traming frame tock and coefficient update state 

diagrams. The training frame lock state diagram (Figure 136-8) determines when the PMD control finction 

has detected training frame boundaries. The coefficient update state diagram (Figure 136-9) defines the pro- 

cess for updating the local transmitter equalizer coefficients in response to requests from the link partner. 
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signal_detect <= false 
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SEND_TF 

local_om_ready <= false 
training <= true 
TRANSMIT (TRAINING) 

        

focal tf_fock * remote_tf_ lock | 

  
TRAHN LOCAL 

Start max_wait_timer 
  

      

+ me_restart_training 
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imax_wait_timer_done | rax_wait_timer_done 
  

*focal_trained 
* tip mode z pam2} 

  
TRAIN_REMOTE 
  

      

imax_wait_timer_cdone 
max_wait_timer_done 
  

* rernotle_m ready 

  
LINK_READY 

Start wait_timer 
  

      

  | wait_timer_done 

  
SEND_DATA 

signal_detect <= true 
training <= false 
TRANSMIT(DATA} 

  

      

  vy 

3rd February 2017 

  
TIMEOUT 
  
training <= false 
start hoidoff_timer 
  

holdoff_timer ;_ done 

  
TRAINING FAILED 
    training failure <= true     

Figure 136 一 一 PPMB control state diagram 
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OUT_OF_FRAME 
  

  
focal _tf_lock <= false 
new_Mmarker <= false     

UCT (unconditional transition) 

  

  

\   
RESET COUNT 
  

  
gcod_markers <= 0 
bad_markers <= 6 
slip_done <= fatse     

UCT 
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GET_NEW_ MARKER 
  
tf_offset <= false 

  
| new_marker 

  
TEST_ MARKER 
    new_marker <= false     

marker valid 

  
imarker_valid 

  

  
VALID MARKER 
  

  
good_markers++ 
bad_markers <= 0           

good_markers < 2 
“if offset 

¥   
INVALID_ MARKER 
  

  
bad_markers++ 

good_miarkers <= 9     

bad_markers = § 
+ Hocal_ if lock 

good_markers = 2 
  

IN_FRAME 
  

  
local tf lock <= true 

    
oe et 

  
      

bad_markers < 5 
*tocal tf lock 

  

  

      

¥ “tf offset 

SLIP 

i local_tf jock <= false 
SLIP 

slip done 
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| reset 

¥ 
OUT_OF_SYNGS 

Kc 0 
Cef sts <= not_upd 
ic_sts <= not_upd 
ENCODE STS 

  

  

      
j local tf lock 

NEW INDEX 

Kk <= coef_sel 
coef sts <= not_upd 
ic_sts <= not_upd 
ENCODE_STS 

全 

  

  

      

  
ic_req ind ct 
* coef_sel zk 

  

ic req = ind_ctl 
* coef_sel =k 
*coef_req z hold   

v se¥   

  
NEW REQUEST 

UPDATE_Cn 
ENCODE STS       

coef reg = hold 

  
WAIT 

coef_sts <= not_upd 
ENCODE_STS 

  

              

  

    
ic_req = ind_cll 
* coef sels k 

  

ic_req *ind_ctl 

ic_req * ind_ct 
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NEW_IC 
  
UPDATE_iC 
ENCODE STS       

    

ic_req = ind_cti 
* coef_sel =k 
“coef reg « hold 

Figure 136~-9—Coefficient update state diagram 
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136.9 Electrical characteristics 

736.9.1 AC-coupling 

The MDI (see £36.12) ts a low-swing AC-coupled differential interface. AC-coupling within the plug 

connectors, as defined im 136.12, allows for interoperability between components operating from different 

supply voltages. 

136.9.2 Signal paths 

The MDI transmit and receive paths are point-to-point connections. Fach path corresponds to one MDT lane 

and comprises two complementary signals, which form a balanced differential pair. 

For SOGBASE-CR, there is one differential path im each direction for a total of two pairs, or four 

connections. For LOOGRASE-CR2?, there are two differential paths in cach direction for a total of four pairs, 

or eight connections. For ZOOGBASE-CR4, there are four differentiai paths in each direction for a total of 

eight pairs, or sixteen connections. 

436.9.3 Transmitter characteristics 

The transmitter op cach lane shall meet the specifications given in Table 136-t1 and detailed in the 

referenced subclauses. Uniess specified otherwise, all transmitter measurements are made for each lane 

separately, at TP2, utilizing the test fixtures specified in 136B.1.1, using a test system 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 

  

Subciause lant 
Parameter Value Units 

reference 
  

  

  

  

  

  

  

  

  

  

  

Differential pk-pk output voliage (uax.) with Tx disabled® 38 mV 

DC common-mode voltage (max.* 19 V 

AC common-mode RMS output voltage, v,,,,; (max.}* 30 mV 

Differential pk-pk voltage, va; (max.}" 1 200 mV 

Differential output return loss Gn.) dB 

Common-mode to differential mede output return loss Gmin) 32. 8.3.3 dB 

Common-mode to common-mode output return loss (min.) 92 8.3.4 dB 

Transmitter steady-state voltage, vy (niin) 136.9.3.1.2 0,34 Vv 

Transmitter steady-state voltage, vy(max.) 0.6 

Linear fit pulse peak Gmin.) 136.9.3.1.2 Vv 

  

  
    Level separation mismatch ratio Aya, Guin.)             
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Table 136~-11-—Summary of transmitter specifications at TP2 
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Parameter Subciause Value Units 
reference 

Transmitter output waveforn 

abs step size for ec 一 有 c(O), and c(1) (min) 136.9.3.1.4 0005 fo 
abs step size for c(—1), c(O), and cf Cmax.) 136.9.3.b.4 0.05 一 

abs step size for c(-2) Gnin.} 136,9.3.1.4 0005 | 一 

abs step size for c(-2) (max.) (36.9.3. h.4 0.025 -一 
valine at minimum state for c(—-D and c(h) Gmax.) 136.9.3.1.5 “O25 一 

value at maximum state for cC2y Gain) 136.9.3.1.5 0.1 -一 

Signal-to-noise-and-distortion rate (mit) TRY dB 

SNR yey Cit Neal 30 dB 

Output jitter Gmax.} ZO 32s 

Even-odd jitter, pk-pk Ui 

Fass ui 
4 ut 

Signaling rate GBd 

Unit interval nominal ps 

  

            

六 
“Measurement uses the method described in &4.3.12.3 with the exception that the PRBS130 test pattern is used. 

436.9.3.1 Transmitter output waveform 

‘The transmit firnction inchides 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 
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