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Foreword 

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical 
Commission) form the specialized system for worldwide standardization. National bodies that are 
members of ISO or IEC participate in the development of International Standards through technical 
committees established by the respective organization to deal with particular fields of technical activity. 
ISO and IEC technical committees collaborate in fields of mutual interest. Other international 
organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the work. 

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

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

Attention is drawn to the possibility that some of the elements of this document may be the subject 
of patent rights. ISO and IEC shall not be held responsible for identifying any or all such patent rights. 
Details of any patent rights identified during the development of the document will be in the 
Introduction and/or on the ISO list of patent declarations received (see www.iso.org/patents) or 
the IEC list of patent declarations received (see http://patents.iec.ch).  

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

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

ISO/IEC/IEEE 8802-3 was prepared by the LAN/MAN of the IEEE Computer Society (as IEEE Std 
8802-3: 2018) and drafted in accordance with its editorial rules. It was adopted, under the “fast-track 
procedure” defined in the Partner Standards Development Organization cooperation agreement 
between ISO and IEEE, by Joint Technical Committee ISO/IEC JTC 1, Information technology, 
Subcommittee SC 6, Telecommunications and information exchange between systems. 

This third edition cancels and replaces the second edition (ISO/IEC/IEEE 8802-3:2017), which has been 
technically revised. It also incorporates the Amendments ISO/IEC/IEEE 8802-3:2017/Amd 
1:2017, ISO/IEC/IEEE 8802-3:2017/Amd 2:2017, ISO/IEC/IEEE 8802-3:2017/Amd 3:2017, ISO/IEC/
IEEE 8802-3:2017/Amd 4:2017, ISO/IEC/IEEE 8802-3:2017/Amd 5:2017, ISO/IEC/IEEE 8802-3:2017/
Amd 6:2018, ISO/IEC/IEEE 8802-3:2017/Amd 7:2017, ISO/IEC/IEEE 8802-3:2017/Amd 8:2018, ISO/
IEC/IEEE 8802-3:2017/Amd 9:2018, ISO/IEC/IEEE 8802-3:2017/Amd 9:2018, ISO/IEC/IEEE 
8802-3:2017/Amd 10:2019, ISO/IEC/IEEE 8802-3:2017/Amd 11:2019 and the Technical Corrigendum 
ISO/IEC/IEEE 8802-3:2017/Cor 1:2018. 

A list of all parts in the ISO/IEC/IEEE 8802 series can be found on the ISO and IEC websites. 
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Any feedback or questions on this document should be directed to the user’s national standards body. 
A complete listing of these bodies can be found at www.iso.org/members.html and  www.iec.ch/
national-committees.
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Abstract: Ethernet local area network operation is specified for selected speeds of operation from 
1 Mb/s to 400 Gb/s using a common media access control (MAC) specification and management 
information base (MIB). The Carrier Sense Multiple Access with Collision Detection (CSMA/CD) 
MAC protocol specifies shared medium (half duplex) operation, as well as full duplex operation. 
Speed specific Media Independent Interfaces (MIIs) allow use of selected Physical Layer devices 
(PHY) for operation over coaxial, twisted pair or fiber optic cables, or electrical backplanes. 
System considerations for multisegment shared access networks describe the use of Repeaters 
that are defined for operational speeds up to 1000 Mb/s. Local Area Network (LAN) operation is 
supported at all speeds. Other specified capabilities include: various PHY types for access 
networks, PHYs suitable for metropolitan area network applications, and the provision of power 
over selected twisted pair PHY types.

Keywords: 2.5 Gigabit Ethernet; 5 Gigabit Ethernet; 10 Gigabit Ethernet; 25 Gigabit Ethernet; 
40 Gigabit Ethernet; 100 Gigabit Ethernet; 200 Gigabit Ethernet; 400 Gigabit Ethernet; attachment 
unit interface; AUI; Auto-Negotiation; Backplane Ethernet; data processing; DTE Power via the 
MDI; Energy Efficient Ethernet; EPoC; EPON; EPON Protocol over Coax; Ethernet; Ethernet in the 
First Mile; Ethernet passive optical network; express traffic; Fast Ethernet; Gigabit Ethernet; IEEE 
802.3™; information exchange; LAN; local area network; management; MDI; medium dependent 
interface; media independent interface; MIB; MII; MPMC; multi-point MAC control; PCS; PHY; 
physical coding sublayer; Physical Layer; physical medium attachment; physical medium 
dependent; PMA; PMD; PoDL; Power over Data Lines; Power over Ethernet; reconciliation 
sublayer; repeater; RS; type field; VLAN tag
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Important Notices and Disclaimers Concerning IEEE Standards Documents

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

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

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

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

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

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

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

IN NO EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, 
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO: 
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR 
BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, 
WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR 
OTHERWISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE UPON 
ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND 
REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE.
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Translations

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

Official statements

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

Comments on standards

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

Comments on standards should be submitted to the following address:

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

Laws and regulations

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

Copyrights

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

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

Updating of IEEE Standards documents

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

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

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

Errata

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

Patents

Attention is called to the possibility that implementation of this standard may require use of subject matter 
covered by patent rights. By publication of this standard, no position is taken by the IEEE with respect to the 
existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant has 
filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the IEEE-
SA Website at http://standards.ieee.org/about/sasb/patcom/patents.html. Letters of Assurance may indicate 
whether the Submitter is willing or unwilling to grant licenses under patent rights without 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 IEEE is not 
responsible for identifying Essential Patent Claims for which a license may be required, for conducting 
inquiries into the legal validity or scope of Patents Claims, or determining whether any licensing terms or 
conditions provided in connection with submission of a Letter of Assurance, if any, or in any licensing 
agreements are reasonable or non-discriminatory. Users of this standard are expressly advised that 
determination of the validity of any patent rights, and the risk of infringement of such rights, is entirely their 
own responsibility. Further information may be obtained from the IEEE Standards Association.
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Participants

The following individuals were officers and members of the IEEE 802.3 working group at the beginning of 
the IEEE 802.3cj working group ballot. 

David J. Law, IEEE 802.3 Working Group Chair
Adam Healey, IEEE 802.3 Working Group Vice-Chair

Pete Anslow, IEEE 802.3 Working Group Secretary
Steven B. Carlson, IEEE 802.3 Working Group Executive Secretary

Valerie Maguire, IEEE 802.3 Working Group Treasurer

Adam Healey, IEEE P802.3 (IEEE 802.3cj) Task Force Chair and Editor-in-Chief
Pete Anslow, IEEE P802.3 (IEEE 802.3cj) Task Force Section Editor

Marek Hajduczenia, IEEE P802.3 (IEEE 802.3cj) Task Force Section Editor

Historical participants

The following individuals participated in the IEEE 802.3 working group during various stages of the 
standard’s development. Since the initial publication, many IEEE standards have added functionality or 
provided updates to material included in this standard. Included is a historical list of participants who have 
dedicated their valuable time, energy, and knowledge to the creation of this material:

IEEE Std 802.3 document Date approved
by IEEE

Working Group officers, Task Force Chair, and
Task Force Editors as listed in the document

IEEE Std 802.3-1985, Origi-
nal 10 Mb/s standard, MAC, 
PLS, AUI, 10BASE5

23 June 1983 Donald C. Loughry, Working Group Chair

IEEE Std 802.3b-1985 
(Clause 11), 10 Mb/s Broad-
band MAU, 10BROAD36

19 September 1985 Donald C. Loughry, Working Group Chair
Menachem Abraham, Task Force Chair

IEEE Std 802.3a-1988 
(Clause 10), 10 Mb/s MAU 
10BASE2

15 November 1985 Donald C. Loughry, Working Group Chair
Alan Flatman, Task Force Chair

IEEE Std 802.3c-1985 (9.1–
9.8), 10 Mb/s Baseband 
Repeater

12 December 1985 Donald C. Loughry, Working Group Chair
Geoffrey O. Thompson, Task Force Chair

IEEE Std 802.3e-1987 
(Clause 12), 1 Mb/s MAU and 
Hub 1BASE5

11 June 1987 Donald C. Loughry, Working Group Chair
Robert Galin, Task Force Chair

IEEE Std 802.3d-1987 (9.9), 
10 Mb/s Fiber MAU, FOIRL

10 December 1987 Donald C. Loughry, Working Group Chair
Steven Moustakas, Task Force Chair

IEEE Std 802.3h-1990 
(Clause 5), 10 Mb/s Layer 
Management, DTEs

28 September 1990 Donald C. Loughry, Working Group Chair
Andy J. Luque, Task Force Chair

IEEE Std 802.3i-1990 
(Clauses 13 and 14), 10 Mb/s 
UTP MAU, 10 BASE-T

28 September 1990 Donald C. Loughry, Working Group Chair
Patricia Thaler, Task Force Chair (initial)
Richard Anderson, Task Force Chair (final)

IEEE Std 802.3k-1993 
(Clause 19), 10 Mb/s Layer 
Management, Repeaters

17 September 1992 Patricia Thaler, Working Group Chair
Joseph S. Skorupa, Task Force Chair
Geoffrey O. Thompson, Vice Chair and Editor

IEEE Std 802.3l-1992 (14.10), 
10 Mb/s PICS Proforma 
10BASE-T MAU

17 September 1992 Patricia Thaler, Working Group Chair
Mike Armstrong, Task Force Chair and Editor
Paul Nikolich, Vice Chair
William Randle, Editorial Coordinator
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IEEE Std 802.3p-1993 
(Clause 20), Management, 10 
Mb/s Integrated MAUs

17 June 1993 Patricia Thaler, Working Group Chair
Joseph S. Skorupa, Task Force Chair 
Geoffrey O. Thompson, Vice Chair and Editor

IEEE Std 802.3q-1993 
(Clause 5), 10 Mb/s Layer 
Management, GDMO Format

17 June 1993) Patricia Thaler, Working Group Chair
Joseph S. Skorupa, Task Force Chair
Geoffrey O. Thompson, Vice Chair and Editor

IEEE Std 802.3j-1993 
(Clauses 15–18), 10 Mb/s 
Fiber MAUs
10BASE-FP, 10BASE-FB, 
and 10BASE-FL

15 September 1993 Patricia Thaler, Working Group Chair
Keith Amundsen, Task Force Chair (initial)
Frederick Scholl, Task Force Chair (final)
Michael E. Lee, Technical Editor

IEEE Std 802.3t-1995, 120  
informative annex to 
10BASE-T

14 June 1995 Geoffrey O. Thompson, Working Group Chair
Jacques Christ, Task Force Chair

IEEE Std 802.3u-1995 
(Clauses 21–30), Type 
100BASE-T MAC parame-
ters, Physical Layer, MAUs, 
and Repeater for 100 Mb/s 
Operation

14 June 1995 Geoffrey O. Thompson, Working Group Chair
Peter Tarrant, Task Force Chair (Phase 1)
Howard Frazier, Task Force Chair (Phase 2)
Paul Sherer, Task Force Editor-in-Chief (Phase 1)
Howard Johnson, Task Force Editor-in-Chief (Phase 2)

IEEE Std 802.3m-1995, 
Maintenance 2

21 September 1995 Patricia Thaler, Working Group Chair
Gary Robinson, Maintenance Chair

IEEE Std 802.3n-1995, 
Maintenance 3

21 September 1995 Patricia Thaler, Working Group Chair
Gary Robinson, Maintenance Chair

IEEE Std 802.3s-1995, 
Maintenance 4

21 September 1995 Geoffrey O. Thompson, Working Group Chair
Gary Robinson, Maintenance Chair

IEEE Std 802.3v-1995, 150  
informative annex to 
10BASE-T

12 December 1995 Geoffrey O. Thompson, Working Group Chair
Larry Nicholson, Task Force Chair

IEEE Std 802.3r-1996 (8.8), 
Type 10BASE5 Medium 
Attachment Unit PICS 
proforma

29 July 1996 Patricia Thaler, Working Group Chair
Imre Juhász, Task Force Chair
William Randle, Task Force Editor

IEEE Std 802.3x-1997 and 
IEEE Std 802.3y-1997 (Revi-
sions to IEEE Std 802.3, 
Clauses 31 and 32), Full-
Duplex Operation and Type 
100BASE-T2

20 March 1997 Geoffrey O. Thompson, Working Group Chair
David J. Law, Working Group Vice Chair
Rich Seifert, Task Force Chair and Editor (802.3x)
J. Scott Carter, Task Force Chair (802.3y)
Colin Mick, Task Force Editor (802.3y)

IEEE Std 802.3z-1998 
(Clauses 34–39, 41–42), Type 
1000BASE-X MAC Parame-
ters, Physical Layer, Repeater, 
and Management Parameters 
for 1000 Mb/s Operation

25 June 1998 Geoffrey O. Thompson, Working Group Chair
David J. Law, Working Group Vice Chair
Howard M. Frazier, Jr., Task Force Chair
Howard W. Johnson, Task Force Editor

IEEE Std 802.3aa-1998, 
Maintenance 5

25 June 1998 Geoffrey O. Thompson, Working Group Chair
Colin Mick, Task Force Editor

IEEE Std 802.3ac-1998, 
Frame Extensions for Virtual 
Bridged Local Area Network 
(VLAN) Tagging on IEEE 
802.3 Networks

16 September 1998 Geoffrey O. Thompson, Working Group Chair
David J. Law, Working Group Vice Chair 
Andy J. Luque, Working Group Secretary
Ian Crayford, Task Force Chair
Rich Seifert, Task Force Editor 

IEEE Std 802.3ab-1999 
(Clause 40), Physical Layer 
Parameters and Specifications 
for 1000 Mb/s Operation Over 
4 Pair of Category 5 Balanced 
Copper Cabling, Type 
1000BASE-T

26 June 1999 Geoffrey O. Thompson, Working Group Chair
David J. Law, Working Group Vice Chair
Robert M. Grow, Working Group Secretary
George Eisler, Task Force Chair
Colin Mick, Task Force Editor 

IEEE Std 802.3 document Date approved
by IEEE
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Multiple Link 
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30 March 2000 Geoffrey O. Thompson, Working Group Chair
David J. Law, Working Group Vice Chair
Robert M. Grow, Working Group Secretary
Steven Haddock, Task Force Chair
Tony Jeffree, Task Force Co-Editor
Rich Seifert, Task Force Co-Editor

IEEE Std 802.3-2002 
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6, Revision of the base), Car-
rier Sense Multiple Access 
with Collision Detection 
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specifications

14 January 2002 Geoffrey O. Thompson, Working Group Chair
David J. Law, Working Group Vice Chair
Robert M. Grow, Working Group Secretary
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(Clauses 44–53) Media 
Access Control (MAC) 
Parameters, Physical Layers, 
and Management Parameters 
for 10 Gb/s Operation

13 June 2002 Geoffrey O. Thompson, Working Group Chair
David J. Law, Working Group Vice Chair
Robert M. Grow, Working Group Secretary
R. Jonathan Thatcher, Task Force Chair
Stephen Haddock, Task Force Vice Chair
Bradley J. Booth, Task Force Editor

IEEE Std 802.3af-2003, 
(Clause 33) Data Terminal 
Equipment (DTE) Power via 
Media Dependent Interface 
(MDI)

12 June 2003 Geoffrey O. Thompson, Working Group Chair (Phase 1)
Robert M. Grow, Working Group Chair (Phase 2)
David J. Law, Working Group Vice Chair
Robert M. Grow, Working Group Secretary (Phase 1)
Steven B. Carlson, Working Group Secretary (Phase 2)
Steven B. Carlson, Task Force Chair
Michael S. McCormack, Task Force Editor (Phase 1)
John J. Jetzt, Task Force Editor (Phase 2)

IEEE Std 802.3aj-2003, 
Maintenance 7

11 September 2003 Robert M. Grow, Working Group Chair
David J. Law, Working Group Vice Chair, Task Force Chair
Steven B. Carlson, Working Group Secretary
Catherine K. N. Berger, Task Force Editor

IEEE Std 802.3ak-2004, Phys-
ical Layer and Management 
Parameters for 10Gb/s Opera-
tion, Type 10GBASE-CX4 

9 February 2004 Robert M. Grow, Working Group Chair
David J. Law, Working Group Vice Chair
Steven B. Carlson, Working Group Secretary
Daniel J. Dove, Task Force Chair
Howard A. Baumer, Task Force Editor

IEEE Std 802.3ah-2004, 
Media Access Control Param-
eters, Physical Layers, and 
Management Parameters for 
Subscriber Access Networks

6 April 2005 Robert M. Grow, Working Group Chair
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Howard Frazier, Task Force Chair
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9 June 2005 Robert M. Grow, Working Group Chair
David J. Law, Working Group Vice Chair, Task Force 

Chair, Task Force Chief Editor
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Introduction  

IEEE Std 802.3™ was first published in 1985. Since the initial publication, many projects have added 
functionality or provided maintenance updates to the specifications and text included in the standard. Each 
IEEE 802.3 project/amendment is identified with a suffix (e.g., IEEE Std 802.3ba™-2010).

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

Some of the major additions to IEEE Std 802.3 are identified in the marketplace with their project number. 
This is most common for projects adding higher speeds of operation or new protocols. For example, IEEE 
Std 802.3u™ added 100 Mb/s operation (also called Fast Ethernet), IEEE Std 802.3z added 1000 Mb/s 
operation (also called Gigabit Ethernet), IEEE Std 802.3ae added 10 Gb/s operation (also called 10 Gigabit 
Ethernet), IEEE Std 802.3ah™ specified access network Ethernet (also called Ethernet in the First Mile) and 
IEEE Std 802.3ba added 40 Gb/s operation (also called 40 Gigabit Ethernet) and 100 Gb/s operation (also 
called 100 Gigabit Ethernet). These major additions are all now included in and are superseded by IEEE Std 
802.3-2015 and are not maintained as separate documents.

At the date of IEEE Std 802.3-2018 publication, IEEE Std 802.3 is composed of the following documents:

IEEE Std 802.3-2018

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

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

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

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

This introduction is not part of IEEE Std 802.3-2018, IEEE Standard for Ethernet.
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Section Five—Includes Clause 56 through Clause 77 and Annex 57A through Annex 76A. Clause 56 
through Clause 67 and Clause 75 through Clause 77, as well as associated annexes, specify subscriber 
access and other Physical Layers and sublayers for operation from 512 kb/s to 10 Gb/s, and defines 
services and protocol elements that enable the exchange of IEEE Std 802.3 format frames between 
stations in a subscriber access network. Clause 68 specifies a 10 Gb/s Physical Layer specification. 
Clause 69 through Clause 74 and associated annexes specify Ethernet operation over electrical 
backplanes at speeds of 1000 Mb/s and 10 Gb/s.

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

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

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

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

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

ISO/IEC/IEEE 8802-3:2021(E) 



24
Copyright © 2018 IEEE. All rights reserved.

Acknowledgments

Grateful acknowledgment is made for portions of this standard reprinted with permission from Broadcom 
Corporation, OPEN Alliance BroadR-Reach® (OABR) Physical Layer Transceiver Specification For Auto-
motive Applications V3.2, June 24, 2014, © 2014.

Grateful acknowledgment is made for portions of this standard reprinted with permission from Data-Over-
Cable Service Interface Specifications DOCSIS® 3.1 Physical Layer Specification CM-SP-PHYv3.1-I01-
131029 (Cable Television Laboratories, Inc. 2013), © 2013.

Portions of the material contained herein are reprinted with permission from Maxim Integrated Products, 
Inc., DS18B20 “Programmable Resolution 1-Wire Digital Thermometer” Data Sheet, Rev. 042208, © 2008.

ISO/IEC/IEEE 8802-3:2021(E) 



25
Copyright © 2018 IEEE. All rights reserved.

IEEE Standard for Ethernet

SECTION ONE

This section includes Clause 1 through Clause 20, Annex A through Annex H, and Annex 4A.

Contents

1. Introduction...........................................................................................................................................  55

1.1 Overview.....................................................................................................................................  55
1.1.1 Scope...................................................................................................................................  55
1.1.2 Basic concepts.....................................................................................................................  55

1.1.2.1 Half duplex operation ...............................................................................................  56
1.1.2.2 Full duplex operation ................................................................................................  56

1.1.3 Architectural perspectives...................................................................................................  56
1.1.3.1 Architectural rationale ..............................................................................................  57
1.1.3.2 Compatibility interfaces............................................................................................  57

1.1.4 Layer interfaces...................................................................................................................  60
1.1.5 Application areas ................................................................................................................  60

1.2 Notation ......................................................................................................................................  60
1.2.1 State diagram conventions ..................................................................................................  60
1.2.2 Service specification method and notation .........................................................................  62

1.2.2.1 Classification of service primitives...........................................................................  62
1.2.3 Physical Layer and media notation .....................................................................................  63

ISO/IEC/IEEE 8802-3:2021(E) 



26
Copyright © 2018 IEEE. All rights reserved.

1.2.4 Physical Layer message notation ........................................................................................  63
1.2.5 Hexadecimal notation .........................................................................................................  63
1.2.6 Accuracy and resolution of numerical quantities ...............................................................  63
1.2.7 Qm.n number format...........................................................................................................  63
1.2.8 Em dash (—) in a table cell ................................................................................................  63

1.3 Normative references ..................................................................................................................  64
1.4 Definitions ..................................................................................................................................  73
1.5 Abbreviations............................................................................................................................  108

2. Media Access Control (MAC) service specification ..........................................................................  114

2.1 Scope and field of application ..................................................................................................  114
2.2 Overview of the service ............................................................................................................  114

2.2.1 General description of services provided by the layer......................................................  114
2.2.2 Model used for the service specification ..........................................................................  114
2.2.3 Overview of interactions...................................................................................................  114
2.2.4 Basic services....................................................................................................................  115

2.3 Detailed service specification ...................................................................................................  115
2.3.1 MA_DATA.request ..........................................................................................................  115

2.3.1.1 Function ..................................................................................................................  115
2.3.1.2 Semantics of the service primitive..........................................................................  115
2.3.1.3 When generated ......................................................................................................  115
2.3.1.4 Effect of receipt ......................................................................................................  115
2.3.1.5 Additional comments ..............................................................................................  115

2.3.2 MA_DATA.indication ......................................................................................................  116
2.3.2.1 Function ..................................................................................................................  116
2.3.2.2 Semantics of the service primitive..........................................................................  116
2.3.2.3 When generated ......................................................................................................  116
2.3.2.4 Effect of receipt ......................................................................................................  117
2.3.2.5 Additional comments ..............................................................................................  117

3. Media Access Control (MAC) frame and packet specifications ........................................................  118

3.1 Overview...................................................................................................................................  118
3.1.1 Packet format ....................................................................................................................  118
3.1.2 Service interface mappings ...............................................................................................  119

3.2 Elements of the MAC frame and packet...................................................................................  119
3.2.1 Preamble field ...................................................................................................................  119
3.2.2 Start Frame Delimiter (SFD) field ....................................................................................  119
3.2.3 Address fields ...................................................................................................................  119

3.2.3.1 Address designation ................................................................................................  120
3.2.4 Destination Address field..................................................................................................  120
3.2.5 Source Address field .........................................................................................................  121
3.2.6 Length/Type field .............................................................................................................  121
3.2.7 MAC Client Data field......................................................................................................  121
3.2.8 Pad field ............................................................................................................................  122
3.2.9 Frame Check Sequence (FCS) field..................................................................................  122
3.2.10 Extension field ..................................................................................................................  122

3.3 Order of bit transmission ..........................................................................................................  123
3.4 Invalid MAC frame...................................................................................................................  123

4. Media Access Control.........................................................................................................................  124

4.1 Functional model of the MAC method .....................................................................................  124

ISO/IEC/IEEE 8802-3:2021(E) 



27
Copyright © 2018 IEEE. All rights reserved.

4.1.1 Overview...........................................................................................................................  124
4.1.2 CSMA/CD operation ........................................................................................................  125

4.1.2.1 Normal operation ....................................................................................................  125
4.1.2.1.1 Transmission without contention..................................................................  125
4.1.2.1.2 Reception without contention .......................................................................  126

4.1.2.2 Access interference and recovery ...........................................................................  126
4.1.3 Relationships to the MAC client and Physical Layers .....................................................  127

4.2 CSMA/CD Media Access Control (MAC) method: Precise specification...............................  127
4.2.1 Introduction.......................................................................................................................  127
4.2.2 Overview of the procedural model ...................................................................................  127

4.2.2.1 Ground rules for the procedural model...................................................................  128
4.2.2.2 Use of Pascal in the procedural model....................................................................  128
4.2.2.3 Organization of the procedural model ....................................................................  129
4.2.2.4 Layer management extensions to procedural model...............................................  129

4.2.3 Packet transmission model................................................................................................  130
4.2.3.1 Transmit data encapsulation ...................................................................................  135
4.2.3.2 Transmit media access management.......................................................................  135

4.2.3.2.1 Deference ......................................................................................................  135
4.2.3.2.2 Interpacket gap..............................................................................................  136
4.2.3.2.3 Collision handling (half duplex mode only) .................................................  136
4.2.3.2.4 Collision detection and enforcement (half duplex mode only).....................  136
4.2.3.2.5  Collision backoff and retransmission (half duplex mode only)...................  136
4.2.3.2.6 Full duplex transmission...............................................................................  137
4.2.3.2.7 Packet bursting (half duplex mode only) ......................................................  137

4.2.3.3 Minimum frame size ...............................................................................................  138
4.2.3.4 Carrier extension (half duplex mode only) .............................................................  138

4.2.4 Frame reception model .....................................................................................................  138
4.2.4.1 Receive data decapsulation .....................................................................................  138

4.2.4.1.1 Address recognition ......................................................................................  138
4.2.4.1.2 Frame check sequence validation .................................................................  139
4.2.4.1.3 Frame disassembly........................................................................................  139

4.2.4.2 Receive media access management ........................................................................  139
4.2.4.2.1 Framing.........................................................................................................  139
4.2.4.2.2  Collision filtering.........................................................................................  140

4.2.5 Preamble generation .........................................................................................................  140
4.2.6 Start frame sequence .........................................................................................................  140
4.2.7 Global declarations ...........................................................................................................  140

4.2.7.1 Common constants, types, and variables ................................................................  140
4.2.7.2 Transmit state variables ..........................................................................................  142
4.2.7.3 Receive state variables............................................................................................  143
4.2.7.4 State variable initialization .....................................................................................  143

4.2.8 Frame transmission ...........................................................................................................  144
4.2.9 Frame reception ................................................................................................................  151
4.2.10 Common procedures .........................................................................................................  155

4.3 Interfaces to/from adjacent layers.............................................................................................  155
4.3.1 Overview...........................................................................................................................  155
4.3.2 MAC service .....................................................................................................................  155

4.3.2.1 MAC client transmit interface state diagram..........................................................  156
4.3.2.1.1 Variables .......................................................................................................  156
4.3.2.1.2 Functions.......................................................................................................  156
4.3.2.1.3 Messages .......................................................................................................  156
4.3.2.1.4 MAC client transmit interface state diagram................................................  156

4.3.2.2 MAC client receive interface state diagram ...........................................................  156
4.3.2.2.1 Variables .......................................................................................................  156

ISO/IEC/IEEE 8802-3:2021(E) 



28
Copyright © 2018 IEEE. All rights reserved.

4.3.2.2.2 Functions.......................................................................................................  157
4.3.2.2.3 Messages .......................................................................................................  157
4.3.2.2.4 MAC client receive interface state diagram .................................................  158

4.3.3 Services required from the Physical Layer .......................................................................  158
4.4 Specific implementations..........................................................................................................  160

4.4.1 Compatibility overview ....................................................................................................  160
4.4.2 MAC parameters...............................................................................................................  161
4.4.3 Configuration guidelines...................................................................................................  162

5. Layer Management .............................................................................................................................  163

5.1 Introduction...............................................................................................................................  163
5.1.1 Systems Management overview .......................................................................................  163
5.1.2 Layer Management model ................................................................................................  163
5.1.3 Packages............................................................................................................................  164
5.1.4 Conformance requirements...............................................................................................  164

5.2 Management facilities...............................................................................................................  164
5.2.1 Introduction.......................................................................................................................  164
5.2.2 DTE MAC Sublayer Management facilities.....................................................................  164

5.2.2.1 DTE MAC sublayer attributes ................................................................................  166
5.2.2.1.1 aMACID .......................................................................................................  166
5.2.2.1.2 aFramesTransmittedOK................................................................................  166
5.2.2.1.3 aSingleCollisionFrames ................................................................................  166
5.2.2.1.4 aMultipleCollisionFrames ............................................................................  166
5.2.2.1.5 aFramesReceivedOK ....................................................................................  167
5.2.2.1.6 aFrameCheckSequenceErrors .......................................................................  167
5.2.2.1.7 aAlignmentErrors..........................................................................................  167
5.2.2.1.8 aOctetsTransmittedOK .................................................................................  167
5.2.2.1.9 aFramesWithDeferredXmissions..................................................................  168
5.2.2.1.10 aLateCollisions .............................................................................................  168
5.2.2.1.11 aFramesAbortedDueToXSColls ...................................................................  168
5.2.2.1.12 aFramesLostDueToIntMACXmitError ........................................................  168
5.2.2.1.13 aCarrierSenseErrors ......................................................................................  169
5.2.2.1.14 aOctetsReceivedOK......................................................................................  169
5.2.2.1.15 aFramesLostDueToIntMACRcvError ..........................................................  169
5.2.2.1.16 aPromiscuousStatus ......................................................................................  169
5.2.2.1.17 aReadMulticastAddressList ..........................................................................  170
5.2.2.1.18 aMulticastFramesXmittedOK.......................................................................  170
5.2.2.1.19 aBroadcastFramesXmittedOK ......................................................................  170
5.2.2.1.20 aFramesWithExcessiveDeferral....................................................................  170
5.2.2.1.21 aMulticastFramesReceivedOK .....................................................................  171
5.2.2.1.22 aBroadcastFramesReceivedOK ....................................................................  171
5.2.2.1.23 aInRangeLengthErrors..................................................................................  171
5.2.2.1.24 aOutOfRangeLengthField.............................................................................  171
5.2.2.1.25 aFrameTooLongErrors..................................................................................  172
5.2.2.1.26 aMACEnableStatus.......................................................................................  172
5.2.2.1.27 aTransmitEnableStatus .................................................................................  172
5.2.2.1.28 aMulticastReceiveStatus ...............................................................................  172
5.2.2.1.29 aReadWriteMACAddress .............................................................................  173
5.2.2.1.30 aCollisionFrames ..........................................................................................  173

5.2.2.2 DTE MAC Sublayer actions ...................................................................................  173
5.2.2.2.1 acInitializeMAC............................................................................................  173
5.2.2.2.2 acAddGroupAddress.....................................................................................  173
5.2.2.2.3 acDeleteGroupAddress .................................................................................  174

ISO/IEC/IEEE 8802-3:2021(E) 



29
Copyright © 2018 IEEE. All rights reserved.

5.2.2.2.4 acExecuteSelfTest.........................................................................................  174
5.2.2.3 ResourceTypeID Managed Object Class ................................................................  174

5.2.2.3.1 ResourceTypeID ...........................................................................................  174
5.2.3 DTE Physical Sublayer Management facilities ................................................................  174

5.2.3.1 DTE Physical Sublayer attributes ...........................................................................  174
5.2.3.1.1 aPHYID ........................................................................................................  174
5.2.3.1.2 aSQETestErrors ............................................................................................  174

5.2.4 DTE Management procedural model................................................................................  175
5.2.4.1 Common constants and types .................................................................................  175
5.2.4.2 Transmit variables and procedures .........................................................................  175
5.2.4.3 Receive variables and procedures...........................................................................  177
5.2.4.4 Common procedures ...............................................................................................  179

6. Physical Signaling (PLS) service specifications.................................................................................  180

6.1 Scope and field of application ..................................................................................................  180
6.2 Overview of the service ............................................................................................................  180

6.2.1 General description of services provided by the layer......................................................  180
6.2.2 Model used for the service specification ..........................................................................  180
6.2.3 Overview of interactions...................................................................................................  180
6.2.4 Basic services and options ................................................................................................  181

6.3 Detailed service specification ...................................................................................................  181
6.3.1 Peer-to-peer service primitives .........................................................................................  181

6.3.1.1 PLS_DATA.request ................................................................................................  181
6.3.1.1.1 Function ........................................................................................................  181
6.3.1.1.2 Semantics of the service primitive................................................................  181
6.3.1.1.3 When generated ............................................................................................  181
6.3.1.1.4 Effect of receipt ............................................................................................  181

6.3.1.2  PLS_DATA.indication ..........................................................................................  182
6.3.1.2.1 Function ........................................................................................................  182
6.3.1.2.2 Semantics of the service primitive................................................................  182
6.3.1.2.3 When generated ............................................................................................  182
6.3.1.2.4 Effect of receipt ............................................................................................  182

6.3.2 Sublayer-to-sublayer service primitives ...........................................................................  182
6.3.2.1 PLS_CARRIER.indication .....................................................................................  182

6.3.2.1.1 Function ........................................................................................................  182
6.3.2.1.2  Semantics of the service primitive...............................................................  182
6.3.2.1.3 When generated ............................................................................................  182
6.3.2.1.4  Effect of receipt ...........................................................................................  182

6.3.2.2  PLS_SIGNAL.indication.......................................................................................  183
6.3.2.2.1 Function ........................................................................................................  183
6.3.2.2.2  Semantics of the service primitive...............................................................  183
6.3.2.2.3 When generated ............................................................................................  183
6.3.2.2.4 Effect of receipt ............................................................................................  183

6.3.2.3 PLS_DATA_VALID.indication .............................................................................  183
6.3.2.3.1 Function ........................................................................................................  183
6.3.2.3.2 Semantics of the service primitive................................................................  183
6.3.2.3.3 When generated ............................................................................................  183
6.3.2.3.4 Effect of receipt ............................................................................................  183

7. Physical Signaling (PLS) and Attachment Unit Interface (AUI) specifications ................................  184

7.1 Scope.........................................................................................................................................  184
7.1.1 Definitions ........................................................................................................................  184

ISO/IEC/IEEE 8802-3:2021(E) 



30
Copyright © 2018 IEEE. All rights reserved.

7.1.2 Summary of major concepts .............................................................................................  184
7.1.3 Application........................................................................................................................  185
7.1.4 Modes of operation ...........................................................................................................  185
7.1.5 Allocation of function .......................................................................................................  185

7.2 Functional specification ............................................................................................................  185
7.2.1 PLS–PMA (DTE–MAU) Interface protocol.....................................................................  185

7.2.1.1 PLS to PMA messages............................................................................................  186
7.2.1.1.1 output message..............................................................................................  186
7.2.1.1.2 output_idle message......................................................................................  187
7.2.1.1.3 normal message.............................................................................................  187
7.2.1.1.4 isolate message (optional).............................................................................  187
7.2.1.1.5  mau_request message (optional)..................................................................  187

7.2.1.2 PMA to PLS interface.............................................................................................  189
7.2.1.2.1 input message................................................................................................  189
7.2.1.2.2 input_idle message........................................................................................  191
7.2.1.2.3 signal_quality_error message .......................................................................  191
7.2.1.2.4 mau_available message.................................................................................  191
7.2.1.2.5 mau_not_available message (optional).........................................................  191

7.2.2 PLS interface to MAC and management entities..............................................................  192
7.2.2.1 PLS–MAC interface ...............................................................................................  192

7.2.2.1.1 OUTPUT_UNIT ...........................................................................................  192
7.2.2.1.2 OUTPUT_STATUS......................................................................................  192
7.2.2.1.3 INPUT_UNIT ...............................................................................................  192
7.2.2.1.4 CARRIER_STATUS....................................................................................  192
7.2.2.1.5 SIGNAL_STATUS.......................................................................................  193
7.2.2.1.6 DATA_VALID_STATUS............................................................................  193

7.2.2.2 PLS–management entity interface ..........................................................................  193
7.2.2.2.1 RESET_REQUEST ......................................................................................  193
7.2.2.2.2  RESET_RESPONSE ...................................................................................  194
7.2.2.2.3 MODE_CONTROL......................................................................................  194
7.2.2.2.4 SQE_TEST ...................................................................................................  194

7.2.3 Frame structure .................................................................................................................  194
7.2.3.1 Silence.....................................................................................................................  195
7.2.3.2 Preamble .................................................................................................................  195
7.2.3.3 Start of Frame Delimiter (SFD) ..............................................................................  195
7.2.3.4 Data .........................................................................................................................  195
7.2.3.5 End of transmission delimiter .................................................................................  195

7.2.4 PLS functions....................................................................................................................  195
7.2.4.1 Reset and Identify function.....................................................................................  196
7.2.4.2 Mode function.........................................................................................................  196
7.2.4.3 Output function .......................................................................................................  197
7.2.4.4 Input function..........................................................................................................  197
7.2.4.5 Error Sense function ...............................................................................................  197
7.2.4.6 Carrier Sense function ............................................................................................  198

7.3  Signal characteristics ...............................................................................................................  198
7.3.1 Signal encoding.................................................................................................................  198

7.3.1.1 Data encoding .........................................................................................................  198
7.3.1.2 Control encoding.....................................................................................................  202

7.3.2 Signaling rate ....................................................................................................................  203
7.3.3 Signaling levels.................................................................................................................  203

7.4 Electrical characteristics ...........................................................................................................  203
7.4.1 Driver characteristics ........................................................................................................  203

7.4.1.1 Differential output voltage, loaded .........................................................................  203
7.4.1.2 Requirements after idle ...........................................................................................  205

ISO/IEC/IEEE 8802-3:2021(E) 



31
Copyright © 2018 IEEE. All rights reserved.

7.4.1.3 AC common-mode output voltage..........................................................................  205
7.4.1.4 Differential output voltage, open circuit.................................................................  205
7.4.1.5 DC common-mode output voltage..........................................................................  205
7.4.1.6 Fault tolerance.........................................................................................................  206

7.4.2 Receiver characteristics ....................................................................................................  206
7.4.2.1 Receiver threshold levels ........................................................................................  206
7.4.2.2 AC differential input impedance.............................................................................  207
7.4.2.3 AC common-mode range........................................................................................  207
7.4.2.4 Total common-mode range .....................................................................................  207
7.4.2.5 Idle input behavior ..................................................................................................  208
7.4.2.6 Fault tolerance.........................................................................................................  208

7.4.3 AUI cable characteristics ..................................................................................................  208
7.4.3.1 Conductor size ........................................................................................................  209
7.4.3.2 Pair-to-pair balanced crosstalk................................................................................  209
7.4.3.3 Differential characteristic impedance .....................................................................  209
7.4.3.4 Transfer impedance.................................................................................................  209
7.4.3.5 Attenuation..............................................................................................................  209
7.4.3.6 Timing jitter ............................................................................................................  209
7.4.3.7 Delay .......................................................................................................................  209

7.5 Functional description of interchange circuits..........................................................................  210
7.5.1 General..............................................................................................................................  210
7.5.2 Definition of interchange circuits .....................................................................................  210

7.5.2.1 Circuit DO–Data Out ..............................................................................................  211
7.5.2.2 Circuit DI–Data In ..................................................................................................  211
7.5.2.3 Circuit CO–Control Out (optional).........................................................................  211
7.5.2.4 Circuit CI–Control In..............................................................................................  211
7.5.2.5 Circuit VP–Voltage Plus.........................................................................................  212
7.5.2.6 Circuit VC–Voltage Common ................................................................................  212
7.5.2.7 Circuit PG–Protective Ground................................................................................  212
7.5.2.8 Circuit shield terminations......................................................................................  212

7.6 Mechanical characteristics ........................................................................................................  212
7.6.1 Definition of mechanical interface ...................................................................................  212
7.6.2 Line interface connector ...................................................................................................  212
7.6.3 Contact assignments .........................................................................................................  213

8. Medium Attachment Unit and baseband medium specifications, type 10BASE5 .............................  216

8.1 Scope.........................................................................................................................................  216
8.1.1 Overview...........................................................................................................................  216

8.1.1.1 Medium Attachment Unit .......................................................................................  216
8.1.1.2 Repeater unit ...........................................................................................................  217

8.1.2 Definitions ........................................................................................................................  217
8.1.3 Application perspective: MAU and MEDIUM objectives ...............................................  217

8.1.3.1 Object......................................................................................................................  217
8.1.3.2 Compatibility considerations ..................................................................................  217
8.1.3.3 Relationship to PLS and AU interface....................................................................  218
8.1.3.4 Modes of operation .................................................................................................  218

8.2 MAU functional specifications .................................................................................................  218
8.2.1 MAU Physical Layer functions ........................................................................................  218

8.2.1.1 Transmit function requirements..............................................................................  218
8.2.1.2 Receive function requirements ...............................................................................  219
8.2.1.3 Collision Presence function requirements ..............................................................  220
8.2.1.4 Monitor function requirements (optional) ..............................................................  220
8.2.1.5 Jabber function requirements..................................................................................  221

ISO/IEC/IEEE 8802-3:2021(E) 



32
Copyright © 2018 IEEE. All rights reserved.

8.2.2 MAU interface messages ..................................................................................................  221
8.2.2.1 DTE Physical Layer to MAU Physical Layer messages ........................................  221
8.2.2.2 MAU Physical Layer to DTE Physical Layer ........................................................  222

8.2.2.2.1 input message................................................................................................  222
8.2.2.2.2 input_idle message........................................................................................  222
8.2.2.2.3 mau_available message.................................................................................  222
8.2.2.2.4 signal_quality_error message .......................................................................  222

8.2.3 MAU state diagrams .........................................................................................................  223
8.3 MAU–medium electrical characteristics ..................................................................................  223

8.3.1 MAU-to-coaxial cable interface .......................................................................................  223
8.3.1.1 Input impedance......................................................................................................  223
8.3.1.2 Bias current .............................................................................................................  224
8.3.1.3 Coaxial cable signaling levels.................................................................................  224
8.3.1.4 Transmit output levels symmetry ...........................................................................  230
8.3.1.5 Collision detect thresholds......................................................................................  230

8.3.2 MAU electrical characteristics..........................................................................................  230
8.3.2.1 Electrical isolation ..................................................................................................  230
8.3.2.2 Power consumption.................................................................................................  231
8.3.2.3 Reliability................................................................................................................  231

8.3.3 MAU–DTE electrical characteristics................................................................................  231
8.3.4 MAU–DTE mechanical connection..................................................................................  231

8.4 Characteristics of the coaxial cable ..........................................................................................  231
8.4.1 Coaxial cable electrical parameters ..................................................................................  231

8.4.1.1 Characteristic impedance ........................................................................................  231
8.4.1.2 Attenuation..............................................................................................................  231
8.4.1.3 Velocity of propagation ..........................................................................................  232
8.4.1.4 Edge jitter, untapped cable......................................................................................  232
8.4.1.5 Transfer impedance.................................................................................................  232
8.4.1.6 Cable dc loop resistance .........................................................................................  232

8.4.2 Coaxial cable properties....................................................................................................  233
8.4.2.1 Mechanical requirements ........................................................................................  233

8.4.2.1.1 General construction .....................................................................................  233
8.4.2.1.2 Center conductor...........................................................................................  233
8.4.2.1.3 Dielectric material.........................................................................................  233
8.4.2.1.4 Shielding system ...........................................................................................  233
8.4.2.1.5 Overall jacket ................................................................................................  233

8.4.2.2 Jacket marking ........................................................................................................  234
8.4.3 Total segment dc loop resistance ......................................................................................  234

8.5 Coaxial trunk cable connectors.................................................................................................  234
8.5.1 Inline coaxial extension connector ...................................................................................  234
8.5.2 Coaxial cable terminator ...................................................................................................  235

8.5.2.1 Termination.............................................................................................................  235
8.5.2.2 Earthing...................................................................................................................  235

8.5.3 MAU-to-coaxial cable connection....................................................................................  235
8.5.3.1 Electrical requirements ...........................................................................................  235
8.5.3.2 Mechanical requirements ........................................................................................  236

8.5.3.2.1 Connector housing ........................................................................................  236
8.5.3.2.2 Contact reliability .........................................................................................  236
8.5.3.2.3 Shield probe characteristics ..........................................................................  237

8.6 System considerations...............................................................................................................  237
8.6.1 Transmission system model..............................................................................................  237
8.6.2 Transmission system requirements ...................................................................................  238

8.6.2.1 Cable sectioning......................................................................................................  238
8.6.2.2 MAU placement......................................................................................................  238

ISO/IEC/IEEE 8802-3:2021(E) 



33
Copyright © 2018 IEEE. All rights reserved.

8.6.2.3 Trunk cable system grounding................................................................................  238
8.6.3 Labeling ............................................................................................................................  239

8.7 Environmental specifications....................................................................................................  239
8.7.1 General safety requirements .............................................................................................  239
8.7.2 Network safety requirements ............................................................................................  239

8.7.2.1 Installations .............................................................................................................  239
8.7.2.2 Grounding ...............................................................................................................  240
8.7.2.3 Safety ......................................................................................................................  240
8.7.2.4 Breakdown path ......................................................................................................  240
8.7.2.5 Isolation boundary ..................................................................................................  240
8.7.2.6  Installation and maintenance guidelines ................................................................  240

8.7.3 Electromagnetic environment ...........................................................................................  241
8.7.3.1 Susceptibility levels ................................................................................................  241
8.7.3.2 Emission levels .......................................................................................................  241

8.7.4 Temperature and humidity................................................................................................  241
8.7.5 Regulatory requirements...................................................................................................  241

8.8 Protocol implementation conformance statement (PICS) proforma for Clause 8, Medium 
Attachment Unit and baseband medium specifications, type 10BASE5..................................  242

8.8.1 Overview...........................................................................................................................  242
8.8.2 Abbreviations and special symbols...................................................................................  242

8.8.2.1 Status symbols ........................................................................................................  242
8.8.2.2 Abbreviations..........................................................................................................  242

8.8.3 Instructions for completing the PICS proforma................................................................  242
8.8.3.1 General structure of the PICS proforma .................................................................  242
8.8.3.2 Additional information ...........................................................................................  243
8.8.3.3 Exception information ............................................................................................  243
8.8.3.4 Conditional items....................................................................................................  243

8.8.4 Identification .....................................................................................................................  244
8.8.4.1 Implementation identification.................................................................................  244
8.8.4.2 Protocol summary ...................................................................................................  244

8.8.5 Global statement of conformance .....................................................................................  244
8.8.6 PICS proforma tables for MAU........................................................................................  245

8.8.6.1 MAU compatibility.................................................................................................  245
8.8.6.2  Transmit function   ................................................................................................  245
8.8.6.3 Receive function     ................................................................................................  246
8.8.6.4 Collision function  .................................................................................................  247
8.8.6.5 Monitor function  ...................................................................................................  247
8.8.6.6 Jabber function  ......................................................................................................  248
8.8.6.7 MAU to coaxial cable interface  ............................................................................  249
8.8.6.8 MAU electrical characteristics  ..............................................................................  250
8.8.6.9 MAU-DTE requirements  ......................................................................................  250
8.8.6.10 MAU to coaxial cable connection .........................................................................  251
8.8.6.11 Safety requirements  ..............................................................................................  251

8.8.7 PICS proforma tables for MAU AUI characteristics........................................................  252
8.8.7.1 Signal characteristics .............................................................................................  252
8.8.7.2 DI and CI driver characteristics ..............................................................................  252
8.8.7.3 DO receiver characteristics  ...................................................................................  253
8.8.7.4 CO receiver characteristics .....................................................................................  254
8.8.7.5 Circuit termination..................................................................................................  254
8.8.7.6 Mechanical characteristics   ...................................................................................  255

8.8.8 PICS proforma tables for 10BASE5 coaxial cable ...........................................................  256
8.8.8.1 10BASE5 coaxial cable characteristics  ................................................................  256

9. Repeater unit for 10 Mb/s baseband networks....................................................................................  258

ISO/IEC/IEEE 8802-3:2021(E) 



34
Copyright © 2018 IEEE. All rights reserved.

9.1 Overview...................................................................................................................................  258
9.2 References.................................................................................................................................  259
9.3 Definitions ................................................................................................................................  259
9.4 Compatibility interface .............................................................................................................  259

9.4.1 AUI compatibility .............................................................................................................  259
9.4.2 Mixing segment compatibility ..........................................................................................  259

9.4.2.1 Direct coaxial cable attachment compatibility........................................................  259
9.4.2.2 “N” connector compatibility ...................................................................................  259
9.4.2.3 BNC compatibility ..................................................................................................  259
9.4.2.4 BFOC/2.5 (10BASE-FP) compatibility ..................................................................  259

9.4.3 Link segment compatibility ..............................................................................................  260
9.4.3.1 Vendor-dependent IRL ...........................................................................................  260
9.4.3.2 Fiber optic FOIRL compatibility ............................................................................  260
9.4.3.3 Twisted-pair jack compatibility ..............................................................................  260
9.4.3.4 Fiber optic 10BASE-FB and 10BASE-FL compatibility .......................................  260

9.5 Basic functions..........................................................................................................................  260
9.5.1 Repeater set network properties........................................................................................  260
9.5.2 Signal amplification..........................................................................................................  260
9.5.3 Signal symmetry ...............................................................................................................  260
9.5.4 Signal retiming..................................................................................................................  261
9.5.5 Data handling ....................................................................................................................  261

9.5.5.1 Start-of-packet propagation delays .........................................................................  261
9.5.5.2 Start-of-packet variability .......................................................................................  261

9.5.6 Collision handling.............................................................................................................  262
9.5.6.1 Collision presence...................................................................................................  262
9.5.6.2 Jam generation ........................................................................................................  262
9.5.6.3 Collision-jam propagation delays ...........................................................................  262
9.5.6.4 Transmit recovery time...........................................................................................  263
9.5.6.5 Carrier recovery time ..............................................................................................  263

9.5.7 Electrical isolation ............................................................................................................  263
9.6 Detailed repeater functions and state diagrams ........................................................................  264

9.6.1 State diagram notation ......................................................................................................  264
9.6.2 Data and collision handling ..............................................................................................  267
9.6.3 Preamble regeneration ......................................................................................................  267
9.6.4 Fragment extension...........................................................................................................  267
9.6.5 MAU Jabber Lockup Protection .......................................................................................  268
9.6.6 Auto-Partitioning/Reconnection (optional) ......................................................................  268

9.6.6.1 Overview.................................................................................................................  268
9.6.6.2 Detailed auto-partition/reconnection algorithm state diagram ...............................  268

9.7 Electrical isolation ....................................................................................................................  271
9.7.1 Environment A requirements............................................................................................  271
9.7.2 Environment B requirements ............................................................................................  271

9.8 Reliability..................................................................................................................................  271
9.9 Medium attachment unit and baseband medium specification for a vendor-

independent FOIRL ..................................................................................................................  272
9.9.1 Scope.................................................................................................................................  272

9.9.1.1 Overview.................................................................................................................  272
9.9.1.2 Application perspective: FOMAU and medium objectives....................................  274
9.9.1.3 Compatibility considerations ..................................................................................  274
9.9.1.4 Relationship to AUI ................................................................................................  274
9.9.1.5 Mode of operation...................................................................................................  274

9.9.2 FOMAU functional specifications....................................................................................  274
9.9.2.1 Transmit function requirements..............................................................................  275
9.9.2.2 Receive function requirements ...............................................................................  276

ISO/IEC/IEEE 8802-3:2021(E) 



35
Copyright © 2018 IEEE. All rights reserved.

9.9.2.3 Collision Presence function requirements ..............................................................  276
9.9.2.4 Jabber function requirements..................................................................................  277
9.9.2.5 Low Light Level Detection function requirements.................................................  277
9.9.2.6 Repeater Unit to FOMAU Physical Layer messages..............................................  278
9.9.2.7 FOMAU Physical Layer to repeater unit messages................................................  278

9.9.2.7.1 input message................................................................................................  278
9.9.2.7.2  input_idle message.......................................................................................  278
9.9.2.7.3 fomau_available message .............................................................................  278
9.9.2.7.4 signal_quality_error message .......................................................................  278

9.9.2.8 FOMAU state diagrams ..........................................................................................  279
9.9.3 FOMAU electrical characteristics ....................................................................................  280

9.9.3.1 Electrical isolation ..................................................................................................  280
9.9.3.2 Power consumption.................................................................................................  280
9.9.3.3 Reliability................................................................................................................  281
9.9.3.4 FOMAU/Repeater unit electrical characteristics ....................................................  281
9.9.3.5 FOMAU/Repeater unit mechanical connection......................................................  281

9.9.4 FOMAU/Optical medium interface ..................................................................................  281
9.9.4.1 Transmit optical parameters....................................................................................  281

9.9.4.1.1 Wavelength ...................................................................................................  281
9.9.4.1.2 Spectral width ...............................................................................................  281
9.9.4.1.3 Optical modulation .......................................................................................  281
9.9.4.1.4 Optical idle signal .........................................................................................  281
9.9.4.1.5 Transmit optical logic polarity......................................................................  281
9.9.4.1.6 Optical rise and fall times .............................................................................  283
9.9.4.1.7 Transmit optical pulse edge jitter..................................................................  283
9.9.4.1.8 Peak coupled optical power ..........................................................................  284

9.9.4.2 Receive optical parameters .....................................................................................  284
9.9.4.2.1 Receive peak optical power range ................................................................  284
9.9.4.2.2 Receive optical pulse edge jitter ...................................................................  284
9.9.4.2.3 Receive optical logic polarity .......................................................................  284

9.9.5 Characteristics of the optical fiber cable link segment .....................................................  284
9.9.5.1 Optical fiber medium ..............................................................................................  285
9.9.5.2 Optical medium connector plug and socket............................................................  285

9.9.6 System requirements.........................................................................................................  285
9.9.6.1 Optical transmission system considerations ...........................................................  285
9.9.6.2 Timing considerations.............................................................................................  286

9.9.7 Environmental specifications............................................................................................  287
9.9.7.1 Safety requirements ................................................................................................  287

9.9.7.1.1 Electrical safety.............................................................................................  287
9.9.7.1.2 Optical source safety.....................................................................................  287

9.9.7.2 Electromagnetic environment .................................................................................  287
9.9.7.2.1 Susceptibility levels ......................................................................................  287
9.9.7.2.2 Emission levels .............................................................................................  287

9.9.7.3 Temperature and humidity......................................................................................  288

10. Medium attachment unit and baseband medium specifications, type 10BASE2 ...............................  289

10.1 Scope.........................................................................................................................................  289
10.1.1 Overview...........................................................................................................................  289

10.1.1.1 Medium attachment unit (normally contained within the data terminal 
equipment [DTE])...................................................................................................  290

10.1.1.2 Repeater unit ...........................................................................................................  290
10.1.2 Definitions ........................................................................................................................  290
10.1.3 Application perspective: MAU and medium objectives...................................................  290

ISO/IEC/IEEE 8802-3:2021(E) 



36
Copyright © 2018 IEEE. All rights reserved.

10.1.3.1 Object......................................................................................................................  290
10.1.3.2 Compatibility considerations ..................................................................................  291
10.1.3.3 Relationship to PLS and AUI .................................................................................  291
10.1.3.4 Mode of operation...................................................................................................  291

10.2 References.................................................................................................................................  291
10.3 MAU functional specifications .................................................................................................  291

10.3.1 MAU Physical Layer functional requirements .................................................................  292
10.3.1.1 Transmit function requirements..............................................................................  292
10.3.1.2 Receive function requirements ...............................................................................  293
10.3.1.3 Collision Presence function requirements ..............................................................  293
10.3.1.4 Jabber functional requirements ...............................................................................  294

10.3.2 MAU interface messages ..................................................................................................  294
10.3.2.1 DTE to MAU messages ..........................................................................................  294
10.3.2.2 MAU to DTE messages ..........................................................................................  294

10.3.2.2.1 input message................................................................................................  296
10.3.2.2.2 input_idle message........................................................................................  296
10.3.2.2.3 mau_available message.................................................................................  296
10.3.2.2.4 signal_quality_error (SQE) message ............................................................  296

10.3.3 MAU state diagrams .........................................................................................................  296
10.4 MAU–medium electrical characteristics ..................................................................................  297

10.4.1 MAU-to-coaxial cable interface .......................................................................................  297
10.4.1.1 Input impedance......................................................................................................  297
10.4.1.2 Bias current .............................................................................................................  297
10.4.1.3 Coaxial cable signaling levels.................................................................................  297
10.4.1.4 Transmit output levels symmetry ...........................................................................  299
10.4.1.5 Collision detect thresholds......................................................................................  299

10.4.2 MAU electrical characteristics..........................................................................................  299
10.4.2.1 Electrical isolation ..................................................................................................  299
10.4.2.2 Power consumption.................................................................................................  299
10.4.2.3 Reliability................................................................................................................  300

10.4.3 MAU–DTE electrical characteristics................................................................................  300
10.5 Characteristics of coaxial cable system ....................................................................................  300

10.5.1 Coaxial cable electrical parameters ..................................................................................  300
10.5.1.1 Characteristic impedance ........................................................................................  300
10.5.1.2 Attenuation..............................................................................................................  300
10.5.1.3 Velocity of propagation ..........................................................................................  300
10.5.1.4 Edge jitter; entire segment without DTEs attached ................................................  300
10.5.1.5 Transfer impedance.................................................................................................  301
10.5.1.6 Cable dc loop resistance .........................................................................................  301

10.5.2 Coaxial cable physical parameters....................................................................................  301
10.5.2.1 Mechanical requirements ........................................................................................  301

10.5.2.1.1 General construction .....................................................................................  302
10.5.2.1.2 Center conductor...........................................................................................  302
10.5.2.1.3 Dielectric material.........................................................................................  302
10.5.2.1.4 Shielding system ...........................................................................................  302
10.5.2.1.5 Overall jacket ................................................................................................  302

10.5.2.2 Jacket marking ........................................................................................................  302
10.5.3 Total segment dc loop resistance ......................................................................................  302

10.6 Coaxial trunk cable connectors.................................................................................................  303
10.6.1 In-line coaxial extension connector ..................................................................................  303
10.6.2 Coaxial cable terminator ...................................................................................................  304
10.6.3 MAU-to-coaxial cable connection....................................................................................  304

10.7 System considerations...............................................................................................................  304
10.7.1 Transmission system model..............................................................................................  304

ISO/IEC/IEEE 8802-3:2021(E) 



37
Copyright © 2018 IEEE. All rights reserved.

10.7.2 Transmission system requirements ...................................................................................  306
10.7.2.1 Cable sectioning......................................................................................................  306
10.7.2.2 MAU placement......................................................................................................  306
10.7.2.3 Trunk cable system earthing ...................................................................................  306
10.7.2.4 Static discharge path ...............................................................................................  306

10.7.2.4.1 Installation environment ...............................................................................  306
10.8 Environmental specifications....................................................................................................  307

10.8.1 Safety requirements ..........................................................................................................  307
10.8.1.1 Installations .............................................................................................................  307
10.8.1.2 Earthing...................................................................................................................  307

10.8.2 Electromagnetic environment ...........................................................................................  307
10.8.2.1  Susceptibility levels ...............................................................................................  307
10.8.2.2 Emission levels .......................................................................................................  307

10.8.3 Regulatory requirements...................................................................................................  307

11. Broadband medium attachment unit and broadband medium specifications, type 10BROAD36 .....  308

11.1 Scope.........................................................................................................................................  308
11.1.1 Overview...........................................................................................................................  308
11.1.2 Definitions ........................................................................................................................  310
11.1.3 MAU and medium objectives ...........................................................................................  310
11.1.4 Compatibility considerations ............................................................................................  311
11.1.5 Relationship to PLS and AUI ...........................................................................................  311
11.1.6 Mode of operation.............................................................................................................  311

11.2 MAU functional specifications .................................................................................................  311
11.2.1 MAU functional requirements ..........................................................................................  311

11.2.1.1 Transmit function requirements..............................................................................  311
11.2.1.2 Receive function requirements ...............................................................................  312
11.2.1.3 Collision Detection function requirements .............................................................  312

11.2.1.3.1 Collision enforcement transmitter requirements...........................................  313
11.2.1.3.2 Collision enforcement detection requirements .............................................  313

11.2.1.4 Jabber function requirements..................................................................................  313
11.2.2 DTE PLS to MAU and MAU to DTE PLS messages ......................................................  314

11.2.2.1 DTE Physical Layer to MAU Physical Layer messages ........................................  314
11.2.2.2 MAU Physical Layer to DTE Physical Layer messages ........................................  314

11.2.2.2.1 input message................................................................................................  314
11.2.2.2.2 input_idle message........................................................................................  314
11.2.2.2.3 mau_available message.................................................................................  314

11.2.2.3 signal_quality_error message .................................................................................  314
11.2.3 MAU state diagrams .........................................................................................................  315

11.2.3.1 MAU state diagram messages.................................................................................  315
11.2.3.2 MAU state diagram signal names...........................................................................  315

11.3 MAU characteristics .................................................................................................................  318
11.3.1 MAU-to-coaxial cable interface .......................................................................................  318

11.3.1.1 Receive interface.....................................................................................................  318
11.3.1.1.1 Receive input impedance ..............................................................................  318
11.3.1.1.2 Receiver squelch requirements .....................................................................  318
11.3.1.1.3 Receive level requirements ...........................................................................  319
11.3.1.1.4 Receiver selectivity and linearity requirements............................................  319
11.3.1.1.5 Receive input mechanical requirements .......................................................  319

11.3.1.2 Transmit interface ...................................................................................................  319
11.3.1.2.1 Transmit output impedance ..........................................................................  319
11.3.1.2.2 Transmitted RF packet format ......................................................................  319
11.3.1.2.3 Transmit spectrum and group delay characteristics......................................  320

ISO/IEC/IEEE 8802-3:2021(E) 



38
Copyright © 2018 IEEE. All rights reserved.

11.3.1.2.4 Transmit out-of-band spectrum ....................................................................  322
11.3.1.2.5 Transmit level requirements .........................................................................  322
11.3.1.2.6 Nontransmitting signal leakage requirement ................................................  322
11.3.1.2.7 Transmit spurious output requirement ..........................................................  322
11.3.1.2.8 Collision enforcement signal leakage requirement.......................................  323
11.3.1.2.9 Transmit output mechanical requirements....................................................  323

11.3.2 MAU frequency allocations..............................................................................................  323
11.3.2.1 Single-cable systems frequency allocations ...........................................................  323
11.3.2.2 Dual-cable systems frequency allocations ..............................................................  324

11.3.3 AUI electrical characteristics............................................................................................  324
11.3.3.1 Electrical isolation requirements ............................................................................  324
11.3.3.2 Current consumption...............................................................................................  324
11.3.3.3 Driver and receiver requirements ...........................................................................  325
11.3.3.4 AUI mechanical connection....................................................................................  325

11.3.4 MAU transfer characteristics ............................................................................................  325
11.3.4.1 AUI to coaxial cable framing characteristics..........................................................  325

11.3.4.1.1 Scrambler and differential encoding requirements .......................................  326
11.3.4.2 Coaxial cable to AUI framing characteristics.........................................................  327
11.3.4.3 Circuit DO to circuit DI framing characteristics ....................................................  328
11.3.4.4 AUI to coaxial cable delay characteristics..............................................................  328

11.3.4.4.1 Circuit DO to RF data signal delay...............................................................  328
11.3.4.4.2 Circuit DO to CE RF output delay................................................................  328
11.3.4.4.3 Transmit postamble to SQE test signal delay ...............................................  328
11.3.4.4.4 SQE test signal length...................................................................................  328

11.3.4.5 Coaxial cable to AUI delay characteristics.............................................................  328
11.3.4.5.1 Received RF to circuit DI delay ...................................................................  329
11.3.4.5.2 Received RF to CE RF output and circuit CI delay......................................  329
11.3.4.5.3 Collision enforcement to circuit CI delay.....................................................  329
11.3.4.5.4 Receive data to SQE test delay .....................................................................  329

11.3.4.6 Delay from circuit DO to circuit DI........................................................................  330
11.3.4.7 Interpacket gap requirement ...................................................................................  331
11.3.4.8 Bit error ratio ..........................................................................................................  331

11.3.5 Reliability..........................................................................................................................  331
11.4 System considerations...............................................................................................................  332

11.4.1 Delay budget and network diameter .................................................................................  332
11.4.2 MAU operation with packets shorter than 512 bits ..........................................................  332

11.5 Characteristics of the coaxial cable system ..............................................................................  333
11.5.1 Electrical requirements .....................................................................................................  333
11.5.2 Mechanical requirements ..................................................................................................  333
11.5.3 Delay requirements ...........................................................................................................  333

11.6 Frequency translator requirements for the single-cable version ...............................................  334
11.6.1 Electrical requirements .....................................................................................................  334
11.6.2 Mechanical requirements ..................................................................................................  334

11.7 Environmental specifications....................................................................................................  334
11.7.1 Safety requirements ..........................................................................................................  334
11.7.2 Electromagnetic environment ...........................................................................................  335

11.7.2.1 Susceptibility levels ................................................................................................  335
11.7.2.2 Emission levels .......................................................................................................  335

11.7.3 Temperature and humidity................................................................................................  335

12. Physical signaling, medium attachment, and baseband medium 
specifications, type 1BASE5 ..............................................................................................................  336

12.1 Introduction...............................................................................................................................  336

ISO/IEC/IEEE 8802-3:2021(E) 



39
Copyright © 2018 IEEE. All rights reserved.

12.1.1 Overview...........................................................................................................................  336
12.1.2 Scope.................................................................................................................................  336
12.1.3 Definitions ........................................................................................................................  336
12.1.4 General characteristics ......................................................................................................  336
12.1.5 Compatibility ....................................................................................................................  337
12.1.6 Objectives of type 1BASE5 specification ........................................................................  337

12.2 Architecture ..............................................................................................................................  337
12.2.1 Major concepts..................................................................................................................  337
12.2.2 Application perspective ....................................................................................................  338
12.2.3 Packet structure.................................................................................................................  338

12.2.3.1 Silence.....................................................................................................................  339
12.2.3.2 Preamble .................................................................................................................  339
12.2.3.3 Start-of-frame delimiter ..........................................................................................  340
12.2.3.4 Data .........................................................................................................................  340
12.2.3.5 End-of-transmission delimiter ................................................................................  340

12.3 DTE physical signaling (PLS) specification.............................................................................  341
12.3.1 Overview...........................................................................................................................  341

12.3.1.1 Summary of major concepts ...................................................................................  341
12.3.1.2 Application perspective ..........................................................................................  341

12.3.2 Functional specification ....................................................................................................  342
12.3.2.1 PLS-PMA interface.................................................................................................  342

12.3.2.1.1 output message..............................................................................................  342
12.3.2.1.2 output_idle message......................................................................................  342
12.3.2.1.3 input message................................................................................................  342
12.3.2.1.4 input_idle message........................................................................................  342

12.3.2.2  PLS-MAC interface ...............................................................................................  343
12.3.2.2.1 OUTPUT_UNIT ...........................................................................................  343
12.3.2.2.2 OUTPUT_STATUS......................................................................................  343
12.3.2.2.3 INPUT_UNIT ...............................................................................................  343
12.3.2.2.4 CARRIER_STATUS....................................................................................  343
12.3.2.2.5 SIGNAL_STATUS.......................................................................................  343

12.3.2.3 PLS functions..........................................................................................................  344
12.3.2.3.1 State diagram variables .................................................................................  344
12.3.2.3.2 Output function .............................................................................................  344
12.3.2.3.3 Input function................................................................................................  345
12.3.2.3.4 Error Sense function .....................................................................................  345
12.3.2.3.5 Carrier Sense function ..................................................................................  346

12.3.2.4 Signal encoding.......................................................................................................  346
12.3.2.4.1 Data transmission rate...................................................................................  346
12.3.2.4.2 Data symbol encoding ..................................................................................  346
12.3.2.4.3 Collision presence encoding .........................................................................  346
12.3.2.4.4 Idle line encoding..........................................................................................  347

12.4 Hub specification ......................................................................................................................  348
12.4.1 Overview...........................................................................................................................  348

12.4.1.1 Summary of major concepts ...................................................................................  349
12.4.1.2 Application perspective ..........................................................................................  349

12.4.2 Hub structure.....................................................................................................................  349
12.4.2.1 Upward side ............................................................................................................  349
12.4.2.2 Downward side .......................................................................................................  349

12.4.3 Hub PLS functional specification .....................................................................................  350
12.4.3.1 Hub PLS to PMA interface .....................................................................................  350
12.4.3.2 Hub PLS functions..................................................................................................  350

12.4.3.2.1 State diagram variables .................................................................................  350
12.4.3.2.2 Upward Signal Transfer function .................................................................  351

ISO/IEC/IEEE 8802-3:2021(E) 



40
Copyright © 2018 IEEE. All rights reserved.

12.4.3.2.3 Jabber function..............................................................................................  351
12.4.3.2.4 Downward Signal Transfer function.............................................................  352
12.4.3.2.5 Retiming (jitter removal) ..............................................................................  354
12.4.3.2.6 Header hub wrap-around ..............................................................................  354
12.4.3.2.7 Collision presence startup.............................................................................  354

12.4.3.3 Reliability................................................................................................................  355
12.5 Physical medium attachment (PMA) specification ..................................................................  355

12.5.1 Overview...........................................................................................................................  355
12.5.2 PLS–PMA interface ..........................................................................................................  355
12.5.3 Signal characteristics ........................................................................................................  356

12.5.3.1 Transmitter characteristics ......................................................................................  356
12.5.3.1.1 Differential output voltage............................................................................  356
12.5.3.1.2 Output timing jitter .......................................................................................  359
12.5.3.1.3 Transmitter impedance balance ....................................................................  359
12.5.3.1.4 Common-mode output voltage .....................................................................  360
12.5.3.1.5 Common-mode tolerance..............................................................................  360
12.5.3.1.6 Transmitter fault tolerance............................................................................  361

12.5.3.2  Receiver characteristics .........................................................................................  361
12.5.3.2.1 Differential input voltage..............................................................................  361
12.5.3.2.2 Input timing jitter ..........................................................................................  361
12.5.3.2.3 Idle input behavior ........................................................................................  361
12.5.3.2.4 Differential input impedance ........................................................................  362
12.5.3.2.5 Common-mode rejection ..............................................................................  362
12.5.3.2.6 Noise immunity.............................................................................................  363
12.5.3.2.7 Receiver fault tolerance ................................................................................  363

12.6 Medium Dependent Interface (MDI) specification ..................................................................  363
12.6.1 Line interface connector ...................................................................................................  363
12.6.2 Connector contact assignments.........................................................................................  364
12.6.3 Labeling ............................................................................................................................  364

12.7 Cable medium characteristics ...................................................................................................  365
12.7.1 Overview...........................................................................................................................  365
12.7.2 Transmission parameters ..................................................................................................  365

12.7.2.1 Attenuation..............................................................................................................  365
12.7.2.2 Differential characteristic impedance .....................................................................  365
12.7.2.3 Medium timing jitter ...............................................................................................  365
12.7.2.4 Dispersion ...............................................................................................................  366

12.7.3 Coupling parameters .........................................................................................................  366
12.7.3.1 Pair-to-pair crosstalk...............................................................................................  366
12.7.3.2 Multiple-disturber crosstalk ....................................................................................  366
12.7.3.3 Balance....................................................................................................................  367

12.7.4 Noise environment ............................................................................................................  367
12.7.4.1 Impulse noise ..........................................................................................................  367
12.7.4.2 Crosstalk .................................................................................................................  368

12.8 Special link specification ..........................................................................................................  368
12.8.1 Overview...........................................................................................................................  368
12.8.2 Transmission characteristics .............................................................................................  368
12.8.3 Permitted configurations...................................................................................................  368

12.9 Timing.......................................................................................................................................  368
12.9.1 Overview...........................................................................................................................  368
12.9.2 DTE timing .......................................................................................................................  369
12.9.3 Medium timing .................................................................................................................  369
12.9.4 Special link timing ............................................................................................................  369
12.9.5 Hub timing ........................................................................................................................  369

12.10 Safety ........................................................................................................................................  370

ISO/IEC/IEEE 8802-3:2021(E) 



41
Copyright © 2018 IEEE. All rights reserved.

12.10.1 Isolation ............................................................................................................................  370
12.10.2 Telephony voltages ...........................................................................................................  371

13. System considerations for multisegment 10 Mb/s baseband networks ..............................................  372

13.1 Overview...................................................................................................................................  372
13.1.1 Repeater usage ..................................................................................................................  373

13.2 Definitions ................................................................................................................................  373
13.3 Transmission System Model 1..................................................................................................  373
13.4 Transmission System Model 2..................................................................................................  380

13.4.1 Round-trip collision delay ................................................................................................  380
13.4.1.1 Worst-case path delay value (PDV) selection ........................................................  380
13.4.1.2 Worst-case PDV calculation ...................................................................................  380

13.4.2 Interpacket gap (IPG) shrinkage .......................................................................................  381
13.4.2.1 Worst-case path variability value (PVV) selection.................................................  382
13.4.2.2 Worst-case path variability value (PVV) calculation .............................................  382

13.5 Full duplex topology limitations...............................................................................................  382

14. Twisted-pair medium attachment unit (MAU) and baseband medium, type 10BASE-T including 
type 10BASE-Te.................................................................................................................................  383

14.1 Scope.........................................................................................................................................  383
14.1.1 Overview...........................................................................................................................  383

14.1.1.1 Medium Attachment Unit (MAU) ..........................................................................  383
14.1.1.2 Repeater unit ...........................................................................................................  384
14.1.1.3 Twisted-pair media .................................................................................................  384

14.1.2 Definitions ........................................................................................................................  384
14.1.3 Application perspective ....................................................................................................  385

14.1.3.1  Objectives ..............................................................................................................  385
14.1.3.2 Compatibility considerations ..................................................................................  386
14.1.3.3 Modes of operation .................................................................................................  386

14.1.4 Relationship to PLS and AUI ...........................................................................................  386
14.2 MAU functional specifications .................................................................................................  386

14.2.1 MAU functions .................................................................................................................  387
14.2.1.1 Transmit function requirements..............................................................................  388
14.2.1.2 Receive function requirements ...............................................................................  388
14.2.1.3 Loopback function requirements (half duplex mode only) ....................................  389
14.2.1.4 Collision Presence function requirements (half duplex mode only).......................  389
14.2.1.5 signal_quality_error Message (SQE) Test function requirements..........................  389
14.2.1.6 Jabber function requirements..................................................................................  389
14.2.1.7 Link Integrity Test function requirements ..............................................................  390
14.2.1.8 Auto-Negotiation ....................................................................................................  391

14.2.2 PMA interface messages...................................................................................................  391
14.2.2.1 PLS to PMA messages............................................................................................  391

14.2.2.1.1 PMA to PLS messages..................................................................................  391
14.2.2.2 PMA to twisted-pair link segment messages ..........................................................  392
14.2.2.3 Twisted-pair link segment to PMA messages.........................................................  392
14.2.2.4 Interface message time references ..........................................................................  392

14.2.3 MAU state diagrams .........................................................................................................  392
14.2.3.1 State diagram variables ...........................................................................................  392
14.2.3.2 State diagram timers ...............................................................................................  398

14.3 MAU electrical specifications ..................................................................................................  398
14.3.1 MAU-to-MDI interface characteristics.............................................................................  398

14.3.1.1 Isolation requirement ..............................................................................................  398

ISO/IEC/IEEE 8802-3:2021(E) 



42
Copyright © 2018 IEEE. All rights reserved.

14.3.1.2 Transmitter specifications.......................................................................................  399
14.3.1.2.1 Differential output voltage............................................................................  400
14.3.1.2.2 Transmitter differential output impedance ...................................................  403
14.3.1.2.3 Output timing jitter .......................................................................................  404
14.3.1.2.4 Transmitter impedance balance ....................................................................  404
14.3.1.2.5 Common-mode output voltage .....................................................................  404
14.3.1.2.6 Transmitter common-mode rejection............................................................  405
14.3.1.2.7 Transmitter fault tolerance............................................................................  405

14.3.1.3  Receiver specifications ..........................................................................................  406
14.3.1.3.1 Receiver differential input signals ................................................................  406
14.3.1.3.2 Receiver differential noise immunity ...........................................................  406
14.3.1.3.3 Idle input behavior ........................................................................................  407
14.3.1.3.4 Receiver differential input impedance..........................................................  407
14.3.1.3.5 Common-mode rejection ..............................................................................  407
14.3.1.3.6 Receiver fault tolerance ................................................................................  407

14.3.2 MAU-to-AUI specification...............................................................................................  407
14.3.2.1 MAU-AUI electrical characteristics .......................................................................  407
14.3.2.2 MAU–AUI mechanical connection ........................................................................  408
14.3.2.3 Power consumption.................................................................................................  408

14.4 Characteristics of the simplex link segment .............................................................................  409
14.4.1 Overview...........................................................................................................................  409
14.4.2 Transmission parameters ..................................................................................................  409

14.4.2.1 Insertion loss ...........................................................................................................  409
14.4.2.2 Differential characteristic impedance .....................................................................  409
14.4.2.3  Medium timing jitter ..............................................................................................  409
14.4.2.4 Delay .......................................................................................................................  410

14.4.3 Coupling parameters .........................................................................................................  410
14.4.3.1 Differential near-end crosstalk (NEXT) loss ..........................................................  410

14.4.3.1.1 Twenty-five-pair cable and twenty-five-pair binder groups.........................  410
14.4.3.1.2 Four-pair cable ..............................................................................................  410
14.4.3.1.3 Other cables ..................................................................................................  410

14.4.3.2 Multiple-disturber NEXT (MDNEXT) loss ...........................................................  410
14.4.4 Noise environment ............................................................................................................  411

14.4.4.1 Impulse noise ..........................................................................................................  411
14.4.4.2 Crosstalk noise........................................................................................................  411

14.5 MDI specification .....................................................................................................................  411
14.5.1 MDI connectors ................................................................................................................  411
14.5.2 Crossover function ............................................................................................................  412

14.6 System considerations...............................................................................................................  413
14.7 Environmental specifications....................................................................................................  414

14.7.1 General safety ...................................................................................................................  414
14.7.2 Network safety ..................................................................................................................  414

14.7.2.1 Installation ..............................................................................................................  414
14.7.2.2 Grounding ...............................................................................................................  414
14.7.2.3 Installation and maintenance guidelines .................................................................  414
14.7.2.4 Telephony voltages .................................................................................................  414

14.7.3 Environment......................................................................................................................  415
14.7.3.1 Electromagnetic emission .......................................................................................  415
14.7.3.2 Temperature and humidity......................................................................................  415

14.8 MAU labeling ...........................................................................................................................  415
14.9 Timing summary.......................................................................................................................  416
14.10 Protocol implementation conformance statement (PICS) proforma for Clause 14, Twisted-

pair medium attachment unit (MAU) and baseband medium, 
type 10BASE-T and type 10BASE-Te .....................................................................................  417

ISO/IEC/IEEE 8802-3:2021(E) 



43
Copyright © 2018 IEEE. All rights reserved.

14.10.1 Introduction.......................................................................................................................  417
14.10.1.1 Scope.......................................................................................................................  417
14.10.1.2 Reference ................................................................................................................  417
14.10.1.3 Definitions ..............................................................................................................  417
14.10.1.4 Conformance...........................................................................................................  417

14.10.2 Identification of implementation ......................................................................................  418
14.10.2.1 Supplier information ...............................................................................................  418
14.10.2.2 Implementation information ...................................................................................  418

14.10.3 Identification of the protocol ............................................................................................  418
14.10.4 PICS proforma for 10BASE-T .........................................................................................  419

14.10.4.1 Abbreviations..........................................................................................................  419
14.10.4.2 PICS Completion instructions and implementation statement ...............................  419
14.10.4.3 Additional information ...........................................................................................  419
14.10.4.4 References...............................................................................................................  419
14.10.4.5 PICS proforma tables for MAU..............................................................................  420

14.10.4.5.1 MAU functions .............................................................................................  420
14.10.4.5.2 Transmit function..........................................................................................  421
14.10.4.5.3 Receive function ...........................................................................................  421
14.10.4.5.4 Loopback function ........................................................................................  422
14.10.4.5.5 Collision Detect function ..............................................................................  422
14.10.4.5.6 signal_quality_error Message Test function.................................................  423
14.10.4.5.7 Jabber function..............................................................................................  423
14.10.4.5.8 Link Integrity Test function..........................................................................  424
14.10.4.5.9 MAU state diagram requirements.................................................................  425
14.10.4.5.10 AUI requirements .........................................................................................  425
14.10.4.5.11 Isolation requirements...................................................................................  425
14.10.4.5.12 Transmitter specification ..............................................................................  426
14.10.4.5.13 Receiver specification...................................................................................  427
14.10.4.5.14 MDI requirements.........................................................................................  428
14.10.4.5.15 Safety requirements ......................................................................................  428

14.10.4.6 PICS proforma tables for MAU AUI characteristics..............................................  429
14.10.4.6.1 Signal characteristics ....................................................................................  429
14.10.4.6.2 DI and CI driver characteristics ....................................................................  429
14.10.4.6.3 DO receiver characteristics ...........................................................................  430
14.10.4.6.4 Power consumption.......................................................................................  430
14.10.4.6.5 Circuit termination........................................................................................  431
14.10.4.6.6 Mechanical characteristics ............................................................................  431

14.10.4.7 PICS proforma tables for 10BASE-T link segment................................................  432
14.10.4.7.1 10BASE-T link segment characteristics .......................................................  432

14.10.4.8 PICS proforma tables for Auto-Negotiation able MAUs .......................................  433

15. Fiber optic medium and common elements of medium attachment units and star, type 
10BASE-F...........................................................................................................................................  434

15.1 Scope.........................................................................................................................................  434
15.1.1 Overview...........................................................................................................................  434

15.1.1.1 Fiber optic medium attachment units (MAUs) .......................................................  434
15.1.1.2 Fiber optic passive star ...........................................................................................  434
15.1.1.3 Repeater unit ...........................................................................................................  435

15.1.2 Definitions ........................................................................................................................  436
15.1.3 Applications perspective: MAUs, stars, and fiber optic medium .....................................  436

15.1.3.1 Objectives ...............................................................................................................  436
15.1.3.2 Compatibility considerations ..................................................................................  436
15.1.3.3 Relationship to PLS and AUI .................................................................................  437

ISO/IEC/IEEE 8802-3:2021(E) 



44
Copyright © 2018 IEEE. All rights reserved.

15.1.3.4 Guidelines for implementation of systems .............................................................  438
15.1.3.5 Modes of operation .................................................................................................  438

15.2 MDI optical characteristics .......................................................................................................  439
15.2.1 Transmit optical parameters..............................................................................................  439

15.2.1.1 Center wavelength ..................................................................................................  439
15.2.1.2 Spectral width .........................................................................................................  439
15.2.1.3 Optical modulation extinction ratio ........................................................................  439
15.2.1.4 Optical Idle Signal amplitude .................................................................................  439
15.2.1.5 Optical transmit pulse logic polarity.......................................................................  439
15.2.1.6 Optical transmit pulse rise and fall times................................................................  439
15.2.1.7 Optical transmit pulse overshoot and undershoot...................................................  439
15.2.1.8 Optical transmit pulse edge jitter ............................................................................  439
15.2.1.9 Optical transmit pulse duty cycle distortion ...........................................................  441
15.2.1.10 Optical transmit average power range ....................................................................  441
15.2.1.11  Optical transmit signal templates...........................................................................  441

15.2.1.11.1 10BASE-FP optical transmit signal template ...............................................  442
15.2.1.11.2 10BASE-FB optical transmit signal template...............................................  443
15.2.1.11.3 10BASE-FL Optical transmit signal template ..............................................  445

15.2.2 Receive optical parameters ...............................................................................................  446
15.2.2.1 Optical receive average power range......................................................................  446
15.2.2.2 Optical receive pulse edge jitter..............................................................................  446
15.2.2.3 Optical receive pulse logic polarity ........................................................................  446
15.2.2.4 Optical receive pulse rise and fall times .................................................................  447

15.3 Characteristics of the fiber optic medium.................................................................................  447
15.3.1 Optical fiber and cable ......................................................................................................  447

15.3.1.1 Attenuation..............................................................................................................  447
15.3.1.2 Modal bandwidth ....................................................................................................  447
15.3.1.3 Propagation delay ...................................................................................................  447

15.3.2 Optical medium connector plug and socket......................................................................  447
15.3.2.1 Optical connector insertion loss..............................................................................  448
15.3.2.2 Optical connector return loss ..................................................................................  448

15.3.3 Fiber optic medium insertion loss.....................................................................................  448
15.3.3.1 10BASE-FP segment insertion loss ........................................................................  448
15.3.3.2 10BASE-FB and 10BASE-FL segment insertion loss ...........................................  449

15.3.4 Electrical isolation ............................................................................................................  449
15.4 MAU reliability.........................................................................................................................  449
15.5 MAU–AUI specification...........................................................................................................  449

15.5.1 MAU–AUI electrical characteristics ................................................................................  449
15.5.2 MAU–AUI mechanical connections.................................................................................  449
15.5.3 Power consumption...........................................................................................................  449
15.5.4 MAU–AUI messages ........................................................................................................  450

15.5.4.1 PLS to PMA messages............................................................................................  450
15.5.4.2 PMA to PLS messages............................................................................................  450

15.5.4.2.1 signal_quality_error message .......................................................................  450
15.6 Environmental specifications....................................................................................................  451

15.6.1 Safety requirements ..........................................................................................................  451
15.6.2 Electromagnetic environment ...........................................................................................  451
15.6.3 Other environmental requirements ...................................................................................  451

15.7 MAU labeling ...........................................................................................................................  452
15.7.1 10BASE-FP star labeling..................................................................................................  452

15.8 Protocol implementation conformance statement (PICS) proforma for Clause 15, Fiber 
optic medium and common elements of medium attachment units and star, type 
10BASE-F.................................................................................................................................  453

15.8.1 Introduction.......................................................................................................................  453

ISO/IEC/IEEE 8802-3:2021(E) 



45
Copyright © 2018 IEEE. All rights reserved.

15.8.2 Abbreviations and special symbols...................................................................................  453
15.8.2.1 Status symbols ........................................................................................................  453
15.8.2.2 Abbreviations..........................................................................................................  453

15.8.3 Instructions for completing the PICS proforma................................................................  453
15.8.3.1 General structure of the PICS proforma .................................................................  453
15.8.3.2 Additional information ...........................................................................................  454
15.8.3.3 Exception information ............................................................................................  454
15.8.3.4 Conditional items....................................................................................................  455

15.8.4 Identification .....................................................................................................................  455
15.8.4.1 Implementation identification.................................................................................  455
15.8.4.2 Protocol summary ..................................................................................................  455

15.8.5 Major capabilities/options.................................................................................................  456
15.8.6 PICS Proforma for the fiber optic medium.......................................................................  456

15.8.6.1 Characteristics of the fiber optic medium...............................................................  456
15.8.6.2 Optical medium connector plug and socket............................................................  457
15.8.6.3 Fiber optic medium insertion loss...........................................................................  457
15.8.6.4 Electrical isolation requirements ............................................................................  457

16. Fiber optic passive star and medium attachment unit, type 10BASE-FP...........................................  458

16.1 Scope.........................................................................................................................................  458
16.1.1 Overview...........................................................................................................................  458

16.1.1.1 10BASE-FP medium attachment unit.....................................................................  458
16.1.1.2 10BASE-FP Star .....................................................................................................  458
16.1.1.3 Repeater unit ...........................................................................................................  458

16.2 PMA interface messages...........................................................................................................  459
16.2.1 PMA-to-MDI interface signal encodings .........................................................................  459
16.2.2 PMA-to-MDI OTD messages ...........................................................................................  459

16.2.2.1 OTD_output ............................................................................................................  459
16.2.2.2 OTD_idle ................................................................................................................  459
16.2.2.3 OTD_manch_violation............................................................................................  460

16.2.3 MDI ORD-to-PMA messages...........................................................................................  460
16.2.3.1 ORD_input ..............................................................................................................  460
16.2.3.2 ORD_idle ................................................................................................................  461
16.2.3.3 ORD_crv .................................................................................................................  461

16.3 10BASE-FP MAU functional specifications ............................................................................  461
16.3.1 Transmit function requirements........................................................................................  461

16.3.1.1 Preamble encoding..................................................................................................  462
16.3.1.1.1 Synchronization pattern ................................................................................  462
16.3.1.1.2 Packet header code rule violation .................................................................  462
16.3.1.1.3 Unique word .................................................................................................  462

16.3.1.2 Data transmit...........................................................................................................  462
16.3.1.3 Collision encoding (unique word jam) ...................................................................  463

16.3.2 Receive function requirements .........................................................................................  463
16.3.2.1 Preamble reconstruction and alignment..................................................................  463
16.3.2.2 Data receive ............................................................................................................  463
16.3.2.3 Signal presence during collision .............................................................................  463

16.3.3 Loopback function requirements ......................................................................................  463
16.3.4 Collision presence function requirements.........................................................................  464

16.3.4.1 CI Circuit signaling.................................................................................................  464
16.3.4.2 Collision detection ..................................................................................................  464
16.3.4.3 End of collision.......................................................................................................  465

16.3.5 signal_quality_error Message (SQE) Test function requirements....................................  465
16.3.6 Jabber function requirements............................................................................................  465

ISO/IEC/IEEE 8802-3:2021(E) 



46
Copyright © 2018 IEEE. All rights reserved.

16.3.7 Link fault detection and low light function requirements.................................................  466
16.3.8 Interface message time references ....................................................................................  467
16.3.9 MAU state diagram...........................................................................................................  467

16.3.9.1 MAU state diagram variables .................................................................................  467
16.3.9.2 MAU state diagram timers......................................................................................  469
16.3.9.3 MAU state diagram counters ..................................................................................  470

16.4 Timing summary.......................................................................................................................  475
16.5 10BASE-FP Star functional specifications...............................................................................  475

16.5.1 Star functions ....................................................................................................................  475
16.5.1.1 Number of ports ......................................................................................................  475
16.5.1.2 Optical power division............................................................................................  475
16.5.1.3 Configuration ..........................................................................................................  476
16.5.1.4 Reliability................................................................................................................  476

16.5.2 Star optical characteristics ................................................................................................  476
16.5.2.1 Star insertion loss....................................................................................................  476
16.5.2.2 Star single output port uniformity...........................................................................  476
16.5.2.3 Star directivity.........................................................................................................  476

16.6 Protocol implementation conformance statement (PICS) proforma for Clause 16, Fiber 
optic passive star and medium attachment unit, type 10BASE-FP ..........................................  477

16.6.1 Introduction.......................................................................................................................  477
16.6.2 Abbreviations and special symbols...................................................................................  477

16.6.2.1 Status symbols ........................................................................................................  477
16.6.2.2 Abbreviations..........................................................................................................  477

16.6.3 Instructions for completing the PICS proforma................................................................  477
16.6.3.1 General structure of the PICS proforma .................................................................  477
16.6.3.2 Additional information ...........................................................................................  478
16.6.3.3 Exception information ............................................................................................  478
16.6.3.4 Conditional items....................................................................................................  479

16.6.4 Identification .....................................................................................................................  479
16.6.4.1 Implementation identification.................................................................................  479
16.6.4.2 Protocol summary ..................................................................................................  479

16.6.5 Major capabilities/options.................................................................................................  480
16.6.6 PICS proforma for the type 10BASE-FP MAU ...............................................................  480

16.6.6.1 Compatibility considerations ..................................................................................  480
16.6.6.2 Optical transmit parameters ....................................................................................  481
16.6.6.3 Optical receive parameters......................................................................................  482
16.6.6.4 Optical medium connector plug and socket............................................................  482
16.6.6.5 MAU functions .......................................................................................................  482
16.6.6.6 PMA interface messages.........................................................................................  482
16.6.6.7 PMA to MDI OTD messages..................................................................................  483
16.6.6.8 MDI ORD to PMA messages .................................................................................  483
16.6.6.9 Transmit functions ..................................................................................................  483
16.6.6.10 Collision Encoding (Unique Word Jam) function ..................................................  484
16.6.6.11 Receive functions....................................................................................................  484
16.6.6.12 Preamble reconstruction and alignment function ...................................................  485
16.6.6.13 Data receive function ..............................................................................................  485
16.6.6.14 Signal presence during collision .............................................................................  485
16.6.6.15 Loopback function ..................................................................................................  486
16.6.6.16 Collision presence function ...................................................................................  486
16.6.6.17 signal_quality_error Message (SQE) test function .................................................  487
16.6.6.18 Jabber function........................................................................................................  487
16.6.6.19 Link Fault Detect function......................................................................................  487
16.6.6.20 MAU state diagram requirements ..........................................................................  488
16.6.6.21 MAU-to-AUI signal characteristics........................................................................  488

ISO/IEC/IEEE 8802-3:2021(E) 



47
Copyright © 2018 IEEE. All rights reserved.

16.6.6.22 MAU-to-AUI DI and CI driver characteristics ......................................................  488
16.6.6.23 AUI-to-MAU DO receiver characteristics..............................................................  489
16.6.6.24 MAU-to-AUI circuit termination............................................................................  489
16.6.6.25 MAU-to-AUI mechanical connections ...................................................................  490
16.6.6.26 MAU reliability.......................................................................................................  490
16.6.6.27 Power consumption.................................................................................................  491
16.6.6.28 PLS–PMA requirements .........................................................................................  491
16.6.6.29 signal_quality_error message (SQE) .....................................................................  491
16.6.6.30 Environmental requirements...................................................................................  492
16.6.6.31 MAU labeling ........................................................................................................  492

16.6.7 PICS proforma tables for 10BASE-FP stars.....................................................................  492
16.6.7.1 Star basic functions .................................................................................................  492
16.6.7.2 Star optical characteristics ......................................................................................  493
16.6.7.3 Star environmental requirements ............................................................................  493
16.6.7.4 10BASE-FP star labeling........................................................................................  493

17. Fiber optic medium attachment unit, type 10BASE-FB.....................................................................  494

17.1 Scope.........................................................................................................................................  494
17.1.1 Overview...........................................................................................................................  494

17.1.1.1 Medium attachment unit .........................................................................................  494
17.1.1.2 Relationship to repeater ..........................................................................................  494
17.1.1.3 Remote diagnostic messages ..................................................................................  494

17.1.2 Relationship to AUI ..........................................................................................................  494
17.2 PMA interface messages...........................................................................................................  495

17.2.1 PMA-to-MDI interface signal encodings .........................................................................  495
17.2.2 PMA-to-MDI OTD messages ...........................................................................................  495

17.2.2.1 OTD_output ............................................................................................................  496
17.2.2.2 OTD_sync_idle .......................................................................................................  496
17.2.2.3 OTD_remote_fault..................................................................................................  496

17.2.3 MDI ORD-to-PMA messages...........................................................................................  496
17.2.3.1 Status decoding .......................................................................................................  496
17.2.3.2 ORD_input..............................................................................................................  496
17.2.3.3 ORD_sync_idle.......................................................................................................  496
17.2.3.4 ORD_remote_fault..................................................................................................  497
17.2.3.5 ORD_invalid_data ..................................................................................................  497

17.2.4 Transitions between signals ..............................................................................................  497
17.2.5 Signaling rate ....................................................................................................................  497

17.3 MAU functional specifications .................................................................................................  497
17.3.1 Transmit function requirements........................................................................................  497

17.3.1.1 Data transmit...........................................................................................................  498
17.3.1.2 Synchronous idle.....................................................................................................  498
17.3.1.3 Fault signaling.........................................................................................................  498

17.3.2 Receive function requirements .........................................................................................  498
17.3.2.1 Data receive ............................................................................................................  498
17.3.2.2 Remote status message handling ............................................................................  498

17.3.3 Collision function requirements........................................................................................  498
17.3.3.1 Collision detection ..................................................................................................  498
17.3.3.2 End of collision.......................................................................................................  499

17.3.4 Loopback function requirements ......................................................................................  499
17.3.5 Fault-handling function requirements...............................................................................  499
17.3.6 Jabber function requirements............................................................................................  499
17.3.7 Low light level detection function requirements ..............................................................  500
17.3.8 Synchronous qualification function requirements ............................................................  500

ISO/IEC/IEEE 8802-3:2021(E) 



48
Copyright © 2018 IEEE. All rights reserved.

17.3.9 Interface message time references ....................................................................................  501
17.3.10 MAU state diagrams .........................................................................................................  501

17.3.10.1 MAU state diagram variables .................................................................................  501
17.3.10.2 MAU state diagram timers......................................................................................  502

17.4 Timing summary.......................................................................................................................  505
17.5 Protocol implementation conformance statement (PICS) proforma for Clause 17, Fiber 

optic medium attachment unit, type 10BASE-FB ....................................................................  506
17.5.1 Introduction.......................................................................................................................  506
17.5.2 Abbreviations and special symbols...................................................................................  506

17.5.2.1 Status symbols ........................................................................................................  506
17.5.2.1.1 Abbreviations................................................................................................  506

17.5.3 Instructions for completing the PICS proforma................................................................  506
17.5.3.1 General structure of the PICS proforma .................................................................  506
17.5.3.2 Additional information ...........................................................................................  507
17.5.3.3 Exception information ............................................................................................  507
17.5.3.4 Conditional items....................................................................................................  508

17.5.4 Identification .....................................................................................................................  508
17.5.4.1 Implementation identification.................................................................................  508
17.5.4.2 Protocol summary ...................................................................................................  508

17.5.5 PICS proforma for the type 10BASE-FB MAU...............................................................  508
17.5.6 PICS proforma for the type 10BASE-FB MAU...............................................................  509

17.5.6.1 Compatibility considerations ..................................................................................  509
17.5.6.2 Optical transmit parameters ...................................................................................  509
17.5.6.3 Optical receive parameters .....................................................................................  510
17.5.6.4 Optical medium connector plug and socket............................................................  510
17.5.6.5 MAU functions .......................................................................................................  511
17.5.6.6 PMA-to-MDI OTD messages and signaling ..........................................................  511
17.5.6.7 MDI ORD-to-PMA messages and signaling ..........................................................  512
17.5.6.8 Transitions between signals  ..................................................................................  512
17.5.6.9 Signaling rate ..........................................................................................................  512
17.5.6.10 Transmit functions  ................................................................................................  513
17.5.6.11 Receive functions....................................................................................................  513
17.5.6.12 Data receive function .............................................................................................  514
17.5.6.13 Remote status message handling ............................................................................  514
17.5.6.14 Collision function requirements..............................................................................  514
17.5.6.15 End of collision.......................................................................................................  515
17.5.6.16 Loopback function ..................................................................................................  515
17.5.6.17 Fault-handling function...........................................................................................  515
17.5.6.18 Jabber-handling function ........................................................................................  516
17.5.6.19 Low light detection ................................................................................................  516
17.5.6.20 Synchronous qualification .....................................................................................  517
17.5.6.21 MAU state diagram requirements...........................................................................  517
17.5.6.22 MAU reliability.......................................................................................................  517
17.5.6.23 PLS–PMA requirements .........................................................................................  518
17.5.6.24 signal_quality_error message (SQE) ......................................................................  518
17.5.6.25 Environmental requirements...................................................................................  518
17.5.6.26 MAU labeling .........................................................................................................  518

18. Fiber optic medium attachment unit, type 10BASE-FL .....................................................................  519

18.1 Scope.........................................................................................................................................  519
18.1.1 Overview...........................................................................................................................  519

18.1.1.1 10BASE-FL medium attachment unit (MAU) .......................................................  519
18.1.1.2 Repeater unit ...........................................................................................................  519

ISO/IEC/IEEE 8802-3:2021(E) 



49
Copyright © 2018 IEEE. All rights reserved.

18.2 PMA interface messages...........................................................................................................  519
18.2.1 PMA to fiber optic link segment messages ......................................................................  520

18.2.1.1 OTD_output. ...........................................................................................................  520
18.2.1.2 OTD_idle ................................................................................................................  520

18.2.2 Fiber optic link segment to PMA messages......................................................................  520
18.2.2.1 ORD_input..............................................................................................................  520
18.2.2.2 ORD_idle ................................................................................................................  520

18.2.3 Interface message time references ....................................................................................  521
18.3 MAU functional specifications .................................................................................................  521

18.3.1 MAU functions .................................................................................................................  521
18.3.1.1 Transmit function requirements..............................................................................  522
18.3.1.2 Receive function requirements ...............................................................................  523
18.3.1.3 Loopback function requirements (half duplex mode only) ....................................  523
18.3.1.4 Collision Presence function requirements (half duplex mode only).......................  523
18.3.1.5 signal_quality_error Message (SQE) Test function requirements..........................  524
18.3.1.6 Jabber function requirements..................................................................................  524
18.3.1.7 Link Integrity Test function requirements ..............................................................  524
18.3.1.8 Auto-Negotiation ....................................................................................................  525

18.3.2 MAU state diagrams .........................................................................................................  525
18.3.2.1 MAU state diagram variables .................................................................................  525
18.3.2.2 MAU state diagram timers......................................................................................  527

18.4 Timing summary.......................................................................................................................  532
18.5 Protocol implementation conformance statement (PICS) proforma for Clause 18, Fiber 

optic medium attachment unit, type 10BASE-FL ....................................................................  533
18.5.1 Introduction.......................................................................................................................  533
18.5.2 Abbreviations and special symbols...................................................................................  533

18.5.2.1 Status symbols ........................................................................................................  533
18.5.2.2 Abbreviations..........................................................................................................  533

18.5.3 Instructions for completing the PICS proforma................................................................  534
18.5.3.1 General structure of the PICS proforma .................................................................  534
18.5.3.2 Additional information ...........................................................................................  534
18.5.3.3 Exception information ............................................................................................  534
18.5.3.4 Conditional items....................................................................................................  535

18.5.4 Identification .....................................................................................................................  535
18.5.4.1 Implementation identification.................................................................................  535
18.5.4.2 Protocol summary ..................................................................................................  535

18.5.5 Major capabilities/options.................................................................................................  536
18.5.6 PICS proforma tables for the type 10BASE-FL MAU.....................................................  536

18.5.6.1 Compatibility considerations ..................................................................................  536
18.5.6.2 Optical transmit parameter .....................................................................................  537
18.5.6.3 Optical receive parameters .....................................................................................  538
18.5.6.4 Optical medium connector plug and socket............................................................  538
18.5.6.5 MAU functions .......................................................................................................  539
18.5.6.6 PMA interface messages.........................................................................................  539
18.5.6.7 PMA-to-MDI OTD messages .................................................................................  539
18.5.6.8 MDI ORD-to-PMA messages.................................................................................  539
18.5.6.9 Transmit function ...................................................................................................  540
18.5.6.10 Receive function .....................................................................................................  540
18.5.6.11 Loopback function ..................................................................................................  541
18.5.6.12 Collision Presence function ....................................................................................  541
18.5.6.13 signal_quality_error Message (SQE) Test function................................................  541
18.5.6.14 Jabber function........................................................................................................  542
18.5.6.15 Link Integrity Test function....................................................................................  542
18.5.6.16 MAU state diagram requirements...........................................................................  544

ISO/IEC/IEEE 8802-3:2021(E) 



50
Copyright © 2018 IEEE. All rights reserved.

18.5.6.17 MAU-to-AUI signal characteristics........................................................................  544
18.5.6.18 MAU-to-AUI DI and CI driver characteristics.......................................................  545
18.5.6.19 AUI-to-MAU DO receiver characteristics..............................................................  545
18.5.6.20 AUI circuit termination...........................................................................................  546
18.5.6.21 MAU-to-AUI mechanical connections ...................................................................  546
18.5.6.22 MAU reliability.......................................................................................................  547
18.5.6.23 Power consumption.................................................................................................  547
18.5.6.24 PLS–PMA requirements .........................................................................................  547
18.5.6.25 signal_quality_error message (SQE) ......................................................................  547
18.5.6.26 Environmental requirements...................................................................................  548
18.5.6.27 MAU labeling ........................................................................................................  548

19. Layer Management for 10 Mb/s baseband repeaters ..........................................................................  549

19.1 Introduction...............................................................................................................................  549
19.1.1 Scope.................................................................................................................................  549
19.1.2 Relationship to objects in IEEE Std 802.1F-1993 ............................................................  549
19.1.3 Definitions ........................................................................................................................  549
19.1.4 Symbols and abbreviations ...............................................................................................  549
19.1.5 Management model...........................................................................................................  550

19.2 Managed objects .......................................................................................................................  551
19.2.1 Introduction.......................................................................................................................  551
19.2.2 Overview of managed objects...........................................................................................  551

19.2.2.1 Text description of managed objects ......................................................................  551
19.2.2.2 Port functions to support management ...................................................................  551
19.2.2.3 Containment............................................................................................................  553
19.2.2.4 Naming....................................................................................................................  554
19.2.2.5 Packages and capabilities........................................................................................  554

19.2.3 Repeater managed object class .........................................................................................  556
19.2.3.1 Repeater attributes ..................................................................................................  556

19.2.3.1.1 aRepeaterID ..................................................................................................  556
19.2.3.1.2 aRepeaterGroupCapacity ..............................................................................  556
19.2.3.1.3 aGroupMap ...................................................................................................  556
19.2.3.1.4 aRepeaterHealthState....................................................................................  556
19.2.3.1.5 aRepeaterHealthText ....................................................................................  557
19.2.3.1.6 aRepeaterHealthData ....................................................................................  557
19.2.3.1.7 aTransmitCollisions ......................................................................................  557

19.2.3.2 Repeater actions ......................................................................................................  557
19.2.3.2.1 acResetRepeater............................................................................................  557
19.2.3.2.2 acExecuteNonDisruptiveSelfTest .................................................................  558

19.2.3.3 Repeater notifications .............................................................................................  558
19.2.3.3.1 nRepeaterHealth............................................................................................  558
19.2.3.3.2 nRepeaterReset .............................................................................................  559
19.2.3.3.3 nGroupMapChange.......................................................................................  559

19.2.4 ResourceTypeID Managed Object Class ..........................................................................  559
19.2.5 Group managed object class .............................................................................................  559

19.2.5.1 Group attributes ......................................................................................................  559
19.2.5.1.1 aGroupID ......................................................................................................  559
19.2.5.1.2 aGroupPortCapacity......................................................................................  560
19.2.5.1.3 aPortMap.......................................................................................................  560

19.2.5.2 Group Notifications ................................................................................................  560
19.2.5.2.1 nPortMapChange ..........................................................................................  560

19.2.6 Port managed object class.................................................................................................  560
19.2.6.1 Port Attributes.........................................................................................................  560

ISO/IEC/IEEE 8802-3:2021(E) 



51
Copyright © 2018 IEEE. All rights reserved.

19.2.6.1.1 aPortID..........................................................................................................  560
19.2.6.1.2 aPortAdminState ...........................................................................................  561
19.2.6.1.3 aAutoPartitionState .......................................................................................  561
19.2.6.1.4 aReadableFrames ..........................................................................................  561
19.2.6.1.5 aReadableOctets............................................................................................  561
19.2.6.1.6 aFrameCheckSequenceErrors .......................................................................  562
19.2.6.1.7 aAlignmentErrors..........................................................................................  562
19.2.6.1.8 aFramesTooLong ..........................................................................................  562
19.2.6.1.9 aShortEvents .................................................................................................  562
19.2.6.1.10 aRunts ...........................................................................................................  563
19.2.6.1.11 aCollisions ....................................................................................................  563
19.2.6.1.12 aLateEvents...................................................................................................  563
19.2.6.1.13 aVeryLongEvents .........................................................................................  564
19.2.6.1.14 aDataRateMismatches ..................................................................................  564
19.2.6.1.15 aAutoPartitions .............................................................................................  564
19.2.6.1.16 aLastSourceAddress......................................................................................  564
19.2.6.1.17 aSourceAddressChanges...............................................................................  565

19.2.6.2 Port Actions ............................................................................................................  565
19.2.6.2.1 acPortAdminControl .....................................................................................  565

20. Layer Management for 10 Mb/s baseband medium attachment units ................................................  566

20.1 Introduction...............................................................................................................................  566
20.1.1 Scope.................................................................................................................................  566
20.1.2 Management model...........................................................................................................  566

20.2 Managed objects .......................................................................................................................  566
20.2.1 Text description of managed objects ................................................................................  566

20.2.1.1 Naming....................................................................................................................  566
20.2.1.2 Containment............................................................................................................  567
20.2.1.3 Packages..................................................................................................................  567

20.2.2 MAU Managed object class..............................................................................................  568
20.2.2.1 MAU attributes .......................................................................................................  568

20.2.2.1.1 aMAUID .......................................................................................................  568
20.2.2.1.2 aMAUType ...................................................................................................  568
20.2.2.1.3 aMediaAvailable ...........................................................................................  569
20.2.2.1.4 aLoseMediaCounter......................................................................................  569
20.2.2.1.5 aJabber ..........................................................................................................  569
20.2.2.1.6 aMAUAdminState ........................................................................................  570
20.2.2.1.7 aBbMAUXmitRcvSplitType ........................................................................  570
20.2.2.1.8 aBroadbandFrequencies................................................................................  570

20.2.2.2 MAU actions...........................................................................................................  571
20.2.2.2.1 acResetMAU.................................................................................................  571
20.2.2.2.2 acMAUAdminControl ..................................................................................  571

20.2.2.3 MAU notifications ..................................................................................................  571
20.2.2.3.1 nJabber ..........................................................................................................  571

Annex A (informative) Bibliography .........................................................................................................  572

Annex B (informative) System guidelines..................................................................................................  576

B.1 Baseband system guidelines and concepts, 10 Mb/s................................................................  576
B.1.1 Overall system objectives ...............................................................................................  576
B.1.2 Analog system components and parameter values .........................................................  576
B.1.3 Minimum frame length determination............................................................................  578

ISO/IEC/IEEE 8802-3:2021(E) 



52
Copyright © 2018 IEEE. All rights reserved.

B.1.4 System jitter budgets.......................................................................................................  579
B.1.4.1 Nominal jitter values.............................................................................................  579
B.1.4.2 Decoder evaluation ...............................................................................................  580

B.1.5 Systems consideration calculations ................................................................................  581
B.1.5.1 Overview...............................................................................................................  581
B.1.5.2 Maximum collision fragment size ........................................................................  581

B.1.5.2.1 Left-end base SDV........................................................................................  582
B.1.5.2.2 Mid-base SDV ..............................................................................................  583
B.1.5.2.3 Right-end base SDV .....................................................................................  583

B.1.5.3 Interpacket Gap (IPG) shrinkage ..........................................................................  584
B.1.5.3.1 Transmitting end segment variability value..................................................  584
B.1.5.3.2 Mid-segment variability value ......................................................................  585

B.1.5.4 Timing parameters for round-trip delay and variability calculations ...................  585
B.1.5.4.1 MAU parameters...........................................................................................  585
B.1.5.4.2 Repeater parameters......................................................................................  586
B.1.5.4.3 Media parameters..........................................................................................  586
B.1.5.4.4 DTE parameters ............................................................................................  586

B.2 System parameters and budgets for 1BASE5 ..........................................................................  588
B.2.1 Delay budget ...................................................................................................................  588
B.2.2 Minimum frame length determination............................................................................  589
B.2.3 Jitter budget.....................................................................................................................  590

B.3 Example crosstalk computation for multiple disturbers, balanced-pair cable .........................  591
B.4 10BASE-T guidelines ..............................................................................................................  593

B.4.1 System jitter budget ........................................................................................................  593
B.4.2 Filter characteristics ........................................................................................................  593
B.4.3 Notes for conformance testing ........................................................................................  593

B.4.3.1 Notes for 14.3.1.2.1 on differential output voltage...............................................  593
B.4.3.2 Note for 14.3.1.2.2 on transmitter differential output impedance ........................  594
B.4.3.3 Note for 14.3.1.2.3 on output timing jitter............................................................  594
B.4.3.4 General note on common-mode tests....................................................................  595
B.4.3.5 Note for 14.3.1.3.4 on receiver differential input impedance...............................  595
B.4.3.6 Note for 14.3.1.3.3 on receiver idle input behavior ..............................................  595
B.4.3.7 Note for 14.3.1.3.5 on receiver common-mode rejection .....................................  595

B.5 10BASE-F................................................................................................................................  596
B.5.1 System jitter budget ........................................................................................................  596
B.5.2 10BASE-FP fiber optic segment loss budget .................................................................  596

Annex C (informative) State diagram, MAC sublayer ...............................................................................  599

Annex D (informative) Application context, selected medium specifications ...........................................  600

D.1 Introduction..............................................................................................................................  600
D.2 Type 10BASE5 applications....................................................................................................  600
D.3 Type 10BASE2 applications....................................................................................................  600
D.4 Type FOIRL and 10BASE-F applications; alternative fiber optic medium applications ........  601

D.4.1 Alternative fiber types ....................................................................................................  601
D.4.1.1 Theoretical coupling losses...................................................................................  601
D.4.1.2 Maximum launch power .......................................................................................  602

D.4.2 Type 10BASE-FP applications using 50/125 µm fiber ..................................................  603
D.4.2.1 Coupled transmit power........................................................................................  603
D.4.2.2 Star coupler loss....................................................................................................  603
D.4.2.3 Collision detection ................................................................................................  604

D.5  10BASE-T use of cabling systems with a nominal differential characteristic impedance 
of 120 Ω ...................................................................................................................................  604

ISO/IEC/IEEE 8802-3:2021(E) 



53
Copyright © 2018 IEEE. All rights reserved.

D.6  10BASE-T use of cabling systems with a nominal differential characteristic impedance 
of 150 Ω ...................................................................................................................................  605

Annex E (informative) Receiver wavelength design considerations (FOIRL)...........................................  607

Annex F (normative) Additional attributes required for systems ...............................................................  608

F.1 Introduction..............................................................................................................................  608
F.1.1 Scope...............................................................................................................................  608

F.2 Objects/Attributes/Actions/Notifications.................................................................................  608
F.2.1 TimeSinceSystemReset attribute ....................................................................................  608
F.2.2 RepeaterResetTimeStamp attribute ................................................................................  609
F.2.3 ResetSystemAction action ..............................................................................................  609

Annex G (normative) Additional material required for conformance testing ............................................  610

G.1 Introduction..............................................................................................................................  610
G.1.1 Material in support of the aDataRateMismatches attribute ............................................  610

Annex H (normative) GDMO specifications for CSMA/CD managed objects .........................................  611

Annex 4A (normative) Simplified full duplex media access control .........................................................  612

4A.1 Functional model of the MAC method ....................................................................................  612
4A.1.1 Overview.........................................................................................................................  612
4A.1.2 Full duplex operation ......................................................................................................  613

4A.1.2.1 Transmission.........................................................................................................  613
4A.1.2.2 Reception ..............................................................................................................  613

4A.1.3 Relationships to the MAC client and Physical Layers ...................................................  614
4A.2 Media access control (MAC) method: precise specification ...................................................  614

4A.2.1 Introduction.....................................................................................................................  614
4A.2.2 Overview of the procedural model .................................................................................  614

4A.2.2.1 Ground rules for the procedural model.................................................................  614
4A.2.2.2 Use of Pascal in the procedural model..................................................................  615
4A.2.2.3 Organization of the procedural model ..................................................................  615
4A.2.2.4 Layer management extensions to procedural model.............................................  620

4A.2.3 Packet transmission model..............................................................................................  620
4A.2.3.1 Transmit data encapsulation .................................................................................  620
4A.2.3.2 Transmit media access management.....................................................................  620

4A.2.3.2.1 Deference ......................................................................................................  620
4A.2.3.2.2 Interpacket gap..............................................................................................  621
4A.2.3.2.3 Transmission.................................................................................................  621
4A.2.3.2.4 Minimum frame size .....................................................................................  621

4A.2.4 Frame reception model ...................................................................................................  621
4A.2.4.1 Receive data decapsulation ...................................................................................  621

4A.2.4.1.1 Address recognition ......................................................................................  621
4A.2.4.1.2 Frame check sequence validation .................................................................  622
4A.2.4.1.3 Frame disassembly........................................................................................  622

4A.2.4.2 Receive media access management ......................................................................  622
4A.2.5 Preamble generation .......................................................................................................  622
4A.2.6 Start frame sequence.......................................................................................................  622
4A.2.7 Global declarations .........................................................................................................  623

4A.2.7.1 Common constants, types, and variables ..............................................................  623
4A.2.7.2 Transmit state variables ........................................................................................  624

ISO/IEC/IEEE 8802-3:2021(E) 



54
Copyright © 2018 IEEE. All rights reserved.

4A.2.7.3 Receive state variables..........................................................................................  624
4A.2.7.4 State variable initialization ...................................................................................  624

4A.2.8 Frame transmission .........................................................................................................  625
4A.2.9 Frame reception ..............................................................................................................  628
4A.2.10 Common procedures .......................................................................................................  631

4A.3 Interfaces to/from adjacent layers ............................................................................................  631
4A.3.1 Overview.........................................................................................................................  631
4A.3.2 MAC service ...................................................................................................................  631

4A.3.2.1 MAC client transmit interface state diagram........................................................  631
4A.3.2.1.1 Variables .......................................................................................................  631
4A.3.2.1.2 Functions.......................................................................................................  632
4A.3.2.1.3 Messages .......................................................................................................  632
4A.3.2.1.4 MAC client transmit interface state diagram................................................  632

4A.3.2.2 MAC client receive interface state diagram .........................................................  633
4A.3.2.2.1 Variables .......................................................................................................  633
4A.3.2.2.2 Functions.......................................................................................................  633
4A.3.2.2.3 Messages .......................................................................................................  633
4A.3.2.2.4 MAC client receive interface state diagram .................................................  634

4A.3.3 Services required from the Physical Layer .....................................................................  634
4A.4 Specific implementations.........................................................................................................  635

4A.4.1 Compatibility overview ..................................................................................................  635
4A.4.2 MAC parameters.............................................................................................................  636

ISO/IEC/IEEE 8802-3:2021(E) 



55
Copyright © 2018 IEEE. All rights reserved.

IEEE Standard for Ethernet

Section One: This section includes Clause 1 through Clause 20, Annex A through 
Annex H, and Annex 4A.

1. Introduction

1.1 Overview

This is an international standard for Local and Metropolitan Area Networks (LANs and MANs), employing 
CSMA/CD as the shared media access method and the IEEE 802.3 (Ethernet) protocol and frame format for 
data communication. This international standard is intended to encompass several media types and 
techniques for a variety of MAC data rates as shown in Figure 1–1 and in 4.4.2.

1.1.1 Scope

This standard defines Ethernet local area, access and metropolitan area networks. Ethernet is specified at 
selected speeds of operation; and uses a common media access control (MAC) specification and 
management information base (MIB). The Carrier Sense Multiple Access with Collision Detection 
(CSMA/CD) MAC protocol specifies shared medium (half duplex) operation, as well as full duplex 
operation. Speed specific Media Independent Interfaces (MIIs) provide an architectural and optional 
implementation interface to selected Physical Layer entities (PHY). The Physical Layer encodes frames for 
transmission and decodes received frames with the modulation specified for the speed of operation, 
transmission medium and supported link length. Other specified capabilities include: control and 
management protocols, and the provision of power over selected twisted pair PHY types.

1.1.2 Basic concepts

This standard provides for two distinct modes of operation: half duplex and full duplex. A given IEEE 802.3 
instantiation operates in either half or full duplex mode at any one time. The term “CSMA/CD MAC” is 
used throughout this standard synonymously with “802.3 MAC,” and may represent an instance of either a 
half duplex or full duplex mode data terminal equipment (DTE), even though full duplex mode DTEs do not 
implement the CSMA/CD algorithms traditionally used to arbitrate access to shared-media LANs.
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1.1.2.1 Half duplex operation

In half duplex mode, the CSMA/CD media access method is the means by which two or more stations share 
a common transmission medium. To transmit, a station waits (defers) for a quiet period on the medium (that 
is, no other station is transmitting) and then sends the intended message in bit-serial form. If, after initiating 
a transmission, the message collides with that of another station, then each transmitting station intentionally 
transmits for an additional predefined period to ensure propagation of the collision throughout the system. 
The station remains silent for a random amount of time (backoff) before attempting to transmit again. Each 
aspect of this access method process is specified in detail in subsequent clauses of this standard.

Half duplex operation can be used with certain media types and configurations as defined by this standard. 
For allowable configurations, see 4.4.2.

1.1.2.2 Full duplex operation

Full duplex operation allows simultaneous communication between a pair of stations using point-to-point 
media (dedicated channel). Full duplex operation does not require that transmitters defer, nor do they moni-
tor or react to receive activity, as there is no contention for a shared medium in this mode. Full duplex mode 
can only be used when all of the following are true:

a) The physical medium is capable of supporting simultaneous transmission and reception without 
interference.

b) There are exactly two stations connected with a full duplex point-to-point link. Since there is no con-
tention for use of a shared medium, the multiple access (i.e., CSMA/CD) algorithms are unnecessary.

c) Both stations on the LAN are capable of, and have been configured to use, full duplex operation.

The most common configuration envisioned for full duplex operation consists of a central bridge (also 
known as a switch) with a dedicated LAN connecting each bridge port to a single device. Repeaters as 
defined in this standard are outside the scope of full duplex operation.

Full duplex operation constitutes a proper subset of the MAC functionality required for half duplex operation.

1.1.3 Architectural perspectives

There are two important ways to view network design corresponding to the following:

a) Architecture. Emphasizing the logical divisions of the system and how they fit together.
b) Implementation. Emphasizing actual components, their packaging, and interconnection.

This standard is organized along architectural lines, emphasizing the large-scale separation of the system 
into two parts: the Media Access Control (MAC) sublayer of the Data Link Layer and the Physical Layer. 
These layers are intended to correspond closely to the lowest layers of the ISO/IEC Model for Open Systems 
Interconnection (see Figure 1–1). (See ISO/IEC 7498-1:1994.1) The Logical Link Control (LLC) sublayer 
and MAC sublayer together encompass the functions intended for the Data Link Layer as defined in the OSI 
model.

1For information about references, see 1.3.
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1.1.3.1 Architectural rationale

An architectural organization of the standard has two main advantages:

a) Clarity. A clean overall division of the design along architectural lines makes the standard clearer.

b) Flexibility. Segregation of medium-dependent aspects in the Physical Layer allows the LLC and 
MAC sublayers to apply to a family of transmission media.

Partitioning the Data Link Layer allows various media access methods within the family of LAN standards.

The architectural model is based on a set of interfaces that may be different from those emphasized in 
implementations. One critical aspect of the design, however, shall be addressed largely in terms of the 
implementation interfaces: compatibility.

1.1.3.2 Compatibility interfaces

The following important compatibility interfaces are defined within what is architecturally the Physical 
Layer.

a) Medium Dependent Interfaces (MDI). To communicate in a compatible manner, all stations shall 
adhere rigidly to the exact specification of physical media signals defined in the appropriate clauses 
in this standard, and to the procedures that define correct behavior of a station. The medium-inde-
pendent aspects of the LLC sublayer and the MAC sublayer should not be taken as detracting from 
this point; communication in an Ethernet Local Area Network requires complete compatibility at the 
Physical Medium interface (that is, the physical cable interface).
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b) Attachment Unit Interface (AUI). Some DTEs are located some distance from their connection to the 
physical cable. A small amount of circuitry will exist in the Medium Attachment Unit (MAU) 
directly adjacent to the physical cable, while the majority of the hardware and all of the software will 
be placed within the DTE. The AUI is defined as a second compatibility interface. While confor-
mance with this interface is not strictly necessary to ensure communication, it is recommended, 
since it allows maximum flexibility in intermixing MAUs and DTEs. The AUI may be optional or 
not specified for some implementations of this standard that are expected to be connected directly to 
the medium and so do not use a separate MAU or its interconnecting AUI cable. The PLS and PMA 
are then part of a single unit, and no explicit AUI implementation is required.

c) Media Independent Interface (MII). It is anticipated that some DTEs will be connected to a remote 
PHY, and/or to different medium dependent PHYs. The MII is defined as a third compatibility inter-
face. While conformance with implementation of this interface is not strictly necessary to ensure 
communication, it is recommended, since it allows maximum flexibility in intermixing PHYs and 
DTEs. The MII is optional.

d) Gigabit Media Independent Interface (GMII). The GMII is designed to connect a 1 Gb/s capable 
MAC or repeater unit to a 1 Gb/s PHY. While conformance with implementation of this interface is 
not strictly necessary to ensure communication, it is recommended, since it allows maximum flexi-
bility in intermixing PHYs and DTEs at 1 Gb/s speeds. The GMII is intended for use as a chip-to-
chip interface. No mechanical connector is specified for use with the GMII. The GMII is optional.

e) Ten-bit Interface (TBI). The TBI is provided by the 1000BASE-X PMA sublayer as a physical 
instantiation of the PMA service interface. The TBI is recommended for 1000BASE-X systems, 
since it provides a convenient partition between the high-frequency circuitry associated with the 
PMA sublayer and the logic functions associated with the PCS and MAC sublayers. The TBI is 
intended for use as a chip-to-chip interface. No mechanical connector is specified for use with the 
TBI. The TBI is optional.

f) 10 Gigabit Media Independent Interface (XGMII). The XGMII is designed to connect a 2.5 Gb/s, 
5 Gb/s, or 10 Gb/s capable MAC to a PHY of the same rate. While conformance with implementa-
tion of this interface is not necessary to ensure communication, it allows maximum flexibility in 
intermixing PHYs and DTEs at 2.5 Gb/s, 5 Gb/s, and 10 Gb/s speeds. The XGMII is intended for 
use as a chip-to-chip interface. No mechanical connector is specified for use with the XGMII. The 
XGMII is optional.

g) 10 Gigabit Attachment Unit Interface (XAUI). The XAUI is designed to extend the connection 
between a 10 Gb/s capable MAC and a 10 Gb/s PHY. While conformance with implementation of 
this interface is not necessary to ensure communication, it is recommended, since it allows maxi-
mum flexibility in intermixing PHYs and DTEs at 10 Gb/s speeds. The XAUI is intended for use as 
a chip-to-chip interface. No mechanical connector is specified for use with the XAUI. The XAUI is 
optional.

h) 10 Gigabit Sixteen-Bit Interface (XSBI). The XSBI is provided as a physical instantiation of the 
PMA service interface for 10GBASE-R and 10GBASE-W PHYs. While conformance with imple-
mentation of this interface is not necessary to ensure communication, it provides a convenient parti-
tion between the high-frequency circuitry associated with the PMA sublayer and the logic functions 
associated with the PCS and MAC sublayers. No mechanical connector is specified for use with the 
XSBI. The XSBI is optional.

i) 25 Gigabit Media Independent Interface (25GMII). The 25GMII is designed to connect a 25 Gb/s 
capable MAC to a 25 Gb/s PHY. While conformance with implementation of this interface is not 
necessary to ensure communication, it allows flexibility in intermixing PHYs and DTEs at 25 Gb/s 
speeds. The 25GMII is a logical interconnection intended for use as an intra-chip interface. No 
mechanical connector is specified for use with the 25GMII. The 25GMII is optional.

j) 25 Gigabit Attachment Unit Interface (25GAUI). The 25GAUI is a physical instantiation of the 
PMA service interface to extend the connection between 25 Gb/s capable PMAs. While 
conformance with implementation of this interface is not necessary to ensure communication, it is 
recommended, since it allows maximum flexibility in intermixing PHYs and DTEs at 25 Gb/s 
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speeds. The 25GAUI is intended for use as a chip-to-chip or a chip-to-module interface. No 
mechanical connector is specified for use with the 25GAUI. The 25GAUI is optional.

k) 40 Gb/s Media Independent Interface (XLGMII). The XLGMII is designed to connect a 40 Gb/s 
capable MAC to a 40 Gb/s PHY. While conformance with implementation of this interface is not 
necessary to ensure communication, it allows flexibility in intermixing PHYs and DTEs at 40 Gb/s 
speeds. The XLGMII is a logical interconnection intended for use as an intra-chip interface. No 
mechanical connector is specified for use with the XLGMII. The XLGMII is optional.

l) 40 Gb/s Attachment Unit Interface (XLAUI). The XLAUI is a physical instantiation of the PMA 
service interface to extend the connection between 40 Gb/s capable PMAs. While conformance with 
implementation of this interface is not necessary to ensure communication, it is recommended, since 
it allows maximum flexibility in intermixing PHYs and DTEs at 40 Gb/s speeds. The XLAUI is 
intended for use as a chip-to-chip or a chip-to-module interface. No mechanical connector is 
specified for use with the XLAUI. The XLAUI is optional.

m) 40 Gb/s Parallel Physical Interface (XLPPI). The XLPPI is provided as a physical instantiation of 
the PMD service interface for 40GBASE-SR4 and 40GBASE-LR4 PMDs. The XLPPI has four 
lanes. While conformance with implementation of this interface is not necessary to ensure 
communication, it allows flexibility in connecting the 40GBASE-SR4 or 40GBASE-LR4 PMDs. 
The XLPPI is intended for use as a chip-to-module interface. No mechanical connector is specified 
for use with the XLPPI. The XLPPI is optional.

n) 100 Gb/s Media Independent Interface (CGMII). The CGMII is designed to connect a 100 Gb/s 
capable MAC to a 100 Gb/s PHY. While conformance with implementation of this interface is not 
necessary to ensure communication, it allows flexibility in intermixing PHYs and DTEs at 100 Gb/s 
speeds. The CGMII is a logical interconnection intended for use as an intra-chip interface. No 
mechanical connector is specified for use with the CGMII. The CGMII is optional.

o) 100 Gb/s Attachment Unit Interface (CAUI-n). The CAUI-n is a physical instantiation of the PMA 
service interface to extend the connection between 100 Gb/s capable PMAs. While conformance 
with implementation of this interface is not necessary to ensure communication, it is recommended, 
since it allows maximum flexibility in intermixing PHYs and DTEs at 100 Gb/s speeds. The CAUI-
n is intended for use as a chip-to-chip or a chip-to-module interface. Two widths of CAUI-n are 
defined: a ten-lane version (CAUI-10) in Annex 83A and Annex 83B, and a four-lane version 
(CAUI-4) in Annex 83D and Annex 83E. No mechanical connector is specified for use with the 
CAUI-n. The CAUI-n is optional.

p) 100 Gb/s Parallel Physical Interface (CPPI). The CPPI is provided as a physical instantiation of the 
PMD service interface for 100GBASE-SR10 PMDs. The CPPI has ten lanes. While conformance 
with implementation of this interface is not necessary to ensure communication, it allows flexibility 
in connecting the 100GBASE-SR10 PMDs. The CPPI is intended for use as a chip-to-module 
interface. No mechanical connector is specified for use with the CPPI. The CPPI is optional.

q) 200 Gb/s Media Independent Interface (200GMII). The 200GMII is designed to connect a 200 Gb/s 
capable MAC to a 200 Gb/s PHY. While conformance with implementation of this interface is not 
necessary to ensure communication, it allows flexibility in intermixing PHYs and DTEs at 200 Gb/s 
speeds. The 200GMII is a logical interconnection intended for use as an intra-chip interface. No 
mechanical connector is specified for use with the 200GMII. The 200GMII is optional.

r) 200 Gb/s Attachment Unit Interface (200GAUI-n). The 200GAUI-n is a physical instantiation of the 
PMA service interface to extend the connection between 200 Gb/s capable PMAs. While 
conformance with implementation of this interface is not necessary to ensure communication, it is 
recommended, since it allows maximum flexibility in intermixing PHYs and DTEs at 200 Gb/s 
speeds. The 200GAUI-n is intended for use as a chip-to-chip or a chip-to-module interface. Two 
widths of 200GAUI-n are defined: an eight-lane version (200GAUI-8) in Annex 120B and 
Annex 120C, and a four-lane version (200GAUI-4) in Annex 120D and Annex 120E. No 
mechanical connector is specified for use with the 200GAUI-n. The 200GAUI-n is optional.
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s) 400 Gb/s Media Independent Interface (400GMII). The 400GMII is designed to connect a 400 Gb/s 
capable MAC to a 400 Gb/s PHY. While conformance with implementation of this interface is not 
necessary to ensure communication, it allows flexibility in intermixing PHYs and DTEs at 400 Gb/s 
speeds. The 400GMII is a logical interconnection intended for use as an intra-chip interface. No 
mechanical connector is specified for use with the 400GMII. The 400GMII is optional.

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

1.1.4 Layer interfaces

In the architectural model used here, the layers interact by way of well-defined interfaces, providing services 
as specified in Clause 2 and Clause 6. In general, the interface requirements are as follows:

a) The interface between the MAC sublayer and its client includes facilities for transmitting and 
receiving frames, and provides per-operation status information for use by higher-layer error recov-
ery procedures.

b) The interface between the MAC sublayer and the Physical Layer includes signals for framing (car-
rier sense, receive data valid, transmit initiation) and contention resolution (collision detect), facili-
ties for passing a pair of serial bit streams (transmit, receive) between the two layers, and a wait 
function for timing.

These interfaces are described more precisely in 4.3. Additional interfaces are necessary to provide for MAC 
Control services, and to allow higher level network management facilities to interact with these layers to 
perform operation, maintenance, and planning functions. Network management functions are described in 
Clause 30.

1.1.5 Application areas

Use of this standard is not restricted to any specific environments or applications.

In the context of this standard, the term “LAN” is used to indicate all networks that utilize the IEEE 802.3 
(Ethernet) protocol for communication. These may include (but are not limited to) LANs and MANs.

1.2 Notation

1.2.1 State diagram conventions

The operation of a protocol can be described by subdividing the protocol into a number of interrelated 
functions. The operation of the functions can be described by state diagrams. Each diagram represents the 
domain of a function and consists of a group of connected, mutually exclusive states. Only one state of a 
function is active at any given time (see Figure 1–2).

Each state that the function can assume is represented by a rectangle. These are divided into two parts by a 
horizontal line. In the upper part the state is identified by a name in capital letters. The lower part contains 
the name of any ON signal that is generated by the function. Actions are described by short phrases and 
enclosed in brackets.
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All permissible transitions between the states of a function are represented graphically by arrows between 
them. A transition that is global in nature (for example, an exit condition from all states to the IDLE or 
RESET state) is indicated by an open arrow. Labels on transitions are qualifiers that must be fulfilled before 
the transition will be taken. The label UCT designates an unconditional transition. Qualifiers described by 
short phrases are enclosed in parentheses.

State transitions and sending and receiving of messages occur instantaneously. When a state is entered and 
the condition to leave that state is not immediately fulfilled, the state executes continuously, sending the 
messages and executing the actions contained in the state in a continuous manner.

Some devices described in this standard (e.g., repeaters) are allowed to have two or more ports. State 
diagrams that are capable of describing the operation of devices with an unspecified number of ports require 
a qualifier notation that allows testing for conditions at multiple ports. The notation used is a term that 
includes a description in parentheses of which ports must meet the term for the qualifier to be satisfied (e.g., 
ANY and ALL). It is also necessary to provide for term-assignment statements that assign a name to a port 
that satisfies a qualifier. The following conventions are used to describe a term-assignment statement that is 
associated with a transition:

a) The character “:” (colon) is a delimiter used to denote that a term assignment statement follows.
b) The character “” (left arrow) denotes assignment of the value following the arrow to the term 

preceding the arrow.

The state diagrams contain the authoritative statement of the functions they depict; when apparent conflicts 
between descriptive text and state diagrams arise, the state diagrams are to take precedence. This does not 
override, however, any explicit description in the text that has no parallel in the state diagrams.

The models presented by state diagrams are intended as the primary specifications of the functions to be 
provided. It is important to distinguish, however, between a model and a real implementation. The models 
are optimized for simplicity and clarity of presentation, while any realistic implementation may place 
heavier emphasis on efficiency and suitability to a particular implementation technology. It is the functional 
behavior of any unit that must match the standard, not its internal structure. The internal details of the model 
are useful only to the extent that they specify the external behavior clearly and precisely.

Figure 1–2—State diagram notation example
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1.2.2 Service specification method and notation

The service of a layer or sublayer is the set of capabilities that it offers to a user in the next higher (sub)layer. 
Abstract services are specified here by describing the service primitives and parameters that characterize 
each service. This definition of service is independent of any particular implementation (see Figure 1–3).

Specific implementations may also include provisions for interface interactions that have no direct end-to-
end effects. Examples of such local interactions include interface flow control, status requests and 
indications, error notifications, and layer management. Specific implementation details are omitted from this 
service specification both because they will differ from implementation to implementation and because they 
do not impact the peer-to-peer protocols.

1.2.2.1 Classification of service primitives

Primitives are of two generic types:

a) REQUEST. The request primitive is passed from layer N to layer N-1 to request that a service be 
initiated.

b) INDICATION. The indication primitive is passed from layer N-1 to layer N to indicate an internal 
layer N-1 event that is significant to layer N. This event may be logically related to a remote service 
request, or may be caused by an event internal to layer N-1.

The service primitives are an abstraction of the functional specification and the user-layer interaction. The 
abstract definition does not contain local detail of the user/provider interaction. For instance, it does not 
indicate the local mechanism that allows a user to indicate that it is awaiting an incoming call. Each 
primitive has a set of zero or more parameters, representing data elements that shall be passed to qualify the 
functions invoked by the primitive. Parameters indicate information available in a user/provider interaction; 
in any particular interface, some parameters may be explicitly stated (even though not explicitly defined in 
the primitive) or implicitly associated with the service access point. Similarly, in any particular protocol 
specification, functions corresponding to a service primitive may be explicitly defined or implicitly 
available.

Figure 1–3—Service primitive notation

TIME

LAYER N
SERVICE USER

REQUEST

LAYER N
SERVICE USER

LAYER N-1
SERVICE PROVIDER

INDICATION

ISO/IEC/IEEE 8802-3:2021(E) 



IEEE Std 802.3-2018, IEEE Standard for Ethernet
SECTION ONE

63
Copyright © 2018 IEEE. All rights reserved.

1.2.3 Physical Layer and media notation

Users of this standard need to reference which particular implementation is being used or identified. 
Therefore, a means of identifying each implementation is given by a simple, three-field, type notation that is 
explicitly stated at the beginning of each relevant clause. In general, the Physical Layer type is specified by 
these fields:

<data rate> <modulation type> <additional distinction>

The data rate, if only a number, is in Mb/s, and if suffixed by a “G”, is in Gb/s. The modulation type (e.g., 
BASE) indicates how encoded data is transmitted on the medium. The additional distinction may identify 
characteristics of transmission or medium and, in some cases, the type of PCS encoding used (examples of 
additional distinctions are “T” for twisted pair, “B” for bidirectional optics, and “X” for a block PCS coding 
used for that speed of operation). Expansions for defined Physical Layer types are included in 1.4.

1.2.4 Physical Layer message notation

Messages generated within the Physical Layer, either within or between PLS and the MAU (that is, PMA 
circuitry), are designated by an italic type to designate either form of physical or logical message used to 
execute the Physical Layer signaling process (for example, input_idle or mau_available).

1.2.5 Hexadecimal notation

Numerical values designated by the 0x prefix indicate a hexadecimal interpretation of the corresponding 
number. For example: 0x0F represents an 8-bit hexadecimal value of the decimal number 15; 0x00000000 
represents a 32-bit hexadecimal value of the decimal number 0; etc.

Numerical values designated with a 16 subscript indicate a hexadecimal interpretation of the corresponding 
number. For example: 0F16 represents an 8-bit hexadecimal value of the decimal number 15.

1.2.6 Accuracy and resolution of numerical quantities

Unless otherwise stated, numerical limits in this standard are to be taken as exact, with the number of signif-
icant digits and trailing zeros having no significance.

1.2.7 Qm.n number format

The Qm.n number format is a fixed-point number format where the number of fractional bits is specified by 
n and optionally the number of integer bits is specified by m. For example, a Q14 number has 14 fractional 
bits; a Q2.14 number has 2 integer bits and 14 fractional bits. Preceding the “Q” with a “U” indicates an 
unsigned number.

1.2.8 Em dash (—) in a table cell

A table cell containing an em-dash (—) indicates a lack of data for that cell, or:

— For a units cell, that there is no unit for that parameter
— For a maximum cell, that there is no requirement on the maximum value of that parameter
— For a minimum cell, that there is no requirement on the minimum value of that parameter
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1.3 Normative references

The following standards contain provisions that, through reference in this text, constitute provisions of this 
standard. Standards may be subject to revision, and parties subject to agreements based on this standard are 
encouraged to investigate the possibility of applying the most recent editions of the standards indicated 
below. Members of IEC and ISO maintain registers of currently valid international standards. For undated 
references, the latest edition of the referenced document (including any amendments or corrigenda) applies.

ANSI INCITS 230-1994 (R1999), Information Technology—Fibre Channel—Physical and Signaling 
Interface (FC-PH) [formerly ANSI X3.230-1994 (R1999)].2

ANSI INCITS 263-1995 (S2010), Fibre Distributed Data Interface (FDDI)—Token Ring Twisted Pair 
Physical Layer Medium Dependent (TP-PMD) [formerly INCITS 263-1995 (R2005)].

ANSI/TIA-568-C.0 (February 2009), Generic Telecommunications Cabling for Customer Premises.3

ANSI/TIA-568-C.2-1 (July 2016), Balanced Twisted-Pair Telecommunications Cabling and Components 
Standard, Addendum 1: Specifications for 100 Ω Next Generation Cabling.

ANSI/TIA-568-C.2 (August 2009), Commercial Building Telecommunications Cabling Standard Part 2: 
Balanced Twisted-Pair Cabling Components.

ANSI/TIA-568-C.3 (June 2008), Optical Fiber Cabling Components Standard.

ANSI/TIA-604-18:2015, FOCIS 18—Fiber Optic Connector Intermateability Standard—Type MPO-16.

ANSI/TIA/EIA-455-175A-92, Chromatic Dispersion Measurement of Single-Mode Optical Fibers by the 
Differential Phase-Shift Method.

ANSI/TIA/EIA-455-203-2001, Launched Power Distribution Measurement Procedure for Graded-Index 
Multimode Transmitters.

ANSI/TIA/EIA-455-204-2000, Measurement of Bandwidth on Multimode Fiber.

ANSI/TIA/EIA-568-A-1995, Commercial Building Telecommunications Cabling Standard.

ASTM D4728, Standard Test Method for Random Vibration Testing of Shipping Containers.4

ATIS-0300269.2006(S2016), Structure and Representation of Trace Message Formats for Information 
Exchange.5

ATIS-0600416.1999(R2010), Network to Customer Installation Interfaces—Synchronous Optical NETwork 
(SONET)—Physical Layer Specification: Common Criteria.

ATIS-0600417.2003(S2015), Spectrum Management for Loop Transmission Systems.

ATIS-0600424.2004(S2015), Interface Between Networks and Customer Installation Very-high-bit-rate 
Digital Subscriber Lines (VDSL) Metallic Interface (DMT based).

2ANSI publications are available from the American National Standards Institute (http://www.ansi.org).
3ANSI/TIA publications are available from the IHS Standards Store (http://global.ihs.com/) or from the Telecommunications Industry 
Association (http://www.tiaonline.org).
4ASTM publications are available from the American Society for Testing and Materials (http://www.astm.org/). 
5ATIS publications are available from the Alliance for Telecommunications Industry Solutions (http://atis.org).
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ATIS-0600601.1999(S2015), Integrated Services Digital Network (ISDN)—Basic Access Interface for Use 
on Metallic Loops for Application on the Network Side of the NT (Layer 1 Specification).

ATIS-0600605.1991(S2015), Integrated Services Digital Network (ISDN)—Basic Access Interface for S 
and T Reference Points (Layer 1 Specification).

ATIS-0900105.2008, Synchronous Optical Network (SONET)—Basic Description including Multiplex 
Structure, Rates, and Formats.

CFR 76, Code of Federal Regulations, Title 47, Part 76, October 2005.

CISPR 22: 1993, Limits and Methods of Measurement of Radio Interference Characteristics of Information 
Technology Equipment.6

CISPR 25: Vehicles, boats and internal combustion engines—Radio disturbance characteristics—Limits and 
methods of measurement for the protection of on-board receivers.

EIA/JEDEC Standard EIA/JESD8-6, High Speed Transceiver Logic (HSTL), August 1995.7

ETSI TS 101 270-1 (1999), Transmission and Multiplexing (TM); Access transmission systems on metallic 
access cables; Very high speed Digital Subscriber Line (VDSL); Part 1: Functional requirements.8

IEC 60060 (all parts), High-voltage test techniques.9

IEC 60068, Basic environmental testing procedures.

IEC 60068-2-1/27/30/38/52/64/78, Environmental testing.

IEC 60096-1:1986, Radio-frequency cables, Part 1: General requirements and measuring methods and 
Amd. 2:1993.

IEC 60169-16:1982, Radio-frequency connectors, Part 16: R.F. coaxial connectors with inner diameter of 
outer conductor 7 mm (0.276 in) with screw coupling—Characteristic impedance 50 ohms (75 ohms) 
(Type N).

IEC 60603-7, Connectors for electronic equipment—Part 7: Detail specification for 8-way, unshielded, free 
and fixed connectors.

IEC 60603-7-4, Connectors for electronic equipment—Part 7-4: Detail specification for 8-way, unshielded, 
free and fixed connectors, for data transmissions with frequencies up to 250 MHz.

IEC 60603-7-5, Connectors for electronic equipment—Part 7-5: Detail specification for 8-way, shielded, 
free and fixed connectors, for data transmissions with frequencies up to 250 MHz.

IEC 60603-7-51, Connectors for electronic equipment—Part 7-51: Detail specification for 8-way, shielded, 
free and fixed connectors, for data transmissions with frequencies up to 500 MHz.

6CISPR documents are available from the International Electrotechnical Commission (http://www.iec.ch/). CISPR documents are also 
available in the United States from the American National Standards Institute (http://www.ansi.org).
7EIA publications are available from the IHS Standards Store (http://global.ihs.com/). JEDEC publications are available from the 
JEDEC Solid State Technology Association (http://www.jedec.org).
8ETSI publications are available the European Telecommunications Standards Institute (http://www.etsi.org).
9IEC publications are available from the International Electrotechnical Commission (http://www.iec.ch/). IEC publications are also 
available in the United States from the American National Standards Institute (http://www.ansi.org).
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IEC 60603-7-81, Connectors for electronic equipment—Part 7-81: Detail specification for 8-way, shielded, 
free and fixed connectors, for data transmissions with frequencies up to 2 000 MHz.

IEC 60793-1:1992, Optical fibres—Part 1: Generic specification.

IEC 60793-1:1995, Optical fibres—Part 1: Generic specification.

IEC 60793-1-41:2001, Optical fibres—Part 1-41: Measurement methods and test procedures—Bandwidth.

IEC 60793-1-41:2010, Optical fibres—Part 1-41: Measurement methods and test procedures—Bandwidth.

IEC 60793-1-42:2007, Optical fibres—Part 1-42: Measurement methods and test procedures—Chromatic 
dispersion.

IEC 60793-1-48:2007, Optical fibres—Part 1-48: Measurement methods and test procedures—Polarization 
mode dispersion.

IEC 60793-2-10, Optical fibres—Part 2-10: Product specifications—Sectional specification for category A1 
multimode fibres.

IEC 60793-2:1992, Optical fibres—Part 2: Product specifications.

IEC 60793-2-40:2009, Optical fibres—Part 2-40: Product specifications—Sectional specification for 
category A4 multimode fibres.

IEC 60793-2-50:2008, Optical fibres—Part 2-50: Product specifications—Sectional specification for class B 
single-mode fibres.

IEC 60794-1:1993, Optical fibre cables—Part 1: Generic specification.

IEC 60794-1:1996, Optical fibre cables—Part 1: Generic specification.

IEC 60794-2-11:2005, Optical fibre cables—Part 2-11: Indoor cables—Detailed specification for simplex 
and duplex cables for use in premises cabling.

IEC 60794-2:1989, Optical fibre cables—Part 2: Product specifications.

IEC 60794-3-12:2005, Optical fibre cables—Part 3-12: Outdoor fibre cables—Detailed specification for 
duct and directly buried optical telecommunication cables for use in premises cabling.

IEC 60807-2:1992, Rectangular connectors for frequencies below 3 MHz, Part 2: Detail specification for a 
range of connectors with assessed quality, with trapezoidal shaped metal shells and round contacts—Fixed 
solder contact types.

IEC 60807-3:1990, Rectangular connectors for frequencies below 3 MHz, Part 3: Detail specification for a 
range of connectors with trapezoidal shaped metal shells and round contacts—Removable crimp contact 
types with closed crimp barrels, rear insertion/rear extraction.

IEC 60825-1, Safety of laser products—Part 1: Equipment classification and requirements.

IEC 60825-2, Safety of laser products—Part 2: Safety of optical fibre communication systems (OFCS).

IEC 60874-10:1992, Connectors for optical fibres and cables—Part 10: Sectional specification, Fibre optic 
connector type BFOC/2,5.
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IEC 60874-1:1993, Connectors for optical fibres and cables—Part 1: Generic specification.

IEC 60874-2:1993, Connectors for optical fibres and cables—Part 2: Sectional specification for fibre optic 
connector, Type F-SMA.

IEC 60950-1, Information technology equipment—Safety—Part 1: General requirements.

IEC 60950:1991, Safety of information technology equipment.

IEC 61000-4-2, Electromagnetic compatibility (EMC)—Part 4-2: Testing and measurement techniques— 
Electrostatic discharge immunity test.

IEC 61000-4-21, Electromagnetic compatibility (EMC)—Part 4-21: Testing and measurement techniques— 
Reverberation chamber test methods.

IEC 61000-4-3, Electromagnetic compatibility (EMC)—Part 4-3: Testing and measurement techniques— 
Radiated, radio-frequency, electromagnetic field immunity test.

IEC 61076-3-101:1997, Connectors with assessed quality, for use in d.c., low-frequency analogue and in 
digital high-speed data applications—Part 3: Rectangular connectors—Section 101: Detail specification for 
a range of shielded connectors with trapezoidal shaped shells and non-removable rectangular contacts on a 
1.27 mm  2.54 mm centre-line.

IEC 61076-3-103 (48B/574/NP), Detail specification for rectangular connectors, with assessed quality, 
6 and 8 way, fixed and free shielded connectors with ribbon contacts for high speed data applications.

IEC 61076-3-113, Ed. 1.0 (draft, 48B/1437/CD, 2 April 2004.) [48B Secretariat 1327] Connectors for 
electronic equipment—Part 3-113: Screened, serial multi-conductor cable to board connectors suitable for 
10 Gbit/sec data rates.10

IEC 61169-24:2009, Radio-frequency connectors—Part 24: Sectional specification—Radio frequency 
coaxial connectors with screw coupling, typically for use in 75  cable networks (type F).

IEC 61196-1:1995, Radio-frequency cables—Part 1: Generic specification—General, definitions, 
requirements and test methods.

IEC 61280-1-1:1998, Fibre optic communication subsystem basic test procedures—Part 1-1: Test 
procedures for general communication subsystems—Transmitter output optical power measurement for 
single-mode optical fibre cable.

IEC 61280-1-3:2010, Fibre optic communication subsystem test procedures—Part 1-3: General 
communication subsystems—Central wavelength and spectral width measurement.

IEC 61280-1-4:2003, Fibre optic communication subsystem test procedures—Part 1-4: General 
communication subsystems—Collection and reduction of two-dimensional nearfield data for multimode 
fibre laser transmitters. 

IEC 61280-1-4:2009, Fibre optic communication subsystem test procedures—Part 1-4: General 
communication subsystems—Light source encircled flux measurement method.

10At the time IEEE Std 802.3-2015 was published, IEC 61076-3-113 is a committee draft. This document is available at
(http://www.iec.ch/dyn/www/f?p=103:29:0::::FSP_ORG_ID,FSP_LANG_ID:1373,25#3.
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IEC 61280-2-2:2008, Fiber optic communication sub-system basic test procedures—Part 2-2: Test 
procedures for digital systems—Optical eye pattern, waveform, and extinction ratio.

IEC 61280-4-1:2003, Fiber-optic communication subsystem test procedures—Part 4-1: Cable plant and 
links—Multimode fibre-optic cable plant attenuation measurement.

IEC 61280-4-1:2009, Fibre-optic communication subsystem test procedures—Part 4-1: Installed cable plant 
—Multimode attenuation measurement.

IEC 61280-4-2:2000, Fibre optic communication subsystem basic test procedures—Fibre optic cable 
plant—Single-mode fibre optic cable plant attenuation.

IEC 61300-2-4, Fibre optic interconnecting devices and passive components—Basic test and measurement 
procedures—Part 2-4: Tests—Fibre/cable retention.

IEC 61300-3-53, Fibre optic interconnecting devices and passive components—Basic test and measurement 
procedures—Part 3-53: Examinations and measurements—Encircled angular flux (EAF) measurement 
method based on two-dimensional far field data from step index multimode waveguide (including fibre).

IEC 61753-021-2:2002, Fibre optic passive component performance standard—Part 021-2: Fibre optic 
connectors terminated on single-mode fibre to category C Controlled environment.

IEC 61753-021-2:2007, Fibre optic interconnecting devices and passive components performance 
standard—Part 021-2: Grade C/3 single-mode fibre optic connectors for category C—Controlled 
environment.

IEC 61753-022-2, Performance standard—Part 022-2: Fibre optic connectors terminated on multimode fibre 
for Category C—Controlled environment, performance Class M.

IEC 61753-1-1:2000, Fibre optic interconnecting devices and passive components performance standard—
Part 1-1: General and guidance—Interconnecting devices (connectors).

IEC 61753-1:2007, Fibre optic interconnecting devices and passive components performance standard—
Part 1: General and guidance for performance standards.

IEC 61754-1:1996, Fibre optic interfaces —Part 1: General and guidance.

IEC 61754-4:1997, Fibre optic connector interfaces—Part 4: Type SC connector family.

IEC 61754-7, Fibre optic connector interfaces—Part 7: Type MPO connector family.

IEC 61754-7-1:2014, Fibre optic interconnecting devices and passive components—Fibre optic connector 
interfaces—Part 7-1: Type MPO connector family—One fibre row.

IEC 61967-1, Integrated circuits—Measurement of electromagnetic emissions, 150 kHz to 1 GHz—Part 1: 
General conditions and definitions.

IEC 61967-4, Integrated circuits—Measurement of electromagnetic emissions, 150 kHz to 1 GHz—Part 4: 
Measurement of conducted emissions—1 /150  direct coupling method.

IEC 62132-1, Integrated circuits—Measurement of electromagnetic immunity, 150 kHz to 1 GHz—Part 1: 
General conditions and definitions.
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IEC 62132-4, Integrated circuits—Measurements of electromagnetic immunity 150 kHz to 1 GHz—Part 4: 
Direct RF power injection method.

IEC 62153-4-14:2012, Metallic communication cable test methods—Part 4-14: Electromagnetic compatibil-
ity (EMC)—Coupling attenuation of cable assemblies (Field conditions) absorbing clamp method.

IEC 62215-3, Integrated circuits—Measurement of impulse immunity—Part 3: Non-synchronous transient 
injection method.

IEEE Std 1394™-1995 IEEE Standard for a High Performance Serial Bus.11, 12

IEEE Std 802®, IEEE Standard for Local and Metropolitan Area Networks—Overview and Architecture.

IEEE Std 802.1AB™-2009, IEEE Standard for Local and metropolitan area networks—Station and Media 
Access Control Connectivity Discovery.

IEEE Std 802.1AS™-2011, IEEE Standard for Local and metropolitan area networks—Timing and 
Synchronization for Time-Sensitive Applications in Bridged Local Area Networks.

IEEE Std 802.1D™, IEEE Standard for Local and metropolitan area networks—Media Access Control (MAC) 
Bridges.

IEEE Std 802.1F™-1993, IEEE Standard for Local and Metropolitan Area Networks—Common Definitions 
and Procedures for IEEE 802 Management Information.13

IEEE Std 802.1Q™, Standard for Local and Metropolitan Area Networks—Bridges and Bridged Networks.

IEEE Std 802.3.1™, IEEE Standard for Management Information Base (MIB) Module Definitions for 
Ethernet.14

IEEE Std 802.5v™-2001, IEEE Standard for Information Technology—Telecommunications and 
Information Exchange Between Systems—Local and Metropolitan Area Network—Specific Requirements. 
Part 5: Token Ring Access Method and Physical Layer Specifications. Amendment 5: Gigabit Token Ring 
Operation.

IEEE Std 802.9a™-1995, Local and Metropolitan Area Networks—802.9 Supplement—IEEE Standard 
Specification of ISLAN 16-T (supplement to 802.9-1994).15

IETF RFC 3621 (December 2003), Power Ethernet MIB, Berger, A., and Romascanu, D.16

IETF RFC 4836 (April 2007), Definitions of Managed Objects for IEEE 802.3 Medium Attachment Units 
(MAUs), Beili, E.

ISO 10605:2008, Road vehicles—Test methods for electrical disturbances from electrostatic discharge.

11IEEE publications are available from The Institute of Electrical and Electronics Engineers (http://standards.ieee.org/).
12The IEEE standards or products referred to in this clause are trademarks of The Institute of Electrical and Electronics Engineers, Inc.
13IEEE Std 802.1F-1993 has been withdrawn; however, copies can be obtained from Global Engineering, 15 Inverness Way East, 
Englewood, CO 80112-5704, USA, tel. (303) 792-2181 (http://global.ihs.com/).
14IEEE Std 802.5v-2001 has been withdrawn; however, copies can be obtained from Global Engineering, 15 Inverness Way East, 
Englewood, CO 80112-5704, USA, tel. (303) 792-2181 (http://global.ihs.com/).
15IEEE Std 802.9a-1995 has been withdrawn; however, copies can be obtained from Global Engineering, 15 Inverness Way East, 
Englewood, CO 80112-5704, USA, tel. (303) 792-2181 (http://global.ihs.com/).
16IETF RFCs are available from the Internet Engineering Task Force (http://www.ietf.org/rfc.html).
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ISO 11452, Road vehicles—Component test methods for electrical disturbances from narrowband radiated 
electromagnetic energy.

ISO 12103-1:1997, Road vehicles—Test dust for filter evaluation—Part 1: Arizona test dust.

ISO 16750-1:2006, Road vehicles—Environmental conditions and testing for electrical and electronic 
equipment—Part 1: General.

ISO 16750-2:2012, Road vehicles—Environmental conditions and testing for electrical and electronic 
equipment—Part 2: Electrical loads.

ISO 16750-3:2012, Road vehicles—Environmental conditions and testing for electrical and electronic 
equipment—Part 3: Mechanical loads.

ISO 16750-4:2010, Road vehicles—Environmental conditions and testing for electrical and electronic 
equipment—Part 4: Climatic loads.

ISO 16750-5: 2010, Road vehicles—Environmental conditions and testing for electrical and electronic 
equipment - Part 5: Chemical loads.

ISO 20653:2013, Road vehicles—Degrees of protection (IP code)—Protection of electrical equipment 
against foreign objects, water and access.

ISO 26262, Road vehicles—Functional safety.

ISO 7637-2:2008, Road vehicles—Electrical disturbances from conduction and coupling—Part 2: Electrical 
transient conduction along supply lines only.

ISO 7637-3:2007, Road vehicles—Electrical disturbances from conduction and coupling—Part 3: Electrical 
transient transmission by capacitive and inductive coupling via lines other than supply lines.

ISO 8820-1:2014, Road vehicles—Fuse-links—Part 1: Definitions and general test requirements.

ISO/IEC 10040:1992, Information technology—Open Systems Interconnection—Systems management 
overview.

ISO/IEC 10165-2:1992, Information technology—Open Systems Interconnection—Structure of 
management information: Definition of management information.

ISO/IEC 10165-4:1992, Information technology—Open Systems Interconnection—Management 
information services—Structure of management information—Part 4: Guidelines for the definition of 
managed objects.

ISO/IEC 11801:1995, Information technology—Generic cabling for customer premises.17

ISO/IEC 11801:2002, Information technology—Generic cabling for customer premises.

ISO/IEC 11801:2002 Amendment 1:2008, Information technology—Generic cabling for customer premises.

ISO/IEC 11801:2002 Amendment 2:2010, Information technology—Generic cabling for customer premises.

17Previous editions of ISO/IEC standards are available from Deutsches Institut für Normung (http://www.din.de).
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ISO/IEC 14763-3:2014, Information technology—Implementation and operation of customer premises 
cabling—Part 3: Testing of optical fibre cabling.

ISO/IEC 15802-1:1995, Information technology—Telecommunications and information exchange between 
systems—Local and metropolitan area networks—Common specifications—Part 1: Medium Access 
Control (MAC) service definition.

ISO/IEC 7498-1:1994, Information technology—Open Systems Interconnection—Basic Reference Model: 
The Basic Model.

ISO/IEC 7498-4:1989, Information processing systems—Open Systems Interconnection—Basic Reference 
Model—Part 4: Management Framework.

ISO/IEC 8802-2:1998, Information technology—Telecommunications and information exchange between 
systems—Local and metropolitan area networks—Specific requirements—Part 2: Logical link control.18

ISO/IEC 8824:1990, Information technology—Open Systems Interconnection—Specification of Abstract 
Syntax Notation One (ASN.1).

ISO/IEC 9314-1:1989, Information processing systems—Fibre Distributed Data Interface (FDDI)—Part 1: 
Token Ring Physical Layer Protocol (PHY).

ISO/IEC 9314-2:1989, Information processing systems—Fibre Distributed Data Interface (FDDI)—Part 2: 
Token Ring Media Access Control (MAC).

ISO/IEC 9314-3:1990, Information processing systems—Fibre Distributed Data Interface (FDDI)—Part 3: 
Physical Layer Medium Dependent (PMD).

ISO/IEC 9646-1:1994, Information technology—Open Systems Interconnection—Conformance testing 
methodology and framework—Part 1: General concepts.

ISO/IEC 9646-2:1994, Information technology—Open Systems Interconnection—Conformance testing 
methodology and framework—Part 2: Abstract test suite specification.

ISO/IEC DIS 11801-1:2016, Information technology–Generic cabling for customer premises–Part 1: 
General Requirements.19

ISO/IEC TR 24750:2007, Information technology—Assessment and mitigation of installed balanced 
cabling channels in order to support of 10GBASE-T.

ITU-T Recommendation G.650.1, 2010—Definitions and test methods for linear, deterministic attributes of 
single-mode fibre and cable.20

ITU-T Recommendation G.652, 2009—Characteristics of a single-mode optical fibre and cable.

ITU-T Recommendation G.657, 2009—Characteristics of a bending-loss insensitive single-mode optical 
fibre and cable for the access network. 

18ISO/IEC publications are available from the International Organization for Standardization (http://www.iso.ch/) and the International 
Electrotechnical Commission (http://www.iec.ch/). ISO/IEC publications are also available in the United States from the American 
National Standards Institute (http://www.ansi.org/).
19ISO/IEC publications are available from the ISO Central Secretariat (http://www.iso.ch/). ISO publications are also available in the 
United States from the American National Standards Institute (http://www.astm.org/).
20ITU-T publications are available from the International Telecommunications Union (http://www.itu.int/).
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ITU-T Recommendation G.671, 2009—Transmission characteristics of optical components and subsystems. 

ITU-T Recommendation G.691, 2006—Optical interfaces for single channel STM-64 and other SDH 
systems with optical amplifiers.

ITU-T Recommendation G.694.1—Spectral grids for WDM applications: DWDM frequency grid.

ITU-T Recommendation G.694.2—Spectral grids for WDM applications: CWDM wavelength grid.

ITU-T Recommendation G.695, 2010—Optical interfaces for coarse wavelength division multiplexing 
applications.

ITU-T Recommendation G.957, 2006—Optical interfaces for equipments and systems relating to the 
synchronous digital hierarchy.

ITU-T Recommendation G.959.1, 2009—Optical transport network physical layer interfaces.

ITU-T Recommendation G.975—Forward error correction for submarine systems.

ITU-T Recommendation G.991.2, 2001—Amendment 1.

ITU-T Recommendation G.991.2, 2001—Single-pair high-speed digital subscriber line (SHDSL) 
transceivers.

ITU-T Recommendation G.993.1, 2001—Very high speed digital subscriber line foundation.

ITU-T Recommendation G.993.1, 2003—Amendment 1.

ITU-T Recommendation G.994.1, 2004—Handshake procedures for digital subscriber line (DSL) 
transceivers.

ITU-T Recommendation I.430, 1995—Basic user-network interface—Layer 1 specification.

ITU-T Recommendation O.150, 1996—General requirements for instrumentation for performance 
measurements on digital transmission equipment.

ITU-T Recommendation O.153, 1992—Basic parameters for the measurement of error performance at bit 
rates below the primary rate.

ITU-T Recommendation O.172, 2005—Jitter and wander measuring equipment for digital systems which 
are based on the synchronous digital hierarchy (SDH).

MATLAB Matrix Laboratory Software.21

SAE J1292, Automobile and Motor Coach Wiring.

SCTE 02 2006, Specification for “F” Port, Female, Indoor.

SFF-8402, Rev 1.1, September 13, 2014, Specification for SFP+ 1X 28 Gb/s Pluggable Transceiver Solution 

(SFP28).22

21For information on MatLab, contact The MathWorks (http://www.mathworks.com).
22SFF specifications are available from the Storage Networking Industry Association (http://www.snia.org/sff/specifications).
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SFF-8432, Rev 5.1, August 8, 2012, Specification for SFP+ Module and Cage.

SFF-8436, Rev 4.8, October 31, 2013, Specification for QSFP+ 10 Gb/s 4X Pluggable Transceiver.

SFF-8642, Rev 3.2, January 26, 2017, Specification for Mini Multilane 12X 10 Gb/s Shielded Connector 
(CXP10).

SFF-8665, Rev 1.9, June 29, 2015, Specification for QSFP+ 28 Gb/s 4X Pluggable Transceiver Solution 
(QSFP28).

TIA TSB-155-A-2010, Guidelines for the Assessment and Mitigation of Installed Category 6 Cabling to 
Support 10GBASE-T.23

TIA TSB-5021, Guidelines for the Assessment and Mitigation of Installed Cabling to Support 2.5GBASE-T 
and 5GBASE-T.

NOTE—Local and national standards such as those supported by ANSI, EIA, MIL, NFPA, and UL are not a formal part 
of this standard except where no international standard equivalent exists. A number of local and national standards are 
referenced as resource material; these bibliographical references are located in the bibliography in Annex A.24

1.4 Definitions

For the purposes of this document, the following terms and definitions apply. The IEEE Standards 
Dictionary Online should be referenced for terms not defined in this clause.25

1.4.1 1000BASE-BX10: IEEE 802.3 Physical Layer specification for a 1000 Mb/s point-to-point link over 
one single-mode optical fiber. (See IEEE Std 802.3, Clause 59 and Clause 66.)

1.4.2 1000BASE-CX: 1000BASE-X over specialty shielded balanced copper jumper cable assemblies. (See 
IEEE Std 802.3, Clause 39.)

1.4.3 1000BASE-H: IEEE 802.3 PCS and PMA sublayers for 1000 Mb/s Ethernet that support PMDs using 
duplex plastic optical fiber. (See IEEE Std 802.3, Clause 115.)

1.4.4 1000BASE-KX: IEEE 802.3 Physical Layer specification for 1 Gb/s using 1000BASE-X encoding 
over an electrical backplane. (See IEEE Std 802.3 Clause 70.)

1.4.5 1000BASE-LX: 1000BASE-X using long wavelength laser devices over multimode and single-mode 
fiber. (See IEEE Std 802.3, Clause 38.)

1.4.6 1000BASE-LX10: IEEE 802.3 Physical Layer specification for a 1000 Mb/s point-to-point link over 
two single-mode or multimode optical fibers. (See IEEE Std 802.3, Clause 59 and Clause 66.)

1.4.7 1000BASE-PX: A collection of IEEE 802.3 Physical Layer specifications for a 1000 Mb/s point-to-
multipoint link over one single-mode optical fiber. (See IEEE Std 802.3, Table 56–1, Clause 60, Clause 65, 
and Clause 64.)

1.4.8 1000BASE-RHA: IEEE 802.3 Physical Layer specification for 1000 Mb/s Ethernet using 1000BASE-
H encoding and red light (approximately 650 nm) PMD tailored for home-network and other consumer 
application requirements. (See IEEE Std 802.3, Clause 115.)

23TIA publications are available from the IHS Standards Store (http://global.ihs.com/) or from the Telecommunications Industry 
Association (http://www.tiaonline.org). 
24Notes in text, tables, and figures are given for information only and do not contain requirements needed to implement this standard.
25The IEEE Standards Dictionary Online is available at http://dictionary.ieee.org/.
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