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Abstract: This amendment to IEEE Std 802.3-2008 specifies changes to several existing physical
layers to enable energy-efficient operation of Ethernet. Changes to 10BASE-T include a reduction
in transmit voltage requirements. Changes to 100BASE-TX, 1000BASE-T, 10GBASE-T,
1000BASE-KX, 10GBASE-KX4 and 10GBASE-KR include the definition of a Low Power Idle (LPI)
mode and mechanisms to communicate and manage the entry and exit into and out of LPI and the
operation of this mode. New Link Layer Discovery Protocol (LLDP) TLVs are defined for negotiating
system level energy-efficiency parameters.

Keywords: 10BASE-T, 100BASE-TX, 1000BASE-KX, 1000BASE-T, 10GBASE-KR, 10GBASE-
KX4, 10GBASE-T, Backplane Ethernet, Energy-Efficient Ethernet (EEE), IEEE 802.3az, LLDP,
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damage, of any nature whatsoever, whether special, indirect, consequential, or compensatory, directly or indirectly resulting
from the publication, use of, or reliance upon this, or any other IEEE Standard document.

The IEEE does not warrant or represent the accuracy or content of the material contained herein, and expressly disclait, >
any express or implied warranty, including any implied warranty of merchantability or fitness for a specific purpose, or that
the use of the material contained herein is free from patent infringement. IEEE Standards documents are supplied “AS IS.’

The existence of an IEEE Standard does not imply that there are no other ways to produce, test, measure, purchase, . >arket,
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Introduction

This introduction is not part of IEEE Std 802.3az-2010, IEEE Standard for Information technology—
Telecommunications and information exchange between systems—Local and metropolitan area networks—Specific
requirements, Part 3: Carrier Sense Multiple Access with Collision Detection (CSMA/CD) Access Method and
Physical Layer Specifications, Amendment 5: Media Access Control Parameters, Physical Layers, and Management
Parameters for Energy-Efficient Ethernet.

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 802.3az-2010).

The Media Access Control (MAC) protocol specified in IEEE Std 802.3 is Carrier Sense Multiple Accers
with Collision Detection (CSMA/CD). This MAC protocol was included in the experimeital: Ethc met
developed at Xerox Palo Alto Research Center. While the experimental Ethernet had a 2.94 M_’s da.~>rate,
IEEE Std 802.3-1985 specified operation at 10 Mb/s. Since 1985 new media options,. new speeds of
operation, and new capabilities have been added to IEEE Std 802.3.

Some of the major additions to IEEE Std 802.3 are identified in the marketplace w'th th ir project number.
This is most common for projects adding higher speeds of operation or ncw onrciccols. For example,
IEEE Std 802.3u™ added 100 Mb/s operation (also called Fast Ethernet); IEET Stc 802.3x™ specified full
duplex operation and a flow control protocol; IEEE Std 802.3z™ added 1000 M.b/s operation (also called
Gigabit Ethernet); 1EEE Std 802.3ae™ added 10 Gb/s operation (ai.o called /0 Gigabit Ethernet); and
IEEE Std 802.3ah™ specified access network Ethernet (also called Ziher.. 2t in the First Mile). These major
additions are all now included in, and are superseded by, IECE Sid 80 ..3-2008 and are not maintained as
separate documents.

At the time of publication of IEEE Std 802.3az-2010, IEET St 802.3 consists of the following documents:

IEEE Std 802.3-2008

Section One—Includes Clause 1 through T ause 20, Annex A through Annex H, and Annex 4A.
Section One includes the specificauns 2or 10 Mb/s operation and the MAC, frame formats, and
service interfaces used for ali spel s o' operation.

Section Two—Includes C'aus = 21 through Clause 33 and Annex 22A through Annex 33E. Section
Two includes manag_m: at auributes for multiple protocols and speed of operation as well as
specifications for prov lin,, power over twisted-pair cabling for multiple operational speeds. It also
includes general inormation on 100 Mb/s operation as well as most of the 100 Mb/s Physical Layer
specifications.

Sectio’s Three—L cludes 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
Phy.icai Layer specifications.

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

Section Five—Includes Clause 56 through Clause 74 and Annex 57A through Annex 74A.
Clause 56 through Clause 67 and associated annexes specify subscriber access and other Physical
Layers and sublayers for operation from 512 kb/s to 1000 Mb/s, and defines services and protocol
elements that enable the exchange of IEEE 802.3 format frames between stations in a subscriber
access network. Clause 68 specifies a 10 Gb/s Physical Layer specification. Clause 69 through
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Clause 74 and associated annexes specify Ethernet operation over electrical backplanes at speeds of
1000 Mb/s and 10 Gb/s.

IEEE Std 802.3av™-2009

This amendment includes changes to IEEE Std 802.3-2008 and adds Clause 75 through Clause 77
and Annex 75A through Annex 76A. This amendment adds new Physical Layers for 10 Gb/s
operation on point-to-multipoint passive optical networks.

IEEE Std 802.3bc™-2009

This amendment includes changes to IEEE Std 802.3-2008 and adds Clause 79. This amendment
moves the Ethernet Organizationally Specific Type, Length, Value (TLV) information elements at
were specified in IEEE Std 802.1AB™ to IEEE Std 802.3.

IEEE Std 802.3at™-2009

This amendment includes changes to IEEE Std 802.3-2008. This amendment aug.nents the
capabilities of IEEE Std 802.3-2008 with higher power levels and improved pov-er management
information.

IEEE Std 802.3™-2008/Cor 1-2009
This corrigendum corrects the PAUSE reaction timing delay value fo1 the 1 \GBASE-T PHY type.

IEEE Std 802.3ba™-2010

This amendment includes changes to IEEE Std 802.3-2008 wad «1ds Clause 80 through Clause 88
and Annex 83A through Annex 83C, Annex 85A, aud A nex 86A. This amendment adds MAC
parameters, Physical Layers, and management parcmetcrs tor the transfer of IEEE 802.3 format
frames at 40 Gb/s and 100 Gb/s.

IEEE Std 802.3az-2010

This amendment includes changes to IEE= Std 802.3-2008 and adds Clause 78. This amendment
adds changes required to enable energy->1Zcient operation of several existing Physical Layers.

IEEE Std 802.3 will continue to evelve. N.iw Ethernet capabilities are anticipated to be added within the
next few years as amendments to this scxndaiu.

Notice to users

Laws and regulat:cns

Users of these documunts should consult all applicable laws and regulations. Compliance with the
provisions cf th.: standard does not imply compliance to any applicable regulatory requirements.
Implement>rs f the standard are responsible for observing or referring to the applicable regulatory
requirements. [EEE does not, by the publication of its standards, intend to urge action that is not in
complince with applicable laws, and these documents may not be construed as doing so.

“opyrights

This document is copyrighted by the IEEE. It is made available 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 this document
available for use and adoption by public authorities and private users, the IEEE does not waive any rights in
copyright to this document.
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Updating of IEEE documents

Users of IEEE standards should be aware that these documents may be superseded at any time by the
issuance of new editions or may be amended from time to time through the issuance of amendments,
corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the
document together with any amendments, corrigenda, or errata then in effect. 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 Standards Association website at http:/
ieeexplore.ieee.org/xpl/standards.jsp, or contact the IEEE at the address listed previously.

For more information about the IEEE Standards Association or the IEEE standards development praces:
visit the IEEE-SA website at http://standards.ieee.org.

Errata

Errata, if any, for this and all other standards can be accessed at the followne URL: http:/
standards.ieee.org/reading/iece/updates/errata/index.html. Users are encouraged to c¢heck this URL for
errata periodically.

Downloads

Portions of this standard can be downloaded from the Internci. M terii Is include PICS tables, data tables,
and code. URLs are listed in the text in the appropriate secticas.

Interpretations

Current interpretations can be accessed at the {,'lo ving URL: http://standards.ieee.org/reading/ieee/interp/
index.html.

Patents

Attention is called to the pos ibilitv that implementation of this standard may require use of subject matter
covered by patent rights. Ry puilication of this standard, no position is taken with respect to the existence or
validity of any patent rizhts ‘n connection therewith. A patent holder or patent applicant has filed a statement
of assurance that it < ill g ant licenses under these rights without compensation or under reasonable rates,
with reasonable terms « w1 conditions that are demonstrably free of any unfair discrimination to applicants
desiring to obfau. such licenses. Other Essential Patent Claims may exist for which a statement of assurance
has not been .>ceived. The IEEE is not responsible for identifying Essential Patent Claims for which a
license may he required, for conducting inquiries into the legal validity or scope of Patents Claims, or
detern.’ning whether any licensing terms or conditions provided in connection with submission of a Letter of
Assumnrnize, 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
fringement of such rights, is entirely their own responsibility. Further information may be obtained from
the IEEE Standards Association.
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When the IEEE-SA Standards Board approved this amendment on 30 September 2010, it had the following

membership:
Robert M. Grow, Chair
Richard H. Hulett, Vice Chair

Steve M. Mills, Past Chair

Judith Gorman, Secretary
Karen Bartleson Young Kyun Kim Ronald C. Petersen
Victor Berman Joseph L. Koepfinger* Thomas Prevost
Ted Burse John Kulick Jon Walter Rosdahl
Clint Chaplin David J. Law Sam Sciacca
Andy Drozd Hung Ling Mike Seavey
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List of special symbols

For the benefit of those who have received this document by electronic means, what follows is a list of special symbols
and operators. If any of these symbols or operators fail to print out correctly on your machine, the editors apologize, and
hope that this table will at least help you to sort out the meaning of the resulting funny-shaped blobs and strokes.

Special symbols and operators

Printed character Meaning Font

* Boolean AND Symbol

+ Boolean OR, arithmetic addition Symbol

A Boolean XOR Times New Roman

! Boolean NOT Symbol

x Multiplication Symbol

< Less than Symbol

< Less than or equal to Symbol

> Greater than Symbol

> Greater than or equal to Symbol

= Equal to Symbol

~ Approximately equal to Symbol

# Not equal to Symbol
= Assignment operator Symbol

€ Indicates membership Symbol

¢ Indicates nonmembership Symbol

+ Plus or minus (a tolerance) Symbol

° Degrees Symbol

> Summation Symbol

N Square root Symbol
— Big dash (em dash) Times New Roman
- Little dash (en dash), subtraction Times New Roman

| Vertical bar Times New Roman
+ Dagger Times New Roman
I Double dagger Times New Roman
o Lower case alpha Symbol

B Lower case beta Symbol

Y Lower case gamma Symbol

) Lower case delta Symbol

€ Lower case epsilon Symbol

A Lower case lambda Symbol

n Lower case mu Times New Roman
I1 Upper case pi Symbol

Q Upper case omega Symbol
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IEEE Std 802.3az-2010 AMENDMENT TO IEEE Std 802.3-2008: CSMA/CD

1. Introduction

1.4 Definitions

Insert the following new definitions into the definitions list, in alphanumeric order, as follows:
10BASE-Te: IEEE 802.3 Physical Layer specification for an energy-efficient version of 10BASE-T for a
10 Mb/s CSMA/CD local area network over two pairs of Category 5 or better-balanced cabling. (See
IEEE Std 802.3, Clause 14.)

Low Power Idle (LPI) mode: An optional mode intended to save power that may be enabled during periods
of low link utilization in which either side of a link may disable portions of device or system functionality.

1.5 Abbreviations
Insert the following new abbreviations into the abbreviations list, in alphabetical order, as follows:
EEE  Energy-Efficient Ethernet

LPI Low Power Idle
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