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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.

Use of an IEEE Standard is wholly voluntary. The IEEE disclaims liability for any personal injury, property or
other 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
disclaims any express or implied warranty, including any implied warranty of merchantability or fitness for a spe-
cific 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, 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. Every IEEE Standard is
subjected to review at least every five years for revision or reaffirmation. When a document is more than five
years old and has not been reaffirmed, 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 publishing and making this document available, the IEEE is not suggesting or rendering professional or other
services for, or on behalf of, any person or entity. Nor is the IEEE undertaking to perform any duty owed by any
other person or entity to another. Any person utilizing this, and any other IEEE Standards document, should rely
upon the advice of a competent professional in determining the exercise of reasonable care in any given
circumstances.

Interpretations: Occasionally questions may arise regarding the meaning of portions of standards as they relate to
specific applications. When the need for interpretations is brought to the attention of IEEE, the Institute will initiate
action to prepare appropriate responses. Since IEEE Standards represent a consensus of concerned interests, it is
important to ensure that any interpretation has also received 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 interpretation requests except in those cases where the matter has previously received formal
consideration. 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, explanation, or interpretation of the IEEE. 

Comments for revision of IEEE Standards are welcome from any interested party, regardless of membership affil-
iation with IEEE. Suggestions for changes in documents should be in the form of a proposed change of text,
together with appropriate supporting comments. Comments on standards and requests for interpretations should
be addressed to:

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

Authorization to photocopy portions of any individual standard for internal or personal use is granted by the
Institute of Electrical and Electronics Engineers, Inc., provided that the appropriate fee is paid to Copyright
Clearance Center. To arrange for payment of licensing fee, 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.
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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 802.3as-2006). A historical listing
of projects that have added to or modified IEEE Std 802.3 is included in IEEE Std 802.3-2005.

The media access control (MAC) protocol specified in IEEE Std 802.3 is Carrier Sense Multiple Access
with Collision Detection (CSMA/CD). This MAC protocol was included in the experimental Ethernet
developed at Xerox Palo Alto Research Center. While the experimental Ethernet had a 2.94 Mb/s data rate,
IEEE Std 802.3-1985 specified operation at 10 Mb/s. Since 1985 new media options, new speeds of
operation, and new protocol capabilities have been added to IEEE Std 802.3. 

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 802.3x™ specified full duplex
operation and a flow control protocol, 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) and IEEE Std
802.3ah™ specified access network Ethernet (also called Ethernet in the First Mile). These major additions
are all now included in IEEE Std 802.3-2005 and are not maintained as separate documents.

At the date of IEEE Std 802.3as-2006 publication, IEEE Std 802.3 is comprised of the following documents: 

Section One—Includes Clause 1 through Clause 20 and Annex A through Annex H and Annex 4A. Section
One includes 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. It also includes specification of IEEE 802.3 link aggregation.

Section Four—Includes Clause 44 through Clause 54 and Annex 44A through Annex 50A. Section Four
includes general information on 10 Gb/s operation as well as most of the 10 Gb/s physical layer
specifications.

Section Five—Includes Clause 56 through Clause 67 and Annex 58A through Annex 67A. Section Five
includes subscriber access 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 Std 802.3 format frames between
stations in a subscriber access network.

This introduction is not part of IEEE Std 802.3as-2006, IEEE Standard for Information technology—
Telecommunications and information exchange between systems—Local and metropolitan area networks—
Specific requirements CSMA/CD Access Method and Physical Layer Specifications, Amendment 3: Frame
format extensions.
iv Copyright © 2006 IEEE. All rights reserved.
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IEEE Std 802.3-2005/Cor 1-2006

This corrigendum clarifies and corrects isolation text for twisted pair Ethernet physical interfaces,
including harmonization for both powered and unpowered Medium Dependent interfaces.

IEEE Std 802.3an™-2006

This amendment includes changes to IEEE Std 802.3-2005 and adds Clause 55 and Annex 55A and
Annex 55B. This amendment adds a new Physical Layer for 10 Gb/s operation over balanced twisted-
pair structured cabling systems.

IEEE Std 802.3aq™-2006

This amendment includes changes to IEEE Std 802.3-2005 and adds Clause 68. This amendment adds a
new Physical Layer for 10 Gb/s operation over installed multimode fiber.

IEEE Std 802.3as-2006

This amendment includes changes to IEEE Std 802.3-2005. It extends the size of the IEEE 802.3 frame
format with an envelope frame.

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.

Conformance test methodology

An additional standard, IEEE Std 1802.3™-2001, provides conformance test information for 10BASE-T.

Notice to users

Errata

Errata, if any, for this and all other standards can be accessed at the following URL:
http://standards.ieee.org/reading/ieee/updates/errata/index.html. 

Users are encouraged to check this URL for errata periodically.

Downloads

Portions of this standard can be downloaded from the Internet. Material include PICS tables, data tables, and
code. URLs are listed in the text in the appropriate sections. 

Interpretations

Current interpretations can be accessed at the following URL:
http://standards.ieee.org/reading/ieee/interp/index.html.
Copyright © 2006 IEEE. All rights reserved. v
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Patents

Attention is called to the possibility that implementations of this standard may require use of subject matter
covered by patent rights. By publication of this standard, no position is taken with respect to the existence or
validity of any patent rights in connection therewith. The IEEE shall not be responsible for identifying pat-
ents or patent applications for which a license may be required to implement an IEEE standard or for con-
ducting inquiries into the legal validity or scope of those patents that are brought to its attention. A patent
holder or patent applicant has filed a statement of assurance that it will grant licenses under these rights
without compensation or under reasonable rates and nondiscriminatory, reasonable terms and conditions to
applicants desiring to obtain such licenses. The IEEE makes no representation as to the reasonableness of
rates, terms and conditions of the license agreements offered by patent holders or patent applicants. Further
information may be obtained from the IEEE Standards Department.
vi Copyright © 2006 IEEE. All rights reserved.
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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 spe-
cial symbols and operators. If any of these symbols or operators fail to display correctly, the editors hope
that this table will aid in interpreting any funny blobs and strokes appearing in the body of the document.

Printed Character Meaning Font

∗ Boolean AND Symbol

+ Boolean OR, arithmetic addition Symbol

^ Boolean XOR Times New Roman

! Boolean NOT Symbol

× Multiplication Symbol

< Less than Symbol

≤ Less than or equal to Symbol

> Greater than Symbol

≥ Greater than or equal to Symbol

= 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

√ 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

‡ Double dagger Times New Roman

α Lower case alpha Symbol

β Lower case beta Symbol

γ Lower case gamma Symbol

δ Lower case delta Symbol

ε Lower case epsilon Symbol

λ Lambda Symbol

µ Micro Times New Roman

Ω Omega Symbol
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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 3: Frame format extensions

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

The editing instructions are shown in bold italic. Four editing instructions are used: change, delete, insert, and replace.
Change is used to make corrections in existing text or tables. The editing instruction specifies the location of the change
and describes what is being changed by using strikethrough (to remove old material) and underscore (to add new mate-
rial). Delete removes existing material. Insert adds new material without disturbing the existing material. Insertions may
require renumbering. If so, renumbering instructions are given in the editing instruction. Replace is used to make
changes in figures or equations by removing the existing figure or equation and replacing it with a new one. Editorial
notes will not be carried over into future editions because the changes will be incorporated into the base standard.

1. Introduction

1.3 Normative references

Change the introductory paragraph as follows:

The following standards contain provisions that, through reference in this text, constitute provisions of this-
standard. At the time of publication, the editions indicated were valid. All standards are 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 regis-
ters of currently valid international standards. For undated references, the latest edition of the referenced
document (including any amendments or corrigenda) applies.

Change the following normative reference:

IEEE Std 802.1Q™-1998, IEEE Standard for Local and Metropolitan Area Networks: Virtual Bridged Local
Area Networks.
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1.4 Definitions

Change the following definitions and update alphabetical order:

1.4.127 dataMAC frame: Consists of the Destination Address, Source Address, Length Field, logical link
control (LLC) Data, PADLength/Type field, MAC Client Data, Pad (if required), and Frame Check
Sequence.

1.4.334 tagged MAC frame: A frame that contains a QTag PrefixQ-tagged frame: A MAC frame with a
specific Type value, and that has a maximum length of 1522 octets. (See IEEE 802.3, 3.2.7 and IEEE
802.1Q, Annex C)

Insert the following definitions in alphabetic order:

1.4.x basic frame: A MAC frame that carries a Length/Type field with the Length or Type interpretation
and has a maximum length of 1518 octets. The basic frame is not intended to allow inclusion of additional
tags (i.e., untagged) or encapsulations required by higher layer protocols. (See IEEE 802.3, 3.2.7) 

1.4.y envelope frame: A MAC frame that carries a Length/Type field with the Type interpretation that may
indicate additional encapsulation information within the MAC client data and has a maximum length of
2000 octets. The envelope frame is intended to allow inclusion of additional prefixes and suffixes required
by higher layer encapsulation protocols. The encapsulation protocols may use up to 482 octets. (See
IEEE 802.3, 3.2.7) 
2 Copyright © 2006 IEEE. All rights reserved.
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2. Media Access Control (MAC) service specification

Change subclause 2.1 as follows:

2.1 Scope and field of application 

This clause specifies the services provided by the Media Access Control (MAC) sublayer and the optional
MAC Control sublayer to the client of the MAC (see Figure 1–1). MAC clients may include the Logical
Link Control (LLC) sublayer, Bridge Relay Entity, or other users of ISO/IEC LAN International Standard
MAC services (see Figure 2–1). The services are described in an abstract way and do not imply any
particular implementation or any exposed interface. There is not necessarily a one-to-one correspondence
between the primitives and the formal procedures and interfaces described in Clause 4 and Clause 31. Other
clauses in this standard may add optional protocol sublayers directly above the MAC that preserve the
service interface to the MAC client. Any augmentations to the MAC client interface are specified in the
relevant sublayer clause (e.g., Clause 31).

Replace Figure 2–1 with the following: 

Change subclause 2.2 as follows:

2.2 Overview of the service

2.2.1 General description of services provided by the layer

The services provided by the MAC sublayer allow the local MAC client entity to exchange LLC data units
with peer LLC sublayer entities. Optional support may be provided for resetting the MAC sublayer entity to
a known state.

The optional MAC control sublayer provides an additional service for controlling MAC operation. This may
be used to provide flow control between peer MAC client entities across the underlying channel.

MAC client

PHY

Media Access Control

MA_DATA.indication

MA_DATA.request

collisionDetect
ReceiveBit

Wait

carrierSense
receiveDataValid

variables functions &
proceduresTransmitBit

transmitting

Figure 2–1—Service specification primitive relationships
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2.2.2 Model used for the service specification

The model used in this service specification is identical to that used in 1.2.2.

2.2.3 Overview of interactions

MA_DATA.request
MA_DATA.indication
MA_CONTROL.request (used by optional MAC Control sublayer)
MA_CONTROL.indication (used by optional MAC Control sublayer)

2.2.4 Basic services and options

The MA_DATA.request and MA_DATA.indication service primitives described in this subclause are
mandatory. The MA_CONTROL.request and MA_CONTROL.indication service primitives are mandatory
if the optional MAC Control sublayer is implemented. 

Delete subclause 2.3.3 in its entirety.

Delete subclause 2.3.4 in its entirety.
4 Copyright © 2006 IEEE. All rights reserved.
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Change title of Clause 3 as follows:

3. Media access control frame structureMedia Access Control (MAC) frame 
and packet specifications

Change subclause 3.1 as follows:

3.1 Overview

This clause defines in detail the frame structure for data communication systems using the CSMA/CD
MAC. It defines the syntax and semantics of the various components of the MAC frame.

Two frame formats, are specified in this clause:

a) A basic MAC frame format, and
b) An extension of the basic MAC frame format for Tagged MAC frames, i.e., frames that carry QTag

Prefixes.

This clause defines the mapping between MAC service interface primitives and Ethernet packets, including
the syntax and semantics of the various fields of MAC frames and the fields used to form those MAC frames
into packets.

During Ethernet’s history, capabilities have been added to allow data link layer (layer 2) protocol encapsula-
tions within the MAC Client Data field. As a result, there are now more than one type of MAC frame.

The frame format specified in this clause includes the following three types of MAC frames:

a) A basic frame
b) A Q-tagged frame
c) An envelope frame

All three frame types use the same Ethernet frame format.

3.1.1 MAC frame Packet format

Figure 3–1 shows the nine fields of a framepacket: the preamblePreamble, Start Frame Delimiter (SFD), the
addresses of the MAC frame’s source and destination and source, a length or type field to indicate the length
or protocol type of the following field that contains the MAC Clientclient data, a field that contains padding
if required, and the frame check sequenceFrame Check Sequence (FCS) field containing a cyclic
redundancy check value to detect errors in a received MAC frame. An Extension field is added, and an
extension field if required (for 1000 Mb/s half duplex operation only). Of these nine fields, all are of fixed
size except for the MAC Client Data, Pad and Extensiondata, pad, and extension fields, which may contain
an integer number of octets between the minimum and maximum values that are determined by the specific
implementation of the CSMA/CD MAC. See 4.4 for particular implementation MAC parameters.

The minimum and maximum MAC frame size limits in 4.4 refer to that portion of the frame packet from the
destination addressDestination Address field through the frame check sequenceFrame Check Sequence
field, inclusive (i.e., the MAC frame).

Relative to Figure 3–1, the octets of a framepacket are transmitted from top to bottom, and the bits of each
octet are transmitted from left to right.
Copyright © 2006 IEEE. All rights reserved. 5
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Replace Figure 3–1 with the following:  

Insert new subclause 3.1.2 as follows:

3.1.2 Service interface mappings

Figure 3–2 shows the mapping of service interface parameters to the fields of a MAC frame within a packet.
The MAC client may or may not supply Pad and FCS. For this reason the mappings for Pad and FCS are
shown with dashed lines. 

PREAMBLE

SFD

DESTINATION ADDRESS

SOURCE ADDRESS

MAC CLIENT DATA

PAD

7 OCTETS

1 OCTET

6 OCTETS

6 OCTETS

2 OCTETS

4 OCTETS

OCTETS

b0

LSB MSB

b7

BITS
TRANSMITTED
LEFT TO RIGHT

EXTENSION

FRAME CHECK SEQUENCE

LENGTH/TYPE

Figure 3–1—Packet format

46 TO 1500 OR 1504
OR 1982 OCTETS

(SEE 3.2.7)

TOP TO BOTTOM
TRANSMITTED 

PA
C

KE
T

FR
AM

E

PREAMBLE

SFD

DA

SA

MAC CLIENT DATA

PAD

EXTENSION

FCS

LENGTH/TYPE

Figure 3–2—Service primitive mappings

MA_DATA.request(destination_address,source_address,mac_service_data_unit,frame_check_sequence)

MA_DATA.indication(destination_address,source_address,mac_service_data_unit,frame_check_sequence)
6 Copyright © 2006 IEEE. All rights reserved.
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Change subclause 3.2 as follows:

3.2 Elements of the MAC frame and packet

A MAC frame is encapsulated in a packet by the MAC. This section describes in detail the fields of the
MAC frame and the additional fields that the MAC creates to encapsulate the MAC frame. These fields are
described in order of transmission.

Change subclause 3.2.1 as follows:

3.2.1 Preamble field

The preamblePreamble field is a 7-octet field that is used to allow the PLS circuitry to reach its steady-state
synchronization with the received framepacket’s timing (see 4.2.5).

Change subclause 3.2.2 as follows:

3.2.2 Start Frame Delimiter (SFD) field

The SFD field is the sequence 10101011. It immediately follows the preamble pattern. A MAC frame starts
immediately after the SFD.and indicates the start of a frame.

Change the first paragraph of subclause 3.2.3 as follows:

3.2.3 Address fields

Each MAC frame shall contain two address fields: the Destination Address field and the Source Address
field, in that order. The Destination Address field shall specify the destination addressee(s) for which the
MAC frame is intended. The Source Address field shall identify the station from which the MAC frame was
initiated. The representation of each address field shall be as follows (see Figure 3–2):

Change subclause 3.2.4 as follows:

3.2.4 Destination Address field

The Destination Address field specifies the station(s) for which the MAC frame is intended. It may be an
individual or multicast (including broadcast) address. 

Change subclause 3.2.5 as follows:

3.2.5 Source Address field

The Source Address field specifies the station sending the MAC frame. The Source Address field is not
interpreted by the CSMA/CD MAC sublayer.

Change subclause 3.2.6 as follows:

3.2.6 Length/Type field

This two-octet field takes one of two meanings, depending on its numeric value. For numerical evaluation,
the first octet is the most significant octet of this field.

a) If the value of this field is less than or equal to the value of maxValidFrame (as specified in
4.2.7.1)1500 decimal (05DC hexadecimal), then the Length/Type field indicates the number of
Copyright © 2006 IEEE. All rights reserved. 7
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MAC client data octets contained in the subsequent MAC Client Datadata field of the basic frame
(Length interpretation). 

b) If the value of this field is greater than or equal to 1536 decimal (equal to 0600 hexadecimal), then
the Length/Type field indicates the nature of the MAC client protocol (Type interpretation).19 
The Length and Type interpretations of this field are mutually exclusive.

When used as a Type field, it is the responsibility of the MAC client to ensure that the MAC client
operates properly when the MAC sublayer pads the supplied MAC client data, as discussed in 3.2.7. 

Regardless of the interpretation of the Length/Type field, if the length of the MAC Client Datadata field is
less than the minimum required for proper operation of the protocol, a PADPad field (a sequence of octets)
will be added at the end ofafter the MAC Client Datadata field but prior to the FCS field, specified below.
The procedure that determines the size of the PADPad field is specified in 4.2.8. The Length/Type field is
transmitted and received with the high order octet first.

NOTE—Clause 12 of IEEE Std 802a-2003 (an amendment to IEEE Std 802) defines a set of Type values and associated
mechanisms for use in prototype and vendor-specific protocol development.

Change subclause 3.2.7 as follows:

3.2.7 MAC Client Data fieldData and PAD fields

The MAC Client Datadata field contains a sequence of n octets. Full data transparency is provided in the
sense that any arbitrary sequence of octet values may appear in the MAC Client Datadata field up to a maxi-
mum field lengthnumber specifieddetermined by the particular implementation of the standard that is used.
A minimum frame size is required for correct CSMA/CD protocol operation and is specified by the par-
ticular implementation of the standard. If necessary, the data field is extended by appending extra bits (that
is, a pad) in units of octets after the data field but prior to calculating and appending the FCS. The size of the
pad, if any, is determined by the size of the data field supplied by the MAC client and the minimum frame
size and address size parameters of the particular implementation. The maximum size of the data field is
determined by the maximum frame size and address size parameters of the particular implementation.

Ethernet implementations shall support at least one of three maximum MAC Client Data field sizes defined
as follows:

a) 1500 decimal—basic frames (see 1.4.x)
b) 1504 decimal—Q-tagged frames (see 1.4.344)
c) 1982 decimal—envelope frames (see 1.4.y)

If layer management is implemented, frames with a MAC Client Data field larger than the supported maxi-
mum MAC Client Data field size are counted. It is recommended that new implementations support the
transmission and reception of envelope frames, item c) above.

NOTE 1 —The envelope frame is intended to allow inclusion of additional prefixes and suffixes required by higher layer
encapsulation protocols (see 1.4.x) such as those defined by the IEEE 802.1 working group (such as Provider Bridges
and MAC Security), ITU-T or IETF (such as MPLS). The original MAC Client Data field maximum remains 1500
octets while the encapsulation protocols may add up to an additional 482 octets. Use of these extra octets for other pur-
poses is not recommended, and may result in MAC frames being dropped or corrupted as they may violate maximum
MAC frame size restrictions if encapsulation protocols are required to operate on them.

NOTE 2 — All IEEE 802.3 MAC frames share a common format. The processing of the three types of MAC frames is
not differentiated within the IEEE 802.3 MAC, except for management. However, they may be distinguished within the
MAC client.

1

19Type field assignments are administered by the Registration Authority, IEEE Standards Department (see Footnote 18 for address).
, P.O. Box 1331, 445 Hoes Lane, Piscataway, NJ 08855-1331, USA; +1 732 562 3813; fax +1 732 562 1571. 
URL: http://standards.ieee.org/..
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NOTE 3 — All Q-tagged frames are envelope frames, but not all envelope frames are Q-tagged frames.

The length of PAD field required for MAC client data that is N octets long is max [0, minFrameSize – (8 × n
+ 2 × addressSize + 48)] bits. The maximum possible size of the data field is maxUntaggedFrameSize – (2 ×
addressSize + 48)/8 octets. See 4.4 for a discussion of implementation MAC parameters; see 4.2.3.3 for a
discussion of the minimum frame size, minFrameSize.

Insert a new subclause 3.2.8 as follows; renumber existing 3.2.8 and 3.2.9 to be 3.2.9 and 3.2.10
respectively:

3.2.8 Pad field

A minimum MAC frame size is required for correct CSMA/CD protocol operation (see 4.2.3.3 and 4.4). If
necessary, a Pad field (in units of octets) is appended after the MAC Client Data field prior to calculating
and appending the FCS field. The size of the Pad, if any, is determined by the size of the MAC Client Data
field supplied by the MAC client and the minimum MAC frame size and address size MAC parameters (see
4.4).

The length of the Pad field required for MAC Client Data that is clientDatasize/8 octets long is 
max [0, minFrameSize – (clientDatasize + 2 × addressSize + 48)] bits.

Change 3.2.8, renumbered to 3.2.9, as follows:

3.2.9 Frame Check Sequence (FCS) field

A cyclic redundancy check (CRC) is used by the transmit and receive algorithms to generate a CRC value
for the FCS field. The frame check sequence (FCS) field contains a 4-octet (32-bit) cyclic redundancy check
(CRC) value. This value is computed as a function of the contents of the protected fields of the MAC frame:
the Destination Address, Source Address,source address, destination address, lLength/Type field, LLC
MAC Client Data and Paddata and pad (that is, all fields except the preamble, SFD, FCS, and extension).
The encoding is defined by the following generating polynomial.

G(x) = x32 + x26 + x23 + x22 + x16 + x12 + x11 + x10 + x8 + x7 + x5 + x4 + x2 + x + 1

Mathematically, the CRC value corresponding to a given MAC frame is defined by the following procedure:

a) The first 32 bits of the MAC frame are complemented.
b) The n bits of the protected fieldsframe are then considered to be the coefficients of a polynomial M(x)

of degree n – 1. (The first bit of the Destination Address field corresponds to the x(n–1) term and the
last bit of the MAC Client Datadata field (or Pad field if present) corresponds to the x0 term.)

c) M(x) is multiplied by x32 and divided by G(x), producing a remainder R(x) of degree ≤ 31.
d) The coefficients of R(x) are considered to be a 32-bit sequence.
e) The bit sequence is complemented and the result is the CRC.

The 32 bits of the CRC value are placed in the frame check sequenceFCS field so that the x31 term is the left-
most bit of the first octet, and the x0 term is the right most bit of the last octet. (The bits of the CRC are thus
transmitted in the order x31, x30,…, x1, x0.) See Hammond, et al. [B32].

Delete subclause 3.5 including Figure 3-3.
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4. Media Access Control

Change subclause 4.2.3 as follows:

4.2.3 FramePacket transmission model

FramePacket transmission includes the following data encapsulation and Media Access management
aspects:

a) Transmit Data Encapsulation includes the assembly of the outgoing framepacket (from the values
provided by the MAC client) and frame check sequence generation (if not provided by the MAC
client).

b) Transmit Media Access Management includes carrier deference, interframe spacinginterpacket gap,
collision detection and enforcement, collision backoff and retransmission, carrier extension and
framepacket bursting. 

Replace Figure 4-3b in 4.2.3.1 with the following:
Copyright © 2006 IEEE. All rights reserved. 11
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Change subclause 4.2.3.2 as follows:

4.2.3.2 Transmit media access management

4.2.3.2.1 Deference

When a framepacket is submitted by the MAC client for transmission, the transmission is initiated as soon as
possible, but in conformance with the rules of deference stated below. The rules of deference differ between
half duplex and full duplex modes.

a) Half duplex mode 

Even when it has nothing to transmit, the CSMA/CD MAC sublayer monitors the physical medium
for traffic by watching the carrierSense signal provided by the PLS. Whenever the medium is busy,
the CSMA/CD MAC defers to the passing framepacket by delaying any pending transmission of its
own. After the last bit of the passing framepacket (that is, when carrierSense changes from true to
false), the CSMA/CD MAC continues to defer for a proper interFrameSpacinginterPacketGap (see
4.2.3.2.2).

If, at the end of the interFrameSpacinginterPacketGap, a framepacket is waiting to be transmitted,
transmission is initiated independent of the value of carrierSense. When transmission has completed
(or immediately, if there was nothing to transmit) the CSMA/CD MAC sublayer resumes its original
monitoring of carrierSense.

NOTE—It is possible for the PLS carrier sense indication to fail to be asserted briefly during a collision on the
media. If the Deference process simply times the interframeinterpacket gap based on this indication it is
possible for a short interframeinterpacket gap to be generated, leading to a potential reception failure of a
subsequent framepacket. To enhance system robustness the following optional measures, as specified in 4.2.8,
are recommended when interFrameSpacingPart1interPacketGapPart1 is other than zero:

Start the timing of the interFrameSpacinginterPacketGap as soon as transmitting and carrierSense
are both false. Reset the interFrameSpacinginterPacketGap timer if carrierSense becomes true
during the first 2/3 of the interFrameSpacinginterPacketGap timing interval. During the final 1/3 of
the interval, the timer shall not be reset to ensure fair access to the medium. An initial period shorter
than 2/3 of the interval is permissible including zero.

b) Full duplex mode 

In full duplex mode, the CSMA/CD MAC does not defer pending transmissions based on the
carrierSense signal from the PLS. Instead, it uses the internal variable transmitting to maintain
proper MAC state while the transmission is in progress. After the last bit of a transmitted frame,
(that is, when transmitting changes from true to false), the MAC continues to defer for a proper
interFrameSpacinginterPacketGap (see 4.2.3.2.2).

4.2.3.2.2 Interpacket gapInterframe spacing

As defined in 4.2.3.2.1, the rules for deferring to passing framespackets ensure a minimum
interframeinterpacket spacing of interFrameSpacinginterPacketGap bit times. This is intended to provide
interframeinterpacket recovery time for other CSMA/CD sublayers and for the physical medium.

Note that interFrameSpacinginterPacketGap is the minimum value of the interframe spacinginterpacket gap.
If necessary for implementation reasons, a transmitting sublayer may use a larger value with a resulting
decrease in its throughput. The larger value is determined by the parameters of the implementation, see 4.4.

A larger value for interframe spacinginterpacket gap is used for dynamically adapting the nominal data rate
of the MAC sublayer to SONET/SDH data rates (with packet granularity) for WAN-compatible applications
of this standard. While in this optional mode of operation, the MAC sublayer counts the number of bits sent
Copyright © 2006 IEEE. All rights reserved. 13
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during a frame’s transmission. After the framepacket’s transmission has been completed, the MAC sublayer
extends the minimum interframe spacinginterpacket gap by a number of bits that is proportional to the
length of the previously transmitted framepacket. For more details, see 4.2.7 and 4.2.8.

4.2.3.2.3 Collision handling (half duplex mode only)

Once a CSMA/CD sublayer has finished deferring and has started transmission, it is still possible for it to
experience contention for the medium. Collisions can occur until acquisition of the network has been
accomplished through the deference of all other stations’ CSMA/CD sublayers.

The dynamics of collision handling are largely determined by a single parameter called the slot time. This
single parameter describes three important aspects of collision handling:

a) It is an upper bound on the acquisition time of the medium.
b) It is an upper bound on the length of a framepacket fragment generated by a collision.
c) It is the scheduling quantum for retransmission.

To fulfill all three functions, the slot time shall be larger than the sum of the Physical Layer round-trip
propagation time and the Media Access Layer maximum jam time. The slot time is determined by the
parameters of the implementation, see 4.4.

4.2.3.2.4 Collision detection and enforcement (half duplex mode only)

Collisions are detected by monitoring the collisionDetect signal provided by the Physical Layer. When a
collision is detected during a framepacket transmission, the transmission is not terminated immediately.
Instead, the transmission continues until additional bits specified by jamSize have been transmitted
(counting from the time collisionDetect went on). This collision enforcement or jam guarantees that the
duration of the collision is sufficient to ensure its detection by all transmitting stations on the network. The
content of the jam is unspecified; it may be any fixed or variable pattern convenient to the Media Access
implementation; however, the implementation shall not be intentionally designed to be the 32-bit CRC value
corresponding to the (partial) framepacket transmitted prior to the jam.

4.2.3.2.5  Collision backoff and retransmission (half duplex mode only)

When a transmission attempt has terminated due to a collision, it is retried by the transmitting CSMA/CD
sublayer until either it is successful or a maximum number of attempts (attemptLimit) have been made and
all have terminated due to collisions. Note that all attempts to transmit a given framepacket are completed
before any subsequent outgoing framepackets are transmitted. The scheduling of the retransmissions is
determined by a controlled randomization process called “truncated binary exponential backoff.” At the end
of enforcing a collision (jamming), the CSMA/CD sublayer delays before attempting to retransmit the
framepacket. The delay is an integer multiple of slotTime. The number of slot times to delay before the nth
retransmission attempt is chosen as a uniformly distributed random integer r r in the range:

0 ≤ r < 2k

where

k = min (n, 10)

If all attemptLimit attempts fail, this event is reported as an error. Algorithms used to generate the integer r
should be designed to minimize the correlation between the numbers generated by any two stations at any
given time.
14 Copyright © 2006 IEEE. All rights reserved.
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Note that the values given above define the most aggressive behavior that a station may exhibit in attempting
to retransmit after a collision. In the course of implementing the retransmission scheduling procedure, a
station may introduce extra delays that will degrade its own throughput, but in no case may a station’s
retransmission scheduling result in a lower average delay between retransmission attempts than the
procedure defined above.

4.2.3.2.6 Full duplex transmission

In full duplex mode, there is never contention for a shared physical medium. The Physical Layer may
indicate to the MAC that there are simultaneous transmissions by both stations, but since these transmissions
do not interfere with each other, a MAC operating in full duplex mode must not react to such Physical Layer
indications. Full duplex stations do not defer to received traffic, nor abort transmission, jam, backoff, and
reschedule transmissions as part of Transmit Media Access Management. Transmissions may be initiated
whenever the station has a framepacket queued, subject only to the interframe spacinginterpacket gap
required to allow recovery for other sublayers and for the physical medium.

4.2.3.2.7 FramePacket bursting (half duplex mode only)

At an operating speed of 1000 Mb/s, an implementation may optionally transmit a series of framepackets
without relinquishing control of the transmission medium. This mode of operation is referred to as burst
mode. Once a framepacket has been successfully transmitted, the transmitting station can begin transmission
of another framepacket without contending for the medium because all of the other stations on the network
will continue to defer to its transmission, provided that it does not allow the medium to assume an idle
condition between framepackets. The transmitting station fills the interframe spacinginterpacket gap interval
with extension bits, which are readily distinguished from data bits at the receiving stations, and which
maintain the detection of carrier in the receiving stations. The transmitting station is allowed to initiate
framepacket transmission until a specified limit, referred to as burstLimit, is reached. The value of
burstLimit is specified in 4.4.2. Figure 4–5 shows an example of transmission with framepacket bursting.

The first framepacket of a burst will be extended, if necessary, as described in 4.2.3.4. Subsequent
framepackets within a burst do not require extension. In a properly configured network, and in the absence
of errors, collisions cannot occur during a burst at any time after the first framepacket of a burst (including
any extension) has been transmitted. Therefore, the MAC will treat any collision that occurs after the first
framepacket of a burst, or that occurs after the slotTime has been reached in the first framepacket of a burst,
as a late collision.
Copyright © 2006 IEEE. All rights reserved. 15
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Replace Figure 4–5 with the following:

Change subclause 4.2.3.3 as follows:

4.2.3.3 Minimum frame size

The CSMA/CD Media Access mechanism requires that a minimum frame length of minFrameSize bits be
transmitted. If frameSize is less than minFrameSize, then the CSMA/CD MAC sublayer shall append extra
bits in units of octets (padPad), after the end of the MAC Client Dataclient data field but prior to calculating
and appending the FCS (if not provided by the MAC client). The number of extra bits shall be sufficient to
ensure that the frame, from the DA field through the FCS field inclusive, is at least minFrameSize bits. If the
FCS is (optionally) provided by the MAC client, the padPad shall also be provided by the MAC client. The
content of the padPad is unspecified.

Change subclause 4.2.4.2.1 as follows:

4.2.4.2.1 Framing

The CSMA/CD sublayer recognizes the boundaries of an incoming MAC frame by monitoring the
receiveDataValid signal provided by the Physical Layer. Two possible length errors can occur that indicate
ill-framed data: the MAC frame may be too long, or its length may not be an integer number of octets.

a) Maximum Frame Size. The receiving CSMA/CD sublayer is not required to enforce the MAC frame
size limit, but it is allowed to truncate MAC frames longer than maxUntaggedFrameSize
maxFrameSizeLimit octets (see 4.2.7.1). If optional layer management is implemented, such frames
may be counted whether or not they are truncated. They may also be reported as an implementation-
dependent error.and report this event as an (implementation-dependent) error. A receiving CSMA/
CD sublayer that supports tagged MAC frames (see 3.5) may similarly truncate frames longer than
(maxUntaggedFrameSize + qTagPrefixSize) octets in length, and report this event as an
(implementation-dependent) error.

b) Integer Number of Octets in Frame. Since the format of a valid MAC frame specifies an integer
number of octets, only a collision or an error can produce a MAC frame with a length that is not an
integer multiple of 8 bits. Complete MAC frames (that is, not rejected as collision fragments; see
4.2.4.2.2) that do not contain an integer number of octets are truncated to the nearest octet boundary. If
frame check sequence validation detects an error in such a MAC frame, the status code alignmentError
is reported.

When a burst of MAC frames is received while operating in half duplex mode at an operating speed of
1000 Mb/s, the individual MAC frames within the burst are delimited by sequences of interframeinterpacket
fill symbols, which are conveyed to the receiving MAC sublayer as extension bits. Once the collision
filtering requirements for a given MAC frame, as described in 4.2.4.2.2, have been satisfied, the receipt of
an extension bit can be used as an indication that all of the data bits of the MAC frame have been received.

burstLimit

duration of carrier Event

MAC Packet with Extension InterPacket MAC Packet InterPacket MAC Packet

Figure 4–5—Packet bursting

CAUTION
It is recommended that any implementation that truncates MAC frames should invalidate those frames as they
may have severely weakened error protection and may cause serious problems if forwarded to the MAC client.
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Change subclause 4.2.7.1 as follows:

4.2.7.1 Common constants, types, and variables

The following declarations of constants, types and variables are used by the MAC frame transmission and
reception sections of each CSMA/CD sublayer:

const
addressSize = 48; {In bits, in compliance with 3.2.3}
lengthOrTypeSize = 16; {In bits}
clientDataSize = ...; {In bits, size of MAC client dataClient Data; see 4.2.2.2, a) 3)}
padSize = ...; {In bits, = max (0, minFrameSize – (2 x addressSize + lengthOrTypeSize +

clientDataSize + crcSize))}
dataSize = ...; {In bits, = clientDataSize + padSize}
crcSize = 32; {In bits, 32-bit CRC}
frameSize = ...; {In bits, = 2 x addressSize + lengthOrTypeSize + dataSize + crcSize; see 4.2.2.2, a)}
minFrameSize = ..; {In bits, implementation-dependent, see 4.4}
maxUntaggedFrameSize = ...; {In octets, implementation-dependent, see 4.4}
maxBasicFrameSize = 1518; {In octets, see 3.2.7, 4.4}
maxEnvelopeFrameSize = 2000; {In octets, see 3.2.7, 4.4}
qTagPrefixSize = 4; {In octets, length of QTag Prefix Q-tag prefix, see 3.53.2.7, 4.4}
maxFrameSizeLimit = maxBasicFrameSize or (maxBasicFrameSize + qTagPrefixSize) or

maxEnvelopeFrameSize ; {in octets}
extend = ...; {Boolean, true if (slotTime – minFrameSize) > 0, false otherwise}
extensionBit = ...; {A non-data value which is used for carrier extension and interframeinterpacket 

during bursts}
extensionErrorBit = ...; {A non-data value which is used to jam during carrier extension}
minTypeValue = 1536; {Minimum value of the Length/Type field for Type interpretation}
maxValidFrame = maxUntaggedFrameSize – (2 x addressSize + lengthOrTypeSize + crcSize) / 8;

{In octets, the maximum length of the MAC client data field. This constant is
defined for editorial convenience, as a function of other constants}

maxBasicDataSize = 1500;
{In octets, the maximum length of the MAC Client Data field of the basic frame.}

slotTime = ...; {In bit times, unit of time for collision handling, implementation-dependent, see 4.4}
preambleSize = 56; {In bits, see 4.2.5}
sfdSize = 8; {In bits, start frame delimiterStart Frame Delimiter}
headerSize = 64; {In bits, sum of preambleSize and sfdSize}

type
Bit = (0, 1);
PhysicalBit = (0, 1, extensionBit, extensionErrorBit);

{Bits transmitted to the Physical Layer can be either 0, 1, extensionBit or
extensionErrorBit. Bits received from the Physical Layer can be either 0, 1
or extensionBit}

AddressValue = array [1..addressSize] of Bit;
LengthOrTypeValue = array [1..lengthOrTypeSize] of Bit;
DataValue = array [1..dataSize] of Bit; {Contains the portion of the MAC frame that starts with the first 

bit following the Length/Type field and ends with the last bit
prior to the FCS field. For VLAN Tagged frames, this value
includes the Tag Control Information field and the original
MAC client Length/Type field. See 3.5}

CRCValue = array [1..crcSize] of Bit;
PreambleValue = array [1..preambleSize] of Bit;
SfdValue = array [1..sfdSize] of Bit;
Copyright © 2006 IEEE. All rights reserved. 17

uthorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 04:57:38 UTC from IEEE Xplore.  Restrictions apply. 

ails: IEEE 802.3as-2006

http://www.avadocuments.com/doc/ieee-802-3as-2006
http://www.avadocuments.com/doc/ieee-802-3as-2006

