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Introduction

This introduction is not part of IEEE Std 802.1BA-2011, IEEE Standard for Local and metropolitan area networks—
Audio Video Bridging (AVB) Systems.

This standard contains state-of-the-art material. The area covered by this standard is undergoing evolution.
Revisions are anticipated within the next few years to clarify existing material, to correct possible errors, and
to incorporate new related material. Information on the current revision state of this and other IEEE 802
standards may be obtained from

Secretary, IEEE-SA Standards Board
445 Hoes Lane

Piscataway, NJ 08854

USA

Notice to users

Laws and regulations

Users of these documents should consult all applicable laws and regulations. Compliance with the
provisions of this standard does not imply compliance toSdny applicable regulatory requirements.
Implementers of the standard are responsible for obserying/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 documentsumay not be construed as doing so.

Copyrights

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 refefence, in laws and regulations, and use in private self-regulation,
standardization, and the promotionlof 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.

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Users of IEEE-standards should be aware that these documents may be superseded at any time by the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,
corrigenday et 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 givén document is the current edition and whether it has been amended through the issuance of
dmendments, 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.
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Errata

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

Interpretations

Current interpretations can be accessed at the following URL: http://standards.ieee.org/findstds/interps/int
dex.html.

Patents

Attention is called to the possibility that implementation of this amendment may require use of subject
matter covered by patent rights. By publication of this amendment, no position is takefi-with respect to the
existence or validity of any patent rights in connection therewith. 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 amendment are expressly advised that determination of the validity of any
patent rights, and the risk of infringement of such rights, is entitely their own responsibility. Further
information may be obtained from the IEEE Standards Associatign.
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IEEE Standard for
Local and metropolitan area networks—

Audio Video Bridging (AVB) Systems

IMPORTANT NOTICE: This standard is not intended to ensure safety, security, health, or«€rvironmental protection.
Implementers of the standard are responsible for determining appropriate safety, security, environmental, and health
practices or regulatory requirements.

This IEEE document is made available for use subject to important notices and'legal disclaimers. These notices and
disclaimers appear in all publications containing this document and may he-found under the heading “Important
Notice” or “Important Notices and Disclaimers Concerning IEEE Documents.” They can also be obtained on request

from IEEE or viewed at http://standards.ieee.org/IPR/disclaimers.html.

1. Overview

1.1 Scope

This standard defines profiles that select featres, options, configurations, defaults, protocols and procedures
of bridges, stations and LANs that are necessary to build networks that are capable of transporting time
sensitive audio and/or video data streamis:

1.2 Purpose

The purpose of this standard is to specify defaults and profiles that manufacturers of LAN equipment can
use to develop AVB¢caomipatible LAN components, and to enable a person not skilled in networking to build
a network, using~those components, that does not require configuration to provide working audio and/or
video services(

1.3 Introduction

The/successful support of time sensitive audio and/or video data streams in a Bridged LAN requires the
selection of specific features and options that are specified in a number of different standards, some of which
are standards developed in IEEE 802, and others (in particular, those that relate to functionality in OSI layer
3 and above ISO/IEC 7498-1:1994 [B3]) that are developed by other bodies. In this standard. it is the

selection of features and options that support OSI layer 1 and 2 LAN functionality that is of interest, in order
to specify the requirements for LAN support both in Bridges and the end stations that attach to them.

The standards from which features and options are selected by this standard are as follows:

a) The VLAN Bridge specification in IEEE Std 802.1Q.

© IEEE 2011 — All rights reserved
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b)  The time synchronization standard, IEEE Std 802.1AS.
c¢) The MAC and PHY standards specified for the various LAN MAC/PHY technologies, such as IEEE
Std 802.3, IEEE Std 802.11, ITU-T G.9960 and ITU-T G.9961 (Powerline), and MoCA.

These features and options are selected by means of the profiles described in Clause 7. These profiles
support specific functions within an AVB network, such as the Bridges and LAN technologies used to carry

the—AV—streanTs; amd—the—emd—stationsthat—attach—to—theEAN—amd—that—provide—the—sourcets)—amd—the
destination(s) of the stream data.

In some cases, there are functions that are needed in order to construct a usable AVB network, but that are
not described in any other standard. In those cases, the technical specification is included in Clause 6 ofjthis
standard, along with a statement of the conformance requirements associated with the function, so that'the
function can be referenced by a profile in the same way as functions defined in any other standard.

Clause 5 introduces the architecture for AVB systems and AVB networks, and some of the, termiinology used
in describing them.

1.4 Objectives

The architecture described in Clause 5, the AVB functions specified in Clagisg 6, and the profiles specified in
Clause 7, are intended to meet the following objectives:

a) Describe the components that can be combined to forp1,an”’AVB network (i.e., a network whose
components cooperate and interoperate to allow thedransmission of AV streams) and how those
components can be combined.

b) Describe some of the consequences and limitations for AVB streaming that result from the
incorporation of non-AV capable devices in an"’AVB network.

¢) Define additional functions that are requiredfor AVB operation that are not otherwise documented
in contributing standards.

d) Provide guidance in terms of meeting the end-to-end latency requirements for successful AVB
operation.

e) Define conformance requirements for AVB systems, in terms of the standards to which conformance
is required for the various system components and the optional features of those standards that are
required to be implemented’ These conformance requirements address the guaranteed delivery, end-
to-end latency, and time_synchronization requirements for successful AVB operation.

© IEEE 2011 — All rights reserved
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AUDIO VIDEO BRIDGING (AVB) SYSTEMS IEEE Std 802.1BA-2011

2. Normative references

The following referenced documents are indispensable for the application of this document (i.e., they must
be understood and used, so each referenced document is cited in the text and its relationship to this
document is explained). For dated references, only the edition cited applies. For undated references, the
latest edition of the referenced document (including any amendments or corrigenda) applies.

IEEE Std 802®, IEEE Standard for Local and Metropolitan Area Networks: Overview and Architecture.” 2

IEEE Std 802.1Q™, IEEE Standards for Local and Metropolitan Area Networks: Virtual Bridged Local Ar¢a
Networks.

IEEE Std 802.1Qbb™, IEEE Standards for Local and Metropolitan Area Networks: Virtual Bridged Local
Area Networks—Amendment: Priority-based Flow Control.

IEEE Std 802.1AS™, IEEE Standards for Local and Metropolitan Area Nefworks: Timing and
Synchronization for Time-Sensitive Applications in Bridged Local Area Networks.

IEEE Std 802.3™, Information technology—Telecommunications and(ihformation exchange between
systems—Local and metropolitan area networks—Specific requirement§—Part 3: Carrier sense multiple
access with collision detection (CSMA/CD) access method and physieal layer specifications.

IEEE Std 802.3az™, Information technology—Telecommurications and information exchange between
systems—Local and metropolitan area networks—Specific<requirements—Part 3: Carrier sense multiple
access with collision detection (CSMA/CD) access methed and physical layer specifications—Amendment
5: Media Access Control Parameters, Physical Layers,"and Management Parameters for Energy-Efficient
Ethernet.

IEEE Std 802.11™, IEEE Standards for Legal and Metropolitan Area Networks: Wireless LAN Medium
Access Control (MAC) and Physical Layer{(PHY) specifications.

IEEE Std 802.11n™, IEEE Standatds for Local and Metropolitan Area Networks: Wireless LAN Medium
Access Control (MAC) and Physical Layer (PHY) specifications—Amendment 5: Enhancements for Higher
Throughput.

IEEE Std 802.11v™; TEEE Standards for Local and Metropolitan Area Networks: Wireless LAN Medium
Access Control (MAC) and Physical Layer (PHY) specifications—Amendment 8: IEEE 802.11 Wireless
Network Mandgemnient.

IEEE P802.11aa™/D5.0, IEEE Standards for Local and Metropolitan Area Networks: Wireless LAN
Mediuth Access Control (MAC) and Physical Layer (PHY) specifications—Amendment 2: MAC
Enhancements for Robust Audio Video Streaming.

ITU-T G.9960 (06/2010) Unified high-speed wireline based home networking transceivers—Revision 1.4

"IEEE publications are available from the Institute of Electrical and Electronics Engineers, Inc., 445 Hoes Lane, Piscataway, NJ 08854,
USA (http://standards.ieee.org/).

2The IEEE standards or products referred to in this clause are trademarks of the Institute of Electrical and Electronics Engineers, Inc.

3This IEEE standards project was not approved by the IEEE-SA Standards Board at the time this publication went to press. For
information about obtaining a draft, contact the IEEE.

ITU-T publications are available from the International Telecommunications Union, Place des Nations, CH-1211, Geneva 20,
Switzerland/Suisse (http://www.itu.int/).
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transceivers.

MoCA MAC/PHY SPECIFICATION v2.0, (MoCA-M/P-SPEC-V2.0-20100507) Multimedia over Coax
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3. Definitions

For the purposes of this document, the following terms and definitions apply. The IEEE Standards
Dictionary: Glossary of Terms & Definitions should be consulted for terms not defined in this clause.’

AV Bridge: relay device (e.g., an IEEE 802.1Q Bridge or an IEEE 802.11 access point) that conforms to the

requirements stated i the AVE profile Tfor a bridge as specified in this standard.

AVB domain: The intersection of an SRP domain and a gPTP domain.

NOTE—”ghe term “SRP domain” is defined in IEEE Std 802.1Q. The term “gPTP domain” is defined in IEEE Std
802.1AS.

AVB network: A contiguous set of Bridges and end stations that meet the conformance requirentents of this
standard.

AVB stream: A data stream associated with a stream reservation established using the Str€am Reservation
Protocol (SRP).

AVB system: A system (a piece of equipment that implements Bridge and/or@nd station functionality) that
meets the conformance requirements for an AVB profile.

AVB profile: A set of feature and option selections that specifi¢s aspects of Bridge and end station
operation, and states the conformance requirements for support of AVB functionality for a specific class of
user applications.

end station, station: These terms are defined in IEEE Std802.

MRP participant: The MRP state machine that participates in MRP protocol, as defined in IEEE Std
802.1Q, Clause 10. There are four variants as follows:

a)  Full Participant

b)  Full Participant, point-to-point subset
c)  Applicant-only Participant

d)  Simple-Applicant Participant

Listener: An end station that is the destination, receiver, or consumer of a stream.

Talker: An end statjennthat is the source, transmitter, or producer of a stream.

SThe IEEE Standards Dictionary: Glossary of Terms & Definitions is available at http://shop.ieee.org/.
®Notes in text, tables, and figures are given for information only and do not contain requirements needed to implement the standard.
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4. Acronyms and abbreviations

AV audio/video

AVB audio/video bridging

C-VLAN Customer VLAN (IEEE Std 802.1Q)

CSN coordinated shared network

EISS Extended Internal Sublayer Service (IEEE Std 802.1Q)
IPG inter packet gap

FID Filtering Identifier (IEEE Std 802.1Q)

FQTSS Forwarding and Queuing Enhancements for Time Sensitive Streams (IEEE Std 802.1Q)
Ghn ITU-T G9960 and ITU-T G.9961

gPTP generalized precision time protocol

LAN Local Area Network (IEEE Std 802.1Q)

MTIE Maximum Time Interval Error

PCS Profile Conformance Statement

PICS Protocol Implementation Conformance Statement

PVID Port VLAN identifier (IEEE Std 802.1Q)

SFD start-of-frame delimiter

SR stream reservation (IEEE Std 802.1Q)

SR_PVID Stream Reservation Port VLAN\Idéntifier (IEEE Std 802.1Q)
SRP Stream Reservation Protocol ({EEE Std 802.1Q)

MAC Media Access Control

MMRP Multiple MAC Registration Protocol (IEEE Std 802.1Q)
MSRP Multiple StreamiRegistration Protocol (IEEE Std 802.1Q)
MVRP Multiple VLAN Registration Protocol (IEEE Std 802.1Q)
TSpec trafficspecification (IEEE Std 802.1Q)

VID VEAN identifier (IEEE Std 802.1Q)

VLAN Virtual LAN (IEEE Std 802.1Q)

6
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5. Architecture of AVB networks

This standard is concerned with the requirements for layer 2 support in bridged networks that support AV
traffic. In that context, an AVB network is considered to consist of the following:

a)  End stations that act as Talkers

b)  End stations that act as Listeners

c) End stations that act as both Talkers and Listeners

d) MAC Bridges that support the bridging requirements of the AVB network
e) Individual LANSs that interconnect the Bridges, Talkers, and Listeners

NOTE—A non-exhaustive list of LAN technologies can be found in Table 6-1. For the purposes of this standard, LANs
are taken to include IEEE 802 LANs and any other LAN technologies that are able to provide the internal sublayer
service (ISS) defined in Clause 6 of IEEE Std 802.1Q.

Figure 5-1 gives an example of how these components can be combined in an AVB network:

Listener

Talker end Talker &
end station Listener
station end
station

Listener

end .
station Listener Talker
end end
station station

Listener
end
station

Talker
end
station

Talker&
Listener
end
station

Listener
end
station a— | AN

Figure 5-1—An AVB network

Practical installations of AVB equipment frequently include non-AVB components (Bridges and end
stations) that are connected to the AVB network, but do not themselves participate in the transmission, relay,
or receipt of AV traffic.

Figure 5-2 illustrates the effect of the establishment of AVB domains (6.4) on the ability of AVB systems to
communicate streams. End stations 1 and 2 are within AVB domain 1, and can therefore communicate
stream traffic between them, via the AV Bridge that connects them. Similarly, end stations 3, 4, and 5 are all
within AVB domain 2, and can therefore communicate stream traffic among them. However, because end
stations 1 and 3 are connected via a region of the network that is not AVB-capable, they are in distinct AVB
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domains, and therefore cannot establish AVB stream communication between them, but all non-AVB
communications can and will continue between these end stations. End station 6 is the only device within
AVB domain 3, and therefore cannot establish AVB stream communication with any other AVB end station.
AVB end station 7 and AVB end station 8 are connected only to each other and form AVB domain 4, which
is isolated; stations 7 and 8 can only communicate with each other.

S a a

dalT C Cy dltT U Cdll U CUUC C¥ d U
consequence of the detection mechanism is that a given end station can only be a member of a single domain.

The non-AV Bridges shown in Figure 5-2 could either be conformant IEEE 802.1D or IEEE 802.1Q Bridges
that do not meet the minimum requirements of the AVB profile in use in the network, or they could be nop=
conformant bridges that forward frames addressed to the reserved addresses in Table 8-1, Table 8;25and
Table 8-3 of IEEE Std 802.1Q. In the former case, the detection of the domain boundary is the result of the
operation of MSRP; in the latter case, the boundary detection is achieved by the determination of
“asCapable” by the generalized precision time protocol (gPTP) defined in IEEE Std 802.1 A8 (see 10.2.4.1
of IEEE Std 802.1AS).

4 . )
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end
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end
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AVB
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station 5
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station

AVB
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( ) station 4
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station 1 station 6
AVB
end non- AVB AVB domain 3 AVB AVB
statiof2 end end end
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J/ © AVB domain boundary port )
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LAN carrying non-AVB traffic
e | AN carrying AVB traffic

Figure 5-2—AVB domain boundaries created by non-AVB systems
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AVB domain boundaries can also be created in a network if the priority to SR class associations are not
consistent across the network. For example, if some Bridges use the default values shown in Table 6-6 of
IEEE Std 802.1Q, where priority 3 is associated with SR Class A traffic and priority 2 is associated with SR
class B traffic, and others associate, say, priority 4 with SR class A traffic and priority 2 with SR class B
traffic, then, because AVB domains are created per SR class, all of the devices will be in the same AVB
domain for SR class B traffic, but adjacent devices that use different priorities for SR Class A traffic will be

Trdifferemt AV B donmamsfor SRctass A traffic-This tstustrated i Figure 5=3; wiere the Bridgesamdemd
stations in AVB domains 2 and 3 use priority 3 with SR class A, whereas AVB domain 4 uses priority 4 and
AVB domain 1 uses priority 5. AVB stream communication using SR class A cannot take place between end,
stations in different AVB domains, regardless of the fact that all of the devices in the network are AVB-
capable (but non-AVB stream communication can take place). Even though AVB domain 2 and 3 bothyuse
priority 3 for SR class A traffic, AVB streams cannot flow between the two domains because the AV ‘Bridge
in AVB domain 1 does not use priority 3 for SR class A traffic and is therefore an AVB domaia boundary
between AVB domains 2 and 3.

s N\ 4 . )
AVB domain 1 AVB AVB,_dotnain 2
AVB end
end station 3 AVB
station 8 e_nd
station 5
AV
end
station 7 SR class A AVB AVB
N uses priority 5 ) end end
SR class A . station 4 station 9
uses priorit
(" SR class A (\M) ) \ P y J
uses priority 3
. Y ( 9 SR class A R
uses-priority 4
AV
AVB Bridge AVB
end end _
station 1 station 6 © AVB domain boundary port
AVB LAN carrying non-AVB traffic
end @ | AN carrying AVB traffic
station 2 end
L AVB dofain 3 ) | station 10 J AvB domain 4

Figuré5-3—AVB domain boundaries created by different SR class A priorities
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AVB domain boundaries can be different for different SR classes, because they are created as a consequence
of the priority values associated with each SR class in each AVB system. This is illustrated in Figure 5-4,
where the AVB domain boundaries for SR class B are different from those shown in Figure 5-3 for SR class
A, despite the underlying network connectivity being identical in both figures. Hence, end stations 2 and 7
(for example) can communicate using AVB stream traffic on SR class B, whereas they are not able to do so
using SR class A.
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Figure 5-4—AVB domain betndaries created by different SR class B priorities
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6. AVB functions

This clause specifies additional functions that are important to the operation of an AVB system, but that are
not specified in the base standards that are used in constructing AVB systems.

oa [l o PR ) -
O.L LITTTYy LITTICITITU LUTTTTTICT

Energy Efficient Ethernet (EEE, specified in IEEE Std 802.3az) specifies a Low Power Idle (LPI) mode of
operation for Ethernet LANSs that allows the LAN to transition to a low power state when there is no activity.
Control of the LPI state is performed by the LPI client, which determines, on the transmission side,<yhen
LPI is asserted and when it is de-asserted. When LPI is de-asserted, there is a delay (wake time) before the
link is ready to operate; the longer the wake time, the longer the additional latency due to the eperation of
EEE.

In order for EEE to be deployed in a manner that is compatible with AVB operation, the following
specifications apply to all Bridges and end stations that participate in a single AVB network.

AVB systems that support EEE and that have an active reservation on a given-Patt (i.e., the Port supports the
credit-based shaper algorithm, as defined in IEEE Std 802.1Q, as the trafismiission selection algorithm for
one or more traffic classes, and the idleSlope parameter associated with @t]east one traffic class is non-zero)
shall support one or both of the following modes of operation:

a)  Never assert LPI on the Port.
b)  Support EEE as follows:

1)  Assert LPI on the Port when the transmission selection function for the Port (8.6.8 of IEEE Std
802.1Q) determines that there are no frames available for transmission.

2) De-assert LPI on the Port when the<transmission selection algorithm for the Port determines
that there is at least one frame ready to transmit.

3) Execute the transmission selection algorithm on the Port again when the PHY for the Port has
come out of the LPI state and 1s ready to transmit.

4) Use a wake time that deesnot exceed the greater of 30 microseconds or the transmission time
for a maximum-sizedEthernet frame on the PHY technology supported by the Port.

NOTE—Requirement b) 3) ensures that, when the transmitter becomes available for transmission, it is the highest
priority frame that is selectéd-for transmission, and not a lower priority frame that became available earlier and triggered
the transition out of the.I'PUstate.

6.2 Flow control

The operation of flow control protocols, for example IEEE 802.3 MAC control PAUSE, or IEEE 802.1Qbb
Priofity*based flow control operating on the priorities that are used to support SR classes, can invalidate any
latency guarantees that result from AVB operation. A conformant AVB system that supports flow control
methods shall

a) __ Disable the operation of MAC control PAUSE on any Ports that support AV streams, and

b) Force the SRPdomainBoundaryPort parameter (6.4) to TRUE for any given Port and SR class if
IEEE 802.1Qbb Priority-based flow control is enabled on that Port for the priority associated with
that SR class.

NOTE—Should any SRP exchanges attempt to cross an SRP domain boundary, the SRP entity transmits the failure code
“Egress Port is not AVB capable” to signal that a stream cannot be established on that path.

11
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Given the Bridge architectural model for points of attachment for higher layer entities, as illustrated in
Figure 8-11 of IEEE Std 802.1Q, any higher layer entities within a Bridge are not subject to this restriction
on the use of flow control protocols. However, where the implementation makes use of the same MAC
interface to support relayed frames and also higher layer protocol operation, and where the implementation
supports other MAC control protocols that are not subject to relay by the Bridge, all transmitted frames that
are not relayed by the Bridge shall be subject to the same transmission selection algorithms as relayed

P . 1 1 et . 1 1 £F, 1
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6.3 Frame sizes

The performance characteristics of an AVB network are sensitive to the data frame sizes that are used ifi,the
network, both for the stream data and for any non-AV data frames that are carried on the network. A
conformant AVB system shall therefore adhere to the maximum frame size rules that apply to [EEE 802.3
frames, regardless of the medium type that is in use, on Ports that support AV traffic. Thiscmeans that, on
Ports that support AV traffic, the maximum data payload carried in a frame is 1500 octets{and the maximum
frame size including headers, tags, etc., is 2000 octets. For the purposes of latency caleulations (6.5), SRP
can take into account the maximum frame size that is present on a given Port. Forexarple, for Ethernet, if
nothing but the basic IEEE 802.3 headers are being used with an IEEE 802.1Q)'C-VLAN tag, then the
maximum frame size on this interface is 1522 octets.

Different media will have different maximum frame sizes. If a device.is'configured to support MAC PDU
sizes larger than 2000 octets on one or more Ports, then those Ports shall be considered not to be AVB
capable from the point of view of the operation of SRP.

6.4 Detection of AVB domains

IEEE Std 802.1Q defines an SRP domain as a connected set of devices and LANs that support SRP with the
same priority per SR class, and IEEE Std 802.1AS"defines a generalized precision time protocol (gPTP)
domain as a connected set of devices that support gPTP. SRP domains are determined by the operation of the
MSRP protocol defined in Clause 35 of IEEESStd 802.1Q; gPTP domains are determined by the operation of
gPTP. As the availability of both SRP and gPTP is considered to be a requirement for the support of AVB
functionality in the profiles described in-this standard, an AVB domain, that is, a connected set of devices and
LANSs within which AVB operation'is supported, is the intersection of an SRP domain and a gPTP domain.

The operation of MSRP allows a Port to make a declaration on its attached LAN of the SR classes that it
supports, and for each supported SR class, the priority code point value that it associates with that SR class.
By comparing its own _supported SR classes and priority values with those received from a neighboring
device attached to the-Port, a determination can be made as to whether the Port is at the boundary of the SRP
domain for a-'given SR class or not. That information is then used to set the value of the
SRPdomainBeundaryPort parameter (6.6.4 of IEEE Std 802.1Q) for that SR class. If the Port is an SRP
domain boundary port for a given SR class, then for that SR class, the operation of the MAP function in SRP
is such(that any Talker Advertise declarations for that SR class that would otherwise be propagated through
that Rort are converted to Talker Failed declarations with a failure code (IEEE Std 802.1Q Table 35-6) of 8,
meaning “Egress port is not AVB-capable”. The consequence of this behavior is that stream reservations can
only be established in circumstances where the Talker and the Listener(s) for the stream are located within
the same SRP domain.

gPTP detects the existence of LANs or devices that cannot support time synchronization; for example,
LANSs that cause excessively large transmission delay variation caused by the presence of non-standard
devices (and detected by the measurement of a transmission delay that exceeds the value of
neighborPropDelayThresh for the Port, as defined in IEEE Std 802.1AS), or LANs that do not support the
time-stamping mechanisms required by gPTP. A port that has been determined not to be capable of
supporting IEEE 802.1AS is labelled as such by gPTP setting the asCapable variable FALSE for that port.

12

© IEEE 2011 — All rights reserved



https://standardsiso.com/api/?name=a5eca7a0924e87cf300a5abdbfa50665

ISO/IEC/IEEE 8802-1BA:2016(E)

AUDIO VIDEO BRIDGING (AVB) SYSTEMS IEEE Std 802.1BA-2011

Some LAN technologies, and in particular, shared medium technologies that are not able to coordinate their
use of the shared medium for stream traffic, are unable to support AVB. Table 6-1 lists the technologies that
were either known to be capable of supporting AVB, or known not to be capable of supporting AVB, at the
time of publication of this standard; however, it is not an exhaustive list.

Fable-6-1—AVB-supportrtANtechrolegles—0—m0m090989 —M

LAN technology AVB support
IEEE 802.3, full duplex and > 100 Mb/s Yes
IEEE 802.3, half duplex or < 100 Mb/s No
IEEE 802.3, EPON Yes
IEEE 802.11n (or faster), with support for the IEEE Yes

802.11v timing measurement function, the IEEE 802.11
ADDTS QoS mechanism, and the IEEE P802.11aa
Reliable Multicast.

MoCA v2.0 with AVB extensions Yes

ITU-T G.9960, ITU-T G.9961 with AVB extensions Yes

NOTE—The measurement point for data rates is assurhed to be at the MAC
service boundary.

This standard extends the SRP domain detection behaviot'specified in MSRP, in order to take account of the
capability of the attached LAN and the information prowided by gPTP, as follows:

a) If the Port does not support gPTP, or if the Port supports the operation of gPTP, and gPTP has
determined that the value of asCapablesis FALSE, or if the LAN attached to the Port is not capable
of supporting AVB, then:

1) The value of the SRPdomainBoundaryPort parameters for all SR classes supported by the Port
shall be TRUE; and

2) The operation of thé MAP function in SRP shall be such that any Talker Advertise declarations
for that SR class that would otherwise be propagated through that Port are converted to Talker
Failed declarations, with a failure code of 8 (“Egress port is not AVB-capable”).

b) If the Port suppotts gPTP and the value of asCapable for the Port is TRUE, the value of the
SRPdomainBoundaryPort parameters for all SR classes supported by the Port are determined as
described-in Clause 35 of IEEE Std 802.1Q.

To supportCenformance with the profiles defined in this standard, Bridges and end stations shall support
IEEE 802. DAS.

6.5 Meeting latency targets for SR classes A and B

One of the objectives behind the profiles specified in this standard is to allow the construction of AVB
networks that meet a common performance metric_in terms of the worst-case end-to-end latency that a

stream will experience in transmission between a Talker and a Listener. For SR classes A and B, target
values for the maximum worst-case latency from Talker to Listener have been set as shown in Table 6-2.
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Table 6-2—Latency targets for SR classes A and B

SR class Max end-to-end latency
A 2 ms
B 50 ms

NOTE 1—The choice of latency targets shown in Table 6-2 reflects the requirements of some typical deployment
scenarios, and should not be taken as hard-and-fast limits on the end-to-end latency in an AV network. Thé&y~do,
however, form a useful basis for achieving “plug-and-play” interoperability.

NOTE 2—The 2 ms figure for SR Class A can be met for 7 hops of 100 Mb/s Ethernet if the maximum,franie size on the
LAN is 1522 octets.

For some media, for example IEEE 802.3 full-duplex media, the latency contribution”of the media access
technology itself is small, so the dominant factor in the latency contribution) of a Bridge is delays
experienced within the Bridge relay, as a result of maximum size interforing frames, fan-in, network
topology, and queueing delays (see L.3 in IEEE Std 802.1Q). The queue¢ing delays include the frame
propagation time through the Bridge, which can have both fixed and wvartable components, along with the
effects of the credit-based shaper defined in IEEE Std 802.1Q (see-8:6.8.2, Clause 34, and Annex L). For
other media, such as the current IEEE 802.11 wireless media, thelatency contribution caused by the media
access technology itself is the dominant factor; for example,4Atis unlikely that a latency contribution of less
than 20 ms can be achieved in a hop based on IEEE Std 802%11. One of the consequences is that where the
latency contribution of a particular LAN technology isilarge, its use might have to be restricted in order for
the overall system performance to meet the latency targets; for example, it is clear from this discussion that,
because current IEEE 802.11 wireless technologies\will contribute at least 20 ms to the end-to-end latency,
they cannot be employed in a Bridged LAN that'is intended to support SR class A with a maximum end-to-
end latency of 2 ms, and at most two IEEE802.11 wireless hops can be employed in a Bridged LAN that is
intended to support SR class B with aymaximum end-to-end latency of 50 ms. Two wireless hops are
supported for the case where a stream 1 transmitted from a Talker to a Listener via an IEEE 802.11 access
point. In general, for a given SR-¢lass, the latency target for the SR class is met if the sum of the latency
contributions made by each hep)does not exceed the latency target for the class. For example, if the path
between Talker and Listener consisted of 6 hops that contributed 5 ms each and 10 hops that contributed 2
ms each, then the latency target for SR Class B would be met, because the sum of the latency contributions
is 50 ms, and therefgre,does not exceed 50 ms.

A consequendte-of the choice of observation intervals for SR classes A and B (125 ps and 250 ps respectively
—see 34¢6:]-0f IEEE Std 802.1Q) is that it is impractical to support AVB streaming over data rates of less
than 100-Mb/s, both because of the limit that would be placed on the frame sizes that could be used, and the
impaet~on the end-to-end latency that would result from maximum-sized frames interfering with AV
strodms.

It follows that, for “plug-and-play” operation of a network supporting SR class A with a maximum end-to-

end latency of 2 ms, it is necessary to use IEEE 802.3 media at data rates of 100 Mb/s or greater (or other
LAN technologies that can equal the performance achievable by IEEE 802.3 media running at 100 Mb/s or
greater). For “plug-and-play” support of SR class B with a maximum end-to-end latency of 50 ms, there can
be at most two IEEE 802.11n (or faster) hops, each of which can contribute no more than 20 ms to the
latency, and the remaining hops, contributing at most a further 10 ms to the maximum latency, based on
other technologies such as IEEE 802.3.
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As discussed in L.3 of IEEE Std 802.1Q), there are a number of factors that increase the latency contribution
of a Bridge. AVB Talkers and Bridges shall report each hop’s worst-case latency via SRP. The following
equation gives an example of how worst-case latency can be calculated for Class A streams:

Max Latency = tpeyice * tMaxPacketSize+1PG +
(tAIIStreams - tStreamPacket—%—IPG) x Rate/MaxAllocBand + tStreamPacket

where

tpevice = the internal delay of the device (in increments of 512 bit times)

NOTE 3—tpgyice 1s an integral multiple of 512 bit times so that it scales with the speed of the media.

tMaxPacketsSize+1pG = the transmission time for a maximum size interfering frame (1522 loctets to
2000 octets) plus its preamble and start of frame delimiter (SFD) (8 octets), and the following inter-
packet gap (IPG) (12 octets)

tstreampacket = the transmission time for the maximum frame size of the Stfeam that is being
reserved, plus its preamble and SFD (8 octets)

tstreamPacket+1pG = the transmission time for the maximum frame size ‘of’the stream that is being
reserved, plus its preamble and SFD (8 octets) and the following IPG (12 octets)

Rate = the transmission rate of the port

MaxAllocBand = maximum allocatable bandwidth, the maximum amount of bandwidth the AVB
system is able to allocate for Class A streams on the port

tinterval = the Class A observation interval or 125 ps

tallstreams = (MaxAllocBand X tyervar) / tRate =the sum of the transmission times of all Class A
stream frames the AVB System is able to allocate\in an observation interval (125 ps) on a port

NOTE 4—Talkers that are not aware of their maximum‘allocatable bandwidth and Bridges should use maximum values
for their maximum allocatable bandwidth (75% of the\port transmission rate) and for their tpjjgqeam (93.75 us in the case
of Class A).

NOTE 5—The logic behind the above formmlation for Max Latency can be found in the paper “AVB Latency Math”
[B1]. Further discussion of latency issues ¢an be found in the paper “Class A Latency Issues” [B2]. Only SR class A
example calculations are shown; SR class B examples can be similarly derived.

For example, a Talker (which is-able to allocate 75% of the bandwidth) or Bridge with 100 Mb/s IEEE 802.3
Ports using standard IEEE\802.3 framing (i.e., the maximum frame size is 1522 octets), reserving a stream
with a maximum franfe $ize of 64 octets, where the device’s internal delay is no more than 512 bit times,
would report the following Max Latency:

Max Ldténcy = 5.12 ps + 123.36 ps + ((75 Mb/s x 125 ps) / 100 Mb/s — 6.72 ps) x
(100 Mb/s / 75 Mb/s) + 5.76 us

=250.28 ps
In comparison, a Talker that is able to allocate only 16% of the bandwidth with 100 Mb/s IEEE 802.3 Ports

using standard IEEE 802.3 framing (i.e., the maximum frame size is 1522 octets) reserving a stream with a
maximum frame size of 230 octets (i.e., the Talker can only transmit one stream, as 16% of the bandwidth

equals one Class A stream with a frame size of 230 octets) where the device’s internal delay is no more than
512 bit times would report the following Max Latency:

Max Latency = 5.12 ps + 123.36 pus + ((16 Mb/s x 125 ps) / 100 Mb/s — 20 us) x
(100 Mb/s / 16 Mb/s) + 19.04 ps
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=147.52 ps

A Talker (which is able to allocate 75% of the bandwidth) or Bridge with 1000 Mb/s IEEE 802.3 Ports using
standard IEEE 802.3 framing (i.e., the maximum frame size is 1522 octets) reserving a stream with a
maximum frame size of 64 octets where the device’s internal delay is no more than 512 bit times would
report the following Max Latency:

Max Latency = 0.512 ps + 12.336 ps + ((750 Mb/s x 125 us) / 1000 Mb/s — 0.672us) x
(1000 Mb/s / 750 Mb/s) + 0.576 ps

= 137.528 ps

In comparison, a Talker that is able to allocate only 1.6% of the bandwidth with 1000 Mb/s IEEE802:3 Ports
using standard IEEE 802.3 framing (i.e., the maximum frame size is 1522 octets) reserving a‘streéam with a
maximum frame size of 230 octets (i.e., the Talker can only transmit one stream, as 1.6% of‘the bandwidth
equals one Class A stream with a frame size of 230 octets) where the device’s internal delay’is no more than
512 bit times would report the following Max Latency:

Max Latency = 0.512 pus + 12.336 ps + ((16 Mb/s x 125 ps) / 1000 Mb/s 2.0 ps) x
(1000 Mb/s / 16 Mb/s) + 1.904 ps

= 14.752 ps

Other media types are not discussed here as IEEE 802.3 is curcéntly the only media type that can support
Class A’s end-to-end latency targets.

NOTE 6—The internal delay of a device is device specific andweeds to be reported in the device’s documentation.

To summarize, the following rules of thumb applyite the technologies that can be used to support SR classes
A and B, based on the latency targets in Table6:2:

a) SR Class A is supportable in Bridges only by full duplex IEEE 802.3 media running at 100 Mb/s or
higher rates, or by other LAN-fechnologies that can equal the performance achievable by IEEE
802.3 media running at-100*Mb/s or higher rates, and where the sum of the worst-case latency
contributions per hop fesults in an overall end-to-end worst-case latency of 2 ms or less.

b) SR Class A traffic_cannot be supported over IEEE 802.11, MoCA, and G hn media, because these
technologies carhet offer a latency contribution lower than 2 ms.

¢) SR Class B js supportable in Bridges by any combination of the following:

1) FullLduptex IEEE 802.3 media running at 100 Mb/s or higher rates

2) Other’LAN technologies that can equal the performance achievable by IEEE 802.3 media
rufthing at 100 Mb/s or higher rates

3) ) IEEE 802.11n (or faster) media

4y MoCA

5) ITU-T G.9960 and ITU-T G.9961 (G.hn)

6) Other LAN technologies that support data rates of 100 Mb/s or more, as long as the sum of the
worst-case latency contributions per hop results in an overall end-to-end worst-case latency of
50 ms or less

PRAY
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6.6 Variable data rate LANs

In some LAN technologies, such as IEEE 802.11 wireless LANs, the available bandwidth can and does
change dynamically as a result of changes in the transmission properties of the wireless medium,
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interference from other devices, and so on. Any change in the bandwidth available on a Bridge Port causes
MSRP to recalculate which streams can be accommodated within the new Port bandwidth, on the basis of
the bandwidth availability parameter values for the supported SR classes (see 34.3 in IEEE Std 802.1Q).
Consequently, a reduction in the available bandwidth could result in some streams being dropped in
accordance with the procedures specified in SRP; these streams could then be re-established following a
later increase in the available bandwidth.

If the frequency of bandwidth changes is high, the impact on the user experience caused by streams being
dropped and then re-established could prove to be undesirable or unacceptable. In order to mitigate the effect
of such fluctuations, for Ports that are supported by variable data rate LANSs it is reccommended that maxRes,
the total reservable bandwidth of the Port in bits/s, should be dynamically managed in a manner that
maximizes the number of reservations that can be accommodated while reducing the probability of
reservations being dropped and re-established unnecessarily. An example of how that might b¢ achieved
follows:

a)  The initial value of maxRes when the Port becomes operable is set to 50% of th€.cufrent data rate of
the attached LAN.

b) If at any time the value of maxRes is greater than 75% of the current datdrate of the attached LAN,
then maxRes is set to 50% of the current data rate, and MSRP re-cal€ulates which streams can be
accommodated within the reduced bandwidth.

c) Ifatany time the value of maxRes is less than 40% of the current.data rate of the attached LAN, then
maxRes is set to 50% of the current data rate, and MSRR_re-calculates which streams can be
accommodated within the increased bandwidth.

d) If at any time the attached LAN reaches its maximum data rate, reset maxRes to 50% of that
maximum data rate.

6.7 Basic support for streams

There are many different applications to whichtAVB equipment will be put, and the requirements for those
applications vary greatly. The most basic_requirement in order for a device to be able to claim to support
AVB is that it is capable of supporting-a single stream (in the case of Talkers and Listeners) or a single
stream per Port (in the case of Bridges)” The profile tables in 7.4.6.2, 7.4.7.2, and 7.4.8.2 therefore identify
support of a single stream as aJuninimum requirement. The detailed requirements for such support are
identified in 6.7.1 through 6.73.

6.7.1 Basic supportfor'streams in Bridges

The requirements~for a Bridge implementation to claim basic support for streams, for those Ports of the
Bridge that suppert AVB, are as follows:

a) _AllPorts shall be capable of supporting at least one stream reservation, associated with a traffic class
that supports FQTSS.

b))* All Ports shall be capable of supporting the registration, declaration, and propagation of the MSRP
attributes associated with a single stream; i.e., a single Talker declaration and the resulting Listener
declaration(s) (see 3.5.1.2 and 3.5.1.3 of IEEE Std 802.1Q).

c) All Ports shall be capable of supporting gPTP.

d)  All Bridges shall support SR class B.
e) Bridges that support two or more IEEE 802.3 Ports shall support SR class A on all IEEE 802.3 Ports.
f)  Bridges shall not support Talker pruning.

NOTE—The existing conformance requirements in IEEE Std 802.1Q mean that support of MVRP is mandatory—see
6.8 and IEEE Std 802.1Q 5.4.
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6.7.2 Basic support for streams in Talkers
The requirements for a Talker implementation to claim basic support for streams are as follows:

a)  The implementation shall be capable of transmitting at least one stream.
b) The implementation shall be capable of declaring the MSRP attributes associated with a single

stream; 1.e., a single lalker declaration, and registering the MSKP attributes associated with the
Listener declaration(s) that result from that Talker declaration (see 3.5.1.2 and 3.5.1.3 of IEEE Std
802.1Q).

¢) The Port shall be capable of supporting gPTP.

d)  The port shall be capable of operating as an IEEE 802.1AS grandmaster.

NOTE—It is possible to build a system that supports talker capability on multiple Ports. From the point of wiew of this
specification, such systems are logically multiple Talkers, each with a single Port, housed in the same syStent.

6.7.3 Basic support for streams in Listeners
The requirements for a Listener implementation to claim basic support for streams are as follows:

a)  The implementation shall be capable of receiving at least one stream,

b) The implementation shall be capable of registering the MSRR attributes associated with a single
stream; i.e., a single Talker declaration, and declaring the¢MSRP attributes associated with the
Listener declaration that results from that Talker declaration (see 3.5.1.2 and 3.5.1.3 of IEEE Std
802.1Q).

c) The Port shall be capable of supporting gPTP.

d) The Port shall be capable of supporting MVRP, and declare a VLAN membership request for the
VID contained in the Talker Advertise [see 11.2.2’and 35.2.2.8.3 b) of IEEE Std 802.1Q].

e)  The port shall not support Talker pruning.

NOTE—It is possible to build a system that supportS-Listener capability on multiple Ports. From the point of view of this
specification, such systems are logically multiple\isteners, each with a single Port, housed in the same system.

6.8 Minimum Bridge requirements

There is a minimum set of optional features specified in IEEE Std 802.1Q that are required in order for a
Bridge to properly support'AVB operation. Further detailed requirements are specified in 7.4.6; however, the
following paragraphs give'an overview of the required features (references in parentheses in the remainder
of this subclause are.to IEEE Std 802.1Q unless stated otherwise).

The starting point is that an AV Bridge is a VLAN Bridge (5.9), which is defined to be a single C-VLAN
component, which is in turn defined to be a VLAN-aware Bridge component that supports the EISS by the
use of/Qustomer VLAN Tags (5.5). Therefore, a conformant AV Bridge supports all of the VLAN-aware
Bridge-component requirements stated in 5.4 a) through 1).

The most basic requirements for a VLAN-aware Bridge component imply support of Rapid Spanning Tree
(the original Spanning Tree Protocol has been deprecated and removed from IEEE Std 802.1Q), support of
at least one VID, and support of tagged frames and untagged frames. For AVB support, at least two VIDs are

required; the default PVID (which is untagged, by default, to carry non-AV traffic), and the default
SR _PVID (tagged, to carry stream traffic). An AV Bridge implementation shall meet the following
requirements in addition to those for VLAN-aware Bridges (5.4):

a)  Support of at least the Acceptable Frame Types parameter value of Admit All frames on each Port
[see 5.4 f)].
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b)  Support of the use of at least two VIDs, one of which is the default PVID (Table 9-2), configured to
be untagged on all Ports, and the other is the default SR PVID (Table 9-2, 35.2.1.4), configured to
be tagged on all Ports.

NOTE 1—A PVID that has been configured to be untagged implies the existence of at least one Static VLAN
Registration Entry in the filtering database that specifies the PVID to be forwarded untagged on all Ports. An SR_PVID
that has been configured to be tagged on all Ports implies that either there is no Static VI, AN Registration Entry for the

SR _PVID, or that a Static VLAN Registration Entry exists for the SR PVID and specifies that the SR _PVID is
forwarded tagged on all Ports. If a Static VLAN Registration Entry exists for the SR_PVID, then some filtering
efficiency can be lost, as any non-stream traffic that uses that VID can potentially be transmitted on all outbound Ports,
not just those where Listeners have registered for that VLAN via MVRP. Hence, it is desirable for there to be no Statie
VLAN Registration Entry in the filtering database for the SR PVID, and to rely on MVRP to register for NVIDs
dynamically as required by the currently active streams.

c) Ifonly asingle FID is supported [5.4 k)], then support the ability to allocate both the PVH) and the
SR_PVID to that single FID [i.e., the implementation supports shared VLAN Learning'(8.8.8)].

Support of the following VLAN-aware Bridge component options (5.4.1) is required ,in an AV Bridge
implementation:

d)  Support of forwarding and queuing for time sensitive streams (5.4.1);
e)  Support of Multiple Stream Reservation Protocol (MSRP).

NOTE 2—MVRP is mandatory for a VLAN Bridge, so it is not mentioned here as it is already covered under [5.4 1)].
Similarly, support of MMRP is not a requirement for AVB.

6.9 IEEE 802.1AS time-synchronization event message transmission interval

IEEE Std 802.1AS makes provision for adjustment of the interval between transmissions of time
synchronization event messages by a Master portycat-the request of a Slave port (see 10.6.2.3 of IEEE Std
802.1AS). In order to support low power/low cost devices that are limited in their ability to process frequent
time synchronization event messages, all.ports that are capable of operating as Master ports, and that
conform to the profiles defined in this standard, shall support a minimum range of 1/8s through 1s for time-
synchronization event message transmigsion interval.

6.10 Effect of hop count on IEEE 802.1AS accuracy

The use of IEEE 802.1AS:time synchronization results in any pair of end stations, separated by no more than
7 hops, being synchronized to within 1 ps. Worst-case time synchronization accuracy degrades linearly
beyond 7 hops. A.number of jitter and wander accumulation simulations were performed, with the results
expressed in terms’ of Maximum Time Interval Error (MTIE). For the cases simulated (see Garner [B4],
[B5], and [B6])’the increase in MTIE on each successive hop after the first hop is less than the MTIE
increase over'the first hop.
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7. AVB profiles’

This clause defines a set of AVB profiles that specify the requirements that are to be met by implementations
of Bridges, Talker end stations, and Listener end stations for which claims of conformance are made. The
profiles are presented in a tabular format based on the format used for PICS proformas.

For each type of implementation (Bridge, Talker, and Listener), a set of common features are identified in
the tables in 7.4. There is also a table in 7.4 that identifies common requirements for MAC support. The
tables identify functionality defined in other standards, and focus on the optional features defined in these
standards in order to make particular choices that are appropriate for the profile concerned. Hence, a feature
that is optional in one of the referenced standards might become mandatory in one or more of the proefiles
defined in this standard. Similarly, where a parameter in a referenced standard can take a range.of values,
that range can be further defined or restricted in order to meet the requirements of a particular profile.

The tables do not contain an exhaustive list of all requirements that are stated in the reférénced standards; for
example, if a row in a table asks whether the implementation is conformant to Stafidard X, and the answer
“Yes” is chosen, then it is assumed that it is possible, for that implementation,to_fill out the PCS proforma
defined in Standard X to show that the implementation is conformant; howeveérsthe tables in this standard
will only further refine those elements of conformance to Standard X whefre particular answers are required
for the profiles defined here.

The profiles are not intended to be mutually exclusive; it is possible that a given implementation can support
more than one of the profiles defined in this standard. If-that is the case, then either the PCS for the
implementation should be filled out in order to reflect thie _support of multiple profiles, or a separate PCS
should be filled out to reflect each profile supported.

7.1 Introduction to PCS proformas

The supplier of an implementation that is’'claimed to conform to a particular profile defined in this standard
shall complete the corresponding Prefile Conformance Statement (PCS) proformag(s).

A completed PCS proforma is the PCS for the implementation in question. The PCS is a statement of which
capabilities and optionstef‘the protocol have been implemented. The PCS can have a number of uses,
including the following:

a) By théprotocol implementer, as a checklist to reduce the risk of failure to conform to the standard
thréugh oversight;

b) <{By'the supplier and acquirer—or potential acquirer—of the implementation, as a detailed indication
of the capabilities of the implementation, stated relative to the common basis for understanding
provided by the standard PCS proforma;

¢) By the user—or potential user—of the implementation, as a basis for initially checking the
possibility of interworking with another implementation (note that, while interworking can never be

guaranteed, Tailure to mterwork can often be predicied Irom mcompatible FCSS);

d) By a protocol tester, as the basis for selecting appropriate tests against which to assess the claim for
conformance of the implementation.

7Copyright release for AVB profiles: Users of this standard may freely reproduce the AVB profiles and PCS proformas in this clause so
that they can be used for the intended purpose and may further publish the completed profiles and PCS.
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7.2 Abbreviations and special symbols

7.2.1 Status symbols

M mandatory

(0] optional

omn optional, but SUPpOLT T at Icast onc o1 the group ol options labeled by the same numeral n
is required

X prohibited

pred:  conditional-item symbol, including predicate identification: see 7.3.4

- logical negation, applied to a conditional item’s predicate

7.2.1.1 General abbreviations

N/A not applicable
PCS Profile Conformance Statement

7.3 Instructions for completing the PCS proforma
7.3.1 General structure of the PCS proforma

The first part of the PCS proforma, implementation identification andprotocol summary, is to be completed
as indicated with the information necessary to identify fully both/the Supplier and the implementation.

The main part of the PCS proforma is a fixed-format questionnaire, divided into several subclauses, each
containing a number of individual items. Answers to the"questionnaire items are to be provided in the
rightmost column, either by simply marking an answer to indicate a restricted choice (usually Yes or No) or
by entering a value or a set or range of values. (Note that there are some items where two or more choices
from a set of possible answers can apply; all relevant choices are to be marked.)

Each item is identified by an item referenceiin the first column. The second column contains the question to
be answered; the third column records'the status of the item—whether support is mandatory, optional, or
conditional: see also 7.3.4. The fourth column contains the reference or references to the material that
specifies the item in the main body of the relevant standard, and the fifth column provides the space for the
answers.

A supplier may also provide (or be required to provide) further information, categorized as either Additional
Information or Exception Information. When present, each kind of further information is to be provided in a
further subclaus¢ of items labeled Ai or Xi, respectively, for cross-referencing purposes, where i is any
unambiguous, identification for the item (e.g., simply a numeral). There are no other restrictions on its format
and presentation.

A completed PCS proforma, including any Additional Information and Exception Information, is the Profile
Conformance Statement for the implementation in question.

NOTE—Where an implementation is capable of being configured in more than one way, a single PCS may be able to
describe all such configurations. However, the supplier has the choice of providing more than one PCS, each covering

e e e Pre aHo o HFatoR-eapas 0 caSe-tha geeS—tof-easter-aha-crearerprese a+Hei-o

the information.
7.3.2 Additional information

Items of Additional Information allow a supplier to provide further information intended to assist the
interpretation of the PCS. It is not intended or expected that a large quantity will be supplied, and a PCS can
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be considered complete without any such information. Examples might be an outline of the ways in which a
(single) implementation can be set up to operate in a variety of environments and configurations, or
information about aspects of the implementation that are outside the scope of this standard but that have a
bearing on the answers to some items.

References to items of Additional Information may be entered next to any answer in the questionnaire and

may D€ InCluded 1 1ems oI EXception Information.
7.3.3 Exception information

It might occasionally happen that a supplier will wish to answer an item with mandatory status (aftet/any
conditions have been applied) in a way that conflicts with the indicated requirement. No pre-printed ahswer
will be found in the Support column for this item. Instead, the supplier shall write the missing@aswer into
the Support column, together with an Xi reference to an item of Exception Information, and shalbprovide the
appropriate rationale in the Exception item itself.

An implementation for which an Exception item is required in this way does not conform to this standard.

NOTE—A possible reason for the situation described previously is that a defect in thi§ standard has been reported, a
correction for which is expected to change the requirement that is not met by the implementation.

7.3.4 Conditional status
7.3.4.1 Conditional items

The PCS proforma contains a number of conditional itemis\These are items for which both the applicability
of the item itself, and its status if it does apply—mandatery or optional—are dependent on whether certain
other items are supported.

Where a group of items is subject to the samescondition for applicability, a separate preliminary question
about the condition appears at the head of\the group, with an instruction to skip to a later point in the
questionnaire if the “Not Applicable’answer is selected. Otherwise, individual conditional items are
indicated by a conditional symbol inthe Status column.

A conditional symbol is of the:form “pred: S” where pred is a predicate as described in 7.3.4.2, and S is a
status symbol, M or O.

If the value of the (predicate is TRUE (see 7.3.4.2), the conditional item is applicable, and its status is
indicated by the Status symbol following the predicate and the answer column is to be marked in the usual
way. If the value)of the predicate is FALSE, the “Not Applicable” (N/A) answer is to be marked.
7.3.4.2-Predicates

Afpredicate is one of the following:

a)  Anitem-reference for an item in the PCS proforma: The value of the predicate is TRUE if the item is
marked as supported and is FALSE otherwise;

b) A predicate-name, for a predicate defined as a Boolean expression constructed by combining item-
references using the Boolean operator OR: The value of the predicate is TRUE if one or more of the
items is marked as supported;

¢) A predicate-name, for a predicate defined as a Boolean expression constructed by combining item-
references using the Boolean operator AND: The value of the predicate is TRUE if all of the items
are marked as supported;
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d)  The logical negation symbol “—” prefixed to an item-reference or predicate-name: The value of the
predicate is TRUE if the value of the predicate formed by omitting the “—” symbol is FALSE, and
vice versa.

Each item whose reference is used in a predicate or predicate definition, or in a preliminary question for
grouped conditional items, is indicated by an asterisk in the Item column.

7.3.5 References to other standards

The following shorthand notation is used in the References columns of the profile tables:
<standard abbreviation>:<clause-number>

where standard abbreviation is one of the following:

Q IEEE Std 802.1Q

AS IEEE Std 802.1AS

Dot3 IEEE Std 802.3

Dotl1 IEEE Std 802.11

Dotllv  IEEE Std 802.11v

Dotllaa IEEE P802.11aa

G.hn ITU-T G.9960 and ITU-T G.9961

MoCA  MoCA MAC/PHY SPECIFICATION v2.0

Hence, a reference to “IEEE Std 802.1Q clause 5.4.2” wauld*be abbreviated to “Q:5.4.2”.

7.4 Common requirements

7.4.1 Implementation identification

Supplier

Contact point for queries about the' PCS

Implementatién-Name(s) and Version(s)

Other information necessary for full
identification, e.g., name(s) and version(s)
ef“machines and/or operating system
names

Only the first three items are required for all implementations; other information may be completed as
appropriate in meeting the requirement for full identification.

NOTE—The terms “Name” and “Version” should be interpreted appropriately to correspond with a supplier’s
terminology (e.g., Type, Series, Model).
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