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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are members of
ISO or IEC participate in the development of International Standards through technical committees established
by the respective organization to deal with particular fields of technical activity. ISO and IEC technical
committees collaborate in fields of mutual interest. Other international organizations, governmental and non-
governmental, in liaison with ISO and IEC, also take part in the work. In the field of information technology, ISO
and IEC have established a joint technical committee, ISO/IEC JTC 1.

IEEE Standards documents are developed within the IEEE Societie
Committees of the IEEE Standards Association (IEEE-SA) Standards Bo4
through a consensus development process, approved by the Ameri

ther any licensing terms or conditions provided in

connection with submissjo L } e-of a Patent Statement and Licensing Declaration Form, if
any, or in any licenging or non-discriminatory. Users of this standard are expressly
advised that dete@ iof e_validity of any patent rights, and the risk of infringement of such rights, is
entirely their own asib information may be obtained from ISO or the IEEE Standards

Association.

Standards Development Organization cooperation agreement between ISO and IEEE. IEEE is responsible for
the maintenance ofthis document with participation and input from ISO/IEC national bodies.

ISO/IEC/IEEE 8802 consists of the following parts, under the general title Information technology —
Telecommunications and information exchange between systems — Local and metropolitan area networks:

— Part 11: Wireless LAN medium access control (MAC) and physical layer (PHY) specifications
— Part 1X: Port-based network access control

— Part 1AB: Station and media access control connectivity discovery

— Part 1AE: Media access control (MAC) security

— Part 1AR: Secure device identity

— Part 1AS: Timing and synchronization for time-sensitive applications in bridged local area networks
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— Part 15-4: Wireless medium access control (MAC) and physical layer (PHY) specifications for low-rate
wireless personal area networks (WPANSs)
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Abstract: This standard defines a protocol and procedures for the transport of timing over bridged
and virtual bridged local area networks. It includes the transport of synchronized time, the selection
of the timing source (i.e., best master), and the indication of the occurrence and magnitude of timing
impairments (i.e., phase and frequency discontinuities).

Keywords: best master, frequency offset, grandmaster, |IEEE 802.1AS, phase offset,
synchronization, syntonization, time-aware system
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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 or the soundness of any judgments 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.

any express or implied warranty, including any implied warranty of merchantability or fitness for 2
the use of the material contained herein is free from patent infringement. IEEE Standards docupe

comments received from users of the standard. Every IEEE Standard is subjs
revision or reaffirmation, or every ten years for stabilization. When a doc
reaffirmed, or more than ten years old and has not been stabilized, it is y€asonable toxgonchude that itS\contents, although still
pine that they have the
latest edition of any IEEE Standard.

In publishing and making this document available 1 3 ing\or renderinp professional or other services for,
or on behalf of, any person or entity. Nor is the IE taking Y ed by any other person or entity to
another. Any person utilizing this, and any othe ! docuwgent, should rely upon his or her independent
judgment in the exercise of reasonable care in a i i tancss or, as, appropriate, seek the advice of a competent
professional in determining thess

applications. When the peed atténtion of IEEE, the Institute will initiate action to prepare
appropriate responses. Si 2 epredent a cvpsensus of concerned interests, it is important to ensure that any
interpretation 4@ e e ce of interests. For this reason, IEEE and the members of its
societies and Stagdard e not able to provide an instant response to interpretation requests

of IEEE or any Rf i i sall w0t be considered to be, nor be relied upon as, a formal interpretation of the
IEEE. Agfect 3 i inars, or educational courses, an individual presenting information on IEEE standards shall

supporting comments. Recommendations to change the status of a stabilized standard should include a rationale as to why a
revision or withdrawal is required. Comments and recommendations 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

This introduction is not part of IEEE Std 802.1AS-2011, IEEE Standard for Local and metropolitan area networks—
Timing and Synchronization for Time-Sensitive Applications in Bridged Local Area Networks.

This standard specifies the protocol and procedures used to ensure that the synchronization requirements are
met for time-sensitive applications, such as audio and video, across bridged and virtual bridged local area
networks consisting of LAN media where the transmission delays are fixed and symmetrical; for example,
IEEE 802.3™ full-duplex links. This includes the maintenance of synchronized time during normal
operation and following addition, removal, or failure of network components and networkreconfiguration. It
specifies the use of IEEE 1588TM spemﬁcatlons where applicable in the context of IEEE Std 802.1D™-2004

gigny ecognized

445 Hoes Lane
Piscatawa J 08854
USA

Notice to us@

Users ¢ S Ry ent consult all applicable laws and regulations. Compliance with the
provisions 18 does not imply compliance to any applicable regulatory requirements.
Implemet ddard are responsible for observing or referring to the applicable regulatory

compliance with appli€able laws, and these documents may 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 reference, in laws and regulations, and use in private self-regulation,
standardization, and the promotion of engineering practices and methods. By making this document
available for use and adoption by public authorities and private users, the IEEE does not waive any rights in
copyright to this document.

#Information on references can be found in Clause 2.
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Updating of IEEE documents

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

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

ment process,

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

errata periodically.

Interpretations

Current interpretations can be accessed athe f .ieee.org/reading/ieee/interp/

index.html.

Patents

Attention is called to the po is standard may require use of subject matter
covered by patent right ard. w0 position is taken with respect to the existence or
validity of any patent rig \A patent holder or patent applicant has filed a statement
of assurance thill % ¢ ¢/rights without compensation or under reasonable rates,
with reasonable te i are Jemonstrably free of any unfair discrimination to applicants
desiring to obtain guch li : F: fal Patent Claims may exist for which a statement of assurance
has not been recgiv is not responsible for identifying Essential Patent Claims for which a
license may b ducfifig inquiries into the legal validity or scope of Patents Claims, or
determinin§ ng terms or conditions provided in connection with submission of a Letter of
Assurg y Ifeensing agreements are reasonable or non-discriminatory. Users of this
standard_areNe advised that determination of the validity of any patent rights, and the risk of
infringeme i is entirely their own responsibility. Further information may be obtained from

the IEEE Standards As§ociation.
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1. Overvier

1.1 Scope

This stan and procedures used to ensure that the synchronization requirements are
met fer ti Xive apph ations, such as audio and video, across bridged and virtual bridged local area
network area network (LAN) medla Where the transmlsswn delays are fixed and

time during normal_operation and following addition, removal, or failure of network components and
network reconfiguration. It specifies the use of IEEE 1588™ specifications where applicable in the context
of IEEE Std 802.1D™-2004 and IEEE Std 802.1Q™-2005." Synchronization to an externally provided
timing signal (e.g., a recognized timing standard such as UTC or TAl) is not part of this standard but is not
precluded.

1.2 Purpose

This standard enables stations attached to bridged LANs to meet the respective jitter, wander, and time
synchronization requirements for time-sensitive applications. This includes applications that involve

nformation on references can be found in Clause 2.
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multiple streams delivered to multiple endpoints. To facilitate the widespread use of bridged LANSs for these
applications, synchronization information is one of the components needed at each network element where
time-sensitive application data are mapped or demapped or a time-sensitive function is performed. This

standard leverages the work of the IEEE 1588 Working Group by developing the additional specifications
needed to address these requirements.
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2. Normative references

The following referenced documents are indispensable for the application of this standard (i.e., they must be
understood and used, so each referenced document is cited in 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 P802.11vi™™ (D15.0, September 2010), Draft Standard for Information technology—
Telecommunications and information exchange between systems—Local and metropolitan area networks—
Specific requirements, Part 11: Wireless LAN Medium Access Control (MAC) and Physical Layer (PHY)
Specifications—Amendment 8: IEEE 802.11™ Wireless Network Managernent.2

IEEE Std 802.1D™-2004, IEEE Standard for Local and metropolitan area network
(MAC) Bridges.> 4

IEEE Std 802.1Q™- 2005, IEEE Standard for Local and metropolitan area
Area Networks.

exchange between sy
Wireless LAN Medium,

IEEE Std 1588
Measurement and Cg

troduction and Applicability Statements for Internet Standard
undy, R., Partain, D, and Stewart, B

ITU-T Recommendation G.9961, Data link layer (DLL) for unified high-speed wire-line based home
networking transceivers, June 2010.

2IEEE P802.11v/D16 (November 2010) was approved by the IEEE-SA Standards Board on 2 February 2011. It was published as
IEEE Std 802.11v-2011 on 9 February 2011 and is available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane,
Piscataway, NJ 08854, USA (http:/standards.ieee.org).

3EEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, Piscataway, NJ 08854, USA
(http://standards.ieee.org).

“The IEEE standards or products referred to in Clause 2 are trademarks owned by the Institute of Electrical and Electronics Engineers,
Incorporated.

SIETF RFCs are available from the Internet Engineering Task Force Web site at http://www.ietf.org/rfc.html.

SITU-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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ITU-T Recommendation G.984.3, Amendment 2 (2009-11) Gigabit-capable Passive Optical Networks (G-

PON): Transmission convergence layer specification—Time-of-day distribution and maintenance updates
and clarifications, November 2009.

MoCA® MAC/PHY Specification v2.0, MoCA-M/P-SPEC-V2.0-20100507, Multimedia over Coax
Alliance (MoCA).”
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"MoCA specifications are available from the Multimedia over Coax Alliance at http://www.mocalliance.org/specs.
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