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Abstract: Protocols, procedures, and managed objects for the transport of timing over local area
networks are defined in this standard. It includes the transport of synchronized time, the selection
of the timing source (i.e., best timeTransmitter), and the indication of the occurrence and magnitude
of timing impairments (i.e., phase and frequency discontinuities).

Keywords: best timeTransmitter, frequency offset, Grandmaster Clock, Grandmaster PTP
Instance, IEEE 802.1AS™, phase offset, PTP End Instance, PTP Relay Instance, synchronization,
syntonization, time-aware system
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Important Notices and Disclaimers Concerning IEEE Standards
Documents

IEEE Standards documents are made available for use subject to important notices and legal disclaimers.
These notices and disclaimers, or a reference to this page (https://standards.ieee.org/ipr/disclaimers.html),
appear in all IEEE standards and may be found under the heading “Important Notices and Disclaimers
Concerning IEEE Standards Documents.”

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

IEEE Standards documents are developed within IEEE Societies and subcommittees of IEEE Standards
Association (IEEE SA) Board of Governors. IEEE develops its standards through an accredited consensus
development process, which brings together volunteers representing varied viewpoints and interests to
achieve the final product. IEEE standards are documents developed by volunteers with scientific, academic,
and industry-based expertise in technical working groups. Volunteers involved in technical working groups
are not necessarily members of IEEE or IEEE SA and participate without compensation from IEEE. While
IEEE administers the process and establishes rules to promote fairness in the consensus development
process, IEEE does not independently evaluate, test, or verify the accuracy of any of the information or the
soundness of any judgments contained in its standards.

IEEE makes no warranties or representations concerning its standards, and expressly disclaims all
warranties, express or implied, concerning all standards, including but not limited to the warranties of
merchantability, fitness for a particular purpose and non-infringement. IEEE Standards documents do not
guarantee safety, security, health, or environmental protection, or compliance with law, or guarantee against
interference with or from other devices or networks. In addition, IEEE does not warrant or represent that the
use of the material contained in its standards is free from patent infringement. IEEE Standards documents
are supplied “AS IS” and “WITH ALL FAULTS.”

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

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

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

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

Use by artificial intelligence systems

In no event shall material in any IEEE Standards documents be used for the purpose of creating, training,
enhancing, developing, maintaining, or contributing to any artificial intelligence systems without the express,
written consent of the IEEE SA in advance. “Artificial intelligence” refers to any software, application, or
other system that uses artificial intelligence, machine learning, or similar technologies, to analyze, train,
process, or generate content. Requests for consent can be submitted using the Contact Us form.!

Official statements

A statement, written or oral, that is not processed in accordance with the IEEE SA Standards Board Operations
Manual is not, and shall not be considered or inferred to be, the official position of IEEE or any of its
committees and shall not be considered to be or be relied upon as, a formal position of IEEE or IEEE SA. At
lectures, symposia, seminars, or educational courses, an individual presenting information on IEEE standards
shall make it clear that the presenter’s views should be considered the personal views of that individual rather
than the formal position of IEEE, IEEE SA, the Standards Committee, or the Working Group. Statements
made by volunteers may not represent the formal position of their employer(s) or affiliation(s). News releases
about IEEE standards issued by entities other than IEEE SA should be considered the view of the entity
issuing the release rather than the formal position of IEEE or IEEE SA.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless of
membership affiliation with IEEE or IEEE SA. However, IEEE does not provide interpretations,
consulting information, or advice pertaining to IEEE Standards documents.

Suggestions for changes in documents should be in the form of a proposed change of text, together with
appropriate supporting comments. Since IEEE standards represent a consensus of concerned interests, it is
important that any responses to comments and questions also receive the concurrence of a balance of interests.
For this reason, IEEE and the members of its Societies and subcommittees of the IEEE SA Board of
Governors are not able to provide an instant response to comments or questions except in those cases where the
matter has previously been addressed. For the same reason, IEEE does not respond to interpretation requests.
Any person who would like to participate in evaluating comments or revisions to an IEEE standard is welcome
to join the relevant IEEE SA working group. You can indicate interest in a working group using the Interests
tab in the Manage Profile & Interests area of the IEEE SA myProject system.2 An IEEE Account is needed to
access the application.

Comments on standards should be submitted using the Contact Us form.!

Laws and regulations

Users of IEEE Standards documents should consult all applicable laws and regulations. Compliance with the
provisions of any IEEE Standards document does not constitute compliance to any applicable regulatory

! Available at: https://standards.ieee.org/about/contact/.
2 Available at: https://development.standards.ieee.org/myproject-web/public/view.html#landing.
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requirements. Implementers of the standard are responsible for observing or referring to the applicable
regulatory requirements. IEEE does not, by the publication of its standards, intend to urge action that is not
in compliance with applicable laws, and these documents may not be construed as doing so.

Data privacy

Users of IEEE Standards documents should evaluate the standards for considerations of data privacy and
data ownership in the context of assessing and using the standards in compliance with applicable laws and
regulations.

Copyrights

IEEE draft and approved standards are copyrighted by IEEE under U.S. and international copyright laws.
They are made available by IEEE and are adopted for a wide variety of both public and private uses. These
include both use, by reference, in laws and regulations, and use in private self-regulation, standardization,
and the promotion of engineering practices and methods. By making these documents available for use and
adoption by public authorities and private users, neither IEEE nor its licensors waive any rights in copyright
to the documents.

Photocopies

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

Updating of IEEE Standards documents

Users of IEEE Standards documents should be aware that these documents may be superseded at any time
by the issuance of new editions or may be amended from time to time through the issuance of amendments,
corrigenda, or errata. 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.

Every IEEE standard is subjected to review at least every 10 years. When a document is more than 10 years
old and has not undergone a revision process, it is reasonable to conclude that its contents, although still of
some value, do not wholly reflect the present state of the art. Users are cautioned to check to determine that
they have the latest edition of any IEEE standard.

In order to determine whether a given document is the current edition and whether it has been amended
through the issuance of amendments, corrigenda, or errata, visit IEEE Xplore or contact IEEE.? For more
information about the IEEE SA or IEEE’s standards development process, visit the IEEE SA Website.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE SA Website.* Search for standard number
and year of approval to access the web page of the published standard. Errata links are located under the

3 Available at: https://ieeexplore.ieee.org/browse/standards/collection/icee.

4 Available at: https://standards.ieee.org/standard/.
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Additional Resources Details section. Errata are also available in IEEE Xplore. Users are encouraged to
periodically check for errata.

Patents

IEEE standards are developed in compliance with the IEEE SA Patent Policy.’

Attention is called to the possibility that implementation of this standard may require use of subject matter
covered by patent rights. By publication of this standard, no position is taken by the IEEE with respect to the
existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant has
filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the
IEEE SA Website at https://standards.ieee.org/about/sasb/patcom/patents/ Letters of Assurance may
indicate whether the Submitter is willing or unwilling to grant licenses under patent rights without
compensation or under reasonable rates, with reasonable terms and conditions that are demonstrably free of
any unfair discrimination to applicants desiring to obtain such licenses.

Essential Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not
responsible for identifying Essential Patent Claims for which a license may be required, for conducting
inquiries into the legal validity or scope of Patents Claims, or determining whether any licensing terms or
conditions provided in connection with submission of a Letter of Assurance, if any, or in any licensing
agreements are reasonable or non-discriminatory. Users of this standard are expressly advised that
determination of the validity of any patent rights, and the risk of infringement of such rights, is entirely their
own responsibility. Further information may be obtained from the IEEE Standards Association.

IMPORTANT NOTICE

Technologies, application of technologies, and recommended procedures in various industries evolve over
time. The IEEE standards development process allows participants to review developments in industries,
technologies, and practices, and to determine what, if any, updates should be made to the IEEE standard.
During this evolution, the technologies and recommendations in IEEE standards may be implemented in
ways not foreseen during the standard’s development. IEEE standards development activities consider
research and information presented to the standards development group in developing any safety
recommendations. Other information about safety practices, changes in technology or technology
implementation, or impact by peripheral systems also may be pertinent to safety considerations during
implementation of the standard. Implementers and users of IEEE Standards documents are responsible for
determining and complying with all appropriate safety, security, environmental, health, data privacy, and
interference protection practices and all applicable laws and regulations.

3 Available at: https://standards.ieee.org/about/sasb/patcom/patents/.
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Introduction

This introduction is not part of IEEE Std 802.1AS-2025, IEEE Standard for Local and Metropolitan Area
Networks—Timing and Synchronization for Time-Sensitive Applications.

The first edition of IEEE Std 802.1AS was published in 2011. A first corrigendum, IEEE Std
802.1AS-2011/Cor 1-2013, provided technical and editorial corrections. A second corrigendum, IEEE Std
802.1AS-2011/Cor 2-2015 provided additional technical and editorial corrections.

The second edition, IEEE Std 802.1AS-2020, added support for multiple gPTP domains, Common Mean
Link Delay Service, external port configuration, and fine timing measurement for IEEE 802.11 transport.
Backward compatibility with IEEE Std 802.1AS-2011 was maintained. A corrigendum, IEEE Std
802.1AS-2020/Cor 1-2021, provides technical and editorial corrections.

The third edition, IEEE Std 802.1AS-2025, is a roll-up of IEEE Std 802.1AS-2020 with the corrigendum
IEEE Std 802.1AS-2020/Cor 1-2021 and amendments IEEE Std 802.1ASdr-2024, IEEE Std
802.1ASdn-2024, and IEEE Std 802.1ASdm-2024. Backward compatibility with IEEE Std 802.1AS-2011
and IEEE Std 802.1AS-2020 is maintained.
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IEEE Standard for
Local and Metropolitan Area Networks—

Timing and Synchronization for
Time-Sensitive Applications

1. Overview

1.1 Scope

This standard specifies protocols, procedures, and managed objects used to ensure that the synchronization
requirements are met for time-sensitive applications, such as audio, video, and time-sensitive control, across
networks, for example, IEEE 802 and similar media. This includes the maintenance of synchronized 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 802.1Q™.° Synchronization to an externally provided timing signal [e.g., a recognized timing
standard such as Coordinated Universal Time (UTC) or International Atomic Time (TAI)] is not part of this
standard but is not precluded.

1.2 Purpose

This standard enables systems to meet the respective jitter, wander, and time-synchronization requirements
for time-sensitive applications, including those that involve multiple streams delivered to multiple end
stations. To facilitate the widespread use of packet networks 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.

6 Information on references can be found in Clause 2.
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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; therefore, 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 Std 754™-2008, IEEE Standard for Floating-Point Arithmetic.”

IEEE Std 802®-2024, IEEE Standard for Local and Metropolitan Area Networks: Overview and
Architecture.

IEEE Std 802.1AC™-2016, IEEE Standard for Local and Metropolitan Area Networks—Media Access
Control (MAC) Service Definition.

IEEE Std 802.1AX™-2020, IEEE Standard for Local and Metropolitan Area Networks—Link Aggregation.

IEEE Std 802.1Q™-2022, IEEE Standard for Local and Metropolitan Area Networks—Bridges and Bridged
Networks.

IEEE Std 802.3™-2022, IEEE Standard for Ethernet.

IEEE Std 802.11™-2016, IEEE 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.

IEEE Std 1588™-2019, IEEE Standard for a Precision Clock Synchronization Protocol for Networked
Measurement and Control Systems.

IEEE Std 1588e™-2024, IEEE Standard for Precision Clock Synchronization Protocol for Networked
Measurement and Control Systems—Amendment 5: MIB and YANG Modules.

IERS Bulletin C (see https://www.iers.org/IERS/EN/Publications/Bulletins/bulletins.html).

IETF RFC 3410, Introduction and Applicability Statements for Internet Standard Management Framework,
Case, J., R. Mundy, D. Partain, and B. Stewart, Dec. 2002.°

IETF RFC 3418 (STD 62), Management Information Base (MIB) for the Simple Network Management
Protocol (SNMP), Presuhn, R., ed, Dec. 2002.

IETF RFC 7950, The YANG 1.1 Data Modeling Language, Bjorklund, M., ed, Aug. 2016.

ISO 80000-3:2006, Quantities and units—Part 3: Space and time.1?

7IEEE publications are available from The Institute of Electrical and Electronics Engineers (https://standards.ieee.org).

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

9 IETF RFCs are available from the Internet Engineering Task Force (https://www.ietf.org/).
19150 publications are available from the International Organization for Standardization (https:/www.iso.org/) and the American
National Standards Institute (https://www.ansi.org/).

Documents

Document Sharing Hub

20
Authorized licensed use limited to: Tsinghua Um\(%?&%&ﬁt"’@%?ﬂ m@epwﬁrﬁgﬁtgq%%gwg&&m UTC from IEEE Xplore. Restrictions apply.
Full document details: IEEE 802.1AS-2025


http://www.avadocuments.com/doc/ieee-802-1as-2025
http://www.avadocuments.com/doc/ieee-802-1as-2025

IEEE Std 802.1AS-2025
IEEE Standard for Local and Metropolitan Area Networks—Timing and Synchronization for Time-Sensitive Applications

ITU-T Recommendation G.984.3 (Nov. 2009), Amendment 2, Gigabit-capable Passive Optical Networks
(G-PON): Transmission convergence layer specification—Time-of-day distribution and maintenance
updates and clarifications. 1

ITU-T Recommendation G.9960 (Nov. 2018), Unified high-speed wire-line based home networking
transceivers—System architecture and physical layer specification [with ITU-T G.9961, commonly referred
to as “ITU-T G.hn”].

ITU-T Recommendation G.9961 (Nov. 2018), Unified high-speed wireline-based home networking
transceivers—Data link layer specification [with [TU-T G.9960, commonly referred to as “ITU-T G.hn”].

MoCA® MAC/PHY Specification v2.0, MoCA-M/P-SPEC-V2.0-20100507, Multimedia over Coax
Alliance (MoCA). 12

M TU-T publications are available from the International Telecommunications Union (https://www.itu.int/).
2MoCA specifications are available from the Multimedia over Coax Alliance (https://www.mocalliance.org/).
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3. Definitions

For the purposes of this standard, the following terms and definitions apply. The /IEEE Standards Dictionary
Online should be consulted for terms not defined in this clause.'3

3.1 accuracy: The mean of the time or frequency error between the clock under test and a reference clock
over an ensemble of measurements (see IEEE Std 1588-2019).

3.2 Bridge: Either a MAC Bridge or a VLAN-aware Bridge, as specified in Clause 5 of IEEE Std
802.1Q-2022.

3.3 clock: A physical device that is capable of providing a measurement of the passage of time since a
defined epoch.

3.4 default: The value of an implementation parameter or capability selection, in the absence of an
overriding profile standard requirement or explicit configuration.

3.5 device: An entity implementing some functionality, e.g., a clock, a time-aware system, a port.

3.6 direct communication: A communication of IEEE 802.1AS information between two PTP Instances
with no intervening PTP Instance.

3.7 end station: A device attached to a local area network (LAN) or metropolitan area network (MAN) that
acts as a source of, and/or destination for, traffic carried on the LAN or MAN.

3.8 epoch: The origin of a timescale.

3.9 event message: A message that is timestamped on egress from a PTP Instance and ingress to a PTP
Instance.

NOTE—See 8.4.3.14

3.10 fractional frequency offset: The fractional offset, y, between a measured clock and a reference clock
as defined by the following:

:fmff;ﬂ
YT

where f,, is the frequency of the measured clock and f, is the frequency of the reference clock. The
measurement units of f,, and f,. are the same.

3.11 frequency offset: The offset between a measured frequency and a reference frequency as defined by
JSm — 1, where f,, is the frequency of the measured clock and f,. is the frequency of the reference clock. The
measurement units of f,, and f,. are the same.

3.12 general message: A message that is not timestamped.

3.13 gPTP communication path: A segment of a generalized precision time protocol (gPTP) domain that
enables direct communication between two PTP Instances.

NOTE—See 8.1.

B JEEE Standards Dictionary Online is available at https://dictionary.ieee.org/. An IEEE Account is required for access to the
dictionary, and one can be created at no charge on the dictionary sign-in page.

14 Notes in text, tables, and figures of a standard are given for information only and do not contain requirements needed to implement
this standard.
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3.14 grandmaster-capable PTP Instance: A PTP Instance that is capable of being a Grandmaster
PTP Instance.

3.15 Grandmaster Clock: In the context of a single gPTP domain, the synchronized time of a PTP Instance
that is the source of time to which all other PTP Instances in the domain are synchronized.

3.16 Grandmaster PTP Instance: A PTP Instance containing the Grandmaster Clock.

NOTE—None of the PTP Ports of a Grandmaster PTP Instance is in the TimeReceiverPort state.

3.17 local area network (LAN): A network of devices, whether indoors or outdoors, covering a limited
geographic area, e.g., a building or campus.

3.18 local clock: A free-running clock, embedded in a respective entity (e.g., PTP Instance, CSN node), that
provides a common time to that entity relative to an arbitrary epoch.

3.19 message timestamp point: A point within an event message serving as a reference point for when a
timestamp is taken.

3.20 message type: The message type of a message is the name of the respective message, e.g., Sync,
Announce, Timing Measurement frame.

3.21 precision: A measure of the deviation from the mean of the time or frequency error between the clock
under test and a reference clock (see IEEE Std 1588-2019).

3.22 primary reference: A source of time and/or frequency that is traceable to international standards.
See also: traceability.

3.23 profile standard: A standard specifying the capabilities, options, and parameter values of one or more
base standards for use in a specific target environment or application.

3.24 PTP End Instance: A PTP Instance that has exactly one PTP Port.

3.25 PTP Instance: An instance of the IEEE 802.1AS protocol, operating in a single time-aware system
within exactly one domain. A PTP Instance implements the portions of IEEE Std 802.1AS indicated as
applicable to either a PTP Relay Instance or a PTP End Instance.

NOTE—As used in IEEE Std 802.1AS, the term PTP Instance refers to an IEEE 1588 PTP Instance that conforms to the
requirements of IEEE Std 802.1AS.

3.26 PTP Link: Within a domain, a network segment between two PTP Ports using the peer-to-peer delay
mechanism of IEEE Std 802.1AS. The peer-to-peer delay mechanism is designed to measure the
propagation time over such a link.

NOTE—A PTP Link between PTP Ports of PTP Instances is also a gPTP communication path (see 3.13).

3.27 PTP Relay Instance: A PTP Instance that is capable of communicating synchronized time received on
one PTP Port to other PTP Ports, using the IEEE 802.1AS protocol.

NOTE—A PTP Relay Instance could, for example, be contained in a Bridge, a router, or a multi-port end station.

3.28 recognized timing standard: A recognized standard time source that is a source external to IEEE 1588
precision time protocol (PTP) and provides time that is traceable to the international standards laboratories
maintaining clocks that form the basis for the International Atomic Time (TAI) and Coordinated Universal
Time (UTC) timescales. Examples of these sources are National Institute of Standards and Technology
(NIST) timeservers and global navigation satellite systems (GNSSs).
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3.29 reference plane: The boundary between a PTP Port of a PTP Instance and the network physical
medium. Timestamp events occur as frames cross this interface.

3.30 residence time: The duration of the time interval between the receipt of a time-synchronization event
message by a PTP Instance and the sending of the next subsequent time-synchronization event message on
another PTP Port of that PTP Instance. Residence time can be different for different PTP Ports. The term
residence time applies only to the case where syncLocked is TRUE.

NOTE 1—See 10.2.5.15 for the definition of the variable syncLocked.

NOTE 2—If a PTP Port of a PTP Instance sends a time-synchronization event message without having received a
time-synchronization event message, e.g., if syncLocked is FALSE or if sync receipt timeout occurs (see 10.7.3.1), the
duration of the interval between the most recently received time-synchronization event message and the sent
time-synchronization event message is mathematically equivalent to residence time; however, this interval is not
normally called a residence time.

3.31 sdold: An attribute that is the primary mechanism for providing isolation of PTP Instances operating
under a PTP profile specified by one Qualified Standards Development Organization (QSDO) from PTP
Instances operating under a PTP profile specified by a different QSDO (see 7.1.3 and 7.1.4 of IEEE Std
1588-2019).

3.32 stability (of a clock or clock signal): A measure of the variations over time of the frequency error (of
the clock or clock signal). The frequency error typically varies with time due to aging and various
environmental effects, e.g., temperature.

3.33 synchronized clocks: Absent relativistic effects, two clocks are synchronized to a specified uncertainty
if they have the same epoch and their measurements of the time of a single event at an arbitrary time differ
by no more than that uncertainty.

NOTE—See 8.2.2.

3.34 synchronized time: The time of an event relative to the Grandmaster Clock.

NOTE—If there is a change in the Grandmaster PTP Instance or its time base, the synchronized time can experience a
phase and/or frequency step.

3.35 syntonized clocks: Absent relativistic effects, two clocks are syntonized to a specified uncertainty if
the duration of a second is the same on both, which means the time as measured by each advances at the
same rate within the specified uncertainty. The two clocks might or might not share the same epoch.

3.36 time-aware system: A device that contains one or more PTP Instances and/or PTP services
(e.g., Common Mean Link Delay Service).

NOTE 1—See 11.2.17 for a description of the Common Mean Link Delay Service.

NOTE 2—A time-aware system can contain more than one PTP Instance in the same domain and/or different domains.
3.37 timescale: A measure of elapsed time since an epoch.

3.38 timestamp measurement plane: The plane at which timestamps are captured. If the timestamp
measurement plane is different from the reference plane, the timestamp is corrected for ingressLatency
and/or egressLatency. See: reference plane.

NOTE—For timestamping on egress and ingress, see 8.4.3.

3.39 traceability: See 3.1.81 in IEEE Std 1588-2019.
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4. Acronyms and abbreviations

Ack acknowledgment

ADEV Allan deviation

ARB arbitrary

BC Boundary Clock

BTC best timeTransmitter clock

BTCA best timeTransmitter clock algorithm

CID Company identification (allocated by the IEEE)
CMLDS Common Mean Link Delay Service

CSN coordinated shared network

CTC channel time clock

EPON IEEE 802.3™ Ethernet Passive Optical Network, as specified in IEEE Std 802.3-2022
FTM fine timing measurement

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

GM Grandmaster

GMT Greenwich mean time

GNSS global navigation satellite system

GPS global positioning (satellite) system

gPTP generalized precision time protocol

IERS International Earth Rotation and Reference Systems Service
1P Internet Protocol

ISS Internal Sublayer Service

LAN local area network

LCI location configuration information

LLC logical link control

MAC media access control

MACsec media access control security
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MD media-dependent

MIB Management Information Base

MLME IEEE 802.11 MAC layer management entity
MPCP IEEE 802.3 multipoint control protocol
MPCPDU IEEE 802.3 MPCP data unit

NETCONF Network Configuration Protocol

NMS Network Management System

NTP network time protocol15

OLT IEEE 802.3 optical line terminal

ONU IEEE 802.3 optical network unit

OSSP organization-specific slow protocol

OUI Organizationally Unique Identifier

p2p peer-to-peer

PICS Protocol Implementation Conformance Statement
POSIX® portable operating system interface (see ISO/IEC 9945:2003 [B24]16)
PTP IEEE 1588 precision time protocol

PTPDEV PTP deviation

QSDO Qualified Standards Development Organization
RTT round-trip time

SI international system of units

SMI Structure of Management Information

SMIv2 Structure of Management Information version 2
SNMP Simple Network Management Protocol

STA station

TAI International Atomic Time

TC Transparent Clock

13 Information available at https:/www.ietf.org/rfc/rfe] 305 txt.
16 The numbers in brackets correspond to the numbers in the bibliography in Annex H.
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TDEV time deviation

TDM time division multiplexing
TDMA time division multiple access
TLV type, length, value

™ timing measurement

UCT unconditional transfer

UML® Unified Modeling Language™ 17
UTC Coordinated Universal Time
VLAN virtual local area network
WLAN wireless local area network

TUMLY is a registered trademark of the Object Management Group, Inc., and Unified Modeling Language™ is a trademark of the
Object Management Group, Inc.
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5. Conformance

This clause specifies the mandatory and optional capabilities provided by conformant implementations of
this standard.

5.1 Requirements terminology

For consistency with existing IEEE and IEEE 802.1 standards, requirements placed upon conformant
implementations of this standard are expressed using the following terminology:

a)  shall is used for mandatory requirements.

b) may is used to describe implementation or administrative choices (“may” means “is permitted to,”
and hence, “may” and “may not” mean precisely the same thing).

¢) should is used for recommended choices (the behaviors described by “should” and “should not” are
both permissible but not equally desirable choices).

The Protocol Implementation Conformance Statement (PICS) proforma (see Annex A) reflects the
occurrences of the words shall, may, and should within the standard. The words shall, may, and should, as
used in Annex A itself, reflect the use of the PICs and not conformance to the standard.

The standard avoids needless repetition and apparent duplication of its formal requirements by using is, is
not, are, and are not for definitions and the logical consequences of conformant behavior. Behavior that is
permitted but is neither always required nor directly controlled by an implementer or administrator, or
whose conformance requirement is detailed elsewhere, is described by can. Behavior that never occurs in a
conformant implementation or system of conformant implementations is described by cannot. The word
allow is used as a replacement for the phrase “support the ability for,” and the word capability means “can
be configured to.”

5.2 Protocol Implementation Conformance Statement (PICS)

The supplier of an implementation that is claimed to conform to this standard shall complete a copy of the
PICS proforma provided in Annex A and shall provide the information necessary to identify both the
supplier and the implementation.

5.3 Time-aware system requirements

An implementation of a time-aware system shall support at least one IEEE 1588 precision time protocol
(PTP) Instance.

5.4 PTP Instance requirements and options
5.4.1 PTP Instance requirements
An implementation of a PTP Instance shall:

a) Implement the generalized precision time protocol (gPTP) requirements specified in Clause 8.

b) Support the requirements for time-synchronization state machines (10.1.2, 10.2.1, 10.2.2, 10.2.3,
10.2.4,10.2.5, and 10.2.6).

¢) Support at least one PTP Port.
d)  On each supported PTP Port, implement the PortSyncSyncReceive state machine (10.2.8).
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e)
f)
g

h)

)

Implement the ClockTimeReceiverSync state machine (10.2.13).
Implement the SiteSyncSync state machine (10.2.7).
Implement the state machines related to signaling gPTP capability (10.4).

NOTE 1—5.4.1 g) does not include the GptpCapablelntervalSetting state machine (10.4.4), despite its name
containing “GptpCapable”.

NOTE 2—The GptpCapableTransmit and GptpCapableReceive state machines are required; however, they can
be disabled by setting the managed object gptpCapableStateMachinesEnabled (see 14.10.56) to FALSE.

For receipt of all messages and for transmission of all messages except Announce (see 10.6.3),
support the message requirements as specified in 10.5, 10.6, and 10.7.

NOTE 3—The support of Signaling messages is mandatory [5.4.1 h)] because the state machines related to the
signaling of gPTP capability are mandatory [5.4.1 g)].

Support the performance requirements in B.1 and B.2.4.

5.4.2 PTP Instance options

An implementation of a PTP Instance should:

a)

Support the performance requirements in B.2.2 and B.2.3.

An implementation of a PTP Instance may:

b)

d)
e)

2
h)

)

Support the following media-independent timeTransmitter capability on at least one PTP Port:
1) Implement the PortSyncSyncSend state machine (10.2.12).

2) Implement the PortAnnounceTransmit state machine (10.3.16).

3) Implement the AnnouncelntervalSetting state machine (10.3.17).

4) For transmit of the Announce message, support the message requirements as specified in 10.5,
10.6, and 10.7.

Support the following for Grandmaster PTP Instance capability:

1) Support the media-independent timeTransmitter capability specified in item b) of 5.4.2.
2)  Support the requirements for a grandmaster-capable PTP Instance (10.1.3).

3) Implement the ClockTimeTransmitterSyncSend state machine (10.2.9).

4) Implement the ClockTimeTransmitterSyncOffset state machine (10.2.10).

5) Implement the ClockTimeTransmitterReceive state machine (10.2.11).

Support more than one PTP Port as a PTP Relay Instance (5.4.4).

Support more than one PTP Instance; such support allows for more than one domain (7.3.2).
Support the following external port configuration capability on at least one port:

1) Implement specifications for externalPortConfigurationEnabled value of true (10.3.1).
2) Implement the PortAnnouncelnformationExt state machine (10.3.14).

3) Implement the PortStateSettingExt state machine (10.3.15).

Implement the SynclntervalSetting state machine (10.3.18).

Implement the GptpCapablelntervalSetting state machine.

Implement one or more of the application interfaces specified in Clause 9; A PTP Instance that
claims to support application interfaces shall state which application interfaces are supported.

Support timing and synchronization management as specified in Clause 14.
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k)  Support the use of a remote management protocol. A PTP Instance that claims to support remote
management shall:

1) State which remote management protocol standard(s) or specification(s) are supported
(see A.19).

2) State which standard(s) or specification(s) for managed object definitions and encodings are
supported for use by the remote management protocol (see A.19).

3) If the Simple Network Management Protocol (SNMP) is supported as a remote management
protocol, support the managed object definitions specified as Structure of Management
Information version 2 (SMIv2) Management Information Base (MIB) modules in Clause 15.

4) If YANG is supported with a remote management protocol, support the YANG data model
ieee802-dotlas-gptp in Clause 17.

5) If YANG is supported with a remote management protocol, and if hot standby is supported,
support the YANG data model ieee802-dotlas-hs in Clause 17.

1) Implement both BTCA and external port configuration on domains other than domain 0; if both
possibilities are implemented on domains other than domain 0, the default value of
externalPortConfigurationEnabled shall be FALSE.

m) Implement hot standby as specified in Clause 18, 14.8,9.3.3.4,9.4.3.4,9.5.3.4, and 9.6.2.6.

n) Implement the Drift Tracking TLV as specified in 10.2.4.26, 10.2.4.27, 10.2.4.28, 11.2.14, 11.2.15,
and 11.4.4.

5.4.3 PTP Instance defaults and recommendations

This standard identifies specific capabilities and parameter values as defaults. If these defaults are not
further qualified by reference to the use of other capabilities or by profile standards, the defaults are intended
to facilitate deployment and to provide interoperability in target environments and applications with
time-aware system implementations conformant to this standard (including its 2011 and 2020 editions).
Mandatory requirements that this standard does not identify as defaults, or call out in some other way, are
not subsetted or modified by profile standards.

Changes to capability support or parameter defaults arising from conformance to a profile standard should
be identified in the PCS for that profile standard. Changes to defaults by pre-configuration of parameter
values by the supplier of a protocol implementation should be identified by Additional Information
(see A.3.2) in a completed PICS for this standard.

For domain 0, an implementation of a PTP Instance shall, by default, support the following best
timeTransmitter clock algorithm (BTCA) requirements:

a) Have the BTCA as the default mode of operation, with externalPortConfigurationEnabled FALSE.
b) Implement the BTCA (10.3.1.1, 10.3.1.2, 10.3.2, 10.3.3, 10.3.4, 10.3.5, 10.3.6, 10.3.8, and 10.3.10).
¢) Implement specifications for an externalPortConfigurationEnabled value of FALSE (10.3.1).

d) Implement the PortAnnounceReceive state machine (10.3.11).

e) Implement the PortAnnouncelnformation state machine (10.3.12).

f)  Implement the PortStateSelection state machine (10.3.13).

For domains other than domain 0, an implementation of a PTP Instance shall, by default, support the
following best timeTransmitter clock algorithm (BTCA) requirements:

g) Implement at least one of the possibilities for externalPortConfigurationEnabled (i.e., FALSE,
meaning the BTCA is used, and TRUE, meaning external port configuration is used) on domains
other than domain 0.
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h)

If BTCA is used then:

1) Implement the BTCA (10.3.1.1, 10.3.1.2, 10.3.2, 10.3.3, 10.3.4, 10.3.5, 10.3.6, 10.3.8, and
10.3.10).

2) Implement specifications for an externalPortConfigurationEnabled value of FALSE (10.3.1).
3) Implement the PortAnnounceReceive state machine (10.3.11).

4) Implement the PortAnnouncelnformation state machine (10.3.12).

5) Implement the PortStateSelection state machine (10.3.13).

5.4.4 PTP Relay Instance requirements

An implementation of a PTP Relay Instance shall:

a)
b)

Support more than one PTP Port.
Support the media-independent timeTransmitter capability specified in item b) of 5.4.2.

5.5 MAC-specific timing and synchronization methods for full-duplex IEEE 802.3

links

An implementation of a time-aware system with IEEE 802.3 media access control (MAC) services to
physical ports shall:

a)
b)

¢)
d)

e)

Support full-duplex operation, as specified in 4.2 and Annex 4A of IEEE Std 802.3-2022.

Support the requirements as specified in Clause 11 [with the exception of requirements more
specifically addressed in this subclause (5.5)].

Support two-step capability on receive as specified in 11.2.14.
Support two-step capability on transmit as specified in 11.2.15.

Provide the CMLDS if the time-aware system implements more than one domain, as specified in
11.2.17 and 11.2.18.

An implementation of a PTP Instance with IEEE 802.3 MAC services to physical ports may:

f)

2
h)
i)
j)
k)

)

Support asymmetry measurement mode as specified in 10.3.12, 10.3.13, 10.3.16, 11.2.14, 11.2.15,
11.2.19, and 14.10.46.

Support one-step capability on receive as specified in 11.2.14.

Support one-step capability on transmit as specified in 11.2.15.
Support the OneStepTxOperSetting state machine specified in 11.2.16.
Support propagation delay averaging, as specified in 11.2.19.3.4.

Provide the CMLDS if the time-aware system implements only one domain, as specified in 11.2.17
and 11.2.18.

Implement the LinkDelayIntervalSetting state machine (11.2.21).

5.6 MAC-specific timing and synchronization methods for IEEE Std 802.11-2016

An implementation of a time-aware system with [IEEE 802.11 MAC services to physical ports shall:

a)
b)

Support the requirements as specified in Clause 12.
Support at least one of:
1) The media-dependent timeTransmitter state machines (12.5.1), or
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2) The media-dependent timeReceiver state machine (12.5.2).
An implementation of a PTP End Instance with IEEE 802.11 MAC services to physical ports shall:

c¢) Support at least one of TIMINGMSMT as specified in IEEE Std 802.11-2016 or
FINETIMINGMSMT as specified in IEEE Std 802.11-2016.

An implementation of a PTP Relay Instance with IEEE 802.11 MAC services to physical ports shall:
d)  Support the requirements of TIMINGMSMT as specified in IEEE Std 802.11-2016.

An implementation of a PTP Relay Instance with IEEE 802.11 MAC services to physical ports should:
e)  Support FINETIMINGMSMT as specified in IEEE Std 802.11-2016.

NOTE—In order to maintain backward compatibility with existing TM-based PTP End Instances that support only
timing measurement (TM), the PTP Relay Instance is required to support TM. PTP End Instances are allowed to support
TM or fine timing measurement (FTM), or both to permit PTP End Instances compliant with this standard to implement
only the FTM standard, which requires a PTP Relay Instance that supports FTM.

5.7 MAC-specific timing and synchronization methods for IEEE 802.3 EPON

An implementation of a time-aware system with IEEE 802.3 Ethernet Passive Optical Network (EPON)
MAC services to physical ports shall:

a)  Support the requirements as specified in IEEE Std 802.3-2022 for multipoint MAC Control (64.2
and 64.3 of IEEE Std 802.3-2022) and multipoint physical coding sublayer (PCS) and physical
medium attachment (PMA) extensions (Clause 65 of IEEE Std 802.3-2022).

b)  Support the requirements as specified in Clause 13.

5.8 MAC-specific timing and synchronization methods for coordinated shared
network (CSN)

An implementation of a time-aware system with CSN MAC services to physical ports shall:

a)  Support the requirements as specified in Clause 16.
b)  Support at least one MoCA port (16.6.2) or ITU-T G.hn port (16.6.3).
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6. Conventions

6.1 General

This clause defines various conventions and notation used in the standard, i.e., naming conventions, service
specification method and notation, and data type definitions.

6.2 Service specification method and notation

The method and notation for specifying service interfaces is described in Clause 7 of IEEE Std
802.1AC-2016.

6.3 Lexical form syntax
A lexical form refers to the following:

— Aname
— A data type

The conventions illustrated in the following list regarding lexical forms are used in this standard:

a)  Type names: e.g., ClockQuality (no word separation, initial letter of each word capitalized).

b) Enumeration members and global constants: e.g., ATOMIC CLOCK (word separation underscored,
all letters capitalized).

¢) Fields within PTP messages, instances of structures, and variables: e.g., secondsField, clockQuality,
clocklIdentity (two-word field names at a minimum, no word separation, initial word not capitalized,
initial letter capitalization on subsequent words).

d) Members of a structure: e.g., clockQuality.clockClass (no word separation, structure name followed
by a period followed by the member name).

e) Data set names: e.g., defaultDS, parentDS, portDS, currentDS, timePropertiesDS (no word
separation, initial word not capitalized, initial letter capitalization on subsequent words, end marked
by the letters DS).

f)  Data set members: e.g., defaultDS.clockQuality.clockClass (data set name followed by a period
followed by a member name followed by a period followed by a member name).

g) PTP message names: e.g., Sync, Pdelay Req (word separation underscored, initial letter of each
word capitalized).

When a lexical form appears in text, as opposed to in a type, or a format definition, the form is to be
interpreted as singular, plural, or possessive as appropriate to the context of the text.

6.4 Data types and on-the-wire formats

6.4.1 General

The data types specified for the various variables and message fields define logical properties that are
necessary for correct operation of the protocol or interpretation of IEEE 1588 precision time protocol (PTP)
or IEEE 802.11 message content.

NOTE—Implementations are free to use any internal representation of data types if the internal representation does not
change the semantics of any quantity visible via communications using the IEEE 802.1AS protocol or in the specified
operations of the protocol.
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6.4.2 Primitive data types specifications

All non-primitive data types are derived from the primitive types in Table 6-1. Signed integers are
represented in twos complement form.

Table 6-1—Primitive data types

Data type Definition
Boolean TRUE or FALSE
EnumerationN N-bit enumerated value
UlntegerN N-bit unsigned integer
IntegerN N-bit signed integer
Nibble 4-bit field not interpreted as a number
Octet 8-bit field not interpreted as a number
OctetN N-octet field not interpreted as a number, with N > 1
Float64 (see NOTE) IEEE 754 binary64 (64-bit double-precision floating-point format)
NOTE—The Float64 data type was called Double in the 2011 edition of this standard. The semantics of the data
type has not changed.

6.4.3 Derived data type specifications
6.4.3.1 ScaledNs
The ScaledNs type represents signed values of time and time interval in units of 2716 ps.
typedef Integer96 ScaledNs;
For example: —2.5 ns is expressed as:
OxFFFF FFFF FFFF FFFF FFFD 8000

Positive or negative values of time or time interval outside the maximum range of this data type are encoded
as the largest positive or negative value of the data type, respectively.

6.4.3.2 UScaledNs
The UScaledNs type represents unsigned values of time and time interval in units of 2716 g
typedef Ulnteger96 UScaledNs;
For example: 2.5 ns is expressed as:
0x0000 0000 0000 0000 0002 8000

Values of time or time interval greater than the maximum value of this data type are encoded as the largest
positive value of the data type.
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6.4.3.3 Timelnterval
The Timelnterval type represents time intervals, in units of 2716 ps.
typedef Integer64 Timelnterval;
For example: 2.5 ns is expressed as:
0x0000 0000 0002 8000

Positive or negative time intervals outside the maximum range of this data type are encoded as the largest
positive and negative values of the data type, respectively.

6.4.3.4 Timestamp
The Timestamp type represents a positive time with respect to the epoch.
struct Timestamp

{
Ulnteger48 seconds;

Ulnteger32 nanoseconds;

55
The seconds member is the integer portion of the timestamp in units of seconds.
The nanoseconds member is the fractional portion of the timestamp in units of nanoseconds.
The nanoseconds member is always less than 10°.
For example:
+2.000000001 seconds is represented by seconds = 0x0000 0000 0002 and nanoseconds= 0x0000 0001
6.4.3.5 ExtendedTimestamp
The ExtendedTimestamp type represents a positive time with respect to the epoch.
struct Extended Timestamp

{
Ulnteger48 seconds;

Ulnteger48 fractionalNanoseconds;

55

The seconds member is the integer portion of the timestamp in units of seconds.

The fractionalNanoseconds member is the fractional portion of the timestamp in units of 2716 ns.
The fractionalNanoseconds member is always less than (2]6)(109).

For example:

+2.000000001 seconds is represented by seconds = 0x0000 0000 0002 and fractionalNanoseconds =
0x0000 0001 0000
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6.4.3.6 Clockldentity

The Clockldentity type identifies a PTP Instance.
typedef Octet8 ClocklIdentity;

6.4.3.7 Portldentity

The Portldentity type identifies a port of a PTP Instance.

struct Portldentity

{
Clockldentity clockldentity;

Ulnteger16 portNumber;
I

6.4.3.8 ClockQuality
The ClockQuality represents the quality of a clock.

struct ClockQuality

{
Ulnteger8 clockClass;

Enumeration8 clockAccuracy;
Ulnteger16 offsetScaledLogVariance;

¥
6.4.4 Protocol data unit (PDU) formats
6.4.4.1 General

The data types defined in 6.4.2 and 6.4.3 shall be mapped onto the wire according to the mapping rules for
the respective medium, e.g., IEEE Std 802.3-2022 and IEEE Std 802.11-2016, and the terms of 6.4.4.

IEEE 802.1AS PDUs consist of the messages defined or referenced in Clause 10, Clause 11, Clause 12, and
Clause 13, based on the data types defined in 6.4.2 and 6.4.3. The internal ordering of the fields of the
IEEE 802.1AS PDUs is specified in 6.4.4.3 to 6.4.4.5.

6.4.4.2 Numbering of bits within an octet
Bits are numbered with the most significant bit being 7 and the least significant bit being 0.

NOTE—The numbering and ordering of bits within an octet of a PDU, described here, is independent of and unrelated to
the order of transmission of the bits on the underlying physical layer.

6.4.4.3 Primitive data types

Numeric primitive data types defined in 6.4.2 shall be formatted with the most significant octet nearest to the
beginning of the PDU followed in order by octets of decreasing significance.

The Boolean data type TRUE shall be formatted as a single bit equal to 1 and FALSE as a single bit equal
to 0.
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Enumerations of whatever length shall be formatted as though the assigned values are unsigned integers of
the same length, e.g., Enumeration16 shall be formatted as though the value had type Ulntegerl6.

6.4.4.4 Arrays of primitive types

All arrays shall be formatted with the member having the lowest numerical index nearest to the beginning of
the PDU followed by successively higher numbered members, without any padding. In octet arrays, the
octet with the lowest numerical index is termed the most significant octet.

When a field containing more than one octet is used to represent a numeric value, the most significant octet
shall be nearest to the beginning of the PDU, followed by successively less significant octets.

When a single octet contains multiple fields of primitive data types, the bit positions within the octet of each
of the primitive types as defined in the message field specification shall be preserved. For example, the first
field of the header of PTP messages is a single octet composed of two fields, one of type Nibble bit 4
through bit 7, and one of type Enumeration4 bit 0 through bit 3 (see 11.4.2 and 10.6.2).

6.4.4.5 Derived data types
Derived data types defined as structs shall be formatted with the first member of the struct nearest to the
beginning of the PDU followed by each succeeding member, without any padding. Each member shall be

formatted according to its data type.

Derived data types defined as typedefs shall be formatted according to its referenced data type.

6.5 State diagram conventions

State diagrams follow the conventions specified in IEEE Std 802.1Q-2022 Annex E.
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7. Time-synchronization model for a packet network

7.1 General

This clause provides a model for understanding the operation of the generalized precision time protocol
(gPTP), which specifies the operation of time-aware systems on a packet network. Although this standard is
based on the precision time protocol (PTP) described in IEEE Std 1588-2019 (and, indeed, is a proper
profile of IEEE Std 1588-2019 in particular configurations), there are differences, which are summarized
in7.6.

NOTE—Although this standard has been written as a stand-alone document, it is useful to understand the IEEE 1588
architecture as described in Clause 6 of IEEE Std 1588-2019.

7.2 Architecture of a time-aware network
7.2.1 General

A time-aware network consists of a number of interconnected time-aware systems that support the gPTP
defined within this standard. These time-aware systems can be any networking device, including, for
example, Bridges, routers, and end stations. A set of time-aware systems that are interconnected by
gPTP-capable network elements is called a gPTP network. Each instance of gPTP that the time-aware
systems support is in one gPTP domain, and the instances of gPTP are said to be part of that gPTP domain.
A time-aware system can support, and therefore be part of, more than one gPTP domain. The entity of a
single time-aware system that executes gPTP in one gPTP domain is called a PTP Instance. A time-aware
system can contain multiple PTP Instances, which are each associated with a different gPTP domain. There
are two types of PTP Instances:

a) PTP End Instance, which, if not a Grandmaster PTP Instance, is a recipient of time information, and

b) PTP Relay Instance, which, if not a Grandmaster PTP Instance, receives time information from the
Grandmaster PTP Instance (perhaps indirectly through other PTP Relay Instances), applies
corrections to compensate for delays in the local area network (LAN) and the PTP Relay Instance
itself, and retransmits the corrected information.

This standard specifies gPTP in terms of media-independent and media-dependent elements for different
media. The supported media are as follows:

c¢) IEEE 802.3 Ethernet using full-duplex point-to-point links as specified in Clause 11.
d) IEEE 802.3 EPON links as specified in Clause 13.
e) IEEE 802.11 wireless as specified in Clause 12.

f)  Generic coordinated shared networks (CSNs, e.g., MoCA and ITU-T G.hn) as specified in
Clause 16.

This standard specifies time distribution mechanisms that are tolerant to some faults if the network paths are
redundant. One of these time distribution mechanisms updates the distribution path in reaction to changes
(see 10.3.1.2), whereas the other one relies on redundant PTP Instances on top of the redundant network
paths (see Clause 18).

This standard specifies multiple mechanisms for providing fault tolerant synchronized time:

g) The best timeTransmitter clock algorithm (BTCA) that allows dynamic reconfiguration of the
synchronization tree of a gPTP domain in case of failure, see 10.3.1.2.
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h) Hot standby (see Clause 18) that provides fault tolerance for GM and path failures.

i)  The use of multiple gPTP domains that allows the use of multiple timescales. It also allows
independent instances of the BTCA providing an independent synchronization tree for each domain.

If a time-aware network implements hot standby, the BTCA algorithm is disabled for the domains providing
hot standby, and the synchronization tree for these domains is statically configured by network management.

7.2.2 gPTP domains

gPTP requires that all systems in the gPTP domain be time-aware systems, i.e., the protocol does not transfer
timing over systems that are not time-aware. A time-aware system uses media-dependent mechanisms to
distinguish between time-aware and non-time-aware systems, as specified in the media-dependent clauses of
this standard.

NOTE—A synchronization tree is calculated by the BTCA or statically configured to achieve the best synchronization
result in a network. A forwarding spanning tree such as IEEE 802.1Q RSTP can differ because it serves different
purposes.

7.3 Examples of time-aware networks
7.3.1 Time-aware network consisting of a single gPTP domain

Figure 7-1 illustrates an example time-aware network consisting of a single gPTP domain, using all the
above network technologies [i.e., item c) through item f) of 7.2.1], where end stations on several local
networks are connected to a Grandmaster PTP Instance on a backbone network via an EPON access
network.
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Figure 7-1—Time-aware network example

Any PTP Instance with clock sourcing capabilities can be a potential Grandmaster PTP Instance, and a
selection method (the best timeTransmitter clock algorithm, or BTCA) ensures that all of the PTP Instances
in the gPTP domain use the same Grandmaster PTP Instance.'® The BTCA is largely identical to that used in
IEEE Std 1588-2019, but somewhat simplified. In Figure 7-1 the BTCA process has resulted in the
Grandmaster PTP Instance being on the network backbone. If, however, the access network fails, the
systems on a local network automatically switch over to one of the potential Grandmaster PTP Instances on
the local network that is as least as “good” as any other. For example, in Figure 7-2, the access network link
has failed, and a potential Grandmaster PTP Instance that has a GNSS reference source has become the
active Grandmaster PTP Instance. As a result, now two gPTP domains exist where there used to be one.

18 There are, however, short periods during network reconfiguration when more than one Grandmaster PTP Instance might be active
while the BTCA process is taking place.
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Figure 7-2—Time-aware network of Figure 7-1 after an access network link failure

7.3.2 Time-aware network consisting of multiple gPTP domains

Figure 7-3 illustrates an example time-aware network consisting of multiple gPTP domains that could be
used in an industrial application. Specifically, in this example the network has two timescales/domains,
where domain 0 uses the PTP timescale and domain 1 uses the arbitrary (ARB) timescale (see 8.2). Notice
that not all PTP Instances in domain 1 (within the blue shorter-dashed area) have domain 0 active in this
example, even though every time-aware system supports domain 0 for backward compatibility with the 2011
edition of this standard. In addition, it is required that all PTP Instances belonging to the same domain have
direct connections among them in their physical topology (e.g., time cannot be transported from one PTP
Instance in domain 0 to another PTP Instance in domain 0 via a time-aware system that does not have
domain 0 active). In addition, the time-aware systems for which both domains are active are depicted by
slanted internal hatching, representing two independent, active PTP Instances.

As in the single-domain case, any of the network technologies of 7.2.1 can be used. The Grandmaster PTP
Instance of each domain is selected by the BTCA; in this case, a separate, independent instance of the BTCA
is invoked in each domain.

7.3.3 Time-aware networks using BTCA

Figure 7-4 shows an example network realizing two redundant synchronization trees from a single GM, each
with its own GM. The two GMs receive timing from the single clock source.
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NOTE —All the “bridges” and “routers” in this figure are examples of time-aware systems that contain at least one PTP
Relay Instance, and the end stations are time-aware systems that contain at least one PTP End Instance.

Figure 7-3—Time-aware network example for multiple gPTP domains
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end station end station

clock target clock target

NOTE 1—The methods used for merging the redundant Sync messages received at each end station are not specified
in this standard.

NOTE 2—All the “bridges” in this figure are examples of time-aware systems that contain PTP Relay Instances, and
the end stations are examples of time-aware systems that contain PTP End Instances.

NOTE 3—GM denotes Grandmaster PTP Instance

Figure 7-4—Time-aware network example for synchronization path redundancy, with one
clock source providing time to two domains

Figure 7-5 shows an example network with two redundant GMs, one as primary GM and the other as
secondary GM, where each GM has one of the two redundant synchronization trees originating from it. This
example supports hot-standby operating mode. In this mode, the secondary GM has to be synchronized to
the primary GM, because it is part of the synchronization tree of the primary GM as shown in the figure. The
secondary GM does not start sending Sync messages until it is synchronized to the primary GM.
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clock target clock target
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NOTE 1—The methods used for merging the redundant Sync messages received at each end station are not specified in
this standard.

NOTE 2—All the “bridges” in this figure are examples of time-aware systems that contain PTP Relay Instances, and the end
stations are examples of time-aware systems that contain PTP End Instances.

NOTE 3—GM denotes Grandmaster PTP Instance.

Figure 7-5—Time-aware network example for GM redundancy with one primary GM and one
hot-standby GM, which are separated in two gPTP domains

7.3.4 Time-aware network with hot standby

Figure 7-6 shows an example of a time-aware network with hot standby (see Clause 18). The network has
GM redundancy and path redundancy to all of the Bridges and end stations 1, 4, and 6 (path redundancy for
end stations 2, 3, and 5 is possible, but is not illustrated to avoid clutter in the figure). In addition, for
simplicity the optional split functionality (see 18.6.4) is assumed to be disabled.

End station 1 is the primary GM (see Clause 18), and its synchronization tree is illustrated by the arrows of
the primary grandmaster synchronization tree. End station 4 is the secondary GM, and its synchronization
tree is illustrated by the arrows of the secondary grandmaster synchronization tree. Except for the links to
end stations 2, 3, and 5, the network can tolerate the failure of any single link and the Bridges and end
stations remain synchronized by either the primary or the secondary GM. For example, if the link between
bridge 3 and end station 6 fails, end station 6 is still synchronized by the primary domain via bridge 2. If the
link between bridge 5 and bridge 6 fails, bridge 6 is still synchronized by the primary domain and bridge 5 is
synchronized by the secondary domain. If the secondary GM fails, all the Bridges and end stations are still
synchronized by the primary GM.
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NOTE 1—All the “bridges” in this figure are examples of time-aware systems that contain PTP Relay Instances, and the end stations are
examples of time-aware systems that contain PTP End Instances.
NOTE 2—GM denotes Grandmaster PTP Instance.

Figure 7-6—Time-aware network example for hot standby with both GM and partial path
redundancy

If the primary GM fails, all the Bridges and end stations are still synchronized by the secondary GM. In this
case, if syncLocked is TRUE for any node in the path from end station 1 to end station 4, the primary PTP
Instance of end station 4 stops receiving Sync messages and isSynced changes to FALSE; the
hotStandbySystemState of end station 4 is then changed to NOT REDUNDANT (see Clause 18). If
syncLocked is FALSE, and assuming the Bridges and end stations other than the GMs are not grandmaster
capable, the time difference between the primary and secondary domain eventually exceeds the
primarySecondaryOffsetThresh (see Clause 18) and the hotStandbySystemState of end station 4 changes to
NOT_REDUNDANT. Irrespective of the syncLocked state, the secondary GM no longer takes timing from
the primary domain.

If the link between bridge 4 and bridge 5 fails, all the PTP Instances except for bridge 4 and end station 4 are
then synchronized by the primary domain. Bridge 4 and end station 4 are synchronized by the secondary
domain; in addition, bridges 1, 2, and 3, and end stations 1, 4, 5, and 6 receive timing on the secondary
domain. Since end station 4 does not receive timing on the primary domain, its hotStandbySystemState
changes to NOT _REDUNDANT, and the secondary domain GM does not take timing from the primary
domain.
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7.4 Time synchronization
7.4.1 General

Time synchronization in gPTP is done the same way (in the abstract) as is done in IEEE Std 1588-2019: a
Grandmaster PTP Instance sends information including the current synchronized time to all directly attached
PTP Instances. Each of these PTP Instances must correct the received synchronized time by adding the
propagation time needed for the information to transit the gPTP communication path from the Grandmaster
PTP Instance. If the PTP Instance is a PTP Relay Instance, then it must forward the corrected time
information (including additional corrections for delays in the forwarding process) to all the other attached
PTP Instances.

To make this all work, there are two time intervals that must be precisely known: the forwarding delay
(called the residence time), and the time taken for the synchronized time information to transit the gPTP
communication path between two PTP Instances.

7.4.2 Delay measurement

Each type of LAN or gPTP communication path has different methods for measuring propagation time, but
they are all based on the same principle: measuring the time that a well-known part of a message is
transmitted from one device and the time that the same part of the same message is received by the other
device, then sending another message in the opposite direction and doing the same measurement as shown in
Figure 7-7.

802.1AS initiator 802.1AS responder

tx: t1

reqUGSt

rx: t2

tx: t3

rx: t4

know t1,t2,t3,t4
calculate:
d=((t2-t1)+(t4-t3))/2

Figure 7-7—Conceptual medium delay measurement

This basic mechanism is used as the foundation for media-dependent measurement mechanisms specified in
the media dependent clauses of this standard (see 7.2.1).

7.4.3 Logical syntonization

The time-synchronization correction previously described is dependent on the accuracy of the delay and
residence time measurements. If the clock used for this purpose is frequency locked (syntonized) to the
Grandmaster Clock, then all the time interval measurements use the same time base. Since actually adjusting
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the frequency of an oscillator (e.g., using a phase-lock loop) is slow and prone to gain peaking effects, PTP
Relay Instances can correct time interval measurements using the Grandmaster Clock frequency ratio.

Each PTP Instance measures, at each PTP Port, the ratio of the frequency of the PTP Instance at the other
end of the link attached to that PTP Port to the frequency of its own clock. The cumulative ratio of the
Grandmaster Clock frequency to the local clock frequency is accumulated in a standard organizational type,
length, value (TLV) attached to the Follow Up message (or the Sync message if the optional one-step
processing is enabled). The frequency ratio of the Grandmaster Clock relative to the local clock is used in
computing synchronized time, and the frequency ratio of the neighbor relative to the local clock is used
in correcting the propagation time measurement (NRR is not shown in Figure 7-7).

The Grandmaster Clock frequency ratio is measured by accumulating neighbor frequency ratios for two
main reasons. First, if there is a network reconfiguration and a new Grandmaster PTP Instance is elected, the
nearest neighbor frequency ratios do not have to be newly measured as they are constantly measured using
the Pdelay messages. This results in the frequency offset relative to the new Grandmaster Clock being
known when the first Follow_Up message (or first Sync message if the optional one-step processing is
enabled) is received, which reduces the duration of any transient error in synchronized time during the
reconfiguration. This is beneficial to many high-end audio applications. Second, there are no gain peaking
effects because an error in frequency offset at one PTP Relay Instance, and resulting residence time error,
does not directly affect the frequency offset at a downstream PTP Relay Instance.

7.4.4 Energy efficiency

Sending PTP messages at relatively high rates when there is otherwise little or no traffic conflicts with the
goal of reducing energy consumption. This standard specifies a way to request that a neighbor PTP Port
reduce the rate of sending Sync (and Follow_Up if optional one-step processing is not enabled), peer delay,
and Announce messages and also to inform the neighbor not to compute neighbor rate ratio and/or
propagation delay on this link. A time-aware system could do this when it enters low-power mode, but this
standard does not specify the conditions under which this is done; it specifies only the actions a time-aware
system takes.
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7.5 PTP Instance architecture

The model of a PTP Instance and its interfaces to higher-layer applications are shown in Figure 7-8.
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Figure 7-8—Model for a PTP Instance and its interfaces to higher-layer applications

A PTP Instance consists of the following major parts:

a) If the PTP Instance includes application(s) that either use or source time information, then they
interface with the gPTP information using the application interfaces specified in Clause 9.

b) A single media-independent part that consists of ClockTimeTransmitter, ClockTimeReceiver, and
SiteSync logical entities, one or more PortSync entities, and a LocalClock entity. The BTCA and
forwarding of time information between logical ports and the ClockTimeReceiver and
ClockTimeTransmitter is done by the SiteSync entity, while the computation of PTP Port-specific
delays needed for time-synchronization correction is done by the PortSync entities. The
media-independent layer can be extended by hot standby (see Clause 18).
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¢) Media-dependent ports, which translate the abstract “MDSyncSend” and “MDSyncReceive”
structures received from or sent to the media-independent layer and corresponding methods used for
the particular LAN attached to the port.

7.6 Differences between gPTP (IEEE Std 802.1AS) and PTP (IEEE Std 1588-2019)

a)  gPTP assumes all communication between PTP Instances is done only using IEEE 802 MAC PDUs
and addressing, while IEEE Std 1588-2019 supports various layer 2 and layer 3-4 communication
methods.

b) gPTP specifies a media-independent sublayer that simplifies the integration within a single timing
domain of multiple different networking technologies with radically different media access
protocols. gPTP specifies a media-dependent sublayer for each medium. The information exchanged
between PTP Instances has been generalized to support different packet formats and management
schemes appropriate to the particular networking technology. IEEE Std 1588-2019, on the other
hand, has introduced a new architecture based on media-independent and media-dependent
sublayers (see 6.5.2, Figure 5, and Figure 6 of IEEE Std 1588-2019); however, this architecture is
optional. The architecture of IEEE Std 1588-2008 [B10], which is not based on media-independent
and media-dependent layers, has been retained for Internet Protocol (IP) version 4, IP version 6,
Ethernet LANSs, and several industrial automation control protocols. The intent in IEEE Std
1588-2019 is that the new architecture, based on media-independent and media-dependent layers,
will be used for IEEE 802.11 networks, IEEE 802.3 EPON, and CSN using the specifications of
gPTP, and that the architecture must be used for transports that define native timing mechanisms if
those native timing mechanisms are used.

c) In gPTP there are only two types of PTP Instances: PTP End Instances and PTP Relay Instances,
while IEEE Std 1588-2019 has Ordinary Clocks, Boundary Clocks, end-to-end Transparent Clocks,
and P2P Transparent Clocks. A PTP End Instance corresponds to an IEEE 1588 Ordinary Clock, and
a PTP Relay Instance is a type of IEEE 1588 Boundary Clock where its operation is very tightly
defined, so much so that a PTP Relay Instance with Ethernet ports can be shown to be
mathematically equivalent to a P2P Transparent Clock in terms of how synchronization is
performed, as shown in 11.1.3. In addition, a PTP Relay Instance can operate in a mode (i.e., the
mode where the variable syncLocked is TRUE; see 10.2.5.15) where the PTP Relay Instance is
equivalent to a P2P Transparent Clock in terms of when time-synchronization messages are sent. A
time-aware system measures link delay and residence time and communicates these in a correction
field. In summary, a PTP Relay Instance conforms to the specifications for a Boundary Clock in
IEEE Std 1588-2019, but a PTP Relay Instance does not conform to the complete specifications for
a P2P Transparent Clock in IEEE Std 1588-2019 because:

1) When syncLocked is FALSE, the PTP Relay Instance sends Sync according to the
specifications for a Boundary Clock, and

2) The PTP Relay Instance invokes the BTCA and has PTP Port states.

d) PTP Instances communicate gPTP information only directly with other PTP Instances. That is, a
gPTP domain consists ONLY of PTP Instances. Non-PTP Relay Instances cannot be used to relay
gPTP information. In IEEE Std 1588-2019, it is possible to use non-IEEE-1588-aware relays in an
IEEE 1588 domain, although this slows timing convergence and introduces extra jitter and wander
that must be filtered by any IEEE 1588 clock.

e) For full-duplex Ethernet links, gPTP requires the use of the peer-to-peer delay mechanism, while
IEEE Std 1588-2019 also allows the use of end-to-end delay measurement.

f)  For full-duplex Ethernet links, gPTP requires the use of two-step processing (use of Follow Up and
Pdelay Resp Follow Up messages to communicate timestamps), with an optional one-step
processing mode that embeds timestamps in the Sync “on the fly” as they are being transmitted
(gPTP does not specify one-step processing for peer delay messages). IEEE Std 1588-2019 allows
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