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Abstragt: A protocol is provided,in this standard that enables precise synchronization of clocks in
measurement and control\‘systems implemented with technologies such as petwork
commuhication, local computing, and distributed objects. The protocol is applicable to gystems
commuhicating via packet networks. Heterogeneous systems are enabled that include clpcks of
various|inherent precision, resolution, and stability to synchronize. System-wide synchronization
accuragqy and precision in the sub-microsecond range are supported with minimal netwgrk and
local clgck computing resources. Simple systems are installed and operated without requifing the
managégment attention of users because the default behavior of the protocol allows for it.
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ntroduction

This standard defines a protocol enabling precise synchronization of clocks in measurement and control
systems implemented with technologies such as network communication, local computing, and distributed
objects. The clocks communicate with each other over a communication network. The protocol generates a
master—slave relationship among the clocks in the system. All clocks ultimately derive their time from a
clock known as the grandmaster clock. In its basic form, this protocol is intended to be administration free.

History

Measurg
network

synchrohizing the clocks in these devices, it is unlikely that the benefits will be realized in’the'mul
system |[component market. Existing protocols for clock synchronization are not-Optimum fi

applicat

millisecpnd synchronization requirements. The protocol proposed in this standard-specifically addr

followin]

Notice to users

Laws

Users o

provisiops of this standard does fiot imply compliance to any applicable regulatory requi
Implem¢nters of the standard. are responsible for observing or referring to the applicable re]

Copyi

This do

- Spatially localized
—+ Microsecond to sub-microsecond accuracy and precision
- Administration free

- Accessible for both high-end devices and low-cost)low-end devices

ment and control applications are increasingly using distributed system technologi€s

such as

communication, local computing, and distributed objects. Without a standardized.protocol for

tivendor

r these

ons. For example, Network Time Protocol (NTP) targets large distributed camputing systdms with

g needs of measurement and control systems:

and regulations

f these documents should~consult all applicable laws and regulations. Compliance

requirethents. IEEE does_rlot) by the publication of its standards, intend to urge action that i

compliapce with applicable laws, and these documents may not be construed as doing so.

ights

Curhent’ is copyrighted by the IEEE. It is made available for a wide variety of both puj
ses. These include both use, by reference, in laws and regulations, and use in priv.

private

sses the

with the
rements.
oulatory
5 not in

blic and
te self-

regulation, standardization, and the promotion of engineering practices and methods. By making this
document available for use and adoption by public authorities and private users, the IEEE does not waive
any rights in copyright to this document.
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Updating of IEEE documents

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

For moremformatiomr about the TEEE-StamdardsAssoctationr or the TEEE stamdardsdevetopmemntyprocess,
visit the|][EEE-SA Web site at http://standards.icee.org.

Errat3
Errata, if any, for this and all other standards can be accessed at the following URL:

http://stdndards.ieee.org/reading/iece/updates/errata/. Users are encouraged to check this URL for efrata
periodicplly.

Interpretations

Current [interpretations can be accessed at the following URL:http://standards.ieee.org/reading/ieeefinterp/.

Patents

Attentiop is called to the possibility that implementation of this standard may require use of subje¢t matter
covered|by patent rights. By publication of this-standard, no position is taken with respect to the gxistence
or validjty of any patent rights in connection therewith. A patent holder or patent applicant ha$ filed a
statememt of assurance that it will grant licenses under these rights without compensation ¢r under
reasonalple rates, with reasonable~terms and conditions that are demonstrably free of any unfair
discrimipation to applicants desiring-to obtain such licenses. Other Essential Patent Claims may pxist for
which a|statement of assurance has not been received. The IEEE is not responsible for identifying Essential
Patent (Jlaims for which a licénse may be required, for conducting inquiries into the legal validity pr scope
of Patepts Claims, or determining whether any licensing terms or conditions are reasonable [or non-
discrimipatory. Further information may be obtained from the IEEE Standards Association.

IMPOR[TANT »NOTICE: This standard is not intended to assure safety, security, heqlth, or

requirements.

This IEEE document is made available for use subject to important notices and legal disclaimers. These
notices and disclaimers appear in all publications containing this document and may be found under the
heading “Important Notice” or “Important Notices and Disclaimers Concerning IEEE Documents.”
They can also be obtained on request from IEEE or viewed at htip://standards.ieee.org/IPR/disclaimers.html.
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PRECISION CLOCK SYNCHRONIZATION
PROTOCOL FOR NETWORKED MEASUREMENT
AND CONTROL SYSTEMS

1.

1.1 Sc

This staj
systems
objects.
messagi
clocks d
protocol
network]
to be in;
mapping
implemg

Overview

ppe

ndard defines a protocol emabling precise synchronization of clocks in measurement and
implemented with technologies such as network communication, local computing, and di
The protocol is applicable to systems communicating by local area networks supporting 1
hg including, but not limited to, Ethernet. The protocol enables heterogeneous systems tha
f various inherent_precision, resolution, and stability to synchronize to a grandmaster cl
supports system-wide synchronization accuracy in the sub-microsecond range with
and local ¢loek computing resources. The default behavior of the protocol allows simple
stalled and_operated without requiring the administrative attention of users. The standard
s tosUser Datagram Protocol (UDP)/Internet Protocol (IP), DeviceNet, and a layer-2

control
tributed
hulticast
include
ck. The
minimal
systems
includes
Fthernet
rrection

for asy

incorporate the resul

ntation. It includes formal mechanisms for message extensions, higher sampling rates, c

MEIry 0 VPE 10 1ed CITO n On 11 O ODOIOYO

ting additional data into the synchronization protocol.

how to
permits

synchronization accuracies better than 1 ns. The protocol has features to address applications where
redundancy and security are a requirement. The standard defines conformance and management capability.
There is provision to support unicast as well as multicast messaging. The standard includes an annex on
recommended practices. Annexes defining communication-medium-specific implementation details for

addition:

al network implementations are expected to be provided in future versions of this standard.
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1.2 Purpose

Measurement and control applications are increasingly employing distributed system technologies such as
network communication, local computing, and distributed objects. Many of these applications will be
enhanced by having an accurate system-wide sense of time achieved by having local clocks in each sensor,
actuator, or other system device. Without a standardized protocol for synchronizing these clocks, it is
unlikely that the benefits will be realized in the multivendor system component market. Existing protocols
for clock synchronization are not optimum for these applications. For example, the Network Time Protocol
(NTP) targets large distributed computing systems with millisecond synchronization requirements. The
protocol in this standard specifically addresses the needs of measurement and control and operational
systems| in the fields of test and measurement, industrial automation, military systems, manufacturing
systems| power utility systems, and certain telecommunications applications. These applicationsnegd:

- Spatially localized systems with options for larger systems

- Microsecond to sub-microsecond accuracy

— Administration-free operation

- Applicability for both high-end devices and low-cost, low-end devices

— Provisions for the management of redundant and fault-toletant’systems

Several | different application areas such as industrial automatien, telecommunication, semic¢nductor
manufagturing, military systems, and utility power generationchave emerged that require the standgrd to be
revised.

1.3 Layout of the document

This stapdard, which defines the Precision Time-Protocol (PTP), is divided into 19 clauses:

Clayse Purpose

1 Provides the scope-aiid-benefits of this standard

2 Lists references toother standards

3 Provides definitions that are either not found in other standards or have been modjfied for

use with this,standard

4 Provide§ conventions for the notation used in this standard

5 Defings the data types used in this standard

6 Provides an overview of PTP

7 Defines characteristics of PTP entities

8 Defines PTP data sets

9 Defines PTP for ordinary and boundary clocks

10 Defines PTP for transparent clocks

11 Specifies PTP time computations and corrections

12 Specifies how to syntonize and synchronize clocks

13 Defines the format of messages passed between participating clocks
14 Specifies type, length, value (TLV) formats

15 Specifies management TLVs

16 Defines general optional features of this standard

17 Defines state configuration options of this standard

18 Defines forward and backward compatibility between versions
19 Defines requirements for conformance
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Annexes are provided as follows:

Annex Purpose

Annex A Using PTP

Annex B Defines timescales and epochs in PTP

Annex C  Examples of timing computations and message fields

Annex D Defines mappings of PTP to User Datagram Protocol (UDP) over Internet Protocol
version 4 (IPv4)

Annex E Defines mappings of PTP to UDP over Internet Protocol version 6 (IPv6)

Annex F Defines mappings of PTP over IEEE 802.3

Annex G Defines mn}'\pingc of PTP to DeviceNet™!

Angex H  Defines mappings of PTP to ControlNet™?

Antex [ Defines mappings of PTP to PROFINET™?

Anpex J Default PTP Profile

Anglex K Defines an experimental security option

Angex L Defines an experimental cumulative frequency TLV

Anlex M Bibliography

2. Nommative references

The follpwing referenced documents are indispensable for the application of this document (i.e., tHey must
be undefstood and used, so each referenced document is cited in teXt\and its relationship to this dochment is
explaindd). For dated references, only the edition cited applies. Eor undated references, the latest eflition of
the refeenced document (including any amendments or corrigenda) applies.

IEC 611)58-3-2:2007, Industrial communication netwerks—Fieldbus specifications—Part 3-2: [Data-
link laygr service definition—Type 2 elements.*

IEC 61158-4-2:2007, Industrial communication™ networks—Fieldbus specifications—Part 4-2: [Data-
link lay¢r protocol specification—Type 2 elements.

IEC 611)58-5-2:2007, Industrial communication networks—Fieldbus specifications—Part 5-2: [Appli-
cation lgyer service definition—Type 2 elements.

IEC 611)58-5-10:2007, Industrial communication networks—Fieldbus specifications—Par{ 5-10:
Application layer service definition—Type 10 elements.

IEC 611)58-6-2:2007;, \Industrial communication networks—Fieldbus specifications—Part 6-2: [Appli-
cation ldyer protocol‘specification—Type 2 elements.

IEC 6115856-10:2007, Industrial communication networks—Fieldbus specifications—Par{ 6-10:
Applicatiertlayer protocol specification—Type 10 elements.

'DeviceNet™ is a trade name of Open DeviceNet Vendor Association, Inc. This information is given for the convenience of users of
this standard and does not constitute an endorsement by the IEEE or IEC of these products. Equivalent products may be used if they
can be shown to lead to the same results.

ControlNet™ is a trade name of ControlNet International, Ltd. This information is given for the convenience of users of this standard

and does not constitute an endorsement by the IEEE or IEC of these products. Equivalent products may be used if they can be shown
to lead to the same results.

*PROFINET™ is the trade name of the non-profit organization PROFIBUS Nutzerorganisation e.V. (PNO). This information is given
for the convenience of users of this standard and does not constitute an endorsement by the IEEE or IEC of these products.

Equivalent products may be used if they can be shown to lead to the same results.

‘IEC publications are available from the Sales Department of the International Electrotechnical Commission, Case Postale 131, 3, rue
de Varembé, CH-1211, Geneve 20, Switzerland/Suisse (http://www.iec.ch/). IEC publications are also available in the United States
from the Sales Department, American National Standards Institute, 25 West 43rd Street, 4th Floor, New York, NY 10036, USA
(http://www.ansi.org/).
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IEC 61784-1:2007, Industrial communication networks—Profiles—Part 1: Fieldbus profiles.

8-2008(E)

IEC 61784-2:2007, Industrial communications networks—Profiles—Part 2: Additional fieldbus profiles for
real-time networks based on ISO/IEC 8802-3.

IEC 62026-3:2008, Low-voltage switchgear and controlgear—Controller-device interfaces (CDIs)—Part 3:
DeviceNet.

IEEE Std 802%, IEEE Standard for Local and Metropolitan Area Networks: Overview and Architecture.™ ¢

IEEE Std 802.1AB™, IEEE Standard for Local and Metropolitan Area Networks—Part 1AB: Station and

Media

IEEE S
bridged

IEEE Std 802.3™-2005, IEEE Standard for Information Technology—Telecommunications and inf

exchang
multiple

ISO/IEC

3. Defjnitions, acronyms, and abbreviations

3.1 Definitions

For the

3.1.1 aq
referenc
respect 1
error frg

Lccess Control Connectivity Discovery.

d 802.1Q™-2005, IEEE Standard for Local and Metropolitan Area Networks—PRart) 1Q
local area networks.

ccess with collision detection (CSMA/CD) access method and Physical Layer specifications.

10646:2003, Information technology—Universal Multiple-Octet Coded Character Set

purposes of this document, the following terins and definitions apply.

curacy: The mean of the time or frequency error between the clock under test and a perfec
e clock, over an ensemble of measuréments. Stability is a measure of how the mean varies \

m the mean.

31.2a

change yintil all of the results-ofithe process are instantiated, and the outputs of the process are not V|
other prpcesses until the processing of each output is complete.

3.1.3 boundary cleck: A clock that has multiple Precision Time Protocol (PTP) ports in a domain
maintaifs the timéscale used in the domain. It may serve as the source of time, i.e., be a master clod

may synichroniZeto another clock, i.e., be a slave clock.

3.1.4 clpcky’A node participating in the Precision Time Protocol (PTP) that is capable of providin

omic process: A process, is'atomic if the values of all inputs to the process are not permitte

Virtual

brmation

b between systems—Local and metropolitan area networks—Specific requireménts—Part 3: Cartier sense

ucs)’.

ith

0 variables such as time, temperature, and so on. The precision is a measure of the deviatioh of the

1 to
isible to

hnd
Ik, and

a

measurement of the passage of time since a defined epoch.

SIEEE 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 this clause are trademarks of the Institute of Electrical and Electronics Engineers, Inc.

"ISO/IEC publications are available from the ISO Central Secretariat, 1 chemin de la Voie-Creuse, CP 56, CH-1211, Genéve 20,
Switzerland/Suisse (http://www.iso.ch/). ISO/IEC publications are also available in the United States from Global Engineering
Documents, 15 Inverness Way East, Englewood, Colorado 80112, USA (http://global.ihs.com/). Electronic copies are available in the
United States from the American National Standards Institute, 25 West 43rd Street, 4th Floor, New York, NY 10036, USA

(http://ww

w.ansi.org/).
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NOTE—In the case of PTP ordinary and boundary clocks that are properly synchronized, the epoch is the epoch of the
timescale in use. In the case of PTP transparent clocks, the epoch is locally defined and not necessarily aligned with the
timescale.®

3.1.5 default: When applied to attribute values and options means the configuration of a Precision Time
Protocol (PTP) device as it is delivered from the manufacturer.

3.1.6 direct communication: A communication of Precision Time Protocol (PTP) information between
two ordinary or boundary clocks with no intervening boundary clock.

3.1.7 domain: A logical grouping of clocks that synchronize to each other using the protocol, but that are
not necessarily synchronized to clocks in another domain.

3.1.8 evld-to-end transparent clock: A transparent clock that supports the use of the end-to-end d¢lay
measurdment mechanism between slave clocks and the master clock.

3.1.9 epoch: The origin of a timescale.

3.1.10 ¢vent: An abstraction of the mechanism by which signals or conditions ar€_generated and
represerjted.

3.1.11 foreign master: An ordinary or boundary clock sending Announce'messages to another clofk that
is not the current master recognized by the other clock.

3.1.12 fractional frequency offset: The fractional frequency, offset (FFO) between a measured frefuency
and a reference frequency is defined as follows:

e - (FO —FR)
FR

where FO is the measured frequency and FR @ the reference frequency.

3.1.13 grandmaster clock: Within a domain, a clock that is the ultimate source of time for clock
synchrohization using the protocol.

3.1.14 holdover: A clock previously synchronized/syntonized to another clock (normally a primary
reference or a master clock)'but now free-running based on its own internal oscillator, whose frequgncy is
being adjusted using data acquired while it had been synchronized/syntonized to the other clock. It {s said
to be in holdover or iithe holdover mode, as long as it is within its accuracy requirements.

3.1.15 link: A sietwork segment between two Precision Time Protocol (PTP) ports supporting the peer
delay mgchafnism of this standard. The peer delay mechanism is designed to measure the propagatidn time
over sudh.adink.

3.1.16 management node: A device that configures and monitors clocks.

3.1.17 master clock: In the context of a single Precision Time Protocol (PTP) communication path, a
clock that is the source of time to which all other clocks on that path synchronize.

3.1.18 message timestamp point: A point within a Precision Time Protocol (PTP) event message serving
as a reference point in the message. A timestamp is defined by the instant a message timestamp point
passes the reference plane of a clock.

Notes in text, tables, and figures are given for information only and do not contain requirements needed to implement the standard.
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3.1.19 multicast communication: A communication model in which each Precision Time Protocol (PTP)
message sent from any PTP port is capable of being received and processed by all PTP ports on the same
PTP communication path.

3.1.20 node: A device that can issue or receive Precision Time Protocol (PTP) communications on a
network.

3.1.21 one-step clock: A clock that provides time information using a single event message.
3.1.22 ordinary clock: A clock that has a single Precision Time Protocol (PTP) port in a domain and

maintains the timescale used in the domain. It may serve as a source of time, i.e., be a master clock, or may
synchronize to another clock, i.e., be a slave clock.

3.1.23 J)arent clock: The master clock to which a clock is synchronized.

3.1.24 peer-to-peer transparent clock: A transparent clock that, in addition to providing,Precision Time
Protoco] (PTP) event transit time information, also provides corrections for the propagation delay of the
link conpected to the port receiving the PTP event message. In the presence of peerto=peer transparent
clocks, delay measurements between slave clocks and the master clock are performed using the peef-to-
peer delpy measurement mechanism.

time. THe phase change rate is equal to the fractional frequency offsetdetween the measured frequehcy and
the refefence frequency. See also: fractional frequency offset.

3.1.25 li)hase change rate: The observed rate of change in the measured time with respect to the refference
3.1.26 portNumber: An index identifying a specific Precision Time Protocol (PTP) port on a PTP|node.

3.1.27 precision: See. accuracy.

3.1.28 Precision Time Protocol (PTP): The protocol defined by IEEE Std 1588-2008/IEC 61588:2009. As an adjgctive, it
indicates|that the modified noun is specified in or jntetpreted in the context of IEEE Std 1588-2008/IEC 6158§:2009.

3.1.29 primary reference: A source oftime and or frequency that is traceable to international standards.
See alsd traceability.

3.1.30 profile: The set of allowed Precision Time Protocol (PTP) features applicable to a device.

3.1.31
protoco

recision Time, Protocol (PTP) communication: Information used in the operation of the
, transmitted.in-a'PTP message over a PTP communication path.

3.1.32 Precision. Fime Protocol (PTP) communication path: The signaling path portion of a parficular
network] enabling direct communication among ordinary and boundary clocks.

3.1.33 Precisiv
IEC 61588:2009.

3.1.34 Precision Time Protocol (PTP) node: A PTP ordinary, boundary, or transparent clock or a device
that generates or parses PTP messages.

3.1.35 Precision Time Protocol (PTP) port: A logical access point of a clock for PTP communications to
the communications network.

[ Published by IEC under licence from IEEE. © 2008 IEEE. All rights reserved. |
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3.1.36 recognized standard time source: A recognized standard time source is a source external to
Precision Time Protocol (PTP) that provides time and/or frequency as appropriate that is traceable to the
international standards laboratories maintaining clocks that form the basis for the International Atomic
Time (TAI) and Universal Coordinated Time (UTC) timescales. Examples of these are Global Positioning
System (GPS), NTP, and National Institute of Standards and Technology (NIST) timeservers.

3.1.37 requestor: The port implementing the peer-to-peer delay mechanism that initiates the mechanism
by sending a Pdelay Req message.

3.1.38 responder: The port responding to the receipt of a Pdelay Req message as part of the operation of
the peer-to-peer delay mechanism.

3.1.39 gtability: See: accuracy.

3.1.40 gynchronized clocks: Two clocks are synchronized to a specified uncertainty if theyyhave the same
epoch apd their measurements of the time of a single event at an arbitrary time differ by fio miore than that
uncertaipty.

3.1.41 gyntonized clocks: Two clocks are syntonized if the duration of the second-is the same on Hoth,
which njeans the time as measured by each advances at the same rate. They may-or may not share the same
epoch.

3.1.42 fimeout: A mechanism for terminating requested activity thatyat least from the requester’s
perspective, does not complete within the specified time.

3.1.43 timescale: A linear measure of time from an epoch.

3.1.44 fraceability: A property of the result of a measurement or the value of a standard whereby it can be
related tp stated references, usually national or international standards, through an unbroken chain df
comparikons all having stated uncertainties. (addpted from the ISO/IEC Guide 99:2007. [B15]°%)

3.1.45 franslation device: A boundary clockor, in some cases, a transparent clock that translates the
protocol messages between regions implementing different transport and messaging protocols, between
different versions of IEEE Std 1588-2008/TEC 61588:2009, or different Precision Time Protocol (PTP) profilep.

3.1.46 fransparent clock: A device that measures the time taken for a Precision Time Protocol (PTP)
event mpssage to transit the device and provides this information to clocks receiving this PTP event
messagg. See also: end-to=end transparent clock; peer-to-peer transparent clock.

3.1.47 fwo-step clock: A clock that provides time information using the combination of an event njessage
sequent.general message. See also: one-step clock.

3.2 Acronyms and abbreviations

ARB arbitrary

BMC best master clock

CAN Controller Area Network

CP Communication Profile [according to IEC 61784-1:2007'°]

CPF Communication Profile Family [according to IEC 61784-1:2007]
DS differentiated service

E2E end-to-end

°The numbers in square brackets correspond to those of the bibliography in Annex M.
"Information on references can be found in Clause 2.
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IPv4, IPv6
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JDN
MAC
MJD
NIST
NTP
Ooul
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Global Positioning System

Internet Assigned Numbers Authority

integrity check value

identification

Internet Protocol version 4 / 6

Julian Date

Julian Day Number

media access control [according to IEEE Std 802.3-2005]
Modified Julian Day

National Institute of Standards and Technology (see www.nist.gov)
Network Time Protocol (see IETF RFC 1305 [B7])
organizational unique identifier (allocated by the IEEE)

4. Conventions

4.1 Depcriptive lexical form syntax

4.1.1 Lexical-form syntax

A lexicdl form refers to:

NOTE—The OUI is typically used in specifications or the impleme:ltation of
devices for the purpose of identification. It identifies the organization that owns
the OUI-dependent subidentifier and may not necessarily. be the organization
that defines the specification or provides the hardware The IEEE OVI listing
can be obtained at http://standards.ieee.org/regauth/oui/index.shtml.

peer-to-peer

physical layer [according to IEEE Std 80213-2005]
Portable Operating System Interface (se¢\USO/IEC 9945:2003 [B16])
pulse per second

Precision Time Protocol

security associations

Simple Network Time Protocol

Start of Frame

International Atomic Time

traffic class

type, length, value [according to IEEE Std 802.1AB]
type of service

UnConnect-Message Manager

User Datagram Protocol (see IETF RFC 768 [B5]) / Internet Prgtocol
(see JETF RFC 791 [B6])
Coordinated Universal Time

a) A name

b) A data type

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

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

— Enumeration members and global constants: e.g., ATOMIC CLOCK (underscore word
separation, all letters capitalized)
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Fields within messages, instances of structures, and variables: e.g., secondsField, clockQuality,

clockldentity (two-word field names at a minimum, no word separation, initial word not

capitalized, initial letter capitalization on subsequent words)

followed by the member name)

separation, initial letter of each word not capitalized followed by the letters DS)

— Data set members: e.g., defaultDS.clockQuality.clockClass (Data set name followed by

followed a type name followed by a period followed by the variable name)

Members of a structure: e.g., clockQuality.clockClass (structure name followed by a period

Data set name: e.g., defaultDS, parentDS, portDS, currentDS, timePropertiesDS (no word

a period

- Message names: e.g., Sync, Delay Req (underscore word separation, initial letter of ea
capitalized)

- <localNameForSomething>: text enclosed in angle brackets < > is used where the
needs to refer to something whose syntax or lexical form is dependent on tl
implementation and language

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

4.2 Word usage

4.2.1 Shall

The wold “shall,” which is equivalent to “is required~te,” is used to indicate mandatory requi
strictly o be followed in order to conform to the standard and from which no deviation is permitted|
4.2.2 Recommended

The woid “recommended” is used to indicate flexibility of choice with a strong preference alternati
4.2.3 Must

The word “must” indicates an unavoidable situation.

4.2.4 Should

The woid “should,” whicliis €quivalent to “is recommended that,” is used to indicate:

- Among several possibilities, one is recommended as particularly suitable, without menti
excludirig’others

- Thata certain course of action is preferred but not required

ch word

standard
e local

is to be

Fements,

yeC.

pning or

-\ Fhat (in the negative form) a certain course of action is deprecated but not prohibited

4.2.5 May

The word “may,” which is equivalent to “is permitted,” is used to indicate a course of action permissible
within the limits of the standard.

4.2.6 Can

The word “can,” which is equivalent to “is able to,” is used to indicate possibility and capability, whether
material or physical.
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4.2.7 Optional

Clauses and text marked optional are not required to be implemented. If the option is implemented, then all
specifications of the clause or text, respectively, shall be implemented according to this standard.

NOTE— This definition is recursive, which means that options within options obey these same rules.

4.2.8 Reserved

The word “reserved” indicates:

If used in an assignment of values to an enumeration or an attribute that the values indicated are
reserved for use in future editions of this standard and shall not be used for any other purpose.

tandard.
reserved
ny other

The field shall be present i the message with the size specified. No interpretation 'of]
fields is to be made for this edition of this standard, and the fields shall not be used-fer a

purpose.

O >

4.3 Behavioral specification notation

State trq
transitio

nsition diagrams are used to specify behavioral characteristics as illistrated in Figure 1. Ejch state

h diagram is composed of the following components:

- Named boxes, representing states

- Directed arrows, indicating transitions from one state(to the next.

Each transition is labeled with:
a) The enabling event or predicate label for a transifion
b) The transition action label for a transition
(i) state 1
- " state 1 or
state2
event1OR event2
result1 event3
result2
« state2 e —
@) - results

Figure 1—Mealy state transition diagram
The notation used describes state transition diagrams using the Mealy style, where actions are associated

with the transition from one state to another.

Events, for example “event 1,” “event 2,” and “event 3,” identify the inputs to the state machine. They
can be operation requests and responses, or internal occurrences such as timer expirations.
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Predicates, for example “event 1 OR event 2,” identify enabling conditions for transitions. The first
predicate encountered, evaluated from left to right, which is TRUE, selects the transition to execute and
therefore the next state.

Transition actions, for example “result _1,” are the actions that are executed before transitioning to the next

state.

The next state identifies the state for the state machine after the selected transition action completes. The
value of the current state changes as the transition to the next state occurs.

A bold line for a state box indicates that the box represents multiple states. Any transition shown that
begins and terminates in such a state box indicates that there has been no change in state.

Transiti
occur v,
mechan]

A transi
state. A
destinat

NOTE—]
the next

of the trapsition arrow. Before the transition, result 1 occurs. “event 3” can‘occur in either state 1 or state 2.

is unchar

5. Dat

5.1 General

The dat
necessal

Implem
represer]
semanti

5.2 Primitive data.type specifications

All nonprimitive PTP data types are derived from the primitive types listed in Table 1. These type

tied to a

ns, for example the transition resulting in result 3, which have no indicated enabling-co
ja unspecified mechanisms. Unless otherwise stated, in PTP, the events giving\ nise
sms are implementation-specific and outside the scope of the standard.

tion into a state machine, for example “(i),” is indicated by a transition arrow that has n
transition out of a state machine, for example “(d),” is indicated by a(ransition arrow
on state.

For example, As a result of either event 1 or event 2 becoming TRUE;, state 1 is replaced with thg
tate. In this example, the next state is state 2, which is specified ag’the name of the state box that is

ged, but an action, result_2, occurs as the result of event 3.

a types and on-the-wire formats in @ PTP system

types specified for the various PTP\variables and message fields define logical properties
[y for correct operation of the protoeol or interpretation of PTP message content.

pntations are free to use any internal representation of PTP data types; however, the

tation shall not changé.the semantics of any quantity visible via PTP communication|
s of any specified operation of the protocol.

—Nnteger: All integer types are of finite length as indicated by the number associated w

hy specific programming language. The essential properties of each type shall be as follows:

hditions,
to these

h source
with no

value of
he target
The state

that are

internal
5 or the

b are not

th each,

ok e SO 4Q 1 . 1 . 1 L PR I | +] 1 £
L.g., ULIIILEUIFG, dlIt a5 STEHTU UTUIISTEITU A5 TIIUITAICU U Y UICU dUSUIITUT U PITSUIIUT UT

leading

U. Numbers with these data types obey the laws of arithmetic within the range represented by

the length. Arithmetic operations are treated as modulo the capacity of the data type;

e.g., the

sum of two Ulnteger48 values is computed modulo 2™*. Signed integers are represented in

two’s complement form.

— Enumeration: All enumerations are of finite field length as indicated by the number as
with each, e.g., Enumeration4. Unless otherwise stated in this standard, the only interpretations

of the bit pattern in the enumeration field are the associations between the bit patterns
assigned meanings of the enumeration.

sociated

and the

— Boolean: The only interpretation is as logical values within the context of Boolean algebra.
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— Nibble and Octet: These are 4 and 8 bit fields, respectively. The only interpretations are those
explicitly defined within this standard.

Table 1—Primitive PTP data types

Data type Definition

Boolean TRUE or FALSE.

Enumeration4 4-bit enumerated value

Enumeration8 8-bit enumerated value
Enumeration16 16-bit enumerated value

Ulnteger4 4-bit unsigned integer

Integer8 8-bit signed integer

Uit per Sebilunsigned integer

Integer16 16-bit signed integer

Ulnteger16 16-bit unsigned integer

Integer32 32-bit signed integer

Ulnteger32 32-bit unsigned integer

Ulnteger48 48-bit unsigned integer

Integer64 64-bit signed integer

Nibble 4-bit field not interpreted as a number
Octet 8-bit field not interpreted as a number

5.3 Derived data type specifications

5.3.1 General

Arrays ¢f any of the primitive data types are represented in-the format <data type>[lengthField] Klabel>,
where qlengthField> indicates the number of instances of\the data type in the array and <label> is the
lexical fjame for the array data type so defined.

Structurps consisting of an ordered list of membersyare indicated with the following syntax:
struct <$tructureName>
{

<DafaTypel> <memberNamel>;

<DafaType2> <memberName2>;

|5

where StructureName> is the lexical name for the data type so defined, <DataTypel> is the datg type of
the firstfmember;<memberName1> is the lexical name of the first member, and so forth.

The synfax typedef <DataType> <TypeName> is interpreted as defining a derived data type with the same
properties as the data type defined by <DataType> but with a new name given by <T'ypeName>.

The syntax typedef <DataType> [lengthField] <TypeName> is interpreted as defining a derived data type
consisting of an array of elements of type <DataType>, but with a new name given by <TypeName>.

5.3.2 Timelnterval

The Timelnterval type represents time intervals.

struct Timelnterval

{
¥

Integer64 scaledNanoseconds;
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The scaledNanoseconds member is the time interval expressed in units of nanoseconds and multiplied by

+16
2.

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

For example, 2.5 ns is expressed as 0000 0000 0002 8000 .

5.3.3 Timestamp

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

struct T

{

|5

The sec
The nan
The nan
For exai
+2.0000
5.34C
The Clo
typedef
5.3.5P
The Por
struct P

{

}s

mestamp

Ulnteger48 secondsField,;
Ulnteger32 nanosecondsField;

ndsField member is the integer portion of the timestamp in units of seconds.
psecondsField member is the fractional portion of the timestamp in tnits of nanoseconds.
bsecondsField member is always less than 10°.

nple:

0001 seconds is represented by secondsField = 0000 0000 0002;4 and nanosecondsField= 0000 0001
ockldentity

ckldentity type identifies a clock.

Octet[8] Clockldentity;

prtldentity

Identity type identifies a PTP port.

rtldentity

Clockldentity clockldentity;
Ulnteger16 portNumber;

e

5.3.6 PortAddress

The PortAddress type represents the protocol address of a PTP port.

struct PortAddress

{

Enumeration16 networkProtocol;
Ulnteger16 addressLength;
Octet[addressLength] addressField;
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The value of the networkProtocol member shall be taken from the networkProtocol enumeration; see 7.4.1.
The addressLength is the length in octets of the address. The range shall be 1 to 16 octets.

The addressField member holds the protocol address of a port in the format defined by the mapping annex

of the protocol as identified by the networkProtocol member. The most significant octet of the addressField
is mapped into the octet of the addressField member with index 0.

5.3.7 ClockQuality
The ClockQuality represents the quality of a clock.

struct ClockQuality

{
Ulnteger8 clockClass;
Enumeration8 clockAccuracy;
Ulnteger16 offsetScaledLogVariance;
15
5.3.8 TLV

The TLY type represents TLV extension fields.

struct TLV

{
Enumeration16 tlvType;
Ulnteger16 lengthField;
Octet[lengthField ] valueField;

15

The length of all TLVs shall be an even number-ofpctets.
5.3.9 PIPText

The PTPText data type is used to represent-textual material in PTP messages.

struct PTPText

{
Ulnteger8lengthField;

Octet[lengthField] textField;
15

The tex{Field member shall be encoded as UTF-8 symbols as specified by ISO/IEC 10646:2003. The most
significgnt octetof the leading text symbol shall be the element of the array with index 0.

NOTE—A'sirigle UTF-8 symbol can be 14 octets long. Therefore, the lengthField value can be larger than the number
of symbols.

5.3.10 FaultRecord

The FaultRecord type is used to construct fault logs.

struct FaultRecord

{
Ulnteger16 faultRecordLength;
Timestamp faultTime;
Enumeration8 severityCode;
PTPText faultName;
PTPText faultValue;
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PTPText faultDescription;

}s

The faultRecordLength member shall indicate the number of octets in the FaultRecord not including the 2
octets of the faultRecordLength member.

5.4 On

-the-wire formats

5.4.1 General

PTP protocol data units consist of the PTP messages defined in Clause 13 through Clause 17 based on the
data types defined in 5.2, 5.3, and 17.2. The internal ordering of the fields of the PTP protocol data units is

specifie
542P

Numeri
beginnif

The Bo
to 0.

Enumer
the sam

5.4.3 A

All arra
protocol
lowest 1

When a
shall be

When a
each of
the first
Nibble |

5.4.4 Dprived data types

Derived
beginniy
accordir

Derived

1 in 5.4.2 to 5.4.4.
fimitive data types
primitive data types defined in 5.2 shall be formatted with the most significafityoctet ne

g of the protocol data unit followed in order by octets of decreasing significance!

lean data type TRUE shall be formatted as a single bit equal to 1 and. FAESE as a single |

hitions of whatever length shall be formatted as though the assigfied values are unsigned in
b length; e.g., Enumeration16 shall be formatted as though the/value had type Ulnteger16.

Frays of primitive types

ys shall be formatted with the member having the lowest numerical index closest to the stg
data unit followed by successively higher numbered members. In octet arrays, the octet
umerical index is termed the most significant ectet.

ficld containing more than one octet is used to represent a numeric value, the most signific
nearest the start of the protocol data unit; followed by successively less significant octets.

single octet contains multiple fields of primitive data types, the bit positions within the
the primitive types as defined\in the message field specification shall be preserved. For ¢
field of the header of the PTP messages is a single octet composed of two fields, one
its 4-7, and one of type Enumeration4 bits 0-3 (see 13.3.1).

data types defined as structs shall be formatted with the first member of the struct close
g of the protoeol data unit followed by each succeeding member. Each member shall be ft
g to its data’type.

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

hirest the

it equal

egers of

rt of the
with the

hnt octet

octet of
xample,
of type

5t to the
rmatted

5.4.5

apping of PTP protocol data units into their on-the-wire formats

Unless otherwise specified, PTP protocol data units shall be mapped to and from their on-the-wire format
based on the rules of the underlying physical layer transport. Any exceptions are specified in one of the
transport-specific annexes of this standard or in an applicable PTP profile.

NOTE—PTP protocol mechanisms operate in the upper layers of the protocol stack (i.e., PTP is an “application” that
uses the services of the network or link layer). The physical layer transport dictates the on-the-wire format.
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6. Clock synchronization model

6.1 General

This clause provides a model for understanding the operation of the Precision Time Protocol. The exact
specifications of these interactions are found in subsequent clauses.

The PTP standard specifies a clock synchronization protocol. This protocol is applicable to distributed
systems consisting of one or more nodes, communicating over a network. Nodes are modeled as containing
a real-time clock that may be used by applications within the node for various purposes such as generating
timestamps for data or ordering events managed by the node. The protocol provides a mechanism for
synchrofiiZifig the clocks of participating nodes 10 4 Mg degiee 0f accuracy and precision. 1S ptandard
specifies:

a) The Precision Time Protocol

b) The node, system, and communication properties necessary to support PTP.

6.2 Principle assumptions about the network and implementation
reco endations

The following principle assumptions and recommendations should b¢ followed in order to ensur¢ correct
operation of the protocol. These are discussed in greater detail indater clauses:

a) PTP assumes that the network eliminates cychic’ forwarding of PTP messages witliin each
communication path (e.g., by using a spanning.tree protocol). PTP eliminates cyclic forwgrding of
PTP messages between communication paths.

b) PTP is tolerant of an occasional missed ‘message, duplicated message, or message that arrivgd out of
order. However, PTP assumes that §uch impairments are relatively rare.

c) PTP was designed assuming-’/a multicast communication model. PTP also supports d unicast
communication model as_long as the behavior of the protocol is preserved. PTP assupnes that
Announce messages are periodically sent by one port and delivered to all other ports of ordlinary or
boundary clocks within a communication path. If the communication path consists of more fthan two
ports, the assumption is that Announce messages are either sent in multicast or the Announce
information is_replicated to all ports in the communication path using unicast messages. P[P ports
discover other ports within a communication path through the receipt of multicast Announce
messages.* When multicast communication is not available, another form of discovery [e.g., by
configuration) is required; see for example 17.5. PTP management messages sent to all ports also
require either multicast messaging or replication of the management message to all ports Within the
cemmunication path.

d) Like all message-based time transfer protocols, PTP time accuracy is degraded by asymmetry in the
paths taken by event messages; see 7.4.2. Specifically the time offset error is 1/2 of the asymmetry.
Asymmetry is not detectable by PTP; however, if known, PTP corrects for asymmetry. Asymmetry
can be introduced in the physical layer, e.g., via transmission media asymmetry, by bridges and
routers, and in large systems by the forward and reverse paths traversed by event messages taking
different routes through the network. Systems should be configured and components selected to
minimize these effects guided by the required timing accuracy. In single subnet systems with
distances of a few meters, asymmetry is not usually a concern for time accuracies above a few
10s of ns.
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e)

)

If two-step clocks are used, then the network has to be designed such that the general message takes
the same path as the event message through a transparent clock. Failure to do this will result in a
condition where the transparent clock does not calculate path delay properly. This condition is
undetectable and may introduce additional jitter and wander, but it will not break the protocol.

PTP assumes that the number of boundary clocks forming the master—slave synchronization

hierarchy from the grandmaster clock to any slave clock is less than 255; see 9.3.2.5.

degrade time transfer accuracy. Since the jitter and wander are often traffic dependent, the

Network components, for example bridges, introduce timing jitter and wander that if uncorrected can

network

traffic patterns should be designed to minimize the traffic and to minimize the variation in the traffic

load. It is also recommended that PTP event messages be sent in high priority compared w

6.3 PT

A PTP {
PTP d¢
transpar|
infrastry

The pro
each oth
top of t
synchro
informa

Devices
include

The prq
messagqd
domain.
multiplg
indepen

6.4 PT

The prg

data; see A.5.3.3. Whenever possible such devices should be replaced by PTP beut
transparent clocks.

The network’s protocol is structured such that a message timestamp point can be defired.

P systems

ystem is a distributed, networked system consisting of a combination ef PTP and non-PTP
vices include ordinary clocks, boundary clocks, end-to-end-transparent clocks, pee
bnt  clocks, and management nodes. Non-PTP devices sinclude bridges, routers, ar
cture devices, and possibly devices such as computers, prifitérs, and other application devid

ocol is a distributed protocol that specifies how the real*time clocks in the system synchror
er. These clocks are organized into a master—slaye synchronization hierarchy with the clo
he hierarchy—the grandmaster clock—determiming the reference time for the entire syst
hization is achieved by exchanging PTP _timing messages, with the slaves using thg
ion to adjust their clocks to the time of then master in the hierarchy.

in a PTP system communicate with_each other via a communication network. The netw
ranslation devices between segments implementing different network communication prot

tocol executes within a logical scope called a domain. Unless otherwise specified,
s, data sets, state machines, and all other PTP entities are always associated with a p
A given physical network and individual devices connected to the network can be associa
domains. Withifi' this standard, the time established within one domain by the prqg
ent of the timelin-other domains.

P message classes

tocol-defines event and general PTP messages. Event messages are timed messages in|

ith other
dary or

devices.
-to-peer
d other
es.

ize with
k at the
bm. The
timing

brk may
cols.

all PTP
articular
ted with
tocol is

that an

accurat

timestamp is generated at both transmission and receipt as specified in 6.6.5. General mes

ages do

not requ

ire accurate timestamps.

The set of event messages consists of:

a) Sync (see 13.6)

b) Delay Req (see 13.6)

c) Pdelay Req(see 13.9)

d) Pdelay Resp (see 13.10)
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The set of general messages consists of:

— Announce (see 13.5)

— Follow_Up (see 13.7)

— Delay Resp (see 13.8)

— Pdelay Resp Follow Up (see 13.11)

— Management (see Clause 15)

— Qignﬂ]ing (see 13 12)

The Syrc, Delay Req, Follow Up, and Delay Resp messages are used to generate and commumnjcate the
timing ipformation needed to synchronize ordinary and boundary clocks using the delay request-fesponse
mechanism.

The Pddlay Req, Pdelay Resp, and Pdelay Resp Follow Up messages are used to.measure the lipk delay
between two clock ports implementing the peer delay mechanism. The link delay(is used to corredt timing
informafion in Sync and Follow Up messages in systems composed of peer-fo-peer transparenf clocks.
Ordinary and boundary clocks that implement the peer delay mechanism’” can synchronize uping the
measurdd link delays and the information in the Sync and Follow Up messages.

The Anflounce message is used to establish the synchronization hiérarchy.

The mapagement messages are used to query and update the’PTP data sets maintained by clockk. These
messagds are also used to customize a PTP system-and for initialization and fault mandgement.
Management messages are used between management nodes and clocks.

The sigpaling messages are used for communication between clocks for all other purposes. For gxample,
signalinf messages can be used for negotiation\of the rate of unicast messages between a mastef and its
slaves.

All mespages can be extended by means-of a standard type, length, value (TLV) extension mechanfsm. For

exampld, the PATH TRACE message extensions can be used to detect rogue frames; see 16.2.1 for more
detail o rogue frames.

6.5 PTP device types

6.5.1 General

There atje five-basic types of PTP devices, as follows:

a) \ Ordinary clock

b) Boundary clock
¢) End-to-end transparent clock
d) Peer-to-peer transparent clock

e) Management node

All five types implement one or more aspects of the protocol.
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Two mechanisms are used in PTP to measure the propagation delay between PTP ports. The first one, the
delay request-response mechanism, uses the messages Sync, Delay Req, Delay Resp, and if required,
Follow Up; see 11.3. The second one, the peer delay mechanism, uses the messages Pdelay Req,
Pdelay Resp, and if required, Pdelay Resp Follow Up; see 11.4. Ports on ordinary and boundary clocks
can be implemented using either mechanism. Ports on end-to-end transparent clocks are independent of
these mechanisms. Ports on peer-to-peer transparent clocks use the peer delay mechanism. These two
mechanisms do not interwork on the same communication path. In addition, the peer delay mechanism is
restricted to topologies where each peer-to-peer port communicates PTP messages with at most one other
such port; see 11.4.4.

The use of the various clock types is limited as follows:

— _Ordinary and boundary clocks with ports implementing the peer delay mechanism, and peer-to-
peer transparent clocks, can only be connected in topologies where ports implementing |the peer
delay mechanism communicate PTP messages to and from a single port also implementing the

peer delay mechanism; see 11.4.4. Except in carefully designed networks, this will’predlude the
use of end-to-end transparent clocks and bridges that do not support PTP uSing the peer delay
mechanism, e.g., a conventional bridge.

- Ordinary and boundary clock ports implementing the delay request-fesponse mechan{sm, and
end-to-end transparent clocks, can be connected in any topology that excludes ports ysing the
peer delay mechanism. This precludes the use of peer-to-peer™ransparent clocks ir] such a
system.

- A boundary clock with ports supporting each of the two mechanisms may be used tp bridge
between regions supporting the different mechanisms

6.5.2 Ordinary clocks

The modlel of an ordinary clock is illustrated in Figure'2:

Local clock Clock data sets:
o  defaultDS
—P e+ currentDS
— Time—— PTP Protocol engine e  parentDS
o timePropertiesD§
[t
Control loop i
Timestamp
generation
¢ # Port data sets:
Event interface General interface * Eort!DS“ i~
e . ——fereigr B
Application functions
(e.g. sensor, actuator) f *
Network \ i
- -

Figure 2—Model of an ordinary clock

An ordinary clock communicates with the network via two logical interfaces based on a single physical
port. The event interface is used to send and receive event messages, which are timestamped by the
timestamp generation block based on the value of the local clock. The general interface is used to send and
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receive general messages. An ordinary clock in a domain supports a single copy of the protocol and has a
single PTP state. The ordinary clock can be the grandmaster clock in a system, or it can be a slave clock in
the master—slave hierarchy.

An ordinary clock maintains two types of data sets, referred to as clock data sets and port data sets,
respectively.

The clock data sets are as follows:

a) defaultDS: Attributes describing the ordinary clock.

b) currentDS: Attributes related to synchronization.

c) parentDS: Attributes describing the parent (the clock to which the ordinary clock synchfonjzes) and
the grandmaster (the clock at the root of the master—slave hierarchy).

d) timePropertiesDS: Attributes of the timescale.

The porf data sets contain attributes of the port, including the PTP state.

The profocol engine:

—+ Sends and receives PTP messages.
— Maintains the data sets.
—+ Executes the state machine associated with the port:

— [If'the port is in the slave state (synchronizes to-a master), it computes the master’s time based on
the received PTP timing messages and timestamps that were generated.

The control loop in the local clock adjusts the clock to agree with the time of its master if the prdinary
clock part is in the slave state. If the port is in_the master state, the local clock is free running or jpossibly
synchrohized to an external source of time such as the Global Positioning System (GPS). If the fort is in
the masfer state and the ordinary clock is the grandmaster clock of the domain, then the local [clock is
typically synchronized to an external sotrce of time traceable to TAI and UTC such as the GPS sysfem.

In somgq applications such as industrial automation, an ordinary clock may also be associated [with an
applicatjon device such as a_sensor or an actuator. In a telecommunications application, an ordinafy clock
may be|associated with a-timing demarcation device. The local clock provides time support t¢ such a
device as illustrated in Eigure 2.

6.5.3 Bpundary clocks

The modglel of a.beundary clock is illustrated in Figure 3.

The boy ndary clock typlcally has several phy51ca1 ports w1th each phys1ca1 port commumcatmg with the
network via ; 7 rat; port of an
ordinary clock w1th the followmg except1ons

a) The clock data sets are common to all ports of the boundary clock.
b) The local clock is common to all ports of the boundary clock.

¢) Each protocol engine has the additional function of resolving the states of all ports to determine
which port provides the time signal used to synchronize the local clock.

The messages related to synchronization, establishing the master—slave hierarchy, and signaling (see 6.4),
terminate in the protocol engine of a boundary clock and are not forwarded. Management messages are
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forwarded by other ports on the boundary clock subject to restrictions to limit the propagation of these
messages within the system.

The boundary clock model of Figure 3 is applicable only to PTP messages. For all non-PTP messages, the
boundary clock behaves as a normal network component, e.g., bridge, repeater, or router.

A boundary clock is typically used only as a network element and is not normally associated with
application devices such as sensors or actuators.

N Port boundary clock

Local clock

* Time
Internal data bus }\\
Control loop
Clock data sets:
e  defaultDS
e  currentDS [t Data
. parentDS
e timePropertiesDS
A >
Port-1

PiNg ' Port-2 1—

Network Portn
Timestamp
- generation < >
¢ PTP Protocol engine L——
 EEEE—
Event interface

- '

Port data sets:
e portDS

v foreignivtasterts

v P General interface

Figure 3—Model of a boundary clock

6.5.4 End-to-end transparent clocks

The model of an end-to-end transparent clock is illustrated in Figure 4.
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Figurey4—Model of an end-to-end transparent clock

The end-to-end transparent clock forwards all messages just as a normal bridge, router, or fepeater.
Howevgr, for PTP_eévent messages, the residence time bridge, shown in Figure 4, measures the r¢sidence
time of PTP event messages (the time the message takes to traverse the transparent clock). These r¢sidence
times are accumulated in a special field, the correctionField, of the PTP event message or the agsociated
follow-up niessage (Follow Up or Pdelay Resp Follow Up). This correction is based on the diffdrence in
the timestamp generated when the event message enters and leaves the transparent clock. Any updates to
checksums required by the network protocol are made. Note that the value of the correction update and
checksums are specific to each output port and message since the residence times are not necessarily the
same for all paths through the transparent clock or for successive messages on the same path. The
correction process is illustrated for an arbitrary pair of ports in Figure 5.
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Figure 5—End-to-end residence time correction model

The timpstamps used in computing the residence time are based on timestamps geticrated from the local
clock. Snce these accumulated residence times are used by a slave to adjust the time provided by 4 master,
it is imprtant that any errors resulting from differences in the rates of the masterjand the transparent clocks
be neglilgible for the accuracy required by the application. Since it is possible that the rates of th¢ master
and locgl clocks (essentially the definition of the second on the two clocks) can differ by 0.02%, the error
introduged can be 0.02% of the measured residence time. Thus, for aresidence time of 1 ms, the maximum
error is 200 ns. This error may be unacceptably large, and there areseveral possible ways of reducing it.

One way, the method discussed extensively in 11.3, is to make the rate of the local clock equal tp that of
the masfer, i.e., syntonize the local clock to the master. This'is done by observing the timing infoymation,
correctefl for any upstream residence times, in received-Syhc and, if present, Follow Up messaged. This is
illustrat¢d in Figure 4 in block RC (rate control)., The grandmaster time, corrected for any ypstream
residenge times, is input to the Rate estimation-and control block in RC (shown by the arrow| labeled
“Grandrhaster time”). The corresponding local \time is also input to this block. The Rate estimafion and
control block uses the sequences of master and corresponding local times to estimate the ratio of thg master
and locgl clock rates. The Rate estimation dnd control block then uses this estimated rate ratio fo adjust
(i.e., coptrol) the local clock rate. Note\that the adjustment of the local clock rate need not be a physical
changing of the oscillator frequency: (ir¢., an analog implementation); it is equally acceptable to us¢ a fixed
frequengy local oscillator, compute the ratio of the master and local rates, and multiply the tinfestamps
taken wjith the local clock by<this ratio (i.e., a digital implementation). The key aspect of the| scheme
illustrat¢d by RC is that-it-eperates closed loop; i.e., the local times used in the rate estimation and
residende time measurement are relative to the rate-adjusted local oscillator. This means that rate
adjustments to an pscillator at one node influence the adjustments at downstream nodes, becfuse the
residende time is used to adjust the master times at downstream nodes.

A seconld way to reduce the effect of residence time error that may be useful in some applications |s to use
free-runhingAocal clocks. This is illustrated in the block RE (rate estimation) in Figure 4. In this ¢ase, the
frequency of the lTocal oscillator 1s not adjusted, but 1t 1s allowed to iree-tun. Each clock measures the local
residence time of the Sync message based on the free-running clock. This measured residence time is added
to the correctionField of the Sync or Follow Up message as discussed in 11.3. Each local clock also
computes the ratio of the rate of the local free-running clock to the rate of the grandmaster. This ratio is
computed based on the timestamps in received Sync and Follow Up messages corrected by adding the
correctionField. Even though the correctionField does not reflect the exact residence time, the resulting
ratio will still have greatly reduced jitter compared with simply using the raw timestamps, and it will still
have the correct mean value. In addition, if the residence time is sufficiently large relative to the rate ratio
measurement interval, the worst-case phase error accumulation over a succession of transparent clocks will
be less than that using the first method (above), but at the expense of greater phase accumulation for many
non-worst-case scenarios. The local value of the rate ratio must be maintained in each clock for use in
correcting the residence times for Delay Req messages, as discussed below. In addition, each local clock
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computes the difference between the residence time corrected by this ratio and the uncorrected residence
times. These differences must also be accumulated and passed to the slave clock. If this method is to be
used, it should be specified in a profile (see 19.3) along with a profile-specific TLV used for the
accumulation. With this method, the slave must add these accumulated differences to the correctionField of
received Sync or Follow Up messages before computing the offset of the slave clock from the
grandmaster. End-to-end transparent clocks also correct for the residence time of Delay Req messages.
However, since with this method the oscillators are free-running, the measured value of the residence time
of the Delay Req message must be corrected using the ratio of the local clock rate to that of the
grandmaster that was computed and saved as mentioned earlier. This is the only change in the operation of
the clock for the Delay Req messages. With this technique, Pdelay Resp messages are treated exactly like
Sync messages and must have a TLV specified for this purpose. The Pdelay Req messages are handled
exactly like the Delay Req messages.

NOTE 1{—Before deciding which method to use, it is important to evaluate the likely errors compated|with the
applicati¢n error budget. For example, if the total residence time over all clocks between a master and slave fis 10 ms,
then the fnaximum error in not correcting for the local clock rate at each intermediate clock is no worse than|200 ppm
of this value, or 2 ps. For many designs, the total residence time will be considerably less, and either mechanism is
likely to produce satisfactory results.

NOTE 2{-Implementers of PTP nodes need to consider the resources required to ssupport multiple domgins. The
inability [to process the protocol in a timely fashion due to resource limitations/may lead to deteriorati¢n in the
synchronfization performance, thrashing, or failure of the protocol. Users need; tosbe aware of this limitatjon when
selecting|nodes and designing their systems.

An endfto-end transparent clock may be used as a network~element, or it may be associafed with
applicatjon devices such as sensors or actuators. In the latter case, an ordinary clock is combined [with the
transparpnt clock to provide real-time support for the application device. A model of such a cgmbined
device i illustrated in Figure 6.

In Figuge 6, when the ordinary clock is a slave, the timing information includes the ingress tinjestamp.
When it]is a master, it includes the egress timestamp. The residence time bridge delivers the incomling PTP
timing messages, the Announce messages, the ingress timestamp generated by the incoming Sync thessage,
and any| internal timing corrections to the protocol engine of the ordinary clock. The protoco] engine
computgs the correct time based on thisdnformation and sends it as input to the local clock. If the prdinary
clock wjere a master, it would originate Sync and Follow Up messages with the message tinmjestamps
referencied to the local clock of the ordinary clock, and based on internal timing corrections and the egress
timestarip. In practice the endsto-end transparent and ordinary clock functions would share a ¢ommon
physical clock.
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Figure 6—Combined ordinary and end-to-end transparent clock
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6.5.5 Peer-to-peer transparent clocks

The model of a peer-to-peer transparent clock is illustrated in Figure 7.

The peer-to-peer transparent clock differs from the end-to-end transparent clock in the way it corrects and
handles the PTP timing messages. In all other respects, it is identical with the end-to-end transparent clock.

The peer-to-peer transparent clock has an additional per port block as indicated in Figure 7. This block is
used to compute the link delay between each port and a similarly equipped port on another node sharing the
link, i.e., the link peer. The link peer exists in another clock supporting the peer delay mechanism since
non-peer-to-peer devices are not expected between peer-to-peer transparent clocks. The computation of link
delay is based on an exchange of Pdelay Req, Pdelay Resp, and possibly Pdelay Resp Follow Up
messageswith the link peer As a result of these exchanges the link delay is known for each port of the
peer-to-peer transparent clock. Unlike the end-to-end transparent clock, which corrects and foryards all
PTP tinjing messages, the peer-to-peer transparent clock only corrects and forwards Sync and-Follow Up
messagds. The appropriate correctionField in these messages is updated for both the residence tinje of the
Sync m¢ssage within the peer-to-peer transparent clock and the link delay on the port ‘receiving fhe Sync
messagq.

This cofrection process is illustrated in Figure 8. The egress PTP timing message contains the rgsidence
time andl link delay corrections for the actual ingress link traversed by a_Sync’packet. A change|in Sync
packet rputing through a system of peer-to-peer clocks may result in thetSync packet entering the|peer-to-
sparent clock from a different link. Since the peer-to-peer tran$parent clock corrects the rgsidence
times based on the actual link and internal path taken by<each Sync packet, the egresp timing
information is always correct to within the accuracy of the “measurements. Therefore, thd timing
information provided to the slave always reflects the actualpath through the network of peef-to-peer
transparpnt clocks. By contrast, in the case of the end-to-ehd' corrections, the slave waits for a rlew path
delay vilue based on the combined Sync and Delay Reésp messages, which takes more time sfince the
messaggs need to traverse the entire new path before correct values are present at the slave.

The mepsurement of path delay using the peer“delay mechanism does not interwork with path delay
measurgments based on the delay request-response mechanism. As a result, a peer-to-peer transpargnt clock
can only work with clock ports supporting the peer delay mechanism. With peer-to-peer transparenf clocks,
the masfer only needs to issue Sync andFollow Up messages and respond to Pdelay Req messageq. It does
not recejve Delay Req messages, and, therefore, the processing workload is independent of the nymber of
beer clocks served by a _given port. Likewise, end-to-end transparent clocks support only the delay
esponse mechanism «and not the peer delay mechanism. If a network contains peef-to-peer
nt clocks in one region and end-to-end transparent clocks in another region, the regionf can be

estamps used in computing the residence and link delay times are based on timestamps gpnerated
¢ local cloeks. Since these accumulated residence and link delay times are used by a slave fo adjust
provided by a master, it is important that any errors resulting from differences in the rat¢s of the
master gnd¢the transparent clocks be negligible for the accuracy required by the application. Sihce it is

he-rates—of-the-master-andtoeal-eloelks—(essen taHy—the-definttionof-the—seeend-on the two
clocks) can differ by 0.02%, the error introduced can be 0.02% of the measured residence time. Thus, for a
residence time of 1 ms, the maximum error is 200 ns. This error may be unacceptably large, and there are
several possible ways of reducing it.
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Figure 7—Model of a peer-to-peer transparent clock
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Figure 8—Peer-to-peer residence time and link delay correction‘model

One way of reducing the maximum error, the method discussed extensively,in 11.4, is to make thg rate of
the loca] clock equal to that of the master, i.e., syntonize the local clock«td the master, by observing the
timing information in received Sync and, if present, Follow Up messages, corrected for any ypstream
residenge and link delay times. This is illustrated in Figure 7 in block RC (rate control). The graijdmaster
time, cofrected for any upstream residence and link delay times, i input to the Rate estimation and control
block inl RC (shown by the arrow labeled “grandmaster time”).“The corresponding local time is also input
to this |block. The rate estimation and control block ,uses' the sequences of the grandmaster and
correspdnding local times to estimate the ratio of the grandmaster and local clock rates. The rate estimation
and confrol block then uses this estimated rate ratio to adjist (i.e., control) the local clock rate. Notd that the
adjustment of the local clock rate need not be a physical changing of the oscillator frequency [(i.e., an
analog implementation); it is equally acceptable teslise a fixed frequency local oscillator, compute the ratio
of the npaster and local rates, and multiply the timestamps taken with the local clock by this ratip (i.e., a
digital implementation). The key aspect of thie)scheme illustrated by RC is that it operates closed Igop; i.e.,
the local times used in the rate estimationland residence time measurement are relative to the rate-pdjusted
local osgillator. This means that rate -adjustments to an oscillator at one node influence the adjustments at
downstrpam nodes, because the residence time is used to adjust the master times at downstream nodes.

A seconld way to reduce the effect of residence time error that may be useful in some applications fis to use
free-runhing local clocks/This is illustrated in the block RE1 (master rate ratio estimation) in Figpire 7. In
this casp, the frequency of the local oscillator is not adjusted but is allowed to free-run. Eagh clock
measurgs the local gesidence time of the Sync message based on the free-running clock. This njeasured
residenge time is(added to the correctionField of the Sync or Follow Up message as discussed [in 11.4.
Each lofal cloeksalso computes the ratio of the rate of the local free-running clock to the ratp of the
grandmgster.\This ratio is computed based on the timestamps in received Sync and Follow Up messages
correctefl\by” adding the correctionField. Even though the correctionField does not reflect thhe exact
residence time, the resulting ratio will still have greatly reduced jitter compared with simply using the raw
timestamps and will still have the correct mean value. In addition, if the residence time is sufficiently large
relative to the rate ratio measurement interval, the worst-case phase error accumulation over a succession of
transparent clocks will be less than that using the first method (above), but at the expense of greater phase
accumulation for many non-worst-case scenarios. In addition, each local clock computes the difference
between the residence time corrected by this ratio and the uncorrected residence times. These differences
must also be accumulated and passed to the slave clock. If this method is to be used, it should be specified
in a profile; see 19.3, along with a profile-specific TLV used for the accumulation. With this method, the
slave must add these accumulated differences to the correctionField of received Sync or Follow Up
messages before computing the offset of the slave clock from the grandmaster.
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With both of these methods, the correctionField of either the Sync or Follow Up message must also be
corrected for the link delay as discussed in 11.4. The link delays are measured using the peer delay
mechanism (see 6.6.4). If the peer-to-peer transparent clocks are syntonized to the master as shown in block
RC, the peer delay measurement is also done using syntonized clocks. However, if the rate of the
transparent clock relative to the grandmaster is measured and used as in block REI, the peer delay
measurement is done using the free-running local clocks. In this case, there is an error in the link delay
equal to the elapsed time between the receipt of the Pdelay Req message and the sending of the
Pdelay Resp message, t;—t, (see 6.6.4 and Figure 13) multiplied by the fractional frequency offset between
the transparent clock and its neighbor. To eliminate this component of error in link delay, the frequency
offset between the transparent clock and its neighbor can be measured using the timestamp information
contained in successive Pdelay Resp, and possibly Pdelay Resp Follow Up messages. This is illustrated
in the block RE2 (neighbor rate ratio estimation) in Figure 7. Note that to make this measurement, it is
necessafy to transmit the Pdelay Keq receipt time (t) and Pdelay Resp transmit time (t3) separajely (see
11.4.3).

A peerqto-peer transparent clock may be used as a network element, or it may be’ associafed with
applicatjon devices such as sensors or actuators. In the latter case, an ordinary clock ig-combined with the
transparpnt clock to provide real-time support for the application device. A model-of such a cpmbined
device i illustrated in Figure 9.

In Figuge 9, when the ordinary clock is a slave, the timing information ‘includes the ingress tinjestamp.
When if| is a master, it includes the egress timestamp. When the clock is-a. slave, the residence time bridge
delivers|the incoming PTP timing messages, the Announce messages, and the ingress timestamp gpnerated
by the ipcoming Sync message, and any internal timing corrections)to the protocol engine of the prdinary
clock. Tlhe protocol engine computes the correct time based on these messages and sends it as inppt to the
local clgck. If the ordinary clock were a master, then it would originate Sync and Follow Up messages
with thg sending timestamps referenced to the local clock of the ordinary clock based on interngl timing
correctigns and the egress timestamp. In practice the peer=to-peer transparent and ordinary clock flinctions
would share a common physical clock.

6.5.6 Management nodes
A management node is a PTP device thats

a) Has one or more physicalConriections to the network
b) Serves as an humanterprogrammatic interface to PTP management messages

c) May be combined with any of the clock types
6.6 Synpchronization overview

6.6.1 General

There are two phases in the normal execution of the protocol:

— Establishing the master-slave hierarchy

— Synchronizing the clocks
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Figure 9—Combined ordinary and peer-to-peer transparent clock.
6.6.2 Establishing the master—slave hierarchy

6.6.2.1 General

Within a domain, each port of an ordinary and boundary clock executes an independent copy of the
protocol state machine. For “state decision events,” each port examines the contents of all Announce
messages received on the port. Using the best master clock algorithm, the Announce message contents and
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the contents of the data sets associated with the ordinary or boundary clock are analyzed to determine the
state of each port of the clock.

6.6.2.2 PTP state machine

Each port of an ordinary and boundary clock maintains a separate copy of the PTP state machine. This state
machine defines the allowed states of the port and the transition rules between states. The principal “state
decision events” determining the master—slave hierarchy are the receipt of an Announce message and the
end of an announcelnterval (the interval between Announce messages). The port states determining the
master—slave hierarchy are as follows:

a) MASTER: The port is the source of time on the path served by the port.

b QT AN Tl ot 1 + tatload . 4] 4] stla-tla ot 4l ot o o L AN A QT tat
OE7YV D TITCPUTTS yIICTITOTITIZT S TO T AT VICC O tIC Patt T vw Ta T UIC DOTTHTAT TS T tiCIvIZ oo T 1] S C.

c) PASSIVE: The port is not the master on the path nor does it synchronize to a master,

6.6.2.3 Best master clock algorithm

The best master clock algorithm compares data describing two clocks to determine which data descfibes the
better clock. This algorithm is used to determine which of the clocks deseribed in several Ahnounce
messaggs received by a local clock port is the best clock. It is also used/to~determine whether [a newly
discoveged clock—a foreign master—is better than the local clock itself:\The data describing 4 foreign
master if contained in the grandmaster fields of an Announce message. (The data describing the lodal clock
is contajned in the defaultDS data set of the clock.

The best master clock algorithm is composed of two separate algorithms:

—1 Data set comparison algorithm

- State decision algorithm

The dath set comparison algorithm is based eon"pair-wise comparisons of attributes with the following
precedence:

a) priorityl: A user configurabledesignation that a clock belongs to an ordered set of clocks from which
a master is selected

b) clockClass: An attribute defining a clock’s TAI traceability
c) clockAccuracy:*An attribute defining the accuracy of a clock
d) offsetScaledLogVariance: An attribute defining the stability of a clock

e) prionity2: A user configurable designation that provides finer grained ordering among dtherwise
€quivalent clocks

f) clockldentity: A tie-breaker based on unique identifiers

In addition to this precedence order, the “distance” measured by the number of boundary clocks between
the local clock and the foreign master is used when two Announce messages reflect the same foreign
master. The distance is indicated in the stepsRemoved field of Announce messages. This condition can
occur in PTP systems with cyclic paths not removed by a protocol outside of PTP. The data set comparison
algorithm unambiguously selects one of the two clocks as “better” or as “topologically better.

The state decision algorithm determines whether the next state of the port—the recommended state—will
be MASTER, SLAVE, or PASSIVE based on the results of the data set comparison algorithm and whether
the local clock’s class is less than 128; see 7.6.2.4. This recommended state is then evaluated by the port
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protocol engine based on the current state of the protocol state machine to determine the actual next port
state.

6.6.2.4 Simple master—slave hierarchy

The process establishing a master—slave hierarchy among the ordinary and boundary clocks in a domain is
illustrated in Figure 10.

Boundary clock-1 Boundary clock-2
1 2 3 1 2 3
S M M S M M
’/1— 2 3 4 LsT
I
Ord':ﬁary 3 - S
Ordinary Ordinary Ordinary
clock-1
(grandmaster) clock-2 clock-3 clock-4

Figure 10—Simple master—slave clock hierarchy

In this gxample, ordinary clock-1 is at the root of the hierarchy and-is called the grandmaster clock. Port-1
of boundlary clock-1 is a slave (as indicated by the S) to the grandmaster clock. All other ports on Houndary
clock-1|are masters to the clocks connected to them. Thusj port-1 of boundary clock-2 is a glave to
boundary clock-1 and so forth. Only ordinary and bounddry.clocks maintain this form of state, gnd only
boundary clocks establish the branch points in the mastetZslave hierarchy (i.e., paths 1, 2, 3, 4, anld 5 may
contain [transparent clocks, but these clocks do not participate in the master—slave hierarchy andl do not
maintaif this form of state).

6.6.2.5 Pruning mesh topologies

Figure 1|1 illustrates the case where a mesh network is reduced to a tree-structured master—slave hierarchy
by the protocol. This occurs when the{underlying bridging or routing protocols do not eliminafe cyclic
paths. In) Figure 11, ordinary clock-{1 is*assumed to have been selected as the grandmaster clock by|the best
master dlock algorithm. In the boundary clocks, the port states have been selected by the best masfer clock
oundary
re set to
r port is

K on the
nizes to

The basic pattern of synchronization message exchange is illustrated in Figure 12.
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Grandmaster clock
Ordinary Ordinary Ordinary
clock-1 clock-2 clock-3
M S S
S M M
M Boundary s Boundary s Boundary
clock-1 clock-2 clock-3
Ordinary Ordinary Ordinary.
cldck-4 clock-5 clock-6
S S S
M M M
M Boundary . [ | p Boundary . | | P Boundary
clock-4 clock-5 clock-6
Ordinary Ordinary Ordinary
clgek-7 clock-8 clock-9
S S S
M M M
Boundary | _ | Boundary . | | Boundary
M clock-7 M P clock-8 M P clock-9
M
Figure 11—Pruned mesh topology
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Master Slave

time time e
Timestamps
known by slave

Follow Up™™ —~

b t1’ t2
t t,t,t
‘ Delay_Req : v
t-sm
v
[~ ~
~ _Delay_Resp
~
~
=~ —~—
t N t byt ty

\J \J

Figure 12—Basic synchronization message exchange

The megsage exchange pattern is as follows:

a) The master sends a Sync message'to-the slave and notes the time t; at which it was sent.
b) The slave receives the Syne niessage and notes the time of reception t,.
c) The master conveys.to the slave the timestamp t; by:

1) Embedding_the timestamp t; in the Sync message. This requires some sort of hardware
processing for highest accuracy and precision.

2) _Embedding the timestamp t; in a Follow Up message.

d) .<The slave sends a Delay Req message to the master and notes the time t; at which it was sent.

e) The master receives the Delay Req message and notes the time of reception ty.

f) The master conveys to the slave the timestamp t; by embedding it in a Delay Resp message.

At the conclusion of this exchange of messages, the slave possesses all four timestamps. These timestamps
may be used to compute the offset of the slave’s clock with respect to the master and the mean propagation
time of messages between the two clocks, which in Figure 12 is the mean of t-ms and t-sm.

The computation of offset and propagation time assumes that the master-to-slave and slave-to-master
propagation times are equal. Any asymmetry in propagation time introduces an error in the computed value
of the clock offset. The computed mean propagation time differs from the actual propagation times due to
the asymmetry.
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6.6.4 Measuring link propagation delay in clocks supporting peer-to-peer path correction

The mechanism for measuring the link delay between two ports that implement the peer delay mechanism
(see 6.5.5) is illustrated in Figure 13. This measurement is conducted by all ports implementing the
mechanism. Thus, both ports sharing a link independently make the measurement and, as a result, both
ports know the link delay. This allows the corrections outlined in 6.5.5 to be made irrespective of the
direction taken by a Sync message. It is important that this measurement occur even on ports otherwise
blocked by non-PTP algorithms used to eliminate cyclic topologies, so that up-to-date link delay
measurements are available for all links in the event of a change in the path taken by a Sync message (see

6.5.5).

The link delay measurement starts with port-1 issuing a Pdelay Req message and generating a timestamp t;

for the fdelay Req message. Port-2 receives the Pdelay Req message and generafes a timestamp,_t

messagqd

minimize errors due to any frequency offset between the two ports, Port-2 returns the. Pdel
messagq as quickly as possible after the receipt of the Pdelay Req message.

Port-2 ¢
1.
2.
3.

ther:
returns the difference between the timestamps t, and t; in the Pdelay Respmessage
returns the difference between the timestamps t, and t; in a Pdelay Resp' Follow Up mess|

respectively

Port-1 generates a timestamp t, upon receiving the Pdelay Resp message. Port-1 then uses th

timestar]

hps to compute the mean link delay.
Port-1 Port-2
time time
""""" [ 4 Pdelay_Req

for this

. Port-2 returns a Pdelay Resp message and generates a timestamp t; for this mésSage. To

hy Resp

hoe

returns the timestamps t, and t; in the Pdelay Resp and Pdelay./Resp Follow Up miessages,

bse four

= Pdelay_Resp_Follow_Up

y y

Figure 13—Link delay measurement
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Any asymmetry in the propagation times t-ms and t-sm introduces an error into the computed value of the
link delay. If the mechanism producing the timestamps t;, t,, t;, and t4 does not share the same definition of
a second as the grandmaster clock issuing the Sync messages, a small but possibly significant error is
introduced in the link delay measurement. The source of this error is a small difference between the
frequency of the oscillators in the grandmaster and peer-to-peer clocks. In addition, if there is a difference
between the frequency of the oscillators in the two peer-to-peer clocks, there is a small but possibly
significant error due to the turnaround time, t;—t,, in the peer-to-peer clock. If this error is significant, then
the oscillator in the peer-to-peer clock can be frequency synchronized (i.e., syntonized) to that of the
grandmaster, or the error can be computed and corrected based on the evaluated frequency difference
between the two oscillators.

6.6.5 Generation of message timestamps

A timedfamp event 1s generated at the time of transmission and recepfion of any event messdge. The
timestarqp event occurs when the message’s timestamp point crosses the boundary between the-flode and
the network.

The gengration of the timestamps, indicated in Figure 12 and Figure 13, is modeled in Eigure 14.

IEC 61588/IEEE 1588

r———9 code —C——

: (application layer) Message

I 0s timestamp point

| -4—B

: MAC
i |
Hardware assist ¢ — — — A Preamble Header

PHY
-
Time
Network:

Figure 14+—Timestamp generation model

PTP timiing messages are issuéd-from the PTP application code in one clock and received and procgssed by
the PTH application code~in-another clock. These messages typically have a preamble specified by the
physical layer of the coammunication protocol in use on the network. The preamble is followed by one or
more protocol specific;headers and then user data such as the PTP payload. For every such fransport
mechan{sm, this standard specifies a particular point in PTP timing messages, often the start ¢f frame
signal, s a distinguished point termed the message timestamp point. As a PTP message travdrses the
protocol stack in a node, the timestamps are generated when the message timestamp point passes g defined
point in|the stack ThlS pomt may be in the apphcatlon layer, 1llustrated by “C” n Flgure 14, in the kernel
or interruy rated by e phys i Ustrated by
“A”. In general the closer thls point is to the actual network connection, the smaller the timing errors
introduced by fluctuations in the time taken to traverse the lower layers. In cases where timestamps are
generated in the physical layer, some sort of hardware assist circuitry, illustrated by the dotted lines, is
often employed. In this case, the timestamp is conveyed to the PTP code via a path outside of the normal
path followed by the PTP timing message itself. To ensure that the timestamps are associated with the
correct message, the hardware assist often captures additional information from the PTP timing message
that is passed with the timestamp to the PTP code.

Implementations that generate PTP timestamps at the physical layer must take the mapping to the on-the-
wire format (see 5.4) into account when designing packet recognizers, timestamp generators, and any other
form of hardware assist to PTP that is done at the physical layer.

[ Published by IEC under licence from IEEE. © 2008 IEEE. Al rights reserved. |



https://iecnorm.com/api/?name=f7817058dc18850a1a916c536e1383de

IEC 61588:2009(E)
IEEE 1588-2008(E)

— 37 -

It is possible to design devices where the timestamps are generated between the media access control
(MAC) layer and the physical layer (PHY) or even within the PHY. In such devices, it is likely that all or
part of the PTP code will be embedded and executed within low-level silicon without the use of an

operating system.

6.7 PTP communications overview

6.7.1 PTP communication topology

graph s

In all other cases, PTP assumes that the underlying bridging or routing protocols.enstire that PTP
forwarding avoids loops. In particular, the protocol assumes that multicast PTP“messages are no
indefinifely within the communication path. The protocol does not assume that-a' multicast messagg
one PTH port is received on only one of the recipient boundary clock’s perts."The protocol does no
that only a single copy of a multicast message sent by one PTP port7is received on another P
howevef, receipt of duplicate copies may impact the precision of\time transfer and therefore 1

should Ye designed to avoid this behavior.

6.7.1.2 Hierarchical topology

Different applications favor different topologies. For many, systems, the hierarchical topology illus|

6-7-1-1 ncucl a}

In systeE\ls composed solely of boundary and ordinary clocks, the operation of PTP produces)ar
cture for PTP messages irrespective of the actual underlying network connectiyvity, fi

techniqyes described by Perlman [B22].

Figure |

Grandma

S is preferred.

ister clock

Boundary cloek-1

‘ Cyclic path

/

Ordinafy clock-1

Ordinary.clock-2

Boundary clock-2

Boundary clock-3

=

Ordinary clock-3

Ordinary clock-4

Ordinary clock-5

Ordinary clock-6

Figure 15—Hierarchical topology
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With the exception of the “cyclic” path shown in dashed lines, the other devices in Figure 15 form a tree
structured hierarchy with the boundary clocks forming the branch points in the tree. Since boundary clocks
can have many ports, this topology allows large numbers of devices to be synchronized with only a few
boundary clocks between any slave and the grandmaster. In this example, assume that the dashed path is
not present. If boundary clock-1 is selected as the grandmaster as shown, the maximum number of
intervening boundary clocks is 1. The worst case would be if one of the ordinary clocks, say clock-3, is
selected as the grandmaster. Then the maximum number of boundary clocks to the most distant slave, say

clock-6, would be 3.
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As noted in 6.2, the protocol expects the underlying topology to avoid forwarding loops. In Figure 15, if the
dashed path is present, a loop exists involving three boundary clocks. The operation of the best master
clock and state decision algorithms noted in 6.6.2 breaks this loop for PTP messages.

6.7.1.3 Linear topology

Some applications require long linear topologies as shown in Figure 16, rather than the star or hierarchical
topologies of Figure 15. Figure 16 shows two long linear chains of end-to-end transparent clocks with
boundary clock-1 as the grandmaster.

Synchronization between an ordinary and a boundary clock involves an exchange of PTP timing messages
between the two clocks, for example over path-A. These PTP timing messages are not visible by other
clocks in the system. Based on the PTP timing messages, the slave of such a master—slave pair executes
some soft of servo mechanism to reduce the clock offset errors.

Transpafent clocks forward PTP timing messages through the clock in the manner of an ordinary Hridge or
router bfit, in addition, measure the time spent by a PTP timing message within the transparent clock. These
“residenjce” times are accumulated in the correctionField in the PTP timing messages)y Which allows the
slave tq correct the timestamps, effectively removing the timing fluctuations that-would othefwise be
introduded by the bridges. The penalty is that the master, in this example boundaty clock-1, has tq process
PTP timiing messages (i.e., Delay_Req) from all slaves in the linear chain, rather'than just from an pdjacent
boundaryy clock.

NOTE—This scaling penalty on the master can be avoided by using pe€r-to-peer transparent clocks or poundary
clocks.

Boundary clock-1

A ; | Grandmaster clock
B Cyclic path
Ordinary clock-1
End:to-end End-to-end
Ordinary clock-1-1 transparent clock- transparent clock- Ordinary clock-2+1
1-1 2-1
I
| 1
| I [ |
C —4L———2
End-to-end End-to-end
Ofdinary clock<1-2 transparent clock- transparent clock- Ordinary clock-2-2
1-2 2-2
L L~
/I/ //
S
I
End-to-end End-to-end
Ordinary clock-1-n |——T—— transparent clock- transparent clock- Ordinary clock-2-n
1-n 2-n

Figure 16—Linear topology
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6.7.1.4 Rapid reconfiguration in multiply connected topologies

In many applications, devices are placed in a multiply connected topology, for example, a mesh, as
illustrated in Figure 17 or a ring in which alternate paths are logically removed to produce an acyclic
topology by a protocol outside of PTP. In the event of a path failure, these external protocols reconfigure
the network to restore connectivity. Since PTP operates on top of this underlying, rapidly reconfiguring
network, PTP might have to readjust the corrections for path length between master and slave after a
reconfiguration.

The peer-to-peer transparent clock is designed for use in this environment.

J Grandmaster clock
I

Peer-to-peer Peer-to-peer \ \ Peer-tg-peer
Ordinafy clock-1-1 A transparent clock- B transparent clock- \ . N transparent clock-
1-1 21 m-|i
C G
Peer-to-peer Peer-to-peer X \ Peer-tg-peer
Ordinafy clock-1-2 —D— transparent clock- ——E—— transparent clock- \ . A\ transparent clock-
1-2 2-2 m-P
I
F
e A T
1 1
Peer-to-peer Peer-to-peer \ \ Peer-tg-peer
Ordinaly clock-1-n transparent clock- transparent clock- \ . \ transparent clock-
1-n 2-n m-h

Figure 17~—Multiply connected topology

Shown [in Figure 17 are several peer-to-peer transparent clocks connected in a mesh topology. The
operation of the peer-to-peer ttansparent clock depends on some external protocol eliminating cyclic paths
in the network. As in the.case of end-to-end transparent clocks, the peer-to-peer transparent clpcks are
usually pssociated with-an ordinary clock for use in a sensor or other device. The difference between the
two typgs of clocks(is in the way that the path length corrections are made.

Supposq that initially the path between ordinary clock-1-1 (the grandmaster) and ordinary clock{l-2 (the
slave) was‘A, B, G, E, D as determined by some non- PTP protocol A Sync message from ordmary clock-
1-1 wou A and for link
delay A. Likewise peer-to-peer clock-2-1 would further correct for its residence time and link delay B, and
so on, so that ordinary clock-1-2 receives a Sync message corrected for residence times in peer-to-peer
clocks 1-1, 2-1, 2-2, and 1-2 and link delays A, B, G, and E. Ordinary clock-1-2, which also supports the
peer link delay mechanism, corrects for the last link delay D.

Assume that the network is reconfigured such that the new path between these two clocks is now A, C, D.
Peer-to-peer clock-1-1 does the same correction as before. However, in this case, peer-to-peer clock-1-2
now receives the Sync message directly from peer-to-peer clock-1-1 and, therefore, corrects for its
residence time and link delay C, which it has previously measured. It is this prior measurement of link
delays on all links, whether active or not, that allows this rapid reconfiguration.
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6.7.1.5 Bridging between different network protocols

There is no requirement that all of the PTP communication paths use the same underlying communication
media or technology. Boundary clocks are used to bridge between different network transport technologies,
as illustrated in Figure 18.

In Figure 18, boundary clock-1 and ordinary clocks-1, clock-3, and clock-5 are assumed to communicate
via network paths labeled A implementing one technology, for example, UDP/IP. Boundary clock-2 and
ordinary clock-clock-2, clock-4, and clock-6 communicate via network paths labeled B implementing a
second technology, for example, DeviceNet. One of the boundary clocks, boundary clock-2 in Figure 18, is
a bridge that supports technology A on port-2 and technology B on the remaining ports.

Ordinary Ordinary
clock-1 clock-2
M S
\ |
A B
| |
S M
1 1
Ordingry n Boundary Boundary . Orfinary
coc3 S[ATIM2 ok 3 M . S22 Gock2 M S clbck-4
4 4
M M
\ |
A B
l |
S S
Ordinary Ordinary
clock-5 clock-6

Figure 18—Bridging disparate technologies

In most|cases, such bridging involves not only a change in network transport protocols, as in tHe above
examplg between UDP/IP and BeviceNet, but also possibly other PTP characteristics such as upddte rates.
In this fase, the boundary ,clock is the only device that maintains sufficient PTP state to perform the
bridging function. In somg¢ cases, the only bridging function required is translating packet formats|or other
physical layer issues. Inithese cases, it is possible to design transparent clocks to perform the bridging since
no PTP ptate informdtion is required.

6.7.2 System startup

To provide’more orderly behavior when a clock comes on line, an ordinary or boundary clock litens for
Announgesmessages from a master for a configurable time interval. If no Announce message is feceived
within this time, the clock assumes it is the master until such time as a “better” clock appears.

An additional mechanism to support more orderly reconfiguration of systems when clocks are added or
deleted, clock characteristics change, or connection topology changes is embodied in the PRE MASTER
state. In this state, a clock port behaves exactly as it would if it were in the MASTER state except that it
does not place certain classes of messages on the port communication path. A clock port remains in this
PRE _MASTER state long enough to allow changes to propagate from points in the system between the
local clock and possible masters visible from the port.
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7. Characterization of PTP entities

7.1 Do

mains

A domain consists of one or more PTP devices communicating with each other as defined by the protocol.
A domain shall define the scope of PTP message communication, state, operations, data sets, and timescale.
PTP devices may participate in multiple domains; however, unless otherwise specified in this standard, the
operation of the protocol and the timescale in different domains is independent.

NOTE 1-—-The mechanism for limiting PTP operation and communications to a domain may involve, for

example,

commun
on applid

NOTE 2{
particula
inability
synchron
selecting

The don

The don
be confi

7.2 PT

7.21 G
The tim

There afe two_types of timescales supported by PTP:

cation-specific techniques such as router table configuration, limiting the physical connectivity, @n
ation layer processing of the domainNumber field of PTP messages.

—Implementers of PTP nodes need to consider the resources required to support multiple.domain
ly true for ordinary and boundary clocks, which maintain much more state than,transparent cldg
to process the protocol in a timely fashion due to resource limitations may lead-to deteriorati
ization performance, thrashing, or failure of the protocol. Users need to be aware of this limitat
nodes and designing their systems.

hain is identified by an integer, the domainNumber, in the range of 0 to 255 as specified in }

Table 2—domainNumber.

Value (decimal) | Definition

0 Default domain

1 Alterridte domain 1

2 Alternate domain 2

3 Alternate domain 3
4-127 User-defined domains
128-255 Reserved

nain with domainNumber 0 is-kfiown as the default domain. The value of the domainNum
burable subject to limits established by a PTP profile.

P timescale

eneral

pscale for/ademain is established by the grandmaster clock.

reliance

k. This is
cks. The
n in the
on when

[able 2.

ber shall

scale is

- \The timescale PTP: In normal operation, the epoch is the PTP epoch and the timg

continuous; see 7.2.4. The unit of measure of time is the SI second as realized on the
geoid.

rotating

The timescale ARB (arbitrary): In normal operation, the epoch is set by an administrative

procedure. The epoch is permitted to be reset during normal operation. Between invocations of

the administrative procedure, the timescale is continuous. Additional invocations
administrative procedure may introduce discontinuities in the overall timescale.

[ Published

by IEC under licence from IEEE. © 2008 IEEE. All rights reserved. |

of the


https://iecnorm.com/api/?name=f7817058dc18850a1a916c536e1383de

_40_ IEC 6158

8:2009(E)

IEEE 1588-2008(E)

7.2.2 Epoch

The epoch is the origin of the timescale of a domain.

The PTP epoch is 1 January 1970 00:00:00 TAI, which is 31 December 1969 23:59:51.999918 UTC.

NOTE 1—The PTP epoch coincides with the epoch of the common Portable Operating System Interface (POSIX)
algorithms for converting elapsed seconds since the epoch to the ISO 8601:2004 printed representation of time of day;
see ISO/IEC 9945:2003 [B16] and ISO 8601:2004 [B17].

NOTE 2—See Annex B for information on converting between common timescales.

7.2.3 UTC Offset

When t
currentl
timePro

NOTE—]
value of

7.24 M
Within

7.3 PT

731 M
Althoug

based om a unicast model provided that the behavior of the protocol is preserved.

732 M
All PTP

73.3 M

he epoch is PTP, it is possible to calculate UTC time using the value of timePropd
[tcOffset. The value of timePropertiesDS.currentUtcOffset shall be (as
pertiesDS.currentUtcOffset = TAI — UTC.

As of 0 hours 1 January 2006 UTC, UTC was behind TAI by 33 seconds. At that mioment the PT
urrentUtcOffset became +33 seconds (Service de la Rotation Terrestre, Observatgire'de Paris [B23])

easurement of time within a domain

domain, time shall be measured as elapsed time since the epoch.

P communications

essaging model

h the standard is written based on the multicast model, it is permissible to create an implemn

essage attributes

Lrelated communications occur via PTP messages. PTP messages have the following attriby

- Message class

- Message sourcePortldentity
- Message type

- Message sequenceld

- Flags defining options

essagejclass

rtiesDS.
follows:

P-defined

entation

tes:

7.33.11

L VCITt TICSSAZTS

The event message class consists of the following message types:

a)

Sync: A Sync message is transmitted by a master to its slaves. It either contains the time of its

transmission or is followed by a Follow Up message containing this time. It may be used by a
receiving node to measure the packet transmission delay from the master to the slave. The

appearance of a Sync message at the reference plane (see Figure 19) of a PTP port is an

event to

which a local clock shall assign a timestamp, the <syncEventlngressTimestamp> or

<syncEventEgressTimestamp>, based on the value of the local clock.
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b)

Delay Req: A Delay Req message is a request for the receiving node to return the time at which the
Delay Req message was received, using a Delay Resp message. The appearance of a Delay Req
message at the reference plane of a PTP port is an event to which a local clock shall assign a
timestamp, the <delayReqEventIngressTimestamp> or <delayReqEventEgressTimestamp>, based
on the value of the local clock.

Pdelay Req: A Pdelay Req message is transmitted by a PTP port to another PTP port as part
of the peer delay mechanism (see 11.4) to determine the delay on the link between them.
The appearance of a Pdelay Req message at the reference plane of a PTP port is an event to
which a local clock shall assign a timestamp, the <pdelayReqEventIngressTimestamp> or
<pdelayReqEventEgressTimestamp>, based on the value of the local clock.

Event messages shall be assigned the timestamps defined above as specified in 7.3.4.
7.3.3.2 GGeneral messages

The genpral message class consists of the following message types:

a

d)

e)

f)

Pdelay Resp: A Pdelay Resp message is transmitted by a PTP port in response to the redeipt of a
Pdelay Req message. There are several options for conveying timestamp informiatiep in the
Pdelay Resp message:

1) The difference between the time of transmission of the Pdelay Resp message and th¢ time of
receipt of the corresponding Pdelay Req message is conveyed in the Pdelay Resp messpge.

2) The difference between the time of transmission of the Pdelay Resp message and th¢ time of
receipt of the corresponding Pdelay Req message is conveyedvin a Pdelay Resp Follow Up
message that follows the Pdelay Resp message.

3) The time of receipt of the corresponding Pdelay Requmessage is conveyed in the Pdelay Resp
message, and the time of transmission of the “Pdelay Resp message is conveyed in a
Pdelay Resp Follow Up message that follows.the Pdelay Resp message.

The appearance of a Pdelay Resp message atcthe reference plane of a PTP port is an jevent to
which a local clock shall assign a timestamp, the <pdelayRespEventIngressTimestdmp> or
<pdelayRespEventEgressTimestamp>,-based on the value of the local clock.

Announce: Announce messages provide status and characterization information of the trafsmitting
node and its grandmaster. This information is used by the receiving node when executing| the best
master clock algopithm.

Follow_Up='In a two-step ordinary or boundary clock (see 3.1.47), the Follow Up [message
communicates the value of the <syncEventEgressTimestamp> for a particular Sync message

Delay Resp: The  Delay Resp  message

communicates the value qf  the

Pdelay Resp Follow Up: In a two-step clock supporting the peer delay mechanism, the
Pdelay Resp Follow Up message carries the transmit timestamp
<pdelayRespEventEgressTimestamp> generated by a PTP port at the transmission of a Pdelay Resp
message.

Management: Management messages communicate information and commands used to manage
clocks.

Signaling: Signaling messages carry information, requests, and commands between clocks.

General messages are not required to be timestamped.
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7.3.4 Generation of event message timestamps

7.3.4.1 Event message timestamp point

Unless otherwise specified in a transport-specific annex to this standard, the message timestamp point for
an event message shall be the beginning of the first symbol after the Start of Frame (SOF) delimiter.

7.3.4.2 Event timestamp generation

All PTP event messages are timestamped on egress and ingress. The timestamp shall be the time at which
the event message timestamp point passes the reference plane marking the boundary between the PTP node
and the network.

NOTE 14-If an implementation generates event message timestamps using a point other than the message-tfmestamp
point, th¢n the generated timestamps should be appropriately corrected by the time interval between.the actugl time of
detection| and the time the message timestamp point passed the reference plane. Failure to make these cqrrections
results infa time offset between the slave and master clocks.

NOTE 2{—In general the timestamps may be generated at a point removed from the referfence plane. Furthermore, the
time offget from the reference plane is likely to be different for inbound and outbourid event messages. To|meet the
requirempnt of this subclause, the generated timestamps should be corrected for thes€ offSets. Figure 19 illustrates these
offsets. Hased on this model, the appropriate corrections are as follows:

<egressTimestamp> = <egressMeasured Timestamp> +-¢gressLatency
<ingressTimestamp> = <ingressMeasured Timestamp>< ingressLatency

where tie actual timestamps <egressTimestamp> and <ingressTimiestamp> measured at the reference plane are
computedl from the detected, i.e., measured, timestamps by theirrespective latencies. Failure to make these cqrrections
results infa time offset between the slave and master clocks.

7.3.5 Message sourcePortldentity
Each PTP message contains a sourcePortldentity:field that identifies the egress port; see 13.3.2.8.
7.3.6 Message types

Each PP message contains a messageXype field that names the PTP message; see 13.3.2.2.

NOTE—PTP message headers alse.Contain an additional field named “controlField” (see 13.3.2.10), which is|provided
to maintgin backward compatibility with hardware designs based on version 1 of this standard.
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<ingressMeasuredTimestamp>,

generated at this poimnt in
protocol stack

|
|

ingresslatency

PTP code
<egressMeasuredTimestamp> PTP port
generated at this point in event interface
protocol stack
A 4

A al |

egress mg'rléss

protocol protpcol

stack stack

egressLatency l
I
|

T A
|
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< ¥eommunication mediu[r.
XUKXXKKIOHOXKKXXKKIOKXX. ... XXXXXKY 222227777777 —
Event message
reference plahe for <egressTimetamp> and
<ingressTimestamp>
message timestamp point:

7.3.7 Message sequenceld

With the exceptions noted below,\each port on a PTP ordinary, boundary, or transparent clo
maintain a separate sequenceld pool for each message type sent to a destination address. N
addressgs are considered to be'single destination addresses, and each unicast address is considered

destinat{on address.

The sequenceld of thesmessage shall be one greater than the sequenceld of the previous messag

Figure 19—Definition of latency constants

same mpssage typé)sent to the same message destination address by the transmitting port, subje
constraifits of thexrollover of the Ulnteger16 data type used for the sequenceld field.

Two PTPR ‘nfessages bearing the same values for the messageType and domainNumber fig

ck shall
fulticast
| to be a

e of the
bt to the

1ds and

transmitted from the same fransmitting protocol address of a PTP node are identical if the values of the
sequenceld fields are identical, consistent with the rollover properties defined above for the sequenceld.

Separate pools of sequenceld shall not be maintained for the following message types:

— Pdelay Resp
— Follow_Up
— Delay Resp

— Pdelay Resp Follow Up
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— For these exceptions, the sequenceld value is specified in 13.3.2.9 and in 15.4.1.2.

7.3.8 Flag-based Indicators

7.3.8.1 unicastFlag

A TRUE value for the flag unicastFlag (see 13.3.2.6) indicates that the message was transmitted as a

unicast message.

7.3.8.2 alternateMasterFlag

A TRUE=alue for the ﬂng nlfpmﬂfp\/fﬂqurplqg (see 1332 6) indicates that the message is transmitted from

a port n¢t in the MASTER state.
7.3.8.3 fwoStepFlag

A TRUEF value for the flag twoStepFlag (see 13.3.2.6) indicates that the message wassent from a fwo-step

clock.

7.4 PTP communication media

7.4.1 Network transport protocol

PTP communications occur on paths using transport protocols defined by the mapping annexe$ of this
standard. The identification of the transport protocol in use for a‘¢communication path shall be indicjted by

the netyorkProtocol enumeration of Table 3.

Table 3—networkProtocol enumeration

Name Value (hex) Applicaple
annex
Reserved 0000 —
UDP/IPv¢ 0001 Annex [J
UDP/IPvp 0002 Annex H
IEEE 80%.3 0003 Annex H
DeviceNpt 0004 Annex (
ControlNet 0005 Annex H
PROFINET 0006 Annex I
Reserved for assignment by 'thé Precise Networked Clock Working Group | 0007-EFFF —
of the IM/ST Committee
Reserved for assignmént-in a PTP profile FO000-FFFD —
Unknowf Protocol FFFE —
Reserved FFFF —

NOTE—Enumetation assignments for other transport mechanisms may be obtained by application to the Premre

Networked €lock Working Group of the IM/ST Committee

7.4.2 Communication path asymmetry

Messages from master to slave and slave to master shall traverse the same network path in any system
containing two-step clocks on such paths. Messages from requestor to responder and from responder to
requestor shall traverse the same network path in any system containing two-step clocks on such paths.
They should traverse the same path in all systems to minimize asymmetry.

The Precision Time Protocol requires that the transmission time of certain messages be measured between a
master and a slave clock and between the slave and its master. For the peer delay mechanism it is required
that the transmission time between a responder and a requestor and between the requestor and the
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responder be measured. Typically, these times are not the same. PTP characterizes the transmission times
as follows:

— <meanPathDelay>

— delayAsymmetry

The basi

s for these attributes is illustrated in Figure 20.

Master clock
or
Responder

The <m
delayAsg|
requestd
budget ¢

The attr

— o+

S|

Slave clock
or
Requestor

Figure 20—Propagation asymmetry

panPathDelay> is the mean value of t,,s and ty,;A.€/, <meanPathDelay> = (t,s + ts,)/2. The
ymmetry is required for the computations of the-actual delay in the master-to-slave or respg
r direction, ty, used in Clause 11. In many-~cases, the value of delayAsymmetry is below
f the synchronization application.

bute delayAsymmetry is defined.as follows:

s= <meanPathDelay> + delayAsymmetry
= <meanPathDelay> — delayAsymmetry

value of
nder-to-
he error

nder-to-
time.

pagation
itations;

In othey words, delayAsymmetry is defined to be positive when the master-to-slave or respd
requestdr propagation time is longer than the slave-to-master or requestor-to-responder propagation
The megsurement of.delayAsymmetry is out of scope of this standard. However, if known, the pro
asymmgtry shall be/modeled as specified in this subclause for purposes of correcting timing comp
see 11.6

7.5 PTP ports

7.5.1 General

The nodes in a PTP system interface with the network via entities called ports, as shown in Figure 21.
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Port-n
+ Local tim
Timestamp )
generation Timestamps -
Network
PTP node

(multiple-ports)

Event interrace

- Mgssages—

General interface

Figure 21—Port model

Each poft on a PTP ordinary, boundary, or transparent clock issmodeled as supporting two interfacgs, event
and genpral, as shown in Figure 21. The model shows that.timestamps are generated for event messages
(see 7.3}4.2) but are not required for general messages.

NOTE—Figure 21 is a model. Unless otherwise stated'in this standard, there is nothing precluding implemjentations
that, for ¢xample, have a single interface, timestamp_allkmessages, and sort out the event messages later.

Each PTP port implements a single versign of the protocol and uses a single transport protocol. More than
one PTH port can connect to the network via a single physical port.
The attr|butes of PTP ports are described in 7.5.2 to 7.5.5.

7.5.2 Portldentity

7.5.2.1 General

A PTP port is identified by an attribute portldentity of type Portldentity; see 5.3.5. The value is mdintained
in the pgrtldentity. member of the portDS data set; see 8.2.5.2.1. A portldentity consists of two attriputes, as
follows:

- \portldentity.clockldentity

— portldentity.portNumber
7.5.2.2 clockIdentity

7.5.2.2.1 General

The clockldentity is an 8-octet array.

The clockldentity values shall be taken from either the IEEE EUI-64 individual assigned numbers as
specified in 7.5.2.2.2, or from the value set specified in 7.5.2.2.3.

[ Published by IEC under licence from IEEE. © 2008 IEEE. Al rights reserved. |



https://iecnorm.com/api/?name=f7817058dc18850a1a916c536e1383de

IEC 61588:2009(E) —49-
IEEE 1588-2008(E)

The value of the clockldentity should be taken from the IEEE EUI-64 individual assigned numbers''; see
7.5222.

7.5.2.2.2 IEEE EUI-64 clocklIdentity values

The most significant 3 octets of the clockldentity shall be an OUI The least significant two bits of the most
significant octet of the OUI shall both be 0. The least significant bit of the most significant octet of the OUI
is used to distinguish clockldentity values specified by this subclause from those specified in 7.5.2.2.3.

NOTE 1—The values of the least and next-to-least significant bits of the most significant octet of the OUI indicate,
respectively, whether the address is a group or individual address and whether the address is administered universally
by the IEEE or locally.

A 1 k 1 ot 1owlll hmh the P | 1olll hmh the S| " P Il 4Q
cloc ucuut_y Slidall UL dIl LUT=US UL Slidall UCU dll DUTTUS CUIRBUULICU TTUIIN a4 UL 0.

For devices that use an IEEE EUI-64 for the clockIdentity value:

— The OUI shall be owned by the organization creating an instance of a clockldentity u
terms of this subclause.

unique within the scope of clocklIdentity values assigned by the organization.

— The 8 octets of the IEEE EUI-64 shall be assigned in order’to the 8-octet array cloch
with the most significant octet of the IEEE EUI-64 assigned to the clockldentity oc
member with index 0.

nder the

— The organization owning the OUI shall ensure that the remaining 5\©ctets of the EUl-64 are

[[dentity
et array

Examﬂ::
The OUJl for Company X is ACDE484. If Company X wished to generate a EUI-64 clockldentityf, a legal
value wpuld be as follows: ACDE48234567ABCD, ¢, where the 5-octet array 234567ABCD,s would be
guarantged by Company X to be unique among all'Company X EUI-64 assigned numbers [used as
clockldgntity values. The byte and bit representations of the clockldentity are illustrated below from the
IEEE R¢gistration Authority:''
oul Extension identifier Field
addr+{ addr+1 addr+2 addr+3 addr+4 addr+5 addr+6 addr+] | order
AC DE 48 23 45 67 AB CD hex
10101100 11011110 01061000 00100011 01000101 01100111 10101011 11001101 bits
L] ||
| group address bit | 1]
| most{ significant byte least significant byte | |
most significant bit least significant Hit
Implem¢nters may alternatively use an EUI-48 to create the EUI-64 clockldentity. In this case:
— (Fhie’ EUI-48 shall be an Ethernet MAC address owned by the organization creating the [instance

of a clocklIdentity under the terms of this subclause The nrgnniw\ﬁnn QW ning the MAC

address

shall guarantee that the MAC address is used in generating only a single instance of a
clockldentity, for example, by requiring that the MAC address be a MAC address embedded in

the device identified by the clockIdentity.

— The mapping rules for constructing the EUI-64 from the EUI-48 shall be those specified by the

IEEE Registration Authority.

"IEEE EUI-64, IEEE EUI-48, and IEEE MAC-48 assigned numbers may be obtained from the IEEE Registration Authority website:
http://standards.ieee.org/regauth/. Tutorials on these assigned numbers may be found on this website.
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— The 8 octets of the created IEEE EUI-64 shall be assigned in order to the 8-octet array
clockldentity with the most significant octet of the IEEE EUI-64 assigned to the clockldentity

octet array member with index 0.

NOTE 2—When using an EUI-48, the first 3 octets, i.e., the OUI portion, of the IEEE EUI-48 are assigned in order to
the first 3 octets of the clocklIdentity with the most significant octet of the IEEE EUI-64, i.e., the most significant octet
of the OUI portion, assigned to the clockldentity octet array member with index 0. Octets with index 3 and 4 have hex
values FF and FE, respectively. The remaining 3 octets of the IEEE EUI-48 are assigned in order to the last 3 octets of
the clockldentity].

NOTE 3—The IEEE Registration Authority has deprecated the use of MAC-48 in any new design.""

Example:

If Company X wished to use an EUI-48 based on the MAC address in an owned- dg

vice of

ACDE4B234567,, as part of the clockldentity, the resulting clockldentity would 'be™ as [follows:
ACDEA4BFFFE234567,6. The byte and bit representations of the clockldentity are illustrated belpw from
IEEE R¢gistration Authority:''
(018)1 Extension identifiex Field
addr+y addr+1 addr+2 | Addr+3 addr+4 addr+5 addr+6 addr+7 order
AC DE 48 FF FE 23 45 67 hex
10101190 11011110 01001000 11111111 11111110 00L00011 01000101 011001}1 bits
I | ]
| ] group address bit | |
| most significant byte least significant byte | |
most significant bit least significant Hit

Interprefations or functional behaviors dependent on an IEEE Std 1588:2008/IEC 61588:2009 ¢
value except for those interpretations and functional-behaviors defined in this standard shall not be |

NOTE 44— The clockldentity value is used by PTP as a unique identifier and not as a network address. A
network pddress may possibly be inferred from the clockldentity for technologies using the underlying IEEE]
numbers [for that purpose, such an interpretation is out of the scope of this standard.

7.5.2.2.3 Non-IEEE EUI-64 clockldentity values
For devices that do not use [IEEE;EUI-64- or EUI-48-based clocklIdentity values:

— The most significant octet shall be set to FF 4. The least significant bit of this octet is
distinguish c¢lockIdentity values specified by this subclause from those specified in 7.5.2

- The next\8 bits, i.e., with octet index 1, shall be assigned a value from the non|
addeessTechnology enumeration of Table 4.

lockIdentity
bermitted.

though a
assigned

used to
2.2,

FEUI-64

—Octets with indices 2 through 7 shall be assigned values such that the value of the resplting 6-
o i tectrot refrmed-bosi i l?andl.

Technologies using this option, and for which the unique technology-specific identifier is less
than 6 octets, shall left-justify the device’s unique technology-specific identifier in the field and

pad the unused octets with zeroes. In other words, the clockldentity octet with index 2
significant in all technologies using this option.

shall be

— The assignment of protocol technology-specific unique identifiers shall be the responsibility of

the standards or industry body governing the specifications of the applicable technology

The 16-bit values for the non-IEEE administered numbers, the non-EUI-64 addressTechnology, shall be as
defined in Table 4.
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Table 4—Non-EUI-64 addressTechnology enumeration

Octet[0] Octet[1] Communication protocol
(hex) (hex)
00 Reserved
01 DeviceNet
02 ControlNet
FF 03 PROFINET
04 to FD Reserved for assignment by the Precise Networked
Clock Working Group of the IM/ST Committee
FE Version 1 devices
FF Closed system outside the scope of this standard

NOTE 1
address 1
for that p

NOTE 2
IEC6158

and versi

Example:

The XY]

—The clocklIdentity is used by PTP as a unique identifier and not as a network address. Although 4
hay possibly be inferred from the clockIdentity for technologies using the underlying IEEErassigned|
urpose, such interpretation is out of the scope of this standard.

—Protocols listed in Table 4 use addresses not readily mapped into the EUI-64 framework. IEEE Std 15
8:2009 version 1 devicesuse Ethernet MA Caddresses for version 1 UUID fields. The'translation between
bn 2 in boundary clocks is simplified by including specific provision for version Ldévices in this table; se

network
numbers

88:2008/
version 1
18.3.7.

Z Association is the standards organization governing the-XYZ network protocol of a future or

current gnnex to this standard. The XYZ Association is assigned/@ value FF05 (hex) from Table 4. Buppose
that ong of its member companies, Company Y, obtained frdm the XYZ Association, the 6-octet unique
clockldgntity: 23456789ABCDs. The resulting 8-ottet' clockldentity would be as [follows:
FF0523456789ABCD;. The byte and bit representations @re illustrated as follows:''
oul Extension identifier Field

addr+0 addr+1 addr+2 Addr+3 addr+4 addr+5 addr+6 addr+7 order

FF 05 23 45 67 89 AB CDO hex
11111111 00000101 00100011 . 01000101 01100111 10001001 10101011 11001101 bits

| mos
most sig

7.5.2.2.4
The clog

group address bit |
significant byte least significant byte]
nificant bit least significant

Reserved clockIdentity value

kldentity value-of all ones shall be reserved for designating all clocks in a domain.

NOTE—}This is.comsistent with the rules specified by the IEEE Registration Authority."!

7.5.2.3

ortNumber
The Valul’_l‘m_la_lﬁﬁﬁﬁﬁt—l_l’wo € portNumber 10T a poIt ol a port shall be I. The values

Node SUpportng a singie
of the port numbers for the N ports on a PTP node supporting N PTP ports shall be 1, 2, ...N, respectively.

The all-zeros and all-ones portNumber values are reserved. The all-ones portNumber, with value FFFF g, is
used as the “all-ports” indicator in Management messages (see 15.3.1) and in Signaling messages (see
13.12.1). The all-zeros portNumber is used in data set comparison between portldentity and clockIdentity
(see 7.5.2.4 and Table 12), designating the internal portNumber of the clock. The all-zero portNumber may
also be used to represent a NULL portNumber value; e.g., it can represent an uninitialized or invalid
portNumber value.
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7.5.2.4 Ordering of clockldentity and portldentity values
Two clockldentity values X and Y are compared as follows:
a) Ifevery octet in X is equal to the corresponding octet in Y, then X =Y.
b) Otherwise, consider the most significant position in which the octets differ, and treat the octets in that

position as unsigned integers. If the octet belonging to X is smaller than the octet belonging to Y,
then X <Y; otherwise X >Y.

Two portldentities A and B of type Portldentity with attributes clockldentity and portNumber are compared
as follows:

ap—H-A-eloekldentity-isless-thanB-clockldentity—then-A—<B-

b) Otherwise, if A.clockldentity is greater than B.clockIdentity, then A > B.

c) Otherwise, if the value of A.portNumber is less than the value of B.portNumber;then A <B.
d) Otherwise, if the value of A.portNumber is greater than the value of B.porffNumber, then A > B.

e) Otherwise, A=B.

A portldentity A of type Portldentity with attributes clockldentity and poitNumber and a clockldentity B of
type Clqckldentity are compared as follows:

a) If A.clockldentity is less than B.clockldentity, then A <'B.
b) Otherwise, if A.clockldentity is greater than B.clockldentity, then A > B.
c) Otherwise, B<A.

7.5.3 State

There afe two kinds of PTP ports: statefu] and stateless. PTP stateful ports support the state mechgnism of
9.2. Stafeful PTP ports are characterized by the current state of the PTP state machine associated [with the
port. Stdteless PTP ports do not support the PTP state machine and do not have this state attribute.

NOTE—{This definition of stateful.and stateless PTP ports does not rule out state mechanisms other than that df 9.2 that
may apply to a PTP port.
7.5.4 Path delay measurément mechanism

There age two mechaniisms for measuring the propagation time of an event message. These mechanfisms are
as folloys:

—+ Delay request-response mechanism (see 11.3), which measures the propagation time petween
two stateful PTP ports

— Peer delay mechanism (see 11.4), which measures the propagation time between two ports
supporting the peer delay mechanism

NOTE—The peer delay mechanism may be supported on both stateful and stateless PTP ports.
7.5.5 versionNumber
The versionNumber attribute indicates the version of this standard implemented on the port. For this edition

of the standard, the versionNumber attribute has the value 2.

NOTE—A change in the versionNumber indicates that the formats or semantics of PTP messages or the operation of
the protocol has changed such that earlier versions will not correctly interpret PTP messages. Defining new TLVs or
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previously reserved PTP message fields will not necessarily result in a change of versionNumber but only in a change
to the date of the current edition of the standard. Nodes conforming to an earlier edition of the standard will not be able
to take advantage of the new capabilities created by such TLVs or definition of previously reserved fields. Although
out of the scope of the current edition, future editions may specify autonegotiation or other techniques to enable the
inclusion of nodes implemented with earlier versions of the standard. In this edition, Clause 18 defines the translation
between version 1 and version 2.

7.6 PTP device characterization

7.6.1 PTP device type

There are five types of PTP devices, as follows:

—+ Urdinary CIock

Boundary clock

— End-to-end transparent clock

Peer-to-peer transparent clock

— Management node

All PTP|devices are identified by a clockldentity attribute.

In additfon, ordinary and boundary clocks are characterized by the following attributes:

— priorityl

— priority2

— clockClass

— clockAccuracy

— timeSource

— offsetScaledLogVariance

— numberPorts

Ordinary and boundary.clocks may keep statistics on the performance of their parent using the fpllowing
attributgs:

- observedParentOffsetScaledLogVariance

- observedParentClockPhaseChangeRate

7.6.2 PTP device attributes

7.6.2.1 clockldentity
The clockldentity value for a clock or management node shall be as specified in 7.5.2.2.
7.6.2.2 priorityl

The attribute priority1 is used in the execution of the best master clock algorithm; see 9.3.2. Lower values
take precedence. The initialization value of priorityl is specified in a PTP profile. The value of priorityl
shall be configurable to any value in the range 0 to 255, unless restricted by limits established by an
applicable PTP profile.
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NOTE— The operation of the best master clock algorithm selects clocks from a set with a lower value of priorityl over
clocks from a set with a greater value of priority1.

7.6.2.3 priority2

The attribute priority2 is used in the execution of the best master clock algorithm; see 9.3.2. Lower values
take precedence. The initialization value of priority2 is specified in a PTP profile. The value of priority2
shall be configurable to any value in the range 0 to 255, unless restricted by limits established by an
applicable PTP profile.

NOTE— In the event that the operation of the best master clock algorithm fails to order the clocks based on the values
of priority1, clockClass, clockAccuracy, and scaledOffsetLogVariance, the priority2 attribute allows the creation of up
to 256 priorities to be evaluated before the tiebreaker. The tiebreaker is based on the clockldentity.

7.6.2.4 ¢lockClass

The clo¢kClass attribute of an ordinary or boundary clock denotes the traceability of the time.or fiequency
distribufed by the grandmaster clock. The interpretation and allowed values of clockClass shall be based on
the defipitions in Table 5.

NOTE 14-The clockClass number ranges 68 through 122 and 133 through 170 are rgserved for definitfon in an
alternate [PTP profile. For example, it is expected that these ranges will be used by PTP profiles defining applications
that distifibute only frequency. The break at 128 allows these PTP profiles to select whether a clock not sdlected as
master by the best master clock algorithm has its port in the PASSIVE or SLAVEstat¢s, respectively.

NOTE 2{—A node that is designed to synchronize its clock with the current'master clock whenever it is not s¢lected as
a master [should never set its clockClass number to be less than 128. For'example, a clock with the time set py a user
using thd management message TIME (see 15.5.3.2.1) and is subsequefitly synchronized to the current mastpr should
set the clpckClass number to 187 instead of 6 or 7. Also see Table,7 for'a description of "HAND SET”.

NOTE 34The clockClass number range 216 through 232 issexpected to be used by PTP profiles that requireclocks to
be given|preference based on some application-specific precedence. For example, controllers might take precedence
over sendors in an industrial application.

Unless atherwise specified in an PTP profile,degradation alternative B shall be selected.
Unless g clock is specifically designed o maintain clock accuracy during circumstances that resylt in the
executign of the POWERUP event (see 9.2.6.2), the execution of this event shall preclude ass|gning a
clockClass value of 6, 7, 13, or 14

In a givgn domain, clocks-with clockClass values less than 128 should be inherently at least as staple (low
variancq) as any clock with-a clock class value greater than its own.
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Table 5—clockClass specifications

clockClass | Specification

(decimal)

0 Reserved to enable compatibility with future versions.

1-5 Reserved.

6 Shall designate a clock that is synchronized to a primary reference time source. The timescale distributed shall
be PTP. A clockClass 6 clock shall not be a slave to another clock in the domain.

7 Shall designate a clock that has previously been designated as clockClass 6 but that has lost the ability to
synchronize to a primary reference time source and is in holdover mode and within holdover specifications. The
timescale distributed shall be PTP. A clockClass 7 clock shall not be a slave to another clock in the domain.

8 Reserved.

9-10 Reservedtoenablecompatibitity-with-future-verstons:

11-12 Reserved.

13 Shall designate a clock that is synchronized to an application-specific source of time. The timeseale distributed
shall be ARB. A clockClass 13 clock shall not be a slave to another clock in the domain.

14 Shall designate a clock that has previously been designated as clockClass 13 but that(as-lost the|ability to
synchronize to an application-specific source of time and is in holdover mode and within|holdover
specifications. The timescale distributed shall be ARB. A clockClass 14 clock shall'not be a slave fo another
clock in the domain.

15-51 Reserved.

52 Degradation alternative A for a clock of clockClass 7 that is not withid holdover specification. A clock of
clockClass 52 shall not be a slave to another clock in the domain.

53-57 Reserved.

58 Degradation alternative A for a clock of clockClass 14 that is_fet within holdover specification. A clock of
clockClass 58 shall not be a slave to another clock in the domain,

59-67 Reserved.

68-122 For use by alternate PTP profiles.

123-127 Reserved.

128-132 Reserved.

133-170 For use by alternate PTP profiles.

171-186 Reserved.

187 Degradation alternative B for a clock ofclockClass 7 that is not within holdover specification. A clock of
clockClass 187 may be a slave to anotherelock in the domain.

188-192 Reserved.

193 Degradation alternative B for a elock of clockClass 14 that is not within holdover specification. A clock of
clockClass 193 may be a slave'to.another clock in the domain.

194-215 Reserved.

216-232 For use by alternate PTP profiles.

233-247 Reserved.

248 Default. This clockClass shall be used if none of the other clockClass definitions apply.

249-250 Reserved.

251 Reserved for Version 1 compatibility; see Clause 18.

252-254 Reserved:

255 Shall be the clockClass of a slave-only clock; see 9.2.2.

If the inherent ¢haracteristics of a clock change such that the clockClass or clockAccuracy designgtions no

longer applysthe clock shall either:

— Upgrade or degrade its clockClass and clockAccuracy in such a way as to correctly specify the

current clock characteristics

— Be placed in the FAULTY state

7.6.2.5 clockAccuracy

The clockAccuracy characterizes a clock for the purpose of the best master clock (BMC) algorithm. The
value of clockAccuracy shall be taken from the enumeration in Table 6. The value of this attribute shall be
estimated by the clock to a precision consistent with the value of the selected enumeration, e.g., for 23,5 a
precision of plus or minus 0.5 ps. This estimate shall be based on the timeSource attribute (7.6.2.6), the
elapsed time since last synchronized to this time source, and the holdover specifications of the clock. If the
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information to determine this estimate is not available, then the enumeration specification Unknown shall

be used.

The clockAccuracy indicates the expected accuracy of a clock when it is the grandmaster, or in the event it
becomes the grandmaster.

The ordering of clock accuracy in the operation of the best master clock algorithm (see 9.3.2) is specified
as follows. When comparing clock accuracies, clock A shall be deemed better than clock B if the value of
the clockAccuracy of A is lower than that of B.

NOTE— The range from 80 to FDy4 is reserved for use by alternate PTP profiles. It is expected that this range will be
used by PTP profiles defining applications that distribute only frequency to define accuracy specifications appropriate

for frequ

FTICY QISITTDUTON.

Table 6—clockAccuracy enumeration

Value (hex) | Specification

00-1F Reserved

20 The time is accurate to within 25 ns
21 The time is accurate to within 100 ns
22 The time is accurate to within 250 ns
23 The time is accurate to within 1 ps
24 The time is accurate to within 2.5.us
25 The time is accurate to within 10 s
26 The time is accurate to withid 25 ps
27 The time is accurate towithin 100 ps
28 The time is accurate,to within 250 pus
29 The time is accurate t0 within 1 ms
2A The time is accugate to within 2.5 ms
2B The time is.a¢curate to within 10 ms
2C The time ji§ aCcurate to within 25 ms
2D The tinte,1s accurate to within 100 ms
2E The-time is accurate to within 250 ms
2F The time is accurate to within 1 s

30 The time is accurate to within 10 s
31 The time is accurate to >10 s

32-7R Reserved

80-FD For use by alternate PTP profiles

EB Unknown

FF Reserved

7.6.2.6 limeSource

This inf
used in

represel]
Depart

brmation-enly attribute indicates the source of time used by the grandmaster clock. The valpe is not
the selection of the grandmaster clock. The values shall be as specified in Table 7. Thesg values
t categories. For example, the GPS entry would include not only the GPS system of the U.S.
efit/of Defense but also the European Galileo system and other present and future satellife-based

timing Sy stenTs:
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Table 7—timeSource enumeration

Value (hex) * timeSource Description

10 ATOMIC_CLOCK Any device, or device directly connected to such a
device, that is based on atomic resonance for
frequency and that has been calibrated against
international standards for frequency and, if the PTP
timescale is used, time

20 GPS Any device synchronized to a satellite system that
distribute time and frequency tied to international
standards

30 TERRESTRIAL RADIO Any device synchronized via any of the radio

distribution systems that distribute time and frequency
tied to international standards

40 PTP Any device synchronized to a PTP-based squrce of
time external to the domain
50 NTP Any device synchronized via NTP or Simple lNetwork

Time Protocol (SNTP) to servers.that distribyte time
and frequency tied to internatiomal standards

60 HAND_SET Used for any device whosectime has been set by means
of a human interface /based on observatio] of an
international standards ‘seurce of time to within the
claimed clock accuraey

90 OTHER Other source of tinte and/or frequency not coyered by
other values
A0 INTERNAL_OSCILLATOR Any device whose frequency is not based on| atomic

resonance nor calibrated against interpational
standards for frequency, and whose time is bajed on a
fre€<tunning oscillator with epoch determinefl in an
atbitrary or unknown manner

FO-FE For use by alternate PTP profiles
FF Reserved

* All unysed values in Table 7 are reserved.

NOTE 1}+The values for clockClass, clockAccuracy,'and timeSource should be consistent. For example, a class 6 atomic ¢lock

synchrorized directly to the GPS system might claifir an accuracy of 25 ns, while the same atomic clock not synchronized fo GPS
but set v]a a user interface by a user observing.a\National Institute of Standards and Technology (NIST) server via the Wel might
claim to pe class 6 but with an accuracy of 10 $.

NOTE 2{—The range from FO to FE 4 is.reserved for use by alternate PTP profiles. It is expected that this range will be usefl by
PTP profiles defining applications.that-distribute only frequency to define the nature of sources appropriate for frequency
distributjon.

NOTE 3}—These designations may or may not carry over a power-fail restart but in any case should reflect the current statys of the
node. For example, a simple-guiartz oscillator at turn on would be INTERNAL OSCILLATOR. If later the epoch was set by hand,
it would|pbe HAND SET;whereas if it later synchronized to GPS, it would be GPS. If it had a battery-backed up real-time ¢lock,

this statys could survive a power-fail restart although the clockAccuracy and perhaps clockClass would be degraded.

7.6.2.7 pumberPorts

The attribute, numberPorts, shall indicate the number of PTP ports on the PTP device.
7.6.3 PTP variance

7.6.3.1 General

Two variance estimates, as specified in 7.6.3.2, characterize ordinary and boundary clocks in a PTP system:

— Each such clock shall maintain an estimate, the offsetScaledLogVariance (see 7.6.3.5), of its
inherent precision. This is the precision of the timestamps included in messages issued by the
clock when it is not synchronized to another clock using the protocol.
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— If such a clock, clock A, is synchronized to another using the PTP protocol, it may maintain an
estimate, the observedParentOffsetScaledLogVariance (see 7.6.4.3), of the precision of the

clock to which it is synchronized as observed by clock A.

7.6.3.2 Variance algorithm

The PTP variance, from which offsetScaledLogVariance and observedParentOffsetScaledLogVariance are
derived, is based on the theory of Allan deviation as follows.

The Allan deviation O, (Z' ) is estimated as follows (see ITU-T Recommendation G.810 [B19]):

where

the sam

1
l_ 1 = \2 —lE

A~

(‘)— "z(*kz_z“‘kl"'“‘k}
v -y g T TR

X » Xy and X, are time residual measurements made at times t, , t, +7, and A, +2

implies that any consistent systematic effects have been removed from the data.

The Allan deviation as stated is a second-order statistic on the variation of the frequency of the d
used as the basis of the time base.
The PTR variance is defined by

1
2 2 2
Fopp =T xgay

An unbipsed estimate of the PTP variance shall be computed-as ‘follows:

where

2

2 1 1 X

Fere =3 mx ;(xm =20 )

Xi» Xyy» and X, are time residual measurements, made at times t,, t, +7, and

betweer] the time provided by the measuted clock and a local reference clock, and N is the numbe
samples| For a PTP variance, the quantity t, the sample period, shall be the value defined in the af
PTP prdfile. Subclauses 8.2.1.3.1.3 and 8.2.3.4 specify variances to be computed using the specific
this clayse. If these variances are computed during execution, data are only available in multiplg
synclntdrval; see 7.7.2.3. In(his-case, t should be a multiple of the syncInterval.

T. 7T is

ple period between measurements, and N is the number of data samples. ‘The term “residual”

scillator

L, +27,
- of data
plicable
htions in
s of the

Implemg¢ntations may.compute a conservative estimate of the PTP variance rather than computing Ine exact

value

glven here. Note that this may be necessary in implementations with limited computa

memaory| resources,

NOTE—Th€,dependence of the Allan deviation on the sample period provides information on the tyy

underlyir

onal or

e of the

g noise processes. The Allan deviation is not sensitive to constant offsets in time or in frequency, evgn though

those offsets may be important in some applications of this standard. In addition, the Allan deviation does not provide a
useful diagnostic when the noise spectrum contains “bright lines”—power-line-induced variations at 60 Hz, for
example. Finally, the Allan deviation is computed as an average over the ensemble of observations, and it is most
useful when the data are statistically stationary. The deviation does not provide a good measure of the frequency or
amplitude of occasional glitches, even though such events may be important in some applications of this standard.

7.6.3.3 Variance representation

PTP variances shall be represented as follows:

a) An estimate of the variance o'arp specified in 7.6.3.2 is computed in units of seconds squared.
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b) The logarithm to the base 2 of this estimate is computed. The computation of the logarithm

be more precise than the precision of the estimate of the variance.

¢) The logarithm is multiplied by 2* to produce a scaled value.

d) This scaled value is modified per the hysteresis specification of this subclause to produce the

value.

need not

reported

The reported value is represented as a 2’s complement Integer16. The value 8000, is added to the

reported value represented in this form, and any overflow is ignored. The result, i.e., the offset scaled

reported value, is cast as a Ulnteger16.

NOTE 14
2*73) —
value is

is added

NOTE 2
offsetSc
offsetSc

NOTE 3
all imple

The larg
the variz

Since v
which
variance
hysteres
PTP_Sd
to the S

10garith]E of the estimate ‘that is actually reported and used in the computations of the best mast

algorith
hysteres|
PTP_SC

This offset scaled reported value, represented as Ulnteger16, shall be the value of the log, y
specified in 7.6.3.1.

L_For example, suppose the PTP variance value is 1.414 X 27 =1.497 X 10"** s*. Therefore, log,
/3 + 0.5 =-72.5. If this were expressed as an Integer16, it would truncate to —72. To fetain some preg
caled by 2° to yield a scaledLogVariance of —18560, i.e. B780;¢, which retains 8;bits more precisio
B000, ¢ to yield the offset scaled reported value 3780¢.

[ The smallest variance that can be represented is 2% or ~3% x%10%° s?, which resul
ledLogVariance of 0000,¢. The maximum variance that can be represénted is ~2 “127°°% which res
ledLogVariance of FFFF .

—This representation ensures that the ordering of variances algorithm of 7.6.3.4 produces identical
mentations. This result cannot be guaranteed with a floating-point representation.

est possible positive number, FFFF 4, fofdhe offsetScaledLogVariance attribute shall indi
nce is either too large to be represented or has not been computed.

riance values are used in the selection of the best master clock (see 9.3.2), implementd
ariance values are computed during operation shall include hysteresis in the estimatio
s to preclude thrashing in“the process of selecting the master clock. The magnitudg
is applied to the 2% scaled values of the log, of the reported estimates s
ALED LOG _VARIANCE HYSTERESIS, as shown in Figure 22. This hysteresis shall bg
caled values of the) logarithm of the estimate used to generate the offset scaled value]

(see 9.3){Sufficient local state needs to be maintained to allow correct implementatior

is properties for both increasing and decreasing trends in the actual variance estimate. The
ALEDLOG_VARIANCE HYSTERESIS is 2’.

NOTE—

ariances

1.414 X
ision, the
h. To this

s in an
Its in an

Fesults in

Cate that

tions in
n of the
of this
hall be
applied
5 of the
er clock
s of the
value of
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Figure 22—Scaled log variance hysteresis

7.6.3.4 Prdering of variances

The ordering of variances shall be computed on the-'offset, scaled, logarithmic representatiof of the
variancq.

7.6.3.5 Computation of defaultDS.offsetScaledliogVariance

The computation of the value of defaultDS.offsetScaledLogVariance shall be based on the charagteristics
of the Igcal clock as measured by a perfect clock. The value of defaultDS.offsetScaledLogVariance|shall be
as follows:

— A static constant determined by the manufacturer

- Computed based,onniheasured or modeled behavior of the components of the local clock and its
environment

The valge of defaultDS.offsetScaledLogVariance shall be computed and represented as described ip 7.6.3.2
and 7.6.B.3.

The valpe of defaultDS.offsetScaledLogVariance shall be an estimate of the variations of the lodal clock

from a ljnéaf timescale when it is not synchronized to another clock using the protocol. The reference clock

4+ oz roirzadtaanathar oloole saao o o ot 1 1 1o DS ivar—ao ctolbla looal oo
when not-synehronized-to-another-eloelmay-be-an-atomie-eloelsa-GRSreecervera-stable teeateselllator, a

suite of clocks synchronized via NTP, etc. These sources may contribute to the variance estimate.

The value of defaultDS.offsetScaledLogVariance shall be the variance applicable to an ensemble of
measurements that include error contributions from:

— Synchronization to its reference clock
— Variation in clock phase change rate, and noise characteristics of the local oscillator

— Sampling quantization errors, fluctuations in inbound and outbound latency, and other
fluctuations of the local clock
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7.6.4 Parent clock statistics

7.6.4.1 General

A clock in the slave state may maintain statistics on the observed performance of its parent. The two

optional

statistics are as follows:

— parentDS.observedParentOffsetScaledLogVariance

— parentDS.observedParentClockPhaseChangeRate

7.6.4.2 parentDS.parentStats

The value of parentDS.parentStats shall indicate whether the values of

parentD
have be

7.6.4.3 parentDS.observedParentOffsetScaledLogVariance

The par
clock’s

The val
7.6.3.2 4

7.6.4.4 LarentDS.0bservedParentClockPhaseChangeRate

The pa
change
offset m
largest

than the

NOTE 1

NOTE 2
domain,

7.6.5 dq
The attr

7.7 PT|

7.71G

Subclay|

S.observedParentOffsetScaledLogVariance and parentDS.observedParentClockPhaseChang
bn measured and are valid. A TRUE value shall indicate valid data.

entDS.observedParentOffsetScaledLogVariance of a local clock shall be the¢variance of th
bhase as measured by the local clock. This measurement is optional.

e of parentDS.observedParentOffsetScaledLogVariance shall be £omputed and represe
nd 7.6.3.3.

ntDS.observedParentClockPhaseChangeRate shall besanvestimate of the parent clock

ate as measured by the slave clock; see 3.1.25. The reported value shall be the fractional fj
ultiplied by 2. If the estimate exceeds the capacity)of its data type, this value shall be §
r smallest allowable value, as appropriate. A positive sign indicates that the parent clock
clock of the slave clock. This measurement is*Qptional.

—The minimum phase change rate that can be'éxpressed is 2 ~or approximately 1 ps per s.

—This value is dependent on the measufeément time interval used. When this value is critical for an af
he time interval should be specified-in-the applicable PTP profile.

faultDS.numberPorts
bute defaultDS.numberPorts shall be the number of ports on a device that supports PTP.

P timing characterization

eneral

ke 7.7 specifies the timing and timeout attributes of the protocol.

cRate

e parent

hted per

s phase
equency
et to the
is faster

plication

7.7.2 M

essage transmission intervals

7.7.2.1 General interval specification

For each of the message types Announce, Sync, Delay Req, and Pdelay Req, the mean time interval
between successive messages shall be represented as the logarithm to the base 2 of this time interval
measured in seconds on the local clock of the device sending the message. The values of these logarithmic
attributes shall be selected from integers in the range —128 to 127 subject to further limits established in an
applicable PTP profile. These intervals are communicated via the logMessagelnterval field of PTP
messages. The interpretation of the logMessagelnterval depends on the message type; see 13.3.2.11. Except
for Delay Req messages (see 9.5.11.2), a node shall, with 90% confidence, issue messages with intervals
within £30% of the stated value of this attribute.
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7.7.2.2 Announce message transmission interval

The portDS.logAnnouncelnterval shall specify the mean time interval between successive Announce
messages, i.e., the announcelnterval.

The portDS.logAnnouncelnterval should be uniform throughout a domain. The behavior of domains in
which this is not so is outside the scope of this standard.

NOTE 1—The value of portDS.logAnnouncelnterval is a compromise between the desired responsiveness to changes
in the network in determining the master—slave hierarchy in a domain and the communication and computation load
imposed by transmission of these messages.

NOTE 2—It may be desirable for the portDS.logAnnouncelnterval to be different in regions of different
commun]cation technologies, e.g., wired and wireless technologies. Systems where the portDS.logAnnoun]ilnterval

varies frqm region to region will still operate correctly. However, it is possible that the regions with shorf intefvals will
experien¢e more reconfiguration while waiting for the slower regions to select masters using the best magter clock
algorithnp than would be the case in a system with uniform values of the interval.

7.7.2.3 $ync (multicast) message transmission interval
The portDS.logSyncInterval shall specify the mean time interval between successive Sync messapes, i.c.,

the syndInterval, when transmitted as multicast messages.

NOTE 14—It may be desirable for the portDS.logSynclnterval to be different in\regions of different commpnication
technologies, e.g., wired and wireless technologies.

NOTE 2{—The value of portDS.logSyncInterval is a compromise betwéen the stability and precision of the logal clocks
and the cpmmunication and computation load imposed by transmission.of these messages.

7.7.2.4 Pelay_Req message transmission interval

The poftDS.logMinDelayReqInterval shall specify the*minimum permitted mean time interval petween
successive Delay Req messages, i.e., the minDelayRequestInterval, sent by a slave to a specific poft on the
master; pee 9.5.11.2.

This value is determined and advertised, by a master clock based on the ability of the master flock to
process |the Delay Req message traffiC.,'The value shall be an integer with the minimum valye being
portDS.JogSyncInterval, i.e., at the* same rate as Sync messages, and a maximum vplue of
logSynd|nterval+5, i.e., 1 Delay, Req message every 32 Sync messages.

NOTE—] The value of portDS.logDelayReqlnterval is a compromise between the responsiveness in changgs to path
delay and the communication.and computation load imposed by transmission of these messages.

7.7.2.5 Pdelay Req message transmission interval

The portDS.logMinPdelayReqlnterval shall specify the minimum permitted mean time interval petween
successive Pdelay Req messages, i.e., the minPdelayReqInterval, sent over a link.

NOTLE Yhesalne-ofporbStochinPdelayReq

ot Jog A lelay and
startup time and the communication and compu

7.7.3 PTP timeouts

7.7.3.1 portDS.announceReceiptTimeout

The value of portDS.announceReceiptTimeout shall specify the number of announcelnterval that has to
pass without receipt of an Announce message before the occurrence of the event
ANNOUNCE_RECEIPT TIMEOUT_EXPIRES; see 9.2.6.11. The range shall be 2 to 255 subject to
further restrictions of a PTP profile. The minimum value should be 3.
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The product (portDS.announceReceiptTimeout) x 2pertPSloghmouncelntenal gp o1 be yniform throughout a

domain. The behavior of domains where this is not so is outside the scope of this standard.

NOTE—The value of portDS.announceReceiptTimeout is a compromise between rapid response to failed devices or
network paths and undue thrashing of the best master clock algorithm in determining the master—slave hierarchy due to

occasional missed Announce messages.

8. PTP data sets

8.1 General specifications for data set members

8.1.1 Introduction to data sets

8.1.1.1 Introduction to data set specifications

Each da}a set member specification includes:

— The formal name for the member

A reference or definition of the semantics associated with the member

— Initialization and configuration properties, see 8.1.3

8.1.1.2 Qrdinary and boundary clocks

For eacly ordinary clock and boundary clock, the following “clock data sets” shall be maintained I

the basig for protocol decisions and for providing values formessage fields:
—+ defaultDS (see 8.2.1)

— currentDS (see 8.2.2)
— parentDS (see 8.2.3)
— timePropertiesDS (see 8.2.4)

—+ portDS (one data set for each port of an ordinary or boundary clock; see 8.2.5)

8.1.1.3 Transparent clocks

For each transparent clocks-the following “transparent clock data sets” should be maintained local

basis for protocol deeisions and for providing values for message fields:
—+ transparentClockDefaultDS data set (see 8.3.2)

- transparentClockPortDS data set (one data set for each port; see 8.3.3)

8.1.2 Initialization classification

8.1.2.1 General
Every member of a data set is classified as static, dynamic, or configurable.

8.1.2.1.1 Static members

cally as

y as the

The values of static members are inherent physical or operational properties of the clock or of the protocol.

8.1.2.1.2 Dynamic members

The values of dynamic members are not directly changed by users but may change as follows:
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— As aresult of protocol operations. For example, the portDS.portState may change as a result of

protocol events. A management message may cause an event that results in a change in
portDS.portState but only indirectly via the action of the state machine. In some designs,
portDS.portState can be set by a management message.

Due to changes in the internal properties of the clock. For example, the
defaultDS.offsetScaledLogVariance may change due to temperature effects on the local
oscillator.

Due to interactions with timing systems external to PTP. For example, a clock that is able to
synchronize to the GPS system may change the value of its defaultDS.clockQuality, time, or

timePropertiesDS data set members when it first locks to GPS.

8.1.2.1.3 Configurable members
The valgies of configurable members can only be changed using management messages ordmplem¢ntation-
specific|configuration means.
Unless ¢therwise stated in this standard, when the value of a configurable memberis updated, the update
value shgll take effect immediately upon update.
Unless ¢therwise stated in this standard, the update values for configurable.thembers shall be restficted in
range tq the most restrictive of the range values specified in Clause 7(0r specified in the applicgble PTP
profile.
NOTE—For example, the value of the defaultDS.domainNumber can be changed via a management messqge but is
otherwis¢ unaffected by the protocol or internal changes in the clock®
8.1.3 Clock data set initialization properties
8.1.3.1 General initialization specifications
The inifialization properties of a data set mémber shall be determined by its classifications gs static,
dynamig, or configurable.
Data sef members shall be initialized before leaving the INITIALIZATION state of an ordjnary or
boundary clock and before beginning normal operation of a transparent clock as specified inf8.1.3.2,
8.1.3.3,pnd 8.1.3.4.
8.1.3.2 Initialization of static’data set members
Static nfembers shall belinitialized to the implementation-specific value meeting the specificationf for the
member]
8.1.3.3 Initialization of dynamic data set members
Dynamif miembers shall be initialized to the first of the following values that applies:

a) _Ihe value mandated in the specilication for the data set member

b) The value that represents the properties of the clock or protocol at the time of initialization

NOTE—For example, the defaultDS.clockQuality value may depend on whether the clock is synchronized

to GPS at initialization.

¢) The value in nonvolatile read—write storage if implemented

NOTE—For example, an implementation may store the value of currentDS.meanPathDelay in nonvolatile

storage on the assumption that the network is unlikely to be reconfigured frequently.
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d) Implementation-specific value

If dynamic member values are maintained in nonvolatile read—write memory, the manufacturer should
preload this memory with the applicable value from item a), item b), or item d).

The values from item a), item b), or item d) are called the dynamic data set initialization values.

8.1.3.4 Initialization of configurable data set members

Configurable members shall be initialized to the first one of the following values that applies:

a) The value indicated in the member specifications as the initialization value not subject to PTP profile

specification

If the ¢
load this

The vali
8.1.3.5 ¢

The current values of one or more dynamic or configurable ‘data set members may be maint

nonvolal

NOTE—

The con
data se
RESET]

The cur
nonvolal

Last value configured by management messages or implementation-specific means and-m
in nonvolatile read—write storage if implemented

The default initialization value for the member as specified in the PTP profile implementg
device

nfigured values are maintained in nonvolatile read—write memory, the(manufacturer sho
memory with the applicable initialization value from item a) or item ¢).

les from item a) or item c) are called the configurable data set injtialization values.

Dperation of nonvolatile read—write storage of data set members

ile read—write storage.

For example, this may allow more rapid configuratiofi'of systems after a power outage.

t initialization values (8.1.3.3 and-\8.1.3.4) upon receipt of the management
[NON_VOLATILE STORAGE onthe implementation-specific equivalent.

rent values of the applicable.dynamic and configurable data set members shall be cop
ile read—write memory:

- On receipt of the.imanagement message SAVE IN NON VOLATILE STORAGH
implementation-§pecific equivalent

- At implementation-specific times

a sets-for ordinary and boundary clocks

hintained

d by the

uld pre-

hined in

tents of nonvolatile read—write memory shall be reset to the applicable dynamic or configurable

nessage

ied into

or the

4
CTTOTES

8.2.1.1 General

The members of this data set are as follows:
— defaultDS.twoStepFlag

— defaultDS.clocklIdentity

— defaultDS.numberPorts

— defaultDS.clockQuality

[ Published

by IEC under licence from IEEE. © 2008 IEEE. All rights reserved. |



https://iecnorm.com/api/?name=f7817058dc18850a1a916c536e1383de

— 66— IEC 61588:2009(E)
IEEE 1588-2008(E)

defaultDS.priority
defaultDS.priority2
defaultDS.domainNumber

defaultDS.slaveOnly

8.2.1.2 Static members of the defaultDS data set

8.2.1.2.1 defaultDS.twoStepFlag
The value of defaultDS.twoStepFlag shall be TRUE if the clock is a two-step clock; otherwise, the value

shall be[FALSE.
defaultDS.clockIdentity
The valge of defaultDS.clockIdentity shall be the clockIdentity (see 7.6.2.1) of the local ¢lock.

8.2.1.2.]

8.2.1.2.3

The valge of defaultDS.numberPorts shall be the number of PTP ports on the deviee. For an ordina
e shall be 1.

8.2.1.3 Dynamic members of the defaultDS data set

this valy

8.2.1.3.]

8.2.1.311.1 defaultDS.clockQuality.clockClass
The valye of defaultDS.clockQuality.clockClass shall follow the clockClass specifications of 7.6.2.

The init

a

defaultDS.numberPorts

defaultDS.clockQuality

alization value of defaultDS.clockQuality.clockClass shall be selected as follows:

The value is dependent on the ~initialization value of the defaultDS data set
defaultDS.slaveOnly (see 8.2.1:4(4), which shall be initialized prior to initialization
defaultDS.clockQuality.clockClass member.

If defaultDS .slaveOnly is TRUE, the initialization value shall be 255 as specified in 7.6.2.4.

If defaultDS.slaveOnly is FALSE and a PTP profile specifies the clockClass to be 52, 58,
or in the ranges 68-through 122, 133 through 170, or 216 through 232, then the PTP profile
clockClass value shall be used for initialization.

If defaultDS.slaveOnly is FALSE and if the device is designed as a clockClass 6 of
clock€lass initialization value shall be 6 or 13, respectively, if these represent the clockCl3
clock upon exiting the INITIALIZING state. If the clockClass 6 or 13, respectively,

[y clock,

member
of the

87, 193,
kpecified

13, the
ss of the
loes not

represent the clock upon exiting the INITIALIZING state, the clockClass initialization valug

shall be

e)

as follows:
1) Either 52, 187, or 248, as specified in a PTP profile, for a clock designed as class 6.
2) Either 58, 193, or 248, as specified in a PTP profile, for a clock designed as class 13.

Else, the value shall be 248.

NOTE—A clock that is designed to be clockClass 6 or 13 can include implementation-specific measures to ensure it
meets the specifications of 7.6.2.4 for these clockClasses before initializing the defaultDS.clockClass member. For
example, the clock can synchronize to the GPS system as part of the activities in the INITIALIZING state prior to
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initializing the defaultDS.clockClass member. If such a clock is unable to meet the specifications of 7.6.2.4 prior to
leaving the INITIALIZING state, then one of the degradation or the default alternatives for the clock is used.

8.2.1.3.1.2 defaultDS.clockQuality.ClockAccuracy
The value of defaultDS.clockQuality.ClockAccuracy is the clockAccuracy member of the
defaultDS.clockQuality member; see 5.3.7.
The initialization value of defaultDS.clockQuality.clockAccuracy shall be selected as follows:
a) The value is dependent on the initialization value of the defaultDS.clockQuality.clockClass (see

8.2.1.3.1.1), which shall be initialized prior to initialization of clockAccuracy.

b) The clockAccuracy initialization value shall represent the clockAccuracy of the clock at the time of
initialization as specified in 7.6.2.5.

8.2.1.3]1.3 defaultDS.clockQuality.offsetScaledLogVariance

The valpe of defaultDS.clockQuality.offsetScaledLogVariance is the offsetScaledLogVariance mdmber of
the defapltDS.clockQuality member; see 5.3.7.
The initialization value of the defaultDS.clockQuality.offsetScaledLogVariance\ghall reflect the [inherent
charactdristics of the local clock at the time of initialization as specified in 7.6/3.5.

8.2.1.4 Configurable members of the defaultDS data set

8.2.1.4.1 defaultDS.priorityl

The valye of defaultDS.priority1 is the priority1 attribute (see 7.6¢2.2) of the local clock.
8.2.1.4.2 defaultDS.priority2

The valge of defaultDS.priority?2 is the priority2 attribute(See 7.6.2.3) of the local clock.
8.2.1.4.3 defaultDS.domainNumber

The valge of defaultDS.domainNumber is the domain attribute (see 7.1) of the local clock.
8.2.1.4.4 defaultDS.slaveOnly

The valyie of defaultDS.slaveOnly shall'be TRUE if the clock is a slave-only clock; see 9.2.2. The value
shall be [FALSE if the clock is a non*slave-only clock; see 9.2.3.

8.2.2 cyrrentDS data set member specifications

8.2.2.1 General

The members of thi§.data set are as follows:

- currentDS.stepsRemoved

- <eurrentDS.offsetFromMaster

— currentDS.meanPathDelay

All members of the currentDS data set are dynamic.
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8.2.2.2 currentDS.stepsRemoved

The value of currentDS.stepsRemoved is the number of communication paths traversed between the local
clock and the grandmaster clock.

The initialization value shall be 0.

NOTE—For example, currentDS.stepsRemoved for a slave clock on the same PTP communication path as the
grandmaster clock has a value of 1, indicating that a single path was traversed.

8.2.2.3 currentDS.offsetFromMaster

The value of currentDS.offsetFromMaster is an implementation-specific representation of the current value
of the tifie difference between a master and a stave as computed by the stave; 1.¢., <offsetr romMaster> =
<Time dn the slave clock>— <Time on the master clock> (see 11.2). The data type should be Fimefnterval.
The initjalization value shall be either:

— The value in non-volatile read-write storage if implemented

—+ Implementation-specific

8.2.2.4 ¢urrentDS.meanPathDelay

The valge of currentDS.meanPathDelay is an implementation-specific representation of the currentvalue of
the mean propagation time between a master and slave clock as computed by the slaye, i.e.,
<meanPpthDelay>; see 11.3 and 11.4. The data type should be Timelnterval. The initialization vajue shall
be eithey:

— The value in nonvolatile read—write storage if implemented

- Implementation-specific
8.2.3 parentDS data set member specifications

8.2.3.1 GGeneral

The members of this data set are as follows:

— parentDS.parentPortIdentity

—+ parentDS.parentStats

— parentDS.observedParentOffsetScaledLogVariance
— parentDSobservedParentClockPhaseChangeRate
— parcatDS.grandmasterldentity

—-\pdrentDS.grandmasterClockQuality

— parentDS.grandmasterPriority1

— parentDS.grandmasterPriority2

The values of the parentDS data set shall be initialized after the values in the defaultDS data set.

All members of the parentDS data set are dynamic.
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8.2.3.2 parentDS.parentPortldentity

The value of parentDS.parentPortldentity is the portldentity of the port on the master that issues the Sync

messages used in synchronizing this clock.

The initialization value shall be as follows:

— The  parentDS.parentPortldentity.clockldentity =~ member is the value of the

defaultDS.clockldentity field.

— The parentDS.portNumber member is 0.

8.2.3.3 parentDS.parentStats

The val le of parentDS.parentStats shall be TRUE if all of the following conditions are satisfied:
—+ The clock has a port in the SLAVE state.

parentDS.observedParentOffsetScaledLog Variance and
parentDS.observedParentClockPhaseChangeRate members.

— Otherwise the value shall be FALSE.
The initjalization value shall be FALSE.
8.2.3.4 IarentDS.observedParentOffsetScaledLogVariance

The valyie of parentDS.observedParentOffsetScaledLogVariance shall be an estimate of the paren
PTP vafiance as observed by the slave clock, computed.and represented as described in 7.6.
computgtion of this value is optional, but if not computed, the value of parentDS.parentStats
FALSE

The initjalization value shall be FFFF 4; see 7.6.3.3.
8.2.3.5 parentDS.observedParentClockPhaseChangeRate

The valfie of parentDS.observedParent€lockPhaseChangeRate shall be an estimate of the parent
phase change rate as observed by the slave clock as defined in 7.6.4.4. If the estimate exceeds the

— The clock has computed statistically valid estimates of the

the

clock’s
.5. The
shall be

clock’s
capacity

of its data type (see 15.5.3.5.1.4),.this value shall be set to 7FFF FFFF 4 or 8000 000044, as appropriate. A

positive|sign indicates that the.parent clock’s phase change rate is greater than the rate of the slay
The computation of this value)is optional, but if not computed, the value of parentDS.parentStats
FALSE

The initjalization value shall be 7FFF FFFF; irrespective of whether the computation is implem
the local clock.

A value|equalto 7FFF FFFF 4 indicates that either the value exceeds the capacity of the data typ

e clock.
shall be

ented in

b or that

the valuk-hasnotbeencomputed

NOTE— This value is dependent on the measurement time interval used. When this value is critical for an application

domain, the time interval should be specified in the applicable PTP profile.

8.2.3.6 parentDS.grandmasterIdentity

The value of parentDS.grandmasterldentity is the clockldentity attribute (see 7.6.2.1) of the grandmaster

clock.

The initialization value shall be the defaultDS.clockldentity member.
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8.2.3.7 parentDS.grandmasterClockQuality

The value of parentDS.grandmasterClockQuality is the clockQuality attribute (see 7.6.2.4, 7.6.2.5, and
7.6.3) of the grandmaster clock.

The initialization value shall be the value of the defaultDS.clockQuality member.

8.2.3.8 parentDS.grandmasterPriority1

The value of parentDS.grandmasterPriority1 is the priority1 attribute (see 7.6.2.2) of the grandmaster clock.

The initialization value shall be the value of the defaultDS.priority ]l member.

8.2.3.9 parentDS.grandmasterPriority2

The val le of parentDS.grandmasterPriority?2 is the priority?2 attribute (see 7.6.2.3) of the grandmast¢r clock.

The initjalization value shall be the value of the parentDS.priority2 member.

8.2.4 timePropertiesDS data set member specifications

8.2.4.1 General

The members of this data set are as follows:
— timePropertiesDS.currentUtcOffset

- timePropertiesDS.currentUtcOffsetValid
— timePropertiesDS.leap59

— timePropertiesDS.leap61

— timePropertiesDS.timeTraceable

— timePropertiesDS.frequencyTraceable

— timePropertiesDS.ptpTimescale

- timePropertiesDS.timeSource
All mennbers of the currentDS.data set are dynamic.

The tim¢PropertiesDS.ptpTimescale member shall be initialized before the other members of this djta set.
8.2.4.2 {imePropertiesDS.currentUtcOffset

In PTP gystems:whose epoch is the PTP epoch, the value of timePropertiesDS.currentUtcOffset is the offset
between TAJ'and UTC; otherwise the value has no meaning. The value shall be in units of seconds.

The initialization value shall be selected as follows:

a) If the timePropertiesDS.ptpTimescale (see 8.2.4.8) is TRUE, the value is the value obtained from a
primary reference if the value is known at the time of initialization, else.

b) The value shall be the current number of leap seconds (7.2.3) when the node is designed.

NOTE— A clock that is designed to be clockClass 6 can include implementation-specific measures to ensure it meets
the specifications of 7.6.2.4 for clockClass 6 and therefore has access to the UTC offset value before initializing the
timePropertiesDS.currentUtcOffset member. For example, the clock can synchronize to the GPS system as part of the
activities in the INITIALIZATION state prior to initializing the currentUtcOffset member.
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8.2.4.3 timePropertiesDS.currentUtcOffsetValid
The value of timePropertiesDS.currentUtcOffsetValid is TRUE if the timePropertiesDS.currentUtcOffset is
known to be correct.
The initialization value shall be TRUE if the value of timePropertiesDS.currentUtcOffset is known to be
correct; otherwise, it shall be FALSE.
8.2.4.4 timePropertiesDS.leap59

In PTP systems whose epoch is the PTP epoch, a TRUE value for timePropertiesDS.leap59 shall indicate
that the last minute of the current UTC day contains 59 seconds.

If the epoch is not PTP, the value shall be set to FALSE.

The initjalization value shall be selected as follows:
a) If the timePropertiesDS.ptpTimescale (see 8.2.4.8) is TRUE, the value shall-be the value jobtained
from a primary reference if known at the time of initialization, else.

b) The value shall be FALSE.

8.2.4.5 {imePropertiesDS.leap61
In PTP pystems whose epoch is the PTP epoch, a TRUE value for timePropertiesDS.leap61 shall|indicate
that the Jast minute of the current UTC day contains 61 seconds.

If the epoch is not PTP, the value shall be set to FALSE.

The init]alization value shall be selected as follows:

a) If the timePropertiesDS.ptpTimescale (sce 8.2.4.8) is TRUE, the value is the value obtainef from a
primary reference if known at the at the time of initialization, else.

b) The value shall be FALSE.

8.2.4.6 {imePropertiesDS.timeT raceable

The vglue of timePropértiesDS.timeTraceable is TRUE if the timescale and the vplue of
timePropertiesDS.currentUt¢Offset are traceable to a primary reference; otherwise, the value fhall be
FALSE

The init]alization 'value shall be selected as follows:

a) Jfithe timePropertiesDS.ptpTimescale (see 8.2.4.8) is TRUE and the time and the palue of
tunePropertiesDS.currentUtcOffset are traceable to a primary reference at the time of initiglization,
the value shall be TRUE, else.

b) The value shall be FALSE.

8.2.4.7 timePropertiesDS.frequencyTraceable

The value of timePropertiesDS.frequencyTraceable is TRUE if the frequency determining the timescale is
traceable to a primary reference; otherwise, the value shall be FALSE.

[ Published by IEC under licence from IEEE. © 2008 IEEE. Al rights reserved. |



https://iecnorm.com/api/?name=f7817058dc18850a1a916c536e1383de

—72- IEC 61588:2009(E)
IEEE 1588-2008(E)

The initialization value shall be selected as follows:

a) If the frequency is traceable to a primary reference at the time of initialization the value shall be
TRUE, else.

b) The value shall be FALSE.

8.2.4.8 timePropertiesDS.ptpTimescale

The value of timePropertiesDS.ptpTimescale is TRUE if the clock timescale of the grandmaster clock (see
7.2.1) is PTP and FALSE otherwise.

The initialization value shall be selected as follows:

a) Ifthe clock timescale (see 7.2.1) is PTP and this is known at the time of initialization, the-ydlue shall
be set to TRUE, else.

b) The value shall be FALSE, indicating that the timescale is ARB.

8.24.9 limePropertiesDS.timeSource

The valye of timePropertiesDS.timeSource is the source of time used by the grandmaster clock.

The initfalization value shall be selected as follows:

a) If the timeSource (see 7.6.2.6) is known at the time of initialization, the value shall be s¢t to that
value, else.

b) The value shall be INTERNAL OSCILLATOR.
8.2.5 portDS data set member specifications

8.2.5.1 GGeneral

For the §ingle port of an ordinary clock and, for each port of a boundary clock, the following “port ¢lata set”
shall be| maintained as the basis for protocol decisions and for providing values for message fields. The
number jof such data sets shall be the value of defaultDS.numberPorts.

The members of this data set are as follows:
—+ portDS.portldentity,

— portDS.portState
—+ portDS:16gMinDelayReqInterval

—+ portDS.peerMeanPathDelay

—L “portDS log Announcelnterval

— portDS.announceReceiptTimeout
— portDS.logSyncInterval

— portDS.delayMechanism

— portDS.logMinPdelayReqInterval

— portDS.versionNumber
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8.2.5.2 Static members of the portDS data set

8.2.5.2.1 portDS.portldentity
The value of portDS.portldentity shall be the Portldentity attribute of the local port; see 7.5.2.

8.2.5.3 Dynamic members of the portDS data set

8.2.5.3.1 portDS.portState

The value of portDS.portState shall be the value of the current state of the protocol engine associated with
this port (see 9.2) and shall be taken from the enumeration in Table 8.

clrurrierativiri

PTP state enumeration Value (hex)
INITIALIZING 01

FAULTY 02

DISABLED 03

LISTENING 04

PRE MASTER 05

MASTER 06

PASSIVE 07
UNCALIBRATED 08

SLAVE 09

— All other values,reserved

The initjalization value shall be INITTALIZING.
8.2.5.3.2 portDS.logMinDelayReqInterval

e of portDS.logMinDelayReqInterval is the\logarithm to the base 2 of the minDelayReq|nterval;

value of the portDS.delayMechanism member is peer-to-peer (P2P), the vilue of
.peerMeanPathDelay shall be-an‘estimate of the current one-way propagation delay on the link, i.c.,
thDelay>, attached to this port computed using the peer delay mechanism; see 11.4. The data type
e Timelnterval. If the\walue of the portDS.delayMechanism member is end-to-end (E2E), this
membetf's value shall be zer0. The initialization value shall be zero.

8.2.5.4 Configurable members of the portDS data set

8.2.5.4.]1 portDSdogAnnouncelnterval

The value of \portDS.logAnnouncelnterval shall be the logarithm to the base 2 of thg mean
announdelaterval; see 7.7.2.2.

8.2.5.4.2 portDS.announceReceiptTimeout

The value of portDS.announceReceiptTimeout shall be an integral multiple of announcelnterval; see
7.7.3.1.

NOTE—The announcelnterval is equal to the value of 2P°rtDSogAnnouncelnterval

8.2.5.4.3 portDS.logSyncInterval

The value of portDS.logSyncInterval shall be the logarithm to the base 2 of the mean Synclnterval for
multicast messages; see 7.7.2.3.
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NOTE—The rates for unicast transmissions are negotiated separately on a per port basis and are not constrained by this
subclause.

8.2.5.4.4 portDS.delayMechanism

The value of portDS.delayMechanism shall indicate the propagation delay measuring option used by the
port in computing <meanPathDelay>. The value shall be taken from the enumeration in Table 9. The
initialization value is implementation-specific unless otherwise stated in a PTP profile.

Table 9—Delay mechanism enumeration

Delay mgchanism Value (hex) Specification

E2E 01 The port is configured to use the delay request-response mechanjsm.

P2P 02 The port is configured to use the peer delay mechanism.

DISABLED FE The port does not implement the delay mechanism; see NOTE.
NOTE—{This value shall not be set by a clock except when the applicable PTP profile specifies that-the clock gyntonize
only and|that neither path delay mechanism is to be used.

NOTE—Subclause 9.1 permits reconfiguration. Autoconfiguration is allowed but is out of scope.

8.2.5.45 portDS.logMinPdelayReqinterval

The value of portDS.logMinPdelayReqlnterval shall be the~logarithm to the base 2 [of the
minPdelayReqlnterval; see 7.7.2.5.

8.2.5.46 portDS.versionNumber

The valge of portDS.versionNumber shall indicate the PTP/version in use on the port.

8.3 Data sets for transparent clocks

8.3.1 General

Optionally, a transparent clock shallmaintain a single copy of each default and port data sets.

NOTE—{Unlike ordinary and beundary clocks, a transparent clock does not maintain separate data sets|for each
domain. With the exception of syntonization, transparent clocks are domain independent.

8.3.2 transparentClockDefaultDS data set member specifications

8.3.2.1 General

The membérs of this data set are as follows:
— transparentClockDefaultDS.clockIdentity

— transparentClockDefaultDS.numberPorts
— transparentClockDefaultDS.delayMechanism

— transparentClockDefaultDS.primaryDomain

8.3.2.2 Static members of the transparentClockDefaultDS data set
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8.3.2.2.1 transparentClockDefaultDS.clockIdentity

The value of transparentClockDefaultDS.clockldentity shall be the clockldentity attribute (see 7.6.2.1) of
the local clock.

8.3.2.2.2 transparentClockDefaultDS.numberPorts
The value of transparentClockDefaultDS.numberPorts shall be the number of PTP ports of the device.
8.3.2.3 Configurable members of the transparentClockDefaultDS data set

8.3.2.3.1 transparentClockDefaultDS.delayMechanism

If the transparent clock is an end-to-end transparent clock, the wvalue of the

to-peer

8.3.2.3.2 transparentClockDefaultDS.primaryDomain

The value of transparentClockDefaultDS.primaryDomain shall be the domainNumbgr of the [primary
syntoniZation domain; see 10.1. The initialization value shall be 0.

8.3.3 transparentClockPortDS data set member specifications

8.3.3.1 GGeneral

The members of this data set are as follows:
— transparentClockPortDS.portldentity

- transparentClockPortDS.logMinPdelayReqInterval

- transparentClockPortDS.faultyFlag

- transparentClockPortDS.peerMeanPathiDelay
8.3.3.2 $tatic members of the portDS data'set

8.3.3.2.1 transparentClockPortDS.portldentity

The valyie of transparentClockPortDS.portldentity shall be the Portldentity attribute of the local port; see
7.5.2.

8.3.3.3 Pynamic members-of the portDS data set

8.3.3.3.1 transparentClockPortDS.logMinPdelayReqInterval

The valjie of/transparentClockPortDS.logMinPdelayReqInterval shall be the logarithm to the base|2 of the
minPdelayReqInterval; see 7.7.2.5.

8.3.3.3.2 transparentClockPoriDS.TaultyFlag

The value of transparentClockPortDS.faultyFlag shall be TRUE if the port is faulty and FALSE if the port
is operating normally. The initialization value shall be FALSE.

8.3.3.3.3 transparentClockPortDS.peerMeanPathDelay

If the value of the transparentClockDefaultDS.delayMechanism member is P2P, the value of
transparentClockPortDS.peerMeanPathDelay shall be the estimate of the current one-way propagation
delay, i.e., <meanPathDelay> on the link attached to this port computed using the peer delay mechanism;
see 11.4. If the value of the transparentClockDefaultDS.delayMechanism member is E2E, the value shall
be zero. The data type should be Timelnterval. The initialization value shall be zero.
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9. PTP for ordinary and boundary clocks

9.1 General protocol requirements for PTP ordinary and boundary clocks

Ordinary and boundary clocks:

a) May operate within more than one domain; see 7.1. The operation of each domain shall be
independent of the others.

b) When required by the state machine of 9.2, shall synchronize per 12.2.

c Shall correct for pn‘rh delay nqing one of the Fnl]nwing np‘rinnq-

1) Delay request-response mechanism; see 11.3

2) Peer delay mechanism; see 11.4

A port thay implement both the delay request-response and the peer delay mechanisms provided ¢nly one
mechanfsm is active at any time. The method of selection is outside the\(scope of this dtandard.
Autocorjfiguration is not prohibited.

Clocks §ynchronize only to the clock selected using the best master algorithm.

An ordihary or boundary clock that receives an Announce, SynciFollow Up, or Delay Resp mejssage in
which the value of the header flag, alternateMasterFlag, is TRUE shall discard the message ekcept as
provided in Clause 17.

An ordipary clock shall contain a single PTP port obeyifig the requirements of 9.2.

A boundary clock shall contain multiple PTP ports’gach obeying the requirements of 9.2.

9.2 State protocol

9.2.1 General state requirements
All ordipary and boundary clock$.shall implement the state machine and state behavior of 9.2.
9.2.2 Slave-only ordinary clocks

An ordipary clock may.be designed to be a slave-only or a non-slave-only clock. An implementafion may
optionally provide’«the ability to configure to a slave-only mode via the management [nessage
SLAVE[ ONLY+er/by implementation-dependent means. A slave-only clock shall implement the state
maching illustrated in Figure 24.

NOTE—A_slave-only clack can never enter the MASTER. state Svstems should therefore contain at leastlone non-

slave-only clock. A slave-only clock uses a different state machine than a non-slave-only clock and has a different
clockClass number; see 7.6.2.4.

9.2.3 Non-slave-only clocks

A boundary clock shall not be a slave-only clock. Boundary clocks and ordinary clocks not designed or
configured as slave-only shall implement the state machine illustrated in Figure 23.

9.2.4 State definitions

The behavior of the states of a port associated with the state machines of Figure 23 and Figure 24 shall be
as defined in Table 10 with the exception of the provisions for unicast messages specified in 16.1.
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With the exception of the DISABLED state, a port may make use of any information received in PTP
messages provided such use does not violate the requirements of the protocol.

9.2.5 State machines

The state machines of this subclause shall determine the allowed transitions for PTP stateful ports.
Subclause 4.3 specifies the notation used in Figure 23 and Figure 24.

Table 10—PTP portState definition

PTP portState

Description

INITIALIZING

While a port is in the INITIALIZING state, the port initializes its data sets, hardware, and
communication facilities. No port of the clock shall place any PTP messages on its

communication pati. 1T one port ot a boundary clock 15 in the INI TIALIZTING state, ey
shall be in the INITIALIZING state.

all ports

FAULTY

The fault state of the protocol. A port in this state shall not place any PTP messages gxcept for
management messages that are a required response to another management message on its

communication path. In a boundary clock, no activity on a faulty port shall‘afféct the o
of the device. If fault activity on a port in this state cannot be confined to-the faulty por]
ports shall be in the FAULTY state.

her ports
, then all

DISABL

ED

The port shall not place any messages on its communication path? In a boundary
activity at the port shall be allowed to affect the activity at any other port of the bound§
A port in this state shall discard all PTP received messages except for management mesy

lock, no
ry clock.
ages.

LISTEN

NG

The port is waiting for the announceReceiptTimeout te ‘expire or to receive an Announce

message from a master. The purpose of this state is’to allow orderly addition of cl

cks to a

domain. A port in this state shall not place any PTP messages on its communication path except
for Pdelay Req, Pdelay Resp, Pdelay Resp_ Follow “Up, or signaling messages, or mahagement

messages that are a required response to anothefmanagement message.

PRE_MA

\STER

The port shall behave in all respects as though'it were in the MASTER state except thht it shall
not place any messages on its commuiication path except for Pdelay Req, Pdelpy Resp,

Pdelay Resp Follow Up, signaling, or'nlanagement messages.

MASTE]

The port is behaving as a master port:

PASSIV

eS8

The port shall not place any:.sessages on its communication path except for Pdg

lay Req,

Pdelay Resp, Pdelay Resp Follow Up, or signaling messages, or management messpges that

are a required response tosanother management message.

UNCAL

BRATED

One or more master perts have been detected in the domain. The appropriate master]
been selected, and theMocal port is preparing to synchronize to the selected master port.
transient state to allow initialization of synchronization servos, updating of data sets wi
master port has been selected, and other implementation-specific activity.

port has
This is a
en a new

SLAVE

The port is‘synchronizing to the selected master port.
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<—— INITIALIZE
INITIALIZING [&TOWER UP ANY STATE

l
DESIGNATED_ENABLED
FAULT
LISTENING DISABLED S
DESIGNATED _
DISABLED
DESIGNATED_DISABLED
FAULT
DETECTED AL SN
1 »
( LISTENING or ) FAULT_
STATE DECibL' iON EVENTI UNCALIBRATED or DETECTED
- = SLAVE or |
PRE_MASTER or
BEST_MASTER_CLOCK MASTER or |
\ PASSIVE Recommiended State
== BMC_PASSIVE
(Recommended State LISTENING or PASSIVE
== BMC_MASTER) AND UNCALIBRATED or
State I= MASTER SLAVE or
PASSIVE
I
PRE_MASTER ) ANNOUNCE_RECEIRT. FIME-
OUT EXPIRES LISTENING or
QUALIFICATION_TIME- = UNCALIBRATED or
OUT_EXPIRES PRE_MASTER or
MASTER or
MASTER PASSIVE
S | |
(Recommended State o b et
BMC_SLAVE
> ‘4—‘
SYNCHRONIZATION_ UNCALIBRATED
FAULT 1
\____/ Recommended State ==
MASTER_CLOCK _ BMC_SLAVE &&
SELECTED new_master != old_master
l e ~N_ 0 1
Recommended State ==
SLAVE BMC_SLAVE &&
new_master == old_master
\_ _/

Figure 23—State machine for a full implementation
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ANY STATE

INITIALIZING POWER UP
DESIGNATED_ENABLED
FAULT
DESIGNATED _
DESIGNATED_DISABLED DISAIIESLED
l 1
ANNOUNCE_RECEIPT_ FAULT
TIMEOUT_EXPIRES —
OR ) DETECTED FAPETY
(Recommended State == >
BMC|MASTER OR BMC_PASSIVE) *
| 2 FAULT_
DETECTED
STATE_DECISION_EVENT| LISTENING or |
UNCALIBRATED or
BEST_MASTER_CLOCK SLAVE TSEET
|—’|L Yy UNCALIBRATED

Recommended State
BMC_SLAVE

SY NCHRONIZATION
FAULT

i < |
UNCALIBRATED

SELECTED

MASTER_.CLOCK_

Recommended State ==
BMC_SLAVE &&

new_master != old_mastsg

\—T N\ _ | |
SLAVE Recommended State =%

BMC_SLAVE &&
new_master == old_mas

ter

7% '

Figure 24—State machine for a slave-only implementation

In both Figure 23 and Figure 24, when a fault is cleared or a previously disabled port is enabled, the state
machine makes a transition to the INITIALIZING state.

NOTE—Before making the subsequent transition to the LISTENING state, an implementation is not required to
perform all the steps that it would after an INITIALIZE command or a power-up or reset. It is required to achieve the

effect of performing those steps.
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9.2.6 Events initiating PTP state transitions

9.2.6.1 General

The specifications for each event initiating a transition in the state machines of Figure 23 and Figure 24 are
defined in 9.2.6.

9.2.6.2 POWERUP

The POWERUP event shall be instantiated by turning on the power to the device. It may also be
instantiated by implementation-specific reset mechanisms, e.g., a reset button.

9.2.6.3 INITIALIZE

The INTJ : stantis he
equivalgnt if required by the initializationKey field of this message.

9.2.6.4 DESIGNATED _ENABLED

The DHSIGNATED ENABLED event shall be instantiated by the receipt of the(tENABLKE PORT
management message.

9.2.6.5 DESIGNATED_DISABLED

The DHSIGNATED DISABLED event shall be instantiated by the re¢eipt of the DISABLE PORT
management message.

9.2.6.6 FAULT CLEARED

The FAULT CLEARED event shall be instantiated by the clearing of the fault condition or conditjons that
preventq correct operation of the port.

age or its

NOTE—{The clearing of all detected fault conditions may result-from the actions of management messages of internal
procedurfs.

9.2.6.7 FAULT DETECTED

The FAULT DETECTED event shall be instantiated by the occurrence of an internal condifion that
preventy the correct operation of the port,

9.2.6.8 $TATE_DECISION_EVENT

The STATE DECISION_EVENT is the mechanism for using the data in received Announce megsages to
determime which is the best master clock, and whether the local clock port or ports needs to change ftate.

Every ¢lock shall implement a mechanism generating the STATE DECISION EVENT, pnd the
occurrenice of this event shall implement the logic illustrated in Figure 25. In Figure 25, the best master
clock algorithm is ilustrated as the default best master clock algorithm specified in this standafd. If an
optionall best master,clock algorithm is specified (see 9.3.1), the portion of the figure within the boy labeled
best magter clockwalgorithm may differ.
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STATE_DECISION_EVENT
occurs

v

have all ports
computed E
since last such

—81 -

Best Master Clock Algorithm

No

event?

Yes
v

compute E <

\ 4

apply the state decision
algorithm

v
update data sets for all
ports

A J

make required state
changes in all ports

¥
each port computes
E if needed

rbest

> exit

Figure 25—STATE_DECISION_EVENT logic

The STATE DECISION_ EVENT shall:

— Logically occur simultaneously on all ports of a clock

— Occur at least once per Announce message transmission interval

— Not occur when any port is in the INITIALIZING state

For nodes implementing the default best master clock algorithm (see 9.3.1), prior to or as the first action of
the STATE DECISION EVENT logic, each port N not in the DISABLED or FAULTY states shall
compute an updated value of E,. (see 9.3.2.3), reflecting the receipt of Announce messages since the last
STATE DECISION _EVENT. Following the computation of the set of E.y for all ports, the clock shall

compute Epeg.
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For all nodes, the clock shall complete the following tasks, in the order given:

a) Apply the best master clock algorithm
b) Update the appropriate data sets
¢) Instantiate the recommended state event in the state machine

d) Make the required state changes in all ports

These tasks shall be carried out atomically; see 3.1.2. This input information shall include the set of E
values. These tasks shall be executed as defined in 9.3.

9.2.6.9 Recommended state

The recpmmended state event results from the exercise of the best master clock algorithm initiafed by a
STATE| DECISION_EVENT.

9.2.6.10| QUALIFICATION_TIMEOUT_EXPIRES
The expiration of the <qualificationTimeoutInterval> defines the QUALIFICATION-TIMEOUT EXPIRES event.
This tim¢out mechanism determines the interval a clock spends in the PRE_ MASTER state.

The <gpalificationTimeoutInterval> shall start when the port entersythe PRE MASTER stgte. The
expirati¢n shall occur after an interval computed as follows:

The qualificationTimeoutInterval shall be N multiplied by the announcelnterval (see 7.7.2.2), in feconds,
where:
a) Ifthe recommended state = MASTER event was®based on decision points M1 or M2 of Figyre 26, N
shall be 0

b) If the recommended state = MASTER gvent was based on decision point M3 of Figure 26, N shall be
the value incremented by 1 (one) of the currentDS.stepsRemoved field.
9.2.6.11] ANNOUNCE_RECEIPT_TIMEOUT_EXPIRES

Each prptocol engine shall support™d timeout mechanism defining the announceReceiptTimeoutfnterval,

with a vplue of portDS.announceReceiptTimeout multiplied by the announcelnterval; see 7.7.3.1.

The ANNOUNCE RECEIPT TIMEOUT EXPIRES event occurs at the expiration of this timeoyt plus a
random jnumber uniformly’ distributed in the range (0,1) announcelntervals.
This timjeout mechanism for a port shall start or be restarted when any of the following occur:

a) Fora port in the UNCALIBRATED or SLAVE states, when an Announce message is receiyed from
the parent clock as indicated by the parentDS.parentPortIdentity

b) At the expiration of the current portDS.announceReceiptTimeoutInterval unless otherwise specified
in Clause 9

¢) When entering the LISTENING, UNCALIBRATED, SLAVE, or PASSIVE state

d) For a port in the PASSIVE state when an Announce message is received from the clock that
transmitted the Announce message that caused the port to be in the PASSIVE state, as indicated by a
comparison of the sourcePortldentity fields of the respective messages

This timeout mechanism for a port shall be stopped and not restarted when entering the INITIALIZING,
PRE_MASTER, FAULTY, DISABLED, or MASTER states.
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In addition to the state changes of Figure 23 and Figure 24, ports in the LISTENING, PASSIVE,
UNCALIBRATED, or SLAVE states when the ANNOUNCE RECEIPT TIMEOUT EXPIRES event
occurs shall update data sets prior to entering the MASTER state as follows:

— For an ordinary clock, update the port’s data sets to the MASTER state configuration (see

9.3.5), as specified for decision M1

— For a boundary clock with no other port in the SLAVE state, update the port’s data sets to the
MASTER state configuration (see 9.3.5), as specified for decision M1

— For a boundary clock with a different port in the SLAVE state, update the port’s data sets to the
MASTER state configuration (see 9.3.5) as specified for decision M3

9.2.6.12|SYNCHRONIZATION_FAULT

The SYNCHRONIZATION_ FAULT event instantiation is implementation-specific. This'eyent sl
instantidted whenever a clock is in the SLAVE state and the implementation detects implem
circumsfances that require re-execution of functions that occur in the UNCALIBRATFED state t

correct §ynchronization.

9.2.6.13MASTER_CLOCK_SELECTED

MASTHR CLOCK SELECTED event instantiation is implementatiofi-specific. This event sh
instantijted whenever a clock in the UNCALIBRATED state has ‘satisfied all implementati
protocol-mandated requirements necessary to ensure synchronizatien,when in the SLAVE state.

9.2.7 Applying PTP events to the ports of a boundary clock

For a bgundary clock, the events initiating a transition in thé.state machines of Figure 23 and Figurg
9.2.6) shall be applied to the device’s port state machines'ds specified in Table 11.

Table 11—Event applicability in boundary clocks

ould be
entation
h ensure

ould be
on- and

24 (see

Event namg Port applicability
POWERUH All ports
INITIALIZE All ports

FAULT DETECTED

All ports affected by the fault

FAULT CLEARED

All ports affected by the fault

STATE_DECISION_EVENT

All ports.

Recommenfled state, see NOTE

All ports.

ANNOUNCE_RECEIPT TIMEOUT EXPIRES or

QUALIFICATION TIMEQUT" EXPIRES

The port signaling the expiring timeout mechanism.

DESIGNATED ENABEEDor
DESIGNATED _DISABLED

The ports specified by the initiating management mgdssage.

MASTER_[CLOCKTSELECTED

The port signaling the event.

SYNCHRONIZATION FAULT

The port signaling the event.

NOTE—re¢omntended state is a condition resulting from the exercise of the best master clock algorithm in

tiated by a

STATE DECISION EVENT

9.3 Best master clock algorithm

9.3.1 Selection of the best master clock algorithm

PTP permits the use of two forms of best master clock algorithm:
— By default, the mechanism specified in 9.3.2, 9.3.3, and 9.3.4

— If specified in a PTP profile, an alternate best master clock algorithm

Any alternate best master clock algorithm shall meet the following requirements:
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a) The output of the algorithm shall provide the recommended state required for operation of the PTP
state machines and state decision events 0f 9.2.5, 9.2.6.8, and 9.2.6.9. The recommended states shall
meet the requirements of 9.2.4. Optionally, the alternate algorithm may be a dynamic algorithm, or it
may be a static algorithm that simply configures the recommended state values on the ports of the
node on which it is running.

b) The output of the algorithm shall provide the state decision codes for use in updating data sets (see
9.3.5) and any data required for implementing the updates based on these codes. These decision
codes shall be as follows:

1) MI1: The port is in the MASTER state because it is on a clockClass 1 through 127 node and is
the grandmaster port of the system.

2) M2: The port is in the MASTER state because it is on a clockClass 128 or higher node‘dnd is the
grandmaster port of the system.

3) M3: The port is in the MASTER state, but it is not a port on the grandmaster clogk of the
system.

4) S1: The port is in the SLAVE state.

5) P1: The port is in the PASSIVE state because it is on a clockClass 1 through 127 nodle and is
either not on the grandmaster clock of the system or is PASSIVE to break a timing loop

6) P2: The port is in the PASSIVE state because it.is*on a clockClass 128 or higher node and is
PASSIVE to break a timing loop

The BMC algorithm is run locally on all ports of every~otdinary and boundary clock in a domain.|Since it
runs corftinuously, it continually readapts to changes in‘the network or the clocks.

9.3.2 BMC algorithm

9.3.2.1 Overview and definition of terms

Subclauge 9.3.2 specifies the way that:a-local clock determines which of all the clocks (including fitself) is
the “best.” From that it determines the next state of all its ports; see Table 10. The algorithm runs
indepenflently on each clock inta domain. In other words, clocks do not negotiate which should bg master
and which should be slave—instead, each computes only the state of its own ports. The algorithrh avoids
configufations with two mastets, or none, or ones that thrash.

The bes{ master clogk algorithm, BMC, consists of two parts:

a) A data'set comparison algorithm that determines which of two clock ports is better. This algprithm is
specified in 9.3.4.

A aorithiaa th

ed- algbrithm is
‘recommended  state” in

specied in 933, The recommendation is called
Figure 23, Figure 24, and Figure 26.

This determination is based on information contained in Announce messages received at the ports of a
given clock and on the defaultDS data set values of the given clock.
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9.3.2.2 General BMC specifications

The BMC algorithm on an ordinary or boundary clock C, characterized by a defaultDS data set Dy and
other data sets, and with “N” ports shall be as follows:

a)

b)

©)

9999
Y

For each port of Co, qualified Announce messages (see 9.3.2.5) received from ports of other
clocks connected to the communication path used by port “r”” shall be compared.

For each port “r” of Cy, the best of these messages Ep.y shall be determined using the data set
comparison algorithm.

For the set of N ports of clock Cy, the best of all messages, Ey., shall be determined from the N E

nnnnnnnnnnnnn the data cot capmanaricnn alaagthog
aata-5et-comparisoR-argortai-

9.3.2.3 Computation of E .

1nm.
THOSOTT S OS5 arTStrt

For each of the N ports of clock C,, the messages Epeq and Eey and the defaultDS data-setl D, shall
be used with the state decision algorithm to determine the BMC event applicable to the statejmachine
(see 9.2.5) of each port.

Except for the provisions of the master cluster option (see 17.3) a port(shall discard all Announce
messages with alternateMasterFlag TRUE in the exercise of the best/master clock algorithm under
the terms of 9.3.2. These messages shall not be entered into the foreignMasterDS for consfderation
by the best master clock algorithm. The alternate master option<(sée 17.4) specifies other|uses for
Announce messages with this flag set to TRUE.

Each pqrt may determine E,.y independently of activity conyother ports. The determination of Ey., the
applicatjon of the state decision algorithm, and the ingtantiation of any state changes required by the

applicatjon of the results of these determinations shall:be atomic; see 3.1.2.

In compjuting E . a port “r” shall:

a

b

[73E 1]
T.

Consider only qualified Announce messages (see 9.3.2.5) received on port

Include at least two qualified-Announce messages from a foreign master clock if such nessages
exist. In this case, “r” shall/delete from its implementation-specific foreignMasterDS datq set (see
9.3.2.4) all such records that were considered but not selected as Epeg.
If port “r” is inthe-SLAVE state, include the results of the previous computation of E. onfport “r.”
However, ifta more recent qualified Announce message is received on port “r” from the same
sending ~port, the values from that message shall be considered instead.| If an
ANNQUNCE _RECEIPT TIMEOUT EXPIRES event occurs (see 9.2.6.11) for the clock|selected
during:the previous computation of Ey,e on port “r,” then the previous computation of E.f on port
#122_shall not be included.

NOTE—Announce messages should be included from as many foreign master clocks as port resources permit.

9.3.2.4 foreignMasterDS data set specifications

9.3.2.4.1 General

Each port shall maintain an implementation-specific foreignMasterDS data set for the purposes of
qualifying Announce messages. Each entry of the data set contains two members:

— foreignMasterDS.foreignMasterPortIdentity

— foreignMasterDS.foreignMasterAnnounceMessages
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9.3.2.4.2 foreignMasterDS.foreignMasterPortldentity

The value of foreignMasterDS.foreignMasterPortldentity shall be the sourcePortldentity field value of an
Announce message received from the foreign master.

9.3.2.4.3 foreignMasterDS.foreignMasterAnnounceMessages

The value of foreignMasterDS.foreignMasterAnnounceMessages shall be the number of Announce
messages from the foreign master indicated by the foreignMasterDS.foreignMasterPortldentity member
that have been received within a time window of duration FOREIGN_MASTER TIME WINDOW.

9.3.2.4.4 FOREIGN_MASTER TIME_ WINDOW and FOREIGN_MASTER_THRESHOLD

The values of these two attrlbutes deterrnlne the criteria for acceptlng an Announce message from a
previous e ation h maste 3 hm. The
values of these attnbutes shall be

- FOREIGN MASTER TIME WINDOW: 4 announcelnterval.

- FOREIGN _MASTER THRESHOLD: 2 Announce messages received within the
FOREIGN_MASTER _TIME WINDOW.

9.3.2.4.3 Size of foreignMasterDS data set

The implementation-specific foreignMasterDS data set shall have a minitium capacity of five| foreign
master records.

9.3.2.5 Qualification of Announce messages
An Annpunce message S received by a port “r”” shall be qualified for consideration by the BMC algorithm

as follows:

“ CE)

a) IfS was sent from port “r
not be qualified.

or from any other port’on the clock containing port “r” (see 9.5.2)), S shall

b) If S is not the Announce message most recently received on port “r”” from a given clock, S shall not
be qualified.

c) If the sender of S is a foreign.master clock F, and fewer than FOREIGN MASTER THRHSHOLD
nonidentical Announce ‘“messages from F have been received within the mos} recent
FOREIGN MASTER, TIME WINDOW interval, S shall not be qualified.

NOTE—The purpose of this window and threshold is to qualify only stable potential masters anfl prevent
spurious transitions of the best master.

d) Ifthe stepsRemoved field of S is 255 or greater, S shall not be qualified.

NOTE="This provision ensures that rogue frames are extinguished. This is a mandatory backup fo the use
of the'PATH_TRACE option for this purpose; see 16.2. This stepsRemoved-based mechanism njay cause
the failure of PTP if the size of the network is such that there are possible loops involving 255 poundary

—eloeles—This-is-extremely-unlicely-in-practieal-appleations:

e) Otherwise, S shall be qualified.

9.3.3 State decision algorithm

The state decision algorithm used in the best master clock algorithm shall be as defined by Figure 26. After
a decision is reached by use of this algorithm, the data sets of the local clock shall be updated as specified
in 9.3.5.

Dy represents the characteristics of clock C, as specified in the data sets of Cy.
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Comparisons of Dy with Eye or Epe shall be made using the data set comparison algorithm. For the
decision block in Figure 26, “Ey. better by topology than E,.y,” comparisons of Epe with Ee shall be

made using the data set comparison algorithm.

The determination of whether Dy is clockClass 1 through 127 shall be made based on the value of the

defaultDS.clockQuality.clockClass member of Dy.

The values for recommended state used in the protocol engine state machines of Figure 23 and Figure 24

shall be the values for recommended state given in Figure 26.

(State decision algorithm)
for port 'r' on clock Cg

{Erpest is the empty set)
AND
(Port state is LISTENING)

remain in' LISTENING
Ye
state

No

Dy is Class N

U 1 through 127

Dy better or
better by topology
than Erbesl

Dy better or
better by topology
than Epest

Ye

BMC_MASTER BMCNPASSIVE
(DO) (Erbesl)
M1 P1 M2
Epest received on
N
port r
BMC_SLAVE
(Ebesl = Erbes!)
Epnest better
by topology N
1 than Erbesl
KEY

BMC_PASSIVE
(Erbesl)

recommended state
(basis for data set updates)

State decision code

BMC_MASTER
(Ebest)

P2 M3

Figure 26—State decision algorithm
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9.3.4 Data set comparison algorithm

The best master clock algorithm compares one clock with another by comparing data sets that represent
those clocks. The data set comparison algorithm shall be as defined by Figure 27 and Figure 28. The data
sets are indicated in these figures as set A and set B. The sources for data set values are given in Table 12.
If in comparing any two of the data sets Dy, Epest, OF Epest, One of the data sets is the empty set, then the
nonempty set is deemed the better set. Dy is never the empty set; however, Eyes 0r Ejpeg; Or both may be the
empty set.

NOTE— The general process followed in this comparison is as follows:

a) Find which clock derives its time from the better grandmaster. Choosing this, rather than which is the better
clock, is essential for the stability of the algorithm.

(=

If those properties are equivalent, use tie-breaking techniques.

Table 12—Information sources for data set comparison algorithm

When |considering this | If the data set is Ep. or E ey, use these fields of | If the data set is| Dy, use
property as designated in | the associated Announce message these fields of t[ne local
Figure 27 and Figure 28 clock defaultDS daga set
GM priotity1 grandmasterPriority1 defaultDS.priority 1
GM iden}ity grandmasterldentity defaultDS.clockldentity
GM clas grandmasterClockQuality.clockClass defaultDS.clockQuallity.
clockClass
GM accuracy grandmasterClockQuality.clockAccuracy defaultDS.clockQuallity.
clockAccuracy
GM grandmasterClockQuality.offsetScaledLogVariance defaultDS.clockQuallity.
offsetScqledLogVariance offsetScaledLogVarjance
GM priofity2 grandmasterPriority?2 defaultDS.priority2
Steps Removed stepsRemoved The value 0
Identity ¢f Senders sourcePortldentity defaultDS.clockIdertity
Identity ¢f Receiver parentDS.portldentity (of portDS data set of port | defaultDS.clockldentity
receiving message)
Port Nunpber of Receivers parentDS .portldentity.portNumber (of portDS data set | The value 0
of port geceiving message)
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(Compare data set Ato B)
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GM priority1 values of
Aand B

A=B
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Compare
GM accuracy values
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values of Aand B
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B better than A

A 4

Return
A better than B

Figure 27—Data set comparison algorithm, part 1
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A=B

error-2

Receiver = Sender-

A

error-1

n
r 9

— . . ”
Figtire 26—Data-set-comparison-algorithm;part

NOTE—The error returns shown in Figure 28 are not used in the state decision algorithm of Figure 26. These returns
are precluded by the terms of 9.3.2.5 but may be useful for diagnostic or error detection. The error conditions occur
when terms of that clause are violated. Error-1 indicates that one of the messages was transmitted and received on the
same port. Error-2 indicates that the messages are duplicates or that they are an earlier and later message from the same
grandmaster.
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9.3.5 Update of data sets

The update of the currentDS, parentDS, portDS, and timePropertiesDS data sets shall be as defined in
Table 13 through Table 16 for the state decision codes, which are indicated by “State Decision Code” in
Figure 26 for the default best master clock algorithm and by 9.3.1 for a PTP profile-defined alternate.

Member portDS.portState of the portDS data set shall be updated as changes are made by the protocol state
machine of Figure 23 and Figure 24 associated with each port in accordance with 9.2.6.8.

Data set fields that are not included in Table 13 through Table 16 are not updated.

Table 13—Updates for state decision code M1 and M2

Update tliis field From the indicated field of the defaultDS data set‘of |the clock
unless otherwise stated

currentD data set

currentDS].stepsRemoved setto 0

currentDS] offsetFromMaster setto 0

currentD§ meanPathDelay setto 0

parentDS Hata set

parentDS parentPortIdentity parentDS.clockldentity =~ membér’, set to the value of
defaultDS.clockIdentity field.
parentDS.parentPortldentity. pertNumber member is 0

parentDS Jgrandmasterldentity defaultDS.clockIdentity

parentDS JgrandmasterClockQuality defaultDS.clockQuality

parentDS JgrandmasterPriority 1 defaultDS.priority.l

parentDS jgrandmasterPriority2 defaultDS.priority2

timePropdrtiesDS data set

timePropgrtiesDS.currentUtcOffset Follow rules in 9.4

timePropgrtiesDS.currentUtcOffsetValid Follow, tules in 9.4

timePropgtiesDS.leap59 Follow rules in 9.4

timePropertiesDS.leap61 Follow rules in 9.4

timePropgrtiesDS.timeTraceable Follow rules in 9.4

timePropefrtiesDS. frequencyTraceable Follow rules in 9.4

timePropeprtiesDS.ptpTimescale Follow rules in 9.4

timePropgrtiesDS.timeSource Follow rules in 9.4

portDS Data Set

portDS.pqrtState State resulting from the application of the recommended ptate from
Figure 26 to the state machine of Figure 23 or Figyre 24 as
appropriate

Table 14—Updates for state decision code M3

Update this\field From the indicated source
portDS data set
portDS.portState State resulting from the application of the recommended

state from Figure 26 to the state machine of Figure 23 or
Figure 24 as appropriate

Table 15—Updates for state decision code P1, and P2

Update this field From the indicated source
portDS data set
portDS.portState State resulting from the application of the recommended

state from Figure 26 to the state machine of Figure 23 or
Figure 24 as appropriate
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Table 16—Updates for state decision code S1

Update this field From the indicated source

currentDS data set

currentDS.stepsRemoved 1 + value of stepsRemoved of Eyy

parentDS data set

parentDS.parentPortldentity sourcePortldentity of Epeg

parentDS.grandmasterldentity grandmasterldentity of Eyey

parentDS.grandmasterClockQuality grandmasterClockQuality of Ejp.g

parentDS.grandmasterPriority 1 grandmasterPriority1 of Epeg

parentDS.grandmasterPriority2 grandmasterPriority2 of Eyeq

timePropertiesDS data set

timePropestiesDS-currentltcOffset currentlItcOffset field of F,

timePropertiesDS.currentUtcOffsetValid The logical value of the currentUtcOffsetValid pit of the
flagField of Epeg

timePropertiesDS.leap59 The logical value of the leap59 bit of thé flagFiclfl of Ep.q

timePropertiesDS.leap61 The logical value of the leap61 bit ofithe-flagFielfl of Eypqq

timePropertiesDS.timeTraceable The logical value of the timeTraegable bit of the[flagField
of Ebest

timePropertiesDS.frequencyTraceable The logical value of the frequencyTraceable Hit of the
flagField of Epeg

timePropertiesDS.ptpTimescale The logical value of th&{ptpTimescale bit of the[flagField
of Ebest

timePropertiesDS.timeSource The value of the timeSource field of Epg

portDS dpta set

portDS.pprtState State resulting” from the application of the recoinmended
state from Figure 26 to the state machine of Figre 23 or
Figuré\24 as appropriate

NOTE— Ey.g is an Announce message.

9.4 Grandmaster clocks

The grapdmaster clock determines the timescale and related timescale properties of the domain.

NOTE—A clock in the MASTER staté as*a result of M1 or M2 of the state decision algorithm of Figure 26 is the
grandmaster clock.

If the tifnescale is PTP, and.the clock is class 6, 7, or 52, the timePropertiesDS data set members|shall be
set as folllows:

— timePropertiesDS.leap59 and timePropertiesDS.leap61: if known, to the value obtained from a
primary yeference, else to FALSE

— tiftnePropertiesDS.currentUtcOffset: if known, to the value obtained from a primary rdference,
¢lse to the current number of leap seconds, 7.2.3, when the node is designed

— timePropertiesDS.currentUtcOffsetValid: to TRUE if the value of currentUtcOffset is known to
be correct, else to FALSE

— timePropertiesDS.ptpTimescale: to TRUE

— timePropertiesDS.timeTraceable: to TRUE if the time is traceable to a primary reference, else to
FALSE

— timePropertiesDS.frequencyTraceable: to TRUE if the frequency is traceable to a primary
reference, else to FALSE
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— timePropertiesDS.timeSource: if known, to the appropriate value from Table 7, else to

INTERNAL OSCILLATOR

If the timescale is ARB, then for all clockClasses except 6, 7, or 52, unless otherwise specified, the
timePropertiesDS data set members shall be set as follows:

— timePropertiesDS.leap59 and timePropertiesDS.leap61: to FALSE

is designed

timePropertiesDS.currentUtcOffset: to the current number of leap seconds, 7.2.3, when the node

timePropertiesDS.currentUtcOffsetValid: to TRUE if the value of currentUtcOffset is known to

If either
interval

The valyies of these variables shall be set to FALSE starting with the first Announce message in w

updated

The upd
shall oc

NOTE 1

standardq.

timeProp|
to variat
masters g
following

NOTE 2

be f‘f\V‘I"PI‘f’ elseto FALSE

- timePropertiesDS.ptpTimescale: to FALSE

- timePropertiesDS.timeTraceable: to TRUE if the time traceable to a primar§)teferencd
FALSE

- timePropertiesDS.frequencyTraceable: to TRUE if the frequency. i$otraceable to a
reference, else to FALSE

- timePropertiesDS.timeSource: if known, to the appropriate. value from Table 7,
INTERNAL_OSCILLATOR

prior to midnight (UTC) of the end of the current day-and'the later of the times:
— When the grandmaster determined that the value¢is"TRUE

- 12 h prior to midnight (UTC) of the current'day

value of timePropertiesDS.currentUtcOffset appears.

ate of timePropertiesDS.currentlUteOffset, timePropertiesDS.leap59, and timePropertiesD
ur within £2 announcelntervals.of midnight (UTC).

—The number of leap se¢onds, and hence currentUtcOffset, changes at midnight (UTC) by intg

, else to

primary

else to

timePropertiesDS.leap59 or timePropertiesDS.leap61 is”TRUE, it shall be set to TRUE dyring the

hich the

B.leap61

rnational

9.5 Me

In practical implementations, the actual update of currentUtcOffset and the sefting of
ertiesDS.leap59 or timePropertiesDS.leap61 to FALSE may occur slightly before or after midnight (TC) due
ons in code execution time. The requirement of the +2 announcelnterval update is easily implerhented in
nd ensures, even'in very large topologies, that the information is propagated to all slaves prior to ndon of the

UTC dayThis avoids confusion as to which midnight the indicated jump in UTC is to occur.
—Grdndmaster clocks that use a recognized standard time source should distribute the PTP timescale.
. G

9.5.1 Messaging behavior of ordinary and boundary clocks

Subclause 9.5 specifies the behavior for the following events that may occur in an ordinary clock, or for
each PTP port of a boundary clock:

— Receipt of a message

— Transmission of a message

The behavior resulting from these events may depend on the current state of the PTP port of an ordinary

clock or

boundary clock as specified in 9.2.5.
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Except for management messages, all multicast PTP messages shall terminate at boundary and ordinary
clocks.

A boundary clock that is also a bridge or router forwards all unicast PTP messages according to the
forwarding rules of the network. Any other behavior is out of the scope of this standard.

Execution of the protocol shall not result in any communication on the communication paths, except as
specified in subclause 9.5.

Any state or data changes or data set updates of the local clock resulting from the occurrence of any event
or qualifying sequence of events shall be atomic; see 3.1.2. A qualifying sequence of events is defined to be
the rece{pt of multiple Announce messages (sce /.7.2.2) within the same announcelnterval.

Requestp to issue a PTP message resulting from state or data change or the occurrence of an.event|shall be
processg¢d in first-in-first-out (FIFO) order by message class. A logically separate FIFQ, ordering[shall be
maintaiped for event and general messages. Once a message request is queued, the méssage shall He issued
irrespecfive of any subsequent event occurrences.

Only PTP messages where the domainNumber field of the PTP message header (see 13.3.2.5) is idgntical to
the defapltDS.domainNumber shall be accepted for processing by the protocol:

9.5.2 Receipt by a clock of any message from itself

9.5.2.1 General

The Prefision Time Protocol makes no use of messages-received by the same clock that sent them, and
implemgntations should prevent such messages from b€ing considered by the protocol. Subclausef 9.5.2.2
and 9.5.p.3 specify what to do when such messages are received.

9.5.2.2 QOrdinary clocks and any single port of a-boundary clock

A messdge received at the same port that issued the message shall be ignored. An exception may pe made
for implementation-specific diagnostic piirposes beyond the scope of this standard.

This sitpation may be identified by’ comparing the sourcePortldentity field members of the feceived
messagd and the correspondifig members of the portDS.portldentity field of the ingress pert. The
possibilfties and interpretatigns‘are shown in Table 17.

NOTE—] This condition may-occur due to normal or abnormal properties of communication paths.
9.5.2.3 Additional-constraints for boundary clocks

A port ‘IN” ona boundary clock might directly receive Announce messages issued by a different gort “M”
of the same boundary clock. This occurs if both ports N and M communicate to the same communication
path. THis\s“an abnormal situation not detected by the best master clock algorithm. When this condition is
detected in a set of the ports, the boundary clock shall place all of the involved ports except the port with
the lowest portNumber, say N, in the PASSIVE state until such time as the normal operation of the protocol
no longer determines that port N is to be in the MASTER state.

This situation may be identified by comparing the sourcePortldentity field members of the received
message and the corresponding members of the portDS.portldentity field of the ingress port. The
possibilities and interpretations are shown in Table 17.
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Table 17—Source identity comparisons

Given a message m arriving at port n of clock ¢, where the portDS.portldentity field of » has members
clockldentity @ and portNumber n:

If sourcePortldentity of m contains: The interpretation is:

clockldentity a, m was sent from port » on clock c.

portNumber n

clockldentity f# a, m was sent from a port on a clock other than c.

portNumber n

clockldentity a, m was sent from clock ¢, but from a port other than n.

portNumber g # n

9.5.3 Receipt of an Announce message from another clock

The log
figure rg

If the p
shall be
be discal

If the m
correspq
messagg

When a
with N,

If an |
foreign\\

a

c for processing an Announce message shall be as defined in Figure 29. The states indicatg
fer to the current state of the port receiving the Announce message.

brt receiving an Announce message is in the INITIALIZING or DISABLED-states, the
discarded. If the port receiving an Announce message is in the FAULTY state; the mess§
rded except for implementation-specific purposes that otherwise meet thezequirements of 9

embers of the sourcePortldentity field of the received Announcednecssage are identical
nding members of the parentDS.parentPortldentity of the data set of the receiving clock,
is from the current parent clock, i.e., the master clock to which the clock is synchronized.

h Announce message from port F is received by port N )frem the communication path ag
port F is designated as a foreign master clock if any ofithe following is true:

- The port N is not in the SLAVE state

— The port N is in the SLAVE state and the members of the sourcePortldentity fiel
received message are not all identical with the corresponding members
parentDS.parentPortldentity of the data-Set of the receiving clock.

Announce message is received frem a foreign master clock, the implementation
NasterDS data set (see 9.3.2.4) of\the ingress port shall be updated as follows:

d in this

nessage
ge shall
2.

with the
then the

sociated

l of the
of the

specific

If the members of the sourcePortldentity field of the received Announce message are identjcal with

the corresponding members of a foreignMasterDS.foreignMasterPortldentity of the data s
ingress port, then the:foreignMasterAnnounceMessages field of that record shall be incremer

If the members ‘of the sourcePortldentity field of the received Announce message are not id
the corresponding members of a foreignMasterDS.foreignMasterPortldentity of the data s
ingress\port, then a new record shall be created in the data set W
foreignMasterDS.foreignMasterPortldentity field set to the value of the sourcePortldentity
the received Announce message and with the foreignMasterDS.foreignMasterAnnouncel
field value set to 0. Implementation-specific limitations on the capacity of the foreignMaste

et of the
ted.

entical to
et of the
ith the

field of
fessages
DS data

Set Timits the mumber of Such records. 1T the foreignviasterD'S s Tull, then the Announce
shall be discarded.

message

If an Announce message is received from the current parent clock, the data sets for the ingress port shall be
updated according to Table 16, except that the source of each field shall be the received Announce message
rather than Ep.

NOTE—The maximum number of records that can be stored in the foreignMasterDS data set (see 9.3.2.4.5) does not
affect the correctness of protocol operation but may affect the speed of convergence in selecting the masters and slaves.
Higher capacities permit a node to process and eliminate from consideration more foreign masters in each
announcelnterval rather than wait until space is available in the data set for succeeding messages from any remaining
foreign masters.
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master

message is from
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No
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P foreignMasterDS record foreignMasterDS record
\ 4 \ 4 \ 4

exit ' exit exit

Figure 29—Receipt of Announce message logic

9.5.4 Receipt of a Sync message from another clock

The logic for processing a Syne.essage shall be as defined in Figure 30. The states indicated in thiis figure

refer to the current state of the port receiving the Sync message.

If the pgrt receiving a:Sync message is in the INITIALIZING or DISABLED states, the message|shall be

discardgd. If the parf Teceiving a Sync message is in the FAULTY state, the message
except fpr implementation-specific purposes that otherwise meet the requirements of 9.2.

shall be djiscarded

The <syjncEventIngressTimestamp> meeting the requirements of 7.3.4 shall be generated for the rgception

of the Syne-message-
Received Sync messages should be processed as soon as possible after receipt.

If the members of the sourcePortldentity field of the received Sync message are

identical with the

corresponding members of the parentDS.parentPortldentity field of the data set of the receiving clock, then

the message is from the current master clock.

When the Sync message is received and all of the following conditions are met:

— The port receiving the Sync message is in the SLAVE or UNCALIBRATED state
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— The twoStepFlag bit of the flagField of the received Sync message is FALSE (indicating that a
Follow_Up message will not be received)
— The Sync message was received from the current master clock
then:
— The Sync message correctionField shall be adjusted for asymmetry per 11.6.2
— The local clock should be synchronized, per 12.2, based on the contents of the received Sync

message and the <syncEventIngressTimestamp>

When the Sync message is received and all of the following conditions are met:
—_ The port receiving the Sync message is in the SLAVE or UNCATLIBRATED state

— The twoStepFlag bit of the flagField of the received Sync message is TRUE (indicatinpg that a
Follow_Up message will be received)

— The Sync message was received from the current master clock

then:
— The Sync message correctionField shall be adjusted for asymmetryiper 11.6.2.
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implementation specific

UNCALIBRATED

Yes

message is from

the current master
clock

Yes

flagField.
twoStepFlag
is FALSE

No

Yes

-

synchronize local clock

9.5.5R

Figure 30—Receipt of Sync message logic

eceipt of a Follow—Yp mressage frommamothrer clock

The logic for processing a Follow Up message shall be as defined in Figure 31. The states indicated in this

figure refer to the current state of the port receiving the Follow Up message.

If the port receiving a Follow Up message is in the INITIALIZING or DISABLED states, the message
shall be discarded. If the port receiving a Follow_Up message is in the FAULTY state, the message shall be
discarded except for implementation-specific purposes that otherwise meet the requirements of 9.2.

If the members of the sourcePortldentity field of the received Follow Up message are identical with the
corresponding members of the sourcePortldentity field of a prior Sync message and the sequenceld field of
the received Follow Up message matches the sequenceld field of the same prior Sync message, then the
Follow Up message and the Sync message are associated.
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If the members of the sourcePortldentity field of the associated Sync message are identical with the
corresponding members of the parentDS.parentPortldentity member of the data set of the receiving clock,

then the

message is from the current master clock.

Follow_Up messages should be processed as soon as possible after receipt.

When the associated Sync message is received and all of the following conditions are met:

— The port receiving the Follow Up message is in the SLAVE or UNCALIBRATED state

— The Sync message was received from the current master clock

then the
messagg

messagq.

9.5.6 R
The log
figure rq

If the p
shall be
discarde

Unless
MASTH

The <de
of the D

If the pq
messagg
Delay H
9.5.7R
The log
figure re

If the p
shall be
be discal

— Ihe Follow Up message 1s associated with this Sync message

local clock should be synchronized, per 12.2, based on the contents of the received.Fo
and associated Sync message and the <syncEventIngressTimestamp> of the ‘associat

pceipt of a Delay Req message from another clock
c for processing a Delay Req message shall be as defined in Figure 32: The states indicatd
fer to the current state of the port receiving the Delay Req message

rt receiving the Delay Req message is in the INITIALIZING ‘ot DISABLED states, the
discarded. If the port receiving a Delay Req message is inthe. FAULTY state, the message
d except for implementation-specific purposes that otheryis€¢ meet the requirements of 9.2.

btherwise specified in this standard, if the port receiving the Delay Req message is n
R state, the message shall be discarded.

layReqEventIngressTimestamp> meeting the‘requirements of 7.3.4 shall be generated upo
clay Req message.

rt receiving the Delay Req message-is in the MASTER state, the port shall transmit a Del
subject to the conditions of 11.3 and 9.5.12.

b eq messages should be processed as soon as possible after receipt.

pceipt of a Delay Resp message from another clock

c for processing a\Delay Resp message shall be as defined in Figure 33. The states indicatd
fer to the curfent state of the port receiving the Delay Resp message.

rt receiving a Delay Resp message is in the INITIALIZING or DISABLED states, the
discéarded. If the port receiving a Delay Resp message is in the FAULTY state, the mess{

low_Up
pd Sync

d in this

nessage
shall be

t in the

1 receipt

y Resp

d in this

message
ge shall
2.

rded except for implementation-specific purposes that otherwise meet the requirements of 9

If the members of the requestingSourcePortldentity field of the received Delay Resp message are identical
with the corresponding members of the sourcePortldentity field of a prior Delay Req message issued by
the receiving clock, and the requestingSequenceld field of the received Delay Resp message matches the
sequenceld field of the same prior Delay Req message, then the Delay Resp message and the Delay Req
message are associated.
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Figure 31—Receipt of Follow_Up message logic
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o
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‘Yes» implementation specific
N
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transmit Delay_Resp

Figure 32—Receipt of Delay_Req message logic

If the members’ of the sourcePortldentity field of the received Delay Resp message are identical with the
correspqnding members of the parentDS.parentPortldentity member of the data set of the receivirjg clock,
then the Delay Resp message is from the current master clock.

Delay Resp messages should be processed as soon as possible after receipt.

When the port receives a Delay Resp message subsequent to transmitting the associated Delay Req
message, and all of the following conditions are met:

— The port receiving the Delay Resp message is in the SLAVE or UNCALIBRATED state
— The Delay Resp message was received from the current master clock

— The Delay Resp message is associated with the transmitted Delay Req message
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then the receiving clock should:
a) Execute the delay request-response mechanism actions required by 11.3, based on the contents of the
received Delay Resp message and associated Delay Req message.

b) Update the value of portDS.logMinDelayReqInterval member of the data set to the value of the
logMessagelnterval member of the Delay Resp message.
9.5.8 Transmission of an Announce message

Unless otherwise stated in this standard, a port shall not transmit an Announce message except as required
by this subclause.

A port in the MASTER state shall periodically transmit an Announce message.

Such Ampnounce messages shall be transmitted as a multicast (see 7.3.1), such that the logarithm to [the base
2 of thf mean value of the interval in seconds between message transmissions ig)the¢ valu¢ of the
portDS.]JogAnnouncelnterval of the data set of the transmitting clock. A node shall, with"90% corffidence,
issue rthessages with intervals within +30% of the wvalue of the interval compute from
portDS.JogAnnouncelnterval.

An optipnal unicast transmission at negotiated transmission intervals may ‘boised for Announce messages
subject {o the terms of Clause 16.

NOTE—{The capacity of the node to maintain this data for each unicast address may limit the number df unicast
contracts| negotiated under Clause 16. In some environments, multicast{transmissions may not be feasible. A unicast
transmisgion is permitted provided the operation of the protocol is preserved; see 7.3.1.

9.5.9 Transmission of a Sync message

9.5.9.1 General specification

Unless ¢therwise stated in this standard, a port\shall not transmit a Sync message except as reqpired by
9.59.21%9.5.9.4.

9.5.9.2 General requirements

A port In the MASTER state shall\periodically transmit a Sync message. Such Sync messages [shall be
transmi\Ied as a multicast (see 73.1), such that the logarithm to the base 2 of the mean value of the| interval

in seconlds between message-tranismissions is the value of the portDS.logSynclnterval of the data spt of the
transmitting clock. A nod€ shall, with 90% confidence, issue messages with intervals within £30%6 of the
value of|the interval computed from portDS.logSyncInterval.

An optipnal unicast ‘transmission at negotiated transmission intervals may be used for Sync messages
subject {o the terms of Clause 16.

NOTE—ThevCapacity of the node to maintain this data for each unicast address may limit the number df unicast
contracts negotiated under Clause 16. In some environments, multicast transmissions may not be feasible. A unicast
transmission is permitted provided the operation of the protocol is preserved; see 7.3.1.

The fields of the transmitted Sync message shall conform to the requirements of Clause 13.

The <syncEventEgressTimestamp> meeting the requirements of 7.3.4 shall be generated upon transmission
of the Sync message.
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Figure 33—Receipt of Delay_Resp message logic
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9.5.9.3 One-step clocks
The originTimestamp field of the Sync message shall be an estimate no worse than +1 s of the

<syncEventEgressTimestamp> excluding any fractional nanoseconds.

The originTimestamp field of the Sync message should be the <syncEventEgressTimestamp> excluding
any fractional nanoseconds. The sum of the Sync message correctionField and originTimestamp field shall
be the value of the <syncEventEgressTimestamp> including any fractional nanoseconds.

9.5.9.4 Two-step clocks

The originTimestamp field of the Sync message shall be 0 or an estimate no worse than +1 s of the
<syncEventEgressTimestamp>.

The corfectionField of the Sync message shall be set to 0.
A two-sfep clock shall transmit both a Sync and a Follow_Up message.

The port shall capture the sequenceld value of the Sync message as an input to the Sequenceld fie|d of the
Follow |[Up message. The mechanism for obtaining the value for the preeiseOriginTimestamp and
correctipnField fields of the associated Follow Up message shall be started.

9.5.10 Transmission of a Follow_Up message

Unless gtherwise stated in this standard, a port shall issue a Follow Up message only if required by] 9.5.9.4.
The Syrjc message whose transmission requires the transmission of-a‘Follow Up message is the agsociated
Sync mgssage.

The Follow Up message should be transmitted as soon as possible after the transmission of the agsociated
Sync m¢ssage and shall be transmitted prior to the transmission of a subsequent Sync message to the same
destinat{on address.

The seqpenceld field of the Follow Up message'shall be the value of the sequenceld field of the agsociated
Sync mgssage.

The prefiseOriginTimestamp field of-the)Follow Up message shall be an estimate no worse thanf £1 s of
the <syricEventEgressTimestamp> ¢f the associated Sync message excluding any fractional nanosefonds.

The pre¢iseOriginTimestamp field of the Follow Up message should be the <syncEventEgressTimpstamp>
of the apsociated Sync message excluding any fractional nanoseconds. The sum of the correctior]Field in
the Follpw_Up and associated Sync messages added to the preciseOriginTimestamp field of the Follow Up
messagq shall be the precise value of the <syncEventEgressTimestamp> of the associated Sync message
includinjg any fractiohal nanoseconds.

If the Hollow Up message is associated with an optional unicast Sync message per 9.5.9.2, then the
Follow |[Up¢message shall also be transmitted as a unicast message to the same unicast address as the

Tat " al s i) - FRER I 1L 1 11 - 11 41 - - :
aSSOC1atlCu—SynT MITSSage: 1IesT umeast ToHoW_U P IICSSages sitall et atl OtICT T UITCITCIITS of this

subclause.

9.5.11 Transmission of a Delay_Req message

9.5.11.1 General requirements

A clock shall issue a Delay Req message on a port only if all of the following conditions are met:
— The port is in the SLAVE or UNCALIBRATED state

— The device is configured to execute the delay request-response mechanism; see 8.2.5.4.4

— The device is permitted to do so according to the timing requirements of 9.5.11.2
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Delay Req messages shall be transmitted as multicast except if:

a) The optional unicast provisions of Clause 16 are used

b) Specified otherwise by a profile

The fields of this Delay Req message shall conform to the requirements of 11.3.

NOTE 1— If the clock uses a PTP profile that specifies syntonize-only, then the clock is not required to send
Delay Req messages. In this case, maintaining delay request state information is not required.

NOTE 2— For clocks that use the peer delay mechanism, see 9.5.13.

9.5.11.2 Timing requirements

The tran

NOTE—]
received

smission of Delay Req messages from a port shall be limited as follows:

The portDS.logMinDelayReqlnterval value is the logMessagelnterval field of the last Delay Resp|
n response to a Delay Req message issued by the port.

The initial Delay Req message may be transmitted when required.

Subsequent Delay Req messages shall be transmitted such that with 90% éonfidence, t

N€ mean

value of the interval in seconds between message transmissions is not less-than the valge of the

2ponDSAlogMinDelayReqlmerval seconds.

message

While njeeting the mean interval between Delay Req message transmission specification, the transfnission

times fo

9.5.12 ]

Unless

I Delay Req messages shall use one of the following timihg options:

[ransmission of a Delay_Resp message

therwise stated in this standard. a port shall issue a Delay Resp message when it is associa

Transmission times shall be selected such that'the interval between successive De
messages is taken from a random distributign:@nless otherwise specified in the applicg
profile, the random distribution shall be a,uniform random distribution with a minimum
0 and a maximum value of {2'°gMinDeRedlniervaltly go0onds. A new random value
transmission interval shall be computed for each message transmitted. The granularit)
distribution is implementation spegific but shall be no greater than 2'°#SYreintenva= ¢ ;4
should be used when using the multicast communication model and may be used with {
model; see 7.3.1. For example, for a value of logMinDelayReqlnteval = logSyncinter
7.7.2.4), the distributionhas a minimum value of 0, a maximum value of {2'°gSyneinterv
synclnterval; i.e., the distribution has a maximum value of 2 synclnterval, and the 1
mean transmissionlinterval is 1 syncInterval.

Delay Req messages should be transmitted as soon as possible following the receipt o
message,-Fhis option may be used with a unicast model; see 7.3.1. It shall not be us
using themulticast model unless specified in the applicable PTP profile.

lay Req
ble PTP
value of
for the
i of this
S option
unicast
val (see
1+1} =9
esulting

f a Sync
bd when

ted with

the receipt of a Delay Req message as required by 9.5.6 and meets the other requirements of 9.5.11.

The Delay Req message whose transmission may require the transmission of a Delay Resp message is the
associated Delay Req message.

A clock shall issue a Delay Resp message on a port when all of the following conditions are met:

— The port is in the MASTER state or is required as the result of an optional unicast contract

(Clause 16)

— The device is configured to execute the delay request-response mechanism; see 8.2.5.4.4

— The transmission is the result of the receipt of the associated Delay Req message; see 9.5.6
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Delay Resp messages shall be transmitted as multicast if the associated Delay Req message was sent as
multicast.

Delay Resp messages shall be transmitted as unicast if the associated Delay Req message was sent as
unicast.

The fields of this Delay Resp message shall conform to the requirements of 11.3.

The receiveTimestamp field of the Delay Resp shall be the <delayReqEventIngressTimestamp> of the
associated Delay Req message.

Prior to fransmitting the Delay Resp message, the port shall in order:

a) Compute the updated value for the logMinDelayReqInterval field; see 7.7.2.4.

b) Use this computed value to update the value of portDS.logMinDelayReqInterval teémber of the data
set of the port transmitting the Delay Resp message; see 8.2.5.3.2.

c) Ensure the message field values are the current values as specified in 1173.2:

d) Insert the value as specified in Table 24 into logMessagelnterval field of the message.

The Delay Resp message should be transmitted as soon as pessible after the receipt of the agsociated
Delay Req message.

9.5.13 Transmission of a Pdelay Req message

9.5.13.1) General requirements

A clock|shall issue a Pdelay Req message on a™port only if all of the following conditions are
met:

- The device is configured to gxecute the peer delay mechanism; see 8.2.5.4.4

— The device is permitted by the timing requirements of 9.5.13.2.
The fielfls of this Pdelay Reg-message shall conform to the requirements of 11.4.3.

NOTE—] If the clock usesta PTP profile that specifies syntonize-only, then the clock is not required to invokg the peer
delay or [delay request<tesponse mechanism. In this case, maintaining peer delay mechanism state information is not
required.

9.5.13.2| Timing requirements

The tranjsmiission of a Pdelay Req messages from a requesting port shall be limited as follows:

— The initial Pdelay Req message may be transmitted when required.

— Subsequent Pdelay Req messages shall be transmitted such that the logarithm to the base 2 of
the mean value of the interval in seconds between message transmissions is no smaller than the
interval computed from the value of the portDS.logMinPdelayReqInterval member of the data
set of the transmitting clock.
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9.5.14 Transmission of Pdelay Resp message

Pdelay Resp messages should be transmitted as soon as possible after the receipt of the associated
Pdelay Req message.

9.5.15 Transmission of Pdelay Resp Follow Up message

Pdelay Resp Follow Up messages should be transmitted as soon as possible after the transmission of the

associated Pdelay Resp message.

9.6 Changes in the local clock

Changes due to 1) internal properties of the local clock, for example, a disruption of a local oscillator; or 2)

interactipon outside of PTP, for example, changes in information received from a GPS receiver, toywhich the

local clqck is directly synchronized, may result in updates to the data sets.

All resu]ting changes to data sets shall be treated atomically with respect to any other acfivity acce
data setd, including the activity specified in 9.2.6.8.

10. PTP for transparent clocks

10.1 General requirements for both end-to-end and peer-to-peer transparent
clock

sing the

All trangparent clocks shall forward all non-PTP messages aceording to the addressing rules of the petwork.

For all tfansparent clocks, all PTP version 1 messages:

—+ Shall be forwarded according to the addressing rules of the network

— Transparent clocks should not make-any residence time or path delay corrections to PTH
1 messages

—+ Residence time and path delay correction of PTP version 1 messages is not precluded b
of the scope of this standard

All trangparent clocks should syntonize to a grandmaster clock per Clause 12.
Syntonifation to multiple:domains should be supported.

For clopks implementing syntonization, the term “primary syntonization domain” is define
domainlNumber'0, or if the default is configured to a new domain, the configured default domain.

version

ut is out

] to be

Ifthe tr ﬂQprPﬂf !‘](\(‘]{ implpmpnfc cvnfnni7aﬁnn if Q]’]Q]] ﬂn SO.AS. Fn”num'

a) By default it shall syntonize to a master clock of the primary syntonization domain.

b) The primary syntonization domain may be configured to a domain other than domainNumber 0.

c) If syntonization to multiple domains is implemented, separate syntonization to a master clock in each

of the multiple domains shall be maintained.

d) All residence time and link delay corrections made to event messages by a transparent clock shall be

based on residence time and link delay measurements that in precedence order:
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1) Are made with a clock syntonized to the same domain as indicated in the domainNumber field

of the ingress event message

2) Are made with a clock syntonized to the primary syntonization domain

If the transparent clock does not implement syntonization, all residence time and link delay corrections
made to event messages by a transparent clock shall be based on residence time and link delay
measurements made with the unsyntonized free-running clock.

10.2 End-to-end transparent clock requirements

All PTE

- o] loll laat dad L VA ) dd - 1 £.41 4 Al
VUISTUIT TIICSSAEUSSITIAIT OV TOT W AT UCU aULUTUTITE TU U IO aUUI TS S TITE TUTCS  UT UICTICTWOT KT

The processing of all PTP version 2 event messages and any affected general messages Ghall meet the

residende transit time correction requirements of 11.5.

An end-
10.3P

The pee

All PTH
accordir

The pro
correcti

All PTP|

11. CI

11.1 General specifications

The spe
event m
the mo
originTi
providin
fields a

fo-end transparent clock shall not implement peer delay mechanism of 11.4,
per-to-peer transparent clock requirements

 delay mechanism of 11.4 shall be implemented.

g to the addressing rules of the network.

n requirements of 11.5 and the path delay correction requirements of 11.4.5.

version 2 Delay Req and Delay Resp messages should be discarded.

hd<{eorfectionField, as specified in the following clauses, obtains the most accurate ti

possibl

Clause 11 specifies:

a)

b)

pair of ports, each of which supports the state machine 0f 9.2.5.

¢) The peer delay mechanism: This mechanism measures the <meanPathDelay> between a

ports, each of which supports the peer delay mechanism.

d) The correction for <meanPathDelay> in peer-to-peer transparent clocks.
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bifications in Clause 11 provide mechanisms for conveying timestamps generated at the squrces of
pssages alongewith any corrections needed to ensure that the recipient of the event message [receives
t accurate timestamp possible. The actual distribution of the time information between the
mestamp,‘or’ preciseOriginTimestamp and the correctionField fields is implementation dependent,
g the~distribution shall be such that a receiving device performing the computations on tiFastamp

estamp

The computation of the offset in time between a slave and a master clock, i.e., <offsetFromMaster>.

The delay request-response mechanism: This mechanism measures the <meanPathDelay> between a

pair of
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e) The correction of event messages in transparent clocks based on the measurement of the residence

time within a transparent clock, and

f) The correction of timestamps for path asymmetry.

NOTE 1—The recommendation that the timestamps themselves be the best possible estimate of the time enables
simple devices that only need approximate time to ignore the correctionField.

NOTE 2—The latitude in the distribution of time between the timestamp and the correctionField allows flexibility in
the device design. For example, a device may generate an approximate time when a message is assembled and insert
the resulting required correction into the appropriate correctionField. An unavoidable circumstance is the representation
of fractional nanoseconds. Fractional nanoseconds cannot be represented in the Timestamp data type and are

transmitt
Exampl

11.2C

The tim
<offsetH
measure

The <of]

a

where

bd 1n a correctionkield, leaving 1t to the receiving device to combine the two to get the actual timestan
s of these correction mechanisms are in Annex C.

pmputation of clock offset in ordinary and boundary clocks

e error between a slave and a master ordinary or boundary clock is defined‘as follows:
romMaster> = <Time on the slave clock> — <Time on the master\clock>, where all t

d at the same instant.

fsetFromMaster> value shall be computed by the slave as follows:

Upon receipt of a Sync message, the {slave shall generate a ti
<syncEventIngressTimestamp> corrected for latencyper 7.3.4. If the delayAsymmetry (see
the path connected to the ingress port is known, the‘Cerrections of 11.6 shall be made.

hp.

mes arc

mestamp
7.4.2) of

If the twoStepFlag bit of the flagField of, the of the Sync message, is FALSE, indicatijg that a

Follow Up message will not be received,.then the

<offsetFromMaster> = <syncEventIngressTimestamp> — <originTimestamp> —
<meanPathDelay> — correctionField of Sync message.

If the twoStepFlag bit of the flagField of the of the Sync message is TRUE, indicatir
Follow Up message will be received, then the

<offsetFromMaster> = <syncEventIngressTimestamp> — <preciseOriginTimest
<meanPathDelay> — correctionField of Sync message — correctionField of Fo
message.

The <priginTimestamp> shall be the value of the originTimestamp field in the receiv
message.

The <preciseOriginTimestamp> shall be the value of the preciseOriginTimestamp fie

g that a

pmp> —
low_Up

ed Sync

d in the

recerved Eollow, n messaae
r t=]

If the port is configured to use the delay request-response mechanism, then the

<meanPathDelay> shall be that specified in 11.3.

If the port is configured to use the peer delay mechanism, then the <meanPathDelay>
that specified in 11.4.
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11.3 Delay request-response mechanism

11.3.1 Delay request-response mechanism general requirements

The delay request-response mechanism measures the <meanPathDelay> between a pair of PTP ports, each
of which supports the state machine of 9.2.5. The delay request-response mechanism uses the messages
Sync, Delay Req, Delay Resp and possibly Follow Up as shown in the timing diagram of Figure 34. This
mechanism shall be executed independently in each supported domain of the two clocks.

The timestamps t; and t, for the Sync message and t; and t, for the Delay Req message of Figure 34 shall
be measured as defined in 7.3.4.2. Timestamps t; and t; shall be measured using the time of the master
node, and the timestamps t, and t; shall be measured using the time of the slave node.

If the dglayAsymmetry (see 7.4.2) of the paths connected to the ingress and egress ports _i§ kn¢wn, the
correctipns of 11.6 shall be implemented.
NOTE—{The nominal value of the <meanPathDelay> is computed as <meanPathDelay> = [(t,~ 1)) + (ts — t3)]12 = [(t, —
t3) + (ts o t)]/2.
Master Slave
time time
Timestamps
known by slave
t]
Sync
t-ms
\J ™
e i — tz t2
—
Follow_UptT ~~
b
I
t.‘.\
Delay_Req bty
tsm
[—
s ~Delay_Resp
— —_— —_
—
iy X
v v t bt t,

Figure 34—Delay request-response path length measurement
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11.3.2 Delay request-response mechanism operational specifications

The actual value of the <meanPathDelay> shall be measured and computed as follows for each instance of
a delay request-response measurement:

a) The master node prepares and issues a Sync message per 9.5.9. If the node is a two-step clock, it also
prepares and issues a Follow_Up message per 9.5.9.4.

b) The slave node shall:

1)

Upon receipt of the Sync message from the master generate timestamp t,.

2)

3)

1)
2)

3)

4

5)

6)

If asymmetry corrections are required, modify the correctionField of the received Syng
per 11.6.2.

If required to send a Delay Req message based on the timing requiremeénts of g
9.5.11.2:

i) Prepare a Delay Req message with the correctionField (see 13.3.2.7) set tq
originTimestamp shall be set to 0 or an estimate no wors¢ than +1 s of the egres
the Delay Req message.

i) If asymmetry corrections are required, modify<he correctionField per 11.6.3.

iii)  Send the Delay Req message and generate.and save timestamp t;,

c) Upon receipt of the Delay Req message, the master node shall :

Generate timestamp t,
Prepare a Delay Resp messagé

Copy the sequenceld-field from the Delay Req message to the sequenceld fiel
Delay Resp message

Copy the soureePortldentity field from the Delay Req message to the requestingPot
field of the'Delay Resp message

Copythe domainNumber field from the Delay Req message to the domainNumber fid
Delay Resp message

Set the correctionField of the Delay Resp message to 0

message

ubclause

0. The
5 time of

| of the

tldentity

Id of the

7)

8)

9)

Add the correctionField of the Delay Req message to the correctionField of the Delay Resp

message

Set the receiveTimestamp field of the Delay Resp message to the seconds and nanoseconds

portion of the time t,

Subtract any fractional nanosecond portion of t; from the correctionField of the Delay Resp

message

10) Issue the Delay Resp message
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d) Upon receipt of the Delay Resp message by the slave:

1) If the received Sync message indicated that a Follow Up message will not be received, the
<meanPathDelay> shall be computed as: <meanPathDelay> = [(t, - t;) + (receiveTimestamp of
Delay Resp message — originTimestamp of Sync message) — correctionField of Sync message —
correctionField of Delay Resp message]/2.

2) If the received Sync message indicated that a Follow Up message will be received, the
<meanPathDelay> shall be computed as: <meanPathDelay> = [(t, - t;) + (receiveTimestamp of
Delay Resp message — preciseOriginTimestamp of Follow Up message) — correctionField of
Sync message— correctionField of Follow Up message — correctionField of Delay Resp

Pt

NOTE—] The delay request-response path length measurement normally uses the timestamps and cogrestionFipld of the
most recgnt Sync and corresponding Follow_Up message prior to the Delay Req message. Howevyer;, the delay request-
response| measurement may use any Sync and corresponding Follow Up message, although-this will rgduce the
accuracylof the computed <meanPathDelay>.

11.4 Peper delay mechanism

11.4.1 Peer delay mechanism general requirements

The peqr delay mechanism measures the port-to-port propagatiofi fime, i.e., the link delay, between two
commurjicating ports supporting the peer delay mechanism.

This measurement should be made on all ports of a device including those that are blocked by lower level
protocols. The addressing or other mechanisms to support this requirement are network specific|and are
specifiedl in the relevant annexes to this standard.

The link delay measurement shall be made <ndependently by each port implementing the pepr delay
mechan{sm.

NOTE—{This requirement means that the\link' delay is known by ports on both ends of a link. This allows pdth length
correctiops to be made immediately upon reconfiguration of the network.

In ordinpry and boundary clotks, the peer delay mechanism shall be independent of whether the port is a
master qr a slave.

The pger delay ~mechanism uses the messages Pdelay Req, Pdelay Resp, and possibly
Pdelay Resp Follow. Up, as shown in the timing diagram of Figure 35.
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Node-A Node-B
Delay Requestor Delay Responder
time time
————————————————————————————————————— t,
} Pdelay_Req

= Pdelay_Resp_Follow_Up

y y

Figure 35—Peer delay link measurement
The timestamps t; and t, for the Pdelay Req uméssage and t; and t, for the Pdelay Resp megsage of
Figure 35 are measured as defined in 7.3.4. If. the delayAsymmetry (see 7.4.2) of the links connect¢d to the

ingress and egress ports are known, the corrections of 11.6 shall be implemented.

The timgstamps t; and t, shall be measired by Node-A as follows:

- If Node-A is a peer-to-peer transparent clock, the timescale used is specified in 10.1.

- If Node-A is an\ordinary or boundary clock, the timescale used is that of the domaiph of the
clock.

Timestamps t, and t5 shall be measured by Node-B as follows:

— If Node-B is a peer-to-peer transparent clock, the timescale used is specified in 10.1.

- (If Node-B is an ordinary or boundary clock, the timescale used is that of the domair of the
clock

NOTE—The nominal value of the <meanPathDelay> is computed as <meanPathDelay> = [(t, — t;) + (t; — t3)]/2 = [(t, —
t3) + (t4 — t)]/2. The actual value is specified in 11.4.3.

11.4.2 Peer delay message timing

The transmission of a Pdelay Req message from a requesting port shall be limited as follows:
— The initial Pdelay Req message may be transmitted when required.
— Subsequent Pdelay Req messages shall be transmitted such that the logarithm to the base 2 of

the mean value of the interval in seconds between message transmissions is not less than the
value of the portDS.logMinPdelayReqlnterval member of the data set of the requestor clock.
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Pdelay Resp messages should be transmitted as soon as possible after the receipt of the associated
Pdelay Req message.

Pdelay Resp Follow Up messages should be transmitted as soon as possible after the transmission of the
associated Pdelay Resp message.
11.4.3 Peer delay mechanism operational specifications

The actual value of the meanPathDelay shall be measured and computed as follows for each instance of a
peer delay request-response measurement:

a) The delay requestor, Node-A:

]) Dw:pavno 2 Dr]n]ay an messaae—The correctionEield (cnn 1332 7) shall be setta-0
— £ = -

i) If Node-A is an ordinary or boundary clock, then the domainNumber field-of the header
shall be set to the domain of Node-A.

i) If Node-A is a syntonized peer-to-peer transparent clock, the domainNumber figld of the
header should be set to the domain being measured, either(the primary synt(rsization
domain, or one of the alternate domains if syntonizafion to multiple domains is

implemented on Node-A.

iii)  If Node-A is not a syntonized peer-to-peer transparent clock, the domainNumbe} field of
the header shall be set to 0.

2) If asymmetry corrections are required, shall modify: the correctionField per 11.6.4.

3) Shall set the originTimestamp to 0 or an estimate no worse than £1 s of the egress timegtamp, t;,
of the Pdelay Req message.

4) Shall send the Pdelay Req messageand generate and save timestamp t;.
b) Ifthe delay responder, Node-By.is a one-step clock, it shall:

1) Generate timestamp tupon receipt of the Pdelay Req message

2) Prepare a Pdelay. Resp message

3) Copy the, sequenceld field from the Pdelay Req message to the sequenceld fielfl of the
Pdelay_Resp message

4),.<Copy the sourcePortldentity field from the Pdelay Req message to the requestingPoftldentity
field of the Pdelay Resp message

5) Copy the domainNumber field from the Pdelay Req message to the domainNumber field of the
Pdelay Resp message

6) Copy the correctionField from the Pdelay Req message to the correctionField of the
Pdelay Resp message

7) Then:
1) Set to 0 the requestReceiptTimestamp field of the Pdelay Resp message

i) Issue the Pdelay Resp message and generate timestamp t; upon sending
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ill)  After t; is generated but while the Pdelay Resp message is leaving the responder, shall
add the turnaround time t; — t, to the correctionField of the Pdelay Resp message and
make any needed corrections to checksums or other content-dependent fields of the

Pdelay Resp message

NOTE—The data type of the correctionField allows the time interval t; — t, to be expressed to a fraction of a
nanosecond if needed and this accuracy is supported by the Responder.

c) Ifthe delay responder is a two-step clock, it shall:

1)

Generate timestamp t, upon receipt of the Pdelay Req message

2)

3)

4

5)

6)

7)

8)

Prepare a Pdelay Resp and a Pdelay Resp Follow Up message

Copy the correctionField from the Pdelay Req message to the correctionField
Pdelay Resp Follow Up message, and set correctionField of the Pdelay Resp miessage

Copy the sequenceld field from the Pdelay Req message to the 'sequenceld fiel
Pdelay Resp and the Pdelay Resp Follow Up messages

Copy the sourcePortldentity field from the Pdelay Req message to the requestingPot
field of the Pdelay Resp and the Pdelay Resp Follow Upmessages

Copy the domainNumber field from the Pdelay Reg,message to the domainNumber fig
Pdelay Resp and Pdelay Resp Follow Up messages

Then either:
i) Set to 0 the requestReceiptTimestamp fields of the Pdelay Resp message
i) Issue the Pdelay_Resp message and generate timestamp t; upon sending

iii)  In the Pdelay Resp,"Follow Up message, set the responseOriginTimestamp fj
and add the turnaround time t; — t, to the correctionField

iv)  Issue the:Pdelay Resp Follow Up message

of the
to0
 of the

tldentity

1d of the

eld to 0,

1) In the Pdelay Resp message, set the requestReceiptTimestamp field to the sec¢nds and

nanoseconds portion of the time t,, and subtract any fractional nanosecond por
from the correctionField

ion of t,

1) Tssucthe Pdetay Respessage anmd gernerate timestarmp 3 uporT Serding

iii)  In the Pdelay Resp Follow Up message, set the responseOriginTimestamp field to the
seconds and nanoseconds portion of the time t;, and add any fractional nanosecond

portion of t; to the correctionField

iv)  Issue the Pdelay Resp Follow Up message

d) The delay requestor, Node-A, shall:

1))

Generate timestamp t, upon receipt of the Pdelay Resp message
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2) If asymmetry corrections are required, modify the correctionField of the Pdelay Resp message
per 11.6.5

3) If the twoStepFlag of the received Pdelay Resp message is FALSE, indicating that no
Pdelay Resp Follow Up message will be received, compute the <meanPathDelay> as:
<meanPathDelay> = [(t; — t;) — correctionField of Pdelay Resp]/2

4) If the twoStepFlag of the received Pdelay Resp message is TRUE indicating that a
Pdelay Resp Follow Up will be received, compute the <meanPathDelay> as follows:
<meanPathDelay> = [(t; — t;) — (responseOriginTimestamp — requestReceiptTimestamp) —
correctionField of Pdelay Resp — correctionField of Pdelay Resp Follow Up]/2

The de ay 1Cbpuudm, Node=-B: TpOIT 1Cbcipi. of—= Pdclay_ch TIICSSage, shratt—Tssuc—the—agsociated
Pdelay Resp message as quickly as possible, consistent with the other requirements of this sub¢lause, to
minimiZe the turnaround time t; — t,.

NOTE—Errors introduced by excessive values of the turnaround time are reduced by syntonizationper 10.1.

11.4.4 Restriction on the use of the peer delay mechanism

A delay requestor, Node-A, may receive 0, 1, or multiple Pdelay Respmessages for each trapsmitted
Pdelay Req.

Multiplg responses can be detected by observing that the sourdeRortldentity field of the Pdelgpy Resp
messaggs differ.

NOTE—Multiple responses can occur if there is an end-to-end transparent clock or an ordinary bridge or oth¢r similar
multicasf and multiport devices between Node-A and multiple-Node-B devices. Although the multiple responses can be
distinguished, there is no mechanism in this standard that allows the path length associated with each of the fesponses
from the multiple Node-B devices to be correctly assignedito a received Sync message.

The follpwing actions should be taken in these cases:

a) When no Pdelay Resp is received, Node-A should periodically retransmit a Pdelay Req m¢ssage to
check for the appearance of'a Node-B. The retransmission rate in this case is implemgntation-
specific.

b) When a single Pdelay.'Resp is received, the protocol of 11.4 should be executed as specified

c) When multiple Pdelay Resp messages are received, Node-A shall either:

1) Edter'the FAULTY state if an ordinary or boundary clock, or a fault condition if a pegr-to-peer
transparent clock. In this case, the device may periodically retransmit a Pdelay Req m¢ssage to

check for the resolution of this condition. The retransmission rate in this case is implemgntation-
specific. In this case, Sync and Follow Up messages received on the port shall be discarfded

2) Take implementation-specific measures to resolve the issue
11.4.5 Path delay correction in transparent clocks

11.4.5.1 Peer-to-peer transparent clocks
A port on a peer-to-peer transparent clock upon receiving a Sync message shall:

a) Ifthe clock is a one-step peer-to-peer clock, add the value of the <meanPathDelay>, as measured by
peer delay mechanism for the link connected to the ingress port on which the Sync message was
received to the correctionField of the Sync message prior to the completion of the transmission of the
Sync message on each of the egress ports.
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b)

If the clock is a two-step peer-to-peer clock, add the value of the <meanPathDelay>, as measured by
peer delay mechanism, for the link connected to the ingress port on which the Sync message was
received to the correctionField of the associated Follow Up message prior to the transmission of the
Follow_Up message on each of the egress ports. The <meanPathDelay> shall be added subsequent to

any residence time corrections; see 11.5.2.2.

NOTE 1—To correctly associate Sync and Follow _Up messages requires that the transparent clock maintain a record
of the sourcePortldentity, and sequenceld fields of the Sync message for comparison with the sourcePortldentity and
sequenceld fields of Follow Up messages.

NOTE 2—The data type of the correctionField allows the <meanPathDelay> to be expressed to a fraction of a
nanosecond if this accuracy is supported by the transparent clock.

11.4.5.2
An end-

15T

11.5.1]
A transj

indicatifg the time of receipt of the event message on the ingress port,

A transj
indicatir

NOTE—
All tim¢]

If the di
correcti

The resil
<resider

11.5.2]

11.5.2.1

The <re
the clog
correcti

NOTE—

End-to-end transparent clocks

fo-end transparent clock shall not correct for path delay on either ingress or egress poxts.

ransparent clock residence time correction for PTP version.2@events

Residence time computation

parent clock shall generate an ingress timestamp for all version 2v€vent messages (see

barent clock shall generate an egress timestamp for allyversion 2 event messages (see
lg the time of transmission of the event message on the.egress port.

[n general the egress timestamp has a different value opseach egress port of the transparent clock.
stamps shall be measured in the domain as specified in 10.1.

playAsymmetry (see 7.4.2) of the paths, connected to the ingress and egress ports is kn
ns of 11.6 shall be implemented.

dence time for each such eventuméessage shall be computed for each egress port as follows:
ceTime> = egress timestamp * ingress timestamp.

Residence time correetion for Sync messages

One-step transparent clocks

tidenceTime> shall be added to the correctionField of the Sync event message by the egres
k as the( Sync event message is being transmitted. The egress port shall make anyj
ns to.cheeksums or other content dependent fields of the message.

7.3.4.2),

7.3.4.2),

wn, the

5 port of
needed

[The data type of the correctionField allows the <residenceTime> to be expressed to a fraction of a naposecond

if this accuracy 1s supported by the transparent clock.

No modification of any received Follow_Up messages shall be made.

11.5.2.2

Two-step transparent clocks

If the twoStepFlag of the received Sync message is FALSE indicating that no Follow Up message will be
received, then:

a)

The twoStepFlag of the received Sync message shall be set to TRUE to indicate that a Follow Up

message will follow. The Sync message should be transmitted on the egress port as soon as possible,
with any needed corrections to checksums or other content-dependent fields of the message. This
modified Sync message shall be used to generate the egress timestamp for the computation of

residence time for the Sync message.
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b) A Follow Up message shall be prepared for transmission on the egress port as follows:

1) The originTimestamp of the received Sync message shall be copied into the
preciseOriginTimestamp field of the Follow_Up message.

2) The sequenceld of the received Sync message shall be copied into the sequenceld of the
Follow_Up message.

3) The sourcePortldentity of the received Sync message shall be copied to the sourcePortldentity of
the Follow Up message.

4) The domainNumber of the received Sync message shall be copied to the domainNumber of the
Follow _Up message.

5) The logMessagelnterval of the received Sync message shall be copied to the logMessageInterval
of the Follow Up message.

6) The header flagField of the received Sync message shall be copied\to’ the flagField of the
Follow Up message but with the twoStepFlag set to TRUE.

7) The correctionField of the Follow Up message shall be set to the’<residenceTime>. Foif peer-to-
peer transparent clocks, this shall be done prior to any coftections for <meanPathDelay>; see
11.4.5.1.

NOTE—{The data type of the correctionField allows the <residenceTime> to be expressed to a fraction of a nahosecond
if this acguracy is supported by the transparent clock.

If the twoStepFlag of the received Sync message is, TRUE, indicating that a Follow_Up messagg will be
received, then:
a] The received Sync message shall be“transmitted from the egress port. This Sync message] shall be

used to generate the egress timestamp for the computation of residence time for the Sync megsage.

b) The <residenceTime> shall\be added to the correctionField of the Follow Up message agsociated
with the Sync message prior'to transmission on the egress port.

NOTE—{To correctly associate\Sync and Follow_Up messages requires that the transparent clock maintain a fecord of
the sourdePortldentity, and sequenceld fields of the Sync message for comparison with the sourcePortldeptity and
sequencgld fields of Follow Up messages. The data type of the correctionField allows the <residenceTinje> to be
expressedl to a fractionof-a nanosecond if this accuracy is supported by the transparent clock.

11.5.3 Residence time correction for Delay Req messages

11.5.3.1| Géneral specification

Subclause 11.5.3 applies to end-to-end transparent clocks. Peer-to-peer transparent clocks do not support
Delay_Req messages.

11.5.3.2 One-step end-to-end transparent clocks

The <residenceTime> shall be added to the correctionField of the Delay Req message by the egress port of
the clock as the Delay Req message is being transmitted. The egress port shall make any needed
corrections to checksums or other content-dependent fields of the message.

NOTE—The data type of the correctionField allows the <residenceTime> to be expressed to a fraction of a nanosecond
if this accuracy is supported by the transparent clock.

No modification of any received Delay Resp messages shall be made.
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11.5.3.3 Two-step end-to-end transparent clocks

The received Delay Req message shall be transmitted from the egress port. This Delay Req message shall
be used to generate the egress timestamp for the computation of <residenceTime> for the Delay Req
message.

The <residenceTime> shall be added to the correctionField of the Delay Resp message associated with the
Delay Req message prior to transmission of the Delay Resp message on the egress port.

NOTE—To correctly associate Delay Req and Delay Resp messages requires that the transparent clock maintain a
record of the sourcePortldentity, and sequenceld fields of the Delay Req message for comparison with the
requestingPortIdentity and sequenceld fields of Delay Resp messages. The data type of the correctionField allows the
<residenceTime> to be expressed to a fraction of a nanosecond if this accuracy is supported by the transparent clock.

11.5.4 Residence time correction for Pdelay Req and Pdelay Resp messages

11.5.4.1| General

Subclaupe 11.5.4 applies to end-to-end transparent clocks. Pdelay Req and Pdelay Resp messages
terminafe at peer-to-peer transparent clocks.

NOTE—{Peer-to-peer clocks are normally used only in a homogeneous system of peer-te-peer clocks. The proyisions of
11.5.4 alJow the use of end-to-end transparent clocks in systems based on future*verSions of the standard that might
specify how to implement mixed systems with one-to-many connections between-peer-to-peer clocks.

11.5.4.2| One-step end-to-end transparent clocks

The <repidenceTime> of the Pdelay Req message shall be added to the correctionField of the Pdefay Req
messagq by the egress port of the clock as the Pdelay Req.message is being transmitted. The egfess port
shall mI@ any needed corrections to checksums or other content-dependent fields of the message.

No modjfication of any received Pdelay Resp Follow “Up or Pdelay Resp messages shall be madp for the
<residejceTime> of a Pdelay Req message.

The <repidenceTime> of a Pdelay Resp shall'be added to the correctionField of the Pdelay Resp message
by the epress port of the clock as the Pdelay Resp message is being transmitted. The egress port shall make
any neegled corrections to checksums Or'other content-dependent fields of the message.

No mddification of any received Pdelay Resp Follow Up messages shall be made [for the
<residerjceTime> of a Pdelay_Resp message.

11.5.4.3| Two-step end-te=end transparent clocks

The <repidenceTime> of the Pdelay Req message shall be measured and saved for incorporation|into the
correctipnField-of a Pdelay Resp Follow Up message associated with the Pdelay Req message.

The <rgsidénceTime> of a Pdelay Resp message associated with the Pdelay Req message fhall be
measured—ami—saved—for imcorporation o thecorrectiontctdof thePdetay RespFottow—pmessage
associated with the Pdelay Req message.

If the twoStepFlag of the received Pdelay Resp message associated with the Pdelay Req message is
FALSE, indicating that no Pdelay Resp Follow Up message will be received, then:

a) The twoStepFlag of the received Pdelay Resp message shall be set to TRUE to indicate that a
Pdelay Resp Follow Up message will follow. The Pdelay Resp message should be transmitted as
soon as possible, with any needed corrections to checksums or other content-dependent fields of the
message. This modified Pdelay Resp message shall be used to generate the egress timestamp for the
computation of the <residenceTime> for the Pdelay Resp message.

b) A Pdelay Resp Follow Up message shall be prepared for transmission as follows:
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1) Copy the sequenceld of the received Pdelay Resp message into the sequenceld of the
Pdelay Resp Follow Up message.

2) Copy the requestingPortldentity field from the Pdelay Resp message to the
requestingPortldentity field of the Pdelay Resp Follow Up message.

3) Set the responseOriginTimestamp to 0.

4) Copy the domainNumber field from the Pdelay Resp message to the domainNumber field of
the Pdelay Resp Follow Up message.

5) The correctionField of the Pdelay Resp Follow Up message shall be set to the sum of the
<residenceTime> of the Pdelay Resp and the <residenceTime> of the Pdelay Req [message
associated with the Pdelay Resp message.

If the| twoStepFlag of the received Pdelay Resp message is TRUE, indicating [that a
Pdelay Resp Follow Up message will be received, then:

a] The received Pdelay Resp message shall be transmitted from the egress“port. This Pdelay Resp
message shall be used to generate the egress timestamp for the computation’ of residence tinje for the
Pdelay Resp message.

b) The sum of the <residenceTime> of the Pdelay Resp and the <gesidenceTime> of the Pdglay Req
message associated with the Pdelay Resp message shall ‘b¢ added to the correctionField of the
Pdelay Resp Follow Up message associated with the Pdelay Req message prior to transmjssion on
the egress port.

NOTE 14-To correctly associate Pdelay Req, Pdelay Resp, and’Pdelay Resp Follow Up messages requirep that the
transpargnt clock maintain a record of the sourcePortldentity; and sequenceld fields of the Pdelay Req meksage for
comparigon with the requestingPortldentity and sequenceld fields of Pdelay Resp and Pdelay Resp Fqllow Up
messagey.

NOTE 24-The data type of the correctionField-allows the <residenceTime> to be expressed to a fracfion of a
nanosecqnd if this accuracy is supported by thetransparent clock.

11.6 Asymmetry correction for PTP version 2 event messages

11.6.1 General specification

If the dplayAsymmetry\(see 7.4.2) of the paths connected to the ingress and egress ports of a [clock is
known, fhen PTP messages shall be corrected as specified below.

11.6.2 Asymmetry correction for Sync messages

Sync mg¢ssages:

a) Shall not be corrected for asymmetry for the path connected to an egress port.

b) For a boundary or ordinary clock, upon receipt on an ingress port shall be corrected for asymmetry of
the path connected to the ingress port by adding the value of the ingress path delayAsymmetry to the
correctionField of the received Sync message prior to any use of the correctionField in a
computation.

¢) For a transparent clock, upon receipt on an ingress port shall be corrected for asymmetry of the path
connected to the ingress port prior to transmission of the Sync message on an egress port of the
transparent clock.
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1)

2)

If the transparent clock is a one-step clock, the correction shall be made by adding the value of
the ingress path delayAsymmetry to the correctionField of the received Sync message prior to
transmission on an egress port.

If the transparent clock is a two-step clock, the correction shall be made by adding the value of
the ingress path delayAsymmetry to the correctionField of the Follow Up message associated
with the received Sync message prior to transmission of the Follow Up message on an egress
port.

NOTE— This Follow Up message may be generated by a two-step clock upstream from the end-to-end transparent
clock or it may be generated by the end-to-end transparent clock itself. This requires that the transparent clock maintain
a record_of the sourcePortldentity, and sequenceld fields of the Sync message for comparison with the

sourcePortldentity and sequenceld fields of Follow Up messages.
11.6.3 Asymmetry correction for Delay Req messages

Delay Req messages:

a

b

11.6.4 Asymmetry correctionfor'Pdelay Req messages

Pdelay_Req messages:

Shall not be corrected for asymmetry for the path connected to an ingress port:

For a boundary or ordinary clock, prior to transmission on an egress (port the correctionFidld of the
transmitted Delay Req message shall be modified by subtractig’ the value of the egtess path

delayAsymmetry from the correctionField of the transmitted Delay,_Req message.

For an end-to-end transparent clock, upon receipt on an ingress port and prior to the supsequent

transmission of the Delay Req message on an egress port:

1)

2)

Shall not be errected for asymmetry for the path connected to an ingress port.

If the end-to-end transparent clock is an_one-step clock, the correction shall be fnade by
subtracting the value of the egress path.delayAsymmetry from the correctionFielfl of the
received Delay Req message prior to transmission on an egress port.

subtracting the value of the egiéss path delayAsymmetry of the path connected from tle egress
port of the Delay Req message from the correctionField of the Delay Resp message agsociated
with the original Delay~Req message prior to transmission of the Delay Resp message.

If the end-to-end transparent clock is a two-step clock, the correction shall be {\ade by

For a boundary clock, ordinary clock, or peer-to-peer transparent clock, prior to transmissipn on an
egréssport, the correctionField of the transmitted Pdelay Req message shall be modified by
subtracting the value of the egress path delayAsymmetry from the correctionField of the tragnsmitted

Pdelay Req message.

For an end-to-end transparent clock, upon receipt on an ingress port and prior to the subsequent
transmission of the Pdelay Req message on an egress port:

)

If the end-to-end transparent clock is an one-step clock, the correction shall be made by
subtracting the value of the egress path delayAsymmetry from the correctionField of the
received Pdelay Req message prior to transmission on an egress port.
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2) If the end-to-end transparent clock is a two-step clock, the correction shall be made by
subtracting the value of the egress path delayAsymmetry of the path connected to the egress port
of the Pdelay Req message from the correctionField of the Pdelay Resp Follow Up message
associated with the original Pdelay Req message prior to transmission of the
Pdelay Resp Follow Up message.

NOTE—This Pdelay Resp Follow Up message may be generated by a two-step clock upstream from the end-to-end
transparent clock, or it may be generated by the end-to-end transparent clock itself. This requires that the transparent
clock maintain a record of the sourcePortldentity, and sequenceld fields of the Delay Req message for comparison
with the requestingSourcePortldentity and sequenceld fields of Delay Resp messages.

11.6.5 Asymmetry correction for Pdelay Resp messages

Pdelay Resp messages:

a)  Shall not be corrected for asymmetry for the path connected to an egress port.

b) For a boundary, ordinary, or peer-to-peer transparent clock, upon receipt on amingress porf shall be
corrected for asymmetry of the path connected to the ingress port by adding ‘the value of thg ingress
path delayAsymmetry to the correctionField of the received Pdelay Resp(message prior to afiy use of
the correctionField in a computation.

c) Foran end-to-end transparent clock, upon receipt on an ingress port shall be corrected for asymmetry
of the path connected to the ingress port prior to transmission*of the Pdelay Resp message on an
egress port of the end-to-end transparent clock.

1) If the end-to-end transparent clock is an one-step.elock, the correction shall be made by adding
the value of the ingress path delayAsymmietry to the correctionField of the [received
Pdelay Resp message prior to transmission.6n an egress port.

2) If the end-to-end transparent clock ds;a two-step clock, the correction shall be made by adding
the value of the ingress ~path delayAsymmetry to the correctionField [of the
Pdelay Resp Follow Up message associated with the transmitted Pdelay Resp messgge prior
to transmission of the Pdelay. Resp Follow Up message on an egress port.

NOTE—{This Pdelay Resp Follow Up message may be generated by a two-step clock upstream from the efd-to-end
transparent clock, or it may be generated by the end-to-end transparent clock itself. This requires that the transparent
clock mjintain a record of the)requestingPortldentity, and sequenceld fields of the Pdelay Resp megsage for
comparigon with the requestingPortldentity and sequenceld fields of Pdelay Resp Follow Up messages.

12. Synchronization and syntonization of clocks

12.1 Syntonization

12.1.1 General specification

Within a domain, any clock with a port in the SLAVE state, and any transparent clock, should syntonize to
the grandmaster.

12.1.2 Syntonization based on Sync messages
A clock, A, may syntonize to another clock, B, as follows.

For a sequence of Sync, and possibly Follow Up messages from clock B, clock A computes
<correctedMasterEventTimestamp> and <syncEventIngressTimestamp> as follows:
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Upon receipt of a Sync message, clock A generates and records a timestamp
<syncEventIngressTimestamp> corrected for latency per 7.3.4. If the delayAsymmetry (see 7.4.2) of
the path connected to the ingress port is known, the corrections of 11.6 shall be made.

If the twoStepFlag bit of the flagField of the of the Sync message is FALSE indicating that a
Follow Up message will not be received, then the <correctedMasterEventTimestamp> =
<originTimestamp> + <meanPathDelay> + correctionField of Sync message.

If the twoStepFlag bit of the flagField of the of the Sync message is TRUE indicating that a
Follow Up message will be received, then the <correctedMasterEventTimestamp> =
<preciseOriginTimestamp> + <meanPathDelay> + correctionField of Sync message +
correctionField of Follow Up message.

a)
b)
©)
where
The rate

The <originTimestamp> is the value of the originTimestamp field in the.received Sync
message.

The <preciseOriginTimestamp> is the value of the preciseOriginTimestamp) field in the feceived
Follow Up message.

If the port is configured to use the delay request-response mechanism, then the
<meanPathDelay> shall be that specified in 11.3.

If the port is configured to use the peer delay mechanism, then the <meanPathDelay} is that
specified in 11.4.

of change of «clock A’s time is ,then adjusted wusing the sequepce of

<syncEyentIngressTimestamps> and the sequence of <correetedMasterEventTimestamps> to align|it to the

rate of dhange of the grandmaster’s time.

NOTE—As one example, the ratio of the master frequency to the frequency of clock A can be estimated as the ratio of

the elapged

received fimestamp some number of synclnterval dater ; i.c.,

< gyncEventIngressTimestamp >j\= < syncEventlngressTimestamp >,

time of clock A to the elapsed time ofithe master clock between a received timestamp and ja second

< correftedMasterEventTimestamp >, — < correctedMasterEventTimestamp >,

where N fis the number of syncInterval separating the timestamps (N > 0). The frequency of clock A can then be
adjusted py this factor.

12.1.3 $yntonization-based on other mechanisms

In somq networks;“there may be physical signals accessible to clocks that can be used to syntopize two
clocks. [Such signals may be used provided the syntonization of clock A to clock B mat¢hes the

synchrohization hierarchy established by the best master clock algorithm (see 9.3), which means that Sync
messagem'ﬁommm*WmmW. i -

12.2 Synchronization

Within a domain, an ordinary or boundary clock with a port in the Slave state shall synchronize to its
master in the synchronization hierarchy established by the best master clock algorithm. The specific means
for synchronization are out of the scope of this standard but shall result in the minimization of the
<offsetFromMaster> value computed by the slave per 11.2.
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13. PTP message formats

13.1 General

The formats and definitions in this clause define how the originator fills in the fields of PTP messages.
What the receiver does with them is defined elsewhere in this standard.

In the tables in this clause, the “octets” column indicates the size of the field in octets. The “offset” column
indicates the offset of the first octet of the field from the start of the PTP defined fields of the message.

13.2 General message format requirements

All mes

Reservel

Unless

The data

ages shall have a header, body, and suffix. The suffix may have zero length.
d fields shall be transmitted with all bits of the field 0 and ignored by the receiver;

therwise specified, all field values either:

Shall be an inherent characteristic of the message and specified in this clause

Shall be instantiated by the device originating the message, thevofiginating node, base
data sets or protocol operation of the originating device

In the case of two-step transparent clocks,) any generated Follow |
Pdelay Resp Follow Up messages shall, except for‘adjustments required for the ope
the transparent clock, appear as though the messages were generated by the originatg
Sync and Pdelay Resp messages respectively;se¢ Clause 11

type of the field shall be the type indicated in‘brackets in the title of each subclause.

13.3 Header

13.3.1 ¢

seneral header specifications

The common header for all PTP messdges shall be as specified in Table 18.

Table 18—Common message header

 on the

Up or
ation of
r of the

Bits

transportSpecific messageType 1 0
reserved versionPTP 1 1
messagelength 2 2

[QUENINDI S T :

reserved 1 5

flagField 2 6
correctionField 8 8
reserved 4 16
sourcePortldentity 10 20
sequenceld 2 30
controlField 1 32
logMessagelnterval 1 33
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13.3.2 Header specifications

13.3.2.1

transportSpecific (Nibble)

The transportSpecific field may be used by a lower layer transport protocol and is defined by the mapping

specification of that protocol in a transport annex (normative Annexes D through I) of this standard.

13.3.2.2

messageType (Enumeration4)

The value messageType shall indicate the type of the message as defined in Table 19.

Table 19—Values of messageType field

The mo
messagg

NOTE—
field.

13.3.2.3

The valy
of the o1

13.3.2.4
The val

counted
suffix of

NOTE—
13.3.2.5

Message-type Messageclass—Vatuethex)
Sync Event 0
Delay Req Event 1
Pdelay Req Event 2
Pdelay Resp Event 3
Reserved — 4-7
Follow Up General 8
Delay Resp General 9
Pdelay Resp Follow Up | General A
Announce General B
Signaling General C
Management General D
Reserved — E-F

Kt significant bit of the messageType field divides this field in half between event and
S.

The reserved nibble immediately following messageType is reserved for future expansion of the mes

versionPTP (Ulnteger4)

ie of the versionPTP field shallibe the value of the portDS.versionNumber member of the
iginating node.

messageLength (Ulnteger16)

ie of the message€Length shall be the total number of octets that form the PTP messs
octets start with, the first octet of the header and include and terminate with the last octe
, if there are’no suffix members with the last octet of the message as defined in this clause.

The message length does not include any padding bits specified in Annex D.

domainNumber (Ulnteger8)

general

bageType

data set

ge. The
t of any

For ordinary or boundary clocks, the value of domainNumber shall be the value
defaultDS.domainNumber member of the data set of the originating ordinary or boundary clock.

of the

For peer delay mechanism messages originating from a peer-to-peer transparent clock, the value shall be
the value defined in 11.4.3.

For management messages, the value shall be the value defined in 15.4.1.1.
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The value of the bits of the flagField array shall be as defined in Table 20. For message types where the bit

is not defined in Table 20, the values shall be FALSE.

Table 20—Values of flagField

Octet Message
Bit | types Name Description
0 0 Announce, alternateMasterFlag FALSE if the port of the originator is in the
Sync, MASTER state. Conditions to set the flag to TRUE
FUilUW_U}J, dlcC bpcbiﬁc\.‘l ill 17‘3 dlld 174
Delay Resp
0 1 Sync, twoStepFlag For a one-step clock, the value of\twoStepFlag
Pdelay Resp shall be FALSE.
For a two-step clock, the¢value of twoStepFlag
shall be TRUE.
0 2 ALL unicastFlag TRUE, if the trapsport layer protocol address to
which this message was sent is a unicast fddress.
FALSE, if theltransport layer protocol adfiress to
which this/message was sent is a multicast afdress.
0 5 ALL PTP profile Specific 1 As defiied by an alternate PTP profile; otherwise
FALSE.
0 6 ALL PTP profile Specific 2 As\defined by an alternate PTP profile; otherwise
FALSE.
0 7 ALL reserved See NOTE.
1 0 Announce leap61 The value of timePropertiesDS.leap61.
1 1 Announce leap59 The value of timePropertiesDS.leap59
1 2 Announce currentUtcOffsetValid The value of timePropertiesDS.currentUtcOffse} Valid.
1 3 Announce ptpTimescale The value of timePropertiesDS.ptpTimescalf.
1 4 Announce timeTraceable The value of timePropertiesDS.timeTraceable.
1 5 Announce frequencyTraeeable The value of timePropertiesDS.frequency Tracegble.
NOTE—This bit is reserved for the expérimental security mechanism of Annex K.
All unuged flags are reserved:
13.3.2.7| correctionEield ‘(Integer64)
The corfectionFiéld is the value of the correction measured in nanoseconds and multiplied by [2'®. For
exampld, 2.5 a§is represented as 0000000000028000 .
A value|ofonie in all bits, except the most significant, of the field shall indicate that the correction i too big

to be represented.

The value of the correctionField depends on the message type as described in Table 21.
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Table 21—correctionField semantics

Message type correctionField description

Sync Corrections for fractional nanoseconds, residence time in transparent clocks (see 11.5.2),
path delay in peer-to-peer clocks (see 11.4.5.1), and asymmetry corrections (see 11.6.2)

Delay Req Corrections for fractional nanoseconds, residence time in transparent clocks (see 11.5.3),
and asymmetry corrections (see 11.6.3)

Pdelay Req Corrections for fractional nanoseconds, residence time in transparent clocks (see 11.5.4),
and asymmetry corrections (see 11.6.4)

Pdelay_Resp Corrections for fractional nanoseconds, residence time in transparent clocks (see 11.5.4),
and asymmetry corrections (see 11 6 5)

Follow Up Corrections for fractional nanoseconds, residence time in transparent clocks (se¢ 11.5.2),
path delay in peer-to-peer clocks (see 11.4.5.1), and asymmetry corrections-(sce1]1.6.2)

Delay Rpsp Corrections for fractional nanoseconds, residence time in transparent clocks (se¢ 11.5.3),
and asymmetry corrections (see 11.6.3)

Pdelay Resp Follow Up | Corrections for fractional nanoseconds, residence time in transparent clocks (se¢ 11.5.4),
and asymmetry corrections (see 11.6.4 and 11.6.5)

Announge Zero

Signaling Zero

Management Zero

13.3.2.8| sourcePortIdentity (Portldentity)

The valyie of the sourcePortldentity field shall be the value of the portDS.portldentity member of|the data
set of the port that originated this message.

13.3.2.9|sequenceld (Ulnteger16)

The valgyie of the sequenceld field shall be assigned by*the originator of the message in conformance with
7.3.7 expept in the case of Follow _Up, Delay Resp,'Pdelay Resp, and Pdelay Resp Follow Up messages
and mafiagement messages that are a responsg ‘to another management message. The sequencgld field
values fpr these exceptions are defined in the(references listed in Table 22.

Table 22—References for sequenceld value exceptions

Message type Reference
Follow_Up 9.5.10,11.5.2.2
Delay Resp 11.3.2
Pdelay Resp 11.4.3
Pdelay Resp Follow Up | 11.4.3
Management 15.4.1.2

13.3.2.1D controlField (UInteger8)

The value of controlField depends on the message type defined in the message Lype field (see 13.3.2.2) and
shall have the value specified in Table 23. The use of this field by the receiver is deprecated.

NOTE—This field is provided for compatibility with hardware designed to conform to version 1 of this standard.
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Table 23—controlField enumeration

Message type controlField value (hex)
Sync 00

Delay Req 01

Follow Up 02

Delay Resp 03
Management 04

All others 05
Reserved 06-FF

13.3.2.11 logMessagelnterval (Integer8)

The valtie of the logMessagelnterval field is determined by the type of the message and shall bé-ag defined
in Tablel 24.

Table 24—Values of logMessagelnterval field

Message type Value of logMessagelnterval
Announce The value of the portDS.logAnnouncelnterval member of the data set
Synic, Follow_Up The value of the portDS.logSynclnterval member of the’data set in a multicast nhessage,
and 7F 4 in a unicast message
Ibelay Resp The value of the portDS.logMinDelayReqInterval\member of the data set in a njulticast
message, and 7F ¢ in a unicast message
Delay Req 7F6
Signaling 7F 16
Management 7F 6
Rdelay Req 7F 6
Pdelay Resp, TF 6
Pdelay [Resp Follow Up | 7F¢

13.4 Spffix

An application layer message is suffixed'by a contiguous sequence of zero or more entities of data type
TLV. The meaning of the entities /s described in Clause 14. The first octet of TLV entity “nH1” shall
immedijtely follow the final octet.of TLV entity “n”. The interpretation of a TLV should not depepd on its
position|in the message. Nodes.should append no TLV entity to event messages.

NOTE—{Appending TLV entifies to an event message is likely to change the transmission delay suffergd by the
messageq in passing through non-PTP bridges.

13.5 Ahnounce message

13.5.1 General Announce message specifications

The fields of Announce messages shall be as specified in Table 25.
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Table 25—Announce message fields

Bits Octets Offset
7 16 1 5] 4 [ 3] 211710
header (see 13.3) 34 0
originTimestamp 10 34
currentUtcOffset 2 44
reserved 1 46
grandmasterPriority1 1 47
grandmasterClockQuality 4 48
srandmasterPriority2 } 2
grandmasterldentity 8 53
stepsRemoved 2 61
timeSource 1 63
13.5.2 Announce message field specifications
13.5.2.1)originTimestamp (Timestamp)
The valpe of originTimestamp shall be 0 or an estimate no worse than<x1l"s of the local tim|
originating clock when the Announce message was transmitted.
13.5.2.2| currentUtcOffset (Integer16)
The valpie of currentUtcOffset shall be the value of the timePropértiesDS.currentUtcOffset memb
data set|
13.5.2.3| grandmasterPriority1 (UlntegerS8)
The valyie of grandmasterPriorityl shall be the value of'the parentDS.grandmasterPriorityl memb
data set.

13.5.2.4

The wval
member

13.5.2.5

The valy
data set,

13.5.2.6

The val
data set,

13.5.2.7

grandmasterClockQuality (ClockQuality)

ue of grandmasterClockQuality (shall be the value of the parentDS.grandmasterCloc
of the data set.

grandmasterPriority2 (Ulnteger8)

e of grandmasterPriority2 shall be the value of the parentDS.grandmasterPriority2 memb

grandmasterldentity (ClocklIdentity)

he of grandmasterldentity shall be the value of the parentDS.grandmasterldentity membg

stépsRemoved (Ulnteger16)

E of the

er of the

br of the

cQuality

er of the

r of the

The value of stepsRemoved shall be the value of currentDS.stepsRemoved of the data set of the clock

issuing this message.

13.5.2.8 timeSource (Enumeration8)

The value of timeSource shall be the value of the timePropertiesDS.timeSource member of the data set.
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13.6 Sync and Delay_Req messages

13.6.1 General Sync and Delay Req message specifications
The fields of Sync and Delay Req messages shall be as specified in Table 26.

Table 26—Sync and Delay_Req message fields

IEC 61588:2009(E)
IEEE 1588-2008(E)

Bits Octets Offset
7 16 1 5] 4 [ 3] 211710
header (see 13.3) 34 0
originTimestamp 10 34
13.6.2 $ync and Delay Req message field specifications
13.6.2.1]originTimestamp (Timestamp)
The valge of the originTimestamp field shall be as specified in 9.5.9 and 11.3.
13.7 Fpllow_Up message
13.7.1 General Follow_Up message specifications
The fielgls of the Follow Up message shall be as specified in Table27.
Table 27—Follow_Up message fields
Bits Octets Offset
7 16 [ 5] 4 [ 3 [82 [ 1]
header (see 13.:3) 34 0
preciseOriginTimestamp 10 34
13.7.2 Follow_Up message field specifi¢ations
13.7.2.1| preciseOriginTimestamp (Pimestamp)
The valye of the preciseOriginTimestamp shall be as specified in 9.5.10 and 11.3.
13.8 Delay_Resp message
13.8.1 General.Delay Resp message specifications
The fielgls ofithe Delay Resp message shall be as specified in Table 28.
Table 286—Delay_Resp message fields
Bits Octets Offset
7 16 1 5] 4 [ 3] 211710
header (see 13.3) 34 0
receiveTimestamp 10 34
requestingPortIdentity 10 44
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13.8.2 Delay_Resp message field specifications

13.8.2.1 receiveTimestamp (Timestamp)

The value of the receiveTimestamp shall be as specified in 9.5.12 and 11.3.

13.8.2.2 requestingPortldentity (Portldentity)

The value of the requestingPortldentity shall be as specified in 11.3.

13.9 Pdelay_Req message

13.9.1 ¢
The fiel

NOTE—
Pdelay K
introducs

13.9.2]

13.9.2.1

seneral Pdelay Req message specifications

s of the Pdelay Req message shall be as specified in Table 29.

Table 29—Pdelay_Req message fields

Bits Octets Offset
7 1 6 ] 5] 4 [ 3] 217170
header (see 13.3) 34 0
originTimestamp 10 34
reserved 10 44

asymmetry errors.

Pdelay Req message field specifications

originTimestamp (Timestamp)

The valye of the originTimestamp shall be-as specified in 11.4.3.

13.10

13.10.1
The fiel

Pdelay_Resp message

General Pdelay /Resp message specifications

s of the Pdelay\ Resp message shall be as specified in Table 30.

Table 30—Pdelay_Resp message fields

The reserved field in the Pdelay Req message is to make the message length match the leng
lesp message. In some networks and bridges, messages avith*unequal lengths have different transit t

Bits Octets Offset
S
header (see 13.3) 34 0
requestReceiptTimestamp 10 34
requestingPortldentity 10 44

13.10.2 Pdelay_Resp message field specifications

13.10.2.1 requestReceiptTimestamp (Timestamp)

The value of the requestReceiptTimestamp shall be as specified in 11.4.3.
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13.10.2.2 requestingPortldentity (PortIdentity)
The value of the requestingPortIdentity shall be as specified in 11.4.3.

13.11 Pdelay_Resp_Follow_Up message

13.11.1 General Pdelay Resp Follow Up message specifications
The fields of the Pdelay Resp Follow Up message shall be as specified in Table 31.

Table 31—Pdelay_Resp_Follow_Up message fields

Bits Octets Offset

7 16 [ 5] 4 [ 31 210
header (see 13.3) 34 0
responseOriginTimestamp 10 34
requestingPortldentity 10 44

13.11.2 Pdelay_Resp_Follow_Up message field specifications

13.11.2]1 responseOriginTimestamp (Timestamp)

The valge of the responseOriginTimestamp shall be as specified in 1¥4.3.
13.11.2.2 requestingPortIdentity (PortIdentity)

The valyge of the requestingPortIdentity shall be as specifiedn'11.4.3.

13.12 ignaling message

13.12.1| Receipt of a signaling message from another node

Based op the indicated fields of a received signaling message, the message shall be accepted and agpplied as
indicatefl in Table 32.

Table 32—Acceptance of signaling messages

targetPortlidentity.clockldentity’ | targetPortldentity.portNumber | TLV Apply Adtion to:
equal to equal to specification
indicates
applicability to:
defaultDS.c]ockldentity All I’s Clock clock
Port all ports
portDS.portNumber Clock clock
Port target port
All I’s All I’s Clock clock
Port all ports
portDS.portNumber Clock clock
Port target port

Messages that are not accepted shall be ignored.
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13.12.2 Transmission of a signaling message

A port shall issue a signaling message when:

— Required by a TLV on a received signaling message

— Required by an optional or mandatory feature of this standard

— Required by implementation-specific considerations outside the scope of this standard

The signaling message is used to transport a sequence of one or more TLV entities. Signaling messages are

transmitted from one clock to one or more other clocks.

The conlmon fields of a signaling message shall be as specified in Table 33.

Table 33—Signaling message fields

Bits Octets Offset
7 1 6 ] 5] 4 [ 3] 27171170
header (see 13.3) 34 0
targetPortldentity 10 34
One or more TLVs M 44

13.12.21 targetPortldentity (PortIdentity)

The targetPortldentity field shall be of type Portldentity. The value of the targetPortldentity sha

portldentity (see 7.5.2) of the port to which this message is addressed.

NOTE—See 13.12.1.
13.13 Management message

Management messages are defined in Clause’ls.
14. TLV entity specifications

14.1 General requirements

All TLVY extensions shall have the data type, TLV; see 5.3.8.

PTP nodes that.cannot parse a TLV extension shall ignore it and shall attempt to parse the next TI§

messagq.

[73a nh G 1

1 be the

V in the

I hL11 Ll | 144l 113 BT 1 L - 41 . £l el d e T
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column indicates the offset of the first octet of the field from the start of the TLV.
14.1.1 tivType (Enumeration16)
The tlvType shall identify the TLV.

The values shall be as specified in Table 34.
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Table 34—tIvType values

IEC 61588:2009(E)
IEEE 1588-2008(E)

tlvType values Value (hex) Defined in clause
Reserved 0000 —
Standard TLVs
MANAGEMENT 0001 15.5.3
MANAGEMENT ERROR STATUS 0002 15.5.4
ORGANIZATION EXTENSION 0003 14.3
Optional unicast message negotiation TLVs 16.1
REQUEST UNICAST TRANSMISSION 0004 —
GRA T IINICAST TRANSMISSION 0005
CANCEL UNICAST TRANSMISSION 0006 —
ACKNOWLEDGE CANCEL UNICAST TRANSMISSION | 0007 —
Optional path trace mechanism TLV 16.2
PATH TRACE 0008 —
Optional alternate timescale TLV 16.3
ALTERNATE TIME OFFSET INDICATOR 0009 N
Reserved for standard TLVs 000A — 1FFF —
Expetimental TLVs 14.2
Secutfity TLVs Annex K
AUTHENTICATION 2000 —
AUTHENTICATION CHALLENGE 2001 —
SECUYRITY ASSOCIATION UPDATE 2002 —
Cumylative frequency scale factor offset Annex L
CUM| FREQ SCALE FACTOR_OFFSET 2003 —
Reserved for Experimental TLVs 2004 — 3FFF —
Reserved 4000 — FFFF —
Experinjental TLV values shall be reserved for-assignment by the Precise Networked Clock Working

Group o

f the IM/ST Committee; see 14.2.

14.1.2 1engthField (Ulnteger16)

The vali
14.1.3 ¢

ralueField (tlvType specific)

e of lengthField is the length.of.the value field of the TLV in octets; see 5.3.8.

The format and meaning of the-wvalueField member of the TLV is defined in subsequent clauses [for each

tlvType

defined in this standard.

14.2 E

Experinjental FEVs are intended to facilitate operational experience with extensions that are

evolve 1
Clock

perimentakTLVs

ikely to

tor future standard extensions. Organizations or companies may apply to the Precise Ndtworked
otking Group of the IM/ST Committee for an experimental tlvType value. Experimental|tlvType

values, the proposed format and semantics of the TLV, and contact information for the party responsible
for the TLV will be public information.

Experimental TLV values are not permanent. They may be reassigned:
— Ifthe TLV is made a standard TLV

— Ifiitis clear to all parties that it is no longer needed

— After a period of five years from the date of assignment
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14.3 Vendor and standard organization extension TLVs

14.3.1 General

Vendor and standard organization extension TLVs can be used by vendors and standard organizations,
respectively, to extend the protocol for their specific needs.

14.3.2 TLV member specifications

All organization-specific TLV extensions shall have the format specified in Table 35.

Table 35—Organization specific TLV fields

14.3.2.1

The tlv]
organizg

14.3.2.2

The valyge of the lengthField is 6+N, where N is an even number; see 5.3.8.

14.3.2.3

The val
The octq
to the
organizg

PTP no
contentg
14.3.2.4

The org
organizg
organizg

14.3.2.5

Bits Octets TLV
Offset
7 T 6 [ 5] 4 [ 31 2T11710do
tlvType 2 0
lengthField 2 2
organizationld 3 4
organizationSubType 3 7
dataField N 10

tlvType (Enumeration16)

'ype shall be ORGANIZATION EXTENSION for extensigns defined by vendors and s
tion.

lengthField (UInteger16)

organizationld (Octet[3])

he shall be the value of the OUI assigned’fo the vendor or standards organization by the
ts shall be assigned in order to the 3-octet array with the most significant octet of the OUI
ctet array member with index 0..The organization identified by the OUI shall eng
tionalSubType fields (14.3.2.4) ate-unique within the scope defined by the organizationld

les that do not recognize a-particular organizationld or organizationSubType shall disre
of the TLV except for the lengthField field.
organizationSubType (Enumeration24)

anizationSubType field defines a subtype within the scope of the organizationld fig
tionSubTypelvalues are assigned by the vendor or standards organization identified|
tionld.

data (erganizationSubType and organizationld specific)

andards

IEEE. "
hssigned
ure that
alue.

pard the

1d. The
by the

The for]

matvand meaning of the data field shall be defined by the owner of the pair {organi

rationld,

organizationSubType}.

15. Management

151G

eneral

Management messages are used to access attributes and to generate certain events defined in this standard.

'2 An OUI may be obtained from the IEEE Registration Authority, http:/standards.ieee.org/regauth/. Tutorials on these assigned
numbers may be found on this Web site.
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15.1.1 Selection of management mechanisms

One of the following three PTP management mechanisms shall be used:

— By default, the mechanism specified in 15.2.

— An alternate management mechanism providing equivalent functionality as specified in a PTP
profile.

— No specified management mechanism. The PTP profile shall specify the defined fixed values
or/and state that there is an implementation-specific means to address all configurable variables;
see 8.1.2.1.3.

15.2 PTP management mechanism

This mapagement mechanism is defined by the remainder of Clause 15 and any management/TLV{ defined
in optiohal clauses of this standard.

15.3 Processing of management messages

15.3.1 Receipt of a management message from another node

Based dn the indicated fields of a received management message,, the message shall be accegted and
applied ps indicated in Table 36.

Table 36—Acceptance of management messages

targetPortldentity.clockIdentity equal to: |targetPortIdéntity.portNumber managementld |Apply
equal to: applicability Actjon to:
(Table 40)
defaultDY.clockIdentity All 1’s clock clogk
port all forts
portDS.portNumber clock clogk
port target port
All 1’s All I’s clock clodk
port all gorts
portDS.portNumber clock clogk
port targpt port

NOTE 14+—When a GET” message is addressed to “all ports,” the responding node sends a separate reply for ¢ach port.

Managementmessages not accepted shall be ignored.

NOTE The CLOCK DESCRIPTION _TIN. can he voad to A;onn‘rg%msyw ing PTP

management messages.

15.3.2 Transmission of a management message

The management message is used to transport a single management TLV entity. Management messages are
used to transmit information from a clock to a node manager and from a node manager to one or more
clocks; see 15.3.1.

15.3.3 Boundary clock forwarding of management messages

A boundary clock shall forward multicast management messages received on one port via other ports
according to the following rules based on the state of the ports and the value of the boundaryHops field of
the received management message:
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a) Only multicast management messages received on a port in the MASTER, SLAVE,
UNCALIBRATED, or PRE MASTER states shall be forwarded.

b) If the received boundaryHops field value is 0, the management message shall not be retransmitted.
Otherwise, the boundary clock shall decrement the value of the boundaryHops field of the
management message by 1 before retransmitting the message

¢) If the received boundaryHops field value is greater than 0, the management message shall be

retransmitted only via ports in the MASTER, SLAVE, UNCALIBRATED, or PRE MASTER
states.

15.4 Management-messagefermat———————————————

15.4.1 Common fields

The compmon fields of a management message shall be as specified in Table 37.

Table 37—Management message fields

Bits Octets Offset

7 1 6 ] 5] 4 [ 3] 21711710
header (see 13.3) 34 0
targetPortIdentity 10 34
startingBoundaryHops 1 44
boundaryHops 1 45
reserved | actionField 1 46
reserved 1 47
managementTLV M 48

15.4.1.1)domainNumber of the header

The domainNumber of the message common-header (see 13.3) of a management message shall spgcify the
target dgmain.

15.4.1.2|sequenceld of the header

The seqpenceld of the message common header (see 13.3) of a response management message shdll be set
to the sequenceld of the received management message causing the response. Otherwise the sequenceld
shall be fas specified in 7.3.7

15.4.1.3(targetPortIdentity (PortIdentity)

The targetPortldentity field shall be the portldentity of the port or node on which the management message
acts.

NOTE—Theport identified by targetPortldentity is not necessarily the port on which the management mesFage was
received.

In the case of a management message transmitted by a clock to a manager, the targetPortldentity field shall
be set to the sourcePortldentity of the management message to which it is a response.

15.4.1.4 startingBoundaryHops (Ulnteger8)

The value of the startingBoundaryHops field is implementation-dependent for messages that are not issued
in response to a request from another management message. For management messages that are issued in
response to a request from another management message, the value of startingBoundaryHops shall be the
value computed from the startingBoundaryHops and boundaryHops fields of the requesting message as
(startingBoundaryHops minus boundaryHops).
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NOTE—When a management message is received, the absolute value of this difference indicates the number of
retransmissions by boundary clocks that the message experienced.

15.4.1.5 boundaryHops (Ulnteger8)

The value of the boundaryHops field indicates the remaining number of successive retransmissions of the
management message by boundary clocks receiving the message per 15.3.3. The value of boundaryHops
shall be identical to the value of the field startingBoundaryHops when first transmitted by the issuing clock.

15.4.1.6 actionField (Enumeration4)

The value of the actionField shall indicate the action to be taken on receipt of the message as defined in
Table 38.

Table 38—Values of the actionField

Action Action taken Value
(hex)
GET The management message shall carry a single management TLV. The m@nagementld || 0

field of the TLV indicates the specific information that needs to be retrieved.

The current values of the data identified by the managementld/shall’be returned in a
management TLV with the actionField value set to RESPONSE:-If an error occurs, a
management error status TLV shall be returned with the “actionField value set to
RESPONSE.

SET The management message shall carry a single managément TLV. The data in the TLV || 1
shall be used to update the current value of the data identified by the managementId
field. Attempts to set a static or nonconfigurable value shall return a management error
status TLV; see 15.5.4. If the update is successful, a management message with the
actionField value set to RESPONSE shall’ be returned. If an error occurs, a
management error status TLV shall be@eturned with the actionField value set to
RESPONSE. If the data identified by"the managementld consists of several fields, the
update shall be considered as an atomic actionField and the failure to update any item
shall be considered an error inthe' execution of the SET. TLVs with data definitions
that mix configurable and nonconfigurable data are not permitted.

RESPONSE The data in the TLV shall be the current values of the data identified by the | 2
managementld field of\the management message with the GET or SET actionField.
The value of the managementld shall be identical to that in the requesting message. If
the actionField required by the GET or SET actionFields could not be fully executed,
the response shall be a management error status TLV; see 15.5.4.

COMMAND The event.jiidicated by the managementld field shall be initiated. The results of this || 3
command.shall be acknowledged by a management message with actionField set to
ACKNOWLEDGE.

ACKNOWLEDGE | An-acknowledge management message is a response to a command management | 4
message. The value of the managementld shall be identical to that in the command
message. If the command could not be executed, the acknowledge message shall be a
management error status TLV.

Reserved 5-F

15.4.1.7 managementTLV

Management messages shall be suffixed with zero or one TLV.

15.5 Management TLVs

15.5.1 Management TLV introduction

15.5.1.1 General

Subclause 15.5 details the structure of the management TLV and the management error status TLV.
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There are two forms of management TLVs: those that manipulate data sets or individual data set members
and those that initiate events.

15.5.1.1

.1 Management of data sets

PTP-defined configurable attributes, whether maintained in the data sets of Clause 8 or in implementation-
specific form, are read and updated by management messages with the actionField value GET and SET,
respectively. The TLV data structures for these messages contain only configurable variables.

PTP-defined static, dynamic, and configurable attributes maintained in data sets of Clause 8 or in
implementation-specific form are read by management messages with the actionField value GET. SET may
not be used with these messages.

15.5.1.1

For TLY
and 1niti

15.5.2]
Manage

15.5.2.1
The tlv1]
15.5.2.2

2 Management of events

(s that initiate events, the actionField value of the management message is COMMAND. T
tion semantics are defined or referenced for each TLV managementId.

Management TLYV field format
ment TLV shall have the format specified in Table 39.

Table 39—Management TLYV fields

Bits Octets TLV

7 16 ] 5] 4 ] 3] 211 -0 Offset
tlvType 2 0

lengthField 2 2

managementld 2 4

dataField N 6

tlvType (Enumeration16)
ype shall be MANAGEMENT.
lengthField (UInteger16)

The valge of the lengthField is 2+Njwhere N is an even number; see 5.3.8.

15.5.2.3

The val
value sh

The ent
field in
disallow

managementld (Enumeration16)

hes of the managementld field are defined in Table 40. TLV semantics for each manag
1l be as definedyin subclauses of 15.5, and Clause 16 and Clause 17 of this standard.

the mianagement message common fields; see 15.4.1.6. The receipt of a managemen
edsactionField value shall:

he event

ementld

ies in th¢ allowed actions column of Table 40 indicate the permissible values of the actjionField

with a

Cause-the contentsof the manacement TIL V. to be disreaarded
(=] (=)

— Return a management error status TLV (see 15.5.4), NOT _SUPPORTED
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managementld name managementld value | Allowed actions | Applies to
(hex)
Applicable to all node types 0000 — 1FFF
NULL_MANAGEMENT 0000 GET, SET, port
COMMAND
CLOCK _DESCRIPTION 0001 GET port
USER_DESCRIPTION 0002 GET, SET clock
SAVE_IN NON_VOLATILE STORAGE 0003 COMMAND clock
RESET NON_VOLATILE STORAGE 0004 COMMAND clock
INITIALIZE 0005 COMMAND clock
FAULT LOG 0006 GET clock
FAULT LOG_RESET 0007 COMMAND clock
Reserved| 0008 — 1FFF — +
Applicable to ordinary and boundary clocks 2000 — 3FFF — H
DEFAULI DATA_SET 2000 GET lock
CURRENT DATA_SET 2001 GET lock
PARENT| DATA_SET 2002 GET lock
TIME PROPERTIES DATA SET 2003 GET lock
PORT DATA SET 2004 GET- ort
PRIORITY'1 2005 GET, SET lock
PRIORIT|2 2006 GET, SET lock
DOMAIN 2007 GET, SET lock
SLAVE ONLY 2008 GET, SET lock
LOG_ ANNOUNCE_INTERVAL 2009 GET, SET ort
ANNOUNCE RECEIPT TIMEOUT 200A GET, SET ort
LOG_SYINC _INTERVAL 200B GET, SET ort
VERSION NUMBER 200C GET, SET ort
ENABLE| PORT 200D COMMAND ort
DISABLHE PORT 200E COMMAND ort
TIME 200F GET, SET lock
CLOCK_ACCURACY 2010 GET, SET lock
UTC_PRQPERTIES 2011 GET, SET lock
TRACEABILITY PROPERTIES 2012 GET, SET lock
TIMESCALE PROPERTIES 2013 GET, SET lock
UNICAST NEGOTIATION ENABLE 2014 GET, SET ort
PATH TRACE LIST 2015 GET lock
PATH TRACE ENABLE 2016 GET, SET lock
GRANDNIASTER CLUSTER TABLE 2017 GET, SET lock
UNICAST MASTER_TABLE 2018 GET, SET ort
UNICAST MASTER MAX TABLE SIZE 2019 GET ort
ACCEPTABLE _MASTER_TABLE 201A GET, SET lock
ACCEPTABLE MASTER_TABLE ENABLED 201B GET, SET ort
ACCEPTABLE MASTER MAXJTABLE SIZE 201C GET lock
ALTERNATE MASTER 201D GET, SET ort
ALTERNATE TIME QFESET ENABLE 201E GET, SET lock
ALTERNATE TIME OFFSET NAME 201F GET, SET lock
ALTERNATE TIME OFFSET MAX KEY 2020 GET lock
ALTERNATE TIME OFFSET PROPERTIES 2021 GET, SET lock
Reserved| 2022 — 3FFF — 1+
Applicable to transparent clocks 4000 to SFEE — 4+
TRANSPARENT CLOCK DEFAULT DATA_SET 4000 GET clock
TRANSPARENT CLOCK PORT DATA SET 4001 GET port
PRIMARY DOMAIN 4002 GET, SET clock
Reserved 4003 — SFFF — —
Applicable to ordinary, boundary, and transparent clocks 6000 — 7FFF — —
DELAY_ MECHANISM 6000 GET, SET port
LOG _MIN_ PDELAY REQ INTERVAL 6001 GET, SET port
Reserved 6002 — BFFF — —
This range is to be used for implementation-specific identifiers C000 — DFFF — —
This range is to be assigned by an alternate PTP profile E000 — FFFE — —
Reserved FFFF — —
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NOTE—The implementation-specific range of managementlds are assigned by manufacturers to define management
functions unique to their own devices. There is no expectation of interoperability, and users must ensure that such
TLVs are directed to the appropriate device.

15.5.3 Management TLV data field specifications for each managementld

15.5.3.1

TLYV data fields applicable to all clocks

15.5.3.1.1 NULL_MANAGEMENT

The management TLV data field is of zero length. No action affecting data sets or state shall result from
receiving this TLV. The receipt of a NULL MANAGEMENT message shall adhere to the requirements of
the actionField; see 15.4.1.6.

NOTE—{Null management messages are typically used to test implementations by exercising the managenienif handlers
without groducing any change in protocol operation. For example, such a message can be sent to test whether| received
managenpent messages are being recorded in an implementation-specific event log.
15.5.3.1}2 CLOCK_DESCRIPTION
The targetPortldentity.portNumber member of the field (see 15.4.1.3) of the management message farrying
this TLY shall indicate the port to which the physicalAddress, protocolAddress; and profileldentity fapply.
All other fields of this TLV apply to the entire node and shall be returned‘by*a query directed at any port on
the nodg.
The datg field shall be as specified in Table 41.
Table 41—CLOCK_DESCRIPTION management TLV data field
Bits Octets TLV
7 6 5 4 3 2 1 0 data
offset
clockType 2 0
physicalLayerProtocol L 2
physical AddressLength 2 2+L
physicalAddress S 4+L
protocolAddress N +L+S
manufacturerldentity 3 4+L+S+
N
reserved 1 4+L+S+
N+3
productDescription P 4+L+S+
N+4
revisionData Q 4+1L+S+
N+4+P
userDescription R 4+
I}+S+N+
-+P+Q
profileldentity 6 4+
L+S+N+
44+P+Q+
R
pad M 4+
L+S+N+
4+P+Q+
R+6

15.5.3.1.2.1 clockType (Boolean[16])

The value clockType shall indicate the type of PTP node as defined in Table 42. A TRUE value of a bit in
the clockType field indicates that the description applies to the node.
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NOTE—Several elements may be TRUE, for example, an ordinary clock combined with an end-to-end transparent
clock. This is a static value not part of the clock data sets of Clause 8.

Table 42——clockType specification

Array index (hex) | Description

0 The node implements an ordinary clock

1 The node implements a boundary clock

2 The node implements a peer-to-peer transparent clock
3 The node implements an end-to-end transparent clock
4 The node implements a management node

5-F Reserved

15.5.3.1.2.2 physicalLayerProtocol (PTPText)
The valfie of physicalLayerProtocol shall indicate the physical layer protocol defining the.physicalAddress
member] This is a static value not part of the clock data sets of Clause 8.
The maximum number of symbols in this field shall be 32; see 5.3.9.
15.5.3.1.2.3 physicalAddressLength (UInteger16)

The valyie of physicalAddressLength is the number of octets in the physicalAddress field. The rarjge shall
be 1 to 16 octets. This is a static value not part of the clock data sets of Clause 8.

15.5.3.1.2.4 physicalAddress (Octet[physicalAddressLength])

The vqlue of physicalAddress shall be the physicalNaddress of the port indicated |by the
targetPgrtldentity.portNumber member of the field, for exaniple, the MAC address for an IEEE 802.3 end
station. [f no physical address exists for a specific networktechnology, the value shall be of zero lefgth.

This is g static value not part of the clock data sets-of Clause 8.

15.5.3.1.2.5 protocolAddress (PortAddress)

The vdlue of protocolAddress shall(b&é the protocol address of the port indicated |by the
targetPgrtldentity.portNumber member ‘of the field. This is a static value (it can not be modified ysing the
protocol) and is not part of the clock data sets of Clause 8.

15.5.3.1.2.6 manufacturerIdentity (Octet[3])

The valge of manufacturerldentity shall be an OUI owned by the manufacturer of the node.

For exainple:
The OU[ for Company X is ACDE48 (hex). The byte and bit representations of the manufacturerldentity of
Comparny X are-illustrated below.

OUI
addr+0 addr+1 addr+2 order
AC DE 48 hex
10101100 11011110 01001000 bits
I . |
| ] group address bit | |
|  most significant byte least significant byte |
Most significant bit least significant bit

This is a static value not part of the clock data sets of Clause 8.
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15.5.3.1.2.7 productDescription (PTPText )

The productDescription field shall indicate, in order:

a) The name of the manufacturer of the node, manufacturerName, followed by a semicolon (;)

b) The model number of the node, modelNumber, followed by a semicolon(;)

¢) An identifier of the instance of this mode, instanceldentifier, such as the MAC address or the
serial number

The maximum number of symbols in the productDescription.textField field (see 5.3.9) shall be 64.

This is 4

The con

static value, not part of the clock data sets of Clause 8.

tent and meaning of the manufacturerName, modelNumber, and the instanceldentifier sti

determifed by the manufacturer.

15.5.3.

.2.8 revisionData (PTPText )

The valpe shall indicate the revisions for node hardware (HW), firmware (FW), and software (S

informa
shall be

Clause §.

The ma3
15.5.3.
The use

a

b
Either f
configu

The ma3
15.5.3.

The vall
targetPqg

ion shall be semicolon (;) separated text fields in the order HW;FW;SW. Nonapplicable {
indicated by a text fields of zero length. This is a static value¢not part of the clock dat

fimum number of symbols in the revisionData.textField field'(see 5.3.9) shall be 32.
.2.9 userDescription (PTPText)
Description field shall indicate, in order:

A user-defined name of the device, e.g., Serisor-1, followed by a semicolon (;)

A user-defined physical location of the-device, e.g., Rack-2 Shelf-3
eld may be absent, e.g., (;Rack<2 Shelf-3) or (Sensor-1). By default no text is required.
able value not part of the clock data sets of Clause 8.
Limum number of symbols in the userDescription.textField field (see 5.3.9) shall be 128.
.2.10 profileldentity, (Octet[6])

e of profileldentity shall identify the PTP profile implemented by the port indicated
rtldentity.postfNumber member of the field.

The valye of the-profileldentity shall be assigned by the creator of the profile as defined in 19.3.3.

This is 3

static value not part of the clock data sets of Clause 8.

ings are

V). This
lements
h sets of

[his is a

by the

For example:
Annex J.4.1 defines the profileldentity of the “Default PTP profile for use with the peer delay mechanism”
as the 6-octet field 001B19000200,6. The bit and byte representation of this profileldentity are shown as

follows:
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oul profileIndex field
addr+0 addr+1 addr+2 addr+3 addr+4 addr+5 order
00 1B 19 00 02 00 hex
00000000 00011011 00011001 00000000 00000010 00000000 bits

|
|
|  most significant byte
Most significant bit

group address bit | |

least significant byte |
least significant bit

15.5.3.1.2.11 pad (Octet[M])
The pad field shall be an octet array of length M, where M is either 1 or 0. If M is 1, all bits in the octet

shall be|0; see 15.5.2.2.

15.5.3.1{3 USER_DESCRIPTION
field shall be as specified in Table 43.

The data

Table 43—USER_DESCRIPTION management TLV data field

Bits Octets TLV
data
offset

7 11 | 5 | 4 |1 3 | 2 J&oxa 1 o
userDescription L 0

pad M L

15.5.3.1.3.1 userDescription (PTPText )

This TV is used to configure the value of the.uSer description returned by the CLOCK DESCRIIPTION

TLV.

The usefDescription field shall indicate, in-erder:

Either field may be absent; e.g., (;Rack-2 Shelf-3) or (Sensor-1). No text is required.

The maximum number of symbols in the userDescription.textField field (see 5.3.9) shall be 128.
.3.2 pad (Octet[M])
field shall be an octet array of length M, where M is either 1 or O, If M is 1, all bits in

15.5.3.
The pa

a) A user-defined name of thie device, e.g., Sensor-1, followed by a semicolon (;)

b) A user-defined physieal location of the device, e.g., Rack-2 Shelf-3

he octet

shall be 0; see 15.5.2.2.
15.5.3.1.4 SAVE_IN_NON_VOLATILE_STORAGE

The data field is of zero length. The receipt of this TLV shall cause the current values of the applicable
dynamic and configurable data set members to be copied into nonvolatile read—write memory as specified

in 8.1.3.5.

15.5.3.1.5 RESET_NON_VOLATILE_STORAGE

The data field is of zero length. The receipt of this TLV shall cause the contents of nonvolatile read—write
memory to be reset to the applicable dynamic or configurable data set initialization values as specified in

8.1.3.5.
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15.5.3.1.6 INITIALIZE
The data field shall be as specified in Table 44.

Table 44—INITIALIZE management TLV data field

Bits Octets TLV
data
offset

7 | 6 | 5 | 4 1 3 1 2 1 1 1 o
initializationKey 2 0
15.5.3.1.6.1 initializationKey (Enumeration16)
The valge of the initializationKey field of this message shall be as defined in Table 45.
Table 45—INITIALIZATION_KEY enumeration
INITIALIZATION KEY Value (hex) Definition
INITIALIZE EVENT 0000 In an ordinary and boundary clock, the receipt of an INITIALIZE
message with this key shall cause the-INFTIALIZE event (spe 9.2.6.3)
to occur. In other nodes, this shall’cause any implementatign-specific
initialization procedures to execute.
Reserved 0001-7FFF Reserved. No action shall ~oecur as a result of recpiving an
INITIALIZE message witli this initializationKey.
Implemen}ation-specific 8000—FFFF The result is implementation-specific.
15.5.3.117 FAULT _LOG
The datg field of the FAULT LOG TLYV shall be as speoified in Table 47. The FAULT LOG TLY returns
a list of fault records. Each fault record is specified by the FaultRecord structure; see 5.3.10.
The valge of FaultRecord.faultTime shall indicate'the time the fault occurred as indicated by the lo¢al clock
of the npde. A value of all 1’s for the fields‘in the timestamp shall indicate that the occurrence timhe is not
availablg.
The valde of the FaultRecord.severityCode member shall be selected from the enumeration in Tablg 46.

Table\46—Fault log severityCode enumeration

Value (hex) FaultRecord.SeverityCode description
00 Emergency: system is unusable
01 Alert: immediate action needed
02 Critical: critical conditions
03 Error: error conditions
04 Warning: warning conditions
05> Notice: normal but significant condition
06 Informational: informational messages
07 Debug: debug-level messages
08—FF Reserved

The values of FaultRecord.faultName, FaultRecord.faultValue, and FaultRecord.faultDescription members
are implementation-specific and may be of zero length; i.e., the lengthField member of the PTPText struct

is 0.

The FaultRecord.faultName shall be a name for the fault unique within the implementation.
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The FaultRecord.faultValue shall be any value that may be associated with the fault that is necessary for
fault diagnosis.

The FaultRecord.faultDescription shall be any supplementary description of the fault.

The size of the fault log is implementation-specific. The fault log is maintained by the clock until a
FAULT LOG RESET TLV is received (see 15.5.3.1.8).

Table 47—FAULT_LOG management TLV data field

15.5.3.

The valje of the numberOfFaultRecords field shall be the number of fault records to be returned.

15.5.3.

The valye of the faultRecord field shall be an array of fault records.

15.5.3.

The pad
shall be

15.5.3.1
The TLY

The FA]
15.5.3.2

15.5.3.2

This TL
to other

The tim
GPS, by
grandm;
actionFi

Bits Octets TLV
Data
Offset
7 16 ] 5] 4 [ 327171710
numberOfFaultRecords 2 0
faultRecord N 2
pad M 2EN

.7.1 numberOfFaultRecords (UInteger16)

.7.2 faultRecord (FaultRecord[numberOfFaultRecords])

.7.3 pad (Octet[M])

field shall be an octet array of length M, where M is.either 1 or 0. If M is 1, all bits in
0; see 15.5.2.2.

8 FAULT_LOG_RESET

V carries no data.

ULT LOG_RESET command shall.cause the FAULT LOG to be cleared.
TLYV data fields applicable tocordinary and boundary clocks

1 TIME

[V may be used to set-the time. Time originates in the grandmaster clock and is distributed
clocks in the domain:

e in the grafidmaster clock is normally determined by interacting with a primary referer
F means ©Outside the scope of this standard. When this TLV is sent to a node other
ster with*an actionField of SET, the node should return a management error status TLV. W
eld/1s.GET, the node should return the current value of time.

he octet

by PTP

ce, e.g.,
han the
Vhen the

NOTE—If the time is set in a clock other than the grandmaster, it will be overwritten upon receipt of the next Sync

message

and will therefore exist only as a transient.

When sent to a settable grandmaster clock, the normal rules for GET and SET apply; see 15.4.1.6.

The data field shall be as specified in Table 48.
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Table 48—TIME management TLV data field

Bits Octets TLV
7 6 5 4 3 2 1 0 data
offset

currentTime 10 0

15.5.3.2.1.1 currentTime (Timestamp)

The value of currentTime is the value to be set in the target clock.

NOTE—Since this TLV is transmitted over the network, the accuracy to which the time can be set is limited by

network fluctuations. For this reason, no provision is made for setting the time to a precision of fractions of a
nanosecqmé- Roscases—theaetnal precisionis-ontheorderobmithseconds-orworsedependinsonthesouyce ol the
informatfon used in populating the data field and on the characteristics of the network.
15.5.3.212 CLOCK_ACCURACY
This TL|V may be used to set the accuracy of the target clock.
NOTE—] The accuracy and the time in the grandmaster clock is normally determined by dnteracting with a pfimary or
applicatipn-specific time source, e.g., GPS, by means outside the scope of this standard. If the time is get in the
grandmagter by means of the TIME TLV, then the accuracy should also be set. Sirice-the clockAccuracy aftribute is
considergd in the operation of the BMC algorithm, the setting of the clockAccuracyattribute in any clock by jmeans of
this TLV|can result in a change of grandmaster the next time the BMC algorithmris'performed.
When sgnt to a settable grandmaster clock, the normal rules for GET jand SET apply; see 15.4.1.6.
The datq field shall be as specified in Table 49.
Table 49—CLOCK_ACCURACY management TLV data field
Bits Octets TLV
7 6 5 4 3 2 1 0 data
offset
clockAccuracy 1 0
reserved 1 1
15.5.3.2.2.1 clockAccuracy (Enumeration8)
The valde of clockAccuracy,shall be the value of the defaultDS.clockQuality.clockAccuracy membgr of the
data set| The value shall b¢'selected from the clockAccuracy enumeration; see Table 6.
15.5.3.213 ENABLE_PORT
The TLY carries fio)data.
In an ¢rdinary and boundary clock, the receipt of an ENABLE PORT message shall cdquse the
DESIGNATED ENABLED event, see 9.2.6.4, to occur.

15.5.3.2.4 DISABLE_PORT
The TLV carries no data.

In an ordinary and boundary clock, the receipt of an DISABLE PORT message shall cause the
DESIGNATED DISABLED event (see 9.2.6.5) to occur.

15.5.3.3

TLYV data fields applicable to the defaultDS data set of ordinary and boundary clocks

15.5.3.3.1 DEFAULT DATA_SET
The data field shall be as specified in Table 50.
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Table 50—DEFAULT_DATA_SET management TLV data field

Bits Octets TLV
7 6 5 4 3 2 1 0 data
offset

0 0 0 0 0 0 SO TSC 1 0

reserved 1 1

numberPorts 2 2

priorityl 1 4

clockQuality 4 5

priority2 1 9

clockIdentity R 10

domainNumber 1 18

reserved 1 19

15.5.3.3.1.1 TSC (Boolean)

The valde of TSC shall be the value of the defaultDS.twoStepFlag member of the data-set.
15.5.3.3.1.2 SO (Boolean)

The valge of SO shall be the value of the defaultDS.slaveOnly member of the-data set.
15.5.3.3.1.3 numberPorts (Ulnteger16)

The valde of numberPorts shall be the value of the defaultDS.numbetPorts member of the data set.
15.5.3.3.1.4 priorityl (Ulnteger8)

The valge of priority1 shall be the value of the defaultDS.priority] member of the data set.
15.5.3.3.1.5 clockQuality (ClockQuality)

The valye of clockQuality shall be the value of the defaultDS.clockQuality member of the data set.
15.5.3.3.1.6 priority2 (Ulnteger8)

The valyge of priority2 shall be the value of the defaultDS.priority2 member of the data set.
15.5.3.3.1.7 clocklIdentity (Clockldentity)

The valge of clockldentity shall,bé the value of the defaultDS.clockldentity member of the data set.
15.5.3.3.1.8 domainNumber) (UInteger8)

The valge of domainNumbet shall be the value of the defaultDS.domainNumber member of the datj set.
15.5.3.3]2 PRIORIT¥1

The datg field shall'be as specified in Table 51.

Table 51 —PRIORITY1 management TLV data field

Bits Octets TLV
7 6 5 4 3 2 1 0 data
offset

priorityl 1 0

reserved 1 1

15.5.3.3.2.1 priorityl (Ulnteger8)

The value of priority1 shall be the value of the defaultDS.priority] member of the data set.
15.5.3.3.3 PRIORITY2

The data field shall be as specified in Table 52.
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Table 52—PRIORITY2 management TLV data field

Bits Octets TLV
7 6 5 4 3 2 1 0 data
offset
priority2 1 0
reserved 1 1
15.5.3.3.3.1 priority2 (Ulnteger8)
The value of priority2 shall be the value of the defaultDS.priority2 member of the data set.
15.5.3.3.4 DOMAIN
The datgfietdstattbeasspecified ir Tabie53:
Table 53—DOMAIN management TLV data field
Bits Octets TLV
7 6 5 4 3 2 1 0 data
offset
domainNumber 1 0
reserved 1 1

15.5.3.3.4.1 domainNumber (Ulnteger8)

The valge of domainNumber shall be the value of the defaultDS.demainNumber member of the dat:

15.5.3.315 SLAVE_ONLY
The datg field shall be as specified in Table 54.

Table 54—SLAVE_ONLY management TLV data field

h set.

Bits Octets TLV
7 6 5 4 3 2 1 0 data
offset
0 0 0 0 0 0 0 SO 1 0
reserved 1 1

15.5.3.3.5.1 SO (Boolean)

The valge of SO shall be thewvalue of the defaultDS.slaveOnly member of the data set.
15.5.3.4| TLV data fields applicable to the currentDS data set of ordinary and boundary clock

15.5.3.41 CURRENT DATA SET
The datg field shall be as specified in Table 55.

Iable 50—CURRENI_DATA_SEI management ILV data tield

Octets TLV

Bits data

7 |1 6 | 5 | 4 1 3 | 2 [ 1 1 o offset
stepsRemoved 2 0

offsetFromMaster 8 2

meanPathDelay 8 10
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15.5.3.4.1.1 stepsRemoved (Ulnteger16)
The value of stepsRemoved shall be the value of the currentDS.stepsRemoved member of the data set.
15.5.3.4.1.2 offsetFromMaster (TimelInterval)

The value of offsetFromMaster shall be the value of the currentDS.offsetFromMaster member of the data
set.

15.5.3.4.1.3 meanPathDelay (Timelnterval)
The value of meanPathDelay shall be the value of the currentDS.meanPathDelay member of the data set.
15.5.3.5 TLV data fields applicable to the parentDS data set of ordinary and boundary clocks

15.5.3.51 PARENT_DATA_SET
The datg field shall be as specified in Table 56.

Table 56—PARENT_DATA_SET management TLV data field

Bits Octets TLV

7 6 5 4 3 2 1 0 data
offset

parentPortldentity 10 0

ol ] o T o [ o [ o [ o [ oOT] ps 1 10
reserved 1 11
observedParentOffsetScaledLogVariance 2 12
observedParentClockPhaseChangeRate 4 14

grandmasterPriority1 1 18

grandmasterClockQuality 4 19

grandmasterPriority2 1 23

grandmasterldentity. 8 24

15.5.3.5.1.1 parentPortldentity (Portldentity)

The valye of parentPortldentity shall bethe value of the parentDS.parentPortldentity member of |the data
set.

15.5.3.5.1.2 PS (Boolean)
The valge of PS shall be the(value of the parentDS.parentStats member of the data set.

The alue  of<{/~observedParentOffsetScaledLogVariance  shall be the value f the
parentD[.observedParentOffsetScaledLogVariance member of the data set.

15.5.3.5.1,4 observedParentClockPhaseChangeRate (Integer32)

The
parentDS.observedParentClockPhaseChangeRate member of the data set.

15.5.3.5.1.5 grandmasterPriorityl (Ulnteger8)

the

The value of grandmasterPriorityl shall be the value of the parentDS.grandmasterPriorityl member of the
data set.

15.5.3.5.1.6 grandmasterIdentity (ClockIdentity)

The value of grandmasterldentity shall be the value of the parentDS.grandmasterldentity member of the
data set.
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15.5.3.5.1.7 grandmasterPriority2 (Ulnteger8)

The value of grandmasterPriority2 shall be the value of the parentDS.grandmasterPriority2 member of the
data set.

15.5.3.5.1.8 grandmasterClockQuality (ClockQuality)

The value of grandmasterClockQuality shall be the value of the parentDS.grandmasterClockQuality
member of the data set.

15.5.3.6 TLV data fields applicable to the timePropertiesDS data set of ordinary and boundary
clocks

15.5.3.6.1 TIME_PROPERTIES DATA_SET

The datg field shall be as specified in Table 57.
Table 57—TIME_PROPERTIES_DATA_SET management TLV data field
Bits Octets TLV
7 6 5 4 3 2 1 0 data
offset
currentUtcOffset 2 0
0[] o | FTRA [ TTRA | PTP [ UTCV | LI-59¢ [\'LI-61 1 2
timeSource 1 3
15.5.3.I.1 .1 currentUtcOffset (Integer16)
The valpe of currentUtcOffset shall be the value of the timePRropertiesDS.currentUtcOffset membegr of the
data set,

15.5.3.6.1.2 L1-61 (Boolean)

The valge of LI-61 shall be the value of the timeProfertiesDS.leap61 member of the data set.
15.5.3.6.1.3 LI-59 (Boolean)

The valge of LI-59 shall be the value of the timePropertiesDS.leap59 member of the data set.
15.5.3.6.1.4 UTCYV (Boolean)

The valfie of UTCV shall be the value of the timePropertiesDS.currentUtcOffsetValid member offthe data
set.

15.5.3.6.1.5 PTP (Boolean)

The valde of PTP shallibe the value of the timePropertiesDS.ptpTimescale member of the data set.
15.5.3.6.1.6 TTRA (Boolean)

The valde of(TTRA shall be the value of the timePropertiesDS.timeTraceable member of the data sq
15.5.3.6.1.7 FTRA (Boolean)

—

The value of FTRA shall be the value of the timePropertiesDS.frequencyTraceable member of the data set.
15.5.3.6.1.8 timeSource (Enumeration8)

The value of timeSource shall be the value of the timePropertiesDS.timeSource member of the data set.
15.5.3.6.2 UTC_PROPERTIES

The data field shall be as specified in Table 58.
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Bits Octets TLV

7 6 5 4 3 2 1 0 data
offset

currentUtcOffset 2 0

o | o | o 0 | o Jurcv | L1539 | L6l 1 2
reserved 1 3

15.5.3.6.2.1 currentUtcOffset (Integer16)
The value of currentUtcOffset shall be the value of the timePropertiesDS.currentUtcOffset member of the

data set.

15.5.3.6.2.2 L1-61 (Boolean)

The valye of LI-61 shall be the value of the timePropertiesDS.leap61 member of the data set.

15.5.3.6.2.3 L1-59 (Boolean)

The valye of LI-59 shall be the value of the timePropertiesDS.leap59 member of the data set.

15.5.3.6.2.4 UTCYV (Boolean)

The valyie of UTCV shall be the value of the timePropertiesDS.currentUteOffsetValid member of]

set.

15.5.3.63 TRACEABILITY_PROPERTIES

The datg field shall be as specified in Table 59

Table 59—TRACEABILITY_PROPERTIES management TLV data field

the data

Bits Octets TLV
7 6 5 4 3 2 1 0 data
offset
0 0 FTRA TTRA 0 0 0 0 1 0
reserved 1 1

15.5.3.6.3.1 TTRA (Boolean)

The valge of TTRA shall be thewalue of the timePropertiesDS.timeTraceable member of the data s

15.5.3.6.3.2 FTRA (Boolean)

The valge of FTRA shall be'the value of the timePropertiesDS.frequencyTraceable member of the

15.5.3.6{4 TIMESCALE_PROPERTIES
The datq field shall be as specified in Table 60.

Table 60—TIMESCALE_PROPERTIES management TLV data field

—

ata set.

Bits Octets TLV
7 6 5 4 3 2 1 1} data
offset
0 0 0 0 PTP 0 0 0 1 0
timeSource 1 1

15.5.3.6.4.1 PTP (Boolean)

The value of PTP shall be the value of the timePropertiesDS.ptpTimescale member of the data set.
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15.5.3.6.4.2 timeSource (Enumeration8)
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The value of timeSource shall be the value of the timePropertiesDS.timeSource member of the data set.

15.5.3.7 TLV data fields applicable to the portDS data set of ordinary and boundary clocks

15.5.3.7.1 PORT_DATA_SET
The data field shall be as specified in Table 61.

Table 61—PORT_DATA_SET management TLV data field

Bits Octets TLV
7 6 5 4 3 2 1 0 data
offset
portldentity 10 0
portState 1 10
logMinDelayReqInterval 1 11
peerMeanPathDelay 8 12
logAnnouncelnterval 1 20
announceReceiptTimeout 1 21
logSynclnterval 1 22
delayMechanism 1 23
logMinPdelayReqInterval 1 24
reserved versionNumber 1 25

15.5.3.7.1.1 portldentity (Portldentity)

The valge of portldentity shall be the value of the portDS.péitldentity member of the data set.

15.5.3.7.1.2 portState (Enumeration8)

The valye of portState shall be the value of the portDS.portState member of the data set.
15.5.3.7.1.3 logMinDelayReqInterval (Integer8)

The valde of logMinDelayReqInterval shall be the value of the portDS.logMinDelayReqInterval mg

the datalset.

15.5.3.7.1.4 peerMeanPathDelay (Timelnterval)

The valfie of peerMeanPathDgélay" shall be the value of the portDS.peerMeanPathDelay member of]

set.

15.5.3.7.1.5 logAnnouncelnterval (Integer8)

The valfie of logAnnouncelnterval shall be the value of the portDS.logAnnouncelnterval membg

data set|

15.5.3.7.1.6 announceReceiptTimeout (Ulnteger8)

mber of

the data

r of the

The value of announceReceiptimeout shall be the value oI the portDS.announceReceiptlmeout

of the data set.
15.5.3.7.1.7 logSynclInterval (Integer8)

member

The value of logSynclInterval shall be the value of the portDS.logSyncInterval member of the data set.
15.5.3.7.1.8 delayMechanism (Enumeration8)

The value of delayMechanism shall be the value of the value of the portDS.delayMechanism member of the

data set.
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15.5.3.7.1.9 logMinPdelayReqInterval (Integer8)

The value of logMinPdelayReqlnterval shall be the value of the value of the
portDS.logMinPdelayReqInterval member of the data set.

15.5.3.7.1.10 versionNumber (Ulnteger4)

The value of versionNumber shall be the value of the portDS.versionNumber member of the data set.
15.5.3.7.2 LOG_ANNOUNCE_INTERVAL

The data field shall be as specified in Table 62.

Table 62—LOG_ANNOUNCE_INTERVAL management TLV data field

Bits Octets TLV
7 6 5 4 3 2 1 0 data
offset

logAnnouncelnterval 1 0

reserved 1 1

15.5.3.7.2.1 logAnnouncelnterval (Integer8)

The valpe of logAnnouncelnterval shall be the value of the portDS.logAnnouncelnterval membdr of the
data set,|

15.5.3.7}3 ANNOUNCE_RECEIPT_TIMEOUT
The datg field shall be as specified in Table 63.

Table 63—ANNOUNCE_RECEIPT_TIMEOUT management TLV data field

Bits Octets TLV
7 6 5 4 3 2 1 0 data
offset

announceR¢ceiptTimeout 1 0

reserved 1 1

15.5.3.7.3.1 announceReceiptTimeout (Ulnteger8)

The valfie of announceReceiptTimeout shall be the value of the portDS.announceReceiptTimeout [member
of the data set.

15.5.3.714 LOG_SYNC_INTERVAL
The datg field shall be as specified in Table 64.

Table 64—LOG_SYNC_INTERVAL management TLV data field

Bits Octets TLV
7 6 5 4 3 2 1 0 data
offset

logSynclnterval 1 0

reserved 1 1

15.5.3.7.4.1 logSynclInterval (Integer8)
The value of logSynclInterval shall be the value of the portDS.logSyncInterval member of the data set.
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15.5.3.7.5 DELAY_MECHANISM

The value of the DELAY MECHANISM data field shall be the value of portDS.delayMechanism as
specified in Table 65.

Table 65—DELAY_MECHANISM management TLV data field

Bits Octets TLV
7 6 5 4 3 2 1 0 data
offset

delayMechanism 1 0

reserved 1 1

15.5.3.1.5.1 delayMechanism (Enumeration8)

The valyie of delayMechanism shall be the value of the portDS.delayMechanism member of the dafa set for
ordinaryy or boundary clocks. For transparent clocks, the value shall be the Walue | of the
transpargntClockDefaultDS.delayMechanism member of the transparentClockDefaultDS datd set if
implem¢nted; otherwise, the value shall be obtained from the implementation-specifi¢.storage of this value.
15.5.3.716 LOG_MIN_PDELAY_REQ_INTERVAL
The datg field shall be as specified in Table 66.
Thble 66—LOG_MIN_PDELAY_REQ_INTERVAL management TLV data field
Bits Octets TLV
7 6 5 4 3 2 1 0 data
offset
logMinPdelayReqInterval 1 0
reserved 1 1
15.5.3.7.6.1 logMinPdelayReqInterval (Integek8)
The valyie of logMinPdelayReqInterval shall(be the value of the portDS.logMinPdelayReqInterval jmember
of the d3ta set.
15.5.3.7,7 VERSION_NUMBER
The datg field shall be as specified in Table 67; see 7.5.5.
Table 67—VERSION_NUMBER management TLV data field
Bits Octets TLV
7 6 5 4 3 2 1 0 data
offset
reserved versionNumber 1 0
reserved 1 1

15.5.3.7.7.1 versionNumber (Ulnteger4)

The value of versionNumber shall be the value of the portDS.versionNumber member of the data set.

15.5.3.8

15.5.3.8

TLYV data fields applicable to the defaultDS data set of transparent clocks

.1 TRANSPARENT CLOCK_DEFAULT DATA_SET

The data field shall be as specified in Table 68.
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Table 68—TRANSPARENT_CLOCK_DEFAULT_DATA_SET management TLV data field

Bits Octets TLV
7 6 5 4 3 2 1 0 data
offset

clockldentity 8 0

numberPorts 2 8

delayMechanism 1 10

primaryDomain 1 11

15.5.3.8.1.1 clockldentity (ClocklIdentity)

15.5.3.8.1.2 numberPorts (Ulnteger16)

The valde of numberPorts shall be the value of the defaultDS.numberPorts member of the data set.
15.5.3.8.1.3 delayMechanism (Enumeration8)

The valge of delayMechanism shall be the value of the defaultDS.delayMechanisfmmember of the
15.5.3.8.1.4 primaryDomain (Ulnteger8)

The valge of primaryDomain shall be the value of the defaultDS.primaryDomain member of the daf
15.5.3.9 DELAY_MECHANISM

The same TLV applicable to the portDS data set of ordinary, or boundary clocks shall be u
15.5.3.7}5.

15.5.3.9{11 PRIMARY_DOMAIN
The datg field shall be as specified in Table 69.

Table 69—PRIMARY_DOMAIN management TLV data field

lata set.

a set.

ked; see

Bits Octets TLV
7 6 5 4 3 2 1 0 data
offset

primaryDomain 1 0

reserved 1 1

15.5.3.9.1.1 primaryDomain (Ulnteger8)

The valgie of primagyDomain shall be the value of the transparentClockDefaultDS.primaryDomain
of the trpnsparentClockDefaultDS data set if implemented; otherwise, the value shall be obtained
implemgntation-specific storage of this value.

member
from the

15.5.3.10 TLV data fields applicable to the transparentClockPortDS data set of transparent c10cks

15.5.3.10.1 TRANSPARENT_CLOCK_PORT_DATA_SET
The data field shall be as specified in Table 70.
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Table 70—TRANSPARENT_CLOCK_PORT_DATA_SET management TLV data field

Bits Octets TLV

7 6 5 4 3 2 1 0 data
offset

portldentity 10 0

o | o | o [ o | o | o | o ] Fr | 1 | 10
logMinPdelayReqInterval 1 11

peerMeanPathDelay 8 12

15.5.3.10.1.1 portldentity (PortIdentity)
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set.
15.5.3.10.1.2 FLT (Boolean)
The valye of FLT shall be the value of the transparentClockPortDS.faultyFlag membenofthe data set.
15.5.3.10.1.3 logMinPdelayReqInterval (Integer8)

The valde of logMinPdelayReqInterval shall be the value of the transparentClockPortDS.logMinPdelayRejgInterval
member jof the data set.

15.5.3.10.1.4 peerMeanPathDelay (Timelnterval)

The valpie of peerMeanPathDelay shall be the value of the tran§parentClockPortDS.peerMeanP4thDelay
member] of the data set.

15.5.3.10.2 LOG_MIN_PDELAY_REQ_INTERVAL

The same TLV applicable to the portDS data set of\ordinary or boundary clocks shall be ubked; see
15.5.3.7}6.

15.5.4 MANAGEMENT_ERROR_STATUS TEV

15.5.4.1{1 General

This TILV is returned in either response or acknowledge management messages; see 15.4.1.6. The
MANAGEMENT ERROR STATUS/TLV format shall be as specified in Table 71.

Table 71—MANAGEMENT_ERROR_STATUS TLV format

Bits Octets TLV

7 D6 | 5] 4 [ 3] 21170 Offset
tlvType 2 0

lengthField 2 2
managementErrorld 2 4

managementld 2 6

reserved L g

displayData N 12

pad M 12+N

15.5.4.1.2 tlvType
The value of tlvType shall be MANAGEMENT ERROR_STATUS.
15.5.4.1.3 lengthField

The lengthField shall be 8 + N + M, where N is the length of the displayData field and M is the length of
the pad field.
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15.5.4.1.4 managementErrorld (Enumeration16)

The value of managementErrorld shall be taken from the enumeration defined in Table 72.

Table 72—managementErrorld enumeration

managementErrorld Specification Value (hex)
Reserved — 0000
RESPONSE TOO BIG | The requested operation could not fit in a single response message. 0001
NO SUCH ID The managementld is not recognized. 0002
WRONG LENGTH The managementld was identified but the length of the data was wrong. 0003
WRONG_VALUE The managementld and length were correct but one or more values were | 0004
WlUlls.
NOT_SHTABLE Some of the variables in the set command were not updated because they | 0005
are not configurable.
NOT SUPPORTED The requested operation is not supported in this node. 0006
Reserved 0007-BFFF
Implemeptation-specific | This range is to be used for implementation-specific errors. CO00-{DFFF
PTP proffile defined This range is to be assigned by an alternate PTP profile. E000—FFFD
GENERAL ERROR An error occurred that is not covered by other managementErrorld | FFFE
values.
Reserved — FFFF

15.5.4.1}S managementld (Enumeration16)

The Val]fs of the managementld field are defined in Table 40, The’ managementld field shall comtain the
managementld corresponding to the managementld of the managément TLV that was in error.

15.5.4.1}6 displayData (PTPText)

This is gn optional text field to provide a human-readable*explanation of the error.

The maximum number of symbols in the displayData.textField field (see 5.3.9) shall be 50.
15.5.4.1]7 pad (Octet[M])

The pad field shall be an octet array of-dength M, where M is either 1 or 0. If M is 1, all bits in the octet
shall be|0; see 15.5.2.2.

16. Géneral optional-features

16.1 Uhicast message negotiation (optional)

16.1.1 Generalunicast negotiation port operation specifications
A port [(thefequestor) may request, by transmitting a REQUEST UNICAST TRANSMISSION TLV

entity, that another port (the grantor) transmit unicast Announce, Sync, Delay Resp, or Pdelay Resp
messages.

A request for unicast transmissions may be made, granted, acknowledged, and canceled irrespective of PTP
port state, except that these operations shall not occur in any port of an ordinary or boundary clock in the
INITIALIZING, FAULTY, or DISABLED states or in any port of a transparent clock that is in a fault
condition.

A port that receives a REQUEST UNICAST TRANSMISSION TLV entity shall respond
with a GRANT_UNICAST TRANSMISSION TLV entity. The transmitted
GRANT_UNICAST TRANSMISSION TLYV entity grants or denies the request.
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A port to which a grant has been made (grantee) may inform the grantor that it no longer needs the granted
service. It does this by transmitting a CANCEL UNICAST TRANSMISSION TLV entity. A grantor
receiving a CANCEL UNICAST TRANSMISSION TLV shall always respond with an
ACKNOWLEDGE CANCEL UNICAST TRANSMISSION TLV and may immediately cease to provide
the indicated service.

A grantor may inform the grantee that it is no longer able to provide the granted service. It does this by
transmitting a CANCEL_UNICAST TRANSMISSION TLYV entity.

A grantee receiving a CANCEL UNICAST TRANSMISSION TLV shall always respond with an
ACKNOWLEDGE CANCEL UNICAST TRANSMISSION TLV and should immediately cease to use
the indicated service. The grantor should continue to provide the granted service until either an
ACKN(JWLEDGE CANCEL UNICAST TRANSMISSION ILV  has been received. |or an
implemgntation-specific number of CANCEL UNICAST TRANSMISSION TLVs have beenctrangmitted.

When the grant is of Announce or Sync messages, the grantor shall transmit the messages with| a mean
inter-mgssage period approximately equal to the granted inter-message period. Unless¢ither the gtantor or
grantee cancels the grant, the transmission shall continue for at least the duration jof-the grant and start at
the time|of the transmission of the grant message.

When the grant is of Delay Resp messages and Delay Req messages are re€eived from the grantde with a
mean inter-message period no smaller than the granted inter-message period, the grantor shall regpond to
each reqeived Delay Req message with a Delay Resp message. Unless either the grantor or the grantee
cancels the grant, this operation shall continue for at least the duration of the grant and start at thd time of
the trangmission of the grant message. If the mean period between reception of Delay Req messaggs is less
than the|granted inter message period, the grantor may ignorethe excess Delay Req messages.

In transmitting messages, the inter-message period shall;’ with 90% confidence, be within +30% of the
inter-mgdssage period granted in the grant.

For each message type, only one grant is active'at any time. The reception of a grant message [granting
transmigsions of a particular messageld cangéls any previous agreement made with the grantor.

If a unipast contract is negotiated for\a’particular message type between two ports, then any thulticast
messagds of this type between the two’ports should be ignored.

When aunicast contract is negotiated for transmitting Delay Resp messages, then the Delay Req messages
associated with the Delay(Resp messages shall also be unicast.
16.1.2 Unicast negotiation enable

The unifcast negatiation mechanism can be enabled or disabled by means of the management message
UNICABT NEGOTIATION ENABLE. By default, this mechanism shall be disabled unless ofherwise
specifiedl i 2.PTP profile.

If disabled the node shall respond to a UNICAST NEGOTIATION ENABLE TLV entity. A disabled
node shall not:

— Respond to a REQUEST UNICAST TRANSMISSION TLV entity
— Transmit a REQUEST UNICAST TRANSMISSION TLV entity

— Transmit a GRANT UNICAST TRANSMISSION TLV entity
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16.1.3 Granting port operations

If the requestor issues a new transmission request before the current agreement expires, the grantor should,
if resources permit, respond to that request with a grant that is at least as generous as the unexpired portion
of the previous grant.

If the granting port considers the combination of inter-message period and duration to be unreasonable, the
port should reduce the duration of its grant in preference to reducing the rate.

16.1.4 Unicast TLVs

16.1.4.1 REQUEST _UNICAST_TRANSMISSION TLYV specification
The REQUEST UNICAST TRANSMISSION TLV format shall be as specitied in Table 73.

Table 73—REQUEST_UNICAST_TRANSMISSION TLV format

Bits Octets TLV

7 16 ] 5] 4 [ 32171710 offset
tlvType 2 0

lengthField 2 2

messageType | reserved L 4
logInterMessagePeriod 1 5

durationField 4 6

16.1.4.1}1 tlvType

The valyge of tlvType shall be REQUEST UNICAST TRANSMISSION.
16.1.4.1}2 lengthField

The valge of the lengthField is 6.

16.1.4.1}13 messageType (Enumeration4)

The valfie of messageType shall indicate the\message type for the unicast message transmission refquested.
The coding of the enumeration is identical-to that used in the messageType field of message headlers; see
13.3.2.2] Requests for unicast messages other than Announce, Sync, Delay Resp, or Pdelay Resp
messagds shall always be denied. If'unicast transmission is granted for Sync or Pdelay Resp messajges by a
two-step) clock, then unicast transmission shall also be used for the corresponding Follow |[Up and
Pdelay Resp Follow Up messages.

16.1.4.1]4 logInterMessagePeriod (Integer8)

The valpe of logIntetMessagePeriod shall be the logarithm, to base 2, of the requested mean pg¢riod, in
seconds| between(the requested unicast messages.

16.1.4.1}5 durationField (UInteger32)

The valpeof durationField shall be the requested number of seconds for which the requested messages
shall be transmitted.

16.1.4.2 GRANT_UNICAST_TRANSMISSION TLYV specification
The GRANT UNICAST TRANSMISSION TLV format shall be as specified in Table 74.
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Table 74—GRANT_UNICAST_TRANSMISSION TLV format

Bits Octets TLV
7 16 [ 5] 4 [ 3] 21110 offset
tlvType 2 0
lengthField 2 2
messageType | reserved 1 4
logInterMessagePeriod 1 5
durationField 4 6
reserved 1 10
o [ o [ o [ o | o o o |R 1 11
16.1.4.2}1 tlvType

The valyge of tlvType shall be GRANT UNICAST TRANSMISSION.

16.1.4.2

2 lengthField

The valge of the lengthField is 8.

16.1.4.2

The Vagj

The co
13.3.2.2
REQUH

16.1.4.2

3 messageType (Enumeration4)

The value shall be identical to
ST UNICAST TRANSMISSION TLV request.

4 logInterMessagePeriod (Integer8)

the

field

e of messageType shall indicate the message type for the unicast message transmission [granted.
ing of the enumeration is identical to that used in the messageType field of message heagdlers; see
messageType

df  the

The valpe of logInterMessagePeriod shall be the logarithm, to base 2, of the granted mean pg¢riod, in

seconds

16.1.4.2

between the requested unicast messages.

5 durationField (UInteger32)

The valyie of durationField shall be the number of seconds for which the messages shall be transnpitted. A

value of]

16.1.4.2

zero shall indicate that the request hds been denied.

6 R (Renewal Invited) (Boolean)

The valge of R shall be TRUE when the granting port considers that the grant is likely to be renewpd when

the requj
16.1.4.3
The CA

psting port repeats its-request.

CANCEL_UNICAST_TRANSMISSION TLV specification
NCEL UNIGAST TRANSMISSION TLYV format shall be as specified in Table 75.

Table 75—CANCEL_UNICAST_TRANSMISSION TLV format

Bits Octets TLV

716 | 5 ] 4 | 3 1 2 [ 110 offset
tlvType 2 0

lengthField 2 2

messageType | reserved 1 4
reserved 1 5

16.1.4.3.1 tlvType

The value of tlvType shall be CANCEL_UNICAST TRANSMISSION.
16.1.4.3.2 lengthField

The value of the lengthField is 2.
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16.1.4.3.3 messageType (Enumeration4)

The value of messageType shall indicate the type of unicast message transmission to be canceled. The
coding of the enumeration is identical to that used in the messageType field of message headers; see
13.3.2.2.

16.1.4.4 ACKNOWLEDGE_CANCEL_UNICAST_TRANSMISSION TLYV specification
The ACKNOWLEDGE CANCEL UNICAST TRANSMISSION TLV format shall be as specified in
Table 76.

Table 76—ACKNOWLEDGE_CANCEL_UNICAST_TRANSMISSION TLV format

Bits Oetets HA
7 [ 6 | 5] 4 3 ] 2] 110 offset
tlvType 2 0
lengthField 2 2
messageType | reserved 1 4
reserved 1 5
16.1.4.4}1 tlvType

The valye of tlvType shall be ACKNOWLEDGE CANCEL UNICAST TRANSMISSION.
16.1.4.4T2 lengthField

The valye of the lengthField is 2.

16.1.4.4{3 messageType (Enumeration4)

The valpe of messageType shall indicate the type of unicast message cancellation transmissiqn being
acknowledged. The value shall be identical’y to the messageType field |n the
CANCHL UNICAST TRANSMISSION TLV to which this message is the acknowledgment.

16.1.4.5{UNICAST_NEGOTIATION_ENABLE

This mepsage may be used to enable or disable the unicast negotiation mechanism.

A node with the unicast. (megotiation  mechanism  enabled, upon receiving a
UNICABT NEGOTIATION ENABLE TLV with the EN field value FALSE, shall cancel all nqgotiated
grants psing the CANCEL UNICAST TRANSMISSION TLV as defined in 16.1.4.3. [Until a
CANCHL UNICAST TRANSMISSION TLV has been transmitted to all grantees, the node shalll report
that the |negotiation mechanism is enabled in the response to any UNICAST NEGOTIATION_ ENABLE
TLV.

v

The UNICAST NEGOTIATION ENABLE management TLV format shall be as specified in Tablg 77.

Table 77—UNICAST_NEGOTIATION_ENABLE management TLV data field

DITS UCtetls TV
7 6 5 4 3 2 1 0 data
offset
0 o] o] o] o] oo EN 1 0
reserved 1 1

16.1.4.5.1 EN (Boolean)

A value of EN of TRUE shall indicate that the unicast transmission mechanism is operational; otherwise, it
indicates that the mechanism is not operational.
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16.2 Path trace (optional)

16.2.1 General

Subclause 16.2 specifies a mechanism, using a TLV, for tracing the route of a PTP Announce message
through the timing system. It is an optional mechanism that may be implemented in boundary clocks.

Upon receipt, a boundary clock scans the pathSequence member of the TLV, to see whether its own
clocklIdentity is present, which would indicate that a loop is present. The boundary clock appends its
clocklIdentity to the tail of the pathSequence member of the TLV, and it appends the TLV to outgoing
Announce messages.

One of the principal uses of this mechanism is to detect Announce messages endlessly circulating [in loops
ary clocks, so-called rogue frames. If such a loop is detected, the received Announce message
discarded. Such loops are eliminated by spanning tree protocols executing(on.the underlying
see 6.2.

he mechanism of 9.3.2.5 provides a safeguard against rogue frames introduced by failure or transiepts in the

In genefal, a boundary clock may receive Announce messages from multiple sources: the curreijt parent

unce messages from the current parent. Application of‘this mechanism to messages other than

An implementation-specific enable control shall be maintained. If enabled, the path trace mechanigm shall
be opergtional. If disabled, the path trace mechanism shall be inactive except for the processing of the
PATH TRACE ENABLE management TLV.-By, default, the path trace mechanism shall be disabled
unless otherwise specified in a PTP profile.

16.2.3 Path trace list

An implementation-specific list <pathTraceList> of members of type Clockldentity shall be majntained.
The initjalization value shall be the empty list.

16.2.4 Change of state

The <pathTraceList> (see( 16.2.3) shall be initialized to the empty list whenever the clock updates flata sets
based o1 decision code M1 or M2; see 9.3.5.

16.2.5 Receipt of an Announce message

The follpwing additional specifications shall apply to the processing of received Announce messdges; see
9.5.3. Alpett of a boundary clock receiving an Announce message shall:

can any —
defaultDS data set.

b) Ifthe TLV is present and a match is found, the message shall be discarded.

c¢) Ifthe TLV is present and no match is found, the clock shall copy the pathSequence member of the
TLV to the <pathTraceList>; see 16.2.3.

16.2.6 Transmission of an Announce message

The following additional specifications shall apply to the transmission of Announce messages; see 9.5.8.
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A port sending an Announce message shall append a PATH_TRACE TLV to the message. The value of the
data field of the PATH TRACE TLV shall be the <pathTraceList> (see 16.2.3) with the clock’s
clockldentity appended to the tail of the list. If the resulting Announce message size exceeds the maximum
frame size permitted by the network technology, the PATH TRACE TLV shall not be appended.

16.2.7 PATH_TRACE TLV specification
The PATH_TRACE TLV format shall be as specified in Table 78.

Table 78—PATH_TRACE TLV format

Bits Octets TLV
7 1 6 ] 5] 4 [ 327171710 offset
tlvIlype 2 0
lengthField 2 2
pathSequence 8N 4
16.2.7.1|tlvType

The valye of tlvType shall be PATH_TRACE.

16.2.7.2

The valye of the lengthField is 8N.

16.2.7.3

The valge of pathSequence is a list of clock identities.

16.2.8 ]

This ma
ordinary

16.2.8.1

The valge of pathSequence igthe list of clock identities in the <pathTraceList>; see 16.2.3.

16.2.9

This m
PATH

lengthField

pathSequence (ClocklIdentity[N])

PATH_TRACE_LIST management message

nagement message TLV may be used to retrieve the current <pathTraceList> (see 16.2.3)
or boundary clock. The data field shall be as specified in Table 79.

Table 79—PATH_TRACE_LIST management TLV data field

Bits Octets TLV
7 6 5 4 3 2 1 0 data
offset

pathSequence 8N 0

pathSequence (Clockldentity[N])

PATH_TRACE. ENABLE management message

pnagement )message may be used to enable or disable the path trace mechanig
[RACE-ENABLE TLV data field shall be as specified in Table 80.

from an

m. The

16.2.9.1

| " Table 80—PATH_TRACE_ENABLE management TLV data field |

Bits Octets TLV
7 6 5 4 3 2 1 0 data
offset
0 0 0 0 0 0 0 EN 1 0
reserved 1 1
EN (Boolean)

A value of EN of TRUE shall indicate that the path trace mechanism is operational; otherwise, it indicates
that the mechanism is not operational.
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16.3 Alternate timescales (optional)

16.3.1 General

The grandmaster may indicate the offset of an alternate time from its node time by transmitting an
ALTERNATE TIME OFFSET INDICATOR TLV entity.

Multiple alternate timescales may be maintained. Nodes that are designed to support this option when they are the
grandmaster shall maintain resources to support an implementation-specific number of alternate timescales. Each
supported alternate timescale shall be identified by the value of the keyField fields in the TLVs of this option and
shall be described by the field displayName in the ALTERNATE TIME OFFSET INDICATOR TLV. The key
values shall be consecutive beginning with 0 and ending with the value <maxKey>. Each supported alternate

1z

timescal

NOTE—]
the same

A node
alternatg
transmit

An alteq]
time).

The alte
UTC frd

If a disg
portDS.
The tir
timeOfN

If the jy
zero, in
timeOfN

The ¢
ALTER]
ALTER]

16.3.2

Bounda
forward
containg
transmit

1 lad hlad
TTa y - O CrIaoTO O OrSaoTearT

There is no requirement that the key values transmitted by nodes from different manufacturers’corr
alternate timescale.

shall transmit an ALTERNATE TIME OFFSET INDICATOR TLVentity for each
timescale in all Announce messages. If an alternate timescale is disabled, the node s
this ALTERNATE _TIME _OFFSET_INDICATOR TLYV entity.

hate timescale may have discontinuities (for example, at the beginning and end of daylight

rnate time offset indicator shall not be used to indicate the’ offset or pending changes in the
m the PTP timescale.

ontinuity (jump) is about to occur, the node shall-indicate this in a contiguous sequence o
hinnounceReceiptTimeout+1 Announce messagés transmitted immediately before the disco|

[extJump fields specified in Table 81.

mpSeconds field of a received ALTERNATE TIME OFFSET INDICATOR TLV entity
licating a forthcoming discontinuity, and the time of the receiving node is greater than the
[extJump field of the received TLV, the node shall ignore the TLV.

roperties of the alternate timescale mechanism may be managed usil
NATE TIME OFFSET ‘ENABLE, ALTERNATE TIME OFFSET NAME, and
NATE TIME OFFSET“PROPERTIES management TLVs.

Forwarding by boundary clocks

'y clockscthat are not the grandmaster and that implement the alternate timescale opti
the information contained in all ALTERNATE TIME OFFSET INDICATOR TLV
d in {the ‘most recent Announce message received from its master in any Announce messag
K

spond to

enabled
hall not

savings

pffset of

[ at least
ntinuity.

ne and magnitude of this discontinuity) shall be indicated using the jumpSeconds and

is non-
value of

g the
the

pn shall
entities
re that it

NOTE—AII boundary clocks in the system between the slave and its grandmaster should implement the alternate
timescale option.

16.3.3 ALTERNATE_TIME_OFFSET_INDICATOR TLYV specification

16.3.3.1

General

The ALTERNATE TIME OFFSET INDICATOR TLV format shall be as specified in Table 81.
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Table 81 —ALTERNATE_TIME_OFFSET_INDICATOR TLV format

Bits Octets TLV

7 1 6 ] 5] 4 [ 3] 21711710 offset
tlvType 2 0

lengthField 2 2

keyField 1 4

currentOffset 4 5

jumpSeconds 4 9

timeOfNextJump 6 13

displayName L 19

pad M 19.4]

16.3.3.2|tlvType

The valyge of tlvType shall be ALTERNATE TIME OFFSET INDICATOR.

16.3.3.3| keyField (Ulnteger8)

The valge of keyField shall indicate the alternate timescale reported in this TLV eftity.
16.3.3.4| currentOffset (Integer32)

The valgie of currentOffset shall be the offset of the alternate time, in séconds, from the node’s time. The
alternat¢ time is the sum of this value and the node’s time.

16.3.3.5| jumpSeconds (Integer32)

The valyie of jumpSeconds shall be the size of the next discontinuity, in seconds, of the alternate|time. A
value off zero indicates that no discontinuity is expected. A\positive value indicates that the disc@ntinuity
will caupe the currentOffset of the alternate time to increase.

16.3.3.6/ timeOfNextJump (Ulnteger48)

The valyie of timeOfNextJump shall be the value of the seconds portion of the transmitting node’s time at
the time] that the next discontinuity will occur? The discontinuity occurs at the start of the second iphdicated
by the vplue of timeOfNextJump.

16.3.3.7|displayName (PTPText)

The valde of displayName shall be the text name of the alternate timescale.

NOTE—Commonly used acrohyms should be used, e.g., NTP, PT, PST, PDT for Network Time Protoco], Pacific
Time, Pakific Standard Tinte, and Pacific Daylight Savings Time, respectively.

The maximum number of symbols in the displayName.textField field (see 5.3.9) shall be 10.
16.3.3.8| pad{(Octet[M])

The padlfield shall be an octet array of length M where M iseither 1 or O If M is 1, all bits in the adtet shall
be 0; see 15.5.2.2.

16.3.4 ALTERNATE_TIME_OFFSET_ENABLE management message

The ALTERNATE TIME OFFSET ENABLE management TLV allows the indicated alternate timescale
to be enabled or disabled in a clock.

The maintenance of this data is implementation-specific.

The ALTERNATE TIME OFFSET ENABLE management TLV data format shall be as specified in
Table 82.
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Table 82 —ALTERNATE_TIME_OFFSET_ENABLE management TLV data field

Bits Octets TLV
7 6 5 4 3 2 1 0 data
offset

keyField 1 0

0] o] o] o] oTJ] o] o ]EN 1 1

16.3.4.1 keyField (Ulnteger8)
The value of keyField shall indicate the alternate timescale enabled or disabled by this TLV entity.

A value

of FF ¢ shall indicate that all alternate timescales maintained by the grandmaster clock are to be enabled or

disabledIT the valuec iS not associated with a maintained alternate timescale, the comntents
disregarled and a MANAGEMENT ERROR STATUS TLV shall be returned.

16.3.4.2|EN (Boolean)
If EN is|TRUE, the ALTERNATE TIMESCALE OFFSET INDICATOR TLV for the'timescale i

Khall be

hdicated

by the keyField value shall be attached to Announce messages. If EN is FALSE, ‘the TLV shall not be

attached.
16.3.5 ALTERNATE_TIME_OFFSET _NAME TLYV specification (optional)

The ALTERNATE TIME OFFSET NAME management TLV allows-a\clock to be configured
timescale offset description attributes for an alternate timescale.

The maintenance of this data is implementation-specific.
The ALTERNATE TIME OFFSET NAME management* TLV data format shall be as sped
Table 83.

Table 83 —ALTERNATE_TIME_OFFSET_NAME management TLV data field

Bits Octets TLV
7 6 5 4 3 2 1 0 data
offset
keyField 1 0
displayName L 1
pad M 1+L

16.3.5.1| keyField (Ulnteger8)

The valye of keyField shall indicate the alternate timescale updated or queried by this TLV entity.

If the vqlue is FF ¢ or is not associated with any maintained alternate timescale, the TLV shall be
and a NAGEMENT _ERROR_STATUS TLV returned.

with the

ified in

ignored

16.3.5.2 displayName (PTPText)
The value of displayName shall be the textual name of the alternate timescale; see 16.3.3.7.

16.3.5.3 pad (Octet[M])

The pad field shall be an octet array of length M, where M is either 1 or 0. If M is 1, all bits in the octet

shall be 0; see 15.5.2.2.
16.3.6 ALTERNATE_TIME_OFFSET MAX KEY management TLV

The ALTERNATE TIME OFFSET MAX KEY management TLV allows a management node to

determine the number of alternate timescales maintained.
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The maintenance of this data is implementation-specific.

The ALTERNATE TIME OFFSET MAX KEY management TLV data format shall be as specified in

Table 84.

Table 84 —ALTERNATE_TIME_OFFSET_MAX_KEY management TLV data field

Bits Octets TLV
7 16 ] 5] 4 [ 32171710 offset
maxKey 1 0
reserved 1 1

16.3.6.1l maxKey (Ulnteger8)
The valye of maxKey shall indicate the value of the largest key.
16.3.7 ALTERNATE_TIME_OFFSET_PROPERTIES management TLV (optional)

The AUTERNATE TIME OFFSET PROPERTIES management TLV allows a)clock to be co
with the|timescale offset attributes for an alternate timescale.

If this TLV is received with and action value of SET, the update of ‘cumrentOffset, jumpSeco
timeOfNextJump shall be atomic. If any of these values fail to update a MANAGEMENT ERROR §
TLV sh4ll be returned.

The maintenance of this data is implementation-specific.

The ALTERNATE TIME OFFSET PROPERTIES management TLV data format shall be as spe

Table 85—ALTERNATE_TIME_OFFSET (PROPERTIES management TLV data field

Bits Octets TLV

7 1 6 | 5] al] 3] 27171710 offset

keyField 1 0

cirrentOffset 4 1

jumpSeconds 4 5

timeOfNextJump 6 9

reserved 1 15

16.3.7.1| keyField (Ulnteger8)

The valge of keyField shall indicate the alternate timescale updated or queried by this TLV entity.

If the vglue is FF ¢ or is not associated with any maintained alternate timescale, the TLV shall be
and a NAGEMENT ERROR _STATUS TLV returned.

hfigured

nds, and
ETATUS

cified in

ignored

16.3.7.2 currentOffset (Integer32)
The value of currentOffset shall be the offset of the alternate time; see 16.3.3.4.
16.3.7.3 jumpSeconds (Integer32)

The value of jumpSeconds shall be the size of the next discontinuity; see 16.3.3.5.

16.3.7.4 timeOfNextJump (Ulnteger48)

The value of timeOfNextJump shall be the time that the next discontinuity will occur; see 16.3.3.6.
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17. State configuration options

17.1 General

This clause specifies additional optional features that may be used in conjunction with a best master clock
algorithm to enhance performance or to exert more control over the selection of port state.

Many applications require one or more of the following capabilities:

This stapdard provides several features designed to meet these requirements.

The opgration of the best master clock algorithm and state machine in ordindry and boundar
(Clause|9) ensures that a master—slave hierarchy is established with the best.clock present in thg
being the grandmaster. This provides automatic recovery from both métwork failure and f3
individdal clocks. The rate of recovery is dependent on the announcelnterval and the topolog
network

Peer-to-peer transparent clocks (Clause 10) provide for .rapid recovery in the event of
reconfiguration. Since the peer delay mechanism (see 11.4)\measures the path delays on all link
event of{a reconfiguration, the needed path delay correction information is immediately available.

NOTE—These options should be used with care. For example, if some clocks connected to a communicatior
configur¢d to use the Acceptable Master Table and-some are not, it is possible that more than one port will
itself to Be the best master. If clocks connected td @ communication path are configured with incompatible A
Master Tlbles, it is possible that more than one port will consider itself to be the best master. Similar miscon
inconsistpncies can occur with the configurafion mechanism of any of these options.

17.2 Data types for options

17.2.1 General

The data type specifications of 17.2 shall be used for any implemented option of Clause 17 that re
one of the following;:

— Automatic recovery from a break in the communication network

- Automatic recovery from the failure of a clock

— Explicit control over the selection of port state

- PortAddressQueryTable

clocks
system
ilure of
y of the

network
s in the

path are
consider
Cceptable
iguration

ferences

—\AcceptableMaster

— AcceptableMasterTable

— All specifications of Clause 5 apply to the data types defined in 17.2.

17.2.2 PortAddressQueryTable

The PortAddressQueryTable type represents a list of port addresses along with the query interval.

struct PortAddressQueryTable

{

Ulnteger16 maxTableSize;
Integer8 logQuerylInterval;
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Ulnteger16 actualTableSize;
PortAddress[actualTableSize] portAddress;

The value of maxTableSize is implementation-specific and shall be the maximum permitted value of
actualTableSize.

17.2.3 AcceptableMaster

struct AcceptableMaster

{

PortAddress acceptableAddress;
Ulnteger8 alternatePriority1;

|5
17.2.4 |
struct A

{

1

The val
actual T4

17.3 Grandmaster clusters (optional)

17.3.1 ¢

The grai
When t}
of a gr
grandmj
used to
negotiat

Two to

each cl
defaultl]
other cl

NOTE—]
mechanis

\cceptableMasterTable
CceptableMasterTable

Ulnteger16 maxTableSize;
Ulnteger16 actualTableSize;
AcceptableMaster[actualTableSize] acceptableMaster;

pe of maxTableSize is implementation-specific and shall\be the maximum permitted yalue of
bleSize.

eneral specification

ndmaster cluster option requires unicast transmissions between members of the grandmastef cluster.
e normal operation of the best mastéryclock algorithm is used, the time to recover from the failure
hndmaster clock depends on the announcelnterval. If the required time to change fijom one
ster to another is incompatible\with the multicast announcelnterval, the mechanism of 17.3 may be
decrease the time required to select a new grandmaster. If this option is implemented, thg unicast
on option (see 16.1) shall also be implemented.

five ordinary or beundary clocks may be designated as a grandmaster cluster. For correct operation,
bck in the cluster’ should be configured with values of defaultDS.priorityl such fhat the
S.priority 1 wvalties of all members of the cluster are less than the defaultDS.priorityl values of all
cks in the domain.

Although designed for use in improving the changeover of grandmaster clocks, in some topologies, this

hierarchy

m,fdy be useful for designating clusters of master clocks below the grandmaster in the mas]ter—slave

T confIguring of Taster CIusters for Suci use 15 outsde of the scope of tiis Stardard:

17.3.2 Operation of the grandmaster cluster

Each clock in the cluster shall:

a) Maintain a configured table of potential grandmasters, the <grandmasterClusterTable>, with data

type PortAddressQueryTable; see 17.2.2. The portAddress members of the table shall each hold the
protocol address of one port of a member of the grandmaster cluster to enable unicast transmission
between members.

b) Use the unicast message negotiation option (see 16.1) to periodically request unicast Announce

messages from all the ports listed in the portAddress members of the <grandmasterClusterTable>.
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c) Ifthe port is transmitting a unicast Announce message under the terms of this subclause and
MASTER state, set the flagField.alternateMasterFlag to FALSE; otherwise
flagField.alternateMasterFlag to TRUE.

d) Insert the value of the logQuerylnterval member of the <grandmasterClusterTable>
logInterMessagelnterval field of the REQUEST UNICAST TRANSMISSION TLV.

e) Request a renewal prior to the expiration of each negotiated unicast transmission.

f)  Use the received unicast Announce messages from the cluster members, irrespective of the

is in the
set the

into the

value of

alternateMasterFlag, to exercise the best master clock algorithm to determine the portState of each of

its ports.

If the <grandmasterClusterTable> is empty (actualTableSize is 0), this option shall be inactiyd. ey
the progessing of the GRANDMASTER CLUSTER TABLE management TLV. The default
actualTgbleSize shall be 0 unless otherwise specified in a PTP profile.

The majntenance of this information is implementation-specific and is not part of the"hode’s dat
Clause §.

17.3.3 GRANDMASTER_CLUSTER_TABLE management TLV datafield specification

17.3.3.1| General specifications

The recgipt of a GRANDMASTER CLUSTER TABLE TLV with tableSize 0 shall cause the 1
clock to|clear all members from the array of port addresses in the ‘<grandmasterClusterTable>.

If the tpbleSize member of the GRANDMASTER CLUSTER TABLE TLV is nonzero and
address |of the receiving node is contained in the list ‘of grandmasterClusterMembers of the T
management message shall be rejected and the <grandmasterClusterTable> shall not be updated.
case, th¢ managementErrorld shall be WRONG : VALUE.

If the PortAddress array in the grandmasterClusterMember of the TLV cannot be fully sto
<grandmasterClusterTable> shall not bealtered and the management message shall be rejected.
case, the managementErrorld shall>"be WRONG LENGTH if due to length mismat
GENERAL ERROR for other failures.

Otherwise, upon  recéipt* of a  management message  with  management
GRANIDMASTER CLUSTER TABLE and action field value of SET, the clock shall replace thd
portAddress members. Of* the <grandmasterClusterTable> with the grandmasterClusterMember
managefent message:” The member identifying the recipient clock shall not be entered

<grandmasterClusterTable>. If any member fails to update, a MANAGEMENT ERROR_STATI
shall be [returned with the managementErrorld GENERAL ERROR.

cept for
alue of

h sets of

bceiving

no port
LV, the
For this

red, the
For this
h, and

d of
current
of the
nto the
JS TLV

17.3.4 GRANDMASTER_CLUSTER_TABLE management TLV

The management TLV data field shall be as specified in Table 86.

Table 86 —GRANDMASTER_CLUSTER_TABLE management TLV data field

Bits Octets TLV
7 6 5 4 3 2 1 0 data
offset
logQueryInterval 1 0
tableSize 1 1
grandmasterClusterMembers L 2
pad M 2+L
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17.3.4.1 logQuerylInterval (Integer8)

The value of logQuerylnterval shall be the logarithm to the base 2 of the mean interval in seconds between
unicast Announce messages from cluster members.

17.3.4.2 tableSize (UInteger8)

The value of tableSize shall be the number of entries in the grandmasterClusterMembers array. The
maximum number of entries shall be 5.

17.3.4.3 grandmasterClusterMembers (PortAddress[tableSize])

The PortAddress elements of the masterClusterMembers array shall carry the respective protocol addresses
of the members of the <grandmasterClusterTable> of 17.3.2.

17.3.4.4|pad (Octet|M])

The pad| field shall be an octet array of length M, where M is either 1 or 0. If M is 1, @ll bits in the octet
shall be|0; see 15.5.2.2.

17.4 Alternate master (optional)

17.4.1 General

This option allows alternate masters that are not currently the-bé€st master to exchange PTR timing
informafion with slave ports, and for a slave port to acquire“knowledge of the characteristic of the
transmigsion path between itself and each alternate master>\This will allow a slave switchovgr to an
alternat¢ master with a small phase excursion when the bestmaster fails.

17.4.2 Transmission of messages by alternate masters

A port |shall transmit multicast Announce messdages subject to the restrictions in Table 87. A port
transmitting Announce messages under the terms of 17.4 shall set the alternateMasterFlag (see 13.B.2.6) to
TRUE. These messages shall be transmitted. apithe interval defined by logAnnouncelnterval; see 8.21.5.4.1.

A port |shall transmit multicast Synccand, if a two-step clock, Follow Up messages subject to the
restrictipns in Table 87. A port tranSmitting Sync or Follow Up message under the terms of 17.4 ghall set
alternatgMasterFlag to TRUE. -These messages shall be transmitted at the interval deflned by
<logAltgrnateMulticastSynclnterval> in Table 87.

NOTE—A slave node thatdoes not want to use information from alternate masters merely ignores all messages with
alternateMasterFlag TRUE:

A port shall majntain the configurable attributes specified in Table 87. The maintenance of this infgrmation
is implementation-specific and is not part of the node’s data sets of Clause 8.
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Table 87 —Alternate master attributes

Name Type Description
<numberOfAlternateMasters> Ulnteger8 | A port, port-A not in the MASTER state, shall transmit multicast
Announce messages when the number of other ports that:
e Are currently transmitting qualified (see 9.3.2.5)
Announce messages with flagField.alternateMasterFlag
TRUE that are being received by port-A
e  Would be chosen using the best master algorithm as
best master in preference to port-A
is less than <numberOfAlternateMasters>. The default value for
<numberOfAlternateMasters> shall be 0.
<transmitAlternateMulticastSync> Boolean If TRUE and the port is currently transmitting multicast
Announce messages with alternateMasterFlag TRUE,[the port
shall also transmit multicast Sync and, if a twosst¢gp clock,
Follow Up messages.
<logAltefnateMulticastSyncInterval> | Integer8 The logarithm to the base2 of the mean, period in| seconds
between Sync messages transmitted under the-terms of 1§.4.
NOTE—{The default value of <numberOfAlternateMasters> causes multicast Announce messages to be transmitted
only whdn the port is in the MASTER state.
17.4.3 ALTERNATE_MASTER management TLV data field
The altprnate master attributes in Table 87 may be updated jmsing a management message with
managementld ALTERNATE MASTER.
If the ALTERNATE MASTER management TLV is receivedhwith an action value of SET, the upjdates of
<logAlt¢rnateMulticastSyncInterval> and <numberOfAlternateMasters> shall be atomic. If eithef update

fails to ypdate, a MANAGEMENT ERROR STATUS TEWV shall be returned.

The AL

17.4.3.1
The vali
17.4.3.1

[ERNATE MASTER management TLV data format shall be as specified in Table 88.

Table 88—ALTERNATE _MASTER management TLV data field

Bits Octets TLV

7 6 5 4 3 2 1 0 data
offset

0 0 [«0c] o] o] oo S 1 0
logAlternateMulticastSyncInterval 1 1
numberOfAlternateMasters 1 2

reserved 1 3

1 S (Boolean)
e of(S shall be the value of <transmitAlternateMulticastSync>.

2\ogAlternateMulticastSyncInterval (IntegerS8)

The value of logAlternateMulticastSyncInterval shall be the value of <logAlternateMulticastSyncInterval>.
17.4.3.1.3 numberOfAlternateMasters (Ulnteger8)

The value of numberOfAlternateMasters shall be the value of <numberOfAlternateMasters>.

17.5U

nicast discovery (optional)

17.5.1 General

The unicast discovery option allows PTP to be used over a network that does not provide multicast (for
example, many IP networks). A slave port is configured with the addresses of potential masters. The slave
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may request that these masters transmit unicast Announce, Sync, and Delay Resp messages to it. If this
option is implemented, the unicast negotiation option (see 16.1) shall also be implemented.

17.5.2 Operation of unicast discovery

An ordinary or boundary clock shall maintain a configured table of masters, the <unicastMasterTable>.
This table shall have the data type PortAddressQueryTable; see 17.2.2. The portAddress members of the
table each hold the protocol address of a remote port with which this node shall attempt to establish
communication.

The node shall use the unicast message negotiation option (see 16.1) to periodically request unicast
Announce messages from all the ports listed in the <unicastMasterTable>. If a request is not granted by a
port, the request shall be repeated after the delay indicated by the logQueryInterval member of the table.

A port [shall maintain the configurable attributes specified by data type PortAddressQueryTable. The
maintenpnce of these attributes is implementation-specific.

If the <pnicastMasterTable> is empty (<unicastMasterTable>.actualTableSize is 0), this option sHall have
no effect except for the processing of the UNICAST MASTFER TABLE and
UNICABT MASTER MAX TABLE_ SIZE management TLVs.

The default value of <unicastMasterTable>.actualTableSize is 0 unless otherwise specified i a PTP
profile.

The valpe of <unicastMasterTable>.logQuerylInterval shall be the logatithm to the base 2 of the mean
interval in seconds between requests from a node for a unicast Annodnce message.

The <upicastMasterTable>.portAddress members shall carry<the” respective protocol address [of each
member| of the <unicast Master Table>.

17.5.3 UNICAST_MASTER_TABLE management TLYV data field

The UNICAST MASTER TABLE management TLY data field shall be as specified in Table 89.
If this TLV is received with and action value* of SET, the update of logQuerylnterval, tableSjize, and

unicastNlasterTable shall be atomiei” If any of these wvalues fail to upglate a
MANAGEMENT ERROR STATUS TIV-shall be returned.

A receipt of a UNICAST MASTER TABLE TLV with the value of tableSize field 0O shall chuse the
receiving port to clear all <unicastMasterTable>.portAddress members from the <unicastMasterTaljle>.

Table 89—UNICAST_MASTER_TABLE management TLV data field

Bits Octets TLV
7 6 5 4 3 2 1 0 data
offset
logQuerylInterval 1 0
tableSize 2 1
unicastMasterTable L 3
pad M 3+L

17.5.3.1 logQuerylInterval (Integer8)
The value of logQuerylnterval shall be the value of <unicastMasterTable>.logQueryInterval.
17.5.3.2 tableSize (Ulnteger16)

The value of tableSize shall be the value of <unicastMasterTable>.actualTableSize and shall be no greater
than the value of <unicastMasterTable>.maxTableSize.
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17.5.3.3 unicastMasterTable (PortAddress[tableSize])

The PortAddress members of the unicastMasterTable array shall carry the respective protocol address of
each member of the <unicastMasterTable> of 17.5.2.

17.5.3.4 pad (Octet[M])

The pad field shall be an octet array of length M, where M is either 1 or 0. If M is 1, all bits in the octet
shall be 0; see 15.5.2.2.

17.5.4 UNICAST_MASTER_MAX_TABLE_SIZE management TLV data field

The UNICAST MASTER MAX TABLE SIZE management TLV data field shall be as specified in
Table 90.

TaLIe 90—UNICAST_MASTER_MAX_TABLE_SIZE management TLV data field

Bits Octets TIV-
7 6 5 4 3 2 1 0 data
offset

maxTableSize 2 0

17.5.4.1 maxTableSize (Ulnteger16)

The value of maxTableSize shall be the value of the <unicastMasterTable>.maxTableSizel of the
<unicas{MasterTable>.

17.6 Acceptable master table (optional)

17.6.1 General
The Acgeptable master table option allows slave potts to be configured to refuse to synchronize tp clocks

not on tle acceptable master list.

NOTE—{This may be used to rule out synchronization to suspected rogue or spurious masters.

17.6.2 Pperation of the acceptable-master table

An ordihary or boundary clock shall maintain a configured table, the <acceptableMasterTable>| of type
AcceptableMasterTable, and-aper port configurable Boolean value <acceptableMasterTableEnablefl>.

The default value of <acceptableMasterTableEnabled> shall be FALSE unless otherwise specified in a PTP
profile.

The defhult valug of <acceptableMasterTable>.actualTableSize is 0 unless otherwise specified ih a PTP
profile.

The <adceptableMasterTable>.acceptableMaster members shall carry the respective protocol addfess and
alternatéPriorityv 1 values of each member of the slr‘rppfthPT\/fnctPrTnh]P

The maintenance of this information is implementation-specific and is not part of the node’s data sets of
Clause 8.

The operation of the acceptable master table option on each port shall be as specified in Table 91.
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Table 91—Operation of acceptable master table option

<acceptableMasterTableEnabled> | Operational specification

FALSE The <acceptableMasterTable> is not used on this port. The normal operation of the
protocol is in effect. The port shall process
ACCEPTABLE _MASTER TABLE ENABLED management TLVs.

TRUE The port indicated by the value of E,.y determined by the best master clock
algorithm (see 9.3) shall be a member of the Acceptable Master Table.

If qualified Announce messages (see 9.3.2.5) are being received from more than
one member of the <acceptableMasterTable>, the data set comparison
algorithm of 9.3.4 shall be used to select Epey to determine the port s¢lected as
the master from the members of this table.

If the alternatePriority]l member of the AcceptableMaster member of|the table
for a port is 0, the alternatePriorityl member shall haye no effeqt on the
computation of E.y. If the value of the alternatePriority)l member {s greater
than 0, the value of priorityl in the Announce message from the rej‘note port
shall be replaced by the value of the alternatePriotity]l member of thig| table for
the purposes of computing E peg.

17.6.3 ACCEPTABLE_MASTER_TABLE management TLV data field
The ACCEPTABLE MASTER_TABLE management TLV data field(shall be as specified in Tablg 92.
If this TILV is received with and action value of SET, the update of tableSize, and acceptableMasterTable

shall be|atomic. If either of these values fail to update, a MANAGEMENT ERROR STATUS TLV shall
be returped.

Table 92—ACCEPTABLE_MASTER.TABLE management TLV data field

Bits Octets TLV
7 6 5 4 3 2 1 0 data
offset
tableSize 2 0
acceptableMasterTable L 2
pad M 2+L

17.6.3.1| tableSize (Integer16)

The valpe of tableSize\shall be the value of <acceptableMasterTable>.actualTableSize and shajl be no
greater than the valdig’ef <acceptableMasterTable>.maxTableSize.

17.6.3.2| acceptabléeMasterTable (acceptableMaster[tableSize])

The acdeptableMaster members of the acceptableMasterTable array shall carry the respective protocol
address and alternatePriority1 values of each member of the <acceptableMasterTable> of 17.6.2

17.6.3.3 pad (Octet[M])

The pad field shall be an octet array of length M, where M is either 1 or 0. If M is 1, all bits in the octet
shall be 0; see 15.5.2.2.

17.6.4 ACCEPTABLE_MASTER_MAX_TABLE_SIZE management TLV data field

The ACCEPTABLE MASTER MAX TABLE SIZE management TLV data field shall be as specified in
Table 93.
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Table 93—ACCEPTABLE_MASTER_MAX_TABLE_SIZE management TLV data field

Bits Octets TLV
7 6 5 4 3 2 1 0 data
offset

maxTableSize 2 0

17.6.4.1 maxTableSize (Ulnteger16)

The value of maxTableSize shall be the value of <acceptableMasterTable>.maxTableSize of the

<acceptableMasterTable>.
17.6.5 - — —
The management TLV data field shall be as specified in Table 94.

Tabl¢ 94—ACCEPTABLE_MASTER_TABLE_ENABLED management TLV-data field

Bits Octets TLV
7 6 5 4 3 2 1 0 data
offset
0 0 0 0 0] o] o EN [ 0
reserved 1 1

17.6.5.11 EN (Boolean)

The valye of EN shall be the value of <acceptableMasterTableEnabled>.

18. Compatibility requirements

18.1 Cpompatibility between version 2:and future versions

A node|that receives PTP messages with a versionNumber greater than 2 (see 7.5.5) shall dis

messagq.

18.2 Compatibility between-version 1 and version 2

A node |s not required to Support translation between version 1 and version 2. If translation is supy

shall befimplemented pér 18.3 and 18.4.

PTP nogles implemented under version 1 of this standard should communicate with nodes impl
under vgrsion 2:of this standard via a boundary clock designed for this purpose. Such a boundary cl

a) .“€ommunicates with the version 1 nodes via a port that implements the messaging and

card the

orted, it

emented
bek:

protocol

s £ 2 1
TOUITCTIICTITS OT VO STOIT T

b) Communicates with the version 2 node via a port that implements the messaging and protocol

requirements of version 2

¢) Internally resolves differences in the operation of the two protocol versions, including translating
message formats and resolving differences in the values of attributes as specified in the following

subclauses (18.3, 18.4, and 18.5).

Transparent clock translation devices are outside the scope of this standard.
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Translation devices shall send version 1 messages only on PTP ports for which the value of
portDS.versionNumber is set to 1. Version 1 messages received on a port for which the
portDS.versionNumber attribute is set to 2 shall be ignored.

NOTE 1— Automatic detection of the version used within a communication path is outside the scope of this standard.

NOTE 2— Multicast management message forwarding between version 1 and version 2 ports is outside the scope of
this standard.

Specific requirements and restrictions on translating between version 1 and version 2 boundary or ordinary
clock nodes are covered in the following subclauses (18.3, 18.4, and 18.5).

18.3 Message formatsanddatatypes

18.3.1 Domains
The translating device shall:

a) Map the version 1 subdomain value DFLT to version 2 domainNumber yalue 0 and vice vefsa
b) Map the version 1 subdomain value ALT]1 to version 2 domainNurber value 1 and vice vefsa
c) Map the version 1 subdomain value ALT?2 to version 2 domainNumber value 2 and vice vefsa

d) Map the version 1 subdomain value ALT3 to version 2dothainNumber value 3 and vice vefsa
The mappings of domains other than those specified above is outside the scope of this standard.
18.3.2 Version 1 Stratum and version 2 clockClass

The tragslating device shall map version 1 stratum.yalues to version 2 clockClass values as spefified in

Table 95%.

Table 95—Version-1 stratum to version 2 class

Version 1 stratum Version 2 clockClass
0 6

1 9

2 10

3 248

4 251

255 255

Except @s provided in Table 98, the translating device shall map version 2 clockClass value to version 1
stratum values.as specified in Table 96.

Table 96—Version 2 clockClass to version 1 stratum

Version 2 clockClass | Version 1 stratum
6 0

7 0

9 1

10 2

13-248 3

251 4

255 255

[ Published by IEC under licence from IEEE. © 2008 IEEE. Al rights reserved. |



https://iecnorm.com/api/?name=f7817058dc18850a1a916c536e1383de

-179 -

18.3.3 Version 1 preferred and version 2 priorityl

The translating device shall map the version 1 grandmasterIsPreferred field into the version 2 priority1 field
as shown in Table 97.

Table 97—Version 1 to version 2 translation of grandmasterisPreferred field

grandmasterIsPreferred | priorityl

0

128

1

127

The translating device shall map the version 2 priority1 field into the version 1 grandmasterlsPreferred, and

grandqufpr(“]nr\l{Qtratnm fields as shown in Table 98

Table 98—Version 2 to version 1 translation of the priority1 field

V2 V1
priority] grandmasterIsPreferred grandmasterClockStratum
0-126 1 0
127 1 Per Table 96
128 0 Per Table 96
>128 0 255
18.3.4 version 1 clock identifier and version 2 clockAccuracy and timeSource
The mapping of version 1 clockldentifer and version 2 clockAccuracy and timeSource does not preserve
the semantics of these attributes.
The tragslating device shall map version 1 clock identifier to version 2 clockAccuracy values as dpecified
in Tablg 99. The values of the version 2 timeSource attribute shall be set as shown in Table 99.
Table 99—Version 1 clockqdentifier to version 2 clockAccuracy

Versjon 1 clock identifier Version 2 clockAccuracy Version 2 timeSource

ATOM 224 ATOMIC CLOCK

GPS 22,6 GPS

NTP 2F 6 NTP

HAND 30,6 HAND SET

INIT FDq OTHER

DFLT FE INTERNAL OSCILLATOR
The trarslating device shall map version 2 clockAccuracy to version 1 clock identifier values as dpecified
in Tablg 100Version 2 timeSource values shall be disregarded when translating to version 1.

4able 100 Version 2 clockA ion 1 clock identifi

Version 2 clockAccuracy | Version 1 clock identifier
20226 ATOM

23-2F¢ NTP

3046 HAND

31-FDy¢ INIT

FE ¢ DFLT

18.3.5 Version 1 grandmasterIsBoundaryClock fields and version 2 priority2 fields

The translating device shall map the version 1 grandmasterIsBoundaryClock field into the version 2
priority?2 fields as shown in Table 101.
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Table 101 —Version 1 to version 2 translation of grandmasterisBoundaryClock field

grandmasterIsBoundaryClock | priority2
FALSE 128
TRUE 127

The translating device shall map the wversion 2 priority2 field into the version 1
grandmasterIsBoundaryClock field as shown in Table 102.

Table 102 —Version 2 to version 1 translation of the priority2 field

V2 priority2 V1 grandmasterIsBoundaryClock
0-127 TRUE

128-255 FALSE

18.3.6 Version 1 control and version 2 messageType fields

The tragslating device mapping between the version 1 control field and the version 2 messageType field
shall befas shown in Table 103.

Table 103—Version 1 control field and version 2 messageType-field mappings

Message Message Version 2 messageType Version 1 control Version 1
class value value messageType

Sync Event 046 0046 0146

Delay Rpq Event 16 0146 0146

Pdelay Heq Event 216 N/A N/A

Pdelay Resp Event 316 N/A N/A

Reserved 4-716 N/A N/A

Follow Up General 816 0246 026

Delay Rpsp General 916 0346 026

Pdelay Resp Follow Up | General Alg N/A N/A
Announde General Bis N/A N/A

Signaling General Cis N/A N/A
Managerpent General D¢ 0446 0246

Reserved E-Fi¢ N/A N/A

Reserved N/A 05-FF All other valpes

18.3.7 Version 2 sourcePortldentity and version 1 sourceCommunicationTechnology, sourceluid,
and sourcePortld

Version| 1 sourceCommunicationTechnology, which had a value 1 for all conformant devices, nfaps into
version P Comniunication Technology “version 1 devices” in Table 4 and vice versa.

NOTE—Although version 1 Table 2 enumerated many values of sourceCommunicationTechnology, the only|transport

mapplng defined—inversion 1 was to FEthernet (version | Annex— D) which cggespgnds to the

sourceCommunicationTechnology value 1.

Version 1 sourceUuid maps into Octets 2—7 of the clockldentity member of the sourcePortldentity field,
per 7.5.2.2.3.

Version 2 clockldentity member of the sourcePortldentity:

— If from 7.5.2.2.3: Octets 2—7 map into the clockUuid, and Communication Protocol maps into
the version 1 defined communicationld for the same protocol.
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— If from 7.5.2.2.2: the version 1 communicationld shall be 0. The six least significant octets of
the EUI-64 version 2 clocklIdentity shall be mapped into the 6 octets of the version 1 clockUuid
field.

Version 1 sourcePortld maps into version 2 portNumber member of the sourcePortldentity field and vice
versa.

18.3.8 Version 2 grandmasterIdentity and version 1 grandmasterCommunicationTechnology,
grandmasterClockUUID, and grandmasterPortId

The mapping rules are identical to the mapping rules of 18.3.7.

18.3.9 Version 2 parentPortIdentity and version 1 parentCommunicationTechnology,
parentClockUuid, and parentPortld

The mapping rules are identical to the mapping rules of 18.3.7.
18.3.10 FlagField of common headers

The trangslation of common header flags from version 1 to version 2 shall be as specified.in’ Table 104.

Table 104 —Translation of flagField from version 1 to version 2

Vdrsion 2 flagField bit | Set to value of version 1 attribute

cufrentUtcOffsetValid | TRUE if stratum = 1 or 2 and identifier is not INIT or DFLT. Otherwise FALSE
legp61 PTP LI 61

legp59 PTP LI 59

altprnateMasterFlag FALSE

twpStepFlag PTP ASSIST

tinpjeTraceable TRUE if stratum = 1 or 2 and idéntifier is not INIT or DFLT. Otherwise FALSE
frequencyTraceable TRUE if stratum = 1 or 2 and identifier is not INIT or DFLT. Otherwise FALSE
ptpTimescale TRUE if identifier is not INIT. or DFLT. Otherwise FALSE

unjcastFlag FALSE

Al| other flagField Set to FALSE

The translation of common header flags version 2 to version 1 shall be as specified in Table 105.

Table 105 —Translation of flagField from version 2 to version 1

Veision 1 flags Set to value of version 2 flagField bit
Disfegard the information currentUtcOffsetValid

PTR LI 61 leap61

PTR} LI 59 leap59

If ALTERNATE_MASTER is TRUE, the version | alternateMasterFlag
2 miessage shall not be transmitted into the version
1 rggion.

PTR_ASSIST twoStepFlag
If yYnicastFlag is TRUE, the version 2 message | unicastFlag
shall 10T be transmitted into the version I Tegion.

PTP_SYNC BURST FALSE
PARENT STATS FALSE
PTP_EXT SYNC FALSE
PTP_BOUNDARY_ CLOCK FALSE
Disregard the information All other flags

18.3.11 Version 2 logMessagelnterval and version 1 syncInterval of Sync messages

The logMessagelnterval of version 2 Announce, Delay Req, and Delay Resp messages are ignored in
translating into version 1.
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The logMessagelnterval of a version 2 Sync or Follow Up message is translated into the syncInterval of
version 1 Sync messages.

The synclnterval of a version 1 Sync message is translated into the logMessagelnterval for version 2
Announce, Sync, and Follow_Up messages.

The synclnterval of a version 1 Sync message incremented by +5 is translated into the logMessagelnterval
for version 2 Delay Req and Delay Resp messages.

NOTE—It is necessary to increment the version 1 synclnterval by +5 to obtain the logMessagelnterval for version 2
Delay Req and Delay Resp messages to meet the requirements of 7.7.2.4.

18.3.12 Version 2 fields of type ClockQuality and version 1 stratum, identifier, and variance fields

Version|2 field grandmasterClockQuality is mapped between the version 1 counterparts as follows:

— Version 2 clockClass member to grandmasterClockStratum mapping is per 18.3¢2:

— Version 2 clockAccuracy member to grandmasterClockIdentifier mapping is'per 18.3.4.

— Version 2 offsetScaledLogVariance member maps directly to the grandmasterClockYariance
after correcting for the offset of 8000,4; see 7.6.3.3.

18.3.13 Version 2 fields of type Timestamp and version 1 epochNumber and fields of type
TimeRdpresentation
Version|2 nanosecondsField member Ulnteger32 maps to version)l \nanoseconds member Integer32.

Version|1 nanoseconds member if positive maps to versiémn2 nanosecondsField member. If neggtive, an
error shpuld be generated since negative timestamps are n@t permitted in version 2.

The leagt significant 32 bits of the version 2 secondsField field Ulnteger48 map directly to the version 1
seconds|field and vice versa.

The moft significant 16 bits of the version2 secondsField field Ulnteger48 map directly to the version 1
epochNfimber and vice versa.

18.3.14 Version 2 fields that have\no version 1 counterpart

For eacl) version 2 field shown:in*Table 106, the translating device shall take the actions specified.

Table 106—Version 2 fields with no version 1 counterpart

Version 2 field [~Message Version 2 to version 1 Version 1 to version 2
transportSpecificy|“Common Disregard information Set per applicable Annex D|through
header Annex |
messagdliength | Common Disregard information Set per 13.3.2.4
header
correctionField | Common Outside of the scope of this | Setto 0
header standard

18.3.15 Version 1 fields that have no version 2 counterpart

For each version 1 field shown in Table 107, the translating device shall take the actions specified in
translating to version 2.
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Table 107 —Version 1 fields with no version 2 counterpart

Version 1 field Message Action

versionNetwork Common header Disregard information

messageType

utcReasonable Sync and | Disregard information

localClockVariance Delay Req

localClockStratum

localClockldentifier

associatedSequenceld Follow Up Maps to sequenceld of common header in version 2
requestingSourceSequenceld | Delay Resp Maps to sequenceld of common header in version 2
managementMessageKey Management Map between version 1 and version 2 format and semantics for
parametegrlength cach management message

messagelParameters

18.4 N

Table 1
cases in

pming changes

D8 shows the correspondence between version 1 and version 2 names for‘the same qua
which the semantics remain unchanged.

NOTE—Quantities for which semantics have changed are covered in previous clauses,

18.5R

Table 108 —Name correspondence

Version 1 name Version 2 name
estimatedMasterVariance | portDS.observedParentOffsetScaledLogVariance
estimatedMasterDrift portDS.observedParentClockPhaseChangeRate

pstrictions on mixed version 1 and version 2 systems

The tragslations specifications of Clause 18 permit mixed version 1 and 2 systems with the req

specifiedl in this subclause.
Mixed version 1 and version 2 systems-should be configured as shown in Figure 36 subjed
restrictipns in any one of the rows-ofiTable 109. Version 1 stratum 3 clocks shall not be use

implemgntation of mixed version | and version 2 systems.

Other system configurations,afidilimitations may be possible but are outside of the scope.

ntity for

trictions

t to the
1 in the

Figure 36—Permitted mixed system configuration
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Shown in Figure 36 is a region A implementing one version of PTP connected to one or more regions
implementing a second version of PTP.

Table 109 —Mixed system restrictions

Region A characteristics Region B characteristics Restrictions

Version 2 clocks Version 1 clocks No clockClass 6 or 7 or stratum 1 or 2 clocks
in the system.

Version 2 clocks Version 1 clocks Region A contains at least one clockClass 6
or 7 clock with priority1 <128.

Version 2 clocks Version 1 clocks Any stratum 1 or 2 clocks are contained in a
single B region.

ersion 1 clocks Version2 clocks Region Bclocks-allhave priority =128

Yersion 1 clocks Version 2 clocks Region B clocks all have priority1>127 and there
is a region A clock with preferred. = TRUE.

Yersion 1 clocks Version 2 clocks Any clockClass 6 or 7 clocks@nd-any clocks with
priority 1<128 are containedin-a single B region.

19. Conformance

19.1 Conformance objective

The philosophy underlying the conformance requirements of this clatise is to:

- Raise the level of interoperability of systems built to¢hisvstandard

- Encourage the manufacture of PTP components‘with the broadest possible range of appljcability

- Provide opportunity for continued technical improvement and differentiation
19.2 P[IP conformance requirements

19.2.1 General conformance specification

Conformance requirements are specified in terms of nodes.

Nodes shall conform to all clayses of this standard with the exception of:

-~ Clauses specifically marked “optional”.

- For applications that distribute only frequency and do not require the measurement of jthe path
delays, an alternate PTP profile may specify that the path delay mechanisms of 11.3 gnd 11.4
shallnot be implemented or activated.

For eacl' epfion implemented, the node shall conform to the clause specifying the option.

19.2.2 Transport conformance specification

A node that uses a transport protocol for which the mapping is defined in an annex of this standard shall
conform to that annex.

The transport of PTP packets using a transport protocol for which there is no mapping defined in this
standard shall be defined by a mapping defined and published by the standards organization, or its
designee, with jurisdiction over the transport. The publication specifying this mapping shall be referenced
by a PTP profile.

NOTE— The organization defining a transport mapping has to secure an enumeration value for the transport; see 7.4.1.
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19.2.3 PTP profile conformance specification

A node claiming compliance shall specify at least one PTP profile to which it complies. One of the two
default PTP profiles shall be used in the absence of a suitable alternate PTP profile. The default PTP
profiles are specified in Annex J.

If a particular attribute or option is not specified in the selected PTP profile, then the node shall conform to
the value or choice specified in the default PTP profile that specifies the same path delay mechanism.

All PTP devices should support one of the default PTP profiles.

19.3 PTP profiles

19.3.1.1| General

The purpose of a PTP profile is to allow organizations to specify specific selections of attribute vajues and
optional features of PTP that, when using the same transport protocol, inter-woik' and adhieve a
performpnce that meets the requirements of a particular application.

A PTP profile is a set of required options, prohibited options, and the rangés‘and defaults of configurable
attributds. Profiles specifications shall be consistent with the specifications in19.2.1 and 19.2.2.

19.3.1.2| PTP profile recommendations

A PTP grofile should define:

— Which of the best master clock algorithm optiens(see 9.3.1) is to be implemented.
— Which of the configuration management options (see 15.1.1) is to be implemented.

—  Which of the path delay mechanisms) ‘delay request-response (see 11.3) or peer delay (dee 11.4)
is to be implemented.

— The range and default values.of all PTP configurable attributes and data set members.
— The transport mechanisms required, permitted, or prohibited.

— The node types required, permitted, or prohibited.

- The options required, permitted, or prohibited.

A PTP profile shall extend the standard only by:
a) Theuse of the TLV mechanism of 14.3.

b)The specilication of an optional best master clock algorithim; see 9.3.1.
¢) The specification of an optional management mechanism; see 15.1.1.
d) The provisions of 19.2.2.

e) The provisions of 7.3.1.

19.3.2 Specific PTP profiles

A PTP profile may be developed by external organizations, including:
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a) A recognized standards organization with jurisdiction over the industry, e.g., the IEC, IEEE, IETF,
ANSIL or ITU

b) An industry trade association or other similar organization recognized within the industry as having
standards authority for the industry

¢) Other organizations as appropriate

The PTP profile development organization should consult the Precise Networked Clock Synchronization
Working Group of the IM/ST Committee for technical review.

19.3.3 PTP profile specifications

shown ip Figure 37.
The ite

— profileName: This field shall be the text title of the profile as designated-by)the orggnization
specifying the profile. See J.3.1 for an example.

A PTP iroﬁle shall be identified by the following text printed at the beginning of the profile decyment as

s indicated in Figure 37 are defined as follows:

— profileVersion: This field shall be the version of the profile as desighdted by the orggnization
specifying the profile. The version designation shall consist of’twe’ fields: A primaryVersion
(Ulnteger16) and a revisionNumber (Ulnteger8). The proefileVersion shall be printed as
“Version primaryVersion.revisionNumber”.

— profileldentifier: This field shall be a EUI-48. The OUI'\portion of the EUI-48 shall be opned by
the organization specifying the profile. This organization shall ensure that the profileldetifier is
unique to each profile and version specified by.the organization. The remaining octefs of the
EUI-48 shall be the primaryVersion and revisionNumber in that order. See J.3.1 for an example.

— organizationName: This field shall be theteXtual name of the organization specifying the profile
and owning the OUI of the Profile Identifier.

— sourceldentification: This field, §hall be a URL, e-mail, or regular mail address tp which
enquiries concerning the profile or requests for copies may be sent.

TP Profile:

ofileName

ofileVersion

ofileldentifier

his profile is specified by the organizationName.
copy may be ebtained from sourceidentification

» 4T TT T

Figure 37—FProfile print form
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Annex A
(informative)

Using PTP

A.1 Overview

PTP provides a simple methodology for accurately synchronizing clocks in a distributed system. When
designing such a system. the following questions need to be answered:

Physical layout issues:

— How physically dispersed are the clocks?

—  What network technology is to be used?

Logical [issues:

— Is the system a single collection of clocks, or are the clocks divided into logical groupipgs each
with their own sense of time?

Comporjent issues:

—+ How accurately do the clocks need to be synchronized?

—  What is the source of time for the system? Should 1t be traceable to UTC?

Local implementation issues:

—+ How are timing requirements to be met?
—+ How do other applications sharing-the communication network affect PTP?

—+ How do accuracy requirenients affect the implementation?

- What are the design issues for local oscillators?

System jmplementation isSu¢s:

- How is thessystem partitioned?

- Which options are used?

- AWhich profiles are used?

Performance issues:

— How do network delays and fluctuations affect timing accuracy?

— How does clock oscillator stability affect timing accuracy?

Conformance testing issues:

— Features to aid in conformance and performance testing,

— Features to aid in calibrating device timing.

Subclauses A.2 through A.9 address each of these topics.
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A.2 Physical layout

Clocks communicate with each other over a network. Typically, the selection of the network technology is
based on the primary application. PTP works on any packet-based system. PTP is designed to work in a
multicast environment, although it is possible to design unicast PTP components and systems. Ethernet is
an ideal network for implementing PTP, and the rest of this annex uses Ethernet as an example.

All networks have limitations on distance, number of allowed nodes, and traffic. If the clocks to be
synchronized are dispersed beyond the range of the network technology, then the system should be
designed as separate “islands of time” with provision outside of PTP for synchronizing these islands.

For example, if the system consists of two compact sites separated by several miles, PTP(can [be used
within epch site, with site-to-site synchronization provided by another technology such as GPS.

Within p site, distance, traffic, and number of node issues are usually addressed by special network
compongnts. For Ethernet, localized nodes typically communicate via bridgess For larger agnd more
compley systems, routers are used to separate the system into regions using only‘bridges. In genefal, each
level of|separation using these devices introduces additional statistical delaysand delay fluctuatign in the
messagq transmission times between nodes.

PTP is dlesigned to minimize the effects of delay and delay fluctuation. To get the best PTP perfdrmance,
the netyork topology should have as a constraint the minimization of the number of such sgparating
devices petween clocks with the most critical synchronization requirements.

Boundafy clocks can be used to improve the performanee ‘across separations in the network defined by
routers, jor in place of ordinary bridges. Transparent ¢loeks can also be used in place of ordinaryl bridges
particularly in situations where many devices are connected in a linear topology.

Bridges|not implementing PTP may introduce-considerable timing jitter and path asymmetry. Although
such bridges may be included in a systerh ithplementing PTP, these bridges should not be usefl unless
timing ¢rrors introduced by their jitter-and path asymmetry are tolerable for the application, of can be
reduced|by an appropriate filtering algorithm.

A.3 Logical layout

Most applications consist\of a single set of clocks to be synchronized. For this case, all the clockk can be
placed ih a single domain. If the default values specified in this standard and the applicable corjformant
PTP profile are usedythen generally no configuration of the clocks is necessary.

If the application requires several groups of clocks, with each group maintaining a different self-cgnsistent
time bage,then’ one of two solutions may be used:

—IftheTestof theappication 1S SegMeImted ITtothe Same groups, 1t Ey e possibie to use
separate noncommunicating networks; in which case, each group can use the default domain.
Network routers are often used for this purpose.

— If the groups have to share a common network, then each group may be assigned to a different
domain. This logically divides the clocks as desired. Depending on the mapping to the
underlying physical addressing of the network, the processing load on each clock may or may
not be affected.

With the exception of the assignment of PTP nodes to a domain, PTP defines an administration-free system
in the default case. Within a domain, PTP nodes may be added or removed without any requirement for
modification of address tables, etc., provided components use the recommended multicast communication
model. Addition or removal of PTP nodes may cause a different clock to become the grandmaster clock in
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the system. This may cause a transient in the time base as the system automatically recalibrates for the new
delay patterns to the new grandmaster clock.

This standard provides several configuration options for users that require more control over the selection
of master clocks, or over different timing and other attributes that govern system performance. For
example, the use of the priorityl attribute allows system designers to designate up to 254 devices in a
priority order for grandmaster clock selection.

A.4 Component issues

The primary issue in the selection of PTP system components is the required synchronization accuracy.

— (Clocks shonld be selected that are dPQignPd to suppaort those features of the prntn(‘n] req

iired for

Properly

A secor]
defined

IfTAI o

If the lo
From th
Such sy

If the Io
time bas

maintaif the epoch after a power outage.

A mastg
problem
statistics
Implem
informa

The DIS
Note th
decision
scope of

a given accuracy.

- Network components and physical design decisions also affect the accuracy as)outling
previous clauses.

designed Ethernet PTP systems can readily achieve sub-microsecond accugacy.

d issue is the technique for establishing the PTP system epoch. In(eyery domain, the
by the grandmaster clock that is selected according to the best masterclock algorithm.

r UTC traceable time is a requirement, then the grandmaster £lock must maintain a PTP tim

west value of clockClass is 6, 7, 52, or 187 for the grandmaster in a domain, the time basg
e PTP timescale, UTC can be computed using the value of currentUtcOffset distributed
tems may or may not maintain the epoch after a power outage; see 7.6.2.4.

west value of clockClass is 13, 14, 58, 193, or'216 or greater for the grandmaster in a don
e is either ARB or a time base established by the user; see 7.6.2.4. Such systems may or

r clock may fail in such a way/that its time or frequency become incorrect. Detectiof]
and recovery from it are outside the scope of this standard. Some information such as th
maintained in the parentDS data set is available to aid in detecting a “false-ticking”
enters are advised to censider information from as many clocks as possible, and to w|
ion from each clock-according to that clock’s inherent stability.

ABLE PORT management message is available to aid in recovering from a false-ticking
nt disabling/ordemoting a master has side effects (especially if it is a boundary clock
to do thatymay depend on factors besides its timekeeping quality. That decision is ouf
this standard.

d in the

epoch is

e base.

is PTP.
by PTP.

hain, the
may not

of this
e parent
master.
Pigh the

master.
, so the
side the

A5 L

A.5.1

Lisnol .

General

This subclause provides some guidelines for implementers of PTP ordinary, boundary, and transparent
clocks. Although not within the scope of this standard, implementations should take care that services built

on top o

f clocks synchronized via PTP (or any other protocol) do not degrade the accuracy.

[ Published

by IEC under licence from IEEE. © 2008 IEEE. All rights reserved. |



https://iecnorm.com/api/?name=f7817058dc18850a1a916c536e1383de

~190 — IEC 61588:2009(E)
IEEE 1588-2008(E)

A.5.2 Timing issues

Implementations must meet the message processing and timing requirements and must also meet whatever
timing requirements are needed to operate any servomechanism that synchronizes the local clock based on
information in PTP messages.

Implementations must ensure that adequate computing and memory resources are available to meet these
requirements. Implementations must also ensure that the resources needed by the PTP implementation have
adequate priority over other applications sharing these resources to meet the PTP and servomechanism
timing requirements. PTP tasks should be assigned the highest priority in an implementation, similar to
priorities assigned to the protocol stack and other operating system resources.

PTP implementations normally require resources for a short time in every synclnterval. The selecti¢n of the
syncIntdrval for a system must be consistent with the available resources in all system compon€nfs.

The use|of network resources by other applications can affect PTP accuracy as discussedin X.5.3.
A.5.3 [Accuracy issues

A.5.3.1 General

The achjevable accuracy of a PTP system is limited by the following:

- The delay fluctuation in the protocol stacks of clocks

- The delay asymmetry

- The delay fluctuation in network componetits

— Timestamping accuracy

- Stability issues
A.5.3.7 Protocol stack delay-fluctuation

The simplest implementations.0f PTP operate as ordinary applications at the top of the network [protocol
stack. Timestamps are generated at the application level. Protocol stack delay fluctuation causes grrors in
these tirhestamps. These errors are typically in the hundred microseconds to milliseconds range dgpending
on the operating system.

Implemg¢ntations.may generate timestamps at the interrupt level rather than at the application leve|. In this
case, dglay flustuation typically can be reduced to tens of microseconds depending on othef use of
interrups by other applications, and on the traffic patterns on the network.

The greatest reduction in errors due to protocol stack delay fluctuation is achieved with hardware assist
techniques that generate timestamps at the physical layer of the protocol stack. Delay fluctuation at this
point is typically in the nanoseconds range. For example, in an Ethernet system, these errors result from the
phase lock characteristics of the PHY chips that recover the clock and data synchronization from the
incoming data streams. The effect of this delay fluctuation may be reduced by suitable design of the clock
servo algorithms.

A.5.3.3 Network component delay fluctuation

Network components introduce fluctuation in the propagation time of messages. This directly affects the
accuracy of the currentDS.offsetFromMaster and currentDS.meanPathDelay values.
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Network bridges and routers are subject to store-and-forward delay fluctuation. Typical Ethernet bridges
have input and output buffers communicating over a very high-speed back plane or switch fabric. Each port
typically connects directly to an end device or another Ethernet bridge. The dominant contribution to delay
fluctuation arises from the output buffering and queuing. If the output subnet is always available, this delay
fluctuation is typically in the nanoseconds range and reducible by averaging techniques. Intensive traffic
directed at a node containing a clock may cause increased delay fluctuation due to this output buffering.
This increased delay fluctuation is much more difficult to reduce. The proper design of PTP systems must
recognize this effect and take measures to reduce the impact.

Most bridges and routers support traffic prioritization. High-priority traffic suffers less fluctuation in
propagation time. PTP event messages should be sent with high priority compared with other data
whenever possible. See Annex D through Annex I for specific priority recommendations for each transport
protocol.

A.5.4 [Timestamp accuracy

The res¢lution of the clock generating the timestamps required by PTP must be conSisteént with th¢ desired
accuracy. Note that this resolution contributes to the PTP variance; see 7.6.3.

A.5.5 |Stability issues

As notel in previous subclauses of this annex, the delay fluctuation.ifitroduced into the computatign of the
currentD)S.offsetFromMaster and currentDS.meanPathDelay members may be reduced by suitablg design
of any synchronization servo algorithms of the local clock. Engineering trade-offs must be made petween
the avefaging times (number of samples) and the responsiveness to effects other than delay flu¢tuation,
such as pscillator stability.

The fundamental time stability of the local clock. must be consistent with the required synclntefval and
accuracy specifications. The algorithms used to.féduce delay fluctuation do not correct for driffs of the
local clgcks during time intervals that are small'’compared with the averaging intervals of the algorithms.
Servos dannot correct for random drifts occtiring within a syncInterval.

At high|accuracy, the specificationg~on"the stability of the local oscillators driving the local clock can be
quite difficult to meet. The trade-off is between cost and stability. Local oscillators typically are quartz
crystals)| The frequency of quartz crystals typically drifts due to thermal, mechanical, and aging effects. Of
these effects, thermal ones are the most difficult to deal with in most applications.

For example, a typicalthermal specification for uncompensated crystals is 1 PPM per degree Celsius. A 1°
temperafure rise over a synclnterval of 2 s produces an error on the order of 2 ps. Accuracies in th¢ tens of
nanosecpnd range,-therefore, imply that some combination of better thermal specifications on thq crystal,
reduced|synciInterval, and better thermal management be used to reduce the thermal drift by two qrders of
magnitujdes

PTP allows synclnterval to be reduced to a fraction of a second depending on the PTP profile selected, with
the corresponding increase in computation and network bandwidth requirements.

Thermal specifications on crystals become increasingly expensive below 1 PPM/degree. Control of the
thermal environment must be carefully managed, particularly in high accuracy implementations. Very long
averaging times typically require oven-controlled crystals or the use of more stable oscillators. Thermal
drift during the short intervals and averaging times typical of PTP systems can often be managed by
attention to heat dissipation in surrounding devices, cooling patterns within the node, increasing the thermal
mass of the oscillator, and similar techniques. See Sullivan, Allan et al. [B24] for a thorough discussion of
clock characterization.
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A.6 System implementation issues

A PTP system is the collection of PTP components that operate together to meet the requirements of an
application. An interoperable PTP system is one where the protocol operates as specified in this standard,
the selection and configuration of nodes is such that the protocol is successful in constructing a
master—slave timing hierarchy, and the nodes with a port in the SLAVE state are able to synchronize to a
node with a port in the MASTER state. An optimal PTP system is one that is interoperable, manageable,
and meets the synchronization requirements of the application. Ensuring that a system built with
conformant PTP nodes is optimal is an issue for the system integrator. The following recommendations
facilitate the construction of interoperable systems:

— Use a single transport throughout the domain, or divide the domain into regions, each of which
uses a single transport. Regions are connected using boundary clocks.

Use a single management approach throughout the system. Either the management) message
mechanism of this standard or an alternate management mechanism specified id & PTP profile
are acceptable.

—+ Use the same choice of best master clock algorithm throughout the‘dpmain. Thefe is no
assurance that regions of a domain implementing different choices ‘of best mast¢r clock
algorithm can be made to interoperate, even when connected by a boundary clock. Use either
the best master clock algorithm defined in this standard or an/alternate specified ip a PTP
profile.

—+ Use the same selection of state configuration options (Clatise 17) throughout the domain. If state
configuration options are used, it is the responsibility 0f\the system integrator to ensure| that the
selected configuration produces an interoperable system. There is no assurance that regjons of a
domain implementing different choices of configuration options and configuration can pe made
to interoperate, even when connected by a boundary clock.

—+ Use a single path delay mechanism (seel1.3 and 11.4) throughout the domain, or divide the
domain into regions with each using'@ single path delay mechanism. Regions are cgnnected
using one or more boundary clocks.

— Use an interoperable set of attribute and configurable data set values throughout the domain, or
divide the domain into regions with each using a single such interoperable set. Reglions are
connected using one or, moere boundary clocks.

—1 Use the same default value for each attribute and configurable data set member on all hodes in
the system.

—+ Use the sgame required maximum and required minimum range values for each attribufe on all
nodes(nythe system.

—+ Some options must be present and active on every node in a system for the option to [work as
designed and to avoid interoperability problems. An example is the experimental [security
——option. OTher oprions are effective on The Subser of nodes implementing Them, even if other
nodes in the system do not support the option. Furthermore, the presence of such nodes does not
interfere with nodes not implementing the option. An example is the unicast option.

— Use only nodes implementing the same PTP profile throughout the domain, or divide the
domain into regions with each using a like PTP profile. Regions are connected using a boundary
clock capable of resolving the PTP profile differences. There is no assurance that the
specifications of two PTP profiles admit to the design of a boundary clock that resolves the
differences. For example, it is not possible to ensure that regions using self-configuration with
the best master clock algorithm of this standard can interoperate with regions that use
configuration of the master—slave hierarchy.
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— Use only nodes implementing the same version of this standard throughout the domain, or

divide the domain into regions with each using a like version (version 1, version 2, or
version). Connect these regions using a boundary clock.

A.7 Performance

The following requirements should be met to achieve optimal clock synchronization performance:

a)
b)

Network delay between master and slave should be symmetric.

A clock may contain asymmetric delays in its timestamping mechanism or protocol path.
asymmetries are not negligible, they should be correctly accounted for; see 11.6.

a future

If these

animmandatiane Py P Py forn o ang o olla o
L]

Network delay between master and slave should be constant over the time interval
Delay Req messages.

Delay fluctuation due to network components and due to the protocol stack §vithin clocks s
reduced by two techniques:

1) The timestamps used in PTP should be generated as close to thé physical layer as pract
given clock implementation. In cases where the most accurate timestamps can be gener:
after a message has actually been transmitted, the actual value is communicated in the
Up message from the master or the Pdelay Resp Fellow Up message from the pee
transparent clock.

between

hould be

cal for a
ited only
Follow
r-to-peer

NOTE—See Eidson, et al. [B4], IETF RFC 1589 [B8])and IETF RFC 2783 [B13] for mechanisms to aid in

generating these timestamps.

2) Remaining delay fluctuation introduced by the protocol stack and by network compot
isolated by a boundary or transpatent clock can be reduced by averaging. The 4
algorithms are outside the scope of'this standard.

lents not
veraging

The computing power of clacks'implementing the protocol must be great enough, and the nfimber of

clocks must be small enoughyto meet the timing constraints. Implementers of boundary and
clocks, for example, need to consider the resources required to process Delay Req messa
slaves communicating\with the node. The inability to process these messages due to
limitations may (léad to deterioration in the synchronization performance due to
measurements of the path delays. Users need to be aware of this limitation when selecting n
designing theirsystems.

The inherent stability and precision of a clock’s oscillator must be adequate; see A.5.4 and A

ordinary
bes from
resource

missed
bdes and

H e ol H s F'H
A-8 INCUVITIITICTIUALIVITO LTV diIiV 11T LVTInivriTmaliive Lccllllu

To aid in:

Testing the performance of a PTP system
Calibrating PTP devices

Verifying conformance

all PTP ordinary and boundary clocks should provide a 1 pulse per second (PPS) signal with the rising edge
of the pulse coincident with each increment in the seconds field of the clock. If implemented and not
coincident, then the device specifications should include the time offset of the 1 PPS signal from the
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seconds increment event time. This signal may be an accessible internal test point and need not be visible
as an external output of the device in which the clock is embedded, e.g., a sensor.

A.9 Recommendation for implementations in unicast networks or networks with
non-PTP bridges and routers

A.9.1 General

PTP masters and slaves will be introduced into networks where bridges and routers do not support the PTP
standard. Furthermore, many networks do not support multicast.

The unicast communication model can be used to overcome many of these problems. Subelayse 7.3.1
allows the use of a unicast model provided that the behavior of the protocol is preserved.

This sulpclause describes issues that must be specified in an alternate PTP profile when using g unicast
commuijication model, to produce an implementation that is likely to work in ‘sich networlfs while
satisfyirlg a wide range of timing requirements. Some wide-area network requirements, such as secyrity and
resiliende, are outside of the scope of this discussion.

A.9.2 |Boundary clocks and transparent clocks in a unicast model

In the rhulticast model, ordinary and boundary clocks automatically create a synchronization hierarchy
without |prior knowledge of network topology. It is guaranteed that, except for management nijessages,
boundary clocks terminate all PTP messages. Furthermore,if'only PTP bridges, routers, transparenf clocks,
and boyndary clocks are present, the messages used. by the peer delay mechanism are guarapteed to
terminate in the neighbor peer-to-peer clock, thus ensuring correct operation of the mechanisnf. In the
unicast model, however, the above conditions do notthold.

To presprve the protocol behavior, the following functions must be preserved when using the unicast
model:

—+ The correct creation of the'synchronization hierarchy

—+ The correct exchange -of timing messages and associated general messages nedded for
synchronization

—1 The correct @peration of the peer delay or delay request-response mechanisms for detgrmining
path latency:

—+ A management mechanism for configuring the clocks

One way todachieve these functions is by requiring that all ordinary, boundary, and peer-to-peer trahsparent
ClOCkS i bUllﬁéulCd ill advall\/c, Wit‘ll tlllC Ullibabt letUbUl addlUbbe Uf t}lU llUis‘lllUUl ;lls Lz‘lULzll\b V;b;)le frOm
each port. As one exception to the previous sentence, the addresses of slave-only clocks using the delay
request-response mechanism do not need to be preconfigured in other clocks if unicast option 16.1 is used.
If the peer delay mechanism is to be used, the configuration must ensure that only a single peer-to-peer
clock is visible from each port; see 11.4.4.

Clock ports may be neighbors even when there are bridges, routers, or transparent clocks between the ports.
Clock ports are not neighbors if a boundary clock is between the ports. In the event of a network
reconfiguration, the neighbor relationships may change; in which case, two ports may communicate in
unicast across a boundary clock. If a mechanism for learning topology changes is available, clocks can stop
all unicast communications between non-neighbors, leading to an optimized synchronization hierarchy and
better utilization of the network resources. If such a learning mechanism is not available, then depending on
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the network topology, it may be advisable to use end-to-end transparent clocks instead of boundary clocks
or peer-to-peer transparent clocks. In all cases, the implementation has to provide a mechanism to break
forwarding loops for achieving correct operation of the protocol.

A.9.3 Unicast options

The configuration options of Clause 17 can be used to configure each port with the needed unicast protocol
addresses.

The unicast option of 16.1 can be used to establish unicast communications for Announce, Sync,
Delay Resp, and Pdelay Resp messages, and any associated general messages.

Alternatlively, unicast contracts between two nodes can be created using a management procedurf. These
contractp consist of the unicast address information and of respective specified packet rates for Sync,
Announte, and Delay Req messages.

The patl trace option of 16.2 can be used in defining a mechanism for breaking forwarding loops.

Since the management mechanism of 15.2 depends on the use of the multicastmodel and on forwafding by
boundaryy clocks, an alternative management mechanism for configuring.thé clocks must be speg¢ified as
permittgd in 15.1.1.

A.9.4 [Unicast conformance

A.9.4.1 General

Subclauge 19.2.3 specifies that to claim conformancg, a node must comply with a PTP profile in addition to
confornjing to the PTP standard. This profile must specify any differences from the specifications of the
default PTP profiles of Annex J. Subclause A.9:4.2 contains examples of some of the specificationq that are
needed {o implement a unicast model to meet.the requirements discussed in A.9.1 and A.9.2. Not dfiscussed
are possjble alternate best master clock algerithms and an alternate unicast-based management mechanism.

A.9.4.7 PTP options and attribute values

The unifast options defined-if16.1 and 17.5 need to be supported and operational by default. All other
options pf 15.5.4.1.7 and Clause 17 are permitted but need to be inactive by default.

The unig¢ast commupication model is used by default as permitted by 7.3.1. If the multicast communication
model i§ also implemented, it must be inactive by default. Multicast communication is a reconjmended
option for exploiting future multicast support in these networks and for allowing interoperability with
equipmgnt supporting the PTP default profiles.

The timing of UNICasT MESSages 15 determined by U vatues of e foginterviessagereriod fictd in the
unicast negotiation REQUEST UNICAST TRANSMISSION TLV.

Suggested values for the logInterMessagePeriod field of the REQUEST UNICAST TRANSMISSION
TLV are as follows:

— For requesting unicast Announce messages: The default initialization value of
logInterMessagePeriod is 1 (once every 2 s). The configurable range is -3 (8 every 1 s) to 3
(once every 8 s).

— For requesting unicast Sync messages: The default initialization value of logInterMessagePeriod
is —4 (16 every 1 s). The configurable range is =7 (128 every 1 s) to 1 (once every 2 s).

[ Published by IEC under licence from IEEE. © 2008 IEEE. Al rights reserved. |



https://iecnorm.com/api/?name=f7817058dc18850a1a916c536e1383de

~196 — IEC 61588:2009(E)
IEEE 1588-2008(E)

— For requesting unicast Delay Resp messages: The default initialization value of
logInterMessagePeriod is —4 (16 every 1 s). The configurable range is —7 (128 every
1 s) to 6 (once every 64 s).

The durationField value in each REQUEST UNICAST TRANSMISSION TLYV has a default initialization
value of 300 (300 s) and a configurable range of 10 to 1000.

The maintenance and configuration of these default and configuration range values is implementation-
specific.

In implementing the GRANT UNICAST TRANSMISSION TLV mechanism, the granted values should
be the same as requested in the received REQUEST UNICAST TRANSMISSION TLV as long as the
requests|are in the configurable range.

NOTE—Since the transport may be unreliable, the requesting port should repeat the request after anyimplenjentation-
specific fimeout if no grant TLV has been received. For receiving continuous service, a requestér, Should [reissue a
request ih advance of the end of the grant period. The recommended advance should include'sufficient mjargin for
reissuing|the request at least two more times if no grant is received.

The valyes of defaultDS.announceReceiptTimeout, defaultDS.priority1, defaultDS priority2, defaultDS.slhveOnly,
and 1 arglidentical to those specified in J.3.

The phygical requirements are identical to those specified in J.3.
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Annex B

(informative)

Timescales and epochs in PTP

B.1 General considerations

A more detailed discussion of many of the topics in this annex may be found in Allan et al. [B1], Allan et

al. [B2

IETE RFC 1305 (1992) [B7], ISO 8601:2004 [B17]. <http://tycho.usno.navy.mil/ti

e.html>

[B18], 4
Within
The graf

a

b

The pos

B.2 U

TAI and
UTC is

common use.

UTC is
ISO 86(
which U
constant

nd Sullivan et al. [B24].

h domain, the characteristics of the time are determined by the grandmaster clock)of the
idmaster determines:

The rate at which time advances. The grandmaster frequency accuracy is mieasured by ho
time interval determined between any two events, as measured by the grandmaster, corres|
the same interval measured using a clock consistent with the interriationally defined sec
internationally defined second (SI) is the measure of time defining.the TAI timescale mainf
the Bureau International des Poids et Mesures near Paris.

The origin, or epoch, of the timescale.

sible timescales and epochs available for use by the, PTP grandmaster clock are as follows:

— PTP timescale: Indicated by a timePropertiesDS.ptpTimescale value of TRUE. The epo
PTP epoch.

— ARB timescale: Indicated by a timePtopertiesDS.ptpTimescale value of FALSE. The
specific to the implementation.

TC, TAl and the PTP epoch

UTC are international standards for time based on the SI second as realized on the rotatin
implemented by a suite of atomic clocks and forms the timekeeping basis for other time

the timescale)of most engineering and commercial interest. The UTC representation is spe
1:2004 [B1/] as YYYY-MM-DD for the date and hh:mm:ss for the time in each day. Th
TC timesadvances is identical to the rate of TAL. The UTC time differs from the TAI ti
offset) This offset is modified on occasion by adding or subtracting leap seconds. TAI 3

domain.

w well a
ponds to
nd. The
ained by

Ch is the

bpoch is

g geoid.
cales in

ified by
e rate at
e by a
dvances

continu

usly; whereas UTC experiences a discontinuity with each leap-second introduction.

Starting on 0 h on 1 January 1972 UTC (Modified Julian Day (MJD) 41 317.0)," the world’s standard time
systems began the implementation of leap seconds to allow only integral second correction between UTC
Seconds and TAI, both of which are expressed in days, hours, minutes, and seconds. On this date,
TAI — UTC was 10 s. Prior to 1 January 1972, corrections to the offset between UTC and TAI were made
in fractions of a second.

'3 The Julian Date (JD) is the Julian Day number (JDN) followed by the fraction of the day elapsed since the preceding Greenwich
mean noon. The JDN is a day count with the origin, JD = 0, at Greenwich mean noon on 1 January 4713 BC. The Modified Julian
Date, MJD, is the Julian Date less 2 400 000.5, which shifts the origin to midnight on 17 November 1858. For example, at 0 h on 1
January 1900, JD =2 415 020.5 and MJD = 15 020.
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Leap-second corrections, which are applied to UTC but not to TAI, are made preferably following second
23:59:59 of the last day of June or December. The first such correction, a single, positive leap-second
correction, was made following 23:59:59 on 30 June 1972 UTC, and UTC was 11 s behind TAI following
that instant.

NOTE—As of 0 h on 1 January 2006 UTC, TAI — UTC =+33 s.

In computer systems, the common POSIX-based time conversion algorithms are typically used to produce
the correct ISO 8601:2004 [B17] printed representations for both TAI and UTC. UTC is behind TAI by the
number of leap seconds.

The PTP epoch is set such that a direct apphcatlon of the POSIX algorithm to a PTP timescale timestamp

Iy TP also
distributes the current number of leap seconds <currentLeapSeconds> in the currentUtcOffset field of
Announte messages. Subtracting <currentLeapSeconds> from a PTP timestamp prior t0_applying the
POSIX plgorithm results in the ISO 8601:2004 printed representation of UTC. Conversely, appllying the
inverse [POSIX algorithm and adding <currentLeapSeconds> converts from the ISO-8601:2004 printed
form of [UTC to the form required to generate a PTP timestamp.

For example, the POSIX algorithm applied to a PTP timestamp value of 8 s yields 00:00:08 1970:01:01 (8 s
after miflnight on 1 January 1970 TAI). At this time, the value of currentUtcOffset was approximdtely 8 s.
Subtracfing 8 s from the PTP timestamp value 8 yields a value of 0. The\POSIX algorithm applig¢d to the
value 0 yields 00:00:00 1970:01:01 (the beginning of the first second’of 1 January 1970 UTC), whikh is the
expectedd UTC value. Note that from 7.2.2, the PTP epoch is approximately 8 s before this time.| Thus, a
direct application of the POSIX algorithms to a PTP timescale titnestamp yields the print form of| TAI for
that timg.

B.3 Standard time sources

There afe two standard time sources of particula#jinterest in implementing PTP systems for which UTC
traceablf time is required by the application.

The firs} time source is the set of systems-implementing the NTP protocol, widely used in synchonizing
computgr systems within a campus-and around the world. A set of NTP servers, to which NTP clients
synchrohize, is maintained. These—servers themselves are synchronized to timeservers tracg¢able to
internatjonal standards. UTC time precision from NTP systems is usually in the millisecond range. NTP
provideg the current time, the“current number of leap seconds (supported only in NTP version| 4), and
warning| flags marking tlie ifitroduction of a leap-second correction, which is inserted at the end of the
current UTC day. NTP does not correct the number of NTP seconds since the NTP epoch whenever a leap-
second ¢orrection is_made. (In other words, the NTP clock effectively stops during a leap second and the
time interval occupied by a leap second is effectively “forgotten” once it has been inserted.) The NTP
epoch i 0 h ef I*January 1900. NTP was set at 0 h on 1 January 1972 to 2 272 060 800.0, to agree with
UTC. Chrrently, NTP represents seconds as a 32-bit unsigned integer. NTP therefore rolls over eviery 2% s
~ 136 ygars,"with the first such rollover occurring in approximately the year 2036.

The second system of interest is the global positioning satellite system (GPS) maintained by the U.S.
Department of Defense. UTC time precision from the GPS system is usually in the 10 ns to 100 ns range.
GPS system transmissions represent the time as {GPS Weeks, GPS SecondsInLastWeek}, i.e., the number
of weeks since the GPS epoch and the number of seconds since the beginning of the current week. From
this, GPS Seconds, i.e., the number of seconds since the GPS epoch, can be computed. GPS provides the
current time, the current number of leap seconds, and warning flags marking the introduction of a leap-
second correction. From GPS time, UTC and TAI times may be computed using the information contained
in the GPS transmissions. The GPS epoch began at 0 h on 6 January 1980 (MJD 44 244). GPS weeks are
represented in the satellite transmissions modulo 1024 weeks = 19.7 years. The first such rollover occurred
between the weeks of 15 August and 22 August 1999. Many, but not all, commercial systems are believed
to have correctly managed this rollover.
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Either of these systems may be conveniently used to provide time to a clockClass 6 clock. Relationships
between the timescales discussed and examples of times in each system for interesting instants are given in
Table B.1. In Table B.1, PTP Seconds refers to the seconds portion of the time distributed by the PTP
timescale and as noted is referenced to 1 January 1970 TAL

Table B.1—Relationships between timescales

From

To

Formula

NTP Seconds

PTP Seconds

PTP Seconds = NTP Seconds — 2 208 988 800 +
currentUtcOffset

PTP Seconds

NTP Seconds

NTP Seconds = PTP Seconds + 2 208 988 800 —

s £E
CUITCIITUTCUTISCU

GPS Secpnds = (GPS Weeks X 7 x 86 400) | PTP Seconds | PTP Seconds = GPS Seconds + 315 964 819
+ GPSSecondsInLastWeek

(GPS wepk number must include 1024 x

number gf rollovers)

PTP Sec¢nds GPS Seconds | GPS Seconds = PTP Seconds <315 964 819

[ Published by IEC under licence from IEEE. © 2008 IEEE. Al rights reserved. |



https://iecnorm.com/api/?name=f7817058dc18850a1a916c536e1383de

~200 - IEC 61588:2009(E)
IEEE 1588-2008(E)

Annex C
(informative)

Examples of residence and asymmetry corrections

C.1 General

This annex provides several examples illustrating the exchange of timing messages and the application of
the corrections for residence time. path delay, and asymmetry in transparent clocks.

The tragsit times of event messages between clocks and the residence time within transparent)clpcks are
shown and are not assumed to be the same in both directions.

In each fase, the figures only include the critical fields of the timing messages. The ¢lock at the lefft side of
the figufe is always assumed to be the master or, in the case of measurement of link\delay, the peef-to-peer
respondgr.

The timps shown in the boxes representing each of the clocks are expressed as local time in thq device.
Times afe represented in the figures as seconds:nanoseconds.fractional fianoseconds. For example,| 144:7.3
is 144.0000000073 s. Bear in mind that the timestamp fields0f messages cannot hold ffactional
nanosecpnds. Fractional nanoseconds can only be carried in the ‘correctionField, which in the figures is
expressg¢d as nanoseconds.fractional nanoseconds.

The relationship of the clocks in the devices is given so that times relative to the master can be conpputed if
desired.|This relation is expressed in the form time = Tm * offset, where Tm is the master time and|offset is
the offs¢t between the respective clock and the respective master. The times shown in the message boxes
are the fimes that would be entered by the clock«fransmitting the message. For example, in Figure|C.1, the
Sync egfess and ingress timestamps for the Sync message as it travels from the master, through thg¢ end-to-
end transparent clock to the slave are givenras 144:7.3, (144:7.3 + 0.65 + 100.3), (144:7.3 +0.6§ +100.3
+207.4)] and (144:7.3 + 0.65 +207.4 +0:5725.2) = 144:241.05. The first is the egress timestamp t{ leaving
the masfer clock. The second, the ingress at the transparent clock, is computed by summing t;, 0.6, which
is the trpnsit time between the master and the transparent clock, and 100.3, which is the assumgd offset
between the local clocks in the\master and the transparent clock. This computation results in thg ingress
timestarp as generated by the)transparent clock. The computation of the other terms is similar. Th¢ ingress
and egrdss timestamps for.the Delay Req message are computed in the same way. Note that the egiess time
from thg slave clocksis given as 144:651.1 relative to the slave clock, which is 144:651.1 4 25.2 =
144:625]9 relativetotthe master clock.

The computation in the slave or requestor clocks illustrates the process of combining tim¢stamps,
correctipnField, and asymmetry corrections to compute offsets and path delays. These values ar¢ always
Compar( . n:_"_--:e S ..‘:. a¥a) LS . 4 e Re :-A_'An-

The lettered callouts in the figure are referenced to specific clauses in the standard to show the principal
point being illustrated.

With the exception of Figure C.1, all examples show the corrections for both residence time and
asymmetry.

NOTE—Hex numbers are represented by Ox in the figures in this annex for clarity.
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C.2 Computations using the delay request-response mechanism

C.2.1 Master, end-to-end transparent, and slave all one-step clocks showing
residence time corrections

Figure C.1 illustrates the measurement and computation of meanPathDelay and offsetFromMaster in a
system composed of two ordinary clocks, one a master and one a slave, separated by an end-to-end
transparent clock. All are one-step clocks. In Figure C.1, no asymmetry corrections are illustrated.

ORDINARY ONE-STEP CLOCK END TO END ONE STEP TRANSPARENT CLOCK BOUNDARY ONE-STEP CLOCK
MASTER: time = Tm time = Tm + 100.3 nS SLAVE: time = Tm + 25.2 n§
ity: Gk ARCE. " ACDH EOAR QUACREASY34567IFACE
- — ~ ey
. = P 1Y
8 2 38 2
€ Sync TWO STEP = FALSE AN £ = Sync TWO_STEP = FALSE £
=) =1 =1 =1
2 s -
£ correctionField {ns) 0.3 Z Z correctionField (ns) 207.7 /b\ Z
S sourcePortldentity | Ox[...]JABCD:1 8_ 8 sourcePortldentity  Ox([...JABCD:1 8_
sequenceld 235 sequenceld 235
P R Sync egress P ¥ t: Syne
1, Sync egrbss = originTimestamp 144:7 Syncingress |— s originTimestamp 144:7. ingreds =
144.0000000p73s = e . = transit time: 144:7.3 + o 144:7|3 +
1447, e 1447.3+ | 207408 / 0.65+1003 + transit fime QP ns 065+ p07.4
0.65+1003 [— —— 207.4 +0.50 252
=144:241.05
Delay_Req Delay_Req /o
correctionField (ns) ‘ 2375 @ correctionField (ns) 0.0
sourcePortldentity ‘ 0x[...JFACE: 5 solircePortldentity Ox[...JFACE : 5
sequenceld [ 1037 sequenceld 1037
ts Delpy_Req 5 Pp— y y . Delay_Req " ; — »
ingless = [ \ originTimestamp(s:ns) ) 0:0 or 144:300 egress = Dizlgar);gsiq ariginTimestamp(s:ns) | 0:0 or 144:300 1 Delay Req
144:25.9 + Ty e 144:625.9 + |/transit time: ! Py egregs =
090k 2375 transit time: 0.56 ns 0.90 +100.3 + \ 2375ns 52?)32150%3 transit time: 0.90 ns 144:681.1
+p.ss \[ 2375 § -
= 144:864.85
Delay_Resp /a\ Delay_Resp
correctionField (ns) 236.65 correctionField (ns) 236.65
sourcePortidentity 0x[...JABCD:1 sourcePortidentity 0x...]JABCD:1
sequenceld 1037 sequenceld 1037
receiveTimestamp (s:ns) ‘ 144:864 receiveTimestamp (sins) ‘ 144:864
requeslingPorlldentily ‘ Ox[...JFACE:5 requestingPortldentity ‘ 0x[...JFACE:5 A
Delay] Resp_
Follgw_Up
i i —_— A4
e\ mean_path_delay = [(144:241.06 — 144:651.1) + (144:864 — 144:7) — 207.7 - 236.65)/2 = 1.3 = [0.5 + 0.9 + 0.65 + 0.55]p
& offset_fram_master = 144:241.05 - 144:7 — 1.3 - 207.7 = 25.05 vs actual 25.2. error -0.15 = 0.65 + 0.5 — 1.3 due to uncorrected path|symmetry
Figure C.1—Master] end-to-end, and slave one-step clocks; no asymmetry corrgction
The intgrpretations of key values for Figure C.1 are given in Table C.1.
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Table C.1—lInterpretation of Figure C.1 key values

Key | Reference Comments
a 9.593 and | Sum of timestamp and correctionField is t.
11.3.2

b 11.5.2.1 Residence time (207.4) has been added to the correctionField.

c 11.3.2 Timestamp set to 0 or an estimate (144:300) of the egress timestamp. The correctionField is set
to 0.

d 11.3.2 Note that requestingPortldentity and sequenceld are those of the slave clock. The
receiveTimestamp is t; excluding fractional nanoseconds. The correctionField is the
correctionField from the Delay Req message (which was incremented in the transparent clock
by the residence time (see 11.5.3.2) MINUS the fractional nanoseconds portion of t; (0.85).

e 11.3.2 The first term is the difference (t, — t3). The second term is the difference in thecredeive and
origin timestamps. The last two terms are the correctionField. Note that fthe~¢omputed
meanPathDelay matches the actual assumed mean path delay from the figure.

f 11.2 The terms in order are t,, originTimestamp, meanPathDelay, and Sync correetionField. Note that
the computed offset is in error by —0.15 due to the uncorrected asymmetry-in the transit fimes.

g 11.5.3.2 The residence time (237.5) has been added to the correctionField by the transparent clodk.

C.2.2 |Master, end-to-end transparent, and slave all one-step clocks showing

Figure (.2 shows the same set of clocks, but in this figure, the asymmetry corrections are made.

residence time and asymmetry computations

ORDINARY ONE-STEP CLOCK END TO END ONE STEP TRANSPARENT, GLOCK BOUNDARY ONE}STEP CLOCK
MASTER: timg = Tm time = Tm + 100.3 nS SLAVE: time § Tm + 25.2 n$
clockldentity: X[ACDE48234567)ABCD clockldentity: OX[ACDE48234567]EDAB clockldentity: OX[ACDE4$234567]FACE
- - ~ )
g 3 5 5
§ Sync TWO_STEP = FALSE A § g Sync TWO_STEP = FALSE E
% correctionField (ns) 0.3 % 2 correctionField (ns) 207.75 A %
T
I sourcePortldentity | Ox[...]ABCD:1 2 S sourcePortldentity | Ox[...JABCD:1 I
sequenceld 235 235
ty Sync egrgss = originTimestamp 144:7 ] e ingress Sync :gress originTimestamp 144:7 ir:;rse sr;c=
144.0000000¢73s = e R _ = transit time: 144:7.3 + S _ 14413+
144:7 3 transit ime : 0.65 ns = 0.60 + (0.05) & 14473+ 207.4n8 /| 0.65+100.3 + transit time : 0.50 ns = 0.70 + (-O.ZO)& 0.65 +|207.4
] 0.65+100.3 — 207.4 +0.50p 25.2
=144:241.05
Delay_Req Delay_Req A)\
correctionField (ns) 23765 |\ correctionField (ns) | (0.2)=02  |/{\
sourcePortldentity OX[*=)FACE : 5 sourcePortldentity 0x[...JFACE : 5
sequenceld 1037 sequenceld 1037
Deldy_Re: A= Delay_Re —
t ingr );; _ 9 | originTimestamp(s:ns)}| 0:0 or 144:300 Sgrggs =q Diﬁ;);g:@ originTimestamp(sns) | 0:0 or 144:300 t; Delay_Req
144:659 + T _ 144:625.9 + |/transit time: ¢ i - T - egreps =
Jons; e Transit time 0,55 s = 0.60 - (0.05)/ny | (fee620.0 yiraneit i 14209 transit time: 0.90 ns =0.70 - (-0.2) /0\ oo
+{.55 I 237.5 : B ]
= 144864.85
Delay, Resp /a\ Delay_Resp
correctionField (ns) 236.8 correctionField {ns) 236.8
sourcePortldentity 0x[...]ABCD:1 sourcePortidentity 0Ox[...JABCD:1
sequenceld 1037 sequenceld 1037
receiveTimestamp (s:ns) | 144:864 feceiveTimestamo (sng) | 144:864
T
requestingPortldentity [ 0x[...]FACE:5 requestingPortldentity I 0x[...JFACE:5
Delay_Resp_ A
Follow_Up
egress | F——0 A

g
A mean_path_delay = [(144:241.05 - 144:651.1) + (144:864 — 144.7) - (207.75 -0.2) - 236.8)/)2= 1.3 =[0.5 + 0.9 + 0.65 + 0.55)2
A offset_from_master = 144:241.05 — 144:7 — 1.3 — (207.75 - 0.2) = actual 25.2

Figure C.2—Master, end-to-end, and slave one-step clocks; with asymmetry correction
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The interpretations of key values for Figure C.2 are given in Table C.2.

Table C.2—lInterpretation of Figure C.2 key values

Key | Reference Comments
a 9.593and | Sum of timestamp and correctionField is t;.
11.3.2

b 11.5.2.1 Residence time (207.4) and the ingress path asymmetry (0.05) have been added to the

and 11.6.2 correctionField

c 11.3.2 Timestamp set to 0 or an estimate, 144:300, of the egress timestamp. See “i” for correctionField.

d 11.3.2 Note that requestingPortldentity and sequenceld are those of the slave clock. The
receiveTimestamp is ty; excluding fractional nanoseconds. The correctionField is the
correctionField from the Delay Req message MINIIS the fractional nanoseconds porfion of t4
(0.85).

e 11.3.2 The first term is the difference (t, — t3). The second term is the difference in the)regeive and
origin timestamps. The last two terms are the correctionField modified as explained in {g”. Note
that the computed meanPathDelay matches the actual assumed mean path delay. from th¢ figure.

f 11.2 The terms in order are t,, originTimestamp, meanPathDelay, and Sync correctionField (modified
as explained in “g”). Note that the computed offset is exactly as assumed due to the application
of asymmetry corrections.

g 11.6.2 The ingress asymmetry (—0.20) on the path for the port receiving the Sync is added to|the Sync
correctionField before it is used in any computation. Thus, this¢erm (—0.20) appears added to the
Sync correctionField (207.75) in both computations.

h 4.2 The asymmetry in the transit times is modeled as defined in' 7.4.2. Thus, for the path befween the
master and the transparent clock, the mean trangit\time is 0.60 ns. For the master| to slave
direction, the actual transit time is 0.65 ns = 0.6Q"% (0.05), indicating that the correct ajymmetry
value is (0.05). In contrast to the other path, the master—slave direction is shorter (0.7 gompared
with 0.9) yielding a negative asymmetry value (—0.2).

i 11.6.3 The egress path asymmetry (—0.2) has begn, subtracted from the correctionField.

j 1].6.3 and The transparent clock added the residénce time (237.5) to and subtracted the egfess path

1].5.3.2 asymmetry (0.05) from the originaliCorrectionField value (0.2) or 0.2 + 237.5 — 0.05 = 2B37.65.

C.2.3 |Master two-step and end-to<end transparent and slave one-step clocks

showing residence time and asymmetry computations

Figure €.3 illustrates a two-step master clock interacting with one-step, end-to-end transparent ahd slave

clocks. JA comparison of the ¢ontent of the Sync and Follow Up messages and the computqtions of

meanPathDelay and offsetFremMaster in Figure C.3, and Figure C.2 shows the effect of uping the

Follow |[Up message.
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ORDINARY TWO-STEP CLOCK
MASTER: time = Tm
clockldentity: OX[ACDE48234567]JABCD

BOUNDARY ONE-STEP CLOCK
SLAY

=Tm+252n8

clockldenm-y:_(b; ACDE4823456;]-F/_\CE
- - o~ 0
. - w Pt
] A 2 2 2
£ A | £ E
2 0.0 = = 207.45 A =
£ - - £ (< - N €
<] sourcePortldentity | 0x[...JABCD:1 ] o sourcePortldentity | 0x[...JABCD:1 o
1 a =% =%
sequenceld 235 235
originTimestamp 144:000 N syme ngress l\ Sync egress originTimestamp 144:000 NE 2 Sync
Laall P ASS transit time : 0.65 ns = 0.60 + (0.05) /h\ i | [( AL | Sl transit time 1 0.50 ns = 0.70 + (-0.20) /i | ok oura
V 0.65+100.3 207.4 /1t 050 +25.2
A V = 144:241.06
Un
~P JA1N
correctionField (ns) 0.3 A correctionField (ns) 0.3
sourcePortldentity 0x[...]JABCD:1 sourcePortldentity 0x[...]JABCD:1
sequenceld 235 235
M
preciseQriginTimestamp i 144:7 ’\ \\ preciseQriginTimestamp i 144:7 [\
Followlin
egless
| |
4 4
Delay_Req Delay_Req A
correctionField {ns) 23765 ZJL correctionField (ns) A
L 0x[...JFACE : § i
sequenceld 1037 1037
L ia;'r s—stq /|| riginTimestamp(s:ns) | 00 or 144:300 D:;Z;?jq Delay Req | | | originTimestamp(sins)  :0°6r 134:300 A e
) ! _ 1 ingress = e
Jonds e transit time: 0.55 ns = 0.60 - (0.08) /A | Jaa028.8 v Nransitlime: | 4446959 + transit time: 0.90 n§ =0.70- (0.20) A\ | IS
+dss  I\| 2375 GEOHINI I\
= 144B64.85
Delay_Resp Delay_Resp
correctionField (ns) 2368 correctionField (ns) 236.8
sourcePortldentity 0x{...]JABCD:1 souréePortidentity 0Ox[...]JABCD:1
sequenceid 1037 sequenceld 1037
eceiveTimestamp (sns) | 144.864 Ny i Anng
pisns) | receiveTimestamp (sins) 144:864
req ortidentity | Ox[...FACE:S . N R OxJFACES | 1
J | : /4
Delay Resp
egless
g | /| 3
LS54 1)+ (144:884 _ 144:7) _ (20745 _ 0.0} _ 0.3 _236.8Y2 = 1.3 = 0.5 + 0.2 + 185 + 0.5502
1651.1) + (144:864 — 144:7) - (207.45-0.2) - 0.3 - 236.8/2=1.3=[{0.5 + 0.9 + ] 65 + 0.55)2
A offset_from_master = 144.241.05 - 144.7 - 1.3 - (207.45 - 0.2) - 0.3 = 25.2 § actual 25.2

Figure C.3—Master two-step and end-to-énd transparent and slave one-step clockg; with

asymmetry correction
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The interpretations of key values for Figure C.3 are given in Table C.3.

Table C.3—lInterpretation of Figure C.3 key values

Key | Reference Comments
a 9.5.9.4 and | The originTimestamp is an estimate (144:0) of t; and the correctionField is 0.
11.3.2

b 11.5.2.1 Residence time (207.4) and the ingress path asymmetry (0.05) have been added to the

and 11.6.2 correctionField.

c 11.3.2 Timestamp set to 0 or an estimate (144:300) of the egress timestamp. See “i” for correctionField.

d 11.3.2 Note that requestingPortldentity and sequenceld are those of the slave clock. The
receiveTimestamp is t; excluding fractional nanoseconds. The correctionField is the
correctionField from the Delay Req message MINIIS the fractional nanoseconds paorfion of t4
(0.85).

e 11.3.2 The first term is the difference (t, — t;). The second term is the difference in the'yrégeive and
preciseOrigin timestamps. The last three terms are the correctionField of the-Sync|message
modified as explained in “g,” the correctionField of the Follow Up and Delay”Resp thessages,
respectively. Note that the computed meanPathDelay matches the actualyassumed njean path
delay from the figure.

f 11.2 The terms in order are t,, preciseOriginTimestamp, meanPathDelay, Sync corredtionField
(modified as explained in “g”), and Follow_Up correctionField.(Nate that the computed offset is
exactly as assumed due to the application of asymmetry correétions.

g 11.6.2 The ingress asymmetry (—0.20) on the path for the port reeeiving the Sync is added to|the Sync
correctionField before it is used in any computation. Thus;-this term (—0.20) appears added to the
Sync correctionField (207.45) in both computations;:

h 7.2 The asymmetry in the transit times is modeled as/defined in 7.4.2. Thus, for the path befween the
master and the transparent clock, the mean-transit time is 0.60 ns. For the master| to slave
direction, the actual transit time is 0.65 ns =060 + (0.05) indicating that the correct ajymmetry
value is (0.05). In contrast to the other path, the master—slave direction is shorter (0.7 ¢gompared
with 0.9) yielding a negative asymmetry value (—0.2).

i 11.6.3 The egress path asymmetry (—0.2) has been subtracted from the correctionField.

j 11.6.3 and | The transparent clock added -the) residence time (237.5) to and subtracted the egfess path

11.53.2 asymmetry (0.05) from the original correctionField value (0.2) or 0.2 + 237.5 — 0.05 = 237.65.

k 1]1.5.2.1 No modification to the Follow Up is made.

m 9f5.10 The sum of the correctionField and preciseOriginTimestamp is the egress time t;.

n 955.10 The sequenceld and.sourcePortldentity fields match those of the Sync message.

C.2.4 |Master and end-to-end transparent two-step, and slave one-step, clocks

showing residence time and asymmetry computations

Figure (.4 illustrates,aitwo-step master clock interacting with a two-step, end-to-end transparent clock and

a one-sfep slavesclock. A comparison of the content of the Sync and Follow Up messages [and the

computgtions ef'ineanPathDelay and offsetFromMaster in Figure C.4, Figure C.3, and Figure CB shows

the effegt of Gsing the Follow Up message.
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ORDINARY TWO-STEP CLOCK

MASTER: time = Tm

clockldentity: 0X[ACDE48234567]ABCD

— 206 -

END TO END TWO STEP TRANSPARENT CLOCK
time = Tm + 100.3 nS
clockldentity: Ox[ACDE48234567]EDAB

IEC 61588:2009(E)
IEEE 1588-2008(E)

BOUNDARY ONE-STEP CLOCK
SLAVE: time = Tm + 25.2 nS

clockldentity: OXACDE48234567]FACE
~ — o 2]
[ & 5 k]
‘E: Sync TWO_STEP = TRUE A _E _E Sync TWO_STEP = TRUE _g
> i 3 3 i i 3
= correctionField (ns) 0.0 = = correctionField (ns) 0.0 A =
5 sourcePartldentity | Ox[. JABCD:1 5 5 sourcePortldentity | 0x[...]ABCD:1 5
-1 a a a
sequenceld 235 235
o 144:000 i N | Synoegress 144:000 N eSme
1y Sync egress = g : N\ J syncingress b— — S - | ingress =
144.0000000073s = s . _ = transit time: 14473 + e . _ 144:7.3 +
000008 fransit time : 0.65 ns = 0.60 + (0.05) /M\ 1ara. | o ime Tl transittime : .50 ns = 0.70 + (0.20) A\ | oot 73~
I 0.65 +100.3 - 2074 | +0.50+25.2
i i/ 7| = 144:241.05
Follow_Up A Follow_Up
correctionField (ns) 0.3 AN correctionField (ns) 207.75 N
sourcePortldentity 0x[...JABCD:1 sourcePortldentity Ox[...]JABCD:1
sequenceld 235 235
preciseOriginTimestamp 144:7 N preciseQriginTimestamp i 144:7
Follow_Up ’\
egfEss
P |
V % v
Delay_Req Delay_Req /c\
correctionField {ns) 0.2 A correctionField (ns} -(-0.2)=0.2 /i
sourccPortldentity Ox[...IFACE : 5 sourccPortldentity Ox[...IFACE%)5
sequenceld 1037 sequenceld 1037
L Delgy_Req 00 o 144:200 Delay Req | /| Delay Reg 1/ 048300
ingrbss = 0:0 or 144:300 e i ingr,e;s &4 0:00cr444:300 ts Dela} Req
144:605.9 + ToF s - _ 144:625.9 + [/transit time: _ Ty (e = e egreps =
00042375 transit time: 0.55 ns = 0.60 (OAOS)/h\ 0.90 +1003 + N 237.5ns 31;1(1).(12156%2 transit time: 0.90 ns-= 0.70 - (-0.20) A 144:d571 1
+055 2375 —1 )
= 14456485 N ‘
Delay_Resp A Delay_Resp
carrectionField {ns) -065 Ay
FAAN
sourcePortidentity 0x[...|ABCD:1 sourcePort{dentity 0x[...]ABCD:1
sequenceld 1037 sequenceld 1037
. P A
receiveTimestamp (s:ns) | 144:864 18¢giveTimestamp (s:ns) | 144:864
requestingPortldentity } Ox[...JFACE:S i 0X[...FACE:S
Delay] Resp
eqrpss
/B, mean,path,delay = [(144:241.06 — 144:851 1) + (144:854 — 144:7) — (0 — 0.2) - 207.75- 236,812 = 1.3 = [0.5+ 0.9 + 065 + 0.55y2
/2\ mean_path_delay = [(144:241.06 — 144:651.1) + (144:864 — 144:7) - (0 - 0.2) - 207.75- 236.8)/2 = 1.3 = [0.5 + 0.9 + 0J65 + 0.55)/2
AR\ offset from master = 144.241.05 - 144.7— 1.3 - (0- 0.2) - 207.75 =252 actual 25.2
Figure|C.4—Master and end-to-end transparent, two-step, and one-step, slave clockss; with

asymmetry correction

The intgrpretations of key values for Figure €.4 are given in Table C.4.
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Table C.4—lInterpretation of Figure C.4 key values

Key | Reference Comments

a 9.5.9.4 and | The originTimestamp is an estimate (144:0) of t;, and the correctionField is 0.
11.3.2

b 11.52.2 The residence time (207.4) and the ingress path asymmetry (0.05) corrections are made in the
and 11.6.2 Follow Up message; see “k.”

c 11.3.2 Timestamp set to 0 or an estimate (144:300) of the egress timestamp. See “i” for the
correctionField.

d 11.3.2 Note that requestingPortldentity and sequenceld are those of the slave clock. The
receiveTimestamp is t; excluding fractional nanoseconds. The correctionField is the
correctionField from the Delay Req, 0.2, message MINUS the fractional nanoseconds portion of
ty (0.85).

e 11.3.2 The first term is the difference (t, — t;3). The second term is the difference in the re¢eive and
preciseOrigin timestamps. The last three terms are the correctionField of the Sync¢|message
modified as explained in “g,” the correctionField of the Follow Up and Delay,\Resp thessages,
respectively. Note that the computed meanPathDelay matches the actual -assufhed njean path
delay from the figure.

f 11.2 The terms in order are t,, preciseOriginTimestamp, meanPathDelay,) Sync corredtionField
(modified as explained in “g”), and Follow Up correctionField. Notg-that the computed offset is
exactly as assumed due to the application of asymmetry corrections,

g 11.6.2 The ingress asymmetry (—0.20) on the path for the port receivingthe Sync is added to|the Sync
correctionField before it is used in any computation. Thus, ¢his-term (—0.20) appears added to the
Sync correctionField (0.0) in both computations.

h 8.2 The asymmetry in the transit times is modeled as defin€d in 7.4.2. Thus, for the path befween the
master and the transparent clock, the mean transit time is 0.60 ns. For the master| to slave
direction, the actual transit time is 0.65 ns = 0.60% (0.05) indicating that the correct ajymmetry
value is (0.05). In contrast to the other path,.the master—slave direction is shorter (0.7 gompared
with 0.9) yielding a negative asymmetry yalue (—0.2).

i 11.6.3 The egress path asymmetry (—0.2) hasiéen subtracted from the correctionField.

] 11.6.3 and | No corrections are made to the Delay “Req message. See “p” for the corrections for fesidence

1].5.3.3 time and egress asymmetry.

k 11.5.2.2 The residence time (207.4) and ‘the ingress path asymmetry (0.05) corrections are added to the

ajd 11.6.2 correctionField (0.3) of theFollow Up message.

m 955.10 The sum of the correctionField and preciseOriginTimestamp is the egress time t;.

n 955.10 The sequenceld and-surcePortldentity fields match those of the Sync message.

P 11.6.3 and | The transparent ¢lock added the residence time of the associated Delay Req message (237.5) to

11.5.3.3 and subtracted the egress path asymmetry (0.05) from the original correctionField value of the
Delay Resp.(:0.65) or —0.65 + 237.5 — 0.05 = 236.8.

C.2.5 |Master onetstep, end-to-end transparent two-step, and one-step slave

clocks showing residence time and asymmetry computations

Figure (.5 illustrates a one-step master clock interacting with a two-step end-to-end transparent and a one-

step slaye €loek. A comparison of the content of the Sync and Follow Up messages and the computations

of meanlPatliDelay and offsetFromMaster in Figure C. 5, Figure C4, Figure C.3, and Figure C.2 shows the

effect of using the Follow Up message.

[ Published by IEC under licence from IEEE. © 2008 IEEE. Al rights reserved. |



https://iecnorm.com/api/?name=f7817058dc18850a1a916c536e1383de

ORDINARY ONE-STEP CLOCK

MASTER; time = Tm

clockldentity: CX[ACDE48234567]ABCD

END TO END TWO STEP TRANSPARENT CLOCK

- 208 -

time =Tm +100.3 nS
clockldentity: 0X[ACDE48234567)EDAB

IEC 61588:2009(E)
IEEE 1588-2008(E)

BOUNDARY ONE-STEP CLOCK
SLAVE: time = Tm + 25.2 nS

clockldentity: OX[ACDE48234567)FACE
— -~ ~ [}
5 Sync TWO_STEP = FALSE /a\ 5 5 Sync TWO_STEP = TRUE /N 5
E fonFi £ £ forFi E
5 correctionField (ns) 0.3 15 15 correctionField (ns} 03 & 15
£ sourcePortldentity | 0x[...JABCD:1 = = sourcePortldentity | 0x[...JABCD:1 Z
S o 9] Q
a sequenceld 235 o Ql sequenceld 235 o
originTimestamp 144:7 . Sync egress originTimestamp 144:7 12 Syne
t Sync egress = J Syncingress |——— = ingress =
144.0000000073s = oo . - 5 transit time: 144:7.3 + T R _ 144:7.3 +
i transit time : 0.65 ns = 0.60 + (0.05) /b\ e transit ime : 0.50 ns = 0.70 + (0.20) /b | okt 074
] 065+100.3 |——j 207.4 +0.50+252
=144:241.05
Follow_Up A\
correctionField (ns) 207.45 K
sourcePortldentity 0x[...]JABCD:1
sequenceld 235
preciseOriginTimestamp 144:7 ’\
Delay_Req Delay_Req A
correctionField (ns) 0.2 ﬂ correctionField (ns} -(-0.2)=0.2 &
sourcePortldentity Ox[...JFACE : 5 sourcePortldentity Ox[...JFACEL 5,
sequenceld 1037 sequenceld 1037
t: Deldy_Req - . " - Delay_Req R . - .
ingrdss = i originTimestamp{s:ns) | 0:0 or 144:300 agress = Dislgar\éggiq originTimestamp(s:ns) | 0:0 or144:300 t, Dela) Req
144:6p59 + o _ 144:6259 + |/ransit time: ) o p: egrebs =
0.90 42375 transit time: 0.55 ns = 0.60 - (0.05) m 0.90 #1003 + h 2375 ns 144:625.9 + transit time: 0.90 ns,= 0,70 - (-0.20) & 144:451.1
0.90 +100.3
+{55 | 2375 —
=144B864.85
Delay_Resp A Delay_Resp
correctionField (ns) -0.85 corregtionField (ns) 2368 AN
sourcePortldentity 0x[...]JABCD:1 SourcePortldentity Ox[...JABCD:1
sequenceld 1037 sequenceld 1037
receiveTimestamp {sins) ‘ 144:864 receiveTimestamp (s:ns) ‘ 144:864
req ortldentity ‘ 0x[...JFACE:S requestingPortidentity ‘ 0x[...]FACE:5
Delay Resp Zl
egpess
/\ mean_path_delay = [(144:241.05 ~444:651.1) + (144:864 — 144:7) - (0.3 — 0.2) — 207.45- 236.8)/2 = 1.3 = [0.5 + 0.9 +]0.65 + 0.55)/2
offset_from_master = 144.241.05 - 144.7 - 1.3 - (0.3 0.2) - 207.45 =253 = actual 25.2
Figure|C.5—One-step master, two-step end-to-end transparent, and one-step slave ¢locks;

with asymmetry correction

The interpretations of key values for Figure C.5 are given in Table C.5.
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Table C.5—lInterpretation of Figure C.5 key values

Key | Reference Comments

a 9.5.9.3 and | Sum of timestamp and correctionField is t;.
11.3.2

b 11.52.2 The residence time (207.4) and the ingress path asymmetry (0.05) corrections are made in the
and 11.6.2 Follow Up message; see “k.”

c 11.3.2 Timestamp set to 0 or an estimate (144:300) of the egress timestamp. See “i” for the
correctionField.

d 11.3.2 Note that requestingPortldentity and sequenceld are those of the slave clock. The
receiveTimestamp is t; excluding fractional nanoseconds. The correctionField is the
correctionField from the Delay Req, 0.2, message MINUS the fractional nanoseconds portion of
ty (0.85).

e 11.3.2 The first term is the difference (t, — t;3). The second term is the difference in the re¢eive and
preciseOrigin timestamps. The last three terms are the correctionField of the Sync¢|message
modified as explained in “g,” the correctionField of the Follow Up and Delay,\Resp thessages,
respectively. Note that the computed meanPathDelay matches the actual -assufhed njean path
delay from the figure.

f 11.2 The terms in order are t,, preciseOriginTimestamp, meanPathDelay,) Sync corredtionField
(modified as explained in “g”), and Follow Up correctionField. Notg-that the computed offset is
exactly as assumed due to the application of asymmetry corrections,

g 11.6.2 The ingress asymmetry (—0.20) on the path for the port receivingthe Sync is added to|the Sync
correctionField before it is used in any computation. Thus, ¢his-term (—0.20) appears added to the
Sync correctionField (0.3) in both computations.

h 8.2 The asymmetry in the transit times is modeled as defin€d in 7.4.2. Thus, for the path befween the
master and the transparent clock, the mean transit time is 0.60 ns. For the master| to slave
direction, the actual transit time is 0.65 ns = 0.60% (0.05) indicating that the correct ajymmetry
value is (0.05). In contrast to the other path,.the master—slave direction is shorter (0.7 gompared
with 0.9) yielding a negative asymmetry yalue (—0.2).

i 11.6.3 The egress path asymmetry (—0.2) hasiéen subtracted from the correctionField.

] 11.6.3 and | No corrections are made to the Delay “Req message. See “p” for the corrections for fesidence

1].5.3.3 time and egress asymmetry.

k 11.5.2.2 The residence time (207.4) is.éntered in the correctionField, and subsequently, the ingress path

ajd 11.6.2 asymmetry (0.05) correctionmis added to the correctionField of the Follow Up message.

m 11.5.2.2 The originTimestamp.of the Sync message is copied into the preciseOriginTimestgmp. The
domainNumber (not shown), sourcePortldentity, and sequenceld fields of the Sync mefsage are
copied into the cofresponding fields of the Follow Up message.

n 11.52.2 The twoStepFlag i5'set to TRUE.

P 11.6.3 and | The transparent clock added the residence time of the associated Delay Req message (237.5) to

11.53.3 and subtfacted the egress path asymmetry (0.05) from the original correctionField value of the
Delay{ Resp (—0.65) or —0.65 + 237.5 — 0.05 = 236.8.
C.3 (Qomputations using the peer delay mechanism
C.3.1 |One-step peer requestor, end-to-end transparent, and peer responder

clocks showing residence time and asymmetry computations

Figure C.6 illustrates a one-step peer requestor clock interacting with a one-step end-to-end transparent and
peer responder clocks.
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ORDINARY ONE-STEP CLOCK
RESPONDER: time = Tm

-210-

END TO END ONE STEP TRANSPARENT CLOCK
Time =Tm +100.3 nS

IEC 61588:2009(E)
IEEE 1588-2008(E)

BOUNDARY ONE-STEP CLOCK
REQUESTOR time = Tm + 25.2 nS

clockldentity: CX[ACDE48234567]ABCD clockldentity: OX[ACDE48234567]EDAB clockldentity: 0X[ACDE48234567]FACE
— - o~ w
é Pdelay Req é é Pdelay_.REq. A é
32 correctionField (ns) 237.65 A > 3 correctionField(ns) -(-0.2)=0.2 b 3
g sourcePortldentity 0x[...JFACE:5 g E sourcePortldentity 0x[...JFACE:5 E
Al =3 a a
% sequenceld 1037 sequenceld 1037
Ps;l?g;sR:q originTimestamp 0.0 or 144:000 Pdela';_Req — P?neg:?eys‘::q originTimestamp 0:0 or 144:000 s Pdelay Rea
D oo transit time : 0.5 ns = 0.60-(0.05) s CE 1440+ 090 transit time:0.90 nS = 0.70-(-0.20) .
055= +237.5+ ] - \ 144:25.2 (s : ns)
144:238.95 100.3
Pdelay_Resp TWO_STEP=FALSE __|/A\ Pdelay_Resp TWO_STEP-FALSE %N
correctionField (ns) 30880  |/o\ correctionField (ns) g
sourcePortldentity 0x[...JABCD : 1 sourcePortidentity Ox[...JABCD : 1
sequenceld 1037 sequenceld 1037
requestReceiptTimestamp(s:ns) [ Q0 requestReceiptTimestamp(s:ns) o
requestingPortidentity ‘ 0x|...JFACE : 5 Pdelay_Resp Pdemy_RfSP requestingPortidentity 0x[...]FACE : 5 twPdeldy_Resp
Pdelay Resp transit time: 0.65 ns = 0.60+(0.05) s | rensittme: 1424001+ transit ime: 0.50 nS = 0.70+(-0.20) s e
ok ool 0e5+1003 | 207408 )| 08oe 207.4+h 50 + 25.2
T : ) =144:433.85
/0
& mean_path_delay = [(144.633.85 — 144:25.2)— 606.05)/2 = 1.3 =[0.5 + 0.9 + P.65 + 0.55]2
Figure C.6—One-step peer responder, end-to-end transparent, and_peer requestor glocks;
with asymmetry correction
The interpretations of key values for Figure C.6 are given in Table,C:6.
Table C.6—Interpretation of Figure C.6 key values
Key | Reference Comments
a 11.4.3 The originTimestamp is 0 or an estimate of the egress timestamp t;.
b 11.4.3 and | The correctionField is 0 — (—0.2) =102, where (—0.2) is the asymmetry on the egress path.
11.6.4
c 1].5.4.2 and | The correctionField is modified by adding the residence time in the end-to-end transpatent clock
1].6.4 and by subtracting the asymmetry on the egress path. 0.2 + 237.5 — (0.05) = 237.65.
d 11.43 requestReceiptTimestamp = 0. requestingPortldentity and sequenceld fields are copied| from the
sourcePortldentity and sequenceld fields of the Pdelay Req message.
e 11.4.3 The correctionField is the sum of the correctionField of the Pdelay Req messagd and the
turnaround time*(t; — t,), i.e., 237.65 + (144:400.1 — 144:238.95) = 398.80.
f 1].5.4.2 and | The correctionField is modified by adding the residence time 207.4 and the ingress ajymmetry
1]1.6.5 0.05 to the'original correctionField. 398.80 + 207.4 +0.05 = 606.25.
g 11.43 and | Prier to computing the meanPathDelay, the correctionField of the Pdelay Resp mpssage is
11.6.5 madified by adding the ingress asymmetry 0.2. i.e., 606.25 + (— 0.2) = 606.05. meanHathDelay
= [(ty — t;) — correctionField of Pdelay Resp]/2 = [(144:633.85 — 144:25.2) — 606.05]/2|= 1.3.
C.3.2 |One-step peer requestor, two-step end-to-end transparent, and one-s]ep

computations

Figure C.7 illustrates a one-step peer requestor clock interacting with two-step end-to-end transparent and
one-step peer responder clocks.
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ORDINARY ONE-STEP CLOCK

RESPONDER: time = Tm
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END TO END TWO STEP TRANSPARENT CLOCK

Time =Tm + 100.3 nS

BOUNDARY ONE-STEP CLOCK
REQUESTOR time = Tm +25.2 nS

clockldentity: CX[ACDE48234567]ABCD clockldentity: 0X[ACDE48234567)EDAB clockldentity: 0X[ACDE48234567]FACE
= 5 e i
5 5 P s
_g Pdelay_Req _g é Pdelay_Req A é
g correctionField (ns) 0.2 A g 2 correctionField(ns) -(-0.2)=0.2 b é
=
§_ sourcePortidentity | 0x[...JFACE:5 3 5 sourcePortidentity Ox[...JFACE:5 5
o a
t sequenceld 1037 sequenceld 1037
2
Pdelay_Req originTimestamp 0.0 or 144:000 1 Pdelay Re originTimestamp 0:0 or 144:000
ingress = Pdelay_Req ingreys_s =q t: Pdelay_Req
144:0 +0.90 S _ egress = |/transit time: : _— _ egress =
42375+ transit time : 0.55 ns = 0.60-(0.05) 144:0 +0.90 \ 237518 14‘:?08%90 transit time:0.90 nS = 0.70-(-0.20) 144.0000000252s =
0.55= +237.5+ B 144:25.2 (s : ns)
144:238.95 100.3
Pdelay_Resp TWO_STEP=FALSE  |/a\ Pdelay_Resp TWO_STEP=TRUE /A
correctionField (ns) 161.35 A correctionField {ns) 161.35
sourcePortldentity 0x[...]JABCD : 1 sourcePortldentity Ox[...]ABCD : 1
uenceld 1037 sequenceld 1037
e O N T prT ey i T
requestingPortldentity ‘ 0x]...]FACE : 5 Pdelay_Resp Pdelay_Resp requestingPortidentity ~ Ox[...JFACE : 5 Pdelayl Resp
ingregs - egress = ngrgss =
Pdelay Resp transit time: 0.65 ns = 0.60+(0.05) 144:4001 + | TANSILUme:\ 144:4001 + transit time: 0.50 NS = 0.70+(-0.20) Jaago.1 +
egrdss = 0.65 +100.3 207.4n8 0.65 + 0.6p +
144:400.1 B : 207.4+100.3 207.4+0.50 +
pis ¥
= 144:33.85
Pdelay_Resp_Follow_Up TWO_STER=TRUE | /f\
correctionField (ns) 444.90 f
sourcePortidentity Ox[2..JABCD : 1
sequenceld 1037
T OriginTi ns) 0
requestingPortldentity Ox[...JFACE : 5
Pdelay_Resp
_Follow_Up
egress Z N
/a\ mean_path_delay = [(144,633 85 — 144:25.2) - (0-0) - (161.35 - 0.2) - 444.9/2 = 1.3 = [0.5 + 0.9 +J0.65 + 0.55]/2
Figure|C.7—One-step peer responder, two-step end-to-end transparent, and one-stgp peer

The interpretations of key values for Figure C.7 afe)given in Table C.7.

requestor clocks; with asymmetry correction

Table C.7—Interpretation of Figure C.7 key values

Key | Reference Comments
a 11.4.3 The originTimestamp is 0 or an estimate of the egress timestamp t;.
b 11.4.3 and | The correctionField is 0 — (—0.2) = 0.2, where (—0.2) is the asymmetry on the egress path.
1].6.4
c 11.5.4.2 and | The CorrectionField is not modified. See “j” for corrections for residence time of Pdplay Req
1].6.4 and,egress path asymmetry.
d 11.43 requestReceiptTimestamp = 0. requestingPortldentity and sequenceld fields are copied from the
sourcePortldentity and sequenceld fields of the Pdelay Req message.
e 11.4.3 The correctionField is the sum of the correctionField of the Pdelay Req messagd and the
turnaround time (t; — t,), i.e., 0.2 + (144:400.1 — 144:238.95) = 161.35.
f 11.543 and | The PTP fields of the Pdelay Resp are not modlﬁed except for the twoStepF lag, which is set to
165 TRUE—See——for add ingress
path asymmetry
g 1143  and | Prior to computing the meanPathDelay, the correctionField of the Pdelay Resp message is
11.6.5 modified by adding the ingress asymmetry 0.2. i.e., 161.35 + (- 0.2) = 161.05. meanPathDelay
= [(t4 — ;) — (responseOriginTimestamp — requestReceiptTimestamp) — correctionField of
Pdelay Resp — correctionField of Pdelay Resp Follow Up]/2 = [(144:633.85 — 144:25.2) — (0
—0)—(161.35-0.2)) —444.90]/2 = 1.3.
h 11.5.43 The sourcePortldentity, sequenceld, and requestingPortldentity fields of the Pdelay Resp
message are copied into the same fields of the Pdelay Resp Follow Up message. The TWO-
STEP flag is set to TRUE. The responseOriginTimestamp is set to 0.
] 11.5.4.3, The correctionField is the sum of the residence times of the Pdelay Req and Pdelay Resp
11.6.4, and | messages minus the egress asymmetry for the Pdelay Req plus the ingress asymmetry for the
11.6.5 Pdelay Resp messages, i.e., 237.5 + 207.4 — (0.05) + (0.05) = 444.90.
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C.3.3 One-step peer requestor, two-step end-to-end transparent, and two-step
peer responder clocks showing residence time and asymmetry
computations—option 1

Figure C.8 illustrates a one-step peer requestor clock interacting with two-step end-to-end transparent and
two-step peer responder clocks. The two-step responder uses the first option of 11.4.3 in generating the
Pdelay Resp and Pdelay Resp Follow Up messages.

ORDINARY TWO-STEP CLOCK END TO END TWO STEP TRANSPARENT CLOCK BOUNDARY ONE-STEP CLOCK
RESPONDER: time = Tm Time = Tm + 100.3 nS REQUESTOR time = Tm + 25.2 n$
ACOEAS234SEZIARCD. OMACDEASIAEATIEDAR Ox{ACDEAS)34567IFACE
] < = ”
é Pdelay_Req a0 3 Pdelay_Req A g
S E ionFi - IS
% correctionField (ns) 0.2 A 3 3 correctionField(ns) -(-0.2)=0.2 A 3
5] sourcePortidentity | Ox[...JFACE:S 5 5 sourcePortidentity Ox[...|FACE:5 5
= o A a
sequenceld 1037 sequenceld 1037
Pdelay Req | /) originTimestamp | 0.0 or 144:000 t originTimestamp | 0:0 or 144:000
ingréss = L | crommes —— —{ Pdelay_Req Pidneglfeys_sR_eq t, Adelay_Req
144:0p+ 0.90 o - egress = transit time: . . e o gress =
+oW 5 transit time : 0.55 ns = 0.60-(0.05) 1440+ 0.90 N\ 237.5n8 1441.?0*6%.90 transit time:0.90 nS,='0"70-(-0.20) 144.0800000252s =
0.45= e — — +2375+ B 144:5.2 (s:ns}
144:438.95 100.3
Pdelay_Resp TWO_STEP=TRUE | /a\ Pdelay_Resp TWO_STEP=TRUE
correctionField (ns) 0.0 AN correctidnFieldyns) 00 i
sourcePortidentity 0Ox[...JABCD : 1 sourgePartidentity Ox[..JABCD : 1
sequenceld 1037 sequenceld 1037
requestReceiptTimestamp(s:ns) l il of iptTil ns) o
requestingPortldentity ‘ 0x]...]FACE : 5 Pdelay_Resp Pdelay_Resp fequestingPortidentity ~ Ox[...JFACE : 5 Pdelayl Resp
ingress = egress = ingress =
Paclag Resp transit time: 0.65 s = 0.60+(0.05) 144:4001 + | EnSitlime:\ 144:400,4 + transit fime: 0.50 nS = 0.70+(-0.20) 1444901+
egrdss = 0.65 +100.3 207.4nS 0.65%, 0.6p +
144:400.1 - 0 ——— /| 2074+100.3 207.44D.50 +
242
= 144:433.85
Pdelay_Resp_Follow_Up TWO_STEP=TRUE A Pdelay_Resp_Follow_Up TWO_STEP=TRUE
correctionField (ns) 161.35 & correctionField (ns) 606.25 m
sourcePortldentity 0x[...]JABCD:1 sourcePortidentity 0x[...JABCD : 1
sequenceld 1037 sequenceld 1037
OriginTi (sins) ‘ 0 T OriginTi ns) )
requestingPortldentity [ Ox[...JFACE:5 requestingPortldentity 0x[...JFACE : 5
Pdelay Resp
_Folidw_Up A
egiess
/a\ mean_path_delay = [(144.633 85 — 144:25.2) - (0-0) — 0 — (606.25 + (-0.2)})2 = 13 = [0.5 + 0.9 + {.65 + 0.55)/2
Figure|C.8—Two-step peer responder, two-step end-to-end transparent, and one-stgp peer
requestor clocks: option 1; with asymmetry correction
The interpretations of key values for Figure C.8 are given in Table C.8.
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Table C.8—Interpretation of Figure C.8 key values

Key | Reference Comments

a 11.4.3 The originTimestamp is 0 or an estimate of the egress timestamp t;.

b 11.43  and | The correctionField is 0 — (—0.2) = 0.2, where (-0.2) is the asymmetry on the egress path.

11.6.4
c 11.5.4.2 and | The correctionField is not modified. See “m” for corrections for residence time of Pdelay Req
11.6.4 and egress path asymmetry.

d 11.4.3 requestReceiptTimestamp = 0. requestingPortldentity and sequenceld fields are copied from

the sourcePortldentity and sequenceld fields of the Pdelay Req message.

e 1143 The correctionField is set to 0.

f 11.5.4.3 and | The PTP fields of the Pdelay Resp are not modified. See “m” for corrections for the residence

11.6.5 time of the Pdelay Resp message and ingress path asymmetry.
g 11.43 and | Prior to computing the meanPathDelay the correctionField of the Pdelay Resp-mpssage is
11.6.5 modified by adding the ingress asymmetry 0.2. i.e., 606.25 + (- 0.2) = 606.05. meanPathDelay
= [(t4 — t;) — (responseOriginTimestamp — requestReceiptTimestamp) — eorrectiopField of
Pdelay_Resp — correctionField of Pdelay Resp Follow_Up]/2 = [(144:633,85\< 144:35.2) — (0
—0)—0-606.05]/2 = 1.3.
h 11.5.4.3 The sourcePortldentity, sequenceld, and requestingPortldentity ficlds of the Pdelay Resp
message are copied into the same fields of the Pdelay Resp Follow Up message. The TWO-
STEP flag is set to TRUE. The responseOriginTimestamp is setto, 0-
k 11.5.4.3, The correctionField is the sum of the correctionField of ¢hePdelay Req messagqd and the
11.6.4, and | turnaround time, i.e., (t; — ). 0.2 + (144:400.1 — 144:238¢95)= 161.35.
11.6.5
m 11.5.4.3, The correctionField is the sum of the original correctionField and the residence times of the
11.6.4, and | Pdelay Req and Pdelay Resp messages minus the ggress asymmetry for the Pdelay [Req plus
1]1.6.5 the ingress asymmetry for the Pdelay Resp meéSsages, i.e., 161.35 +237.5 + 207.4 { (0.05) +
(0.05) = 606.25.

C.3.4 |One-step peer requestor, two-step'end-to-end transparent, and two-sfep
peer responder clocks showingresidence time and asymmetry
computations—option 2

Figure (.9 illustrates a one-step peer<requestor clock interacting with two-step end-to-end transpajent and

two-step} peer responder clocks. The two-step responder uses the second option of 11.4.3 in generjting the

Pdelay Resp and Pdelay Resp &ollow Up messages.
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RESPONDER: time = Tm
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END TO END TWO STEP TRANSPARENT CLOCK

Time = Tm + 100.3 nS

IEC 61588:2009(E)
IEEE 1588-2008(E)

BOUNDARY ONE-STEP CLOCK
REQUESTOR time = Tm + 25.2 nS

Figure|C.9—Two-step peer responder, two-step end-to-end transparent, and one-ste
requestor clocks: option 2; with’ asymmetry correction

/a\ mean_path_delay = [(144.633.85 — 144:252) - (144:400 144:238)  (~ 0.95 - 0.20) - 445.2)/2=13=[05+09 +

clockldentity: 0x[ACDE48234567)EDAB clockldentity: 0OX[ACDE48234567)FACE
- - o~ 10
. o P s
i Pdelay_Req 2 g Pdelay_Req A B
§ correctionField (ns) 0.2 A g g correctionField(ns) -(-0.2)=0.2 & E
=z 4 4 " Z
1:0 sourcePortldentity 0x[...JFACE:5 g g sourcePortldentity Ox[...JFACE:S 1:0
& & sequenceld 1037 = = 1037 e
Pdelay_Req originTimestamp | 0.0 or 144:000 Pl 13 " Pdelay_Req originTimestamp 0:0 or 144:000 Peiay R
ingress = elay_Req " — t; Pdelay_Req
> - e ingress = _
ey %0 transit time : 0.56 ns = 0.60-(0.05) e o [ TanSLMS: | 144.0+0.90 transit time:0.90 n$ = 0.70-(-0.20) e
0.55= +237.5+ — LU 144:252 (s : ns)
144:238.95 100.3
Pdelay_Resp TWO_STEP=TRUE A Pdelay_Resp TWO_STEP=TRUE
correctionField (ns) 095 |/e\ correctionField (ns) -0.85
sourcePortldentity Ox[...]ABCD : 1 sourcePortldentity Ox[...]JABCD : 1
uenceld 1037 sequenceld 1037
TEUSIRECE TS AMp(E ST \ \Eorcimpn N T o i rTTSe
Pdelay] R
requestingPortldentity \ 0x[...FACE : 5 Pdelay_Resp Pdelay_Resp requestingPortldentity 0x[...FACE:5 isga,e Ls =P
Pdelay Resp - ingress = | | it time 15‘?;905; e - 144:200.1 +
e o transit time: 0.65 ns = 0.60+(0.05) 144:400.1 + : i transit time: 0.50 nS = 0.70+(-0.20) 0.6p +
egrdss = 0.65 +100.3 207.4nS 085+ 2074450 +
144:400.1 B ; 207.4+100.3 25 =
144:6p3.85
Pdelay_Resp_Follow_Up TWO_STEP=TRUE & Pdelay_Resp_Follow_Up TWO_STER=TRUE
correctionField (ns) 03 correctionField (ns) 44572 ﬁ
sourcePortldentity 0x[...]JABCD:1 sourcePortldentity Ox[1..JABCD : 1
sequenceld 1037 sequenceld 1037
OriginTi (s:ns) ‘ 144:400 | /N OriginTi ns) | 144:400
requestingPortldentity [ 0Ox[...JFACE:5 requestingPortldentity Ox[...JFACE : 5
Pdelay Resp
_Folidw_Up A
egless

65+ 0.55)2

p peer
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The interpretations of key values for Figure C.9 are given in Table C.9.

Table C.9—Interpretation of Figure C.9 key values

Key | Reference Comments
a 11.4.3 The originTimestamp is 0 or an estimate of the egress timestamp t;.
b 11.4.3 and | The correctionField is 0 — (—0.2) = 0.2, where (-0.2) is the asymmetry on the egress path.
11.6.4
c 11.4.3, The correctionField of the Pdelay Req message is not modified.
11.5.4.3, and
11.6.4
d 1143 requestingPortldentity and sequenceld fields are copied from the sourcePortldentity and
sequenceld fields of the Pdelay Req message. The TWO-STEP flag is set to TRUEC
e 11.4.3 The correctionField is 0 less the fractional nanoseconds portion of t,, i.e., 0 — 0.95=)—(.95.
f 11.4.3, The requestReceiptTimestamp is set to the seconds and nanoseconds portion 6fits; 1441238.
11.5.4.3, and
1]1.6.5
g 11.43 and | Prior to computing the meanPathDelay, the correctionField of thé\Pdelay Resp mpssage is
11.6.5 modified by adding the ingress asymmetry — 0.2. i.e., — (0.95) + (<0:2) = —1.15. meanPathDelay
= [(t4 — t;) — (responseOriginTimestamp — requestReceiptTimestamp) — correctiopField of
Pdelay Resp — correctionField of Pdelay Resp Follow Up{/2 = [(144:633.85 — 14§#:25.2) —
(144:400 — 144:238) — (— 0.95 + (- 0.20)) — (445.2)]/2 = I'3.
h 1143 The sourcePortldentity, sequenceld, and requestingPortldentity fields of the Pdelay Resp
message are copied into the same fields of the Pdeldy Resp Follow Up message. The TWO-
STEP flag is set to TRUE.
k 11.43 and | The correctionField is set to the correctionFi¢ld of the Pdelay Req message plus the fractional
1]1.6.5 nanoseconds portion of t; i.e., 0.2 + 0.1 = 0:3:
m 11.5.4.3, The correctionField is the sum of the priginal correctionField and the residence times of the
11.6.4, and | Pdelay Req and Pdelay Resp messages minus the egress asymmetry for the Pdelay [Req plus
1]1.6.5 the ingress asymmetry for the Pdelay "Resp messages, i.e., 0.3 +237.5 +207.4 — (0.05) + (0.05)
=445.2.
p 11.4.3 The responseOriginTimestamp is set to the seconds and nanoseconds portion of t;, 144}400.
C.3.5 |One-step peer requestor, one-step end-to-end transparent, and two-step
peer responder clocks,showing residence time and asymmetry
computations—option 2
Figure (.10 illustrates a gne-step peer requestor clock interacting with one-step end-to-end transparent and
two-step) peer respondet, clocks. The two-step responder uses the second option of 11.4.3 in generjting the
Pdelay Resp and Pdelay Resp Follow Up messages.

[ Published by IEC under licence from IEEE. © 2008 IEEE. Al rights reserved. |



https://iecnorm.com/api/?name=f7817058dc18850a1a916c536e1383de

	CONTENTS
	TABLES
	FIGURES

	FOREWORD
	Title Page
	IEEE Introduction
	1. Overview 
	1.1 Scope
	1.2 Purpose
	1.3 Layout of the document

	2. Normative references
	3. Definitions, acronyms, and abbreviations
	3.1 Definitions
	3.2 Acronyms and abbreviations

	4. Conventions
	4.1 Descriptive lexical form syntax
	4.2 Word usage
	4.3 Behavioral specification notation

	5. Data types and on-the-wire formats in a PTP system
	5.1 General
	5.2 Primitive data type specifications
	5.3 Derived data type specifications
	5.4 On-the-wire formats

	6. Clock synchronization model 
	6.1 General
	6.2 Principle assumptions about the network and implementation recommendations
	6.3 PTP systems
	6.4 PTP message classes
	6.5 PTP device types 
	6.6 Synchronization overview
	6.7 PTP communications overview

	7. Characterization of PTP entities
	7.1 Domains
	7.2 PTP timescale
	7.3 PTP communications
	7.4 PTP communication media
	7.5 PTP ports
	7.6 PTP device characterization
	7.7 PTP timing characterization

	8. PTP data sets
	8.1 General specifications for data set members
	8.2 Data sets for ordinary and boundary clocks
	8.3 Data sets for transparent clocks

	9. PTP for ordinary and boundary clocks 
	9.1 General protocol requirements for PTP ordinary and boundary clocks
	9.2 State protocol 
	9.3 Best master clock algorithm
	9.4 Grandmaster clocks
	9.5 Message processing semantics
	9.6 Changes in the local clock

	10. PTP for transparent clocks
	10.1 General requirements for both end-to-end and peer-to-peer transparent clocks
	10.2 End-to-end transparent clock requirements
	10.3 Peer-to-peer transparent clock requirements

	11. Clock offset, path delay, residence time, and asymmetry corrections
	11.1 General specifications
	11.2 Computation of clock offset in ordinary and boundary clocks
	11.3 Delay request-response mechanism
	11.4 Peer delay mechanism
	11.5 Transparent clock residence time correction for PTP version 2 events
	11.6 Asymmetry correction for PTP version 2 event messages

	12. Synchronization and syntonization of clocks 
	12.1 Syntonization
	12.2 Synchronization

	13. PTP message formats 
	13.1 General
	13.2 General message format requirements
	13.3 Header
	13.4 Suffix 
	13.5 Announce message
	13.6 Sync and Delay_Req messages 
	13.7 Follow_Up message
	13.8 Delay_Resp message
	13.9 Pdelay_Req message 
	13.10 Pdelay_Resp message
	13.11 Pdelay_Resp_Follow_Up message
	13.12 Signaling message 
	13.13 Management message

	14. TLV entity specifications
	14.1 General requirements
	14.2 Experimental TLVs
	14.3  Vendor and standard organization extension TLVs

	15. Management
	15.1 General
	15.2 PTP management mechanism
	15.3 Processing of management messages
	15.4 Management message format
	15.5 Management TLVs 

	16. General optional features
	16.1 Unicast message negotiation (optional)
	16.2 Path trace (optional) 
	16.3 Alternate timescales (optional)

	17. State configuration options
	17.1 General
	17.2 Data types for options
	17.3 Grandmaster clusters (optional)
	17.4 Alternate master (optional)
	17.5 Unicast discovery (optional)
	17.6 Acceptable master table (optional)

	18. Compatibility requirements
	18.1 Compatibility between version 2 and future versions
	18.2 Compatibility between version 1 and version 2 
	18.3 Message formats and data types
	18.4 Naming changes
	18.5 Restrictions on mixed version 1 and version 2 systems

	19. Conformance
	19.1 Conformance objective
	19.2 PTP conformance requirements
	19.3 PTP profiles

	Annex A  (informative) Using PTP
	Annex B  (informative) Timescales and epochs in PTP
	Annex C  (informative) Examples of residence and asymmetry corrections
	Annex D  (normative) Transport of PTP over User Datagram Protocol over Internet Protocol Version 4
	Annex E  (normative) Transport of PTP over User Datagram Protocol over Internet Protocol Version 6
	Annex F  (normative) Transport of PTP over IEEE 802.3 /Ethernet
	Annex G  (normative) Transport of PTP over DeviceNET
	Annex H  (normative) Transport of PTP over ControlNET
	Annex I  (normative) Transport of PTP over IEC 61158 Type 10
	Annex J  (normative) Default PTP profiles
	Annex K  (informative) Security protocol (experimental)
	Annex L  (informative) Transport of cumulative frequency scale factor offset (experimental)
	Annex M  (informative) Bibliography
	Annex N (informative) List of Participants



