ITUPublications International Telecommunication Union

Recommendations Standardization Sector

Recommendation
ITU-T G.8273/Y.1368 (06/2023)

SERIES G: Transmission systems and media, digital
systems and networks

Packet over Transport aspects — Synchronization, quality
and availability targets

SERIES Y: Global information infrastructure, Internet
protocol aspects, next-generation networks, Internet of
Things and smatrt cities

Internet protocol aspects — Transport

Framework of phase and time clocks

Full document details: ITU-T G.8273 2023


http://www.avadocuments.com/doc/itu-t-g-8273-2023
http://www.avadocuments.com/doc/itu-t-g-8273-2023

ITU-T G-SERIES RECOMMENDATIONS
Transmission systems and media, digital systems and networks

INTERNATIONAL TELEPHONE CONNECTIONS AND CIRCUITS G.100-G.199
GENERAL CHARACTERISTICS COMMON TO ALL ANALOGUE CARRIER- G.200-G.299
TRANSMISSION SYSTEMS ' '

INDIVIDUAL CHARACTERISTICS OF INTERNATIONAL CARRIER TELEPHONE G.300-G.399

SYSTEMS ON METALLIC LINES

GENERAL CHARACTERISTICS OF INTERNATIONAL CARRIER TELEPHONE

SYSTEMS ON RADIO-RELAY OR SATELLITE LINKS AND INTERCONNECTION WITH  G.400-G.449
METALLIC LINES

COORDINATION OF RADIOTELEPHONY AND LINE TELEPHONY G.450-G.499
TRANSMISSION MEDIA AND OPTICAL SYSTEMS CHARACTERISTICS G.600-G.699
DIGITAL TERMINAL EQUIPMENTS G.700-G.799
DIGITAL NETWORKS G.800-G.899
DIGITAL SECTIONS AND DIGITAL LINE SYSTEM G.900-G.999
MULTIMEDIA QUALITY OF SERVICE AND PERFORMANCE — GENERIC AND USER- G.1000-G.1999
RELATED ASPECTS ' '
TRANSMISSION MEDIA CHARACTERISTICS G.6000-G.6999
DATA OVER TRANSPORT — GENERIC ASPECTS G.7000-G.7999
PACKET OVER TRANSPORT ASPECTS G.8000-G.8999
Ethernet over Transport aspects G.8000-G.8099
MPLS over Transport aspects G.8100-G.8199
Synchronization, quality and availability targets (G.8200-G.8299
Mobile network transport aspects G.8300-G.8399
Service Management G.8600-G.8699
ACCESS NETWORKS (G.9000-G.9999

For further details, please refer to the list of ITU-T Recommendations.

Documents

Document Sharing Hub

Full document details: ITU-T G.8273 2023


http://www.avadocuments.com/doc/itu-t-g-8273-2023
http://www.avadocuments.com/doc/itu-t-g-8273-2023

Recommendation ITU-T G.8273/Y.1368

Framework of phase and time clocks

Summary

Recommendation ITU-T G.8273/Y.1368 is a framework Recommendation for phase and time clocks
for devices used in synchronizing network equipment that operates in the network architecture
specified in Recommendations ITU-T G.8271, ITU-T G.8275 and the ITU-T G.8271.x-series of
Recommendations.
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FOREWORD

The International Telecommunication Union (ITU) is the United Nations specialized agency in the field of
telecommunications, information and communication technologies (ICTs). The ITU Telecommunication
Standardization Sector (ITU-T) is a permanent organ of ITU. ITU-T is responsible for studying technical,
operating and tariff questions and issuing Recommendations on them with a view to standardizing
telecommunications on a worldwide basis.

The World Telecommunication Standardization Assembly (WTSA), which meets every four years, establishes
the topics for study by the ITU-T study groups which, in turn, produce Recommendations on these topics.

The approval of ITU-T Recommendations is covered by the procedure laid down in WTSA Resolution 1.

In some areas of information technology which fall within ITU-T's purview, the necessary standards are
prepared on a collaborative basis with 1ISO and IEC.

NOTE

In this Recommendation, the expression "Administration” is used for conciseness to indicate both a
telecommunication administration and a recognized operating agency.

Compliance with this Recommendation is voluntary. However, the Recommendation may contain certain
mandatory provisions (to ensure, e.g., interoperability or applicability) and compliance with the
Recommendation is achieved when all of these mandatory provisions are met. The words "shall" or some other
obligatory language such as "must™ and the negative equivalents are used to express requirements. The use of
such words does not suggest that compliance with the Recommendation is required of any party.

INTELLECTUAL PROPERTY RIGHTS

ITU draws attention to the possibility that the practice or implementation of this Recommendation may involve
the use of a claimed Intellectual Property Right. ITU takes no position concerning the evidence, validity or
applicability of claimed Intellectual Property Rights, whether asserted by ITU members or others outside of
the Recommendation development process.

As of the date of approval of this Recommendation, ITU had not received notice of intellectual property,
protected by patents/software copyrights, which may be required to implement this Recommendation.
However, implementers are cautioned that this may not represent the latest information and are therefore
strongly urged to consult the appropriate ITU-T databases available via the ITU-T website at
http://www.itu.int/ITU-T/ipr/.

© ITU 2023

All rights reserved. No part of this publication may be reproduced, by any means whatsoever, without the prior
written permission of ITU.
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Recommendation ITU-T G.8273/Y.1368

Framework of phase and time clocks

1 Scope

This Recommendation is a framework Recommendation for phase and time clocks for devices used
in synchronizing network equipment that operate in the network architecture specified in
[ITU-T G.8271], [ITU-T G.8275] and the ITU-T G.8271.x-series of Recommendations.

This Recommendation serves as a framework for phase and time clocks specified in the
ITU-T G.8273.x-series, and includes annexes specifying methods of their testing and measurement.

2 References

The following ITU-T Recommendations and other references contain provisions which, through
reference in this text, constitute provisions of this Recommendation. At the time of publication, the
editions indicated were valid. All Recommendations and other references are subject to revision;
users of this Recommendation are therefore encouraged to investigate the possibility of applying the
most recent edition of the Recommendations and other references listed below. A list of the currently
valid ITU-T Recommendations is regularly published. The reference to a document within this
Recommendation does not give it, as a stand-alone document, the status of a Recommendation.

[ITU-T G.810] Recommendation ITU-T G.810 (1996), Definitions and terminology for
synchronization networks.

[ITU-T G.8260] Recommendation ITU-T G.8260 (2022), Definitions and terminology for
synchronization in packet networks.

[ITU-T G.8271] Recommendation ITU-T G.8271/Y.1366 (2020), Time and phase
synchronization aspects of telecommunication networks.

[ITU-T G.8272] Recommendation ITU-T G.8272/Y.1367 (2018), Timing characteristics of
primary reference time clocks.

[ITU-T G.8272.1] Recommendation ITU-T G.8272.1/Y.1367.1 (2016), Timing characteristics of
enhanced primary reference time clocks.

[ITU-T G.8273.2] Recommendation ITU-T G.8273.2/Y.1368.2 (2023), Timing characteristics of
telecom boundary clocks and telecom time synchronous clocks for use with full
timing support from the network.

[ITU-T G.8273.3] Recommendation ITU-T G.8273.3/Y.1368.3 (2020), Timing characteristics of
telecom transparent clocks for use with full timing support from the network.

[ITU-T G.8273.4] Recommendation ITU-T G.8273.4/Y.1368.4 (2020), Timing characteristics of
telecom boundary clocks and telecom time slave clocks for use with partial
timing support from the network.

[ITU-T G.8275] Recommendation ITU-T G.8275/Y.1369 (2020), Architecture and requirements
for packet-based time and phase distribution.

[IEEE 1588] Either [IEEE 1588-2008] or [IEEE 1588-2019] depending on the specific
implementation. See clause 5 for more details.

[IEEE 1588-2008] IEEE Std 1588-2008, IEEE Standard for a precision clock synchronization
protocol for networked measurement and control systems.

[IEEE 1588-2019] IEEE Std 1588-2019, IEEE Standard for a precision clock synchronization
rotocol for networked measurement and control systems.
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3 Definitions
Definitions related to synchronization are contained in [ITU-T G.810] and [ITU-T G.8260].

4 Abbreviations and acronyms
This Recommendation uses the following abbreviations and acronyms:
1 PPS 1 Pulse Per Second

cTE constant Time Error

dTE dynamic Time Error

DUT Device Under Test

EEC Ethernet Equipment Clock

eEEC enhanced synchronous Ethernet Equipment Clock

ESMC Ethernet Synchronization Message Channel
eSyncE enhanced Synchronous Ethernet

GM Grandmaster

GNSS Global Navigation Satellite System
GPS Global Positioning System

LO Local Oscillator

MTIE Maximum Time Interval Error
PRC Primary Reference Clock
PRTC Primary Reference Time Clock
PTP Precision Time Protocol

QL Quality Level

SUT System Under Test

SyncE Synchronous Ethernet

T-BC Telecom Boundary Clock
TDEV Time Deviation

T-GM Telecom Grandmaster

ToD Time of Day

TR Time Receiver

TT Time Transmitter

T-TC Telecom Transparent Clock

T-TSC Telecom Time Synchronous Clock

5 Conventions

Within this Recommendation, the following conventions are used: the term precision time protocol
(PTP) refers to that defined in [IEEE 1588].

Within this Recommendation, some requirements are stated as requiring compliance to [IEEE 1588].
For implementations based on [IEEE 1588-2008], reference to [IEEE 1588] means compliance with
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the 2008 edition. For implementations based on [IEEE 1588-2019], reference to [IEEE 1588] means
compliance with the 2019 edition.

The terms dynamic time error (dTE) and time noise are used interchangeably throughout this
Recommendation to indicate the jitter and wander components of the timing signal.

6 General introduction of phase and time clocks

This Recommendation serves as a framework for phase and time clocks that have been specified or
are to be so in the ITU-T G.8273.x-series of Recommendations.

The focus of this Recommendation is on packet-based methods for transferring time or phase.
Specific methods based on the PTP [IEEE 1588] are considered.

The ITU-T G.8273.x-series of Recommendations specifies the items in the following list. However,
it is important to note that as of the date of publication, ITU-T G.8273.1 has not yet been approved;
its specifications are still under study and thus may be subject to change.

— Telecom grandmaster (T-GM) specification. The T-GM is a device consisting of a GM as
defined in [IEEE 1588-2008] with additional performance characteristics. The details of T-
GM are specified in [ITU-T G.8272]. Other types of T-GM are expected to be specified in
ITU-T G.8273.1 (currently under study).

— Telecom boundary clock (T-BC) specification. The T-BC is a device consisting of a boundary
clock as specified in [IEEE 1588-2008] with additional performance characteristics such as
noise generation, noise tolerance, noise transfer, transient response and holdover.
[ITU-T G.8273.2] specifies T-BC.

— Telecom transparent clock (T-TC) specification. The T-TC is a device consisting of a
transparent clock as specified in [IEEE 1588-2008] with additional performance
characteristics. [ITU-T G.8273.3] specifies T-TC.

— Telecom time synchronous clock (T-TSC) specification. The T-TSC is a device consisting
of a timeReceiver clock as specified in [IEEE 1588-2008] with additional performance
characteristics. [ITU-T G.8273.2] specifies T-TSC.

- Partial timing support T-BCs (T-BC-partial support), T-BC-assisted) and T-TSCs (T-TSC-
partial support, T-TSC-assisted). The details of these clocks are specified in
[ITU-T G.8273.4].
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Annex A

Testing and measurement of time or phase clocks
(This annex forms an integral part of this Recommendation.)

Al Introduction

Measurement of time or phase behaviour of clocks is substantively different from measurement of
their frequency behaviour. The basis for the measurement in both cases is time error but for
frequency-based measurements the time interval error information is extracted and the typical metrics
used are maximum time interval error (MTIE) and time deviation (TDEV). These metrics are
appropriate since the absolute value of time error is moot for frequency. In fact, MTIE can be viewed
as a stability measure based on peak-to-peak time error (over an observation interval) and the average
value is of little consequence. In the case of TDEV, the goal is to characterize the noise processes and
consequently it is advantageous to suppress the mean time error as well as the (average) frequency
offset.

Frequency metrics, such as MTIE, TDEV and fractional frequency offset can be applied to time or
phase clocks and such measurements may have value when assessing their stability; such metrics are
not sufficient to characterize their time error. One metric that is distinct from those of frequency is
the constant time error (CTE). The use of constant, dynamic and frequency metrics to characterize
stability of a time or phase clock is for further study.

The concentration in this Recommendation is on packet-based methods for transferring time or phase.
For specificity, methods based on the PTP [IEEE 1588] are considered.

A.1.1 TimeTransmitter port time-stamp error

There are four time stamps that are relevant in the PTP. These are as follows.
- Associated with the SYNC message:

1) Tq: time of departure from timeTransmitter port;

2) To: time of arrival at timeReceiver port.
- Associated with DELAY_REQUEST message:

3) Ta: time of departure from timeReceiver port;

4) T4 time of arrival at timeTransmitter port.

Of these time stamps, T2 and T3 are struck at the timeReceiver port and are not visible externally (T3
may be visible from some devices). Time stamps Ty and T4 are visible externally. T is available in
the SYNC (or FOLLOW_UP) message and T4 is available in the DELAY_RESPONSE message. The
accuracy of these time stamps is quantified by the difference between the time stamp as struck and
the system under test (SUT) time clock at the actual time of departure or time of arrival of the SYNC
and DELAY_REQUEST packets, respectively. The measurement device can utilize as its time
reference for measurement the same reference provided to the GM as described in Annex B.

It should be noted that T: and T4 are not single time-stamp values. T1 is the presentation by the
timeTransmitter port of its best estimate of the time of departure of the SYNC message. This shall be
presented in the originTimestamp plus correctionField of the SYNC message (in one step clocks) or
in the preciseOriginTimestamp plus correctionField of the FOLLOW_UP message (in two-step
clocks). T is the presentation by the timeTransmitter port of its best estimate of the time of arrival of
the DELAY_REQUEST message. This shall be presented in the receiveTimestamp of the
DELAY_RESPONSE message plus the difference between the correctionField of the
DELAY_REQUEST message and the correctionField of the DELAY_RESPONSE message.

Documents
4 Rec. ITU-T G.8273/Y.1368 (06/2023) Document Sharing Hub

Full document details: ITU-T G.8273 2023


http://www.avadocuments.com/doc/itu-t-g-8273-2023
http://www.avadocuments.com/doc/itu-t-g-8273-2023

Since there are multiple time stamps used to represent T: and T4 values, additional error budgeting
beyond simple single time-stamp granularity may be required.

A measurement device placed at a calibrated distance from the timeTransmitter port can estimate the
time of departure of a SYNC message from the timeTransmitter port by time-stamping the passage of
the SYNC message. Denote this measurement by Tirer. By parsing the SYNC message (or
FOLLOW_UP), the time of departure of the SYNC message as struck by the timeTransmitter port, Ty,
is established. The accuracy of the time stamp is quantified by the time error (sequence) TE; given

by:
TE; = T1 — Tirer (A.1.1)
The observed time error is compared against the specified limit Y. The pass criterion is:
ITE;| <Y, (A.1.2)

The limit Y1 is application dependent and is specified in the relevant clock specification. As
recommended in [IEEE 1588], Y1 is commensurate with the required accuracy of the application. The
further allocation to cTE and dTE (time noise) and systematic errors is for further study.

A measurement device placed at a calibrated distance from the timeTransmitter port can estimate the
time of arrival of a DELAY_REQUEST message from the timeTransmitter port by time-stamping the
passage of the DELAY_REQUEST message. Denote this measurement by Tsrer. By parsing the
DELAY_RESPONSE message, the time of arrival of the DELAY_REQUEST message as struck by the
timeTransmitter port, T4, is established. The accuracy of the time stamp is quantified by the time error
(sequence) TE4 given by:

TE4_ = T4_ - T4REF (Al3)
The observed time error is compared against the specified limit Y. The pass criterion is:
ITE,| <Y, (A.1.4)

The limit Y4 is application dependent and is specified in the relevant clock specification. As
recommended in [IEEE 1588], Y4 is commensurate with the required accuracy of the application. The
further allocation to cTE and dTE (time noise) and systematic errors is for further study.

Measuring the time-error TE; is achieved by time-stamping the passage of a SYNC message at a
calibrated distance from the timeTransmitter port. Similarly, TE4 is measured by time-stamping the
passage of a DELAY_REQUEST message at a calibrated distance from the timeTransmitter port. If
the test device is a PTP probe, the relevant time stamps generated in the probe would be the time of
arrival of a SYNC message from the timeTransmitter and the time of departure of a
DELAY_REQUEST message to the timeTransmitter. This is depicted in Figure A.1-1.

Guidelines for the measurement include the following.

a) The timeTransmitter device and the test device are provided with a common time or phase
reference and it is assumed that any synchronization error associated with locking to this
reference is negligible. Such synchronization errors should be maintained at a level to
facilitate the verification of the time error limit. Any systematic errors associated with
synchronization and 1 pulse/s (1 pulse per second; 1 PPS) interface should be accounted for.

b) The test device must be calibrated and the time-stamp accuracy and granularity of time
stamps struck by the test device should be maintained at a level to facilitate the verification
of the time error limit.

C) Annex B includes several testing configurations identifying the manner in which an external
time or phase reference is provided to the different pieces of equipment involved.
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Figure A.1-1 — Depicting the situation where the system under test is connected to a test device
and PTP messages are exchanged

At time A the timeTransmitter sends a SYNC message with time stamp T1. The packet arrives at the
test device at B and the time of arrival noted as 7>. The estimate of the forward transmission delay,
AFr, is given by:

The test device sends a DELAY_REQUEST packet at C and the time of departure noted as z3. The
time of arrival at the timeTransmitter, at D, is noted as T4 and this value is returned in the
DELAY_RESPONSE message. The estimate of reverse transmission delay, A, IS given by:

AR: T4 - T3 (A16)

In order to verify the accuracy of the time stamps T: and Ts, the transmission delays in the
interconnecting medium (e.g., fibre) have to be controlled. Specifically, the cable length is calibrated
and the delays Ams and Asm are known to have a reasonable level of accuracy. Equations A.1.5 and
A.1.6 provide estimates of transmission delays based on the time stamps struck by the
timeTransmitter and therefore the time-stamp accuracy is confirmed if:

|Ap — Ays| < Y3
|Ag — Agm| < Yy

where Y1 and Y4 are the prescribed limits for time-stamp accuracy. The further allocation to cTE and
dTE (time noise) is for further study.

(A.17)

A.1.2 TimeTransmitter port time-transfer error

Considering a device downstream from the timeTransmitter port, the time transfer time error is
dependent indirectly on the accuracy of time stamps T1 and T4 and directly on a combination thereof.
The time transfer time error can be measured by providing a common time reference to the
timeTransmitter port and monitoring device (test port) as shown in Figure A.1-1. Assuming that the
cable delay is symmetric, i.e., Ams = Asm = A, the time error signal, Ter(t) can be expressed as:

(T4 () +T1 (£))— (T3 (£) +72(E))

Terr(t) — s 1(t) - 73 T2(t) (A18)
where the terms Ta(t), T(t), z3(t) and z2(t) represent the implicit signals corresponding to the
time-stamping processes. Calculation of wander metrics is conventionally performed on samples of
Terr(t), namely {Terr(kzo)}, where the samples are taken on a uniform time grid with sampling interval
70 < (1/30).

However, the packet rates in the two directions can be different and the relative phasing
non-deterministic. Consequently, denoting the (symmetric) cable delay by A, the time error
components TE; and TE4 are computed as:

Documents
6 Rec. ITU-T G.8273/Y.1368 (06/2023) Document Sharing Hub

Full document details: ITU-T G.8273 2023


http://www.avadocuments.com/doc/itu-t-g-8273-2023
http://www.avadocuments.com/doc/itu-t-g-8273-2023

TEi(n) =Ti(n) + A —15(n)
TE4,(m) = T,(m) — A — 13(m)

The indices n and m indicate the packet sequence number and serve as a sampling index for the
different time signals. The time transfer error is determined by a combination of the two discrete-time
sequences {TE1(n)} and {TE4(m)}. Depending on the configured parameters of the IEEE-1588-2008
flow, the two sequences could have different sampling rates and non-overlapping grids of sampling
points. The methodology for combining the sequences is for further study.

(A.1.9)

The time error can be considered in two parts, one is the cTE and the other is the dTE or time noise.
The time noise generation requirement is for further study. The cTE component of the time error is
derived by combining the cTE of each sequence computed separately.

For a timeTransmitter port, the cTE transfer requirement is satisfied if:

{TE1(m)+(TE4(m))|
2

where the notation «» is used for the cTE estimation and Xconstant is the prescribed limit for cTE

generation for the timeTransmitter port provided in the appropriate Recommendation of the ITU-T
G.8273.x series.

The implication of satisfying Equation A.1.10 is that the timeTransmitter port is capable of delivering
time to a downstream device that is within Xconstant Of the underlying time clock of the
timeTransmitter port, in terms of cTE.

< XCONSTANT (A.1.10)

A2
The time error generation requirement for a GM clock is Xem ns. That is,

| Tom(t) — Trer (D) < Xgm (A2.1)

where t represents the mathematical progression of time as an independent variable, Trer is the time
value of the reference provided to the GM and Tew is the time value of the GM. The value for Xcm is
specified in [ITU-T G.8272 and [ITU-T G.8272.1].

See Figure A.2-1.

Grandmaster clocks
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Figure A.2-1 — Noise generation model for a grandmaster clock

A GM clock receives its reference from a primary reference time clock (PRTC) or, in the event that
the T-GM and PRTC are combined, the reference may come from other sources such as a global
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