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Recommendation ITU-T G.8262/Y.1362

Timing characteristics of synchronous equipment slave clock

Summary

Recommendation ITU-T G.8262/Y.1362 outlines requirements for timing devices used in
synchronizing network equipment that uses the physical layer to deliver frequency synchronization.
This Recommendation defines the requirements for clocks, e.g., bandwidth, frequency accuracy,
holdover and noise generation.

History
Edition Recommendation Approval  Study Group Unique ID*

1.0 ITU-T G.8262/Y.1362 2007-08-13 15 11.1002/1000/9190
1.1 ITU-T G.8262/Y.1362 (2007) Amd. 1 2008-04-29 15 11.1002/1000/9417
1.2 ITU-T G.8262/Y.1362 (2007) Amd.2  2010-01-13 15 11.1002/1000/10432
2.0 ITU-T G.8262/Y.1362 2010-07-29 15 11.1002/1000/10909
2.1 ITU-T G.8262/Y.1362 (2010) Amd. 1 2012-02-13 15 11.1002/1000/11523
2.2 ITU-T G.8262/Y.1362 (2010) Amd. 2 2012-10-29 15 11.1002/1000/11814
3.0 ITU-T G.8262/Y.1362 2015-01-13 15 11.1002/1000/12389
3.1 ITU-T G.8262/Y.1362 (2015) Cor.1  2016-11-13 15 11.1002/1000/13105
4.0 ITU-T G.8262/Y.1362 2018-11-29 15 11.1002/1000/13766

Keywords

EEC, jitter, OEC, synchronization, wander.

* To access the Recommendation, type the URL http://handle.itu.int/ in the address field of your web
browser, followed by the Recommendation's unique ID. For example, http://handle.itu.int/11.1002/1000/11

830-en. Documents

Document Sharing Hub
Rec. ITU-T G.8262/Y.1362 (11/2018)

Full document details: ITU-T G.8262 2018


http://handle.itu.int/11.1002/1000/9190
http://handle.itu.int/11.1002/1000/9417
http://handle.itu.int/11.1002/1000/10432
http://handle.itu.int/11.1002/1000/10909
http://handle.itu.int/11.1002/1000/11523
http://handle.itu.int/11.1002/1000/11814
http://handle.itu.int/11.1002/1000/12389
http://handle.itu.int/11.1002/1000/13105
http://handle.itu.int/11.1002/1000/13766
http://handle.itu.int/11.1002/1000/11830-en
http://handle.itu.int/11.1002/1000/11830-en
http://www.avadocuments.com/doc/itu-t-g-8262-2018
http://www.avadocuments.com/doc/itu-t-g-8262-2018

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 ISO 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 received notice of intellectual property, protected
by patents, 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 TSB patent
database at http://www.itu.int/ITU-T/ipr/.

© ITU 2019

All rights reserved. No part of this publication may be reproduced, by any means whatsoever, without the prior
written permission of ITU.

Documents
i Rec. ITU-T G.8262/Y.1362 (11/2018) Document Sharing Hub

Full document details: ITU-T G.8262 2018


http://www.itu.int/ITU-T/ipr/
http://www.avadocuments.com/doc/itu-t-g-8262-2018
http://www.avadocuments.com/doc/itu-t-g-8262-2018

Table of Contents

Page
1 ST ol0] o[- PRSP UPRTPRRTPIN 1
2 RETEIBNCES. ... ettt ettt et e ste et re e re et 2
3 DETINITIONS ...t bbbttt ettt nbe b 2
4 ADDreviations and aCrONYMS ........cooiiiiiiiieii e 3
5 (O00] 1Y 01T 0 SRRSO U TP 3
6 FIEQUENCY ACCUTACY .....vveirieriiiieieitee sttt 4
6.1 OPLION L. bbbttt 4
6.2 OPLION 2.ttt ettt bbb 4
7 Pull-in, hold-in and pull-OUt FANGES .........ccoiiiiiieeee s 4
7.1 PUH-IN TANGE .t 4
7.2 HOIO-TN TANGE ..o 4
7.3 PUH-0UL FANGE ...t 4
8 AN (oL S0 T g =T =[] o SRS 4
8.1 Wander in 10CKEd MOUE.........ciuiiieiiieciee e 5
8.2 NON-10CKEA WANGET .....oeeiieieee et 7
8.3 T et bbb ns 7
9 N[O ST (0] (=T =1 o SRR 8
9.1 WaNEr TOIEIANCE ........ccieiieeie ettt esne e 9
9.2 1= g (0] (=] = o o SR 11
10 AN oL ST {01 -] SR 14
10.1 (@] 011 o] o 0 S 14
10,2 OPLION 21ttt 14
11 Transient response and holdover performance..........cccocveveieeie e s 15
11.1  Short-term phase tranSient FESPONSE ........ceveerrieriereiesereeeeee e 15
11.2 Long-term phase transient response (NOIdOVEr) ..........ccocvviieiiieniiiiciee 16
11.3 Phase response to input signal interruptions ...........c.ccooevevieienenenenesesee 19
11.4  Phase diSCONTINUITY .......cueiiiiieiiiisiesie e 19
12 L (T Lo PR 20
Appendix | — Hybrid network elements using STM-N and Ethernet (ETY) interfaces .......... 21
Appendix Il — Relationship between requirements contained in this Recommendation and
other key synchronization-related Recommendations.............cccccvveviieiiieiiesieesiie s 22
Appendix 11 — List of Ethernet interfaces applicable to synchronous Ethernet..................... 23
Appendix IV — Considerations related to synchronous Ethernet over 1000BASE-T and
LOGBASE-T ..ottt ettt ettt neere e 28
Appendix V — Considerations for measuring noise transfer for Option 2 clocks.................... 30
Appendix VI — Considerations for testing of pull-in range ...........ccccooe i 31
Documents

Rec. ITU-T G.8262/Y.1362 (11/26t8)y"ent Shygjing Hub

Full document details: ITU-T G.8262 2018


http://www.avadocuments.com/doc/itu-t-g-8262-2018
http://www.avadocuments.com/doc/itu-t-g-8262-2018

Page
Appendix VIl — Performance estimation for cascaded media converters acting as

synchronous equIPMENt CIOCKS ..........coviiiiiciece e 32

VILL  NOISE QENEIALION .....ueiivieie e cieeie et ste ettt e e e e ae e sreeeeenee e 32

VIL2  NOISE tOIBIANCE ...t 32

VIL3  NOISE trANSTEI ... .ot s 33

VIl.4  Transient response and holdover performance..........c.ccoovoeeieneicicninennns 33
BIDHOGIAPNY ...t 34

Documents

iv Rec. ITU-T G.8262/Y.1362 (11/2018) Document Sharing Hub

Full document details: ITU-T G.8262 2018


http://www.avadocuments.com/doc/itu-t-g-8262-2018
http://www.avadocuments.com/doc/itu-t-g-8262-2018

Introduction

The synchronization method implicit in this Recommendation is the master-slave method using a
synchronous physical layer (e.g., ETY, STM-N) for distributing a frequency synchronization
reference originating from a primary reference clock (PRC) or from a primary reference time clock
(PRTC). Such methods are widely implemented to synchronize time division multiplexing (TDM)

and mobile backhaul networks.
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Recommendation ITU-T G.8262/Y.1362
Timing characteristics of synchronous equipment slave clock

1 Scope

This Recommendation outlines minimum requirements for timing devices used in synchronizing
network equipment that support synchronous clocks. It supports clock distribution based on the
network-synchronous line-code methods (e.g., synchronous Ethernet, synchronous OTN to deliver
frequency synchronization).

This Recommendation focuses on the requirements for the synchronous Ethernet equipment clock
(EEC) and the synchronous OTN equipment clock (OEC).

The Recommendation allows for proper network operation when a synchronous equipment clock
(Option 1 or 2) is timed from another network equipment clock or a higher-quality clock.

Included in this Recommendation are requirements for clock accuracy, noise transfer, holdover
performance, noise tolerance and noise generation. These requirements apply under the normal
environmental conditions specified for the equipment.

This Recommendation contains two options for synchronous equipment clocks. The first option,
referred to as "Option 1", applies to synchronous equipment designed to interwork with networks
optimized for the 2048 kbit/s hierarchy. These networks allow the worst-case synchronization
reference chain as specified in Figure 8-5 of [ITU-T G.803]. The second option, referred to as
"Option 2", applies to synchronous equipment designed to interwork with networks optimized for the
1544 kbit/s hierarchy. The synchronization reference chain for these networks is defined in clause 11.3
of [ITU-T G.813].

A synchronous equipment slave clock should comply with all the requirements specific to one option
and should not mix requirements between Options 1 and 2. In the clauses where one requirement is
specified, the requirements are common to both options.

The intent of the synchronous Ethernet and synchronous OTN is to interoperate with each other and
with existing synchronization networks based on [ITU-T G.813].

Careful consideration should be taken when interworking between networks with synchronous
equipment clocks based on Option 1 and networks with synchronous equipment clocks based on
Option 2.

Some synchronous network elements (NEs) may have a higher-quality clock. This Recommendation
allows for proper network operation when synchronous equipment (Option 1 or 2) is timed from
either another synchronous equipment (like option) clock, or a higher-quality clock. Hierarchical
timing distribution is recommended for synchronous networks. Timing should not be passed from a
synchronous clock in free-run/holdover mode to a higher-quality clock since the higher-quality clock
should not follow the free-run/holdover signal during fault conditions.

OTN 3R regenerators, as specified in [ITU-T G.8251], provide through-timing capability and can
transmit timing via synchronous OTN.

More information on synchronous Ethernet can be found in [ITU-T G.781], [ITU-T G.8261] and
[ITU-T G.8264], and for synchronous OTN can be found in [ITU-T G.709] and [ITU-T G.7041].

Documents
Rec. ITU-T G.8262/Y.1362 (11/20E8ynent Sharing Hub

Full document details: ITU-T G.8262 2018


http://www.avadocuments.com/doc/itu-t-g-8262-2018
http://www.avadocuments.com/doc/itu-t-g-8262-2018

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.703]
[ITU-T G.709]

[ITU-T G.781]
[ITU-T G.7041]
[ITU-T G.803]

[ITU-T G.810]
[ITU-T G.811]
[ITU-T G.812]
[ITU-T G.813]
[ITU-T G.825]
[ITU-T G.8251]
[ITU-T G.8261]
[ITU-T G.8264]
[ITU-T G.8272]

[IEEE 802.3]

3 Definitions

Recommendation ITU-T G.703 (2016), Physical/electrical characteristics of
hierarchical digital interfaces.

Recommendation ITU-T G.709 (2016), Interfaces for the optical transport
network.

Recommendation ITU-T G.781 (2017), Synchronization layer functions.
Recommendation ITU-T G.7041/Y.1303 (2016), Generic framing procedure.

Recommendation ITU-T G.803 (2000), Architecture of transport networks
based on the synchronous digital hierarchy (SDH).

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

Recommendation ITU-T G.811 (1997), Timing characteristics of primary
reference clocks.

Recommendation ITU-T G.812 (2004), Timing requirements of slave clocks
suitable for use as node clocks in synchronization networks.

Recommendation ITU-T G.813 (2003), Timing characteristics of SDH
equipment slave clocks (SEC).

Recommendation ITU-T G.825 (2000), The control of jitter and wander within
digital networks which are based on the synchronous digital hierarchy (SDH).

Recommendation ITU-T G.8251 (2010), The control of jitter and wander
within the optical transport network (OTN).

Recommendation ITU-T G.8261/Y.1361 (2013), Timing and synchronization
aspects in packet networks.

Recommendation ITU-T G.8264/Y.1364 (2017), Distribution of timing
information through packet networks.

Recommendation ITU-T G.8272 (2015), Timing characteristics of primary
reference time clocks.

IEEE Standard 802.3 (2018), IEEE Standard for Ethernet.

The terms and definitions used in this Recommendation are contained in [ITU-T G.810].
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4 Abbreviations and acronyms
This Recommendation uses the following abbreviations and acronyms:

BITS Building Integrated Timing Source

BPSK Binary Phase Shift Keying

CSMA/CD  Carrier Sense Multiple Access with Collision Detection
DSL Digital Subscriber Line

EC Equipment Clock

EEC synchronous Ethernet Equipment Clock
ESMC Ethernet Synchronization Message Channel
ETH Ethernet MAC layer network

ETY Ethernet PHY layer network

GNSS Global Navigation Satellite System

MAC Media Access Control

MTIE Maximum Time Interval Error

NE Network Element

NRZ Non-Return to Zero

OAM Operations, Administration and Maintenance
OEC OTN Equipment Clock

OTN Optical Transport Network

PAM Pulse Amplitude Modulation

PHY Physical (layer)

ppm parts per million

PRC Primary Reference Clock

PRTC Primary Reference Time Clock

SDH Synchronous Digital Hierarchy

SEC Synchronous Equipment Clock (NOTE — see Conventions)
SSM Synchronization Message Channel

SSuU Synchronization Supply Unit

STM-N Synchronous Transport Module-N

TDEV Time Deviation

TDM Time Division Multiplexing

Ul Unit Interval

UTC Coordinated Universal Time

5 Conventions

SEC: synchronous equipment clock: A generic term representing the SDH equipment clock
([ITU-T G.813]), the Ethernet equipment clock (EEC) and the OTN equipment clock, which are
defined in this Recommendation.
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6 Frequency accuracy

6.1 Option 1

Under free-running conditions, the equipment clock output frequency accuracy should not be greater
than 4.6 ppm with regard to a reference traceable to a [ITU-T G.811] or [ITU-T G.8272] clock.

NOTE — The time interval for this accuracy is for further study. Values of one month and one year have been
proposed.

6.2 Option 2

Under prolonged holdover conditions, the output frequency accuracy of the different types of node
clocks should not exceed 4.6 ppm with regard to a reference traceable to a primary reference clock,
over a time period T of one year.

NOTE — The time period T applies after 30 days of continuous synchronized operation.

7 Pull-in, hold-in and pull-out ranges

7.1 Pull-in range

7.1.1 Option 1

The minimum pull-in range should be +4.6 ppm, whatever the internal oscillator frequency offset
may be.

7.1.2 Option 2

The minimum pull-in range should be +4.6 ppm, whatever the internal oscillator frequency offset
may be.

7.2 Hold-in range

7.2.1 Option1
The hold-in range for the Option 1 equipment clock is not required.
7.2.2 Option 2

The hold-in range for the Option 2 equipment clock should be +4.6 ppm, whatever the internal
oscillator frequency offset may be.

7.3 Pull-out range

7.3.1 Optionl
The pull-out range is for further study. A minimum value of £4.6 ppm has been proposed.
7.3.2 Option 2

The pull-out range is not applicable.

8 Noise generation

The noise generation of an equipment clock represents the amount of phase noise produced at the
output when there is an ideal input reference signal or the clock is in holdover state. A suitable
reference, for practical testing purposes, implies a performance level of at least ten times more stable
than the output requirements. The ability of the clock to limit this noise is described by its frequency
stability. The maximum time interval error (MTIE) and time deviation (TDEV) are useful means for
characterization of noise generation performance.

Documents
4 Rec. ITU-T G.8262/Y.1362 (11/2018) Document Sharing Hub

Full document details: ITU-T G.8262 2018


http://www.avadocuments.com/doc/itu-t-g-8262-2018
http://www.avadocuments.com/doc/itu-t-g-8262-2018

MTIE and TDEV are measured through an equivalent 10-Hz, first-order, low-pass measurement
filter, at a maximum sampling time 1o of 1/30 seconds. The minimum measurement period for TDEV
is twelve times the integration period (T = 121).

8.1 Wander in locked mode

8.1.1 Option1l

When the equipment clock is in the locked mode of operation synchronized to a wander-free
reference, the MTIE measured using the synchronized clock configuration defined in Figure la of
[ITU-T G.810] should have the limits in Table 1, if the temperature is constant (within £1°K):

Table 1 — Wander generation (MTIE) for Option 1 with constant temperature

MTIE limit [ns] Observation interval T [s]
40 0.1<t<1
40 %1 1 <t<100
25.25 1%2 100 <t <1000

The resultant requirement is shown by the thick solid line in Figure 1.

When temperature effects are included, the allowance for the total MTIE contribution of a single
equipment clock increases by the values in Table 2.

Table 2 — Additional wander generation (MTIE) for Option 1 with temperature effects

Additional MTIE allowance [ns] Observation interval T [s]
051 <100
50 > 100

The resultant requirements are shown by the thin solid line in Figure 1.

1000

(var.temp.) |15q
100 113
63
MTIE [ns] 40 (const. temp.)
10
1
01 1.0 10 100 1000

Observation interval t [s]
G.8262-Y.1362(10)_FO1

Figure 1 — Wander generation (MTIE) for Option 1

When the equipment clock is in the locked mode of operation, the TDEV measured using the
synchronized clock configuration defined in Figure 1a of [ITU-T G.810] should have the limits in
Table 3, if the temperature is constant (within £1°K):
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Table 3 — Wander generation (TDEV) for Option 1 with constant temperature

TDEV limit [ns]

Observation interval T [s]

3.2 0.1<t<25
0.64 t°° 25<1t<100
6.4 100 <t <1000

The resultant requirements are shown in Figure 2.

100

TDEV [ns]
10

(const.temp.)

6.4

3.2

0.1

0.1

.0 10 25 100 1000

Observation interval t[s]

(G.8262-Y.1362(10)_F02

Figure 2 — Wander generation (TDEV) for Option 1 with constant temperature

The allowance for the total TDEV contribution of a single equipment clock when temperature effects

are included is for further study.

8.1.2 Option 2

When the equipment clock clock is in the locked mode of operation synchronized to a wander-free
reference, the MTIE and TDEV measured at the output under constant temperature (within £1°K)
shall be below the limits in Tables 4 and 5 respectively.

Table 4 — Wander generation (MTIE) for Option 2 with constant temperature

MTIE limit [ns] Observation interval T [s]
20 0.1<t<1
20 1°48 1<t<10
60 10 <1 <1000

Table 5 — Wander generation (TDEV) for Option 2 with constant temperature

TDEV limit [ns] Observation interval T [s]
32170 0.1<t<25
2 2.5<1<40
0.32 1% 40 <1 <1000
10 1000 <t <10 000
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