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Recommendation ITU-T G.8273.4/Y.1368.4 specifies minimum requirements for time and phase
synchronization equipment used in synchronization networks that operates in the assisted partial
timing support (APTS) and partial timing support (PTS) architectures.

History
Edition Recommendation Approval  Study Group Unique ID*

1.0 ITU-T G.8273.4/Y.1368.4 2020-03-15 15 11.1002/1000/14214
Keywords

Assisted partial time support, boundary clock, partial time support, phase synchronization, time
synchronization.

* 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.

Rec. ITU-T G.8273.4/Y.1368.4 (03/2020) i


http://handle.itu.int/11.1002/1000/14214
http://handle.itu.int/11.1002/1000/11830-en
http://handle.itu.int/11.1002/1000/11830-en

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, 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 2020

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

i Rec. ITU-T G.8273.4/Y.1368.4 (03/2020)


http://www.itu.int/ITU-T/ipr/

Table of Contents

1 S To{ 0] o OTRTU P TR UPRURTPRRPRN
RETEIBINICES. ... ettt ettt bbb
DEFINITIONS ...ttt b e bt et e re e sbe e nre e
3.1 Terms defined EISEWNEIE ..........coveii i
3.2 Terms defined in this Recommendation...........ccccceevevveveniinninene e

4 ADDreviations and aCIrONYIMS .........eoiiiiiieiie it ae e

5 (@00 11Y7=] 11 o] SRRSO

6 Physical layer frequency performance requIrements.........cccocceevveiiieiiesieesieesineesee s

7 Performance requirements for T-BC-A and T-TSC-A ...
7.1 FreqQUENCY GCCUTACY ...cciuvviiiiieiiiiiesiiiesieee sttt e st e st et e e stae e ssbe e nba e e nn e nnnee s
7.2 TIMe error NOISE GENEIALION. ........eccuiiieiree et
7.3 NOISE TOIEIANCE ... e
7.4 Local time reference (1PPS) to PTP and local time reference (1PPS) to

1PPS NOISE rANSTEN ...t
7.5 PTP output and 1PPS output transient response (short term) due to loss

and restoration of local time reference (1PPS) input.........cccccovvviiiienieinennn.
7.6 HOIAOVEr PEITOIMANCE........oviiiiiiiecieiee e

8 Performance requirements for T-BC-P and T-TSC-P ......ccccccceviiiiiiiiecieccic e
8.1 FrEQUENCY QCCUTACY .....evvirieiiiiirie it
8.2 Time error NOISE gENEIALION. ......c.viiiieiieieierierie st
8.3 N [T SR (] (=] =V o SRS
8.4 NOISE TrANSTE.....eivieiicieie et nae s
8.5 Transient response (ShOrt-term).........cccovveveiieiie e
8.6 HOIdOVEr PErfOrMANCE. .......eoiie it

9 L1 =T o To T PSSR
9.1 Phase and time INLErfACES ........c.ecvveiieie i
9.2 FrequenCy INTErfaCES. .......cvciuiiieci e

Annex A — T-TSC-A and T-BC-A functional model ...........cccccooeiieiiiiiieececeee e,

Annex B — T-TSC-P and T-BC-P functional model............ccoceiiiiiiniiiiiiineee e

Appendix | — Consideration of slave clocks embedded in end applications..............cc.ccocveeee

Appendix Il — Consideration of variable temperature testing..........ccccceovvevvevviceseece e,

Appendix I11 — Consideration of the use of a synchronous equipment clock to maintain
time holdover for partial timing support NEtWOrKS..........ccccovveveiieiiececcce e,

Appendix IV — Use of a synchronous equipment clock to assist a PTP time lock ..................

Appendix V — Synchronization interworking function P-F node limitS...........c.ccccoeeveiennnnen.

BIDHOGIAPNY ...t

Rec. ITU-T G.8273.4/Y.1368.4 (03/2020)

Page

o o0 B~ B P OO WO DN DNNDNDNDNDND PP

© © © 00 N N N o o

[ ==
N B

I e e
© o O W

20
21
22
23






Recommendation ITU-T G.8273.4/Y.1368.4

Timing characteristics of telecom boundary clocks and
telecom time slave clocks for use with partial timing support
from the network

1 Scope

This Recommendation specifies minimum requirements for time and phase synchronization
equipment used in synchronization networks that operates in the assisted partial timing support
(APTS) and partial timing support (PTS) architectures.

The APTS and PTS architectures are specified in [ITU-T G.8271], [ITU-T G.8271.2] and
[ITU-T G.8275]. The applicable profile is established in [ITU-T G.8275.2], which specifies unicast
PTS/APTS time or phase synchronization distribution for packet-based networks.

This Recommendation allows for proper network operation for phase/time synchronization
distribution when a network equipment embedding an APTS or a PTS clock is timed from another
telecom boundary clock (T-BC) or a telecom grandmaster (T-GM). This Recommendation specifies
the minimum requirements for APTS and PTS clocks in network elements (NEs). These requirements
apply under the normal environmental conditions specified for the equipment.

This Recommendation includes noise generation, noise tolerance, noise transfer, and transient
response for APTS and PTS clocks.

Synchronous equipment clocks (per [ITU-T G.8262]) are optional in this Recommendation, and they
are not used for APTS. For PTS, if a piece of equipment implements a synchronous equipment clock,
as described in Appendix I11 and in Appendix 1V, then the requirements in clause 8 still apply.
NOTE — For APTS, double failure (coincident failure of both global navigation satellite system (GNSS) and
precision time protocol (PTP) input references) is not addressed in this Recommendation, except for short-
term holdover scenarios (see clause 7.6.1) when the primary GNSS source is lost and a backup PTP source is
temporarily unavailable. APTS double failure is for further study.

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

[ITU-T G.781] Recommendation ITU-T G.781 (2020), Synchronization layer functions for
frequency synchronization based on the physical layer.

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

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

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

Rec. ITU-T G.8273.4/Y.1368.4 (03/2020) 1



[ITU-T G.8260]
[ITU-T G.8262]
[ITU-T G.8264]
[ITU-T G.8271]

[ITU-T G.8271.2]

[ITU-T G.8272]

[ITU-T G.8273.2]

[ITU-T G.8275]

[ITU-T G.8275.2]

3 Definitions

Recommendation ITU-T G.8260 (2020), Definitions and terminology for
synchronization in packet networks.

Recommendation ITU-T G.8262/Y.1362 (2018), Timing characteristics of a
synchronous equipment slave clock.

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

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

Recommendation ITU-T G.8271.2/Y.1366.2 (2017), Network limits for time
synchronization in packet networks with partial timing support from the
network.

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

Recommendation ITU-T G.8273.2/Y.1368.2 (2019), Timing characteristics of
telecom boundary clocks and telecom time slave clocks.

Recommendation ITU-T G.8275/Y.1369 (2017), Architecture and requirements
for packet-based time and phase distribution.

Recommendation ITU-T G.8275.2/Y.1369.2 (2020), Precision time protocol
telecom profile for phase/time synchronization with partial timing support from
the network.

3.1 Terms defined elsewhere

This Recommendation uses the following terms defined elsewhere:
Terms related to synchronization are defined in [ITU-T G.810] and [ITU-T G.8260].

3.2 Terms defined in this Recommendation

None.

4 Abbreviations and acronyms

This Recommendation uses the following abbreviations and acronyms:
APTS Assisted Partial Timing Support
BMCA  Best Master Clock Algorithm

cTE constant Time Error
dTE dynamic Time Error
EEC Ethernet Equipment Clock

eLORAN enhanced Long-Range Navigation

ESMC Ethernet Synchronization Messaging Channel

GbE Gigabit Ethernet
GNSS Global Navigation Satellite System
1/0 Input/Output
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IWF Interworking Function

MTIE Maximum Time Interval Error
NE Network Element

PEC Packet-based Equipment Clock
P-F PTS to full timing support (FTS)
PPS Pulse Per Second

PRC Primary Reference Clock

PRS Primary Reference Source

PRTC Primary Reference Time Clock

PTP Precision Time Protocol

PTS Partial Timing Support

SDH Synchronous Digital Hierarchy

SEC Synchronous digital hierarchy (SDH) Equipment slave Clock
SSM Synchronization Status Message

STM-N  Synchronous Transport Module — level N

SyncE Synchronous Ethernet

T-BC Telecom Boundary Clock

T-BC-A  Telecom Boundary Clock for Assisted partial timing support
T-BC-P  Telecom Boundary Clock for Partial timing support

TE Time Error
T-GM Telecom Grandmaster
ToD Time of Day

T-TSC-A Telecom Time Slave Clock for Assisted partial timing support
T-TSC-P  Telecom Time Slave Clock for Partial timing support

5 Conventions
None.
6 Physical layer frequency performance requirements

Synchronous equipment clock interfaces and synchronous equipment clock are optional. When used
on the telecom time slave clock for partial timing support (T-TSC-P) or telecom boundary clock for
partial timing support (T-BC-P), the synchronous equipment clock shall meet the performance
requirements specified in [ITU-T G.8262], and shall generate and process Ethernet synchronization
messaging channel (ESMC) messages as specified in [ITU-T G.8264].

Synchronous digital hierarchy (SDH) interfaces and SDH equipment slave clocks are optional. When
used on the T-TSC-P or T-BC-P, the SDH equipment slave clocks shall meet the performance
requirements specified in [ITU-T G.813], and shall generate and process synchronization status
messages (SSMs) as specified in [ITU-T G.781].
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7 Performance requirements for T-BC-A and T-TSC-A

7.1 Frequency accuracy

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

7.2 Time error noise generation

The time error (TE) noise generation of a telecom boundary clock for assisted partial timing support
(T-BC-A) and telecom time slave clock for assisted partial timing support (T-TSC-A) represents the
amount of noise (i.e., TE) produced at the output of the T-BC-A/T-TSC-A when locked to an ideal,
wander-free time reference at the 1 pulse per second (1PPS) or PTP time input (see Figure A.1). This
is equivalent to having an external local time reference at reference point A" as shown in Figure 1 of
[ITU-T G.8271.2].

If an external local time reference is connected using a PTP timing signal instead of a 1PPS signal,
the TE noise generation is for further study.

In the case of an integrated local time reference (e.g., a GNSS signal at the time input), there may not
be an accessible 1PPS or PTP time input. In this case, the requirements of this clause are not
applicable, except in the case of maximum TE noise generation, which is for further study.

The output of the T-BC-A is measured at both the 1PPS output and packet input/output (I/O) PTP
master port; the output of the T-TSC-A is measured at the 1PPS output.

NOTE — The values in in this clause are valid for 1PPS interfaces and for 1 gigabit Ethernet (GbE), 10 GbE,
25 GbE, 40 GbE and 100 GbE interfaces. Values for other interfaces are for further study.

7.2.1 Maximum absolute time error (max|TE|) noise generation

Under normal, locked operating conditions, the time output of the T-BC-A and the T-TSC-A should
be accurate to within the maximum absolute TE (max|TE[). This value includes all the noise
components, i.e., the constant time error (CTE) and the dynamic time error (dTE).

The max|TE| limit is for further study.

In the case of an integrated local time reference, the max|TE| value is 100 ns greater than it would be
for the case of an external local time reference. The total value is also for further study.

7.2.2 Constant time error generation
The permissible range of cTE noise generation is shown in Table 7-1.

Table 7-1 — T-BC-A/T-TSC-A permissible range of constant time error

T-BC-A/T-TSC-A class Permissible range of cTE (ns)
A 150
B +20

NOTE 1 — The cTE definition and its method of estimation are given in [ITU-T G.8260]. For the purpose of
testing the limits in Table 7-1, an estimate of ¢TE should be obtained by averaging the TE sequence over at
least 10 000 s.

NOTE 2 — The cTE is measured at constant temperature (within 1 K).

7.2.3 Dynamic time error low-pass filtered noise generation

The dynamic TE low-pass filtered noise generation (dTEL) is a maximum of 50 ns peak-to-peak.

NOTE — This should be measured under constant temperature (within £1 K) and using a first-order low-pass
measurement filter with a bandwidth of 0.1 Hz for a minimum of 10 000 s.
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7.2.4  Dynamic time error high-pass filtered noise generation
The dynamic TE high-pass filtered noise generation (dTEr) is for further study.

7.3 Noise tolerance

The noise tolerance of the equipment clock indicates the minimum TE level at the input of the clock
that should be accommodated while not causing:

- any alarms;

- the clock to switch reference;

- the clock to go into holdover.

An equipment clock must be capable of tolerating the following levels of noise at its input:

- peak-to-peak pktSelected2wayTE according to [ITU-T G.8271.2] network limit,
clause 7.3.1.1 at the PTP input;

- max|TE| according to [ITU-T G.8271.2] network limit, clause 7.1 at the time input.

NOTE 1 - This requirement is not applicable in the case of an integrated local time reference (e.g., a GNSS
signal at the time input).

In addition, a T-TSC-A must maintain the max|TEL| at its 1PPS output below the level indicated in
clause 7.4.1 of [ITU-T G.8271.2].

NOTE 2 — To compute max|TEL|, a first-order low-pass measurement filter with bandwidth of 0.1 Hz is used,
and it is applied to the TE samples measured at the 1PPS output prior to evaluating the max|TE]|.

7.4 Local time reference (1PPS) to PTP and local time reference (1PPS) to 1PPS noise
transfer

The phase gain of the T-BC-A or T-TSC-A should be smaller than 0.1 dB (1.1%).

7.5 PTP output and 1PPS output transient response (short term) due to loss and
restoration of local time reference (1PPS) input

The requirements in this clause reflect the performance of the clock if the local time reference input
is ideal.

The response of the T-BC-A and T-TSC-A due to the loss and restoration of the local time reference
may be generalized by the following sequence of events:

- the clock is locked to the local time reference;
- the local time reference is lost;

- the clock enters holdover;

— the clock maintains holdover state;

— the local time reference is restored;

— the clock selects the local time reference;

- the clock is locked to the local time reference.
The following requirements apply:

1) the transient response due to the loss of the local time reference shall be less than 22 ns
maximum time interval error (MTIE);

2) the period of loss of the local time reference while in holdover shall comply with clause 7.6;

3) the transient response due to the restoration of the local time reference shall be less than 22 ns
MTIE.

Rec. ITU-T G.8273.4/Y.1368.4 (03/2020) 5



7.6 Holdover performance

7.6.1 Holdover based on oscillator
This requirement bounds the maximum excursions in the output timing signal.

It specifies the phase/time performance of the T-BC-A or T-TSC-A clock if an ideal local time
reference input is disconnected, and the backup PTP time source from the network cannot be used
(e.g., during a switching process or very short unavailability of the PTP source). This offers temporary
assistance (up to the limit indicated in Figure 7-1) to maintain phase/time previously set by the
primary master. Other failure scenarios are for further study, including that in which the primary
GNSS source is the first to be lost and the PTP is used as backup source for some time before finally
failing.

When a T-BC-A or T-TSC-A clock loses all its references, it enters the holdover state. The phase
error, AT, at the output of T-BC-A/T-TSC-A relative to the input at the moment of loss of reference
should meet the following:

AT (t)| < [(a; + a,)t + 0.5bt2 + ¢c]  (ns)

where:
a1 = 1ns/s (see Note 1);
a2 = for further study (see Note 2);
b = 1.16 x 10~° ns/s? (see Note 3);
c = 22ns (see Note 4).

NOTE 1 — The frequency offset a; represents an initial frequency offset corresponding to 1 ns/s.

NOTE 2 — The frequency offset a, accounts for temperature variations after the clock goes into holdover and
requires further study. If there are no temperature variations, the term a, should not contribute to the phase
error; thus for constant temperature, a2 = 0 ns/s.

NOTE 3 — The drift b is caused by ageing: 1.16 x 10°ns/s? corresponds to a frequency drift
of 1 x 10~%day (1 ppb/day).

NOTE 4 — The phase offset ¢ takes accounts for any additional phase shift that may arise during the transition
at the entry into and exit from the holdover state.

Under constant temperature conditions (within £1 K) the maximum observation interval is 1 000 s.
The resultant overall requirement for constant temperature (i.e., when the temperature effect is
negligible) is summarized in Figure 7-1.

AT (t)| < (ast + 0.5bt?> +¢)  (ns)
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Figure 7-1 — Permissible phase error under holdover operation at constant temperature

7.6.2 Holdover based on PTP

The phase/time performance during loss of the local time reference based on a PTP input applicable
to a T-BC-A or T-TSC-A under constant temperature conditions is shown in Table 7-2.

This requirement reflects the performance of the clock if the local time reference input is ideal
followed by disconnection of the local time reference input. The PTP input is ideal.

Under constant temperature conditions (within £1 K) the maximum observation interval is 1 000 s.

Table 7-2 — Performance allowance during loss of local time reference input (MTIE)
for T-BC-A or T-TSC-A with constant temperature

MTIE limit (ns) Observation interval 7 (s)
200 + ¢ 1<7<1000

Here ¢ = 22 ns (see Note 1).
NOTE 1 — The phase offset ¢ is associated with the phase transient response from clause 7.5.

NOTE 2 — The main contributor to the holdover performance is the noise generation of the equipment clock
when locked to a PTP input. The value of 200 ns is consistent with the noise generation in clause 8.2.3.

8 Performance requirements for T-BC-P and T-TSC-P

8.1 Frequency accuracy

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

8.2 Time error noise generation

The TE noise generation of a T-BC-P or T-TSC-P represents the amount of noise (i.e., TE) produced
at the output of the T-BC-P or T-TSC-P when locked to an ideal, wander-free PTP time reference at
the packet 1/0 PTP slave port (see Figure B.1).

Rec. ITU-T G.8273.4/Y.1368.4 (03/2020) 7



The output of the T-BC-P is measured at both the 1PPS output and packet I/O PTP master port; the
output of the T-TSC-P is measured at the 1PPS output.

NOTE — The values in this clause are valid for 1PPS interfaces and for 1 GbE, 10 GbE, 25 GbE, 40 GbE and
100 GbE interfaces. Values for other interfaces are for further study.

8.2.1 Maximum absolute time error noise generation (max|TE|)

Under normal, locked operating conditions, the time output of the T-BC-P and the T-TSC-P should
be accurate to within the max|TE| limit. This value includes all the noise components, i.e., the cTE
and the dTE.

The max|TE| noise generation limit is for further study.

8.2.2 Constant time error noise generation
The permissible range of cTE noise generation is shown in Table 8-1.

Table 8-1 — T-BC-P/T-TSC-P permissible range of constant time error

T-BC-P/T-TSC-P class Permissible range of cTE (ns)
A 150
B +20

NOTE 1 - The definition of cTE and its method of estimation are found in clause 3.1.20 of [ITU-T G.8260].
For the purpose of testing the limits in Table 8-1, an estimate of cTE should be obtained by averaging the TE
sequence over at least 10 000 s.

NOTE 2 — The cTE is measured at constant temperature (within £1 K).

8.2.3 Dynamic time error low-pass filtered noise generation

The dTEL is a maximum of 200 ns peak-to-peak.

NOTE — This should be measured under constant temperature (within £1 K) and using a first-order low-pass
measurement filter with a bandwidth of 0.1 z for a minimum of 10 000 s.

8.2.4 Dynamic time error high-pass filtered noise generation
The dTEw is for further study.

8.3 Noise tolerance

The noise tolerance of the equipment clock indicates the minimum TE level at the input of the clock
that should be accommodated while not causing:

— any alarms;
- the clock to switch reference;
- the clock to go into holdover.

An equipment clock must be capable of tolerating the following levels of noise at its input:

— max|pktSelected2wayTE| according to the network limit given in clause 7.3.2.1 of [ITU-T
G.8271.2] at the PTP input;

— wander tolerance according to clause 9.1 of [ITU-T G.8262] at the synchronous equipment
clock input;

In addition, a T-TSC-P must maintain the max|TEL| at its 1PPS output below the level indicated in
clause 7.4.2 of [ITU-T G.8271.2].

NOTE — To compute max|TE_|, a first-order low-pass measurement filter with bandwidth of 0.1 Hz is used,
applied to the TE samples measured at the 1PPS output prior to evaluating the max|TE]|.
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8.4 Noise transfer

8.41 PTPtoPTP and PTP to 1PPS noise transfer
The phase gain of the T-BC-P or T-TSC-P should be smaller than 0.1 dB (1.1%).

8.4.2 Physical layer frequency assistance to PTP and physical layer frequency assistance to
1PPS noise transfer

The noise transfer specification in the case of physical layer frequency assistance is for further study.

For more information on the use of synchronous Ethernet (SyncE) to assist a partially aware clock,
refer to Appendix IV.

8.5 Transient response (short-term)

8.5.1 PTP output and 1PPS output transient response due to loss and restoration or
switching of PTP input

The requirements in this clause reflect the performance of the clock if the PTP input is ideal.

The response of the T-BC-P and T-TSC-P due to the loss and restoration of PTP may be generalized
by the following sequence events:

- the clock is locked to a PTP reference;
— the PTP reference is lost;

— the clock enters holdover;

— the clock maintains holdover state;

- a PTP reference is available;

- the clock selects the PTP reference;

- the clock is locked to the PTP reference.

The following requirements apply:

1) the transient response due to the loss of the PTP reference shall be less than 22 ns MTIE;
2) the period of loss of PTP while in holdover shall comply with clause 8.6;
3) the transient response due to the restoration of the PTP shall be less than 22 ns MTIE.

8.5.2 PTP output and 1PPS output transient response due to switching physical layer input
while maintaining PTP input

PTP output and 1PPS output transient response due to switching physical layer input while
maintaining PTP input are for further study.

8.5.3 PTP output and 1PPS output transient response due to switching simultaneously the
physical layer input and the PTP input

PTP output and 1PPS output transient response due to switching physical layer input while
maintaining PTP input are for further study.
8.6 Holdover performance

8.6.1 Holdover based on oscillator

The phase/time performance during loss of the PTP input based on a local oscillator applicable to a
T-BC-P or T-TSC-P is as follows.

This requirement bounds the maximum excursions in the output timing signal.
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This requirement reflects the performance of the clock if the PTP input is ideal, followed by
disconnection of the PTP input.

When a T-BC-P or T-TSC-P clock loses all its references, it enters the holdover state. The phase
error, AT, at the output of the T-BC-P/T-TSC-P relative to the input at the moment of loss of reference
should meet the following condition:

AT ()| < [(a; + ay)t + 0.5bt?> +c]  (ns)

where:
a1 = 1ns/s (see Note 1);
a2 = for further study (see Note 2);
b = 1.16 x 10~ ns/s? (see Note 3);
c = 22ns(see Note 4).

NOTE 1 — The frequency offset a; represents an initial frequency offset corresponding to 1 ns/s.

NOTE 2 — The frequency offset a, accounts for temperature variations after the clock went into holdover and
requires further study. If there are no temperature variations, the term a, should not contribute to the phase
error; thus for constant temperature, a; = 0 ns/s.

NOTE 3 — The drift b is caused by ageing: 1.16 x 10 ns/s? corresponds to a frequency drift of 1 x 10°/day
(1 ppb/day).

NOTE 4 — The phase offset ¢ accounts for any additional phase shift that may arise during the transition at the
entry into and exit from the holdover state.

Under constant temperature conditions (within 1 K), the maximum observation interval is
1 000 seconds. The resultant overall requirement for constant temperature (i.e., when the temperature
effect is negligible) is summarized in Figure 8-1.

|AT(t)| < (ast + 0.5bt?> +¢)  (ns)

AT
A

1 us

100 ns a

10 ns >
1 10 100 1000
G.8273.4-Y.1368.4(20)_F7-8

Figure 8-1 — Permissible phase error under holdover operation at constant temperature
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8.6.2 Holdover based on physical layer frequency assistance

When a T-BC-P or T-TSC-P loses all of its input phase and time references, it enters the phase/time
holdover state. Under these circumstances, the T-BC-P or T-TSC-P may rely on a physical layer
frequency assistance reference traceable to a primary reference clock (PRC).

This requirement reflects the performance of the clock if an ideal PTP input is disconnected. The
physical layer frequency input is also ideal.

The requirements on phase/time performance during loss of the PTP input reference are defined in
clause 7.4.2.2 of [ITU-T G.8273.2].

9 Interfaces

The requirements in this Recommendation are related to reference points that may be internal to the
equipment or NE in which the T-BC-A, T-BC-P, T-TSC-A or T-TSC-P is embedded and are therefore
not necessarily available for measurement or analysis by the user. Consequently, the performance of
the T-BC-A, T-BC-P, T-TSC-A or T-TSC-P is not specified at these internal reference points, but
rather at the external interfaces of the equipment.

Note that not all interfaces mentioned in this clause need to be implemented on all equipment.

Table 9-1 summarizes the differences with respect to interfaces between different clock types and the
applicability of clauses of this Recommendation to the T-TSC-A, T-TSC-P, T-BC-A and T-BC-P
equipment clocks. The following terms are used:

- "applicable™ means requirements apply to the clock;

— "optional” means requirements apply to the clock if the optional local time reference input is
supported,;

- "not Applicable” means that the PTP output is not available on the equipment clock.

Table 9-1 — Differences with respect to interfaces between different clock types

Equipment clock Local time reference input OE;I;)Zt
T-TSC-A Applicable Not applicable
T-TSC-P Not applicable Not applicable
T-BC-A Applicable Applicable

T-BC-P Not applicable Applicable

9.1 Phase and time interfaces

The phase and time interfaces specified for the equipment in which the T-BC-A, T-BC-P, T-TSC-A
or T-TSC-P may be contained are:

- Ethernet interface carrying PTP messages;
NOTE - Ethernet interfaces can combine Synck for frequency and PTP messages.

- b-ITU-T V.11-based time/phase distribution interface, as specified in [ITU-T G.703] and
[ITU-T G.8271];

— 1PPS 50 Q phase-synchronization measurement interface, as specified in [ITU-T G.703] and
[ITU-T G.8271];

- other interfaces are for further study.
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9.2 Frequency interfaces

The frequency interfaces specified for the equipment in which the T-BC-P, or T-TSC-P may be
contained are:

- 2 048 kHz interfaces according to [ITU-T G.703] with additional wander requirements as
specified herein;

— 1 544 kbit/s interfaces according to [ITU-T G.703] with additional wander requirements as
specified herein;

- 2 048 kbit/s interfaces according to [ITU-T G.703] with additional wander requirements as
specified therein;

— synchronous transport module — level N (STM-N) traffic interfaces;
— Synck interfaces;

NOTE — Ethernet interfaces can combine PTP and SynckE.
— other interfaces are for further study.
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Annex A

T-TSC-A and T-BC-A functional model
(This annex forms an integral part of this Recommendation.)

Figure A.1 illustrates the T-TSC-A and T-BC-A functional model.

Time input
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| generation | v
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s Pack " F T Pack | >
acket | "| Frequency R acket g
<Packet o : processing p selection processing | : Packet /O
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(G.8273.4-Y.1368.4(20)_FA.1

Figure A.1 — The T-TSC-A and T-BC-A functional model

NOTE 1 - Figure A.1 is a functional model. It is not intended to specify any specific implementation. Any
implementation specific detail lies outside the scope of this Recommendation.

NOTE 2 — Not all interfaces are required to be present in an implementation.
NOTE 3 — Not all functional blocks are required to be present in an implementation.

NOTE 4 - The functional model shows interfaces that lie within the scope of this Recommendation; additional
functions and interfaces can be integrated in a specific implementation, but are not shown in the functional

model.

Table A.1 describes the functionality of the blocks depicted in Figure A.1.

Table A.1 — T-TSC-A and T-BC-A clock model functional blocks

Functional block label

Functionality

Time and frequency generation

Generates the local time scale of the clock (local PTP clock)
using the time source information supplied by the time selection
block and frequency source information supplied by the
frequency selection block.

Time selection

Selects the local time source to be used by the clock from among
various possible available time inputs, including the time source
clock and packet-based equipment clock (PEC) slave. This
block may support combining more than one time source.

Frequency selection

Selects the local frequency source to be used by the clock from
among various possible available frequency inputs, including the
time source clock and the PEC slave.
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Table A.1 — T-TSC-A and T-BC-A clock model functional blocks

Functional block label

Functionality

Packet processing

On the slave side, processes ingress PTP packets according to
the PTP profile and passes the timestamps from these PTP
packets to the PEC slave. Generates egress PTP packets
according to the PTP profile and passes the timestamps from
these PTP packets to the PEC slave.

In the case of the T-BC-A, on the master side, processes ingress
PTP packets and generates egress PTP packets according to the
PTP profile. Time-stamping is based on the local time scale
(local PTP clock) provided by the time and frequency generation
block.

Timing service monitor

Provides monitoring of the timing service received by the clock
according to key performance indicators. As an example, it may
monitor the PTP timing service by analysing the PTP
timestamps from the packet processing block (slave side) when
the local time scale is following a stable time reference source
from the time source clock.

Time source clock

Synchronizes to a time references (e.g., GNSS, enhanced long-
range navigation (eLORAN), 1PPS and time of day (ToD)) and
provides this as a time reference to the time selection block, as
well as a frequency reference to the frequency selection block.
Provides time reference to the PEC slave(s) for asymmetry
compensation.

PEC slave(s)

Synchronizes to a PTP master, using PTP timestamps from the
packet processing (slave side) block, and provides this as a time
reference to the time selection block or as a frequency reference
to the frequency selection block. Receives time reference from
the time source clock for asymmetry compensation.

Table A.2 describes the functionality of the interfaces depicted in Figure A.1.

Table A.2 — T-TSC-A and T-BC-A clock model external interfaces

External interfaces label

Functionality

Packet I/O

Interfaces to transmit and receive PTP packets from the packet

processing block. On the slave side, it will act as a PTP port in

the slave state to interact with external PTP master devices, and
on the master side it will act as a PTP port in the master state to
interact with external PTP slave devices.

Time input
(e.g., GNSS, eLORAN, 1PPS + ToD)

Time interface to receive from applicable interfaces available on
the clock (e.g., GNSS, eLORAN, 1PPS phase input and ToD
serial time information). Provides timing information to the time
source clock block. The time input can also be PTP.

1PPS output 1PPS phase output ([ITU-T G.703]) generated by the time and
frequency generation block.
ToD output ToD serial time information output generated by the time and

frequency generation block.

Frequency output
(e.g., 2 048 kHz)

Frequency output (e.g., [ITU-T G.703] 2 048 kHz) provides
frequency information. Generated by the time and frequency
generation block.
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Annex B

T-TSC-P and T-BC-P functional model
(This annex forms an integral part of this Recommendation.)

Figure B.1 illustrates the T-TSC-P and T-BC-P functional model.
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Figure B.1 — T-TSC-P and T-BC-P functional model

NOTE 1 - Figure B.1 is a functional model. It is not intended to specify any specific implementation. Any
implementation specific detail lies outside the scope of this Recommendation.

NOTE 2 — Not all interfaces are required to be present in an implementation.
NOTE 3 — Not all functional blocks are required to be present in an implementation.

NOTE 4 - The functional model shows interfaces that lie within the scope of this Recommendation; additional
functions and interfaces can be integrated in a specific implementation, but are not shown in the functional
model.

Table B.1 describes the functionality of the blocks depicted in Figure B.1.

Table B.1 — T-TSC-P and T-BC-P clock model functional blocks

Functional block label Functionality

Time and frequency generation Generates the local time scale of the clock (local PTP clock)
using the time source information supplied by the time selection
block and frequency source information supplied by the
frequency selection block.

Freqguency selection Selects the local frequency source to be used by the clock from
among various possible available frequency inputs, including the
time source clock, PEC slave and physical layer clock.
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Table B.1 — T-TSC-P and T-BC-P clock model functional blocks

Functional block label

Functionality

Packet processing

On the slave side, processes ingress PTP packets according to
the PTP profile and passes the timestamps from these PTP
packets to the PEC slave. Generates egress PTP packets
according to the PTP profile and passes the timestamps from
these PTP packets to the PEC slave.

In the case of the T-BC-P, on the master side, processes ingress
PTP packets and generates egress PTP packets according to the
PTP profile.

Time-stamping is based on the local time scale (local PTP clock)
provided by the time and frequency generation block.

Timing service monitor

Provides monitoring of the timing service received by the clock
according to key performance indicators. As an example, it may
monitor the PTP timing service by analysing the PTP
timestamps from the packet processing block (slave side) when
the local time scale is following a stable time reference source
from the time source clock.

PEC slave

Synchronizes to a PTP master, using PTP timestamps from the
packet processing (slave side) block, and provides this is as a
time reference to the time selection block or as a frequency
reference to the frequency selection block.

Physical layer clock

(e.g., Ethernet equipment
clock/synchronous digital hierarchy
(SDH) equipment slave clock
(EEC/SEQC))

Synchronizes to a physical layer frequency input or external
frequency input and provides this as a frequency reference to the
frequency selection block. Includes selection among various
frequency inputs when more than one source is available. Would
typically implement a synchronous EEC/SEC function specified
in [ITU-T G.8262])/[ITU-T G.813].

Table B.2 describes the functionality of the interfaces depicted in Figure B.1.

Table B.2 - T-TSC-P and T-BC-P clock model external interfaces

External interfaces label

Functionality

Packet I/O

Interfaces to transmit and receive PTP packets from the packet
processing block. On the slave side, it acts as a PTP port in the
slave state to interact with external PTP master devices; on the
master side, it acts as a PTP port in the master state to interact
with external PTP slave devices.

(e.g., 2 048 kHz)

1PPS output 1PPS phase output ([ITU-T G.703]) generated by the time and
frequency generation block.

ToD output ToD serial time information output generated by the time and
frequency generation block.

Frequency output Frequency output (e.g., [ITU-T G.703] 2 048 kHz) provides

frequency information. Generated by the time and frequency
generation block.

Physical layer frequency input
(e.g., SyncE)

Physical layer frequency input from applicable interfaces
available on the clock (e.g., SyncE). Provides frequency
information to the physical layer clock block.
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Table B.2 - T-TSC-P and T-BC-P clock model external interfaces

External interfaces label

Functionality

Physical layer frequency output
(e.g., SyncE)

Physical layer frequency output provides frequency information
on applicable interfaces available on the clock (e.g., SyncE).
Generated from the physical layer clock block.

External frequency input
(e.g., 2 048 kHz)

External frequency input from applicable interfaces available on
the clock (e.g., [ITU-T G.703] 2 048 kHz or 2 048 kbit/s).
Provides frequency information to the physical layer clock
block.
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Appendix |

Consideration of slave clocks embedded in end applications
(This appendix does not form an integral part of this Recommendation.)

A [ITU-T G.8271.2] time synchronization deployment is comprised of many network clocks, such as
a primary reference time clock (PRTC), T-GM, T-BC-P, other modules without timing support,
T-TSC-A and TSC-P, and end application time clocks. Multiple time synchronization deployment
cases are shown in Appendix | of [ITU-T G.8271.2]. In those deployment cases, there is an "end
application time clock™ that is shown as providing the output clock at interface E. The requirements
of these end application time clocks and the performance at interface E lie outside the scope of this
Recommendation.

When the T-TSC-A or T-TSC-P is embedded inside the end application, as shown in Appendix | of
[ITU-T G.8271.2], the combination of the T-TSC-A or T-TSC-P and the end application time clock
is implementation specific, where the combined performance may not behave as the stand-alone
T-TSC-A or T-TSC-P described in this Recommendation. The T-TSC-A and T-TSC-P output
interface D may not be available external to the equipment for measurement.

In many end applications, there is a need to have coherent frequency and time synchronization or to
generate coherent frequency and time outputs. In such cases, it is important to properly design the
end application time clock to implement the coherency.
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Appendix 11

Consideration of variable temperature testing
(This appendix does not form an integral part of this Recommendation.)

For information related to variable temperature testing methodology, refer to Appendix | of [b-1TU-T
G.8273].

For information related to variable temperature holdover testing methodology, refer to Appendix 1l
of [b-ITU-T G.8273].
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Appendix 11

Consideration of the use of a synchronous equipment clock to maintain
time holdover for partial timing support networks

(This appendix does not form an integral part of this Recommendation.)

A partially aware equipment clock may have multiple sources of time synchronization available for
selection, such as GNSS and PTP. In addition to the time synchronization sources, there may be
frequency synchronization sources available to the equipment, as shown in Figure 111.1. When the
time synchronization source(s) are no longer available (such as signal fail), or degraded (such as poor
clockClass), the equipment may enter holdover depending on the best master clock algorithm
(BMCA) and operator configuration. During holdover, the equipment may benefit from using an
external, traceable physical layer frequency reference, instead of its internal oscillator in order to
achieve improved performance. This would be most applicable when the traceability information of
the physical layer frequency reference indicates quality level PRC, primary reference source (PRS),
PRTC or similar and the synchronous equipment clock stability available to the equipment is better
than the local oscillator. A network traceable from a chain of enhanced synchronous equipment clocks
(see [ITU-T G.8262.1]) is preferred over a network traceable reference from a chain of synchronous
equipment clocks.

Physical layer
synchronization
network

Partially aware
PTP network

Partially aware
PTP clock
(T-TSC-P, T-BC-P)

Local
oscillator

G.8273.4-Y.1368.4(20)_FIIL.1

Figure 111.1 — Partially aware clock with diverse synchronization sources

Note that in Figure I11.1 the PTP time synchronization source and the physical layer frequency source
are shown separately. This is simply for illustrative purposes; they may be received on the same
Ethernet interface of the equipment.

NOTE - The following can degrade the stability of a chain of synchronous equipment clocks (see
[ITU-T G.8262]) or enhanced synchronous equipment clocks (see [ITU-T G.8262.1]):

- temperature changes that affect the Ethernet cable delay and introduce wander on the synchronous
equipment clock input;

— phase transients caused by physical layer synchronization network rearrangements.

20 Rec. ITU-T G.8273.4/Y.1368.4 (03/2020)



Appendix 1V

Use of a synchronous equipment clock to assist a PTP time lock
(This appendix does not form an integral part of this Recommendation.)

A partially aware equipment clock typically includes a stable local oscillator as a frequency reference
to use to assist in synchronizing to incoming PTP packets. In addition to the PTP synchronization
source, there may be frequency synchronization sources available to the equipment, as shown in
Figure I11.1.

When the situation arises that:

. a physical layer frequency reference is available at the input of the equipment clock; and
. the partially aware equipment clock supports the use of such an input; and
. the equipment is configured by the operator to use the physical layer reference,

then it may be advantageous to use the externally available physical layer frequency input to assist in
the stabilization of the slave clock within the equipment, rather than relying solely on the local
oscillator, while locking to the PTP network reference source. This would be most applicable when
the traceability information of the physical layer frequency reference indicates quality level PRC,
PRS, PRTC or similar. It is assumed that an enhanced synchronous equipment clock (see
[ITU-T G.8262.1]) would be used in order for the clock to meet wander generation specifications.
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Appendix V

Synchronization interworking function P-F node limits
(This appendix does not form an integral part of this Recommendation.)

[ITU-T G.8275] specifies the concept of a synchronization interworking function (IWF), where a
node is used to translate between different segments of a network that are running different PTP
profiles.

For a synchronization IWF from PTS to full timing support (FTS) (P-F) node, distributing PTP timing
from a PTS profile to a FTS profile, the clock performance limits mainly consider the PTS type of
network used on the slave port, regardless of the FTS used on the master port.

Therefore, all limits applied to the PTS clocks within the scope of this Recommendation may also
apply to such a synchronization IWF P-F node, even if it is not strictly a PTS one.
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