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FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organizatio sing
dll national electrotechnical committees (IEC National Committees). The{ ob note
international co-operation on all questions concerning standardization in th . To
this end and in addition to other activities, IEC publishes International ons,
Technical Reports, Publicly Available Specifications (PAS) and Guides ( ‘IEC
Rublication(s)”). Their preparation is entrusted to technical committegs sted
in the subject dealt with may participate in this preparatory wo non-
dovernmental organizations liaising with the IEC also participa sely
with the International Organization for Standardization (IS i by
gdgreement between the two organizations.

2) The formal decisions or agreements of IEC on technlcal m onal
donsensus of opinion on the relevant sub, h all
interested IEC National Committees.

3) IEC Publications have the form of recommendations onal
CGommittees in that sense. While all reasonabte effo IEC
Rublications is accurate, IEC cannot be any
misinterpretation by any end user.

4) Ip order to promote interndti ions
transparently to the maX|m Ence
Hetween any IEC Publica bd in
the latter.

5) IEC itself does pot provige any a mity
gdssessment ser i any
dervices carried out’ by indepen

6) All users should e

7) No liability sh its directors, employees, servants or agents including individual experts| and
members of its te ittees and IEC National Committees for any personal injury, property damage or
dther damage of a vhatsoever, whether direct or indirect, or for costs (including legal fees)|and
gxpensesari out of the publication, use of, or reliance upon, this IEC Publication or any other|IEC
Rublications

8) Attention is™draw dormative references cited in this publication. Use of the referenced publicatiofps is
ihdispensablefor.the correct application of this publication.

9) Attentionis-drawn tothe possibility that some of the elements of this IEC Publication may be the subjert of
datentrights. IEC shall not be held responsible for identifying any or all such patent rights.

A HASYis a technical specification not fulfilling the requirements for a standard, but mjade

available to the public.
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IEC PAS 61850-9-3 has been developed by IEC technical committee 57: Power systems
management and associated information exchange, in cooperation with the IEEE Power
Systems Relaying Committee Working Group H24/Substation Committee Working Group C7
of the Power & Energy Society of the IEEE, and IEC subcommittee 65C: Industrial networks,
of IEC technical committee 65: Industrial-process measurement, control and automation.

The text of this PAS is based on the This PAS was approved for
following document: publication by the P-members of the
committee concerned as indicated in
the following document

Draft PAS Report on voting
57/1551/PAS 57/1575/RVD

Following publication of this PAS, which is a pre-standard publication, iftee

or subcommittee concerned may transform it into an International Stz

Thig PAS shall remain valid for an initial maximum period 0 the
publication date. The validity may be extended for a single\periodaUp<to ‘a maximunp of
3 years, at the end of which it shall be published as another , or

shall be withdrawn.

A bjlingual version of this publication may be issued|at 4 |

&

2
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INTRODUCTION

This PAS specifies a precision time protocol (PTP) profile of IEC 61588:2009 applicable to
power utility automation which allows compliance with the highest synchronization classes of

IEC

61850-5 and IEC 61869-9.

This PAS applies Layer 2 communication according to IEC 61588:2009, Annex F, and uses
peer-to-peer delay measurement according to the IEC 61588:2009, Annex J.4, default profile
with restricted range values.

Wh
abo

Wh
IEC

bn clocks have a single attachment, this profile is a subset of IEC 61588:2009 with

ve restrictions.
bn clocks have an optional double attachment, this profile .& ds BMCA
61588:2009 as IEC 62439-3:2015, Annex A, specifies.

@%
g

the

of
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Thig PAS specifies a precision time protocol (PTP) profile of IEC 61588
power utility automation which allows compliance with the highest synchroni

IEC

2

The following documents, in whole or in part, are normati

are
und

amendments) applies.

IEC
con

IEC
-P

IEC
- A
(HS

ISO
fran

3

3.1

For
IEC]
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COMMUNICATION NETWORKS AND
SYSTEMS FOR POWER UTILITY AUTOMATION -

Part 9-3: Precision time protocol
profile for power utility automation

61850-5 and IEC 61869-9.

Normative references

lated references, the latest edition of the ment (including

the purposes of this document, the terms and definitions given in IEC 61588:2009
62439-3:2015, as well as the following, apply:

e to
s of

and
For
any

61588:2009, Precision clock synchronizat g networked measurement land
frol systems
TR 61850-90-4:2013, icat| s.ang’systems for power utility automaition
brt 90-4: Network engi 1
62439-3:2015, Ind E jon_networks — High availability automation networks
art 3: Paral#@e oN(PRP) and High-availability Seamless Redundgncy
R)

and

and

3.1.

1

grandmaster-capable

ordinary clock or boundary clock that is able to take the role of a grandmaster

Note 1 to entry: A grandmaster-capable clock is not necessarily connected to a recognized time source.
3.1.2

time error

deviation from the time reference used for measurement or synchronization caused by a
network element, evaluated over a short time span (a few Sync intervals)
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3

time inaccuracy
time error not exceeded by 99,7% of the measurements, evaluated over a series of 1 000
measurements (about 20 minutes) in steady state

Note 1 to entry: Assuming a Gaussian distribution, this corresponds to three sigma (3 o = 99,7%) or no more than

3 po

3.1.

ints outside the specified interval, out of 1 000 total points evaluated.

4

network time inaccuracy
time inaccuracy evaluated or measured between a particular slave clock and the time
refgrence signal of Its grandmaster clock(s), considering the worst network topology

3.2

For
and

MIB Management Information Base (RFC 1157)

PIC

SNMP Simple Network Management Protocol (R

The

prof

prof
prof

Wh

organizatiohName:

sou

Abbreviations and acronyms

the purposes of this document, the abbreviations and acronym I 588:2

IEC 62439-3:2015, as well as the following, apply:

S Protocol Implementation Conformance Statemen

Identification

61588:2009, 19.3.3, are:

rotocol profile for Power U

IEC Technical Committee 57 Working Group 10

Fceldentification: A copy of IEC 61850-9-3 can be obtained from the Internati
Electrotechnical Commission (http://www.iec.ch)

009

ility

bnal

NOTE The OUI defined in IEC 61588:2009, Annex J.4, does not apply.

5

Clock types

This PAS distinguishes clocks by their capabilities:

Ordinary Clocks (OCs) implement one of the following capabilities:

— Slave-only (defaultDS.slaveOnly = True)
no port can be in the MASTER state

— Grandmaster-capable (defaultDS.slaveOnly = False);
the port (or the port pair in redundancy) can be in the MASTER state


http://www.iec.ch/
https://iecnorm.com/api/?name=d830108c4d163a961077d23eabf6adcf

-8- IEC PAS 61850-9-3:2015 © IEC 2

— Grandmaster-only (defaultDS.slaveOnly = False and clockClass = 6 or 7)

no port can be in the SLAVE state.

015

e Transparent Clocks (TCs) correct and forward PTP messages; their ports do not have
states in IEC 61588:2009.

Boundary Clocks (BC) are never slave-only and can have either:

— exactly one port in the SLAVE state and all other in the MASTER state;
— all ports in the MASTER state, in which case the BC is the grandmaster.

NOTE Within a time domain, a BC has a port in the SLAVE state in the upper sub-domain and one or several

port

n-the-MASTER state-in-the-lowersub-domainls)-seelEC 61850.90.4
Al

Ato

6

All
Ann

All
IEC

All
and

All

All
IEC

All
the

All
stef

mic clocks are not considered in this specification.

Protocol specifications

clocks shall transmit PTP messages on Ethernet layer 2(accordingto 1588:2(
ex F.
clocks shall use multicast communication specified

61588:20009, F.1.

clocks shall support the peer-to-peef
11.4.

singly attached clog
61588:2009, 9.3.2, 9.3

joubly attached\cloeks accordingto
best master @«" Jori i i

tlocks one of the three management mechanisms:
The a ent mechanism using the SNMP MIB specified in IEC 624
3:2015,

The alternate management mechanism using the management objects defined
IEC(61850-90-4:2013, 19.3 and 19.4 and/or

7

71

means to address all configurable values as stated in [EC 61588:2009, 15.1.1.
Requirements

Measurement conditions

09,

0.3

39-

in

The”“manufacturer-defined fixed values and/or the manufacturer-specific implementation

Steady state is defined as 30 s after a single master starts to send synchronisation messages

and

16 s after a change of master, with no change to the environment temperature.

This requirement applies only to clocks that have been energized for 30 minutes to
accommodate for instance temperature-controlled oscillators.
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7.2 Network time inaccuracy

The following requirements on the network elements aim at achieving a network time
inaccuracy better than +1 us after crossing approximately 15 TCs or 3 BCs.

7.3 Network elements

All network elements shall be clocks according to this standard, conformant media converters
and/or conformant links.

7.4 —Reguirementsfor grandmasters

7.41 Grandmaster time inaccuracy

A grandmaster-capable clock shall have a time inaccuracy measured
refdrence signal and the produced synchronization messages that i

NOT[E This value corresponds to an IEC 61588:2009 clockAccuracy of 22 heXx; |

In case the grandmaster-capable clock has no time reference
shall apply.

7.4)2 Grandmaster holdover

A gfandmaster shall remain within the ti i sura \ past
5 s pfter losing its time reference signal, gi ' i

743

A grandmaster clock shal

7 after loss of\tim
52 when its t<|:>e
187 when its ti
6 after reco

NOTIE 1
NOTE 2 § hized
standard time ] S z that

the grandmaster, loss

of time reference‘sig

al, and once after recovery of that signal.

7.5| Requirements for TCs

A TICxshall introduce less than 50 ns of time inar‘r‘llrary measured between the ap| lied
synchronization messages at any ingress port and the produced synchronisation messages at
any egress port, given it is in steady state.

NOTE This time inaccuracy cumulates the time errors in measuring the residence delay, measuring the peer delay
in the ingress port and responding to the peer delay measurement from the downstream clocks in the egress
port(s). It does not include time error due to asymmetry in either link, nor introduced by the upstream or
downstream peer devices involved in the peer delay measurements. This time inaccuracy may be measured using
peer devices with known contribution of the peer delay measurement to time error and using links with known or
negligible asymmetry, and subtracting those amounts from the observed TC time error.
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7.6 Requirements for BCs
7.6.1 BC time inaccuracy

A BC shall introduce less than 200 ns of time inaccuracy between the port in the SLAVE state
and any port in the MASTER state, given it is in steady state.

NOTE This time inaccuracy cumulates the time errors in local clock adjustment, measuring the peer delay in the
port in the SLAVE state and responding to the peer delay measurement from the downstream clocks in the port(s)
in the MASTER state. It does not include time errors due to asymmetry in either link, nor introduced by the
upstream or downstream peer devices involved in the peer delay measurements. This time inaccuracy may be
measured using peer devices with known contribution of the peer delay measurement to time error and using links
with [known or negligible asymmetry, and subtracting those amounts from the observed BC time error.

7.6.)2 BC as free-running grandmaster

In case the BC has no port in the SLAVE state and no time reference sig
J.4.4.1, shall apply.

7.6.3 BC as master in holdover

A BC shall remain within the time inaccuracy of 7.4.1 for a - after
losipg its time reference signal or PTP synchronizatiop S

7.7| Requirements for media converters

Media converters that support IEC 61588 i ) jedt to
the [requirements of 7.5 and 7.6, respectively:

Media converters (e.g. fibre to copper) inf o i i -to- blay
megsurement. This dela ignificant ji i i troth
direlctions. Network engine 9 ur to

estimate the network tim

Media converte
25 s.

7.8

Links present a predi and p i i bre
or doppe i

NOTIE Radioli are not considered.

Singe delay~asymmetry is not measurable, network engineering must know it to compensate
it.

Links—shatipresent a propagation asymmetry of 1ess than 25 ns or shallhave a kKnown
propagation asymmetry with an asymmetry variation of less than 25 ns.

7.9 Network engineering

To achieve the required network time inaccuracy, careful network design is required,
considering the placement of masters and redundant masters and possible network topology
changes because of reconfigurations so as not to exceed the number of allowed TCs and
BCs.

The network designer should only select network elements knowing their contribution to
network time inaccuracy and dependencies on the operating conditions. The network designer
should estimate the network time inaccuracy for all slave clocks.
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The network designer should use network elements with stricter specifications in more
demanding applications or larger networks.

The network time inaccuracy of the time signal available at a given clock is computed at
engineering time as:

€em + N1c x €r¢ + N x €gc
where:
—Worst-case

arandmaster time inacecuracv(csaa 7 4\
gHaaaSte—meHaeeutraey(586—-49);

Eam
€1c |F worst-case TC time inaccuracy (see 7.5);

€gc|= worst-case BC time inaccuracy (see 7.6);

Ntc|= number of TCs in series on the longest path to this clock;
Ngc|= number of BCs in the path on the longest path to this cloc

Theg network engineering should consider the time erro eceived from |the

Theg network commissioner should check the time jna S he installed network
components and verify the topology (e.g. using echanism, if such is
proyided) and then perform a calibratjoh » i i curacy of all slave clogks.
For|this purpose, it is recommended to i i > output.

All ¢locks shall be initiallysconfi i Lult/settings and shall be able to support|the
ranges (if specified) of[Tabl

Tat@— TP attri

Power Utility Automation profile

PTP a}t\r{gute \/\ Default value Range
defaultDS.domainNumb 0 As specified in Table 2 gf

IEC 61588:2009
porltDS.IogAnerJnct%*te\\r\/a\ \/ 0 0°
porItDs.le@s,y\nsJ\ktgn@\‘ \ 0 0®
porItDs.logW&:_%Mal 0 0°
porltDS.announceMJg}meout 3 3

deflaultDS priority1 255 for slave-only clocks, 0.. 255

128 otherwise 255 for slave-only clock
deljauItDS priority2 255 for slave-only clocks 0.255

128 otherwise 255 for slave-only clocks
defaultDS.slaveOnly False (if this parameter is True, False

configurable)

transparentClockdefaultDS.primaryDomain 0 As specified in Table 2 of
IEC 61588:2009

t (Allan deviation sample period) 1,0s 1,0s

a8  Although a master clock is not required to support any other value, it still can have a jitter as

IEC 61588:2009, 9.5.9.2, specifies. A slave clock should have a capture range accordingly.

For each defined range, manufacturers are free to allow wider ranges, which are out of the scope of this
profile and which conformance testing will not consider.
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9 Redundant clock handling

NOTE This Clause does not apply to clocks with only one port.

Clocks may implement any of the doubly attached clock models of IEC 62439-3:2015, Annex
A, that use peer-to-peer delay measurement.

10 Protocol Implementation Conformance Statement (PICS)

10.1_Conventions

dard. Each eLtry

Thel "Base" column reflects the definitions and specifications in the base s
in this column is chosen from the following list:

e mandatory (m): the base standard mandates this capability and i

e pptional (0): the base standard leaves this capability optiona

The "Condition" column reflects the condition(s) for the capahbilit ' i i nis
chopen from the following list:

¢ ronditionally supported (c): this capability is s d in

he corresponding index in the PICS Table;

e unconditionally supported (-): thi

The “Support” column is to be filled by t

10.2 PICS

The manufacturer shall | ICS

accprding to Table 2.

Thel “Base” of th@C re Clauses

PICS Ca ility Value Base | Condition Suppdrt
proforma referen range (see Ndte)

CL DCK_N \NCNOM:cording to this base True, m c.1 True
False

CL DCK_TYP}§Q \%)M TC according to this base True, m c.1
False

— PICS for clocks

CLPCK_TYRPE“BC clock is BC according to this base True, m c.1

False
NR| RORTS number of clock ports (total) integer >0 | m - 2
PORTS_STEP 1: all ports support 1-step on egress 1..3 m - {1}

2: all ports support 2-step on egress
3: all ports support both 1-step and 2.

SLAVE_ONLY all ports of the clock are slave-only True, m c.2 True
False
TIME_TRACEABLE connectable to a time reference True, m c.3
outside of PTP (e.g. GPS) False
FREQ_TRACEABLE connectable to a frequency reference True, m c.3
outside of PTP (e.g. GPS) False
DAC doubly attached OC True, o] - True
False
PORTS_PAIRED paired clock ports for redundancy identifier o c.4 {0,1}

(e.g. {3-4}) pair
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