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COMMUNICATION  NETWORKS AND  
SYSTEMS FOR POWER UTILITY AUTOMATION  – 

Part 9-3:  Precision  time protocol  profi le  
for power uti l i ty automation  

FOREWORD 

1 ) The  I n ternati onal  E l ectrotechn ical  Commissi on  ( I EC)  i s  a  worl dwide  organ izati on  for s tandard i zati on  compri s i ng
al l  nati ona l  e l ectrotechn ical  commi ttees  ( I EC  Nati onal  Commi ttees) .  The  ob j ect  of I EC  i s  to  promote
in ternati onal  co-operati on  on  a l l  q uesti ons  concern i ng  s tandard i zati on  i n  the  e l ectri cal  and  e l ectron i c fi e l ds .  To
th i s  end  and  i n  add i ti on  to  other acti vi ti es ,  I EC  publ i shes  I n ternational  S tandards,  Techn ica l  Speci fi cati ons ,
Techn ica l  Reports ,  Publ i cl y Avai l abl e  Speci fi cati ons  (PAS)  and  Gu i des  (hereafter referred  to  as  “ I EC
Publ i cati on (s)” ) .  The i r preparati on  i s  en trusted  to  techn ical  commi ttees;  any I EC  National  Commi ttee  i n terested
in  the  subj ect d ea l t  wi th  may parti ci pate  i n  th i s  preparatory work.  I n ternational ,  g overnmen ta l  and  non -
governmen tal  organ izati ons  l i a i s i ng  wi th  the  I EC  a l so  parti ci pate  i n  th i s  preparati on .

I EEE  Standards  documen ts  are  deve loped  wi th i n  I EEE  Societi es  and  Standards  Coord i nati ng  Commi ttees  of the
I EEE  Standards  Associati on  ( I EEE-SA)  S tandards  Board .  I EEE  devel ops  i ts  s tandards  th rough  a  consensus
developmen t process,  approved  by the  American  Nati onal  S tandards  I nsti tu te ,  wh i ch  bri ngs  together vol un teers
representi ng  varied  vi ewpoi n ts  and  i n terests  to  ach i eve  the  fi nal  product.  Vol un teers  are  not  necessari l y
members  of I EEE  and  serve  wi thou t  compensati on .  Wh i l e  I EEE  adm in i sters  the  process  and  establ i shes  ru l es
to  promote  fa i rness  i n  the  consensus  developmen t process,  I EEE  does  not  i ndependen tl y eva l uate,  test,  or
veri fy the  accuracy of any of the  i n formation  con tai ned  i n  i ts  s tandards.  Use  of I EEE  Standards  documen ts  i s
whol l y vo l un tary.  IEEE documents are  made available  for use  subject to  important notices and legal disclaimers
(see  http: //standards. i eee. org /I PR/d i scl a imers. h tm l  for more  information) .

I EC  col l aborates  cl osel y wi th  I EEE  i n  accordance  wi th  cond i ti ons  determ ined  by ag reemen t  between  the  two
organ i zati ons.  Th i s  Dual  Logo  I n ternational  S tandard  was  j o i n tl y deve loped  by the  I EC  and  I EEE  under the
terms  of that ag reemen t.

2 ) The  formal  deci s ions  of I EC  on  techn ical  matters  express,  as  nearl y as  poss i b l e,  an  i n ternational  consensus  of
opi n i on  on  the  re l evan t  subj ects  s i nce  each  techn i cal  commi ttee  has  represen tati on  from  a l l  i n terested  I EC
Nati onal  Commi ttees.  The  formal  deci s i ons  of I EEE  on  techn ica l  matters ,  once  consensus  wi th i n  I EEE  Societi es
and  Standards  Coord i nati ng  Commi ttees  has  been  reached ,  i s  determ ined  by a  balanced  ba l l ot  of materi a l l y
i n terested  parti es  who  i nd i cate  i n terest  i n  revi ewing  the  proposed  standard .  F i na l  approval  of the  I EEE
standards  documen t i s  g i ven  by the  I EEE  Standards  Associati on  ( I EEE-SA)  S tandards  Board .

3) I EC/I EEE  Publ i cati ons  have  the  form  of recommendations  for i n ternational  use  and  are  accepted  by I EC
National  Commi ttees/IEEE  Societi es  i n  that sense.  Wh i l e  a l l  reasonabl e  efforts  are  made  to  ensu re  that  the
techn i cal  con ten t  of I EC/IEEE  Publ i cati ons  i s  accu rate,  I EC  or I EEE  cannot  be  hel d  responsib le  for the  way i n
wh i ch  they are  u sed  or for any m i s i n terpretati on  by any end  u ser.

4) I n  order to  promote  i n ternational  u n i form i ty,  I EC  Nati onal  Commi ttees  undertake  to  appl y I EC  Publ i cati ons
( i ncl ud ing  I EC/I EEE  Publ i cati ons)  transparen tl y to  the  maximum  exten t  possi b l e  i n  the i r nati onal  and  reg ional
publ i cati ons.  Any d i vergence  between  any I EC/I EEE  Publ i cati on  and  the  correspond i ng  nati onal  or reg i onal
publ i cati on  shal l  be  cl earl y i nd i cated  i n  the  l a tter.

5) I EC  and  I EEE  do  not  provide  any a ttestati on  of con formi ty.  I ndependen t certi fi cati on  bod i es  provi de  conform i ty
assessmen t services  and ,  i n  some  areas,  access  to  I EC  marks  of con form i ty.  I EC  and  I EEE  are  not  responsib l e
for any services  carri ed  ou t  by i ndependen t  certi fi cati on  bod i es.

6) Al l  u sers  shou l d  ensu re  that  they have  the  l atest  ed i ti on  of th i s  publ i cati on .

7) No  l i ab i l i ty shal l  attach  to  I EC  or I EEE  or the i r d i rectors,  employees,  servan ts  or agen ts  i ncl ud i ng  i nd i vi d ual
experts  and  members  of techn i ca l  commi ttees  and  I EC  Nati onal  Commi ttees,  or vo l un teers  of I EEE  Societi es
and  the  S tandards  Coord i nati ng  Commi ttees  of the  I EEE  Standards  Associati on  ( I EEE-SA)  S tandards  Board ,
for any personal  i n j u ry,  property  damage  or other damage  of any natu re  whatsoever,  whether d i rect  or i n d i rect,
or for costs  ( i ncl ud ing  l egal  fees)  and  expenses  ari s i ng  ou t  of the  publ i cati on ,  u se  of,  or re l i ance  upon ,  th i s
I EC/IEEE  Pub l i cati on  or any other I EC  or I EEE  Publ i cati ons.

8) Atten ti on  i s  d rawn  to  the  normati ve  references  ci ted  i n  th i s  publ i cati on .  U se  of the  referenced  publ i cati ons  i s
i nd i spensabl e  for the  correct  appl i cati on  of th i s  publ i cati on .

9) Atten ti on  i s  d rawn  to  the  possi b i l i ty that  impl emen tati on  of th i s  I EC/IEEE  Publ i cati on  may requ i re  u se  of
materi a l  covered  by paten t  ri gh ts .  By pub l i cati on  of th i s  s tandard ,  n o  pos i ti on  i s  taken  wi th  respect  to  the
exi stence  or val i d i ty of any paten t  ri gh ts  i n  connecti on  therewi th .  I EC  or I EEE  shal l  not  be  he l d  respons ibl e  for
i den ti fyi ng  Essen ti a l  Paten t C l a ims  for wh i ch  a  l i cense  may be  requ i red ,  for conducti ng  i nqu i ri es  i n to  the  l egal
val i d i ty or scope  of Paten t  C l a ims  or determ in i ng  whether any l i censi ng  terms  or cond i ti ons  provi ded  i n
connection  wi th  submiss ion  of a  Letter of Assu rance,  i f any,  or i n  any l i censi ng  ag reemen ts  are  reasonabl e  or
non -d i scrim i natory.  U sers  of th i s  s tandard  are  expressl y advi sed  that  d eterm inati on  of the  va l i d i ty of any paten t
ri gh ts ,  and  the  ri sk of i n fri ngemen t of such  ri gh ts,  i s  en ti re l y  thei r own  responsibi l i ty.

I n ternational  Standard  I EC  I EEE  61 850-9-3  has  been  prepared  by I EC  Techn ical  Commi ttee  
57,  Power systems management and  associated  i n formation  exchange,  i n  cooperation  wi th  

http://standards.ieee.org/IPR/disclaimers.html
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I EC subcommi ttee  65C,  I ndustria l  networks,  and  wi th  I EEE  Power Systems  Relaying  
Commi ttee  Working  Group  H24/Substation  Committee  Working  Group  C7,  of the  Power & 
Energy Society 1  of the  I EEE,  under the  I EC/IEEE  Dual  Logo  Agreement.   

Th is  standard  cancels  and  replaces  I EC/PAS 61 850-9-3  publ i shed  in  201 5.  

The  text of th is  standard  i s  based  on  the  fol lowing  I EC  documents:  

FDIS  Report  on  voti ng  

57/1 679/FDIS 57/1 71 3/RVD

Fu l l  i n formation  on  the  voting  for the  approval  of th is  standard  can  be  found  in  the  report on  
voting  i nd icated  i n  the  above  table.  

I n ternational  standards  are  d rafted  i n  accordance  wi th  the  ru les  g iven  i n  the  I SO/IEC 
D i rectives,  Part 2 .  

A l i st  of a l l  parts  i n  the  I EC  61 850  series,  publ ished  under the  general  ti tl e  Communication 
networks and systems for power utility automation ,  can  be  found  on  the  I EC  websi te.  

The  I EC Techn ical  Committee  and  I EEE  Techn ical  Committee  have  decided  that the  con ten ts  
of th is  publ ication  wi l l  remain  unchanged  un ti l  the  stabi l i ty date  i nd icated  on  the  I EC websi te  
under "h ttp: //webstore. iec.ch"  i n  the  data  related  to  the  speci fic publ ication .  At th is  date,  the  
publ ication  wi l l  be   

? reconfi rmed ,

? wi thdrawn,

? replaced  by a  revised  ed i tion ,  or

? amended .

A bi l i ngual  version  of th is  publ ication  may be  i ssued  at a  l ater date.  

___________ 

1   A l i s t  of I EEE  parti ci pan ts  can  be  found  at  the  fo l l owing  URL:  h ttp : //standards. i eee. org /

down loads/61 850-9-3/61 850-9-3-201 6/61 850-9-3-201 6_wg-parti ci pan ts. pd f 

http://standards.ieee.org/downloads/61850-9-3/61850-9-3-2016/61850-9-3-2016_wg-participants.pdf
http://standards.ieee.org/downloads/61850-9-3/61850-9-3-2016/61850-9-3-2016_wg-participants.pdf
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INTRODUCTION  

General  

Th is  part of I EC  61 850  speci fies  a  precis ion  time  protocol  (PTP)  profi l e  of I EC  61 588:2009  ¦  
I EEE  Std  1 588-2008  appl icable  to  power u ti l i ty au tomation ,  wh ich  a l lows  compl iance  wi th  the  
h ighest synchron ization  classes  of I EC 61 850-5  and  I EC  61 869-9.  

Th is  part of I EC 61 850  appl ies  Layer 2  commun ication  accord ing  to  I EC  61 588:2009  ¦  I EEE  
Std  1 588-2008,  Annex F,  and  uses  peer-to-peer delay measurement accord ing  to  the  defau l t  
profi l e  of I EC  61 588:2009  ¦  I EEE  Std  1 588-2008,  Annex J . 4 ,  wi th  restricted  range  of values.  

When  clocks  are  s ing ly attached ,  th is  profi le  i s  a  subset of I EC 61 588:2009  ¦  I EEE  Std  
1 588-2008  wi th  above  restrictions.  

When  clocks  are  doubly attached ,  th is  profi l e  extends  the  BMCA of I EC  61 588:2009  ¦  I EEE  
Std  1 588-2008  as  I EC  62439-3: 201 6,  Annex A,  speci fies.  

NOTE  I EC  62439-3: 201 6,  Annex B  i s  i den ti cal  to  th i s  part  of I EC  61 850 ,  except  that  doubl y attached  cl ocks  are  
mandatory,  wh i l e  th i s  part  of I EC  61 850  l eaves  them  opti onal .   
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COMMUNICATION  NETWORKS AND  
SYSTEMS FOR POWER UTILITY AUTOMATION  –  

Part 9-3:  Precision  time protocol  profi le   
for power uti l i ty automation  

1  Scope 

Th is  part of I EC  61 850  speci fies  a  precis ion  time  protocol  (PTP)  profi l e  of I EC  61 588:2009  ¦  
I EEE  Std  1 588-2008  appl icable  to  power u ti l i ty au tomation ,  wh ich  a l lows  compl iance  wi th  the  
h ighest synchron ization  classes  of I EC 61 850-5  and  I EC  61 869-9.  

2  Normative references  

The  fol lowing  documents,  i n  whole  or i n  part,  are  normatively referenced  i n  th is  document and  
are  i nd ispensable  for i ts  appl ication .  For dated  references,  on ly the  ed i tion  ci ted  appl ies.  For 
undated  references,  the  l atest ed i tion  of the  referenced  document ( includ ing  any 
amendments)  appl ies.  

I EC  61 588:2009,  Precision clock synchronization protocol for networked measurement and 
control systems ¦  I EEE  Std  1 588-2008,  IEEE Standard for a  Precision Clock Synchronization 
Protocol for Networked Measurement and Control Systems 2 

I EC  TR 61 850-90-4: 201 3,  Communication networks and systems for power utility automation  
– Part 90-4: Network engineering guidelines

I EC  62439-3:201 6,  Industrial communication networks – High availability automation networks 
– Part 3: Parallel Redundancy Protocol (PRP)  and High availability Seamless Redundancy
(HSR)  

I SO/IEC 9646-7,  Open systems interconnection – Conformance testing methodology and 
framework – Part 7:  Implementation conformance statements 

3  Terms,  defin i tions,  abbreviations,  acronyms,  and  conventions  

3. 1  Terms  and  defin i tions  

For the  purposes  of th is  document,  the  terms  and  defin i tions  g i ven  in  I EC  61 588:2009  ¦  I EEE  
Std  1 588-2008  and  IEC 62439-3: 201 6,  as  wel l  as  the  fol lowing ,  apply:   

3. 1 .1   
device  time inaccuracy 
time  i naccuracy evaluated  or measured  between  the  time  signal  at  the  i npu t of a  device  and  
the  time  s ignal  that th is  device  generates  

Note  1  to  en try:  Th i s  defi n i ti on  appl i es  to  TCs,  BCs  and  med ia  converters .   

N ote  2  to  en try:  Device  t ime  i naccuracy i ncl udes  the  uncerta i n ti es  i n  the  compu tati on  of the  path  delay assuming  
an  i d eal  Pdelay_Resp  from  an  upstream  nei ghbour,  and  the  uncerta i n ty i n troduced  i n  respond i ng  to  an  i deal  
Pdel ay_Req  from  a  downstream  nei ghbour.  

___________ 

2  I EEE  Std  1 588-2008  was  adopted  as  I EC  61 588: 2009 .  
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3.1 .2   
grandmaster-capable  
ord inary clock or boundary clock that i s  able  to  take  the  role  of a  g randmaster  

Note  1  to  en try:  A g randmaster-capable  cl ock i s  not  necessari l y connected  to  a  recogn i zed  standard  time  sou rce.   

3. 1 .3   
grandmaster time  inaccuracy 
time  i naccuracy evaluated  or measured  between  the  reference  time  s ignal  at  the  i npu t of a  
g randmaster clock and  the  time  s ignal (s)  that the  g randmaster generates  

Note  1  to  en try:  Grandmaster time  i naccu racy i n cl udes  the  uncertai n ty i n troduced  i n  respond i ng  to  an  i dea l  
Pde lay_Req  from  a  downstream  ne ighbour.  

3. 1 .4  
network time  inaccuracy 
time  i naccuracy evaluated  or measured  between  the  reference  time  s ignal  at  the  i npu t of a  
g randmaster clock and  the  time  s ignal  at  the  i npu t of a  g iven  s lave  clock,  considering  the  
worst path  between  the  g randmaster(s)  and  the  slave  

Note  1  to  en try:  Network time  i naccuracy varies  depend i ng  on  the  path  the  time  s i gnal s  take.  

3. 1 .5   
reference time inaccuracy 
time  i naccuracy evaluated  or measured  between  the  time  main tained  by the  i n ternational  
s tandards  l aboratories  that form  the  basis  for the  I n ternational  Atomic Time  (TAI )  and  
Coord inated  Un iversal  Time (UTC)  timescales  and  the  reference  time  s ignal  at  the  i npu t of a  
g randmaster 

Note  1  to  en try:  Reference  time  i naccuracy consi ders  e . g .  the  GPS  or the  DCF77  time  i naccu racy as  recei ved  at  a  
parti cu l ar geograph i cal  l ocati on ,  a t  the  ou tpu t of the  recei ver.  

3. 1 .6   
subdomain  
reg ion  of a  time  domain  del im i ted  by Boundary Clocks,  each  subdomain  having  exactly one  
selected  master (Boundary Clock or g randmaster)  

3.1 .7   
time error 
deviation  from  the  time  reference used  for measurement or synchron ization  caused  by a  
network e lement,  evaluated  over a  short time  span  (a  few Sync in tervals)  

3.1 .8   
time  inaccuracy 
time  error not exceeded  by 99,7  %  of the  measurements,  evaluated  over a  series  of 
1  000  measurements  (abou t 20  m inu tes)  i n  steady state  

Note  1  to  en try:  Assuming  a  Gauss ian  d i stri bu ti on ,  th i s  corresponds  to  th ree  s i gma  (3  ?  =  99 , 7  %)  or no  more  than  
3  poi n ts  ou ts i de  the  speci fi ed  i n terval ,  ou t  of 1  000  tota l  po i n ts  eval uated .   

3. 1 .9   
total  time  inaccuracy 
time  i naccuracy evaluated  or measured  between  the  time  main tained  by the  i n ternational  
standards  l aboratories  that form  the  basis  for the  I n ternational  Atomic Time  (TAI )  and  
Un iversal  Coord inated  Time  (UTC)  timescales  and  the  time  s ignal  at  the  i npu t of a  s l ave  clock 

Note  1  to  en try:  The  TimeAccuracy attri bu te  of I EC  61 850-7-2  sums  the  tota l  time  i naccuracy and  the  time  
i naccu racy of the  sampl i ng .  Therefore,  the  mappi ng  from  tota l  time  i naccu racy to  TimeAccuracy i s  impl emen tati on -
dependent.   
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3.2  Abbreviations  and  acronyms  

For the  purposes  of th is  document,  the  abbreviations  and  acronyms  g iven  i n  I EC 61 588:2009  ¦  
I EEE  Std  1 588-2008  and  I EC  62439-3: 201 6,  as  wel l  as  the  fol lowing ,  apply:  

ATOI  Al ternate  Time  Offset I nd icator ( I EC 61 588:2009  ¦  I EEE  Std  1 588-2008,  1 6. 3)  

M IB  Management I n formation  Base  (RFC 1 1 57)  

PICS  Protocol  Implementation  Conformance  Statement ( I SO/IEC 9646-7)  

SNMP Simple  Network Management Protocol  (RFC 1 1 57)  

4 Identi fication  

The  identi fication  values  for th is  profi l e  accord ing  to  I EC 61 588:2009  ¦  I EEE  Std  1 588-2008,  
1 9 .3.3  are:   

profi l eName:  I EC/IEEE  61 850-9-3  "Precision  time  protocol  profi l e  for power u ti l i ty 
au tomation"  

profi l eVersion :  1 . 0  

profi l eI denti fier:  00-0C-CD-00-01 -xy 

Whereas  the  fi rst n ibble  of the  s ixth  octet i s  a  b i tfie ld :  

– x =  0  for a  s ing ly-attached  clock  

– x =  1  for PRP redundancy  

– x =  2  for HSR redundancy  

– x  =  3  for both  PRP and  HSR (configurable)  redundancy  

– y =  0  (m inor revis ion :  profi l eVersion  1 . 0)   

organ izationName:  I EC Techn ical  Commi ttee  57  Working  Group  1 0  

sourceI denti fi cation :  A copy of I EC/IEEE  61 850-9-3  can  e i ther be  obtained  from  the  
I n ternational  E lectrotechn ical  Commission  (h ttp: //www. iec.ch )  or 
from  the  I nsti tu te  of E lectrical  and  E lectron ics  Eng ineers  
(h ttp: //standards. ieee.org ).  

NOTE  The  OU I  defi ned  i n  I EC  61 588: 2009  ¦  I EEE  Std  1 588-2008,  Annex J . 4 ,  does  not apply.  

5 Clock types  

Th is  speci fication  d isti ngu ishes  clocks  by thei r capabi l i ti es:  

?  Ord inary Clocks  (OCs)  implement one  of the  fol lowing  capabi l i ties:  

– S lave-on ly (defau l tDS. slaveOn ly =  true)  

no  port can  be  i n  the  MASTER state.  

– Grandmaster-capable  (defau l tDS.slaveOn ly =  fa l se)  

the  port (or the  port pai r i n  redundancy)  can  be  i n  the  MASTER state.  

– Grandmaster-on ly (defau l tDS. slaveOn ly =  fa l se  and  clockClass  =  6  or 7)   

no  port can  be  i n  the  SLAVE  state.  

?  Transparen t Clocks  (TCs)  correct and  forward  PTP messages:  

thei r ports  do  not have  states  i n  I EC 61 588:2009  ¦  I EEE  Std  1 588-2008.  

?  Boundary Clocks  (BCs)  are  never s lave-on ly and  can  have  ei ther:  

– exactl y one  port i n  the  SLAVE  state  and  a l l  other i n  the  MASTER or PASSIVE  state;  

– a l l  ports  i n  the  MASTER state,  i n  wh ich  case  the  BC  is  the  g randmaster.  

http://www.iec.ch/
http://standards.ieee.org/
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NOTE  1  Wi th i n  a  t ime  domain ,  a  BC  has  a  port  i n  the  SLAVE  state  i n  the  upper subdomain  and  one  or several  
ports  i n  the  MASTER state  i n  the  l ower subdomain (s)  (see  I EC  TR 61 850-90-4) .   

NOTE  2  A BC  fi l ters  the  messages  that  are  forwarded  from  one  subdomain  to  the  other(s) .  A BC  does  not  
propagate  even t  messages,  bu t  does  propagate  management messages.  A BC  propagates  selected  TLVs  such  as  
ALTERNATE_TIME_OFFSET_INDICATOR (ATOI )  from  one  subdomain  to  the  next,  bu t  these  TLVs  are  attached  to  
d i fferen t  Announce  messages.   

6 Protocol  specifications  

Al l  clocks  shal l  transmi t PTP messages  accord ing  to  I EC 61 588: 2009  ¦  I EEE  Std  1 588-2008,  
Annex F  (Transport of PTP over I EEE  802.3  /Ethernet) .  

Al l  clocks  shal l  support the  delay measurement defined  i n  I EC  61 588:2009  ¦  I EEE  Std  
1 588-2008,  1 0. 3  and  1 1 . 4  (Peer delay mechan ism).  

Al l  clocks  shal l  support the  PTP  timescale  defined  i n  I EC 61 588:2009  ¦  I EEE  Std  1 588-2008,  
7 . 2 . 2  (based  on  TAI ) .  

Al l  s ing ly attached  clocks  shal l  support the  defau l t  best master clock a lgori thm  in  
I EC  61 588:2009  ¦  I EEE  Std  1 588-2008,  9 . 3. 2 ,  9 . 3. 3  and  9 . 3 . 4.  

Al l  doubly attached  clocks  accord ing  to  I EC 62439-3: 201 6  shal l  support i n  add i tion  the  
extension  to  the  best master clock a lgori thm  defined  in  I EC  62439-3:201 6,  Annex A.   

Al l  clocks  shal l  support both  1 -step  and  2-step  synchron ization  on  i ngress,  they may use   
1 -step  or 2-step  synchron ization  on  egress.  

Al l  clocks  shal l  support at  l east one  of the  three  management mechan isms,  as  stated  i n  
I EC  61 588:2009  ¦  I EEE  Std  1 588-2008,  1 5. 1 . 1 :  

1 )  the  a l ternate  management mechan ism  using  the  SNMP M IB  speci fied  i n  
I EC  62439-3: 201 6,  Annex E,  and /or 

2)  the  a l ternate  management mechan ism  using  the  management objects  defined  i n  
I EC  TR 61 850-90-4: 201 3,  1 9 . 3  and  1 9.4 ,  and /or 

3)  the  manufacturer-defined  fixed  values  and /or the  manufacturer-speci fic implementation  
means  to  address  a l l  configurable  values.  

For testing  purposes,  i t  i s  recommended  to  equ ip  clocks  wi th  a  1  PPS  ou tpu t,  see  7. 9.  

7  Requirements  

7.1  Measurement conditions  

Steady state  i s  defined  as  30  s  after a  s ing le  master starts  to  send  synchron ization  messages  
and  1 6  s  after a  change  of master,  wi th  no  change  to  the  envi ronment temperature.  

Th is  defin i tion  appl ies  on ly to  clocks  that have  been  energ ized  for 30  m inu tes  to  
accommodate,  for i nstance,  temperature-control led  osci l l ators.  

7.2  Network time  inaccuracy 

The  fol lowing  requ i rements  on  the  network e lements  a im  at ach ieving  a  network time  

i naccuracy better than  ?1  ?s  after crossing  approximately 1 5  TCs  or 3  BCs.   
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7.3  Network elements  

Al l  network e lements  shal l  be  clocks  accord ing  to  th is  part of I EC  61 850,  conformant med ia  
converters  and /or conformant l i nks.   

7.4 Requ irements  for grandmasters  

7.4.1  Grandmaster time  inaccuracy 

A grandmaster-capable  clock shal l  have  a  time  i naccuracy measured  between  i ts  appl ied  time  
reference  s ignal  and  the  produced  synchron ization  messages  that i s  smal ler than  250  ns.  

NOTE  Th i s  val ue  corresponds  to  an  I EC  61 588: 2009  ¦  I EEE  Std  1 588-2008  cl ockAccuracy of 22  hex.  

I n  case  the  g randmaster-capable  clock has  no  time  reference  s ignal ,  I EC  61 588:2009  ¦  I EEE  
Std  1 588-2008,  J . 4 . 4 . 1  shal l  apply.  

7.4.2  Grandmaster holdover 

A grandmaster shal l  remain  wi th in  the  time  i naccuracy of 7 . 4 . 1  for a  holdover time  of at  l east 
5  s  after l osing  i ts  time  reference  s ignal ,  g iven  that i t  was  in  steady state.   

7.4.3  Grandmaster clockQual i ty in  start-up,  holdover and  recovery 

A grandmaster clock shal l  ad just i ts  clockClass  accord ing  to  I EC 61 588:2009  ¦  I EEE  Std  
1 588-2008,  Table  5  wi th  the  values:  

6  wh i le  synchron ized  to  i ts  time  reference  s ignal  and  i n  steady state;  

7  after l oss  of i ts  time  reference  s ignal ,  wh i le  i n  holdover;  

52  after l oss  of i ts  time  reference  s ignal ,  when  i ts  time  error exceeds  7. 4 . 1 ;  

1 87  after l oss  of i ts  time  reference  s ignal ,  when  i ts  time  error exceeds  1  ?s;  

6  after recovering  the  time reference  s ignal  and  i n  steady state.  

NOTE  1  Th i s  mod i fi es  I EC  61 588: 2009  ¦  I EEE  Std  1 588-2008,  Table  5  wi th  the  tim i ng  requ i remen ts  of th i s  profi l e .   

NOTE  2  The  cl ockClass  6  appears  twice  i n  th i s  l i s t,  once  before  l oss  of t ime  reference  s i gna l ,  and  once  after 
recovery thereof.   

NOTE  3  A g randmaster cl ock ad j usts  i ts  cl ockAccuracy and  offsetScal edLogVariance  accord i ng  to  
I EC  61 588: 2009  ¦  I EEE  Std  1 588-2008,  7 . 6 . 2 . 5  and  7 . 6 . 3 .  

7.4.4 Grandmaster traceable  flags  

PTP messages carry a  timeTraceable  and  a  frequencyTraceable  fl ag .  A g randmaster that 
receives  i ts  reference  s ignal  e . g .  th rough  a  GPS receiver wou ld  set the  timeTraceable  fl ag ,  
wh i le  a  g randmaster that e . g .  on ly receives  a  1 PPS  s ignal  wou ld  set the  frequencyTraceable  
fl ag .  These  flags  are  however not considered  i n  the  BMCA,  so  other means  a l low priori tizing  a  
time  source  over a  frequency source,  when  both  exist i n  the  same  time  domain ,  for i nstance  
configuring  Priori ty1 ,  see  7. 9.  

7.5  Requirements  for TCs  

The  TC  time  inaccuracy cumu lates  the  time  errors  i n  measuring  the  residence  delay,  
measuring  the  peer delay i n  the  i ngress  port and  respond ing  to  the  peer delay measurement 
from  the  downstream  clocks  i n  the  egress  port(s) .  I t  does  not i nclude  time  error due  to  
asymmetry i n  e i ther l i nk,  nor i n troduced  by the  upstream  or downstream  peer devices  
i nvolved  i n  the  peer delay measurements.   

A TC  shal l  i n troduce  l ess  than  50  ns  of device  time  i naccuracy,  measured  between  the  
appl ied  synchron ization  messages  at any i ngress  port and  the  produced  synchron ization  
messages  at any egress  port,  g iven  i t  i s  i n  steady state.  
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A TC  shou ld  forward  Sync messages  even  i f i t  i s  not yet i n  steady state.  

NOTE  1  The  TC's  con tri bu ti on  to  time  i naccuracy i s  measurab le  us i ng  peer cl ocks  wi th  known  con tri bu ti on  to  time  
error i n  the  peer de l ay measuremen t and  us i ng  l i nks  wi th  known  or neg l i g i b l e  asymmetry,  and  subtracti ng  those  
amoun ts  from  the  observed  TC  t ime  error.  

7.6  Requirements  for BCs  

7.6.1  BC  time  inaccuracy 

The  BC time  i naccuracy cumu lates  the  time  errors  i n  l ocal  cl ock ad justment,  measuring  the  
peer delay i n  the  port i n  the  SLAVE state  and  respond ing  to  the  peer delay measurement from  
the  downstream  clocks  i n  the  port(s)  i n  the  MASTER state.  I t  does  not i nclude  time  errors  due  
to  asymmetry i n  e i ther l i nk,  nor i n troduced  by the  upstream  or downstream  peer devices  
i nvolved  i n  the  peer delay measurements.   

A BC  shal l  i n troduce  less  than  200  ns  of device  time  inaccuracy between  the  port i n  the  
SLAVE  state  and  any port  i n  the  MASTER state,  g i ven  i t  i s  i n  steady state.  

A BC  shou ld  send  Announce  and  Sync messages  even  i f i t  i s  not yet i n  steady state.  

NOTE  1  The  BC's  con tri bu ti on  to  time  i naccuracy i s  measurab le  us i ng  peer cl ocks  wi th  known  con tri bu ti on  to  time  
error of the  peer de l ay measuremen t and  us i ng  l i nks  wi th  known  or neg l i g i b l e  asymmetry,  and  subtracti ng  those  
amoun ts  from  the  observed  BC  time  error.  

7.6.2  BC  as  free-running  grandmaster 

I n  case  the  BC has  no  port i n  the  SLAVE  state  and  no  time  reference s ignal ,  I EC 61 588:2009  
¦  I EEE  Std  1 588-2008,  J . 4 . 4 . 1  shal l  apply.   

7.6.3  BC  as  master in  holdover 

A BC shal l  remain  wi th in  the  time  i naccuracy of 7 . 4 . 1  for a  holdover time of at  l east 5  s  after 
l osing  i ts  time  reference  s ignal  or PTP synchron ization ,  g i ven  that i t  was  i n  steady state.   

7.7  Requirements  for media  converters  

Med ia  converters  (e. g .  fibre  to  copper)  i n troduce  a  delay,  considered  in  the  peer-to-peer delay 
measurement.  Th is  delay su ffers  from  a  s ign i fican t j i tter and  cou ld  be  d i fferen t i n  both  
d i rections.   

Med ia  converters  that support I EC  61 588  are  considered  as  TCs  or BCs  and  are  subject to  
the  requ i rements  of 7 . 5  and  7. 6 ,  respectively.   

Med ia  converters  that do  not support I EC  61 588  shal l  present a  j i tter of l ess  than  50  ns  and  
an  asymmetry of l ess  than  25  ns.  

7.8  Requ irements  for l inks  

Links  present a  pred ictable  and  nearly constant l i nk propagation  delay (abou t 5  ?s/km  for fi bre  
or copper),  whose  average  value  i s  regu larl y calcu lated  by peer-to-peer delay measurement.   

NOTE  Rad io  l i nks  are  not  considered .  

Since  delay asymmetry i s  not measurable,  network eng ineering  must know i t  to  compensate  
for i t.  

L inks  shal l  present a  propagation  asymmetry of l ess  than  25  ns  or shal l  have  a  known  
propagation  asymmetry wi th  an  asymmetry variation  of l ess  than  25  ns.  
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7.9  Network eng ineering  

To ach ieve  the  requ i red  network time  inaccuracy,  carefu l  network design  i s  requ i red ,  
considering  the  p lacement of masters  and  redundant masters  and  possib le  network topology 
changes  because  of reconfigurations,  so  as  not to  exceed  the  number of a l lowed  TCs  and  
BCs.   

The  network designer shou ld  on ly select network e lements  knowing  thei r con tribu tion  to  
network time  inaccuracy and  dependencies  on  the  operating  cond i tions.  The  network designer 
shou ld  estimate  the  network time  i naccuracy for a l l  s lave  clocks.  

The  network designer shou ld  use  network e lements  wi th  stricter speci fications  in  more  
demand ing  appl ications  or l arger networks.   

The  tota l  time  inaccuracy ?T  of the  time  s ignal  avai lable  at  the  i nput of a  g i ven  clock i s

computed  at eng ineering  time  as:  

?T  =  ?RF  ?  ?GM  ?  (NTC  ?  ?TC)  ?  (NBC  ?  ?BC)  ?  (NMC  ?  ?MC)  

The  network time  i naccuracy ?N  of the  time  s ignal  avai lable  at the  i npu t of a  g iven  clock i s

computed  at eng ineering  time  as:  

?N  =  ?GM  ?  (NTC  ?  ?TC)  ?  (NBC  ?  ?BC)  ?  (NMC  ?  ?MC)  

where:  

?T   =  total  time  i naccuracy;  

?N   =  network time  inaccuracy;  

?RF   =  reference  time  i naccuracy;  

?GM   =  g randmaster time  inaccuracy (see  7 . 4) ;  

?TC   =  TC  time  i naccuracy (see  7 . 5);  

?BC   =  BC  time  inaccuracy (see  7 . 6);  

?MC   =  med ia  converter time  inaccuracy (see  7 . 7) ;  

NTC   =  number of TCs  in  series  on  the  l ongest path  to  th is  clock;  

NBC   =  number of BCs  i n  the  path  on  the  longest path  to  th is  clock;  

NMC   =  number of med ia  converters  i n  the  path  on  the  l ongest path  to  th is  clock.  

NOTE  1  Med ium  asymmetry i s  considered  neg l i g i b l e  i n  a  properl y eng ineered  substati on .  

NOTE  2  The  fi e l ds  i n  the  Announce  message,  especia l l y t imeSource,  cl ockQual i ty and  s tepsRemoved  provi de  an  
estimation  of the  actual  t ime  i naccuracy.   

The  network commissioner shou ld  check the  time  inaccuracy of the  i nstal led  network 
components  and  veri fy the  topology (e. g .  us ing  the  management mechan ism,  i f such  i s  
provided)  and  then  perform  a  cal ibration  for the  network time  i naccuracy of a l l  s lave  clocks,  
e . g .  using  thei r 1  PPS  ou tpu t.   

Network eng ineers  shou ld  configure  the  Priori ty1  fie ld  to  g ive  preference  to  grandmasters  that 
are  time-traceable  over g randmasters  that are  frequency-traceable  i n  the  same  time  domain ,  
see  7 . 4. 4 .  

The  network eng ineer shou ld  ensure  that a l l  clocks  participating  i n  the  PTP  time  d istribu tion  
are  set to  the  same  time  domain .  To  avoid  confl ict  wi th  another PTP time  d istribu tion  that 
occupies  time  domain  0  on  the  same  network,  time  domain  93  i s  recommended  as  an  
a l ternative  to  time  domain  0 .  Th is  a lso  appl ies  to  the  primary domain  of TCs.  
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8  Defaul t  settings  

Al l  clocks  shal l  be  i n i tia l ly configured  wi th  the  defau l t settings  and  shal l  be  able  to  support the  
ranges  ( i f speci fied )  of Table  1 .  

Table  1  – PTP  attributes  for the  power u ti l i ty automation  profi le  

PTP  attribu te  Defau l t  value  Range  

defau l tDS. domainNumber 0  As  speci fi ed  i n  Tab le  2  of I EC  61 588: 2009  ¦  
I EEE  Std  1 588-2008 1 )  

portDS. l ogAnnounceI n terval 0 0  2 )  

portDS. l ogSyncI n terva l 0 0 2 )  

portDS. l ogM inPdelay_Req I n terval  0  0  2 )  

portDS. announceReceiptTimeou t  3  3  

defau l tDS. pri ori ty1  255  for s l ave-on l y cl ocks,  
1 28  otherwi se  

0 . .  255  
255  for s l ave-on ly cl ocks  

defau l tDS. pri ori ty2  255  for s l ave-on l y cl ocks,  
1 28  otherwi se  

0 . . 255  
255  for s l ave-on ly cl ocks  

defau l tDS. s l aveOn l y Fa l se  ( i f th i s  parameter i s  
con fi gu rabl e)  

True,  Fal se  

transparen tClockdefau l tDS. primaryD
omain  

0  As  speci fi ed  i n  Tab le  2  of I EC  61 588: 2009  ¦  
I EEE  Std  1 588-2008 1 )  

?  (Al l an  devi ati on  sample  peri od )  1 , 0  s  1 , 0  s  

1 ) A cl ock i s  settabl e  to  any domainNumber {0  to  255}  even  i f th i s  va l ue  i s  reserved .  Defau l t  domain  i s  0 ,  bu t
domainNumber 93  i s  recommended  to  prevent  con fl i ct  wi th  another PTP  time  d i stri bu ti on  that  i s  u s i ng
domain  0 .

2 ) Al though  the  va l ue  of the  i n terval  between  messages  i s  nom inal l y fi xed ,  th i s  i n terval  i s  a l l owed  to  vary i n
accordance  wi th  I EC  61 588: 2009  ¦  I EEE  Std  1 588-2008,  7 . 7 . 2 . 1  (genera l ) ,  9 . 5 . 9 . 2  (Sync messages) ,  9 . 5. 8
(Announce  messages) ,  and  9 . 5 . 1 3 . 2  (Pdelay_Req  messages) .  The  Packet  De lay Vari ati on  i n  the  l ocal  area
network ( i n  the  order of ms)  i s  assumed  to  be  neg l i g i b l e  compared  wi th  the  a l l owed  vari ati on  (hund reds  of
ms).

Clocks  are  expected  to  operate  correctl y over the  a l l owed  i n terval  variati on  and  to  re l y on  the  i nd i cated
i n terval  i n  the  message  header rather than  on  a  predefi ned  va l ue  of that i n terval .  Testi ng  i s  l im i ted  to  the
values  g i ven  i n  Tabl e  1 ,  p l us  or m inus  the  a l l owed  i n terval  vari ati on .

9  Redundant clock handl ing  

NOTE  Th i s  Clause  does  not  apply to  cl ocks  wi th  on l y one  port.   

Clocks  may implement any of the  doubly attached  clock models  of I EC  62439-3: 201 6,  Annex 
A that use  peer-to-peer delay measurement at the  exclusion  of other methods.  

To  express  that the  double  attachment of clocks  i s  mandatory rather than  optional ,  
I EC  62439-3:201 6,  Annex B  shou ld  be  used .   

1 0  Protocol  Implementation  Conformance Statement (PICS)  

1 0.1  Conventions  

The  "Base"  column  reflects  the  defin i tions  and  speci fications  i n  the  base  standard .  Each  en try 
i n  th is  column  i s  chosen  from  the  fol lowing  l i st:  

?  mandatory (m):  the  base  standard  mandates  th i s  capabi l i ty and  i t  i s  implemented ;  

?  optional  (o):  the  base  standard  l eaves  th is  capabi l i ty optional ,  bu t i t  i s  implemented .   
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The  "Cond i tion "  column  reflects  the  cond i tion(s)  for the  capabi l i ty.  Each  en try i n  th is  column  i s  
chosen  from  the  fol lowing  l i st:  

?  conditional ly supported  (c) :  th i s  capabi l i ty i s  supported  under the  cond i tions  speci fied  i n  
the  correspond ing  i ndex in  the  PICS  Table;  

?  unconditional ly supported  (–) :  th i s  capabi l i ty i s  not constrained .  

The  “Support”  column  i s  to  be  fi l l ed  by the  manufacturer.  

1 0.2  PICS 

The  manufacturer shal l  l i st  the  capabi l i ti es  and  options  supported  by i ts  cl ock i n  the  PICS  
accord ing  to  Table  2 .  The  “Base”  of th is  PICS  are  Clauses  5,  6 ,  7 ,  8  and  9  of th is  document.  

Table  2  – PICS  for clocks  

PICS  
proforma reference  

Capabi l i ty Value  
range  

Base  Cond i tion  Support  
(see  
Note)  

CLOCK_TYPE_OC clock i s  OC  accord ing  to  th i s  base  True,  Fal se  m  c. 1 True  

CLOCK_TYPE_TC cl ock i s  TC  accord i ng  to  th i s  base  True ,  Fal se  m  c. 1 False  

CLOCK_TYPE_BC clock i s  BC  accord i ng  to  th i s  base  True,  Fal se  m  c. 1 False  

NR_PORTS  number of cl ock ports  ( tota l )  i n teger ?  0  m  – 2  

PORTS_STEP 1 :  a l l  ports  support  1 -step  on  eg ress  
2 :  a l l  ports  support  2 -step  on  eg ress  
3 :  a l l  ports  support  both  1 -step  and  2 .  

1 . . 3 m  – {1 }  

SLAVE_ONLY a l l  ports  of the  cl ock are  s l ave-on l y True ,  Fa l se  m  c. 2 True  

T IME_TRACEABLE  connectabl e  to  a  t ime  reference   
ou ts i de  of PTP  (e . g .  GPS)  

True ,  Fal se  m  c. 3 N/A  

FREQ_TRACEABLE  connectab le  to  a  frequency reference  ou tsi de  of 
PTP  (e . g .  GPS)  

True ,  Fal se  m  c. 3 N/A  

DAC doubl y attached  OC  True,  Fal se  o  – True  

PORTS_PAIRED  pa i red  cl ock ports  for redundancy  
(e . g .  {3-4})  

i den ti fi er pai r o  c. 4 {0, 1 }  

REDBOX_DATC Redbox as  TC  True,  Fa l se  o  c. 5 N/A  

REDBOX_SLTC  Redbox as  State less  TC  True,  Fal se  o  c. 5 N/A  

REDBOX_TWBC Redbox as  th ree-way BC  True,  Fa l se  o  c. 6 N/A  

REDBOX_DABC Redbox as  DAC BC  True,  Fa l se  o  c. 6 N/A  

M I B_SNMP supports  M IB  of I EC  62439-3: 201 6,  Annex E  True ,  Fal se  m  c. 7 False 

MIB_61 850  supports  I EC  TR 61 850-90-4  C lock Ob jects  True,  Fal se  m  c. 7 False 

MIB_OTHER clock supports  fi xed  val ues  or a  mechan ism  
defi ned  by the  manu factu rer ( i f True,  th i s  l i s t  i s  
appended  to  th i s  P ICS)  

True ,  Fal se  m  c. 7 True,   
void list.  

ATOI  supports  ATOI  TLV as  speci fi ed  i n  I EC  61 588: 2009  
¦  I EEE  Std  1 588-2008,  1 6 . 3  

True,  Fal se  o  – False 

PPS cl ock has  a  1  PPS  ou tpu t  True,  Fal se  o  – True 

ACCURACY Desi gn  val ue  of cl ockAccuracy nanoseconds  o  –  1000 ns 

DEVIATION  Des ign  val ue  of Al l an  deviati on  nanoseconds  o  – 4 ns 

HOLDOVER The  l eng th  of t ime  the  cl ock i s  expected  to  s tay i n  
cl ockClass  7 ,  i f i t  i s  the  g randmaster and  no  l onger 
synch ron ized  to  i ts  t ime  reference  s i gnal .  

seconds  o  – N/A  

c. 1 :   a t  l east  one  sha l l  be  supported  (CLOCK_TYPE_OC and  CLOCK_TYPE_ TC  may be  both  True)

c. 2 :   on l y i f CLOCK_TYPE_OC =  True

c. 3 :   on l y i f SLAVE_ONLY =  Fa l se

c. 4 :   shal l  be  “m”  (?1 )  i f DAC =  True

c. 5 :   support  shal l  on l y be  d ecl ared  i f CLOCK_TYPE_TC  =  True  and  DAC=True

c. 6 :   support  sha l l  on l y be  d ecl ared  i f CLOCK_TYPE_BC =  True  and  DAC=True

c. 7 :   a t  l east  one  sha l l  be  supported

NOTE  The  val ues  i n  the  “Support”  col umn  are  an  example  of an  I ED  that  i s  doubl y attached  over ports  0  and  1 ,  u ses  1 -
step  Pdelay_Req ,  has  no  master capabi l i ty,  does  not  support a  M IB  and  does  not  impl ement  the  ATOI  opti on .   

___________ 
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