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PTP2.0u PTP 2.1

2002 1 He onpepgeneHa
2008 2 Het
2019 2.1 [a, c sBepcuen 2.0

yl'ly‘-lLLIEHMﬂ n NaMmeHeHnAa, KoTopbie NnoAsni1nCb B BepCcuun 2.1no CPpaBHEHUIO C 2.0:

e [IpoToKOA cTan 6osee rMOKMM 1 YHMUBEPCAIbHBIM
e [IpoTOKOAN cTan 6os1ee HaZeXHbIM U 3alUULLEHHbIM
e B npoTokon 6binn Aob6aBAEHbI pEKOMEHAAUMN ANA NOBbIWEHUS TOYHOCTHU
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Yto HoBoro B PTP 2.1 (IEEE-1588-2019)

YnyduweHUA U U3MeHeHuA, KoTopble NOABUAUCL B Bepcuun 2.1 no cpaBHeHuto ¢ 2.0:

e Sdold: pacwmpeHHaa naeHTMdmnKauma npodunen, yayywaeT COBMecTHyto paboTy ycTponcTs
e [UbpuAHDLIN peXXum: KOMOUHUPOBAHHOE MCNO/Ib30BaHMe multicast n unicast cHUXKaeT ceTeByHO HArpysKy.
e be3onacHocTb: BHeapeHne AUTH TLV n ICV gna 3awmTtbl LENOCTHOCTU N aBTOPU3ALMUN.
e Modular Transparent Clock: nogaep:xka TC Ha ypoBHe NopTa 1 BHelWHUX moaynen (Hanpmumep, SFP).
e Slave Monitoring: cbop meTpuk TouHocTn n coctoAaHmaA Slave Clock ana anarHoCTUKM K KOHTpPOAS.
e Inter-domain Interactions
o [loaaeprkKa B3aMMOOENCTBUA MEKAY HECKOIbKMMWN He3aBUCUMbIMK PTP-gomeHamm
o [loppepKa mHoxecTBa Grandmaster u Slave Clock B pa3Hbix gomeHax
e HTerpauusa ceten ¢ pasItiHbIMM NPOPUAAMM NN TOMOJOTUAMM
e Enhanced Accuracy Metrics TLV B coobuieHnn Announce
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MNMpotokon PTP. CoobweHus

Type-length-value (TLV, Takke «type-length-value» unu «tag-length-value») — LWMpPOKO pacnpocTpaHEHHbLIN
METOA 3anMcu KOPOTKMUX AaHHbIX B KOMMbIOTEPHbIX ddannax n TeNeKOMMYHUKALMOHHbIX MPOTOKOMax.
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Yto HoBoro B PTP 2.1 (IEEE-1588-2019)

1. Sdold: pacwmnpeHHas naeHTUPuUKauma npopunen, yay4dluaet COBMECTHYIO paboTy yCTPOMUCTB

Bits
= - 5 2 3 - : Octets | Offset
transport Specific messageType 1 0
reserved versionPTP 1 1
messagelength 2 2
domainNumber 1 4
reserved 1 5
flagField 2 6
correctionField 8 8
reserved 4 16
sourcePortldentity 10 20
sequenceld 2 30
controlField 32
logMessagelnterval 33

Bits
- = - = = - : Octets | Offset

majorSdold messageType 1 0
minorVersionPTP versionPTP 1 1
messagelength 2 2
domainNumber 1 4

minorSdold 1 5

flagField 2 6

correctionField 8 8
messageTypeSpecific 4 16
sourcePortldentity 10 20

sequenceld 2 30

controlField 32
logMessagelnterval 33

3aronosok gnAa PTP naketa sepcuun 2.0

3aronosok anAa PTP nakeTta Bepcun 2.1
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Yto HoBoro B PTP 2.1 (IEEE-1588-2019)

2. mbpugHbiii pexxum (Mixed Mode): KombMHMpPoBaHHOE ncnosab3oBaHne multicast n
unicast CHMXXaeT ceTeBYlO HarpysKy.

Announce Multicast

Sync Multicast

Follow_Up Multicast (ecnn two-step)
Delay Req Unicast

Delay Resp Unicast
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Yto HoBoro B PTP 2.1 (IEEE-1588-2019)

3. be3onacHoCTb

MexaHun3mbl MHTerpnpoBaHHom 6e3onacHocTu (Integrated security mechanism)

Transport PTP PTP Apyrue AUTHENTICATION | | Transport
Header 3aro/10BOK Payload PTP TLV TLV Trailer

Ans 6e3onacHon 06pabotkm AUTHENTICATION TLV Heobxoaum mexaHU3M ynpaB/ieHMA KAoYamu.
[ns oueHKu uenoctHocTn naketa PTP BBogutcsa HoBoe none ICV- Integrity Check Value
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Yto HoBoro B PTP 2.1 (IEEE-1588-2019)

4. be3onacHOCTb
Enhanced Accuracy Metrics TLV — 3TO AONOMHUTENBbHbIN 610K AaHHbIX, KOTOPbIW MOXET

ObITb BKIMIOYEH B coobLleHNne ANNOUNCE U COAEPKMUT NoAPOBHbIE METPUKKN KavyecTBa
CUHXPOHM3aUMN, namepeHHble Tekywmm Grandmaster nnmn Boundary Clock.

meanPathDelay CpefHAa 3a4eprKKa OT UCTOYHMKA [0 TEKYLLEro y3na

delayVariation Bapuaums 3aaeprkku (PDV)

offsetFromMaster CmeweHue oT mactepa

syncMessageCount Kon-so nony4vyeHHbIX Sync

delayResponseCount Kon-Bo Delay Resp

discardedPacketCount CKoNbKO NaKeToB 6bIN1I0 OTOpOLWEHO (Hanpumep, No
bunbTPY)

uncertaintyMetrics HeonpegeneHHble nona gna oueHKM KayecTBa

pac4yETa BpemeHu

Boibopa no npotokony BMCA morkeT npoxogmtb He no npuoputetam uam ClockClass, a no
peanbHbIM METPUKAM
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Paseutue PTP 2.1 (IEEE-1588-2019)

N2 nonpaBku KpaTkoe copeprkaHue
PYBaOA/ TR | guyrpu cranaapra _

1588b-2022 Amendment 1 HopmaTtuBHOe oTobparkeHne (mapping) PTP noBepx Optical
Transport Network (OTN);

1588g-2022 Amendment 2 BBopa 0nyuoHas16HOU NHKIHO3UBHOM TEPMUHOIOTUN
timeTransmitter / timeReceiver sBmecto master/slave, HoBble
MMEHa COCTOSIHUI MOPTOB;

1588a-2023 Amendment 3 Pacwupenuna ana BMCA: ynyyweHHbi TLV Enhanced Accuracy,
NOACHMUTENbHbIM Annex No anroputmy Bbibopa Grandmaster,
ONuUMOHANIbHOE yNpaBaeHne TanmayTtom Announce;

1588d-2023 Amendment 4 PyKkoBoacTBo no ucnonb3oBaHuto GDOI (Group Domain of
Interpretation) gna pacnpenenenus Kntoven 6e3onacHoctn PTP

1588e-2024 Amendment 5 MonHble MIB n YANG-moaynu ana scex PTP-dataset’os;



PTP
PTP GFP OTN
message | mapper | framer

1588b-2022
PTP over OTN (G.709)
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PTP
OTN GFP PTP
framer | mapper | message




International Telecommunication Union

ITU-T

TELECOMMUNICATION
STANDARDIZATION SECTOR
OF ITU

G.8273.2/Y.1368.2

(08/2019)

SERIES G: TRANSMISSION SYSTEMS AND MEDIA,
DIGITAL SYSTEMS AND NETWORKS

Packet over Transport aspects — Synchronization, quality
and availability targets

SERIES Y: GLOBAL INFORMATION
INFRASTRUCTURE, INTERNET PROTOCOL ASPECTS,

NEXT-GENERATION NETWORKS, INTERNET OF
THINGS AND SMART CITIES

Internet protocol aspects — Transport

O

Timing characteristics of telecom boundary
clocks and telecom time slave clocks

1588g-2022

ITUPublications

Recommendations
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U3meHeHuUe TepMUHoOJIIOrMn B obnactu CUHXPOHU3aLUun

Recommendation
ITU-T G.8273.2/Y.1368.2 (06/2023)

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

Packet over Transport aspects — Synchronization, quality
and availability targets

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

Internet protocol aspects — Transport

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

International Telecommunication Union

Standardization Sector
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1588a-2023

PacwupeHna ana BMCA

Alternate Best Master Clock Algorithm ctan vyacTbto IEEE 1588 - 2019

B Enhanced Accuracy Metrics TLV BBeAeHbI HOBas METpPUKa:

» stepsRemovedlnaccuracyNs (HakonneHHas owmnbka nyTn)

BeeneH onumoHaneHbI MeXaHN3M ynpasneHns Announce-timeout

B Signaling-kagpax onpegensaercs HOBbIN NapameTp —
AnnounceReceiptTimeoutRequest. Y3en-nHmymatop MOXET NpearioxXnTb

coceny yBENUYNTb/YMEHbLUUTL TaumMayT NPUEMOB
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1588a-2023

PacwupeHna ana BMCA

Uto pnaet metpuka Enhanced Accuracy Metrics TLV B Bbibope no anroputmy BMCA

rHCC
AHTeHHa rHce
AHTeHHa
\l/Grand Master \‘/
Grand Master
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Slave-3 Slave-4
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1588a-2023

PacwupeHna ana BMCA

Uto pnaet metpuka Enhanced Accuracy Metrics TLV B Bbibope no anroputmy BMCA

rHCC
AHTeHHa rHCC

AHTeHHa
\%rand Master
Grand Master

mn:umwﬁ;!‘ = 5“‘@ﬁ;’f

% BC ClassC
/
ﬁ BC Class C

BC ClassA

Wb
Slave-1 "
BC Class C
mmﬂa!.!@mg \ @ BC Class C
Slave-2
i Te— L

Slave-3 Slave-4



SyncE

AN

Frequency Accuracy 4.6 ppm

Pull in/Hold in 4.6 ppm

Wander generation MTIE: 40ns @ 0.1s, rising to 113ns
@1000s TDEV: 3.2ns @ 0.1s, rising to
6.4ns@1000s

Wander tolerance 250ns @ 0.1s, rising to 5000ns @1000s

Jitter generation 0.5Ul (1G,10G)
1.2Ul (25G)

Clock Bandwitn 1-10 Hz

Holdover 120ns initial step, then 50ns/s frequency

offset, plus 1.16 x 10-4 ns/s2 drift
(const.temp)
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CpaBHeHue EEC (G.8262) n eEEC (G.8262.1)

EEC (G.8262) eEEC (G.8262.1)

4.6 ppm
4.6 ppm

MTIE: 7ns @ 0.1s, rising to 25ns @1000s
TDEV: 0.64ns @ 0.1s, rising to 1.28
ns@1000s

250ns @ 0.1s, rising to 5000ns @1000s

0.5Ul (1G,10G)
1.2U1 (25G)

1-3 Hz

10ns initial step, then 10 ns/s frequency
offset, plus 1.16 x 10-4 ns/s2 drift
(const.temp



;Z}]@)BPEMH-‘I

TepmuHonorua OEC / eOEC

ba3oBas peKomeHaauun OnucaHue u uenesas obnactb
npUMeHeHun

OEC (OTN Equipment  G.8251 (gna TpaHcnopTta OTU-k) dusunyeckmne OTN-vackl, aHanor EEC
Clock) ana Ethernet

eOEC (enhanced OTN  G.8262.1 OEC c y»>KeCToOYEHHbIMU LLIYMOBbIMU
Equipment Clock) MacKamu (NONHOCTbIO UAEHTUYHbI

eEEC) npeaHa3Ha4yeH ans ceten 5G,
fronthaul, eCPRI.
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G.8275.1

Slave

-
PRTC BC BC BC BC BC
Mpodunb G.8275.1 pa3osbin. PaboTaeT B pexkume Ethernet Multicast. TpebyeTtca noaaeprka npotokona PTP B
KayectBe Boundary Clock nnun Transparent Clock Ha Bcex TpaH3uTHbIX y3nax cetn ot GM ao Slave.

PekomeHAayeTca Ncrnoab3oBaTb COBMECTHO ¢ SyncE anAa nepenaym 4actoThl.
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dsontouuna PRC

PRC (G.811) ePRC (G.811.1) PRTC (G.8272) ePRTC (G.8272.1) yacrora

Hacrora Hacrora YacToTta + ®asa + ®asza

— ——

B3r B3r PTP Master Clock PTP Master Clock
PTP PTP
Network Network
Ssu Ssu Packet Slave Clock Packet Slave Clock
v v v v v v v v v i v v
NE NE NE NE NE NE NE NE NE NE NE NE
A
8 i Y _ 1107
Af -11 f il f
—=1-10 _=1.10—12
f f A? = +100 ns (gns PRTC-A) A? = +£100 ns (gna PRTC-A)

A? = +40 ns (ana PRTC-B) A? = 4+30 ns (ana PRTC-B)
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NMe yaepraHua B TeyeHnmn 14 aHen otknoHeHue ¢asbl ot UTC ot 30 ao 100Hc!! (pekomeHpauma G.8271.1)
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PekomeHpgauua G.8273.2 Timing characteristics of telecom boundary
clocks and telecom time slave clocks

Knacc BC Max. Absolute Time Error; Max | Constant time Error; cTE
TE (Hc) (Hc)

A <100 ns <50 ns
B <70ns <*20ns
C <30ns <+10 ns
D <5ns Ans éyayuwero

ncecnegoBaHuA
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PekomeHpauuna G.8273.3

Timing characteristics of telecom transparent clocks

Knacc TC Max. Absolute Time Error; Max | Constant time Error; cTE
TE (Hc) (Hc)

A <100 ns <150 ns
<70 ns <20 ns

C <10 ns <#10ns
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PekomeHpauusa G.8271.1
Pacuet OroaxeTa

pe— G.8271.1 Time Error Budget Example

.3100.5 3 Node Asymmetry
: k (+/- 10 BC per node)

= | o
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= .
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PekomeHpauusa G.8271.1
Pacuet OroaxeTa

BC BC BC Slave
Class C Class C Class C

TE = 100Hc+200HCc+10*10HCc+250HCc+250Hc+150Hc=1050Hc (<1500HC)
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OTC (Optical Time Channel)

* Peannayetcs B cuctemax ceasn DWDM

Ic))\,/a‘v[[))m * BoigensaeTtcs oTaenbHbIM ONTUYECKMN KaHal Ha CBOEN
ANVHe BOMHbI O4NA nepegayn curHanoB CUHXPOHU3aLUumn
OADM OADM = (Ha kapTuHKe npumep ans kaHana 1610 Hwm,
- HO Ha MpakTMKe MOryT UCMNosib30BaTbCA ApYyrue)
—5 e o5C < - PaGoTaet nogoGHO kaHany ynpaeneHus
—> — = — OSC (Optical Supervisory Channel)
* Yno6bHO ncnonb3oBaTtb ABYHaNpaBlieHHbIN PEXUM
nepegayun c ucnosnb3osaHmem bidirectional SFP moaynen
(ynpoliaeT peanmsaumio KOMneHcaunm acCuMMeTpun).
0SC [laHHbie OTC
WAL
1510 1530 1570|ﬂﬂnnm—ia BonHM
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OTC (Optical Time Channel)

*MunHMManbHbIe U NpeacKkasyemMble 3a4epPXKKn
e3alinTa OT BNUAHUA KINMEHTCKOro Tpaduka
*HesaBucmmocTb o1 oTkasos [HCC

Terminal ROADM ROADM Terminal

B OTC anga nepegaym cCUHXpOHM3aUmn
ncnonbadyetca npotokon PTP (IEEE 1588)

PTP Slave

Grand Boundary Boundary Boundary Boundary clock .

Mastar Clock Clock Elale Cloélk [nsa nepenayvn n BbiBOAa CUHXPOHMN3aL U
Clock Ha TPAH3UTHbLIX y3nax AoSMKHa ObITb

peann3oBaHa OYHKLMOHANbHOCTb
PTP Boundary Clock
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PacuyeTt u kanubpoBka OTC

ﬂ Ontnyecknm brogxxet ana nepeaaun B kaHane OTC
Ha onpejeneHHOe PacCTosAHMe

Q BpemeHHou 6rogxxet OTC

G 3ajep>XXKn Ha TpaH3nTHbIX y3nax Boundary Clock

e AcnmmeTpus 3aep>Kek B BOJIOKHE
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PacueT n kanubpoBka OTC. AcummeTpunsa 3agepek B BOFIOKHE

ACUMMETPUA BO3HUKAET NpuU nepesadvye U npnéme CMrHanos No o4HOMY BOJIOKHY Ha
Da3HbIX ANnHax BosH (bidirectional OTC).

cTE=(L/2)xAAx D,

rae:

L — AAnHa BONOKHA (B KMm),

AN — pa3HuUa ANMH BOJH (B HM),

D — Ko3dpPuLUMeHT xpomaTnyeckon gmucnepcum 1615 nm
(06bIYHO ~18 Nc/HM-KM AnA BoNOKHa G.652).

1605 nm

[Mpnumep ana 100 Km BONOKHA U pasHMLUbl 4JIMH BOAH 10 HMm:!

CTE=(100/2) X 10 X 18 =9000 mc =9 HC
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NMpumep pacyet BpemeHHoro 6rogxeta OTC

Terminal ROADM ROADM Terminal
75 KM % 80 KM % 115K
PRTC _________________________________________________________
PTP Slave
Grand Boundary Boundary Boundary Boundary clock
Master Clock Clock Clock Clock
Clock Class B Class B Class B Class B
a cTE (BC) 20 Hc 20 HC 20 HC 20 HC z cTE(BC) = 80 Hc
9 cTE (LINK) 6.75 HC 7.2 Hc 10.35 HC z cTE(LINK) = 24 Hc

cTE (OTC) = (80 HC + 24 Hc) * 1,3 = 135 HC
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CVIHXpOHVI3aL|,I/IF| B NMNAaKeTHbLIX CeTAX

CuHxpoHu3auua | TexHonorus TE (Time Error)
yepes ...

Layer 3 MapuwpyTtmsaums (PTP MC/MKC
G.8275.2, NTP)

Layer 2 KommyTtaums (PTP MKc/(Hc)
G.8275.1)

Layer 2 OTN (in band MKC/HC
transmission)

Layer 1 WDM (PTP via OTC) HC

Layer 1 TemHoe BosiokHO (White HC
Rabbit CERN)

Layer 1 NUcnonb3osaHume < HC

ONTUYECKMin moaemos (He
PTP)



