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Synchronizace frekvence, faze a ¢asu 1/2
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Synchronizace frekvence €asu a faze 2/2 -1PPS (Pulse Per Second)

* Slouzi k synchronizaci lokélnich
oscilatoru.

* Presnost pulsu zavisi na , 15—l
strmosti nabézné a sestupné ' :
hrany.

* Komercne dostupne GPS — —
prijimace dosahuji presnosti
+1-10ns.

e Délka pulsu ~ ms

 Implementace (RFC 2783 ):
e MS Windows ® ®
* Linux ® (>2.6.34)
*  FreeBSD ©
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Synchronizace frekvence a faze a ¢asu v mobilnich sitich tfeti generace a
LTE (-A)

* Minimalizovani vypadku spojeni a zajisténi spolehlivého handoveru.
* DodrzZeni predepsanych spektralnich pozadavkd.

e Zamezeni interferenci mezi zakladnovymi stanicemi.

e Zajisténi kvality poskytované sluzby.

. A
 Kompenzace Dopplerova jevu : - Af = TUfO
* Pendolino u Ceské Trebové (~ 160 km/h): 150 ppb
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PoZadavky na synchronizaci v sitich tfeti generace a LTE(-A) 1/2

Technologie |Velikost bunky|Afrekvence [ppb]|Afaze [us]|{Acas [ppb][Doporuceni/specifikace
Macro BTS 50

GSM Pico BTS 10 3GPP TS 45.010

+ 3,69 ( vol.)

Wide Area 50
Med. Range

LTE FDD,TDD 100 3GPP TS 36.104
Local Area
Home Area 250
Wide Area >3km +10
Wide Area <3km +3

LTETDD Home BS > 500m +1,33 + Tprop SGPPTS 36,133
Home BS < 500m 3
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Pozadavky na Synchronizaci LTE-A 2/2 - CoMP

e Co-ordinated MultiPoint

swncm‘r;.;ECenters
* Coordinated Joint Transmission e
Backhaul \‘\ s\

* Pfenos z vice zdkladnovych Q“M'Q
stanic v jednom okamziku.

e Zvyseni prenosovych rychlosti:

e Pozadavky na synchronizaci
¢asu/fdze: 1 -5 ps

Time
Difference
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Doporuceni pro Synchronizaci v paketovych sitich

Definitions / G.8260: Definitions and Terminology for Synchronization in
Terminolo |18 45 M5 LT X AT oA P R—
e N\ . N
_ Frequency Time/phase
Basic Aspects G.8261: Timing and Synchronization Aspects in Packet Networks G.8271: Time and Phase Synchronization Aspects in Packet
G.8261.1: PDV Network Limits Applicable to Packet- N G.8271.1: Network Limits for Time/Phase
Network S = 11 P ST e A T 1111 T R —— —— L SUREC el
Requirements - G.8271.2: Network L|m|ts for Time/Phase
.| G.8262: Timing Characterlstlcs of a Synchronous Ethernet .| G.8272:Timing Characterlstlcs of Primary Reference
Clock ~ G.8263: Timing Characteristics of Packet-Based .| G.8273: Packet-Based Equipment Clocks for Time/Phase:
Specifications L EquipmentClocks(PEC) |

G.8266: Timing Characteristics of Telecom Grandmaster

»
" Clocksfor Frequency Synchronization |

G.8264: Distribution of Timing Information through

Methods and .\ PacketNetworks |

A 4

Architecture _| G.8265: Architecture and Requirements for Packet-Based ~ G.8275: Architecture and Requirements for
G.8265.1: Precision Time Protocol Telecom Profile ~ G.8275.1: PTP Profile for Time and Phase
Profiles e fOL EregUeNCY SYNCHONIZATON ] e SYNCRTONIZAtiON (fusl NG SUPBOTL) )
_ G.8275.2: PTP Profile for Time and Phase
N J L | Synchronization (partial timing support) | |

21.4.2015 Published 1%t version agreed | | _Under development | [ Options | !
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Synchronous Ethernet 1/3 - ITU-T G.8261,8262,8264

e Kompatibilni se standardem

IEEE-802.3.
* Pozadovana presnost lokalniho Transmit [Recaive

oscilatoru 4.6 ppm ( x 100 ppm . T =T

802.3...). @ I o ameon] [ 1|
* Synchronization Status Transmitter Receiver

Messaging ( ITU-T G.8264).
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Synchronous Ethernet Clock (EEC) 2/3 — G.8262

e Charakterizuje pozadavky na fyzickou vrstvu Synck.

* Definuje:
* Definuje maximalni frekvencni offset volné béziciho oscilatoru.

* Maximalni frekvencni offset mezi lokalnim oscilatorem a referencni frekvenci
PLL.

* Parametry lokalniho oscilatoru pri docasné ztraté synchronizace.
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Synchronous Ethernet 3/3 - Synchronization status messaging

Poskytuje informace o kvalité synchronizace.
Definovano v G.8264 - Ethernet synchronization messaging channel.

Zalozeno na Organization-specific slow protocol (IEEE 802.3 Annex 57A,57B).
* OUI: 00-19-A7

OSSP jsou prenaseny jen mezi dvéma sousednimi body.

Dva typy zprav ( G.781):
* General Message — “Heart-beat” Obsahuje QL, frekvence x 1s.

* Event Message — Obsahuje informaci o zméné QL, odesila se okamzité.
* Pokud neni dorucena zadna zprava béhem 5ti sekund - QL_FAILED .

e Loop-free topology ( 802.3ax ... ! ).

T — - — — — - i e - —
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Precision Time Protocol

* Protokol slouzici k synchronizaci casu v paketovych sitich.
e Standard IEEE-1588

* Cilem protokolu je poskytnout moznost synchronizace s presnosti
lepsi nez 1 ps.

 Vyuziti v telekomunikacich, prumyslu, automatizaci, fizeni...
* Verze 2002,2008
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Precision Time Protocol IEEE1588-2002 1/2

* \/yuziva transportu po protokolu UDP ( porty 319,320 )
 Vyuziva Multicastu (224.0.1.129 - 224.0.1.132)
* Cetnost Sync zprav 1 aZ 2 sekundy.

* S roustoucim poctem IEEE-1588 prvkd v ramci jedné Multicast
domény vzrusta vyznam fronty pozadavku v BC a OC - mozny zdroj
nejistot ®




Precision Time Protocol IEEE1588-2002 2/2

 Master — Slave architektura
e ,Two step clock model”.
* Pfredpoklady:
* of fset +delay = t, — t;
* t, —t; =ty — t3
* Delayiorar = (t2 —t1) + (t4 — t3)

e Jednosmeérneé zpozdeéni
_ (ta—tq)+(ta—t3)

De lay oneway — >

* DUsledek: Predpoklad symetrické
trasy ®.

Master
Clock
time

Al

Slave
clock
time
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LOW.UP\*

23

a7 heRC

l;

ol e

N s\tat

HKE

elektronické mé&Fici pristroje




HKE

elektronické ma&fici pfistroje

Best Master Clock Selection Algorithm (BMCA) 1/2

—Slave BC Master—»

<«—dAISSed
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Best Master Clock Selection Algorithm (BMCA) — Princip 2/2

* GM rozeslou zpravu Announce

* BMCA je spustén na kazdém IEEE-1588 prvku. Dojde k porovnani vlastnich
synchronizacnich parametru, s parametry doruc¢enymi ve zpravé Announce.

* Porovnavany jsou nasledujici parametry: Priority1, clockClass,
clockAccuracy, offsetScaledLogVariance, Priority2, clockldentiy (UUID —
Pokud jsou predchozi parametry shodné).

* Na zakladé tohoto porovnani je rozhodnuto o stavu daného PTP portu:
Master, Slave, Passive.
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Precision Time Protocol IEEE-1588-2008 (v2)

* Neni zpétné kompatibilni s PTP v1.

* Moznost primého transportu po Ethernetu.

* Dosazitelna presnost lepsi nez 1 ns.

* Rychlejsi synchronizace.

« Cetnost zprdv mdZe byt zvolena ( Sync a Delay_req aZ 128/s).

e KratSi zpravy.

* Definovan prvek Transparent Clock - TC (Peer-to-Peer, End-To-End).
* Pridany moznosti redundance.

* Profily ( G.8265.1, G.8275.1...).

e Podpora Unicastu, alternativnich ¢asovych stupnic ...
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Precision Time Protocol IEEE-1588 2008 (v2) - Transparent Clock (TC)

* TC nereSi BMCA - nezakoncuiji signal
z Master Clock ©.

OUT:

¥
L

* Ukolem TC je korigovat rozptyl S N

zpozdéni PTP zprav. | oteesl | Presmole o] brotecar | Preamse
* TC fesi dobu pobytu PTP zpravy mezi T

vstupnim a vystupnim portem TC ( .

Residence Time — RT).

* RT je pripoctena k aktualni hodnoté
Correction Field (CF).

* Neni mozné nasadit P2P a E2ETC v
jedné ceste

Residence Time | OUT-
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Precision Time Protocol IEEE-1588 2008 (v2) — ITU.T-G.8265.1

* Definovan za ucelem synchronizace
frekvence v mobilnich sitich.

e Vztah k ITU-T G.781 (clockClass<>SSM
QL) Network . ,

 Master Clock Selection :
( QL,PTSF Local priority).

e Definovan pro provoz v sitich bez
primé podpory PTP > PDV ®.

e Zalozeno na unicastu ( IPv4, IPv6).
e Alternativni BMCA

T-SC T-SC T-SC T-SC
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Precision Time Protocol IEEE-1588 2008 (v2) — ITU.T-G.8275.1

Vyuziva PTP protokol k prenosu casu a faze.

UrCeno pro prenos synchronizacev
telekomunikacnich sitich s pevné danymi
vztahy Master<->Slave.

AZ 20
zafizeni...

Moznost pouzit vice geograficky oddélenych
T-GM.

VyZaduje BC (TC) v kazdém bode T-GM a PTP
Slave.

Synchronizacni informace jsou prenaseny na
2. vrstvé ( IEEE1588-2008 Annex F).

Implementuje Alternativni BMCA
(localPriority, notSlave).




HKE

elektronické m&fici pFistroje

Precision Time Protocol IEEE-1588 2008 (v2) — ITU.T-G.8275.2

e Zajisténi moznosti synchronizace
na stavajici infrastrukture.

* Snizeni naroku na budovani LTE-
A infrastruktury.

* \/yuziva IP unicastu.

e Zalozeno na ITU-T G.8265.1 a
G.8275.1.

* TBD 2016 ??

TSC

EEC
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