
Ed. 2005-01 D. Schneuwly Oscilloquartz © 2005Slide �  3.1

Synchronization:
Introduction, Fundamentals and

Standards

Dominik Schneuwly



Ed. 2005-01 D. Schneuwly Oscilloquartz © 2005Slide �  3.2

Content

1. What Does « Network Synchronization » Mean?
� Frequency-, phase- and time synchronization

2. Why Do We Need Network Synchronization?
� PSTN
� SDH/SONET
� Mobile Networks

3. Synchronization Distribution
� Master-slave distribution in general
� Via PDH, SDH, WDM, and using GPS

4. Standards
� Standardisation Bodies
� Synchronization Standards

5. Current Trends
� Next Generation Networks
� Circuit Emulation Services



Ed. 2005-01 D. Schneuwly Oscilloquartz © 2005Slide �  3.3

1. What Does« Network 
Synchronization » Mean?
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Network Synchronization

System A

System B

System C

System D

Reference
Clock

Distribution of frequency, phase and/or time
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Frequency Synchronization

System A
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Clock signal of system A

Clock signal of system B

System B

TA = 1 / fA

TB = 1 / fB

fA = fB
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Phase Synchronization
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Time Synchronization
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Examples

� Frequency synchronisation:
� Digital Telephony
� SDH transport networks

� Phase synchronisation:
� 3G Mobile Networks (TD-CDMA, TD-SCDMA, 

cdma2000)
� DVB-T, DAB

� Time synchronisation:
� NTP (RFC 1305)
� PTP (IEEE 1588)
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2. Why Do WeNeed Network 
Synchronization?
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Switch

1 2 3 54 6

1 2 3 54 6

N x 2.048 Mbit/s N x 2.048 Mbit/s

Buffer

Buffer

Buffer

Synchronization Need in thePSTN
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� A slip occurs when a buffer over- or underflows 
due to differences in timing

� Slip-rate depends on data rate or frequency 
difference: 

Incoming data rate

Outgoing data rate

SlipSlip
Incoming data rate

Synchronization Need in thePSTN
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Synchronization Need in thePSTN

� The slip-rate affects the Quality-of-Service (QoS)
perceived by the end-customer!

� Slip-rate objectives (G.822) and consideration on 
network structure led to the specification of a 
synchronization accuracy (fractional frequency) of 
1E-11.
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63 x E1 1 x STM-1

Multiplexer
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Synchronization Need in theSDH/SONET
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t

TIE of E1 signal

t

TIE of E1 signal

PRC

NE

NE

NE

SDH/SONET Network

ADM
E1

ADM
E1

Synchronisation distribution
trails affected by wander

Synchronization Need in theSDH/SONET
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Wander induced by pointer activity:
� PDH tributaries need not be synchronous with the

SDH aggregates (pointer technique).
� However, excessive relative wander between the 

incoming PDH tributary and the SDH aggregates 
induce wander on the outgoing PDH tributary
(pointer adjustments!).

� This tributary wander causes slips in the E1 layer.

Synchronization Need in theSDH/SONET
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Synch. Need in Mobile Networks

BS

BS

BS

BS

Successful handover requires synchronisation between 
base stations (BS)
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Radio carrier frequencies must be synchronized precisely
in order to prevent cross-talk

Radio spectrum

Frequency

Synch. Need in Mobile Networks
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Synch. Need in Mobile Networks

1.25 ms5E-8UMTS/TD-SCDMA

13.9 ms5E-8TETRA

3 ms (normal operation)

10 ms (failure conditions)
5E-8

cdmaOne

cdma2000

5E-8UMTS/W-CDMA

5E-8GSM

Phase-time 
Accuracy

Relative Frequency 
Accuracy

Network Type
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3. Synchronization Distr ibution
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Master-slave Synch. Distribution

Jitter & wander 
accumulation

PRC Holdover mode

Link failure

Frequency determined by 
holdover SSU

SSU

SSU

Jitter & wander 
attenuation

Frequency determined by 
the PRC



Ed. 2005-01 D. Schneuwly Oscilloquartz © 2005Slide �  3.21

Master-slave Synch. Distribution

Frequency difference between separate synch. networks < 2E-11

PRC PRC

PRC PRC
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� A designated master clock, the PRC or Primary 
Reference Clock, is used as a reference frequency 
generator with an accuracy of 1E-11 (fractional 
frequency).

� The frequency generated by the PRC is distributed to 
all other clocks which are locked or « slaved » to the 
master clock.

� The worst case frequency difference between two 
separate synchronization networks is 2E-11.

Master-slave Synch. Distribution
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The control of jitter and wander

� SDH requires that jitter and wander be kept below 
tight network limits.

� This is achieved by inserting narrow-bandwith SSUs
in the synchronisation chain (equipment clock 
bandwidths are relatively wide).

� Narrow-bandwith SSUs attenuate jitter and wander
components that lie outside the SSU bandwith.
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Synchronization carried over PDH

Digital
Switch

Digital
Switch

PDH
Mux

PDH
Mux

P
R

C

S
S

U
 / 

B
IT

S

E-n

E1 E1



Ed. 2005-01 D. Schneuwly Oscilloquartz © 2005Slide �  3.25

Synchronization carried over SDH/SONET

Digital
Switch

Digital
Switch

SDH
Mux

SDH
Mux

P
R

C

S
S

U
 / 

B
IT

S

STM-n



Ed. 2005-01 D. Schneuwly Oscilloquartz © 2005Slide �  3.26

Synchronisation carried over WDM
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Synchronization carried over GPS
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4. Standards
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Standardization Bodies

� International Level: ITU-T

� Regional & National Level: Europe: ETSI

North America: ANSI

China: SAC

Japan: TTC

� Industry Level: Many, e.g….

ATIS

Telcordia

TIA

3GPP

3GPP2
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Standardization Bodies

Abbreviations:

ITU International Telecommunication Union

ETSI European Telecommunications Standards Institute

ANSI American National Standards Institute

SAC Standards Administration of China

TTC Telecommunication Technology Committee

ATIS Alliance for Telecommunications Industry Solutions

TIA Telecommunications Industry Association

3GPP Third Generation Partnership Project

3GPP2 Third Generation Partnership Project 2



Ed. 2005-01 D. Schneuwly Oscilloquartz © 2005Slide �  3.31

ITU-T Rec. concerning synch.

� G.703 Electrical characteristics of digital 
interfaces (PDH)

� G.704 Frame structures of digital signals (PDH)

� G.781 Synchronisation layer function of SDH NEs

� G.783 SDH equipment functional blocks

� G.803 Architecture of SDH transport networks

� G.810 Definitions and terminology

� G.811 Specification for PRCs

� G.812 Specification for SSUs
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ITU-T Rec. concerning synch.

� G.813 Specification for SECs

� G.822 Controlled slip rate objectives

� G.823 Jitter and wander control in 2048 kbit/s-
based PDH networks (incl. synch. 
interfaces)

� G.824 Jitter and wander control in 1544 kbit/s-
based PDH networks (incl. synch. 
interfaces)

� G.825 Jitter and wander control in SDH networks

� G.8251 Jitter and wander control in the OTN

� G.pactiming Circuit Emulation Services
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Network Limits for Wander, MTIENetwork Limits for Wander, MTIE
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Network Limits for Wander, TDEVNetwork Limits for Wander, TDEV
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Definitions Network Clocks

Architecture Network
Limits

SSM PRC SSU/BITS SEC

ITU-T G.810 G.803 PDH:
G.823
G.824

G.704
G.832

G.811 G.812 G.813
G.781

SDH:
G.825

ETSI ETS 300 462-1 ETS 300 462-2 sync.:
ETS 300 462-3

ETS 417-6-1
ETS 300 147

ETS 300 462-6 ETS 300 462-4 ETS 300 462-5
ETS 417-6-1

non sync.:
ETS 302 084

ANSI T1.101 T1.101 T1.101
T1.105.03

T1.105.09

Telcordia GR-436-CORE(1)

GR-253-CORE
GR-499-CORE
GR-253-CORE

GR-253-CORE GR-2830-CORE GR-378-CORE
GR-1244-CORE

GR-253-CORE

Note (1): Synchronisation Planning

Cross-reference Table



Ed. 2005-01 D. Schneuwly Oscilloquartz © 2005Slide �  3.36

5. Current Trends
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Next Generation Networks (NGN)

� In NGNs, all traffic is transported as IP packets.

� Though SDH/SONETis expected to stay for quite 
some time, Ethernet is gaining terrain especially in 
Access, Backhaul and even Metro Networks.

� Many Access Network technologies are and will 
always be synchronous: e.g. mobile base stations, 
TDMA-based PONs.

� Co-existence of synchronous and asynchronous 
technologies raises new issues.
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NGN: How is Synch. Distributed?

Synchronization distribution in NGNs:

� Via SDH or SONET

� Using GPS-receivers

� Problem: how to distribute synch. over completely aynchronous 
networks

Handy

Handy

Asynchronous Backhaul
Network

(e.g.: Ethernet, WiMAX)

Synchronization

CPE

CPE

Customer
Premise
Network

Core Network
(e.g. SDH/DWDM)

Base
station

Synchronization ?
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Co-existence of NGN and TDM Networks

� NGN and legacy TDM networks will co-exist for at least a 
decade.

� E1 and DS1 signals to be carried over NGN packet networks: 
Circuit Emulation Services (CES)

� Problem: How can the required E1/DS1 timing transparency  
(G.823/824 jitter and wander limits) be achieved?

IWF IWF

Circuit Emulation
Service (CES)

E1 or DS1E1 or DS1
NGN

IWF = Interworking Function
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Thank you


