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Design of Synchronisation functionalities 
from an Infrastructure Manufacturer’s 
perspective

Telecom Operators shall be able to perform 
accurate synchronisation network planning 
in a flexible manner.
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UMTS Network Architecture 
and Applications

User Equipment

UTRAN

Core Network
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Market demands for new services

Opportunity for operator’s
- that didn’t get any GSM license
- to offer increased bandwidth (as required by customers)

Trend: demand for improved capacity

New services offer is a key discriminator 
between service providers 

Why UMTS ?
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A new service concept - Personalized services 
everywhere

A global standard

A new radio technology (WCDMA) in a new 
spectrum to support wideband multimedia

What is UMTS ?

Packet based transport network technology

Today more than 10 Million people use 
3G/WCDMA networks and devices
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UMTS Architecture
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UMTS Terrestrial Radio Access Network 
(UTRAN) Model
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RNC

Radio Network System (RNS) Topologies
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Comparing different Generations of 
Mobile Systems

2G

3G1G
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Modulation Techniques and 
Mobile Generations
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Multiplexing variable bit rate services

• Services are mixed by power with different codes
Power Levels (or Bit Rate) from UE

CA

CB

CC

CD

Received Power Levels at Node B
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Frequency Re-use

FDMA
TDMA

Frequency re-use = 7

CDMA

Frequency re-use = 1
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WCDMA Radio Network: 
FDD and TDD Modes

uplink

downlink

TDD
BW=5 MHz

f
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FDD
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Duplex separation 
190 MHz
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Example of TDD uplink/downlink transmission

16

Synchronisation Requirements in UMTS
Which Standards ?

T1.101
T1.105.03

TS 25.411EN 300 462-3G.823, G.824, 
G.825

Network Interfaces
(Jitter/Wander)

TS 25.104, 
TS 25.105

RF Characteristics

TS 25.427,
TS 25.435

Others (Transport 
Channel 
Synchronisation)

T1.101EN 300 462-6, -4, 
-7, -5

G.811, G.812, 
G.813 

Clocks

TS 25.402 (Sync 
in UTRAN)

TR 101 685
(Sync in ATM 
Networks)

G.pactiming
(Sync in 
Packet 
Networks)

General

ANSI3GPPETSIITU-T
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Requirements on the physical layer
⇒ network interface limits for jitter/wander, as defined in 

ITU-T G.823, G.824, G.825

Requirements on the frequency accuracy at the interface of 
a PSTN network
⇒ frequency accuracy according to ITU-T G.811 (to meet 
ITU-T G.822)

NE SDH NE

ATM/IP over SDH

Synchronisation Requirements on Equipment
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•MGW shall be able to recover the bit rate of the CBR services 

• Optionally, the MGW shall re-time the service 

• MGW Clock performance according to the specific Access Network: for UTRAN, an 
accuracy of 0.05 ppm is required if used to synchronize the Uu interface

PSTN/ISDN/
PLMN

Internet
Intranets

MGW

MGW
MGW CBR

Service

Access
Network

Synchronisation Requirements on the CN
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Synchronisation in the UTRAN : 
BS TX Characteristics – Frequency Error

“The same source shall be used for RF frequency 
and data clock generation.

RBS (NodeB)

Y < 0.05 ppm
TS 25.104 (FDD)
TS 25.105 (TDD)

The modulated carrier frequency of the BS shall 
be accurate to within ± 0.05 ppm “
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TS 25.402: Synchronisation in the UTRAN

UE

Node B Node B

UE

RNCRNC

Node B Node B

Core Network

UTRAN

Cn Node

Sync in/out (TDD)

Time Alignment 
Handling

Transport Channel 
Synchronisation

Radio Interface 
Synchronisation

RNC- NodeB 
Node Synchronisation

Inter NodeB 
Node Synchronisation

Network 
SynchronisationPRC
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Synchronisation Distribution in the UTRAN

RNC RNC

Core Network

NodeB
NodeB

NodeBNodeB

MGW

IuIu

IurIub

Synch paths

GPS (SASE)

GPS

GPS (SASE)

GPS

UTRAN

PRC
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Core Network Server Node 
and 

Node B Requirements



2003-05-22

ERI/YR 12

23

CN Server Node Requirements

Control Layer
CN 

Server

Connectivity Layer

~

X
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CN Server Node Requirements

CN 
Server

CN 
Server

~
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CN Server Node 
Requirements Summary

Loop-Timing on all interfaces.

“Clocks” per such loop-timed interface which can generate 
AIS according to the particular interface standard.

Possibility to connect a clock which is a partial-system 
clock which is used to avoid timing-loops in direct 
server-server connections.

A requirement for the partial-system clock is still to be 
defined but ITU-T G.813 can be sufficient.
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Node B Sync Model

ES = External Sync

Node B

Node B

Iub

Iub

Uu
IES

Uu
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Node B 
Requirements Summary

Node B Uu Requirement:
<0.05 ppm

Iub

Prerequisite: 
Traceable to G.811

Jitter/Wander G.823/824/825

Iub

IES

Prerequisite: 
Always better or equal 

quality as the Iub

Tx
Clock

RF 
Clock

Suitable Standard Clock 

Locked to
transmission

BW <0.9 mHz

28

Node B Sync additional requirement  
for TDD mode

…

256 s

2ms
5ms

10 ms

5µs
1ms

The relative phase difference of the synchronisation 
Signal shall not exceed 2.5 µs

Node B

External sync Source (e.g. GPS)

Sync in Sync out
Node B

Sync in Sync out

Sync in
Node B
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Summary
The main differences between 2G and 3G are:
– CN architecture. Splitting of Control and Connectivity Layers
– Resource allocation in the air interface.
– In 3G, the UE has simultaneous contact with several 

Node B’s (macro-diversity) while in 2G it is only one base 
station at the time. 

No main network synchronisation differences identified.

Minor issues affecting network synchronisation and equipment 
requirements:

– Differences in CN equipment depending on location in the 
connectivity layer or in the control layer
– Node B appear in meshed network configurations, affecting 
requirements on reference selection.

Stricter requirements in TDD if compared with FDD mode


