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� Synchronization in packet networks 

� Packet-based Synchronization Methods 
– Packet-based Synchronization techniques

– Packet-based Synchronization Protocol 

– Performance Aspects

� Common Synchronization Methods

IEEE-1588TM is trademark of its respective owner
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� Network infrastructure is converging to asynchronous 
packet-based architecture 

– T1/E1 is being replaced by Ethernet

– Synchronous applications require accurate timing to be 
distributed over packet networks

e.g. Wireless backhaul

– It’s difficult to transition timing-sensitive services to packet-
based architecture without packet-based precision timing 
references

– Cost-sensitive applications will benefit from transmitting 
synchronization across packet networks instead of using GPS, 
expensive oscillators, or access to a PRS clock
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� Packet-based synchronization issues 
– Packet Switching Networks were architected to handle 

asynchronous data

– Ongoing evolution of Packet Networks will increase the need for 
transporting synchronization over asynchronous networks

Hybrid packet and switched networks require synchronization

� Packet-based synchronization technology
– Distributes and recovers network synchronization over an 

asynchronous network

– Encodes server clock frequency/phase information and transmits 
it over the PSN 

– Recovers Telecom quality synchronization signals from a packet 
reference
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� Reference clock – only available at the server
– Primary and Secondary clock sources are frequency and phase encoded into 

packets and transmitted to the clients

– Filtering of the arriving packets provides synchronization at the Client node
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� The Adaptive Clock Recovery method is based on:
– Averaging the arrival rate of the packets over a period of time

– Inter-arrival time of the packets 

– The fill level of the jitter buffer

� No need for common reference clock

� Achieves good jitter and wander performance

� Can work in conjunction with QoS mechanism

� Offers the potential for better performance for L2 networks 

� Requires careful handling of Packet Delay Variation
– It feeds through as a frequency variation

High-frequency jitter can be filtered out, but wander is more difficult 
to filter
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� IEEE-1588 – Standard for a Precision Clock Synchronization 
Protocol for Networked Measurement and Control Systems
– The standard defines a Precision Time Protocol (PTP) designed 

to synchronize real-time clocks in a distributed system

– Intended for local area networks using multicast communications 
(including Ethernet)

– IEEE-1588 was designed to work within a building or factory
Intended typically for industrial automation and test and measurement 

systems (e.g. synchronized printing presses)

– Targeted accuracy of microsecond to sub-microsecond

– Approved on September 2002 and published on November 2002

– Available from the IEEE-1588 web site 
http://ieee1588.nist.gov/



� � � � � � � � 	 
 � � 
 � � � � �[Page 8]

� +++&, � - - �� � � . � � � � 
 
 � � � � � � 
 /

� IEEE-1588 only allows the values of sync interval to be 1, 2, 8, 
16, and 64 seconds
– It is difficult to maintain performance in a loaded network with

sync packet rate of 1 pps and an inexpensive oscillator 

� IEEE-1588 relies on a symmetric network

� IEEE-1588 does not have provision for Redundancy support
– In Telecom applications, clocks must be always available

� IEEE-1588 relies on Boundary clocks topology
– Boundary clocks are not available in current Telecom networks

� IEEE-1588 only supports multicast

� IEEE-1588  Message Format
– Long PTP messages consume too much bandwidth
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� NTP version 3 is described in RFC 1305
– Designed to synchronize the computer clocks over the network

– Poor precision – accuracy in the order of milliseconds

� Simple Network Time Protocol (SNTP) described in RFC 2030
– It is an adaptation of the NTP

– Accuracy in the order of fractions of a second

� NTP version 4 under development at IETF
– Working Group formed November 2004
– It is backwards compatible with NTP version 3 and version 2

– Represents a significant revision of the NTP version 3
Aims to improve accuracy and reliability
Adds redundancy and advanced security features

– Support for IPv6 
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� Packet rate
– Increased rate of timing packet may increase performance, but 

usually required to be as low as possible to save bandwidth

� Drift rate of the local oscillator
– OCXO, TCXO …

� Architecture of the network
– Number of nodes, L2/L3

� Network loading
– Affects packet delay variation
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� Causes of delay variation on a packet network include:
– Random delay variation (e.g. queuing delays)

– Low-frequency delay variation (e.g. day/night patterns)

– Routing changes

– Congestion effects

– Systematic delay variation
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� Traffic modulation
– Night and day low-frequency effects

– Low-frequency variation (wander) is difficult to remove without a 
filter with a very long time constant 

� Routing changes
– Causes step change in packet delay 

� Network congestion/modulation/bursts
– Causes changes of delay variation

� Network outages
– Holdover capability is important to cope with Network outage

� Packet error and packet loss
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� There are trade-offs between:
– Oscillator stability and synchronization packet rate

– Synchronization packet rate and network loading

– Synchronization packet rate and number of hops



� � � � � � � � 	 
 � � 
 � � � � �[Page 16]

� � � � � 
 
 � �$� 	 � 
 � �%�� � � � � � �2
� � � � � 
 
 � 
 . � � � � 	  
 
 ! �( 
 # � �

� Annex A of G.823 lists the most important elements to 
consider when building a synchronization network
a. Specification of individual clocks that are part of the 

synchronization chain
b. Composition of the complete synchronization chain 

– Number of clocks of each type (PRC, SSU, SEC)
– The order they are cascaded
– G.803 defines a synchronization reference chain with 1 

PRC followed by 10 SSUs and 20 SECs. There may be 40 
more SECs between the SSU#1 and SSU#10. 

c. Noise of each individual clock, diurnal wander and phase 
transients need to be considered

d. Architecture of the data connection (i.e. 4 SDH islands on the 
link containing 8 pointer processors inside each island)

PRC

SSU#1

SSU#10

SEC#1

SEC#19

SDH 
Island#1

SDH 
Island#2

SDH 
Island#3

SDH 
Island#4

SDH Island adds wander 
to the output clock

Equipment with 
Slip-buffer 
termination
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� ITU-T G.pactiming is studying timing and synchronization 
aspects in Packet Networks
a. Specification of individual clocks that are part of the 

synchronization chain needs to be considered
– Algorithms  used to recover clocks in packet networks 

filter wander, but also generate wander

b. Noise introduced by Ethernet switches and Routers will add 
wander to the output clock 

c. Night and day low frequency effects due to load of the packet 
network

d. Architecture of the data connection must be considered (i.e. mix
of SDH and CES islands)

PRC

SSU#1

CES Island adds wander 
to the output clock
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� GPS is a satellite navigation system developed and operated 
by the U.S. Department of Defense
– GPS is widely used in CDMA applications

� Requires antenna to satellite line-of-sight
– Does not work in concrete canyons

� GPS provides precise time

� Telecom relies on GPS to provide time and frequency info
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� GPS is sensitive to interruptions that can impact signal 
acquisition and performance
– Receiver is in poor geographic location relative to satellites

– Reception is intentionally or unintentionally jammed

– Signal blocking (urban canyons, buildings)

– Number and position of satellites in view

– Motion and environmental conditions

– Receiver noise level

– Receiver internal oscillator quality (affects holdover)
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� Galileo

� Loran C

� Precision Oscillators

� Atomic Clocks

� Standard Network Sync
– Carriers may want to keep their network sync for synchronous services

� Leaky coax in conjunction with GPS
– Install one GPS in a central location and use a leaky coax to distribute the 

time

� Dedicated cable
– Run cables to carry synchronization 

� Synchronization through Ethernet phys

� Proprietary schemes
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� The ongoing evolution of the Packet Network will most likely 
increase the need for transporting synchronization over 
asynchronous networks
– Hybrid packet and switched networks requires synchronization

� For Synchronous Networks and Packet Switching networks, 
the quality of the clock at the last node depends on the care 
taken in planning the synchronization chain
– Synchronization planning is necessary

� Performance Aspects
– Impairments in the packet network needs to be considered
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