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Ohjectives

Eind out Why Wikeless systems are: synchrenized?

Wihat are the requirements for different wireless
communication systems?

\What are the possihilites for carying eut syncimamnen?
Pros and cons ol different syncharonization systems?
Precision Time: Protecol (PIiP)?2 How dees It Work?

IS the achievanle synchronizatien accuracy with Bmelgh
fior wireless systems I practice?




Background (1)

\Wireless,communication Systems require precisaignay.
synchrenization: Ulilization ofi clieap oscillatonsndevers, iter-cell
Interference; Doppler shiit, multicast transmission

Standards define the maximum tolerablefreguensenior hasatations:
2G&3G: 50 ns (2,1 GHzZ max.freg.oeffset = 105 Hz)
WIMAX: 8 us (3,5 GHz> max.freq.ofiset = 28 kHz)
WILAN: 20 us (2,4 GHz> max.freqg.effiset = 48 kiHz)

Migratien tewards packet swiiched core netwerksidironally it has leen
relatively easy to recover fliequency: synchrenizate: mobilephone
networks frem circuit switched cere netwerk. Opersiare neweoeking

for the poessibility to: shift towards packet switdieackhaul neverks.




Background (2)

Eully’ packet switched wireless communication: systenmere Is 6 need
for cireult switched backhaul anymore which deesitilize capacity as
welllas packet switched netwerk. (Circuit switceserves rewmeces)

Time synchrenization IS net required yet but infinere it moht be: Time
Division; Duplexing| (TFDD);, Sensol Networks, Eregueghtopping| (EH,
preadcasting

Generally in cemmunication systems time synchrdianas needd: for
effective log keeping, banking senvices, thalficeeerng ete

At the mement WIMAX netwerks are generally synchezed by using
GPS and mohile phene networks via SDHH bhackhaul. évew it Woeud lbe
an attractive poessibility to exploit packet switdhizackibone Hworks
(Ethernet) te distrbute synchrenization infermatmst effeaiely, safely
andl precisely.




Jitter (Af > 10Hz)

Wander (Af < 10Hz)




Options

Glohall Pesitioning System (GPS): Highly accuratdhldireguencyand
lime synchrenization, Selective Availability (SAuInerabilitytie
jamming, under contrel of US, need fer hardwaredneer), noicost
effiective, wide area, need for radie connection

Synchronous Digitall Hierarchy (SDH): Circuit switth the disthbution; of
frequency synchrenization natural because the sysseli 1s
symnchrenized, ne time synchrenization, migrationacds packeswitched
core netwerks, high synchrenization precision

Network Thime: Protecol (NTP): Internet, utilization packet neverk, net
vulnerahble to jamming, achievable accuracies aremough fomireless
systems (aboeut milliseconds), congestion ofi the/okt may. be goreblem,
No SpPeciiic hardware needed, wide area, cost efeect




Precision Time Protecol (PTP)

[Distributien: 6ff synchrenization Infermation in; smabcal areanetwerks
(10/100r BaseIEthernet). Submicrosecends accuracies in Ethernet
promised, not vulnerable te jamming, utilizationpaicket swithed
network, hardware required fer highest precisinarement in etwerk
trafiic, congestion| of a netwerk may be a problem

Hardware time stamping: lime stamps are takemstiral the hiware
level i order: tercancel varable processing deEyagher petecolllayers

Eollow Up-messages: After Syrmessage, another message Is sent which
contains the accurate: time stamp of the Symessage.

Originally designed to provide synchrenization measurementontrol
and autematien networks. However, the next vemsitalse imdude
severallimprovements considering synchronizatide/ecemmuniation
networks (Tiransparent clock, safety, wireless inmartations, (wabit
Etlhermet, shorter frames anadi syne interval)
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Measurement Parameters

Tihe main preblems in synchronization of telecommamon netweks are
related to jitter, wander and stability. Inioroene able t@valuaie and
cempare these characterstics of synchronizatistesys, MU hs
specified 5 different parameters which determireegtality’ ofa
synchrenization system. (IT-0'G.810)

Inithis Thesis only Maximum Time IntenvallErrer (M) and Time
Deviation (TEDEV)

MTIE: ” The maximum peak-to-peak delay variation of a gitiening signal with respect

to an ideal timing signal within an observationeift—nt0) for all observation times of that
length within the measurement peridg’(

TDEV: " A measure of the expected time variation of a digea function of integration

time. TDEV can also provide information about tpedral content of the phase (or time)
noise of a signal.”




Measurement Setup#1
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Measurement Setup#2
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Measurement Setup#3
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Measurement Setup#4
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Measurement Results

PP periermance In optimal conditions approximaileiy) naneSeaus.

[Devices ini tihe middlerof the synchrenization clizanse Impair@nts and
therefere It seems that the'concatenation off a8tk decrese
Symnchrenization accuracy. (According te these tesalnerP TP device
will'deterierate performance more than a deviceewisiupports, i7P)

Congestion of the network alfects o the precisibing synchonization.
Hewever, PTP seems to be working guite well' evah wgh netwok
loads. (MTIE appreximately: 500 naneseconds)

TThese resulis indicate: that the performance. of piocol Is aite stable
regardless of traffic in the netwerk. TDEV valuees) torbe rainm which
could indicate that with high network loads;, PTiR can perfian well on
average. However, the congestion of the netwoerkisée causesine
rapid anadllarge fluctuations In synchrenizationuaacy/.
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Time Deviation (TDEV)
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