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ABSTRACT

We considera CDMA systenconsistingof an image source
coder a corvolutional channelcoder an interleavey and a
direct sequencespreading module With different alloca-
tions of bandwidthto source coding channel coding and
spteading the systemis analyzedover a frequencyselec-
tive Rayleighfading channel. The performanceof the sys-
temis evaluatedusingthe cumulativedistribution functionof
peaksignal-to-noise&atio. We showthat,amongotherthings,
givena fixedchannelcodingrate allocatingmote bandwidth
to source codingallows higher maximumimage quality. At
thesameime theprobability of achieving this high qualityis

small. Allocatingmore bandwidthto spreadingdeceaseshe
numberof source informationbits transmitted thuslimiting

theachievableimage quality, but the probability of achieving

this maximunquality is high.

. INTRODUCTION

Sourcecoding, channelcodingand spreadspectrumarethe
threemaincomponentsn a CDMA communicatiorsystem.
A numberof studieshave beendoneon the joint designof

sourceandchannelcodingalgorithmsto yield bettersystem
throughpufl, 2, 3]. Therealsoexistsabodyof researcton

the tradeofs betweenchannelcodingand CDMA [4, 5, 6].

In this work, we investigatethe interrelationshippmongall

threecomponents.

Bandwidthis the major sharedresourcebetweenthe three
componentsSourcecodingwill free up bandwidthfor both
forward error correction(FEC) and spreading. Allocating
more bandwidthto sourcecoding will allow more infor-
mation from the sourceto be transmitted. For different
compressiomethodsandrates thebit streamcomingout of
the sourceencodemill be moreor lesssensitve to different
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types of error patterns. FEC and spreadingprotect the
transmittedbits from noiseandinterference.Dependingon
the channelconditionsandthe characteristic®f the source
codedbit stream the systemwill performbetterwith either
moreFEC or morespreading.

The paperis organizedas follows. In Sectionsll andll,
the systemmodel and the channelmodel are described,
respectiely. Somerepresentate resultsaregivenin Section
IV, andthe conclusionsaregivenin SectionV.

Il.SYSTEM MODEL

Thesystemis shavnin Figurel. We discusseachcomponent
in detailbelow.
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Figurel: Systemoverview.

1. Souce coding: The sourceimagesare encodedusing
a lossy compressionalgorithm called Set Partitioning In
HierarchicalTrees(SPIHT [7]). The encodedbit streamis
progressie, i.e., bits which comefirst canbe usedto recon-
structa low quality versionof the sourceimage, and bits
which comelater can be decodedto producesuccessiely
higherquality versions.The SPIHT algorithmhasexcellent
compressiorperformance however, it is very sensitve to
errors. An error in one bit may lead to completeloss of
synchronizatiorin the sourcedecoder renderingdecoding



impossibleof all subsequenbits. Thereis a small amount
of imageheadeiinformationfor the codedsourcebit stream
(59 bits in mostcases) This numberis very smallcompared
to the bit budgetfor almostall transmissiomatesof interest,
soin all theanalysesandsimulationsthe headeiis assumed
to beerrokfree.

2. Channelcoding: In Figure2 [9], sourceinformationbits
aregroupedinto blocksof size N. A 16-bit CRCis added
to eachpaclet. Thenthe paclet is corvolutionally encoded
using a Rate-Compatiblé?uncturedConvolutional (RCPC)
[8] code. Thelist-basedViterbi algorithmis usedto find the
bestcandidaten the trellis. Thenthe CRC detectswhether
thereis anerror If thereis anerror thesecondestcandidate
is found andthe CRC checled, andso on. After checking
thelist of pathsfor a predetermineschumberof times, if the
CRC checkstill declaresan error, the sourcedecoderwill
discardthatblock andall subsequerttlocks. Theimagewiill
bereconstructedrom the previously recevedblocks.
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Figure2: Sourceandchannekodingblock diagram.

3. Speading: The channelcodeddatastreamis spreadus-
ing directsequencavith along spreadingode by afactorof
M (the processinggain). Thenthe signalis transmittedus-
ing BPSK modulation. Assumethereare K simultaneously
active usersin the system. The signaturesequencesf dif-
ferentusershave a commonchip rateof 1/7, = W, where
T, = T /M, W is thespreadbandwidthand1/T is the data
bit rate. Let ax(¢) denotethe signaturesequencevaveform

of the kt* user andlet ag.k) be the correspondingequence

eIementswhereay“) € (+1,—1). Then

o0
k .
ar(t)= Y &P (t—jT.),
j=—00
wherePr, = 1 for 0 < t < T, andequalszerootherwise.
Similarly, the datasignalmaybewrittenas

o0
S o Pr(t—4T) .

j=o0

Thereforethetransmittedsignalfor thek-th useris
sk(t) = Re[Sy(t)e’*"],

bi(t) =

where

Sk(t) = V2P aj ()b (t)e’%

P is the averagetransmittedoower, assumedo be the same
for all users,w,. is the commoncarrierfrequeng andé, is
thephaseof the k** user Assumingasynchronousperation,
the delayof userk relative to the referenceuser(user0) is

Tk, k = 1,..., K — 1. Thecompositesignalattheinputto the
channeis
s7(t) = Re[St(t)e’"],
where
K-1
2P ak t — Tk)bk(t - Tk)6]¢k
k=0

b = 6k — wetk, B0 = 10 = 0, (¢x)K | areindependent
identically distributed (iid) random variables, uniformly

distributedin [0, 27), and (r)K_, areiid randomvariables,
uniformly distributedin [0, T').

1. CHANNEL MODEL

Figure 3 shaws a finite-lengthtappeddelay line model for
afrequenyg selectve multipathchanneffor the k** user In
the figure, L is the numberof resohable multipathsin the
channelande;,i = 1,..., L, arethe complex gainsof the
differentpaths.Notethatc; takestheform of o;e?%, in which

2
a; is Rayleighdistributed, i.e., p(«) ;"—ze;_ff, andég; is
uniformly distributed. We assumea flat Multipath Intensity
Profile(MIP), whichmeangshe parametes? in theRayleigh
densityis notafunctionof ;.
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Figure 3: Tappeddelay line model of frequeng-selectve
channel.
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Figure4: RAKE recever model.

We usethe RAKE recever shavn in Figure4 to resole the
multipath. Therecevedsignalis fed into a matchedilter for

despreadindpeforeit goesinto the RAKE recever. In the
RAKE recever, maximal-ratiocombiningis usedto produce
the optimal result. Note that ¢;(t) = c}(t) underperfect
channekestimation.

Fadingin thewirelesschannels correlatedn time. Thefad-
ing patterndepend®n themobile speedhroughthenormal-
izedDopplervalue. The maximumbDopplershift is givenby

v
fD = fmaa:_Doppler = fcza

wheref,. is the carrierfrequeng, v is the mobile speedand
c is the speedof light. Consideringa scenariowhere f, is
900 MHz, andthe datarateis 29 K bits/secwe have there-
sultspresentednh Tablel. The Jales’ model[10, 11] is used
to generatdime-correlatedRayleighfadingparameters;(¢)
for eachpath (for eachi) andindependentading between
differentpaths. Asynchronizednterferinguser$ and Addi-
tive White GaussiarNoise(AWGN) areaddedo thedesired
signalatthe outputof thechannel.

Scenario Mobilespeed fp (Hz) fp-T

pedestrian 4mph 5.36 1.85e-4
local 30mph 40.2  1.39e-3

highway 70mph 93.9 3.24e-3

Tablel: NormalizedDopplerandmobile speed.

IV.RESULTS

Therefore,the output from the sourcedecoderwill not be
thesamefor differenttrials. We measureghe performancef
the systemby looking at the output for mary independent
trials. The cumulative distribution function (CDF) of PSNR
(PeakSignal-to-NoiseRatio?) of the decodedmageis used
to evaluatethe performancg12].

1. Tradeofs of bandwidth

For all the curnves,we keptthe ratio of enegy-persourcebit
to noise power spectraldensity E,/N,, constant,where
N, /2 is thetwo sidednoisepower spectradensity

In Figureb, thechannetodingrateis fixedat0.72. Thenum-
berof usersK = 10, and E;, /N, is 4dB. Parametersvhich
are varied are processing gain and source coding rate,
representedy (processing gain, source coding rate) in
the plots. For the top-mostcurwe, we seethat thereis a
high probability thatthe outputimagehasa low PSNR.But
sincemorebandwidthis allocatedto sourcecoding,thereis
a small, but neverthelessnon-zero probability of achieing
very good PSNRresults,(the right endof the curve reaches
aPSNRgreateithan34dB).In contrastfor thelowestcurwe,
thereis ahigh probabilityof achiering high PSNR.But since
lessbandwidthis allocatedto sourcecoding,the bestPSNR
achievableis limited to 32.5dB lower thanthecorresponding
valuesof the othercurves.
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Figure5: CDF plots: Tradeof betweensourcecoding rate
and processinggain. Uncorrelatedfading, channelcoding

The choice of a good systemdependson the performance rate0.72.

measurandthechannektonditions.For agivensystempoth

thefadesandthe noisein the channelarerandomprocesses.

1Chip synchronizatioris assumed.

peak image energy

’Defined as 10log 2eaki )
; ) 'S noise image energy
recetved image — original image

where noiseimage



We canseethat, in Figure5, thereare crosseers between gets lower, the coding gain increaseswhich benefitsthe
the cunwes. If therewereno crosseers, it would be easyto system.At the sametime, the processingyaindecreaseand
saythatthe lowestcurve representshe bestsystem.When this causeboth loss of somediversity enhancemenand a
the cunes cross, a given systemmay be superiorfor one decreas@ interferencesuppression.

applicationbut not for another Comparisonof the curves

maytheninvolve looking attheareaunderthecurve, perhaps 2. Effectsof interleaving

with someweighting (e.g., all PSNRslessthan a certain The sourcecodingalgorithm,the channelcodingalgorithm
amount may be consideredequally bad, and all PSNRs and the interleaver might causesignificant delaysin the
above a certainamountmay be consideredequally good). systemgspeciallyfor time critical applicationsuchasvoice
Theapplicationrequirementgansometimede summarized andvideotransmissionsHerewe will discusghe effectsof
by sayingthata givenimagequality mustbe presentat least theinterleaer.

a specifiedfraction of the time. Somecurves may thenbe

inadmissible Theseissuesarediscussedh [12].
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10.
Generally a larger interleaver will scattercorrelatederrors.

However, this doesnot alwaysbenefitthe system especially

Figure 6 shaws the tradeof betweenchannelcoding rate Whenthe systemperformancedependsnoreon paclet era-
and processinggain. The numberof usersk = 10 and sureratethanon bit error rate. Figure 7 shaws the system
E,/N, = 4dB. The parametersariedareprocessing gain performanceversusinterleaer size underdifferentchannel
andchannel coding rate. The sourcecodingrateis fixed, conditions.Thechannetodingrateis 0.80.ThereareX = 6
thereforethe bestachiaable imagequality is the samefor active usersthe processingyainis 128,and E,/N, is 4dB.

all curves,andthereis nocrosseer. Notethatfor decreasing \We seethatalargerinterleaer sizedoesnotnecessarilyead
channelcoding rate » = 0.80,0.46,0.36,0.30, approxi- t© betterperformance. This is becausehe interlearer dis-

mately 16%, 64%, 92%, 84% of the decodedimageshave perseghe errors,andthus more paclets are affected. Note
PSNRlargerthan30dB. It is easyto seethatin this scenario, that even thoughthat dispersionof errorsresultsin fewer
the systenfirst improveswhenmorebandwidthis allocated €rrorsper paclet, the numberof thosebit errorsmay still
to the channelcoding (channnekodingratedecreasespnd P€ large enoughto overwhelmthe decoder For the cures
then deterioratesvhen too much bandwidthis allocatedto Shavn in Fig. 7, theinterleaver sizehasto be about120 by
channelcoding. Therearetwo counterbalancingffectsto  120beforethedecoderfunctionsefficiently.

the systemwhen more bandwidthis allocatedto channel

coding insteadof spreading. As the channelcoderate, r,



V. CONCLUSIONS

Given a fixed total bandwidth,eachcoding scenariohasa
different probability distribution of achiesing certainPSNR
valuesfor the decodedmage. Allocating more bandwidth
to sourcecoding allows us to achiere a higher maximum
image quality, but the probability of achieving this quality
is smaller On the otherhand,allocatingmorebandwidthto

spreadingdecreaseshe numberof sourceinformation bits
transmittedandthuslimits thebestachievableimagequality,

but the probability of achieving this quality is higher

For a given bandwidth, there are optimal allocations of
bandwidthto sourcecoding,channelcodingand spreading,
dependingon the result one wantsto achiere. Tradeofs
amongthe parametersllow us to tune the systemperfor
manceto a particularsetof requirements.
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