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Abstract—Third generationwirelesssystemis basedon the CDMA ac-
cesstechnique. In this technique,all usersshare the samebandwidth si-
multaneously but with different codes. This sharing generatesinterfer-
encesthat can reducethe system’s capacity when using a weak codeal-
location algorithm. In this work, we analyzethe WCDMA capacity as a
function of the type and the number of allocatedcodes.We alsostudy the
way usedto assigncodesto users. Finally we proposea new schemethat
assignsthe codeallocation according to the type of the user’s application.
Simulation modeland resultsare provided in this paper.
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I . INTRODUCTION

The datamodulationin the UMTS systemconsistsof a se-
quenceof two stages:spreadingandscrambling. In the first
stage,we spreadthe user’s informationover a bandwidththat
is largebut constant.We replacethe1’s bit (or symbol)of the
user’s informationby the chip codeandthe 1-complementof
this chip codeif thebit is 0. We provide differentdatarateby
replacingeachbit with a variable-sizechip codein respectto
thefixedspreadingchip rate[1].

The OrthogonalVariableSpreadingFactor (OVSF) that is
usedin this stageprovidesvariablesizecodeand zerocross
correlation.Everyusertransmitsdataononeor multiplechan-
nelsaccordingto the informationquantityandto thedelayre-
quired. Thus, every channelcan spreadthe datatransmitted
with differentcodes. This codeis called ”the channelization
code”.Thesecondstageis thescramblingin whichwesumall
thechannelsof thefirst stageto constituteonedataflow thatis
multipliedby auniquescramblingcode.Thescramblingcodes
aregeneratedfrom theGoldandKasamisequences[2], [3], [4]
thatusepseudo-noisesequences.Thesesequencesarenot or-
thogonalbut they provide excellentquality of autoandcross
correlationproperties.Thus,It is obvious that the scrambling
codesgeneratemoreinterferencethantheorthogonalcodes.

Our analysisfor the resourceallocationmechanismin the
3rdgenerationwasbasedonthreeessentialpoints:how wecan
reducetheinterferencegeneratedfrom theusingof scrambling
codesin orderto increasethesystemcapacity?Secondly, how
weseparatethedifferentservicestakinginto accountthedelay
andtheQualityof Service(QoS)?Finally, how wesimplify the
algorithmof theresourceallocation?

When evaluating the UMTS mechanism[5] by studying
pointsdescribedabove,wecanobservethatfirstly, thismecha-
nismmultiplexesall theactive user’s servicesto constitutethe
dataflow. Thisflow is transmittedby usingoneor severalphys-
ical dedicatedchannelsafter multiplying every channelby an
orthogonalcode,thenwe sumthesechannelsandmultiply the
resultby thescramblingcodethat is designedby thebasesta-
tion. The combinationof the real time (RT) servicesandthe
non real time servicesin the samemultiplexer canreducethe
performanceof theRT servicetransmission(thedelayof trans-
missionfor theRT servicesmaybeaugmented).

Secondly, the usertransmitsin fact two or up to threeser-
vicessimultaneously. The UMTS offers onescramblingcode
andatreeof channelizationcodesfor everyuser. Consequently,
The codeutilization is not optimizedbecausethe majority of
the OVSF tree codesare unused. Thus, on the basisof the
UMTS spreadingprinciples,we proposea new strategy of ser-
vice managementandcodeallocationthat reducesthe aggre-
gatenumberof usedscramblingcodesin the system. Con-
sequently, the interferencewill be moderatedand the system
capacityis improved.

Ourproposition(calledOSSC[6]: OneService,OneScram-
bling Code)consistsof groupingthe usersthat usethe same
serviceunderthe samescramblingcodeby assigningto each
user the adequatechannelizationcodefor his active service.
Thebasestationindicateson thebroadcastchanneltheassign-
mentof this scramblingcode.Eachuserusingtheannounced
servicemakessynchronizationandasksthebasestationabout
his channelizationcode. After the assignmentof the OVSF
codeto this user, hespreadsandmodulateshis datafor trans-
mission.

This work is organizedas follow, SectionII presentsthe
UMTS and OSSCcode allocation schemes;SectionIII de-
scribessimulationmodelandprovidessimulationresults.

I I . THE OSSC AND UMTS MODELS

A. The UMTS code allocation scheme

Figure 1 depicts the UMTS code allocation [5] in a cell
whereevery usercantransmithis datain oneor severalchan-



nelsaftermultiplying eachchannelby anorthogonalcode.We
sumall thesechannelsto constitutethedataflow thatis multi-
pliedby theuniquescramblingcodeassignedto theuserby the
basestation.
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Fig. 1. UMTS systemmodel.

An exampleis givenin theFigure3(a)wherethreeusersare
activesin thecell. Eachusertransmitson a uniquescrambling
code ���
	 . All services(voice,dataor both)aremultiplexedon
thescramblingsequenceby usingseparateOVSF codes.

B. The OSSC code allocation scheme

TheOSSC[6] (OneServiceOneScramblingCode)consists
of allocatinga scramblingcodefor eachsupportedservicein
a cell. Thebasestationindicateson thebroadcastchannelthe
assignmentof this scramblingcode. Eachuserusingthe an-
nouncedservicemakessynchronizationandasksthebasesta-
tion abouthischannelizationcode.After theassignmentof the
OVSF codeto this user, hespreadsandmodulateshis datafor
transmission.Thisuserprocessingis illustratedin Figure2. By
usingthis mechanism,we multiplex all homogeneousservices
on the samescramblingcodeandapply the sameservicere-
quirementonall userflows. Sincemixing all usersonthesame
scramblingcode,thisprocedureallowsalsoabestutilizationof
thescramblingcodeandreducesconsequentlytheinterference
betweencodesassignedin thegivencell.
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Fig. 2. OSSCsystemmodel.

Figure3(b)shows thesameexampleof Figure3(a)by using
the OSSCscheme:eachservicehasits scramblingcode ��� 	
anduserstransmitdataor voiceby usingdifferentOVSFcodes.

In [6], the OSSCis studiedanalytically and comparedto
the WCDMA codeallocationscheme.The uplink WCDMA
schemeemploys anoppositemethodthanOSSC.It assignson
scramblingcodeto eachuserandthen,theuser, on this scram-
bling code,multiplex his servicesby usingOVSF tree. These
OVSF codesare orthogonaland generatea crosscorrelation
equalto zero. Figure3 illustratecodeallocationin WCDMA
andOSSC.
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Fig. 3. OSSCsystemmodel.

Thestudy, shown in [6], exhibits theperformanceoptimiza-
tion of thecell capacitywhenusinganOSSCmechanism.Fig-



ures4 and5 illustratethesystemcapacityin termof themaxi-
mumnumberof usersacceptedin thesystemfor WCDMA and
OSSCrespectively.

Figure4 exhibits thenumberof acceptedvoiceusersversus
the total numberof new users. Several curvesare depicted.
Eachcurve is relatedto the numberof active datauserin the
cell. The value of the factor of orthogonalityis ������ � .
All curvesaresuperposeduntil thesystemcapacityreachesits
maximum. Themaximumreacheddepends,of course,on the
numberof active datausers. When the active datausersare
high, thenumberof voiceusersaccepteddecreases.
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Fig. 4. UMTS anayliticalsystemcapacity.
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Fig. 5. OSSCanalyticalsystemcapacity.

In Figure5, sameresultsareillustrated.Comparingto Fig-
ure 4, the gain obtainedby using the OSSCwasaugmented.
Thus, between17 and 50 more voice usersare acceptedde-
pendingon thenumberof dataactive users.In thesameway,
thenumberof activedatauserscanbeaugmented.

In short,thegainby usingtheOSSCschemevariesbetween
31% and77%. Otherparameterswereusedto study the be-
havior of the two schemes.Theseparametersare:  andthe

numberof activemulti-user.

I I I . SIMULATION MODEL

Theusedsimulationmodelconsistsof aclusterof 64hexag-
onalshapedcellswherea sampleis shown in Figure 6. Edge
effectsto handoffs at theclusterboundaryarehandedby wrap-
ping then aroundtherebyassumingthat handoff arrival rates
andhandoff departuresratesfrom clusterto clusterareequiva-
lent. Amongtheassumptionsmadein thestudythecall dura-
tion is exponentialwith a meanvalueof 120s. Thecell dwell
time (timea mobilespendsin a cell) is alsoassumedexponen-
tial with meanvalue50s. Two typesof traffic areconsidered:
voice anddata. Voice anddatausersrepresent70% and30%
respectively. Arrivalsaremodeledby Poissondistributionwith
mean2 . Two 34,�576
8 valuesareconsideredto distinguishvoice
from datausers.Simulationparametersarethesameof thean-
alytical modelin [6]. TableI show valuesof theseparameters.

Fig. 6. Systemlayout.

TABLE I

IMPLEMENTATION PARAMETERS.

item value
Bandwidth 3.84Mcps
voicerate 15kbps
datarate 30kbps9 3:,*5;6�8=<�> ��	?&A@ B$CED9 3:,*5;6�8=<�F )*��) G CED
Max power transmitted 0.05W
Pathloss C0HJI
Noise, K �0� LNMPO:!Q� HSR*T

Thesimulationconsistsin acceptingauserwhile conditions
for a perfectpower control is respected.First, the userenters
in a cell. The power vectorof all clientsin the cell is recom-
puted.Usersareinvited to increasetheir power becauseof the
additionalinterferencegeneratedby the new user. Whenthe



maximumpower is reached,no new usersareaccepted.The
handoff treatmentis similar. Performancesare calculatedin
termsof handoff droppingprobability andnew call blocking
probability. All simulationsareimplementedby OPNET.
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(c) Handoff failureprobability

Fig. 7. Systemperformance.

Thefigure7(a)exhibits thenumberof acceptedusersversus
the total numberof new users. Indeed,when the numberof
usersexceeds2000,thesystemcapacityis obviously increased
by 2% for a low systemloadand8%for ahigh systemload.

Figures7(b) and 7.c comparethe performanceof UMTS
andOSSCundertwo orthogonalfactorvalues( V�W�0� 1 andX�Y�0� G . Thesefiguresshow clearlyagainof 50%for new call
probability and a gain of 20% of handoff failure probability
whenusingtheOSSCscheme.It obviousthat this gain is ob-
taineddueto the interfacereducedby maximizingorthogonal
allocatedcodesandminimizing pseudonoisesequences.

IV. CONCLUSIONS

In this work, we have analyzedby simulationsunderOP-
NET theOSSCcodeallocationschemeFDD-WCDMA in the
UMTS standard.We focusedour studyon the interferenceef-
fectson thesystemcapacity. This interferenceis relatedto the
numberof scramblingcodesin eachcell. Theessentialof our
work separatestheeffect of the interferenceinto two different
sets:theinterferencethatis generatedby orthogonalcodesand
theinterferencethatis generatedby scramblingcodes.

Simulation results show potential gain when using one
scramblingcodeper service. The quantityof interferencesis
reducedon userscommunicationandmoreusersareaccepted
in the cell. Also, probabilitiesof new call block andhandoff
failurearereduced.
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