A new codeallocation schemefor UMTS system
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Abstract—Third generationwir elesssystemis basedon the CDMA ac-
cesstechnique. In this technique, all usersshare the samebandwidth si-
multaneously but with different codes. This sharing generatesinterfer-
encesthat can reducethe systems capacity when using a weak code al-
location algorithm. In this work, we analyzethe WCDMA capacity asa
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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|. INTRODUCTION

The datamodulationin the UMTS systemconsistsof a se-
guenceof two stages:spreadingand scrambling. In the first
stage,we spreadhe users information over a bandwidththat
is large but constant.We replacethe 1's bit (or symbol)of the
users informationby the chip codeandthe 1-complementf
this chip codeif thebit is 0. We provide differentdatarate by
replacingeachbit with a variable-sizechip codein respecto
thefixedspreadingchiprate[1].

The OrthogonalVariable SpreadingFactor (OVSF) that is
usedin this stageprovidesvariablesize codeand zero cross
correlation.Every usertransmitsdataon oneor multiple chan-
nelsaccordingto the informationquantityandto the delayre-
quired. Thus, every channelcan spreadthe datatransmitted
with differentcodes. This codeis called "the channelization
code”. Thesecondstageis the scramblingn whichwe sumall
thechannelsf thefirst stageto constituteonedataflow thatis
multiplied by auniquescramblingcode. Thescramblingcodes
aregeneratedrom the GoldandKasamisequenceR], [3], [4]
thatusepseudo-noissequencesThesesequencearenot or-
thogonalbut they provide excellentquality of autoand cross
correlationproperties.Thus, It is obviousthatthe scrambling
codesgeneratanoreinterferencehanthe orthogonakodes.

Our analysisfor the resourceallocationmechanismn the
3rdgeneratiorwasbasedn threeessentiapoints: how we can
reducetheinterferencaegeneratedrom the usingof scrambling
codesin orderto increasehe systemcapacity?Secondlyhow
we separatehedifferentservicedakinginto accounthedelay
andthe Quality of Service(QoS)?Finally, how we simplify the
algorithmof theresourceallocation?

When evaluating the UMTS mechanism[5] by studying
pointsdescribedabove, we canobsene thatfirstly, thismecha-
nism multiplexesall the active users serviceso constitutethe
dataflow. Thisflow is transmittedby usingoneor severalphys-
ical dedicatedchannelsafter multiplying every channelby an
orthogonalkode,thenwe sumthesechannelsandmultiply the
resultby the scramblingcodethatis designedy the basesta-
tion. The combinationof the real time (RT) servicesandthe
non real time servicesin the samemultiplexer canreducethe
performancef theRT servicetransmissiorfthedelayof trans-
missionfor the RT servicesnaybeaugmented).

Secondly the usertransmitsin facttwo or up to threeser
vicessimultaneously The UMTS offers one scramblingcode
andatreeof channelizatiomwodedor everyuser Consequently
The codeuutilization is not optimizedbecausehe majority of
the OVSF tree codesare unused. Thus, on the basisof the
UMTS spreadingprinciples,we proposea new strateyy of ser
vice managemenand codeallocationthat reducesthe aggre-
gate numberof 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
userthe adequatechannelizatiorcode for his active service.
The basestationindicateson the broadcasthannekheassign-
mentof this scramblingcode. Eachuserusingthe announced
servicemakessynchronizatiorandasksthe basestationabout
his channelizationcode. After the assignmenbf the OVSF
codeto this user he spreadsand modulateshis datafor trans-
mission.

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

Il. THE OSSC AND UMTS MODELS
A. The UMTS code allocation scheme

Figure 1 depictsthe UMTS code allocation[5] in a cell
whereevery usercantransmithis datain oneor several chan-



nelsaftermultiplying eachchanneby anorthogonakode.We
sumall thesechanneldo constitutethe dataflow thatis multi-
plied by theuniquescramblingcodeassignedo theuserby the
basestation.

Gn1
Goramb 1

.
%ﬂa -

GerambN

CODING/
MULTIPLEXING

Different services
Same user

User #1
BS

CODING/
MULTIPLEXING

Same user

Different services

User #N
Fig.1. UMTS systemmodel.

An exampleis givenin the Figure3(a)wherethreeusersare
activesin thecell. Eachusertransmitson a uniquescrambling
codeSc;. All servicegvoice,dataor both)aremultiplexedon
the scramblingsequencéy usingseparat®VSF codes.

B. The OSSC code allocation scheme

The OSSCI[6] (OneServiceOneScramblingCode)consists
of allocatinga scramblingcodefor eachsupportedservicein
acell. The basestationindicateson the broadcasthannelthe
assignmenbf this scramblingcode. Eachuserusingthe an-
nouncedservicemakessynchronizatiorandasksthe basesta-
tion abouthis channelizatiorcode.After the assignmenof the
OVSF codeto this user he spreadandmodulateshis datafor
transmissionThisuserprocessings illustratedin Figure2. By
usingthis mechanismyve multiplex all homogeneouservices
on the samescramblingcode and apply the sameservicere-
qguiremenonall userflows. Sincemixing all usersonthesame
scramblingcode this procedurellows alsoabestutilization of
thescramblingcodeandreducesonsequentlyheinterference
betweercodesassignedn thegivencell.
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Fig. 2. OSSCsystemmodel.

Figure3(b) shavs the sameexampleof Figure3(a)by using
the OSSCscheme:eachservicehasits scramblingcode SC;
andusergransmitdataor voiceby usingdifferentOVSF codes.

In [6], the OSSCis studiedanalytically and comparedto
the WCDMA codeallocationscheme. The uplink WCDMA
schemeemploys anoppositemethodthanOSSC.It assignon
scramblingcodeto eachuserandthen,theuser on this scram-
bling code,multiplex his serviceshy using OVSF tree. These
OVSF codesare orthogonaland generatea crosscorrelation
equalto zero. Figure 3 illustrate codeallocationin WCDMA
andOSSC.

Scl_(chv+chd

BSO

Ms3 Sc3_(chv)
@

Sc2_(chd)

@ Ms2

Sci: scrambling code i, i=1,2,3
chv: voice channelisation code
chd: data channelisation code

(a) Codeallocationin OSSC

BS
O
Ms3 Scl_ch2
@ (voice) Sc2_ch2

(data)
@ Vis2

Sci: scrambling code i, i=1,2
chi: channelisation code i, i=1,2

(b) Codeallocationin UMTS

Fig. 3. OSSCsystemmodel.

Thestudy shovnin [6], exhibits the performanceptimiza-
tion of the cell capacitywhenusinganOSSCmechanismFig-



ures4 and5 illustratethe systemcapacityin term of the maxi-
mumnumberof usersacceptedn thesystemfor WCDMA and
OSSCrespectiely.

Figure4 exhibits the numberof acceptedioice usersversus
the total numberof new users. Several curves are depicted.
Eachcurwve is relatedto the numberof active datauserin the
cell. The value of the factor of orthogonalityis a = 0.3.
All curvesaresuperposedntil the systemcapacityreachests
maximum. The maximumreachedlependspf course,on the
numberof active datausers. Whenthe active datausersare
high, the numberof voice usersacceptediecreases.
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In Figure5, sameresultsareillustrated. Comparingto Fig-
ure 4, the gain obtainedby using the OSSCwas augmented.
Thus, betweenl7 and 50 more voice usersare acceptedde-
pendingon the numberof dataactive users.In the sameway,
the numberof active datauserscanbeaugmented.

In short,thegainby usingthe OSSCschemevariesbetween
31% and 77%. Otherparametersvere usedto study the be-
havior of the two schemes.Theseparameterare: o andthe

numberof active multi-user

Theusedsimulationmodelconsistf a clusterof 64 hexag-
onalshapedellswherea sampleis shawvn in Figure 6. Edge
effectsto handofs atthe clusterboundaryarehandedy wrap-
ping then aroundtherebyassumingthat handof arrival rates
andhandof departuresatesfrom clusterto clusterareequia-
lent. Amongthe assumptionsnadein the studythe call dura-
tion is exponentialwith a meanvalueof 120s. The cell dwell
time (time a mobile spendsn acell) is alsoassumeaxponen-
tial with meanvalue50s. Two typesof traffic areconsidered:
voice and data. Voice and datausersrepreseni70% and 30%
respectiely. Arrivalsaremodeledby Poissordistribution with
mean\. Two E; /I, valuesareconsideredo distinguishvoice
from datausers.Simulationparameterarethe sameof thean-
alytical modelin [6]. Tablel show valuesof theseparameters.

SIMULATION MODEL

Fig.6. Systemlayout.

TABLE |
IMPLEMENTATION PARAMETERS.

item value
Bandwidth 3.84Mcps
voicerate 15kbps
datarate 30kbps
(Eb/IO)voice 5db
(Eb/IO)data 7db

Max power transmitted| 0.05W
Pathloss d—*
Noise,n 3.98 x10~21

Thesimulationconsistan acceptinga userwhile conditions
for a perfectpower controlis respected First, the userenters
in acell. The power vectorof all clientsin the cell is recom-
puted.Usersareinvited to increaseheir power becausef the
additionalinterferencegeneratedy the new user Whenthe



maximumpower is reachedno new usersare accepted.The
handof treatmentis similar. Performancesre calculatedin
termsof handof droppingprobability and new call blocking
probability. All simulationsareimplementedby OPNET
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Fig. 7. Systemperformance.

Thefigure 7(a) exhibits the numberof acceptedisersversus
the total numberof new users. Indeed,whenthe numberof
usersexceed2000,the systemcapacityis obviouslyincreased
by 2% for alow systemoadand8% for ahigh systemoad.

Figures7(b) and 7.c comparethe performanceof UMTS
and OSSCundertwo orthogonalfactorvalues(e = 0.4 and
a = 0.7. Thesefiguresshaw clearlyagainof 50%for new call
probability and a gain of 20% of handof failure probability
whenusingthe OSSCscheme.lt obviousthatthis gainis ob-
taineddueto theinterfacereducedby maximizingorthogonal
allocatedcodesandminimizing pseudmoisesequences.

IV. CONCLUSIONS

In this work, we have analyzedby simulationsunder OP-
NET the OSSCcodeallocationscheme=DD-WCDMA in the
UMTS standard We focusedour studyon the interferenceef-
fectson the systemcapacity This interferencds relatedto the
numberof scramblingcodesin eachcell. The essentiabf our
work separatethe effect of the interferencento two different
sets:theinterferencehatis generatedby orthogonaktodesand
theinterferencehatis generatedby scramblingcodes.

Simulation results shov potential gain when using one
scramblingcodeper service. The quantity of interferencess
reducedon userscommunicatiorandmoreusersareaccepted
in the cell. Also, probabilitiesof new call block and handof
failurearereduced.

REFERENCES

[1] TSG RAN WG1, “Spreadingand modulation(FDD),” Tech. Rep. TS
25.213,3GPRmars2000. http://www3gpp.og.

[2] E. Dahlman,B. GudmundsonM. Nilsson,andJ. Skdld, “UMTS/IMT-
2000 basedon Wideband CDMA,” |IEEE Communication Magazine,
vol. 36, pp. 70-80,Sep.1998.

[3] W. M. Prodip Cnaudhuryand S. Once, “The 3GPP proposalfor IMT-
2000; |EEE Communication Magazine, pp. 72—81,Dec.1999.

[4] E.H.DinanandB. Jabbari,'Spreadingcodesfor directsequenc€DMA
and WidebandCDMA cellular networks; |EEE Commiunication maga-
zine, vol. 9, pp.48-54,Sep.1998.

[5] TSG RAN WGL1, “Multiplexing and channelcoding; Tech. Rep. TS
25.212 3GPRPmars2000. http://www3gpp.og.

[6] T. Al-Meshhaday andK. A. Agha,“OSSC:A nev schemefor codeal-
locationin WCDMA,” in IEEE PIMRC2001, (SanDiego, USA), sep.-oct.
2001.



