Performancef Adaptive Multiuser Receversfor the WCDMA Uplink
M. Surendra Rajuf, GVLN Babuf andA. Chockalingamt

T WirelessandBroadbandCommunications
SynopsygIndia) Pvt. Ltd, Bangaloreés60095

! Departmenbf ElectricalCommunicatiorEngineering
Indian Instituteof ScienceBangalore560012

Abstract— In this paper, we investigatethe performance of adaptive in-
terferencecancellationrecevers for the wideband codedivision multiple
access(WCDMA) uplink physical data channel. For the WCDMA up-
link waveform, we derive a blind adaptive recever (BAR) basedon the
constant modulus algorithm (CMA), and an multistage adaptive parallel
interferencecancellation (APIC) recever. In order to improve the perfor-
manceof the APIC recever, we proposea hybrid APIC (H-APIC) recever
structur e which usesthe CMA basedBAR asthe first stageof the APIC.
Weevaluate and compare the performanceof the abovereceversin anear-
far scenarioand show that the proposedH-APIC recever performs better
than the APIC recever.

|. INTRODUCTION

Third generation(3G) systemsareervisagedto provide a host
of communicatiorservicesjncludingvoice, data,high quality
images,and video to mobile users. Widebandcode division
multiple acces{WCDMA), one of the air-interfacestandards
for the 3G systemsenableshigh speedradio accesaup to 2
Mbps, andsupportanultiple serviceswith differentquality of
servicerequirement$l]. Oneof theissueswith CDMA trans-
missionsontheuplink (mobile-to-basatationlink) is thenear
far effect. Receversusingmultiuserdetection2] canalleviate
thenearfareffectandimprove systemcapacitysignificantly at
the expenseof increasedecever compleity. Several studies
have investigatedthe performanceand compleity of various
multiuserdetectorsn a variety of scenariog2]-[5]. Most of
thesestudiesconsidergenericsystemmodels,which are not
specificto any standards-definedir-interface. It is notedthat
multiuserdetectioncanbe optionallyemployedatthebasesta-
tion on the WCDMA uplink to improve systemperformance.
Our contributionin this papeiis thederivationandperformance
evaluationof multiuserreceverstructuregor theWCDMA up-
link waveform. Specifically we considermultistageadaptie
parallel interferencecancellationrecevers for the WCDMA
uplink andevaluatetheir performance@ anearfar scenario.

OntheWCDMA uplink, eachactive usertransmitsoneor more
(up to six) dedicatedphysicaldatachannels DPDCH) anda
dedicatedphysicalcontrolchanne(DPCCH).While DPDCHs
carrytheuserdatatraffic, DPCCHcarriescontrolinformation.
The DPDCHs and DPCCH are orthogonalcode multiplexed
usingorthogonalvariablespreadindgactor(OVSF) codes.The
dataratefor eachusercanbe variedby varyingthe spreading
factoron a DPDCH and/orby using multiple DPDCHs. The
orthogonalcode multiplexed DPDCHs and DPCCH are fur-
thermultiplied by the userspecificcomplex scramblingcodes
[6],[7]- A corwventionalrecever for the abose multiusersys-
temwill be abankof matchedilters, eachmatchedo a user
specificcomplex scramblingcodeandthe correspondingled-

icatedchannelspecificOVSF code.Here,we areinterestedn
multiuserreceversfor the WCDMA uplink transmissionPar-
ticularly, we develop adaptve multiuserreceversfor detect-
ing dataon the DPDCH. SinceDPDCHsdo not carry known
symbolsfor training, we derive a blind adaptve multiuserre-
cever (BAR) basedn the constanmodulusalgorithm(CMA)
[8]. We shaw thatthis blind adaptve recever performsbetter
thanthe corventionalmatchedilter recevver (CMFR) in near
far scenarios. We also derive a multistageadaptve parallel
interferencecancellation(APIC) receier, which is similar to
the oneproposedn [5], but modifiedfor the WCDMA uplink
waveform. In this APIC recever, theinterferencds estimated
at every stageand cancelledfrom the receved signalso asto
provide an almostinterference-fresignalfor dataestimation.
Sincethe performanceof the APIC recever at a given stage
is dependenbn the reliability of the dataestimatesrom the
previous stage,we proposea hybrid APIC (H-APIC) recever
structurewhich usesthe CMA basedBAR asthe first stage.
Our performanceesultsshav thatthe H-APIC performsbet-
terthanthe APIC receverwith amoderaténcreasen recever
compleity.

The restof this paperis organizedasfollows. In Sectionll,

we presenthe WCDMA uplink systenmodelconsideredThe
recever structuredor the WCDMA uplink, including CMFR,
BAR, APIC andH-APIC receversarederivedin Sectionlll.

Performanceesultsare presentedn SectionlV, andconclu-
sionsaregivenin SectionV.

Il. SYSTEM MODEL

We considethe WCDMA uplink transmissiorfrom K active
users.Eachuseris assumedo betransmittingoneDPDCH (on
I-branch)and DPCCH (on Q-branch).In WCDMA, the user
specificcomplex scramblingcodescan be either short codes
(of length256) or long codes(of length38400). Here,we as-
sumethatall usersuseshortscramblingcodes.The baseband
transmittedsignalfrom the k" user z (t), is givenby

mk(t)=,/zpk<g Badlyciw —ir) 43 E Bcdg(r)C’?(i—rTg)>
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whereP, is the power of thetransmittedsignalof the k** user
di(i), d?(r) € {-1,+1} representhe modulatingDPDCH
and DPCCH datastreamsfespectiely, for the k* user and
B4 andg, arethegainfactorsfor theDPDCHandthe DPCCH,
respectrely. TheDPDCHandDPCCHdatastreamsarespread



usingthewaveformsCi () andC,ﬁ2 (t), respectiely, whichcan
bewritten as
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whereck(n), ¢?(n) € {—1,+1} representhe n'* chip of
the k** users OVSF spreadingcodesfor the DPDCH andthe
DPCCH,respectiely, and(t) representshe chip waveform
of durationT, andunit enegy. N; and N, arethe spreadfac-
tor valuesfor the DPDCH andthe DPCCH, respectiely, and
T, andT; arethe symbol durationsof the DPDCH and the
DPCCH datastreamsyespectiely. Hence,7; = N;T, and
Ty, = N.T.. Also, S}(t) + jS,?(t) representshe complex
scramblingwaveformfor the kt* user where
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suchthats! (n) + js&(n) € {£1 + j} representthen’* com-
plex chip of the kt* users scramblingcode. N is the period-
icity of the scramblingcode. For the shortscramblingcodes
consideredere,N = 256.

Althoughthe uplink is asynchronousn orderto focusmainly
ontherelative performancef differentmultiusereceverstruc-
tures,we assumehatall the users’transmissiongrrive at the
basestationsynchronouslyTherecevedsignalatthebasesta-
tion dueto all theactive userss thengivenby

(Z si(t) exp cht+0k)> +n(t), (6)

wherew, isthecarrierfrequeng, 6, istherandomcarrierphase
of thek*" user whichis assumedo beuniformly distributedin
[0, 27), andn(t) is theadditive white Gaussiamoisewith zero
meanandtwo sidedpower spectradensity N, /2 W/Hz.

The receved signal is down corvertedand the resulting se-

quenceafter chip matchediltering is givenby 7! (1) + jr< (1),
where
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In theabove equation; is theintegerpartof [/N; andr is the
integerpartof I/ N», andn? (1) +j n?(l) is acomplex Gaussian
noisesampleof zeromeanandvarianceof N, /2 W/Hz.

I1l. RECEIVER STRUCTURES

In this section,we derive variousrecever structuresincluding
CMFR, BAR, APIC andH-APIC recevers,for the WCDMA
uplink signalmodeldescribedn the previoussection.

A. Conventional MF Receiver (CMFR)

The corventionalmatchedfilter recever is essentiallya bank
of matchedfilters with eachfilter matchedo the userspecific
comple scramblingcodeandthecorrespondingledicateathan-
nel specific OVSF code. This is a low compleity recever
which needsinformation of only the scramblingand OVSF
codesandthetiming of all theactive users.

Using the CMFR, soft estimatesof the DPDCH andDPCCH
datasymbols dZ (i) andd? (r) for thekt" useraregivenby
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The DPDCHand DPCCHbit estimatesareobtainedto bethe
signof theabove soft estimates.

B. Blind Adaptive Receiver (BAR)

Sincethe DPDCH on the uplink do not carry known symbols
for training, we derive a blind adaptve recever (BAR). The
BAR consistsof a bankof adaptve recevers,onefor eachac-
tive user which estimatethe DPDCH and DPCCH symbols
fromtherecevedsignal.Likethe CMFR,theBAR requireshe
knowledgeof scramblingandOVSF codesandthetiming of all

theactive users.Theadaptvereceversconsideredherearelin-

eartrans\ersalfilters whosecoeficientsareupdatedaccording
to theconstantmodulusalgorithm[8],[9], soasto minimizethe
costfunction, J..,,, givenby

T = {071}

In the context of the systemmodel consideredy represents
the estimatesof DPDCH or DPCCH symbols. The adaptve
recever for the kt* usercanbeimplementecusingfour linear
trans\ersalfilters, theimpulseresponsesf which aregivenas

)
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definethefollowing vectors:
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The element=f the vectorsdefinedabove arethe coeficients
of the trans\ersalfilters. The estimatesof the DPDCH and
DPCCHsymbolsdX (i) andciQ( ) aregiven,respectiely, as

di@) = [T [+ b3 T -1
dg (r) 2], T - ekl T [, (1)

wherethevectorsihy];, (03], [gklr, (&3] [£"], [£Qs, [r Y.
and[rQ], aredefinedas
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Wedefinecostfunctions,J%,, andJ$
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andDPCCHsymbols, respectvely as
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Theobjectiveis to minimizethe above costfunctionsby adapt-
ing the filter coeficients. The filter coeficients are updated
accordingto thefollowing relations:
(k] m+1) = [Bi], m) — u Vit Jin
[h23]. (m+1) [02], (m) ~ nVya I
gk], (m +1) [gk], (m) = Vg1 TG
[82], (m+1) (8], (m) = 1V @ I,

whereVeJ is thegradientof J w.r.t £. Theconstanj. refersto
thestepsizeandm refersto theiterationindex. Substltutmghe

expressionsor Vi J1,, Via Jh, Vi J3, andV QJcm,
(14),we obtainthefollowmg updateequauons
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It is notedthatthecostfunctionsJZ,, andJ%, aremulti-modal,
asaresultof which therecanbe morethanoneachiezablemin-
ima [8]. Hence theinitialization of the linearfilters is impor-
tant. A naturalchoiceof initialization would beto use

@M =

ck(nmod N1) - si(n),
) cf(nmod Ny) - s (n),
dOm) = 2nmodNs)-s2(n),
42O ) ¢?(nmod Na) - sk (n), (16)

wherethe superscript0’ indicatestheinitial stateof thefilters.

correspondingo DPDCHwhered?”’

C. Adaptive Parallel Interference Canceller (APIC)

The adaptve parallelinterferencecancellerderived by Xue et
al in [5] is an adaptve multistagereceier. The objective is
to minimize the Euclideandistancebetweenthe receved sig-
nal andthe weightedsumof the estimate®f eachusers signal
during a bit interval w.r.t the weightingfactors. Theseweight-
ing factorsareupdatedhroughanadaptve algorithmfor each
user

Let 777 (1) and#?" (1) bethe estimatesof r(1) andr?(l) ,
respectiely, for the j* stage Theseestimatesredefinedas

#w = f{xﬁ?kd’“ MOCAORA0
k=1
SR A GELOR0)
727 ) i{xéﬁd’“ V(i) ) s2)
k=1
+ AR oo}, @)

(i) andd?” ™" (r) arethe estimatesf dZ (i) and
d? (r), respectiely, atthe (j — 1)t* stagefor the k" user The

initial estlmatesdf( )( ), dQ (r) areprovidedby the CMFR,
i.e.,
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whered! (i) andd? (i) aregiven by (8). The factorsA{y,,
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spondingto the jt* stagefor the k** user Lete’” ande@”’
representhe error betweenthe desiredreceived signalandits
estimateatthe j¢* stagefor thelt” chip. Then,

(18)

are the weighting coeficients corre-
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We needto find the optimal weighting coeficientsso thatthe

squareof the errorterms,givenin the above equation js mini-

mized. Theoptlmumwelg tsarederivedvia aLMS algorithm
asfollows:

eQ(j) (19)
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where u, is the stepsize usedin the adaptation. The choice
of theinitial valuesof the coeficientsis importantto achieve

fastercorvergenceof the weighting coeficientsto their opti-

mal values. Generally if knowledgeof all users amplitudes
areavailable,theinitial valuesof theweightingcoeficientsfor

eachuseraresetto its correspondingmplitudes.

The above updationis donefor N iterationsandthe resulting
weightsat the endof the N*" iterationareusedin theinterfer

encecancellation. The interference-freestimatedor the kt"



useris obtainedas
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wherethenotation\(N — 1) indicateshevalueof theweight-

ing coeficient at the Nt® iteration. The above interference-
freeestimatesireusedn forminﬂtheestimates)f DPDCHand
DPCCHsymbolsto be usedby the next stage.Thus,we have
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D. Hybrid-Adaptive Parallel Interference Canceller (H-APIC)

In a nearfar scenario,the performanceof APIC for a weak
usercan be good at high nearfar ratios (NFR) becausehe
strongerintereferers’datacan be reliably detectedn the first
stageby the CMFR, and hencethe interferencesignal canbe
reconstructeé@nd removed effectively for the next stage. For
example,in a 2-userscenariowith a high NFR value,the per
formanceof the weak userusing APIC canapproachsingle-
userperformanceincethe CMFR in thefirst stagecanreliably
detectthe stronginterferersdatasothattheinputto thesecond
stagecan be almostinterference-free.However, at low NFR
scenariosthe reliability of the interferers’datamay not be as
good,andhencethe APIC mayperformpoorbecaus®f which
morestagesnayberequiredto achiese a desiredperformance.
To alleviatethe performancef APIC in suchlow NFR scenar
ios, we proposethe following hybrid APIC (H-APIC) which
usesthe BAR in thefirst stagejnsteadof CMFR.

The BAR would give reliable estimatesof the datasymbols
of the otherusersin the initial stageitself, thusaiding better
estimationof the interferencefor the wealer user This also
reduceghe numberof stagesrequiredto obtainreliable esti-

mates. The initial estimatesd!” (i) andd?"” (r), arethen
givenby

&) = sgn{di(i)}

~(0) N

de (r) = sgn {dg(r)}, (23)

INearFar ratio is definedasthe ratio of the receved power of interfering
userto thereceved power of the desireduser i.e., NFR = %,i # 1, where
userl is takenasthedesireduser WhenP; = P;, NFR=0dB.

whered! (i) andd® (i) aregivenby (11).

IV. RESULTS AND DISCUSSION

We evaluatedheperformancef thevariousmultiuserrecevers
describedabove in a nearfar scenariathroughsimulations. A
systemwith four active userg K = 4) is considerecnduserl
is takento betheuserof-interest.Thenearfarratio, P, / Py, k #
1 of all interferinguserss assumedo beequal. Thespreadac-
tor for the DPDCHandthe DPCCHsymbolsfor all theuserss
setto 256,i.e., N; = N, = 256. Thebit errorperformancef
theuserof-interestuserl) asafunctionof E; /Ny andNFRis
evaluated.

Fig. 1 shavsthebit errorperformancasa functionof E;, /N
for thevariousreceversincludingCMFR, BAR andAPIC ata
NFR valueof 15 dB. The performanceof APIC is plottedfor
differentnumberof stages(1-stageAPIC, 2-stageAPIC and
4-stageAPIC) without andwith perfectknowledgeof theam-
plitudes. The singleuserperformances alsoplottedfor com-
parison.Thefollowing obsenationscanbe madefrom Fig. 1.
As expectedthe BAR andthe APIC performmuchbetterthan
the CMFR. Also, whenperfectknowledgeof theamplitudess
not available at the recever, increasingthe numberstagesn
the APIC improvesperformance.In the unknavn amplitudes
casemorethanfour stagesarerequiredto performcloseto the
singleuserperformance However, with perfectknowledgeof
theamplitudesattherecever, evena 1-stageAPIC is shavn to
achieve closeto singleuserperformance.

Fig. 2 showvsthebit errorperformanceasafunctionof NFR for
CMFR,BAR andAPIC ata E} /N, valueof 8 dB. Therangeof
NFR valuesconsidereds 0 to 15dB. The CMFR performance
degradeswith increasingNFR indicatingits poor nearfar re-
sistance.The nearfar resistancef BAR andAPIC areshavn
to be muchbetter In the unknovn amplitudescase the near
far resistancef APIC improvesasthe numberof stagess in-
creased.Two key obsenationscanbe madein Fig. 2. Firstly,
in thehigh NFR region (NFR > 10 dB), the APIC with known
amplitudegperformsbetterthanBAR andachierescloseto sin-
gleusemerformancdecausef thehighreliability of theinter-
fering users’dataestimates.Secondlyin the low NFR region
(NFR < 8 dB), however, evenin the known amplitudescase,
the APIC performspoorerthanBAR. This impliesthatat low
NFRs,the numberof stagesn the APIC hasto beincreasedo
achieve a given performancegven thoughperfectknowledge
of the users’amplitudesis available at the recever. This is
mainly becausé¢hereliability of thedataestimate®f theinter-
fering usersin theinitial CMFR stageis pooratlow NFRs.

Fig. 3 shows the bit error performanceof the APIC andthe
proposecH-APIC asafunctionof E, /N, atalow NFRvalue
of 5 dB. It is notedthat, evenwith no knowledgeof the users’
amplitudesasinglestageH-APIC performshetterthanasingle
stageAPIC with perfectknowledgeof all theusers'amplitudes.
A single stageH-APIC with perfectknowledgeof the users’
amplitudesis shavn to performthe bestandits performance
is closeto the single userbound. Fig. 4 shaws the bit error
performanceof the APIC and H-APIC asa function of NFR
ata Ep/N, valueof 8 dB. It is obseredthat at low nearfar
ratios,in therange0 to 7 dB, the nearfarresistancef asingle
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Fig. 1. Bit errorperformancef CMFR, BAR, andAPIC receversasafunc-
tion of E}, /No. K = 4. NFR=15dB.

stageH-APIC with no knowledgeof users’amplitudess better
thanthatof a singlestageAPIC with perfectknowledgeof all
theusers’amplitudes As the nearfarratio increasedeyond 7
dB, the APIC with perfectknowledgeof the users’amplitudes
beginsto performbetter ThesinglestageH-APIC with perfect
knowledgeof all theusers'amplitudegperformsthebestamong
all thereceversconsidered.

V. CONCLUSIONS

We investigatedhe performanceof adaptve interferencecan-
cellationreceversfor the WCDMA uplink physicaldatachan-
nel. We deriveda blind adaptve recever (BAR) basedon the
constantmodulusalgorithm,andan adaptve parallelinterfer
encecancellation(APIC) receiver. With a motivation to im-
prove the performanceof APIC recever underlow NFR con-
ditions, we proposeda hybrid APIC (H-APIC) recever which
usedthe BAR asthe first stage. We evaluatedand compared
the performanceof the above receversin a nearfar scenario
andshowvedthatthe H-APIC receier performsbetterthanthe
APIC recever.
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