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Abstract— In this paper, we investigatethe performance of adaptive in-
terferencecancellation receivers for the wideband codedivision multiple
access(WCDMA) uplink physical data channel. For the WCDMA up-
link waveform, we derive a blind adaptive receiver (BAR) basedon the
constant modulus algorithm (CMA), and an multistage adaptive parallel
interferencecancellation(APIC) receiver. In order to improve the perfor-
manceof the APIC receiver, weproposea hybrid APIC (H-APIC) receiver
structure which usesthe CMA basedBAR as the first stageof the APIC.
Weevaluateandcomparetheperformanceof the abovereceivers in anear-
far scenarioand show that the proposedH-APIC receiver performs better
than the APIC receiver.

I . INTRODUCTION

Third generation(3G) systemsareenvisagedto provide a host
of communicationservices,includingvoice,data,high quality
images,and video to mobile users. Widebandcodedivision
multiple access(WCDMA), oneof the air-interfacestandards
for the 3G systems,enableshigh speedradio accessup to 2
Mbps,andsupportsmultiple serviceswith differentquality of
servicerequirements[1]. Oneof theissueswith CDMA trans-
missionsontheuplink (mobile-to-basestationlink) is thenear-
fareffect. Receiversusingmultiuserdetection[2] canalleviate
thenear-fareffectandimprovesystemcapacitysignificantly, at
the expenseof increasedreceiver complexity. Several studies
have investigatedthe performanceandcomplexity of various
multiuserdetectorsin a variety of scenarios[2]-[5]. Most of
thesestudiesconsidergenericsystemmodels,which are not
specificto any standards-definedair-interface. It is notedthat
multiuserdetectioncanbeoptionallyemployedat thebasesta-
tion on the WCDMA uplink to improve systemperformance.
Ourcontributionin thispaperis thederivationandperformance
evaluationof multiuserreceiverstructuresfor theWCDMA up-
link waveform. Specifically, we considermultistageadaptive
parallel interferencecancellationreceivers for the WCDMA
uplink andevaluatetheir performancesin anear-farscenario.

OntheWCDMA uplink,eachactiveusertransmitsoneor more
(up to six) dedicatedphysicaldatachannels(DPDCH) anda
dedicatedphysicalcontrolchannel(DPCCH).While DPDCHs
carrytheuserdatatraffic, DPCCHcarriescontrol information.
The DPDCHsand DPCCH are orthogonalcodemultiplexed
usingorthogonalvariablespreadingfactor(OVSF) codes.The
dataratefor eachusercanbevariedby varying the spreading
factoron a DPDCH and/orby usingmultiple DPDCHs. The
orthogonalcodemultiplexed DPDCHsand DPCCH are fur-
thermultiplied by theuser-specificcomplex scramblingcodes
[6],[7]. A conventionalreceiver for the above multiusersys-
temwill bea bankof matchedfilters, eachmatchedto a user-
specificcomplex scramblingcodeandthecorrespondingded-

icatedchannelspecificOVSF code.Here,we areinterestedin
multiuserreceiversfor theWCDMA uplink transmission.Par-
ticularly, we develop adaptive multiuserreceivers for detect-
ing dataon the DPDCH.SinceDPDCHsdo not carry known
symbolsfor training, we derive a blind adaptive multiuserre-
ceiver(BAR) basedon theconstantmodulusalgorithm(CMA)
[8]. We show that this blind adaptive receiver performsbetter
thantheconventionalmatchedfilter receiver (CMFR) in near-
far scenarios. We also derive a multistageadaptive parallel
interferencecancellation(APIC) receiver, which is similar to
theoneproposedin [5], but modifiedfor theWCDMA uplink
waveform. In this APIC receiver, theinterferenceis estimated
at every stageandcancelledfrom the receivedsignalso asto
provide an almostinterference-freesignalfor dataestimation.
Sincethe performanceof the APIC receiver at a given stage
is dependenton the reliability of the dataestimatesfrom the
previousstage,we proposea hybrid APIC (H-APIC) receiver
structurewhich usesthe CMA basedBAR as the first stage.
Our performanceresultsshow that the H-APIC performsbet-
ter thantheAPIC receiverwith amoderateincreasein receiver
complexity.

The restof this paperis organizedas follows. In SectionII,
wepresenttheWCDMA uplink systemmodelconsidered.The
receiver structuresfor theWCDMA uplink, includingCMFR,
BAR, APIC andH-APIC receiversarederived in SectionIII.
Performanceresultsarepresentedin SectionIV, andconclu-
sionsaregivenin SectionV.

I I . SYSTEM MODEL

We considertheWCDMA uplink transmissionfrom � active
users.Eachuseris assumedto betransmittingoneDPDCH(on
I-branch)andDPCCH(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.Thebaseband
transmittedsignalfrom the ����� user, 	�

����� , is givenby������������� � �!�#"%$&' �)( $+*-, ,/.� � ' ��0 .� ���1( '32!4 �!5768$&9:�)( $+*-; ,/<� ��9:��0 <� ���=(79 2 � ��>?1@BA .� �C�3�D576 A <� �����CEGF (1)

whereHG
 is thepowerof thetransmittedsignalof the ����� user,IKJ
 ��L/� , IKM
 �ON1�QPSRKT+UKV-WXU=Y representthe modulatingDPDCH
andDPCCHdatastreams,respectively, for the ����� user, andZ\[

and
Z�]

arethegainfactorsfor theDPDCHandtheDPCCH,
respectively. TheDPDCHandDPCCHdatastreamsarespread



usingthewaveformŝ
J
 �O��� and ^ M
 �O��� , respectively, whichcan

bewrittenas^ J
 �����`_ba 4�ced&f1gihkj J
 ��l#�:mn�O�GTolip ] �qVsrutv�wtxp d (2)

and ^ M
 �����`_ya � ced&f1gih j M 
 �Ol#�:mn�O�GTzlip ] �qV{rutx�wtvpi|=V (3)

where j J 
 �Ol#� , j M 
 �Ol#�}P~RKT+UKV-WXU1Y representthe li��� chip of
the �)��� user’s OVSF spreadingcodesfor the DPDCHandthe
DPCCH,respectively, and mn�O��� representsthe chip waveform
of duration p ]

andunit energy. � d and � | arethespreadfac-
tor valuesfor the DPDCH andthe DPCCH,respectively, andp d and p | are the symbol durationsof the DPDCH and the
DPCCH datastreams,respectively. Hence, p d _�� d p ]

andp | _�� | p ]
. Also, � J
 ������Wy��� M
 �O��� representsthe complex

scramblingwaveformfor the ����� user, where� J
 �����`_ �&� g c � a ced&f=gih�� J
 �Ol#�/m�����TzL:�Qp ] Tzlip ] � (4)

and � M
 �����`_ �&� g c � a ced&f=gih � M 
 ��l#�:m����GToL:�Qp ] Tzlip ] �!V (5)

suchthat � J 
 �Ol#�)W�� � M 
 �Ol#�wPzRB�XU`�o�
Y representsthe l ��� com-
plex chip of the ����� user’s scramblingcode. � is the period-
icity of the scramblingcode. For the shortscramblingcodes
consideredhere,��_b�K�1� .

Althoughtheuplink is asynchronous,in orderto focusmainly
ontherelativeperformanceof differentmultiuserreceiverstruc-
tures,we assumethatall theusers’transmissionsarrive at the
basestationsynchronously. Thereceivedsignalat thebasesta-
tion dueto all theactiveusersis thengivenbyN)�O����_���� "��&
 g d � 
)�O��� exp �3�1� ] �#W��1
1� > W�l��O���qV (6)

where� ]
is thecarrierfrequency, � 
 is therandomcarrierphase

of the � ��� user, whichis assumedto beuniformly distributedin� r
V��1�#� , and l��O��� is theadditivewhiteGaussiannoisewith zero
meanandtwo sidedpowerspectraldensity, �X���=� W/Hz.

The received signal is down convertedand the resultingse-
quenceafterchip matchedfiltering is givenby N J � � �eWz�KN M ���¡� ,
where¢q£¥¤3¦3§©¨ ª& «-¬i­ � ®q¯ « @D°B±³² £« ¤3´O§Dµ�£« ¤�¦¶§¥·�£« ¤3¦3§¹¸ °Bº»²�¼« ¤¶¢!§¥µ ¼« ¤3¦¶§B· ¼« ¤�¦¶§ E½ ¾ £ ¤3¦3§¢ ¼ ¤3¦3§©¨ ª& «-¬i­ � ®q¯ « @D°B±³² £« ¤3´O§Dµ £« ¤�¦¶§¥· ¼« ¤3¦3§ ½ °Bº)² ¼« ¤¶¢!§¥µ ¼« ¤3¦¶§¥· £« ¤�¦¶§ E½ ¾ ¼ ¤�¦¶§

(7)

In theaboveequation,L is theintegerpartof �¡�!� d and N is the
integerpartof �¡�!�¿| , and l J � � �¥W+�`l M ���¡� is acomplex Gaussian
noisesampleof zeromeanandvarianceof �À���1� W/Hz.

I I I . RECEIVER STRUCTURES

In this section,we derivevariousreceiverstructures,including
CMFR, BAR, APIC andH-APIC receivers,for the WCDMA
uplink signalmodeldescribedin theprevioussection.

A. Conventional MF Receiver (CMFR)

The conventionalmatchedfilter receiver is essentiallya bank
of matchedfilters with eachfilter matchedto theuser-specific
complex scramblingcodeandthecorrespondingdedicatedchan-
nel specificOVSF code. This is a low complexity receiver
which needsinformation of only the scramblingand OVSF
codesandthetiming of all theactiveusers.

Using the CMFR, soft estimatesof the DPDCH andDPCCH
datasymbols, ÁI»J
 �OL/� and ÁIKM
 �ON1� for the ����� useraregivenbyÁI J 
 �OL/�%_ �OÂ a 4:Ã d/Ä ced&f=g � a 4%Å N J �OL:� d WÆl#� j J 
 �Ol#� � J 
 ��L � d W�l#�W N M �OL:� d W�l#� j J 
 �Ol#� � M 
 ��L:� d W�l#�DÇÁIKM
 �ON1�È_ É Â a � Ã d�Ä ced&f=g É a � Å N M ��NB� | W�l#� j M 
 �Ol#� � J 
 ��N¥� | W�l#�T N J ��N¥� | W�l#� j M 
 ��l#� � M 
 �ONB� | W�l#�DÇËÊ (8)

TheDPDCHandDPCCHbit estimatesareobtainedto be the
signof theabovesoft estimates.

B. Blind Adaptive Receiver (BAR)

Sincethe DPDCH on the uplink do not carry known symbols
for training, we derive a blind adaptive receiver (BAR). The
BAR consistsof a bankof adaptive receivers,onefor eachac-
tive user, which estimatethe DPDCH and DPCCH symbols
from thereceivedsignal.LiketheCMFR,theBAR requiresthe
knowledgeof scramblingandOVSFcodesandthetiming of all
theactiveusers.Theadaptivereceiversconsideredherearelin-
eartransversalfilters whosecoefficientsareupdatedaccording
to theconstantmodulusalgorithm[8],[9], soasto minimizethe
costfunction, Ì ] Í , givenbyÌ ] Í _ UÎ Å�Ï�Ð | TÑU¥Ò | Ç¿Ê (9)

In the context of the systemmodel considered,Ð represents
the estimatesof DPDCH or DPCCH symbols. The adaptive
receiver for the ����� usercanbeimplementedusingfour linear
transversalfilters, theimpulseresponsesof which aregivenasR¥Ó J 
 �Ol#�qY , RBÓ M 
 ��l#�-Y , R�Ô J
 �Ol#�qY , RDÔ M
 �Ol#�-Y , lÕ_yr
VDÖ�ÖDÖ!V��ÑT�U . We
definethefollowing vectors:×�ØÙ Ú_ Û¶Ó J 
 ��rK�!V�Ó J
 �/U¥���qVDÖ�ÖDÖ�V�Ó J
 � �ÜT}U��:Ý�Þ×GßÙ Ú_ àOÓ M 
 ��rK�!V�Ó M
 �/U¥���!V�Ö�ÖDÖ�V-Ó M
 � �áTxU¥� â Þã ØÙ Ú_ Û�Ô J
 ��r»�qV�Ô J
 �/U����qVDÖ�Ö�ÖDV/Ô J
 � �8TxU¥� Ý Þã ßÙ Ú_ à Ô M
 ��rK�!V/Ô M
 �/U¥���!V�Ö�ÖDÖ�V�Ô M
 � �áTxU¥� â Þ Ê (10)



Theelementsof the vectorsdefinedabove arethecoefficients
of the transversalfilters. The estimatesof the DPDCH and
DPCCHsymbols, ÁI»J
 �OL/� and ÁIKM
 �ON1� aregiven,respectively, asÁI J 
 �OL/�%_ � ×�ØÙ»ä � Þ Ö � å Ø ä � W � × ßÙ ä � Þ Ö � å ß ä �ÁI M 
 �ON1�È_ � ã ßÙ ä É Þ Ö � å ß ä É T � ã ØÙ»ä É Þ Ö � å Ø ä É V (11)

wherethevectors
� × ØÙ ä � , � ×GßÙ ä � , � ã ØÙ ä É , � ã ßÙ ä É , � å Ø ä � , � å ß ä � , � å ß ä Éand

� å ß ä É aredefinedasÛ¶æ�çè Ý�éëê¨ Ûíì £ « ¤�¤3´Oî ­ §Dï�ð ² î�§:ñ�ò/ò�ò/ñ ì £ « ¤�¤3´óî ­ ½ î ­ ¸õô�§Dïnð ² î Ý�öÛ¶æ)÷è Ý é ê¨ Ûíì ¼« ¤�¤3´óî ­ §�ï�ð ² în§ ñ�ò/ò�ò�ñ ì ¼« ¤ ¤¶´Oî ­ ½ î ­ ¸kô�§�ï�ð ² î Ý öÛCø çè Ý�ù ê¨ ÛCú�û « ¤ ¤¶¢!î�üq§Dï�ð ² î�§:ñ�ò/ò�ò�ñ ú £« ¤�¤¶¢!î�ü ½ î�ü�¸kô�§�ï�ð ² î Ý öÛCø»÷è Ý ù ê¨ ÛCú ¼« ¤�¤3¢qî ü §�ï�ð ² în§ ñ�ò�ò/ò�ñ ú ¼« ¤�¤¶¢!î ü ½ î ü ¸kô�§�ï�ð ² î Ý öÛCý ç Ý é ê¨ Û ¢ £ ¤�¤3´Oî ­ § ñ�ò�ò/ò/ñ¡¢ £ ¤�¤¶´Oî ­ ½ î ­ ¸kô�§ Ý öÛ ý ÷ Ý�é ê¨ Û ¢ ¼ ¤ ¤¶´Oî ­ §:ñ/ò�ò�ò/ñ ¢ ¼ ¤ ¤¶´Oî ­ ½ î ­ ¸kô�§ Ý öÛ ý ç Ý ù ê¨ Û ¢q£�¤�¤3´Oî�üq§ ñ�ò�ò/ò/ñ¡¢q£�¤�¤¶¢!î�ü ½ î�ü�¸kô�§ Ý öÛ ý ÷ Ý�ù ê¨ Û ¢ ¼ ¤ ¤¶´Oî�ü!§:ñ/ò�ò�ò/ñ ¢ ¼ ¤ ¤¶¢!î�ü ½ î`ü�¸kô�§ Ý önþ (12)

Wedefinecostfunctions,Ì J] Í
and Ì M] Í

, correspondingto DPDCH
andDPCCHsymbols,respectively, asÿ £º�� ¨ ô� � @ Ï��² £ « ¤3´ó§ Ò

ü ¸xô E ü��
ÿ ¼º�� ¨ ô� � @ Ï �²D¼« ¤¶´O§ Ò ü ¸}ô E ü �

þ (13)

Theobjectiveis to minimizetheabovecostfunctionsby adapt-
ing the filter coefficients. The filter coefficients are updated
accordingto thefollowing relations:Û¶æ çè Ý é ¤¶ï ½ ô�§ ¨ Û¶æ çè Ý é ¤3ïn§¹¸	��

���� ÿ £º��Û æ)÷è Ý é ¤¶ï ½ ô�§ ¨ Û æ)÷è Ý é ¤3ïn§¹¸	��
 ���� ÿ £º��Û ø çè Ý ù ¤¶ï ½ ô�§ ¨ Û ø çè Ý ù ¤3ïn§¹¸���
����� ÿ ¼º��ÛCø ÷è Ý�ù ¤¶ï ½ ô�§ ¨ ÛCø ÷è Ý�ù ¤3ïn§¹¸	��
 ���� ÿ ¼º�� ñ

(14)

where���¥Ì is thegradientof Ì w.r.t � . Theconstant� refersto
thestepsizeand� refersto theiterationindex. Substitutingthe
expressionsfor ��� �� Ì J] Í

, � � �� Ì J] Í �	� �� Ì M] Í
and � � �� Ì M] Í

, in
(14),weobtainthefollowing updateequations:Û¶æ�çè Ý�é ¤¶ï ½ ô�§ ¨ Û¶æ�çè Ý�é ¤3ïn§¹¸	� Ï �² £ « ¤¶´O§

ü ¸õô Ò ÛCý-ç Ý�é �² £ « ¤¶´O§Û¶æ)÷è Ý�é ¤¶ï ½ ô�§ ¨ Û¶æ)÷è Ý�é ¤3ïn§¹¸	� Ï �² £ « ¤¶´O§
ü ¸õô Ò ÛCý ÷ Ý�é �² £ « ¤3´O§Û�ø çè Ý é ¤¶ï ½ ô�§ ¨ ÛCø çè Ý é ¤3ïn§ ½ � Ï��² ¼« ¤¶´O§ ü ¸kô Ò Ûíý ç Ý é �² ¼« ¤¶´O§

Û ø»÷è Ý é ¤¶ï ½ ô�§ ¨ Û ø»÷è Ý é ¤¶ï §
¸�� Ï �² ¼« ¤¶´O§ ü ¸õô Ò Û ý ÷ Ý é �² ¼« ¤3´O§
(15)

It is notedthatthecostfunctions Ì J] Í
and Ì M] Í

aremulti-modal,
asaresultof which therecanbemorethanoneachievablemin-
ima [8]. Hence,the initialization of the linearfilters is impor-
tant.A naturalchoiceof initialization wouldbeto useì £"!$#&%« ¤ ¾ § ¨ µ £ « ¤ ¾ ï�ð ² î ­ §¹ò�· £ « ¤ ¾ § ñ

ì ¼ !$#&%« ¤ ¾ § ¨ µ £ « ¤ ¾ ï�ð ² î ­ §¹ò�· ¼« ¤ ¾ § ñ
ú £'!(#&%« ¤ ¾ § ¨ µ ¼« ¤ ¾ ï�ð ² î�üq§
ò�· ¼« ¤ ¾ § ñ
ú ¼ !(#&%« ¤ ¾ § ¨ µ ¼« ¤ ¾ ï�ð ² î�üq§
ò�·�£« ¤ ¾ § ñ

(16)

wherethesuperscript) r�* indicatestheinitial stateof thefilters.

C. Adaptive Parallel Interference Canceller (APIC)

The adaptive parallelinterferencecancellerderivedby Xue et
al in [5] is an adaptive multistagereceiver. The objective is
to minimize the Euclideandistancebetweenthe received sig-
nalandtheweightedsumof theestimatesof eachuser’ssignal
duringa bit interval w.r.t theweightingfactors.Theseweight-
ing factorsareupdatedthroughanadaptivealgorithmfor each
user.

Let ÁN J � 6 � ���¡� and ÁN M � 6 � ���¡� be the estimatesof N J ��� � and N M � � � ,
respectively, for the �K��� stage.Theseestimatesaredefinedas

�¢q£ ��6 � ¤�¦¶§ ¨ ª& «-¬�­ Å,+ ! -.%­:­0/ « �² £ � 6/( 4 �« ¤¶´O§�µ/£« ¤3¦¶§B·�£« ¤�¦¶§¸ + ! -.%­ ü / « �² ¼ � 6/( 4 �« ¤¶¢!§�µ ¼« ¤�¦¶§¥· ¼« ¤3¦3§ Ç
�¢ ¼ ��6 � ¤�¦¶§ ¨ ª& «-¬�­ Å,+ ! -.%ü ­0/ « �² £ � 6/( 4 �« ¤¶´O§�µ/£« ¤3¦¶§B· ¼« ¤�¦¶§

½ + ! -.%ü:ü / « �² ¼ � 6/( 4 �« ¤¶¢!§�µ ¼« ¤�¦¶§¥· £« ¤�¦¶§ Ç ñ
(17)

where ÁIKJ ��6:( 4 �
 �OL/� and ÁIKM � 6:( 4 �
 ��N1� aretheestimatesof
I»J
 �OL/� andIKM
 �ON1� , respectively, at the �¶�nT�U¥�:��� stagefor the �)��� user. The

initial estimates,ÁI»J �$1¡�
 �OL/� , ÁI»M �(1 �
 ��N1� areprovidedby theCMFR,
i.e., �² £ �$1¡�« ¤¶´O§ ¨ · ú ¾32 �² £ « ¤¶´O§54�²D¼ �$1¡�« ¤¶¢!§ ¨ · ú ¾32 �²�¼« ¤¶¢!§54wñ

(18)

where ÁIKJ
 �OL/� and ÁI»M
 ��L:� are given by (8). The factors 6 Â$7 Äd�d'8 
 ,6 Â(7 Äd | 8 
 , 6 Â(7 Ä| d"8 
 and 6 Â(7 Ä|�| 8 
 , are the weighting coefficients corre-

spondingto the �K��� stagefor the ����� user. Let � J � 6 � and � M � 6¡�
representthe errorbetweenthedesiredreceivedsignalandits
estimateat the � ��� stagefor the � ��� chip. Then,9 £ � 6¡� ¨ ¢ £ ¤�¦¶§
¸ �¢ £ � 6 � ¤3¦3§9 ¼ � 6¡� ¨ ¢ ¼ ¤3¦¶§
¸ �¢ ¼ � 6 � ¤3¦¶§ þ (19)

We needto find the optimal weightingcoefficientsso that the
squareof theerrorterms,givenin theaboveequation,is mini-
mized.Theoptimumweightsarederivedvia a LMS algorithm
asfollows:+ ! -:%­:­0/ « ¤ ¾ ½ ô�§ ¨ + ! -.%­:­0/ « ¤ ¾ § ½ ® �<; 9 £ � 6 � ¤ ¾ § �² £ � 6/( 4 �« ¤¶´O§¥µ/£« ¤ ¾ §�·�£« ¤ ¾ §
+ ! -:%­ ü / « ¤ ¾ ½ ô�§ ¨ + ! -.%­ ü / « ¤ ¾ §
¸ ® � ; 9 £ � 6 � ¤ ¾ § �² ¼ ��6:( 4 �« ¤¶¢!§¥µ ¼« ¤ ¾ §¥· ¼« ¤ ¾ §
+ ! -:%ü ­0/ « ¤ ¾ ½ ô�§ ¨ + ! -.%ü ­0/ « ¤ ¾ § ½ ® �<; 9 ¼ � 6¡� ¤ ¾ § �² £ ��6:( 4 �« ¤¶´O§¥µ/£« ¤ ¾ §¥· ¼« ¤ ¾ §
+ ! -:%ü:ü / « ¤ ¾ ½ ô�§ ¨ + ! -.%ü:ü / « ¤ ¾ § ½ ® � ; 9 ¼ � 6¡� ¤ ¾ § �² ¼ � 6:( 4 �« ¤3´O§¥µ ¼« ¤ ¾ §¥· £ « ¤ ¾ §:ñ

(20)

where �>= is the stepsizeusedin the adaptation.The choice
of the initial valuesof the coefficientsis importantto achieve
fasterconvergenceof the weightingcoefficients to their opti-
mal values. Generally, if knowledgeof all user’s amplitudes
areavailable,theinitial valuesof theweightingcoefficientsfor
eachuseraresetto its correspondingamplitudes.
The above updationis donefor � iterationsandthe resulting
weightsat theendof the �Q��� iterationareusedin theinterfer-
encecancellation.The interference-freeestimatesfor the �����



useris obtainedas? £ ��6 �« ¤�¦¶§©¨ ¢-£�¤�¦¶§¹¸ ª&@ ¬�­0/ @BA¬³« Å,+ ! -.%­:­0/ « ¤�îv¸õô�§ �² £ ��6:( 4 �« ¤3´ó§¥µ�£« ¤�¦¶§¥·�£« ¤3¦3§¸ + ! -:%­ ü / « ¤óîx¸kô�§ �² ¼ � 6:( 4 �« ¤3¢!§Dµ ¼« ¤3¦3§¥· ¼« ¤3¦¶§ Ç? ¼ ��6 �« ¤�¦¶§©¨ ¢ ¼ ¤3¦3§
¸ ª&@ ¬i­0/ @BA¬¹« Å,+ ! -.%ü ­0/ « ¤óî�¸�ô�§ �² £ � 6:( 4 �« ¤¶´O§¥µ £« ¤3¦¶§¥· ¼« ¤�¦¶§
½ + ! -:%ü:ü / « ¤óîx¸kô�§ �² ¼ � 6:( 4 �« ¤3¢!§Dµ ¼« ¤3¦3§¥· £« ¤3¦3§ Ç ñ

(21)

wherethenotation6Ë���ÜTÆU�� indicatesthevalueof theweight-
ing coefficient at the �Q��� iteration. The above interference-
freeestimatesareusedin formingtheestimatesof DPDCHand
DPCCHsymbolsto beusedby thenext stage.Thus,wehave�² £ ��6 �« ¤3´O§ ¨ · ú ¾DC é !FE 4:G ­ %IH ­&J ¬ é E 4 Å ? £ � 6¡� ¤¶´Oî ­ ½u¾ §�µ £« ¤ ¾ §B· £ « ¤¶´Oî ­ ½k¾ §

½ ? ¼ � 6 � ¤¶´Oî ­ ½À¾ §�µ £« ¤ ¾ §�· ¼« ¤3´Oî ­ ½u¾ § ÇLK
�² ¼« ¤3¢!§ ¨ · ú ¾ C ù !$E � G ­ %IH ­&J ¬ ù E � Å ? ¼ ��6 � ¤¶¢!î ü ½u¾ §�µ ¼« ¤ ¾ §B· £ « ¤¶¢!î ü ½u¾ §

¸ ? £ ��6 � ¤3¢!î�ü ½u¾ §Dµ ¼« ¤ ¾ §¥· ¼« ¤¶¢!î�ü ½À¾ § ÇMK þ (22)

D. Hybrid-Adaptive Parallel Interference Canceller (H-APIC)

In a near-far scenario,the performanceof APIC for a weak
usercan be good at high near-far ratios

d
(NFR) becausethe

strongerintereferers’datacanbe reliably detectedin the first
stageby the CMFR, andhencethe interferencesignalcanbe
reconstructedandremovedeffectively for the next stage.For
example,in a 2-userscenariowith a high NFR value,theper-
formanceof the weakuserusingAPIC canapproachsingle-
userperformancesincetheCMFRin thefirst stagecanreliably
detectthestronginterferer’sdatasothattheinput to thesecond
stagecanbe almostinterference-free.However, at low NFR
scenarios,the reliability of the interferers’datamay not beas
good,andhencetheAPIC mayperformpoorbecauseof which
morestagesmayberequiredto achieveadesiredperformance.
To alleviatetheperformanceof APIC in suchlow NFRscenar-
ios, we proposethe following hybrid APIC (H-APIC) which
usestheBAR in thefirst stage,insteadof CMFR.

The BAR would give reliable estimatesof the datasymbols
of the otherusersin the initial stageitself, thusaiding better
estimationof the interferencefor the weaker user. This also
reducesthe numberof stagesrequiredto obtain reliableesti-

mates. The initial estimates, ÁI»J �$1¡�
 �OL/� and ÁI»M �$1¡�
 �ON1� , are then
givenby ÁI J �(1 �
 �OL/�%_ � Ô�l Å ÁI J 
 �OL/�DÇÁI»M �$1¡�
 �ON1� _ � Ô�l Å ÁIKM
 �ON1� Ç V (23)

­
Near-Far ratio is definedas the ratio of the received power of interfering

userto the received power of thedesireduser, i.e., NFR = N 'N 4 ñ�´�O¨}ô
, where

user-1 is takenasthedesireduser. When ¯ é ¨ ¯ ­
, NFR = 0 dB.

where ÁI J 
 ��L:� and ÁI»M
 �OL/� aregivenby (11).

IV. RESULTS AND DISCUSSION

Weevaluatedtheperformanceof thevariousmultiuserreceivers
describedabove in a near-far scenariothroughsimulations.A
systemwith four activeusers( ��_ Î

) is consideredanduser-1
is takento betheuser-of-interest.Thenear-farratio, H 
 �1H d V³�QP_U of all interferingusersis assumedto beequal.Thespreadfac-
tor for theDPDCHandtheDPCCHsymbolsfor all theusersis
setto 256,i.e., � d _{�X|n_s�=�=� . Thebit errorperformanceof
theuser-of-interest(user-1) asafunctionof RTSq�!� h andNFRis
evaluated.

Fig. 1 shows thebit errorperformanceasa functionof R S �q� h
for thevariousreceiversincludingCMFR,BAR andAPIC ata
NFR valueof 15 dB. The performanceof APIC is plottedfor
different numberof stages(1-stageAPIC, 2-stageAPIC and
4-stageAPIC) without andwith perfectknowledgeof theam-
plitudes.Thesingleuserperformanceis alsoplottedfor com-
parison.Thefollowing observationscanbemadefrom Fig. 1.
As expected,theBAR andtheAPIC performmuchbetterthan
theCMFR.Also, whenperfectknowledgeof theamplitudesis
not availableat the receiver, increasingthe numberstagesin
the APIC improvesperformance.In the unknown amplitudes
case,morethanfour stagesarerequiredto performcloseto the
singleuserperformance.However, with perfectknowledgeof
theamplitudesat thereceiver, evena1-stageAPIC is shown to
achievecloseto singleuserperformance.

Fig. 2 showsthebit errorperformanceasafunctionof NFRfor
CMFR,BAR andAPIC ata R S �q�À� valueof 8 dB.Therangeof
NFR valuesconsideredis 0 to 15 dB. TheCMFRperformance
degradeswith increasingNFR indicating its poor near-far re-
sistance.Thenear-far resistanceof BAR andAPIC areshown
to be muchbetter. In the unknown amplitudescase,the near-
far resistanceof APIC improvesasthenumberof stagesis in-
creased.Two key observationscanbemadein Fig. 2. Firstly,
in thehighNFR region(NFR U U�r dB), theAPIC with known
amplitudesperformsbetterthanBAR andachievescloseto sin-
gleuserperformancebecauseof thehighreliability of theinter-
fering users’dataestimates.Secondly, in the low NFR region
(NFR VXW dB), however, even in the known amplitudescase,
theAPIC performspoorerthanBAR. This implies thatat low
NFRs,thenumberof stagesin theAPIC hasto beincreasedto
achieve a given performance,even thoughperfectknowledge
of the users’amplitudesis available at the receiver. This is
mainlybecausethereliability of thedataestimatesof theinter-
feringusersin theinitial CMFRstageis poorat low NFRs.

Fig. 3 shows the bit error performanceof the APIC and the
proposedH-APIC asa functionof RTSq�q� � at a low NFR value
of 5 dB. It is notedthat,evenwith no knowledgeof theusers’
amplitudes,asinglestageH-APIC performsbetterthanasingle
stageAPICwith perfectknowledgeof all theusers’amplitudes.
A singlestageH-APIC with perfectknowledgeof the users’
amplitudesis shown to performthe bestand its performance
is closeto the singleuserbound. Fig. 4 shows the bit error
performanceof the APIC andH-APIC asa function of NFR
at a R S �!�X� valueof 8 dB. It is observed that at low near-far
ratios,in therange0 to 7 dB, thenear-far resistanceof a single
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Fig. 1. Bit errorperformanceof CMFR, BAR, andAPIC receiversasa func-
tion of Y[Z5\ î # . ] ¨ �

. NFR = 15dB.

stageH-APIC with noknowledgeof users’amplitudesis better
thanthatof a singlestageAPIC with perfectknowledgeof all
theusers’amplitudes.As thenear-far ratio increasesbeyond7
dB, theAPIC with perfectknowledgeof theusers’amplitudes
beginsto performbetter. ThesinglestageH-APIC with perfect
knowledgeof all theusers’amplitudesperformsthebestamong
all thereceiversconsidered.

V. CONCLUSIONS

We investigatedtheperformanceof adaptive interferencecan-
cellationreceiversfor theWCDMA uplink physicaldatachan-
nel. We deriveda blind adaptive receiver (BAR) basedon the
constantmodulusalgorithm,andan adaptive parallelinterfer-
encecancellation(APIC) receiver. With a motivation to im-
prove the performanceof APIC receiver underlow NFR con-
ditions,we proposeda hybrid APIC (H-APIC) receiver which
usedthe BAR asthe first stage. We evaluatedandcompared
the performanceof the above receivers in a near-far scenario
andshowedthat theH-APIC receiver performsbetterthanthe
APIC receiver.
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