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I . INTRODUCTION

Iterative multiuserdecodingbasedon thesum-productalgorithm
cangive excellentperformance[1]. To reducecomplexity, inherent
maximum-aposterioridetectionisoftenreplacedby linearMMSE de-
tectioncombinedwith parallelsuccessive cancellation.

Thepowersof theusersareoftenunbalanced,eitherby designto
improveperformanceasproposedin [2] or dueto independentfading
in the reverselink. During iterations,the power distribution of the
residualinterferenceevolves.Thiscanleadto aseverelymismatched
MMSE detectorafterfew iterationsunlessit is re-calculatedfor every
iterationas in [3]. Here,a computationallylesscostly approachis
presented.

I I . PROPOSED SCHEME

Let thesynchronousGaussianCDMA channelin vectornotation
[4] be given as ��������� 	�
 ����
�� where


��
is unit variance,

zero-meanAWGN, 
 � is the vectorof transmittedsymbolsat time
instant� , � � is thevectorof chip samplesat time instant� , the ����

matrix � denotesthe spreadingsequences����������������� , and the
diagonalmatrix 	 is composedof the users’powers � �������!���"�#� .
W.l.o.g.,let $ 
%
%&'� I .

Eachuser’s signal is encodedandinterleaved in discretetime � .
Considernow aparallellyoperatingiterativemultiuserdecoderbased
on interferencecancellationasconsideredin [2]. Then,thesignalof
user( fed into thedecodingunit at iterationnumber) is givenby*,+-/. � �1032 +-�4 &65 � �87 � � 	:9
 +� � � - � � -<;= +� . -?> (1)

here2 + - shouldbechosenappropriately, e.g.accordingto theuncon-
ditionalMMSE criterion,cf. [2].

The unconditional MMSE detector leads to 032 + - 4 & �� � - � &- 03�#	A@ + � & � I 7 � -/B +- � - � &- 4DC � with the error covari-
ancematrix @ + � $ 0E
 � 7 9
 +� 4 0E
 � 7 9
 +� 4 & . We assumethat the
estimates9
 +� resultfrom extrinsic informationonly andthegirth of
thecode’s graphis greaterthan ) . Thus, @ + is diagonal,its entries
aredenotedby

B +-
.

Let theusers’powersbequantizedin FHG � levelsand IKJ denote
the setof usersbelongingto class L . W.l.o.g., we assumethat the
powersof usersin classL aregreaterthanthepowersof usersin classL �NM , O�L . Now, we proposea suboptimumapproachthatcalculates
only F differentdetectors.Detector#L assumesthepowersin classesP GQL to be zero,and the powersof in classes

P�R L to be � - B +-
for (TSUI V . Thatmeansthatonly usersthathave not (almost)been
canceledoutaresuppressedby lineardetection.

Definethediagonalmatrix W J suchthat X J . - is zeroif ( belongs
to a classsmallerthan L andoneotherwise.Decomposethespread-
ing matrix into ���N� W J � �H0 I 7 W J 4 . NotethattheexactMMSE
detector, dependson the iterationindex ) via thematrix @ + . This
is overcomeby the approximation@ +AY[Z�+ @ J W J with @ J de-
noting the matrix @ +K\ frozenat iteration )^] whenthe last switch
of detectorstook placeand

Z +
beinganarbitraryreal-valuedscalar

dependingon theiterationindex ) .
We introduce the singular value decomposition (SVD)�`_ 	a@ J W J �cb Jed'Jgf &J , such that b J and f�J are unitary

and d^J is diagonalup to someadditionalcolumnsor rowswhichare
all zero.Define h J �ibj&J � . With (1), we find;* + -e. � �lk &J . - 5 Z�+ d'Jed &J � I

> C � 5 bj&J �m� 7 h J � 	:9
 +� >k &J . - 5 Z + dnJ/d &J � I
> C � k J . - � � � -<;= +� . -

Given h J and the SVD, this involves only o 0 � 4 multiplica-
tions/additionsper user, symbol,anditeration,asthe calculationofb &J �m� 7 h J � 	:9
 +� is commonto all usersandtheotheroperations
are inner productsof vectorswith diagonalkernels. Only when a
switch from detectorL to detectorL �1M takesplace,a SVD anda
matrixmultiplicationareneeded.

I I I . SWITCHING CRITERION

Assumei.i.d. randomspreadingand
�qp M

enablinguseof large
systemresults. To decideif time hascometo switch, the multiuser
efficienciesat the outputsof the actualand the alternative detector
arecalculated.Then,that detectorpromisingbetterperformanceis
chosenfor thenext iteration.

Assumethe residualinterferencepower of user ( at iteration )
is r + - . Making useof someresultsin [5, 6], it canbeshown thatthe
multiuserefficiency convergesalmostsurelyto thelarge-systemlimits + �At M 7 �u -!v � 0 r + -#w�+ 4"x0 My� r + - w + 4 x{z t My� �u -�v � � - B +-0 My� r + - w + 4 x�z C �
where

w +
is theuniquepositive solutionto thefixedpoint equation0 w + 4 C � � M|�T} �-!v � r + - 0 M�� w + r + - 4 C � andtheinterferencepower

is approximatedbyr + - �l~ � -/B +- (�S���V v JD� � I V�
otherwise

�%r +- �l~ � -/B +K\- Z + (�S���V v J I V�
otherwise

in casethedetectoris switched,not switched,respectively.
Certainly, onewould like to chose

Z +
in sucha way asto maxi-

mizemultiuserefficiency, i.e.
Z�+ ���/���?���e� s + . A suboptimum,but

computationallylesscostlyalternative achieving satisfyingresultsisZ + � } �-�v � B +-�� } �-!v � B +K\- .
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