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ABSTRACT

Multiuser CDMA systemswith aperiodicspreadingcodes
have receivedconsiderableattention.Onemajor difficulty
in multiuserdetectionis the user’s time-varyingsignature.
In a multipathcommunicationenvironment,this signature
is not a priori known, making direct designof the detec-
tor more intractable. In this paper, multiuserdetectionis
performedby a two-stepapproach:estimatethe unknown
channelcoefficientsandconstructthedetectorbasedon the
MMSEcriterion.WemodeltheinterferenceascoloredGaus-
siannoisewith unknowncorrelationsandestimatethechan-
nel parametersbasedon thecorrelationmatchingidea.The
spreadingcodesareassumedrandomwith known up to the
fourthorderstatistics,resultingin computationallyefficient
method. In the caseof unknown statisticshowever, the
methodis still applicableby estimatingthosestatisticsfrom
givencodes.To guaranteeidentifiability, boththechannel’s
outputandthe outputof the matchedfilter for the desired
userareconsideredin onecostfunction.Comparisonswith
previouslyproposedmethodandotherexistingmethodsare
madeby simulations.

1. INTRODUCTION

In multiuserdetection,two differentapproachesexist: one
is a two-stepprocedurewhichconstructsthedetectorbased
on theestimatedchannelparameters[1]; theotheroneis to
directly designmultiuserdetectors[4], obviating thechan-
nel estimationstep. Although in commercialCDMA sys-
tems,auser’sinformationmaybespreadbyaperiodicspread-
ing sequencesuchasWalsh-Hadamardsequence,thecode
sequenceassignedto eachuserfinally exhibits aperiodic
naturedueto multiplicationby a scramblinglong codese-
quence.For suchsystemswith aperiodicspreading,direct
designof multiuserreceiversis very difficult dueto time-
varyingsignaturesof desiredusers.

For this reason,mostapproachesexplicitly or implic-
itly involvechannelestimation.Basedonthefinite alphabet
propertyof the input, an iterative methodto estimatethe
FIR channelsand the transmittedsymbolsis presentedin

[6]. In [7], subspaceconceptis adoptedto identify themul-
tipathchannel.Blind uplink channelestimationmethodus-
ing correlationmatchingtechniquesis proposedin [8] based
only on thecorrelationof thechannel’s outputconditioned
on thelong spreadingcodes.Thecomputationallyefficient
algorithmhasbeenreportedfor downlink channelestima-
tion in [11] anduplink channelestimationin [10] whenthe
exactknowledgeof thenumberof usersis known. Without
knowing interferinguserswithin the cell and from neigh-
boringcells, thedetectorto detecta desireduserhasto be
derived.

In this paper, we adopta two-stepapproachto detect
the userof interestby employing the correlationmatching
technique[2]. We modelthe interferenceascoloredGaus-
siannoisewith unknown correlationwhich is treatedasa
nuisanceparameter. We alsoassumethe spreadingcodes
arerandom.First we constructandminimizea correlation
matchingcostfunctiontoestimatethemultipathchannelex-
periencedby thedesireduser. Boththechannel’soutputand
theoutputof thematchedfilter for thedesireduserareem-
ployed in the cost function to guaranteethe identifiability
of the channelparameters.Secondly, the minimummean-
square-error(MMSE) detectoris constructedbasedon the
channelestimate.Two differentversionsof thedetectorare
derived dependingon whetherthe channel’s outputor the
matchedfilter’soutputis employed.

Sincewe estimateonly channelparametersfor the de-
sireduser, the methodrequiresmuchlower computational
cost especiallywhen the statisticsof the randomspread-
ing codesareknown. In that casesomecoderelatedma-
trices can be pre-computedto save computations. In the
absenceof codestatisticshowever, the methodis still ap-
plicableby estimatingthosestatisticsfrom givenspreading
codes.Comparisonsamongtheproposeddetector, thepre-
viously proposedestimatorandotherexisting methodsare
madein oursimulations.

2. SYSTEM MODEL

In a wirelessCDMA system,the communicationlink is
built betweenthe basestationandthe desiredmobile sta-



tion. Without loss of generality, we may assumemobile
user1 is thedesireduser. Otheruserseitherin thesamecell
or from theneighboringcellsaretreatedasinterferers.User
1 hastheinformationbit stream��������� to transmitthrough
anunknownmultipathchannel	 �
���
� of order � . Thetrans-
mit power is assumed�������������� ���
����� � ��� . During the� -th bit period, this user is assigneda randomspreading
code � �! "��$#%� for the # -th chip ( # ��&('*)*)+),'.-0/21 ) with
spreadingfactor - . Assumethe receiver is synchronized
to the desireduser. We collect -43 � chip samplesin a
datavector 5 ����� �76 8 ��� - � '*)+)*)+'98 ��� -43:-43 � /21 �<;>= .
Similarly channelcoefficients for user 1 are arrangedin? � �06 	 � � & � '+)*)*)+' 	 � � � �<;>= . Thenthereceiveddiscrete-time
signalcanbewrittenas(see[8])5 ����� �A@ � ����� ? � � � ����� 3CB ����� (1)

wherecodematrix @ �
����� hasthefollowing form
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andB ����� accountsfor all interferenceplusbackgroundnoise.
In (1) theinterferencestructureis unknown. Moreover,

the signatureof the desireduseris time varying (TV) be-
causeof therandomspreadingcodes.For thefore-mentioned
reason,we will approachdetectionof user1 in two steps:
first estimatethe channelvector ? � with low complexity
basedon 5 ����� andthe statisticalknowledgeof user’s ran-
dom spreadingcodes,then constructthe MMSE detector
basedon 5 ����� and the channelestimate. Before we de-
riveoursolutions,following assumptionsarefirst explicitly
made:
(1) � �! "��$#%� is i.i.d. randomin � and # , with zero-mean,vari-
ance���QR�:�S�T� � �H "U�$#(� � �
� andfourth ordermoment�WV Q ��S�T� � �! "��$#(� � V � ; if � �! "��$#%� is complex, its realandimaginary
partsarealsoi.i.d.
(2) � � ����� , � �! " �$#%� and X ����� aremutuallyindependent.
Undertheseassumptions,wewill first estimate? � from au-
tocorrelationsof 5 ����� andthe outputof the matchedfilter
basedoncorrelationmatchingtechniques.

From(1), theautocorrelationY[Z�\��� 5 ����� 5^] ����� � can
beeasilyobtainedY �A�S�_@ �������9`
� @ ] � ����� � 3 Yba "�c (3)

wheresuperscript] representsconjugatetranspose,` � Z����� � ? � ? ] � , and Y a "�c is theunknown autocorrelationmatrix
of B ����� (interferenceplusnoise).

In orderto identify ? � , wealsoexploit theoutputof the
matchedfilter at time � whichcorrelates5 ����� with thecode

matrix @ ] � ����� as 5 � ����� Z�K@ ]� ����� 5 �����5 � ����� �\@ ]� ����� @ � ����� ? � � � ����� 3L@ ]� ����� B ����� (4)

from which theautocorrelationof 5 � ����� canbecomputedY � � ���_@ ] � ����� @ � �����9` � @ ] � ����� @ � ����� �3 ���_@ ] � ����� Y a "�c @ � ����� � (5)

Accordingto [3], to build an MMSE detector, the channel
coefficientsandtheautocorrelationof thechannel’s output
are required. The latter can be easily estimatedfrom the
data.Thusmultiuserdetectioncanbeperformedif thechan-
nel parametersareestimated.Noticing that channelinfor-
mation is embeddedin (3) and (5) which are linearly pa-
rameterizedby ` � and Y a "�c . Two equationsaresufficient
to solve theseunknowns. If ` � is estimated,thenthe es-
timatefor ? � is obtainedby performingSVD on this rank
onematrixwithin acomplex scalarambiguity. However, the
performanceof the MMSE detectoris insensitive to such
ambiguity if the phaseof the channelis correctedor esti-
matedbasedonsomepilot symbols.

3. CORRELATION BASED CHANNEL
ESTIMATION

In ourestimationproblem,therearetwo unknownmatrices:` � and Y a "�c , andwe alsohave equalnumberof equations
(3) and(5). Thereforethe problemis well determined.If
the correlationsarematchedwith their estimatesfrom the
data,resultingerrorscanbeminimizedto solve `d� . (3) and
(5) canbewritten in vectorformswith X�ef� operation[5] in
orderfor a closedform solution.Defineg Z� X�e_� � Y � ' gU� Z� Xhe_� � Y � � '
i � Z� Xhe_� �j` � �
Since Y a "�c is a nuisanceparameter, it can be eliminated
from (5) basedon (3). Substituting(3) into (5) and per-
forming Xhe_� operationon bothsidesof theequation,it can
be easilyverified that our unknown vector i � satisfiesthe
following equation k i � �Al (6)

wherek Z�A�S�_m ] � ����� m � ����� � /on ] np'qn Z�\�S��m � ����� � (7)

m � ����� Z�\@
r� ������s @ � ����� 'tl Z� gu� /vn ] g (8)

the superscriptr denotescomplex conjugate,s represents
theKroneckerproduct.

In (6),

k
and n areconstantdependingon systempa-

rameterssuchas ���Q , �wV Q , - , � . They canbepre-computed
for a givensystem.Dueto lack of space,their expressions
will bereportedelsewhere.In theabsenceof suchhigh or-
der informationhowever, they canbeestimatedfrom given
codes.In thesequel,wewill assume

k
and n areavailable.

Sincem ] � ����� and m � ����� arehighlycorrelated,

k
is notzero

andverified by simulationsto be non-singular. Therefore
uniquesolutionis guaranteed.It canalsobeobservedthat



if shortcodesareemployed,

k
becomeszerowhich gives

usa trivial equation.Then i � cannot bedeterminedfrom
thecorrelationsunderthecurrentinput/outputmodel.How-
ever, it hasbeenshown in [9] thatin amultiusersystemwith
whiteGaussiannoise,thesolutionis still achievable.

Basedon (6), a batchalgorithmto estimatei � canbe
easily derived. Assumedatavectorscorrespondingto x
bit periodsarereceived. Thenasa commonpractice,the
estimatesfor g and gu� canbeobtainedby their sampleav-
erages.Thereforetheestimatefor l , denotedby y luz , canbe
obtainedfrom (8). Accordingto (6), i � is thenestimatedin
theleastsquaresense y i � � k|{ � y lUz (9)

The complexity to perform (9) is significantly reducedif
k

and n arepre-computed.In the caseof unknown code
statistics,

k
and n shouldbeestimatedfrom givenspread-

ing codes.
It is not hardto derive a correspondingadaptive algo-

rithm to estimatethechannel? � . Furthermore,theidentifia-
bility for ? � canbeestablishedbasedontherankevaluation
of

k
. However, it will notbepresenteddueto limited space.

4. BLIND MULTIUSER DETECTION

TheMMSE detectorcanbebuilt oncechannelis estimated.
Basedon thedataeitherdirectly from thechannel’s output
(eq. (1)), or from thematchedfilter’s output(eq. (4)), two
differentversionsof thedetectorwill bediscussedsucces-
sively.

4.1. Basedon the channel’soutput

If wefocuson thefirst case,thenthedetectormustbetime-
varying (TV) sincethe signatureof the desiredsymbol is
alsoTV dueto the randomspreadingcodes.The detector} � ����� is designedaccordingto theMMSE criterion[3]~S��� �S�T� � � ����� / } ] � ����� 5 ����� � � �
From (1) andmatrix inversionlemma[3], it canbe easily
shown thatfor givenspreadingcodes} � ����� � � ��U��� Yba "�c 3 � ��U�+� ������� � ] � �������

{ � � �
�����
� ���� � Y { �a "�c � � �����1�3 � ����,� ] � ����� Y { �a "�c � �
����� (10)

where � ������� Z��@ ������� ? � for short,and Ywa "�c is the auto-
correlationof interferenceplusnoisevector B ����� . It canbe
estimatedaccordingto (3) oncei � thus ` � areobtained.

Notice that this detectoris time-varying as @ � ����� is
time-varying.It hasmoreparametersto obtainif - is large.
Next wederiveatime-invariant(TI) detectorwith lesscom-
putationsbasedon thematchedfilter’soutput.

4.2. Basedon the matchedfilter’ soutput

Thematchedfilter’soutputandits autocorrelationaregiven
in (4), (5) respectively. The MMSE detectorto detectthe
desiredusercanbeconstructedas[3]} � � � �� � Y { �� �S��@ ] � ����� @ �
����� � ? �� � �� � � �Q�- Y { �� ? � (11)

where Y � is the autocorrelationof 5 � ����� , andthe second
equality comesfrom the statisticsof spreadingcodes. In
(11), Y � is similarly estimatedby its sampleaverage. Its
inversecanbecomputeddirectly or updatedbasedon RLS
method[3]. ? � is obtainedfrom theproposedmethod.Thus
theTI detector

} � canbeeasilyobtained.

5. NUMERICAL EXAMPLES

WesimulateaCDMA systemwith randomspreadingcodes
andmultipatheffect. Theoutputsignalto interferenceplus
noiseratio(SINR)of thedetectorandthemeansquarechan-
nel estimationerror(MSE) areadoptedastheperformance
measure.Assumeeachof 5 usershas500 bits to transmit
takenfrom theset �
��1 � . -4�t1f� . ���  "��$#%� take valuesran-
domly from ����1���� � with equalprobability. Therefore�WV Q �t� , ���Q
��� . Channelvectorsfor all usersarecom-
plex and have 4 coefficients ( � ��� ). Both the real and
imaginarypartsof eachcoefficient are randomlyselected
from the interval � /�1�'!3�1 � . Thenthevectoris normalized
to have unit norm. 1f�
�h� white Gaussiannoiseis addedto
the system. Totally 500 independentrealizationsareper-
formedto obtainthe averageresults. The matrices

k
andn canbeprecomputed(with precomputation)or estimated

from the givenspreadingcodes(without precomputation).
TheoutputSINRsof theTI detector(11)andtheTV detec-
tor (10) areshown in Fig. 1(a) andFig. 1(b) respectively.
Solid linesarebasedon thechannelestimatewith precom-
putation,while dashedlines without precomputation.The
SINR of theTI detectorconvergesto �%� ����� similar to that
of the TV detector. However, the SINR of the TI detec-
tor convergesmuch faster. It can also be observed that
thedifferencebetweenthemethodwith precomputationand
themethodwithoutprecomputationfor eachdetectordisap-
pearsafter200bit periods.This suggeststhemethodwith
precomputationis preferablewhencomplexity is of partic-
ularconcern.

We alsocomparethe currentlyproposedmethodwith
thatof [8] andthesubspacemethod[7] in adownlink CDMA
systemwith differentloads: (1) light loadwith -0���h� , 5
users;(2) averageload with -���1+� , 6 users;(3) heavy
load with -���1f� , 14 users. We usea commonchan-
nel for all userswith threecoefficients[7]. 50 realizations
areperformed. The averagechannelestimationerrorsare
comparedin Fig. 2(a), (b), (c) respectively. Solid lines
aretheresultsof thecurrentlyproposedmethod(with pre-
computation),dashed-dottedlines are from the multiuser



(MU) channelestimationmethod[8], andthedashedlines
arebasedon thesubspacemethod[7]. First it canbeseen
that theproposedmethodhasperformancecloseto thatof
themultiuserchannelestimationmethod.Thesetwo meth-
odscanprovidesatisfactorychannelestimateevenwhenthe
systemis overloaded.However, in [8] muchmorecomputa-
tionsarerequired.Secondly, thesubspacemethodprovides
moreaccurateestimatefor a light load system. However,
it is very sensitive to the systemload, asexplainedin [8].
In all threecases,thecurrentlyproposedmethodneedsless
computationscomparedwith both[8] and[7]. In [8], anin-
verseof a big matrix is mandatory, while in [7], SVD of an
accumulateddatamatrix is requiredateachtime.
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Fig. 1. SINRsof differentproposeddetectorsbasedon the
batchmethod.
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