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ABSTRACT

Multiuser CDMA systemswith aperiodicspreadingcodes
have receved considerablattention. One major difficulty
in multiuserdetectionis the users time-varying signature.
In a multipathcommunicatiorervironment,this signature
is not a priori known, making direct designof the detec-
tor moreintractable. In this paper multiuserdetectionis
performedby a two-stepapproach:estimatethe unknovn
channekoeficientsandconstructhedetectobasecn the
MMSE criterion. We modeltheinterferencescoloredGaus-
siannoisewith unknawvn correlationsaandestimateghechan-
nel parameterpasednthe correlationmatchingidea. The
spreadingcodesareassumedandomwith known up to the
fourth orderstatisticsyresultingin computationallyefficient
method. In the caseof unknown statisticshowever, the
methodis still applicableby estimatinghosestatisticfrom
givencodes.To guaranteddentifiability, boththechannels
outputandthe outputof the matchedfilter for the desired
userareconsideredn onecostfunction. Comparisonsvith
previously proposednethodandotherexisting methodsare
madeby simulations.

1. INTRODUCTION

In multiuserdetection two differentapproachesxist: one
is atwo-stepproceduravhich constructghe detectobased
ontheestimatedchannelparameter§l]; the otheroneis to
directly designmultiuserdetectord4], obviating the chan-
nel estimationstep. Althoughin commercialCDMA sys-
temsausersinformationmaybespreacdy aperiodicspread-
ing sequencsuchasWalsh-Hadamardequencethe code
sequenceassignedo eachuserfinally exhibits aperiodic
naturedueto multiplication by a scramblinglong codese-
guence.For suchsystemswith aperiodicspreadingdirect
designof multiuserreceversis very difficult dueto time-
varyingsignature®f desiredusers.

For this reason,mostapproachegxplicitly or implic-
itly involve channekstimation Basedon thefinite alphabet
propertyof the input, an iteratve methodto estimatethe
FIR channelsandthe transmittedsymbolsis presentedn

[6]. In [7], subspaceoncepis adoptedo identify themul-
tipathchannel Blind uplink channekestimatiormethodus-
ing correlatiormatchingtechniquess proposedn [8] based
only on the correlationof the channel$ outputconditioned
onthelong spreadingcodes.The computationallyefficient
algorithmhasbeenreportedfor downlink channelestima-
tion in [11] anduplink channelestimationin [10] whenthe
exactknowledgeof the numberof usersis known. Without
knowing interfering userswithin the cell and from neigh-
boring cells, the detectorto detecta desireduserhasto be
derived.

In this paper we adopta two-stepapproacho detect
the userof interestby employing the correlationmatching
techniqug2]. We modeltheinterferenceascoloredGaus-
siannoisewith unknown correlationwhich is treatedasa
nuisanceparameter We also assumehe spreadingcodes
arerandom. First we constructandminimize a correlation
matchingcostfunctionto estimatehemultipathchannekx-
periencedy thedesireduser Boththechannels outputand
the outputof the matchedilter for the desireduserareem-
ployedin the costfunction to guarantedahe identifiability
of the channelparameters Secondly the minimum mean-
square-erro(MMSE) detectoris constructedbasedon the
channelestimate Two differentversionsof thedetectorare
derived dependingon whetherthe channel$ outputor the
matchedilter’s outputis employed.

Sincewe estimateonly channelparametergor the de-
sired user the methodrequiresmuchlower computational
cost especiallywhen the statisticsof the randomspread-
ing codesare known. In that casesomecoderelatedma-
trices can be pre-computedo save computations. In the
absenceof codestatisticshowever, the methodis still ap-
plicableby estimatingthosestatisticsfrom givenspreading
codes.Comparisonamongthe proposedietectoythe pre-
viously proposecestimatorand otherexisting methodsare
madein our simulations.

2. SYSTEM MODEL

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



tion. Without loss of generality we may assumemobile
userlisthedesireduser Otheruserseitherin thesamecell
or fromtheneighboringcellsaretreatedasinterferers.User
1 hastheinformationbit streamw; (n) to transmitthrough
anunknovn multipathchannep; (m) of orderg. Thetrans-
mit power is assumedr;, = E{|wi(n)|?}. During the
n-th bit period, this useris assigneda randomspreading
codec, (k) for the k-th chip (¢ = 0,---,P — 1) with
spreadingfactor P. Assumethe recever is synchronized
to the desireduser We collect P + ¢ chip samplesin a
datavectory(n) = [y(nP),---,y(nP + P + q — 1)]%.
Similarly channelcoeficients for user1 are arrangedin

g1 = [91(0),---, g1(q)]*. Thenthereceveddiscrete-time
signalcanbewritten as(se€[8])
y(n) = Ci(n)g,w1(n) +v(n) 1)
wherecodematrix C (n) hasthefollowing form
¢1,n(0) 0
Ca(n) = : " C1,rf(0) B
an(P-1) :
0 “oan(P-1)

andwv(n) accountsor all interferencelusbackgroundoise.
In (1) theinterferencestructureis unknavn. Moreover,
the signatureof the desireduseris time varying (TV) be-
causef therandomspreadingodes For thefore-mentioned
reasonwe will approactdetectionof userl in two steps:
first estimatethe channelvector g, with low compleity
basedon y(n) andthe statisticalknowledgeof users ran-
dom spreadingcodes,then constructthe MMSE detector
basedon y(n) andthe channelestimate. Before we de-
rive our solutions following assumptionarefirst explicitly
made:
(1) ¢1,n (k) isi.i.d. randomin n andk, with zero-meanvari-
ances? = E{|c1,»(k)|?} andfourth ordermomentmy. =
E{|c1,n(k)|*}; if c1,,(k) is comple, its realandimaginary
partsarealsoi.i.d.
(2) w1(n), c1,,(k) andv(n) aremutuallyindependent.
Undertheseassumptionsye will first estimateg, from au-
tocorrelationof y(n) andthe outputof the matchedfilter
basedon correlationmatchingtechniques.

From(1), theautocorrelatiorR 2 E{y(n)yf(n)} can
be easilyobtained

R = E{C1(n)G.:C¥(n)} + Rins (3)

wheresuperscripf? representgonjugateransposeG 2
o2 g,91, andR;,, is theunknavn autocorrelationmatrix
of v(n) (interferenceplusnoise).

In orderto identify g, , we alsoexploit the outputof the
matchedilter attimen which correlateg(n) with thecode

matrix C¥ (n) asy, (n) 2 CH (n)y(n)

y1(n) = C{ (n)Ci(n)gywi(n) + C{ (n)v(n)  (4)

from which theautocorrelatiorof y, (n) canbe computed

R, = E{C{(n)Ci(n)GiC{ (n)C1i(n)}
+ E{C{(n)RinC1(n)} (5)

Accordingto [3], to build an MMSE detectorthe channel
coeficientsandthe autocorrelatiorof the channels output
arerequired. The latter can be easily estimatedfrom the
data.Thusmultiuserdetectiorcanbeperformedf thechan-
nel parametersre estimated.Noticing that channelinfor-

mationis embeddedn (3) and (5) which are linearly pa-
rameterizedy G, and R;,,;. Two equationsaresufiicient
to solve theseunknowns. If G; is estimatedthenthe es-
timatefor g, is obtainedby performingSVD on this rank
onematrixwithin acomple« scalarambiguity However, the
performanceof the MMSE detectoris insensitve to such
ambiguityif the phaseof the channelis correctedor esti-
matedbasedn somepilot symbols.

3. CORRELATION BASED CHANNEL
ESTIMATION

In our estimatiorproblem therearetwo unknavn matrices:
G4 and R;,,;, andwe alsohave equalnumberof equations
(3) and(5). Thereforethe problemis well determined.If
the correlationsare matchedwith their estimatedrom the
data,resultingerrorscanbe minimizedto solve G; . (3) and
(5) canbewritten in vectorformswith vec operation5] in
orderfor a closedform solution.Define

r2 vec(R), 71 £ vec(Ry), di £ vec(Gh)

Since R;,,; is a nuisanceparameterit can be eliminated
from (5) basedon (3). Substituting(3) into (5) and per
forming vec operationon both sidesof the equationjt can
be easily verified that our unknovn vectord, satisfiesthe
following equation

Sd; = z (6)

where
S 2 E{QI(n)Q,(n)} — ATA, A2 E{Q,(n)} (7)

Q.n)2Cin)®Ci(n), z2r — Ay (8)

the superscript denotescomplex conjugate® represents
theKroneclerproduct.

In (6), S and A areconstantdependingon systempa-
rametersuchaso?, my., P, g. They canbepre-computed
for a givensystem.Dueto lack of spacetheir expressions
will bereportedelsavhere.In the absencef suchhigh or-
derinformationhowever, they canbe estimatedrom given
codes.In thesequelwe will assumeS and A areavailable.
SinceQ¥ (n) andQ, (n) arehighly correlateds$ is notzero
and verified by simulationsto be non-singular Therefore
uniguesolutionis guaranteedIt canalsobe obseredthat



if shortcodesareemployed, S becomeserowhich gives
usatrivial equation.Thend; cannot be determinedrom
thecorrelationsinderthecurrentinput/outputmodel. How-
ever, it hasbeenshavnin [9] thatin amultiusersystenwith
white Gaussiamoise,the solutionis still achievable.

Basedon (6), a batchalgorithmto estimated; canbe
easily derived. Assumedatavectorscorrespondingo N
bit periodsarerecevved. Thenasa commonpractice,the
estimatedor » andr; canbe obtainedby their sampleav-
eragesThereforeheestimatdor z, denoteddy z v, canbe
obtainedrom (8). Accordingto (6), d; is thenestimatedn
theleastsquaresense

d, =S 'zn 9)

The compleity to perform (9) is significantly reducedif
S and A arepre-computed.In the caseof unknavn code
statistics,S and A shouldbe estimatedrom givenspread-
ing codes.

It is not hardto derive a correspondingadaptie algo-
rithm to estimateghechannel, . Furthermoretheidentifia-
bility for g, canbeestablishethasedntherankevaluation
of S. However, it will notbepresentediueto limited space.

4. BLIND MULTIUSER DETECTION

The MMSE detectorcanbebuilt oncechanneis estimated.
Basedon the dataeitherdirectly from the channels output
(eq. (1)), or from the matchedilter’'s output(eq. (4)), two
differentversionsof the detectorwill be discusseducces-
sively.

4.1. Basedon the channel’'s output

If we focusonthefirst casethenthedetectomustbetime-
varying (TV) sincethe signatureof the desiredsymbolis
also TV dueto the randomspreadingcodes. The detector
f1(n) is designedaccordingo the MMSE criterion[3]

min E{||lw;(n) — f{{(”)y(")HQ}

From (1) and matrix inversionlemma(3], it canbe easily
shavn thatfor givenspreadingodes

) -1
fitn) = 0%, [Ru + 0% ba@hf ()] hu(n)
_ Ty Rintha (n) (10)

1+ 02, hi ()R ik (n)

whereh; (n) 2 C1(n)g, for short,and R;,; is the auto-
correlationof interferenceplusnoisevectorv(n). It canbe
estimatedaccordingo (3) onced; thusG; areobtained.

Notice that this detectoris time-varying as C(n) is
time-varying. It hasmoreparameter$o obtainif P is large.
Next we derive atime-irvariant(TI) detectomwith lesscom-
putationsbasedn thematchedilter’s output.

4.2. Basedon the matchedfilter’ s output

Thematchedilter’'s outputandits autocorrelatioraregiven
in (4), (5) respectiely. The MMSE detectorto detectthe
desiredusercanbeconstructeds|3]

fi = oL, R{'E{C{(n)Ci(n)}g,
= o2 o’PR'g, (11)

w1 c
where R; is the autocorrelatiorof y, (n), andthe second
equality comesfrom the statisticsof spreadingcodes. In

(11), R, is similarly estimatedby its sampleaverage. Its

inversecanbe computedlirectly or updatedbasedon RLS

method3]. g, is obtainedrom theproposednethod.Thus
the Tl detectorf, canbeeasilyobtained.

5. NUMERICAL EXAMPLES

We simulatea CDMA systemwith randomspreadingodes
andmultipatheffect. The outputsignalto interferenceplus
noiseratio (SINR) of thedetectomndthemeansquarehan-
nel estimationerror (MSE) areadoptedasthe performance
measure.Assumeeachof 5 usershas500 bits to transmit
takenfrom theset{+1}. P = 16. ¢; (k) take valuesran-
domly from {£1 + j} with equalprobability Therefore
m4. = 4, 02 = 2. Channelvectorsfor all usersarecom-
plex and have 4 coeficients(¢ = 3). Both the real and
imaginarypartsof eachcoeficient are randomlyselected
from theinterval (—1,41). Thenthe vectoris normalized
to have unit norm. 15d B white Gaussiamoiseis addedto
the system. Totally 500 independentealizationsare per
formedto obtainthe averageresults. The matricesS and
A canbe precomputedwith precomputationdr estimated
from the given spreadingcodes(without precomputation).
TheoutputSINRsof the Tl detector(11) andtheTV detec-
tor (10) areshavn in Fig. 1(a)andFig. 1(b) respectiely.
Solid linesarebasedon the channelestimatewith precom-
putation,while dashedines without precomputation.The
SINR of the T detectorcorvergesto 5.8dB similarto that
of the TV detector However, the SINR of the Tl detec-
tor corvergesmuch faster It can also be obsered that
thedifferencebetweerthemethodwith precomputatiomand
themethodwithout precomputatiofior eachdetectorisap-
pearsafter 200 bit periods. This suggestshe methodwith
precomputatiors preferablewhencompleity is of partic-
ularconcern.

We also comparethe currently proposedmethodwith
thatof [8] andthesubspacenethod 7] in adownlink CDMA
systemwith differentloads: (1) light loadwith P = 32,5
users;(2) averageload with P = 16, 6 users;(3) heary
load with P = 16, 14 users. We use a commonchan-
nel for all userswith threecoeficients[7]. 50 realizations
are performed. The averagechannelestimationerrorsare
comparedin Fig. 2(a), (b), (c) respectiely. Solid lines
aretheresultsof the currentlyproposednethod(with pre-
computation),dashed-dottedines are from the multiuser



(MU) channelestimationmethod[8], andthe dashedines
arebasedon the subspacenethod[7]. Firstit canbe seen
thatthe proposedmethodhasperformancecloseto that of

the multiuserchannekestimationrmethod.Thesetwo meth-
odscanprovide satisactorychannekstimateevenwhenthe
systemis overloadedHowever, in [8] muchmorecomputa-
tionsarerequired.Secondlythe subspacenethodprovides
more accurateestimatefor a light load system. However,

it is very sensitve to the systemload, as explainedin [8].

In all threecasesthe currentlyproposednethodneeddess
computationgomparedvith both[8] and[7]. In [8], anin-

verseof a big matrixis mandatorywhile in [7], SVD of an
accumulatedlatamatrix is requiredat eachtime.
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