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Abstract— In this paper, a constant modulus algorithm (CMA)
basedmultiuser detector is proposedunder linear constraints. Dif-
ferent from previous work, we explicitly consider multipath effect.
Therefore multiple constraintsareincorporated into the optimization
problem to mitigate multipath distortions. The algorithm will work
well if constraint parametersare properly pre-selectedHowever, the
detector’s performance highly dependson the constraints. Thus we
jointly update the detector and the constraint vector by minimizing
the Godard’s costfunction with respectto both the detector and the
constraint vector. It is shovn that under certain conditions in the
absenceof noise, the algorithm guaranteesglobal corvergence. Nu-
merical examplesare presentedo demonstratethe results.

|. INTRODUCTION

It hasbeenwell recognizedhat whenthe communica-
tion channelsuffers from multipathdistortions,an equal-
izer is requiredto recover the transmittedsymbols. The
constantmodulusalgorithm (CMA) hasshawn its effec-
tivenessn combatingntersymbolinterferencglSl) [2]. It
is usuallyimplementedadaptvely dueto difficulty in ob-
taininga closed-formsolutionandlow costconsideration.

Recently there emegesgreatinterestin applying the
CMA to multiuserdetectiondueto the prevalenceof code
division multiple acces{CDMA) technique. Two differ-
entmethodsexist amongthoseapproachesOneis to de-
sign a bankof detectorsvith eachonedetectingoneuser
[6]. Thusall userscanbe detectedht the sametime. This
multiuserdetectiorschemecanbeimplementedn thebase
stationwhichis capableof processingargeamountof data
in parallel. But in the mobile station,it is neitherpossible
nor necessaryo obtainall detectorsMoreover, thereis an
embeddeghermutatiorambiguityto be furtherremovedin
orderto differentiateusers. The other methodis to con-
sideronly the desireduser[5], [10]. With givenspreading
codesf thatuser thedetectomwasforcedto satisfyalinear
constraintvhenthe CMA wasapplied.The algorithmwas
improved by introducinga parameteinto the CMA cost
functionin orderto guaranteglobal corvergence11]. It
turnsout thatthe power of the desireduserdetermineshe
convergencestatusof the algorithm. Only the flat fading

channelwas consideredn thesemethods. However, this
may not be the casein a practicalcommunicatiorsystem.
Typically, therecever captureseveralcopiesof signalsof
differentpower from the sameuser The first arrived sig-
nal couldbetoo weakto be countedon. Unfortunatelythe
multipatheffectwasnotaddresseih ary of thosemethods.
It motivatesusto derive a correspondingnethodin order
to combineall signalswhich aredeemedequallyusefulin
detection.

The previous CMA-basedmultiuserdetectionmethods
exploitedlinearly constrainecdaptve detectiortechnique
for anon-frequeng selectve channel.The constraineap-
timizationideais notanew one.Insteadof minimizing the
Godards costfunction, blind adaptve multiuserdetection
wasproposedy [3] for the samescenaridby minimizing
themeanoutputenegy (MOE) of thedetector Thissecond
orderstatistic(SOS)basednethodofferssomeadwantages
in computatiorandcornvergencerate. If thecodesequence
andtiming of thedesireduserareperfectlyknown, thenthe
MOE detectoris equivalentto the minimum meansquare
error(MMSE) detector

The succesf the MOE methodis not surprisingif
we review the linearly constrainedminimum variance
(LCMV) beamformingtechniquefrom array signal pro-
cessingl]. Many relevantalgorithmswerelaterdeveloped
to mitigatemultipathdistortions[4], [8] by pre-selecting
setof constantonstraintsHowever, correspondingo dif-
ferentconstraintsa bankof detectordollowedby a coher
ent combinerare normally required. Channelestimation
appearsasa prerequisitdor bettermultiuserdetectiorper
formance. Moreover, comple« implementationis not fa-
vorablein mostapplications.This inspiresanothersimple
structurerecentlyproposedy [9] whereonly one detec-
tor wasneededo detectthe desireduserin the presencef
multipath. To combatmultipath distortion, multiple con-
straintswerestill employedbut treatedasunknovn param-
eters.They werearrangedn avectorfor corvenienceThe



methodrecursvely minimizesthe outputvariancewith re-
spectto the detectorandmeanwhilemaximizesit with re-
spectto the constraintvector Thusthis min/maxapproach
jointly updatesll thesgparametersin suchaway, channel
variationis capturedandsomeoptimality is achieved. The
detectorexhibits performancecomparableto the MMSE
detector

Motivatedby thesefacts,we proposea CMA-basednul-
tiuser detectionmethod suitable for frequeng selectve
fading communicationervironment. We only adoptthe
Godards costfunctionalthoughothermeritfunctionssuch
as[7] arealso possiblecandidates. The problemis for-
mulatedas minimizing the CMA costfunction subjectto
multiple linearconstraintsTheconstraintsanbeproperly
pre-selecteabr jointly updatedbasedon gradientdescent
method. We alsoinvestigatethe corvergencepropertyof
the algorithmandshawv thatwhenthe constraintvectoris
properlyinitialized, a global minimum solutionis guaran-
teed. However, without channelfadinginformation, it is
difficult to choosdavorableinitial valuesfor theconstraint
parametersTo solve initialization problem,we mayresort
to the MOE method[9] dueto its excellentcornvergence
nature.After someiterationsthe constraintvectoris taken
astheinitialization for our proposedecursion. Different
numericalexamplesarepresentedor suchdemonstration.

Il. SIGNAL MODEL

Considera DS-CDMA systemwith J users. User j
is assigneda periodic spreadingsequencec;(k), k =
0,...,P — 1 of period P andtransmitsP chips perin-
formation symbol. Let the chip sequencée transmitted
through a linear multipath channelg;(n). Thenthe re-
cewed discrete-timesignal y(n) at the chip rate recever
is a superpositiorof the signalsfrom all usersplus noise
v(n) (se€[9))

J co
y(n) =Y Y wiDhj(n—d; —IP)+v(n) (1)
j=ll=—o0
where o
hin) = Y gi(m)cj(n—m)

w; (n) is zero-meani.i.d. informationbearingsequencef
userj (j = 1,...,J) with varianceo;, = E{w}(n)},
hj(n) is its signatured; is the delayof user; in chip pe-
riods,andwv(n) is assumedo be AWGN with zero-mean

andvariances? = E{v*(n)}. Withoutlossof generality
we may assumehatthe delay0 < d; < P. We will also
assumehatg;(n) hasfinite impulseresponsef maximum
ordergq (typically ¢ < P in mary applications).

For simplicity, we assuméehereceveris synchronizedo
our desireduser- userl. Collect L measurementsf y(n)
in avectory,, = [y(nP),...,y(nP + L —1)]T. Thenthe
recevedsignalhastheform

Y, = Cg w1 (n) + Hingwint(n) + v(n) (2

wherew;,;(n) is theinterferencevectorincluding ISl and
multiple accessinterference(MAIl), H;,; is the corre-
spondingsignaturematrix, v(n) is thenoisevector C and
g, arecodematrixandchannelectorrespectiely

c1(0) 0
: c 91(0)
C = . 1(0) g1 = :
C1 (P - ].) . o (q)
0 C]_(P— 1)
3)

The structureof the users signaturewill be exploited to
derive a blind adaptve multiuserdetectorwith capableof
combatingmultipathdistortions.Themethodwill bebased
ontheconstrainedCMA techniqueasexplainednext.

I11. CONSTRAINED CMA-BASED MULTIUSER
DETECTION WITH MULTIPATH

TheCMA algorithmis to seekalineardetectorf to min-
imize the costfunction

J = E{(z* - )%}

wherez is the detectors outputz = nyn, v is aconstant

v = % In the caseof BPSK modulationwith bi-
naryinpu}s,fy = 1. In orderto detectw (n) in amultiuser
communicationsystem,we constrainthe detectoras fol-
lows: CT f = g. Suchconstraintsensureno cancellation
of the desiredsignalin z if gTg, # 0. If thereis no mul-
tipath,thenC degradedo avectorandg becomes scalar
(unity). The methodbecomessameas the existing ones
[5], [10]. With multipathdistortions,multiple constraints
arerequiredto capturetotal enegy of signalsfrom differ-
entpaths. The vectorg canbe pre-selectecdsa constant.
For eachgiven g, the residualof the cost function after
minimizationis thenrelatedto the interferencepower. In
orderto achieve someoptimality in the performancef the



detector we treatg asa parameterizedectorandfurther
minimizethe minimumof the costfunction

“;}n m}n J = E{(z* —~)?}, subjecto CTf =g (4)

SinceJ is afourthorderfunctionof the detectora closed-
form solutionto this constrainedptimizationproblemis
difficult to obtain. To seekits optimum, we constructa
Lagrangiarcostfunctionparameterizetly f andg

Ji=E{(Z* -7+ A" (CTf-9g) (5)

where A is a Lagrangemultiplier correspondingo con-
straintsfor our detectorf. Thentwo updateequationgor
f andg canbeformedas

fn—i—l:fn_l"’fvfjl (6)
9nGn
9nt1 =9n — /‘I’Q(I - gggn)vgjl (7)

whichwill recursvely minimize 7; with respecto f and
g. Projectionof Vg.71 ontothe spaceorthogonalo g has
beenmadein (7) in orderto updateonly the orthogonal
component.Accordingto (5), the gradientsn (6) and(7)
canbeeasilyderived. Thereforerecursiondecome

T
9n9n

9n+1 :gn+ug(1_ ng )ATL (9)
ndn

The Lagrangemultiplier A, is obtainedby enforcingthe

constrainCTfn+1 =g, (€.9.,[9]). Theresultis
1
An = EA[CTfn_4/J/fE{Z(z2_V)CTyn}_gn] (10)

where
A=(CTc)™! (12)

By substituting(10) into (8) and(9), and usinginstanta-
neousapproximatiorfor the expectedvalueswe obtain

Foir =g [fn —4usz(2* — 1)y, + CAg, (12)

Iig 9,95 T 5
nJdn
9ni1 M_f(I_ngn)AC [fn_4ufz(z _’Y)yn]
T
IU/Q gngn
- Do -_Zrdnypg +g (13)
uf( g%"gn) oo
where

i =1-cAc” (14)

Equationg12) and(13) provide ajoint updaterulefor f
andg. Thebehaior of this algorithmturnsoutto be very
difficult to track, becausehe costfunctionis highly non-
linearwith respecto (w.r.t.) the detector Evenwhenthe
outputpowerwasusedasthe costfunctionin [9], theanal-
ysiswasmuchcomplicated Next wewill only considethe
casewhereg is updatedslownly in the neighborhooaf the
desiredsolution,andthusg”g, couldbe approximateds
aconstant.

IV. CONVERGENCE ANALYSIS

Dueto the previousdifficulty in the analysisof the pro-
poseddetectorandin orderto gain someinsightinto the
propertyof the proposedalgorithm, we will simplify our
analysisin two steps:first minimize 7 w.r.t. f by treating
g asaconstantandthenminimize 7,,;» W.r.t. g. For sim-
plicity, it is alsoassumedhatall usersare synchronized,
channeis realandnoiseis ngjligible.

As in [10], we defineH = [Cg, H;,;] andu” =
FUH = [uy,...,uy]. Since

frCg,wi(n) + fT Hippwini(n)
= ulTw(n) (15)

VA =

andthelinearconstraint€C” f = g areequialenttou;, =
g7 g,, theconstrainedptimizationproblemin (4) reduces
to

: ._7 — B 2_12
o {z" =17}

= 3w u)’ -2 up —2u"u+1(16)

Whenthe constraintvectorg is approximatelya constant,
theanalysisis similar to thatof [10] with g”g, equivalent
to A; in [10]. Thereforewe directly applythe proposition
from [10] andconclude:.wheng is choseror updatedsuch
that (g7g,)? > % always holds, the detectorcorverges
to its uniqueglobalminimumpointwith zeroMAI; other
wise,when(g”g,)? < 1, thedetectorcorvergesto oneof
its 2.J — 2 local minimum pointswhich correspondo the
casewhereonly one undesireduserhasnonzerointerfer
encepower of 1 — 3(gTg,)2. Next, we will considerthe
cornvergenceof g by examining 7,,,;,, atthesetwo setsof
minimumpoints.

In thefirst casewhere(g”g,)* > 3, theMAI becomes
zero.We have

Tmin = [(g7g1)* — 1]



Thenminimizationof 7,,:, will make (g7 g,)? corverge
tol.If |g,| = 1and|g| = 1, theng convergesto g, . Espe-
cially, since(g”g,)? is the power of the desireduser this
minimum point correspondgo zero MAI and maximum
outputpower of thedesireduser

In theseconctasewhere(g”g,)* < %, whenthedetec-
tor corvergesto its local minimum point for a specificg,
we have theinterferencepoweras1 — 3(g7g,)?, then

[(g79:)” + (1 —-3(g"g,)?) — 1]
= 4(g"g,)* 17)

Minimizing J,:, W.r.t. g will clearly make g corverge
to 0. In this case,the output power of the desireduser
will bezero,while oneof theundesireduserwill havethe
maximum power of 1. This caseleadsthe algorithmto
convergeto anotheruserwhile giving the worst detection
performancenv.r.t. thedesireduser

We thus concludethis sectionby the following state-
ment:
(1) Whenthe constraintg is initialized with (g7 g,)* > 1,
andg is updatedslowly enoughtheproposedietectoicon-
vergesto thedesiredglobalminimumpointwith zeroMAI
andmaximumdesireduserpower.
(2) Otherwise,wheng is initialized with (g7g,)* < %
andg is updatedslowly enoughtheproposedietectomill
corvergeto oneof its 2J — 2 local minimumpointswhich
areundesirabldor the detectiorof the userof interest.
However, without training sequencethe channelg, is not
a priori-known. The questionarisesashow to chooseini-
tial valuefor the constraintvectorg. A good(althoughnot
optimal)solutionis to usetheupdatedesultfor g from [9]
afterg corverges,sinceg wasshawn in [9] to corvergeto
g, with very smallerror. Theerroris dueto the AWGN.
Thenwetakethatvalueto initialize g andswitchtherecur
sionfor g to theproposene(13).

jmz'n

V. SIMULATIONS

In this section,we provide somesimulationexamples
to illustratethe capabilityof the proposedietectorto sup-
pressMAI in a multipathervironment. A systemwith 10
equalpower usersandspreadingactor P = 31 wascon-
sidered. Gold codesof length31 were usedas spreading
codes EachusertransmitsBPSKsignalsthrougha (differ-
ent)randomlygeneratednultipathchannebf lengthequal
to4 chips.All usersveresynchronize@ttherecever, with
the first userassumedo be the desireduser The 15dB

AWGN wasassumed.

In Fig.1, we comparethe proposeddetectorwith the
trainedMMSE, MOE and CMA (underthe constantcon-
straints)yeceversin termsof thesignalto interferenceplus
noiseratio (SINR). The constraintvectorg wasinitialized
with |gTg, |> = 0.58. It is seerthatthereceier corverges
to thedesiredglobalminimumwith the outputSINR level
very closeto thatof MMSE recever, higherthanthatof the
MOE recever, and muchbetterthanthat of the constant-
constrainedCMA recever.

In the secondexperimentwe testedtheinitialization ef-
fect. If g wasinitializedwith |g¥ g, |2 = 0.14, it canbeob-
senedfrom Fig. 2 thatthe detectorcorvergesto anunde-
siredlocal minimumwith a negative SINR. However, if we
resortto MOE for satishctoryinitial constraintsafter 200
iterationsandtake the correspondingonstrainedrectoras
the initialization for our algorithm,thenthe proposedie-
tectorconvergesto the desiredglobalminimum point with
ahigherSINR level thanthe MOE recever.

Thelastexperimentinvestigatedhebehaior of thepro-
poseddetectorin a nearfar communicatiorervironment.
We consideredhe situationthat user1 was assignedhe
power0dB, 2dB, 4dB and6dB wealerthaneachof other
users. The constraintvectorwasinitialized asin the first
experiment. The correspondingutput SINRs are plotted
in Fig.3. Clearly, the SINRs corverge to a very similar
level, indicatingthat the proposeddetectoris nea¥rfar re-
sistant.
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Fig. 1. Comparisorof differentrecevers,SIR=0dBSNR=15dB.

output SINR(dB)

Output SINR (dB)

SINR under different initializations

—— : Proposed receiver initialized by MOE
: MOE

—+— : Proposed receiver without running MOE
I I T I I 1

15

500

I I
1000 1500 2000 2500 3000 3500 4000 4500
Iterations

Fig. 2. Effectof theinitialization.
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Fig. 3. NearfareffectontheoutputSINR.



