Channel Estimation and Multiuser Detectionfor Long Code CDMA

PingLiu andZhengyuarXu
Dept. of ElectricalEngineering
University of California
Riverside CA 92521
e-mail: pliu, dxu @ee.ucedu

Abstract

In a long code CDMA system,subspacaedniqueis
directly appliedto downlinkchannelestimationwhenspa-
tial/tempoml diversity is available Detectionofthedesied
useris performedby typical linear techniquesafter chan-
nel is estimated.Sincethe methoddependsn eigenvalue
decompositioron the data covariancematrix which is typ-
ically estimatedrom nite datasamplesthe optimalsolu-
tion is thenperturbed.Thelefore, statisticalperformanceof
boththe channelestimatorand detectos is analyzedbased
ona perturbationtechnique It is furtherjusti ed by numer
ical examples.

1 Intr oduction

Codedivisionmultipleacces§CDMA) spreadspectrum
technologyhas beenadoptedin the new communication
standard$1], [2]. Directsequencspreadingemploys ape-
riodic spreadingequenc&ith periodmuchlongerthanthe
symbolduration. Aperiodic (Long) codesbring aboutvar
ious advantagessuchas immunity of the systemto mul-
tiuserinterference(MUI) and channelfadingon the aver-
age,andestablishmentf a securecommunicatiorlink in a
hostile environment. However, they inevitably destry cy-
clostationarityof CDMA signalsandcausehesystentime-
varying. This situationdisablesapplicabilityof mary of the
existing channekstimatioranddetectiorapproachedevel-
opedfor shortcodeCDMA systems.

Study on channelestimationand detectiontechniques
for long code CDMA systemshasreceved considerable
attentionin recentyears. Without channelstateinforma-
tion (CSI), leastsquareqLS) tting or iteratve maximum
likelihood(ML) approachesarepresentedn [3], [4], given
transmittedpilot symbolsof all users.Semi-blindchannel
estimationsolutionsvia subspacéaseddataprojectionfor
downlink [9] and a deterministicLS tting channelesti-
mationand sequencealetectionapproach10] are alsode-
rived. Basedon a subspace&onceptblind downlink chan-
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nel estimationmethodsare reported[11], [16]. A blind
uplink channelestimationmethodusingcorrelationmatch-
ing techniquess proposedn [17]. Low compleity in the
channekestimationalgorithmscanbe achiezedwhenstatis-
tics of the spreadingcodesare given or estimatedon-line
[13]. A computationallyef cient minimum mean-square-
error (MMSE) detectionapproachis correspondinglypro-
posedn [12]. Symbol-level andchip-level adaptve MMSE
interferencesuppressiom@ndchannelequalizationrschemes
have alsoappearedb], [6], [8].

In downlink, userspecic short Hadamardcodesare
combinedwith the basestations long codesto spreadthe
signal spectrum. Their orthogonalityis destroyed by mul-
tipath propagation.At therecever, suchorthogonalitycan
be restoredafter channelequalization7]. Thenthe users
informationsequenceanbeeasilydetectedy despreading
basedon orthogonalityof differentcodes. However, most
existing channelequalizatiormethodsassumeperfectCSil,
while only focusingon signal detectionand performance
evaluation.Meanwhile thechannelestimatiormethod[11]
requiresspreadingcodesof otheruserswhich may not be
accessibldy a particularmobile user Our previously pro-
poseddownlink channelestimationrmethod[16] is only an-
alyzedby ignoring the particularcodestructure. Also the
performancef joint channekstimatioranddetectiomeeds
to beinvestigated.Thereforein this paper we furtherana-
lyze thechannekestimatorandlinearzero-forcing(ZF) and
MMSE detectorsvhenthedatacovariances estimatedrom

nite numberof receveddatasamplesBasedontheresults
onthesecond-ordestatisticsof thesamplecovariancg15],
thecovarianceandmean-square-errgMSE) of thechannel
estimatere rst derivedin closedforms. Thenperformance
of thosedetectorsn termsof outputsignalto interference
plusnoiseratio (SINR)is analyzed Simulationstudyshavs
high consisteng betweenour analysesand numericalre-
sults.

2 CDMA Downlink with Long Codes

Considera basestationcommunicatingvith  mobile
stationsn aCDMA system.The thusersaperiodicspread-



ing codes ( ), which is the combi-
nationof its Hadamardccodesandbasestations long codes,
is usedto spreadit . Letthechip sequencdetrans-
mitted through ~ subchannelsvith unknavn coefcients
forthe thsubchannelEachsubchanndkassumed
to be FIR and hasorder ( ). Thenthe chip-rate
discrete-timesignaldueto the th subchannels a super
positionof signalsfrom  userscorruptedoy noise[16]

1)

where is thewhite Gaussiamoisewith variance
If wecollect chipratesamples .
from eachsubchanneandcollectsampledrom all
subchannel# a big vector, thenthe recevved databe-
comes

(2)

where isa block Toeplitz matrix whose
rst blockrow is with  givenby

_ -3
and . isasumsignal
from all usersandhas elements.

3 Multiuser Detectionin CDMA Downlink

Accordingto [16], is atall matrix when and
. If all subchannelbave nocommonzerosthensub-
spacetechniqueis directly applicableto estimateall sub-
channelaip to a scalarambiguity Denotethe transmission
power of eachusers symbolas , andthe covarianceof
thebasestationsrandomcodesas . Accordingto (2), the
datacovariancematrix is derivedas

(4)

where The columnsof  spanthe signal
subspacef , andare orthogonalto the noisesubspace:
.Let  ( ) denotecolumnsof
,and as

()

Then , Where and isa
Jordanmatrix with all in the rst sub-diagonalHence,
canbeestimatedy [16]
(6)
where

Oncechannelector isestimatedanMMSE equalizer
oraZF equalizecanbeappliedto thereceveddatavectors,
yielding an approximatedsumsignal. The desiredsymbol

is thendetectedy despreadingumsignalusingthe
desiredusers codes. Theseequalizersobey the following
forms

()
(8)

where is a unitary vectorwith its th elementas
. Applying eachequalizerto  consecutie datavectors
and despreadindghe

equalizeddataby the desiredusers codevector , the
symbol is estimatedespectiely as

©)

(10)

Their performancavill beevaluatednext.

4 PerformanceAnalysis

As obsenedfrom (6), (7) and(8), bothchannekstima-
torandequalizerglependn . They will beperturbedf
is estimatedrom  vectorsas — .
In this section,we will studythe statisticalperformanceof
the channelestimatorand equalizersin termsof channel
MSE andoutputSINRs.

This perturbatiorhasbeeninvestigatedn [16] in terms
of the perturbatiorof by noise.Herewe will dervea
moreaccurateorm in termsof the perturbatiorof . De-
notethe perturbatiorby precedinghe correspondingjuan-
tity by , andtheperturbedjuantitywith ,i.e.,
Since isperturbedby , its null space
by [14]

is perturbe.d

whichresultsin a perturbatiorto

(11)



Dueto , obtainedrom (6)is perturbedvith perturba-
tion  [14]
(12)
After substituting(11) in (12), applying andnoticing
that , we obtainthe perturbatiorof channelesti-
mate
- (13)
where and aredeterministiqquantities
Thereforethecovarianceof ~ becomes
— (14)
and the mean-square-errds equalto the trace of
Bothquantitiesddependntheterm . Hence,
it sufces to determineamatrixin aform
(15)

where  canbe replacedby correspondingleterministic
guantities.It is shavn in [15] thatif all quantitiesarereal,
then

(16)
where representglement-wisenultiplication, is the
fourth-ordercumulantof the sumsignal . Foracom-
plex system,

— — 17)

Therefore,for a given datamodel, statisticalpropertiesof
the inputsand additive noise, canalwaysbe evaluated.
Applying (16) or (17),onecanverify thatin bothcaseg14)
furtherreducego

— (18)

It is interestingto notefrom (18) thatbetterperformancef
channekstimationcanbeachievedwhentherearemoreac-
tive usersin the system.

Since both equalizerslter the datavector
by (9) and (10), it is essentialto expressthe datavector
explicitly in termsof desiredsymbol, interfering symbols
and noisein orderto evaluateSINR. If we de ne

and

, then
After substituting with (2) and(3),
canbesplitas ,
where and have particularstructure®f users'codes.

Applying the random property of both the basestations
codesandnoise andinvokingtheorthogonalityof Hadamard
codespnecanverify that

(19)
(20)
where ,“ " representsuccessionf integers,
is in the th positionof eachof thelasttwo diagonal
matrices.

Basedontheaboveresults, SINRis thencomputedas
(21)
where
(22)
(23)

Obviously, theperturbatiorof ~ will causeperturbation®f
equalizersaand nally the SINR perturbedo be

(24)

Sinceperturbationsof MMSE and ZF receversare rather

distinct,we will studythe correspondingSINRsseparately
in the following. For shorternotations,we will drop sub-

scriptsfor bothreceverslater

Using(7) andnaticingthat
tion in the recever canbe foundto be
. After substituting(13),it is relatedto

, theperturba-

by

(25)
where . Two quantitiesin (24) follow
the sameform with correspondingubstitu-

tion of adeterministianatrix . Using(25), we have



whereeachtermin theform of
obtainedfrom (15) or (16).

canbedirectly

Using(8) andnoticingthattheperturbederm
canbeobtainedby applyingTaylorexpansiontheperturba-
tion of the ZF equalizeris derivedas

(26)
where , . Similarly,
we needto evaluate and
to obtain

Because and in (22) hasa particular

structurejt canbefoundthat

Thus,to obtainthis quantity it sufces to evaluateatypical

form andthenreplace by .
Noticing thede nition of , isrelatedto asthefol-
lowing
Then
(27)

where is the th elementof , and has
beenderivedin (18).

To simplify , letusde ne the rst term

of in (23)as

It canbeveri ed that

The rst andsecondermscanbederivedby following (27).

To obtainthe third term, we need . Con-
sideringthe th column of is , the th
elementof this matrix is where
. Substituting(13)for , wehave
(28)

The expectationon the right handsideis readily obtained
accordingto (15) and(16). Therefore, follows.

5 Simulation Examples

In this section,we shav the performanceof the pro-
posedchannekstimatoyrecevers,andalsoverify ouranal-
ysis presentedn the previous section. The transmittedse-
quencesredravn from abinaryconstellation . Each
usersshortcodesareHadamaracodeswhicharethenmul-
tiplied by basestations binary randomcodes. Spreading
factoris setto be , thenumberof active userss assumed
tobe and is setfor the simulatedsystem. To-
tally Monte Carlo simulationsare performedto obtain
theaverageresults.Fig. 1 shavs the MSEsof the proposed
channelestimatorover different . Fig. 2 andFig. 3 com-
pareexperimentalSINRs of the MMSE and ZF recevers
with their correspondingnalyticalonesrespectiely. Sat-
isfactoryperformanceanbe obsenedfor bothchanneles-
timation, and SINRs of the two differentreceversaccord-
ing to these gures. Meanwhile the experimentakesultsof
both the MSE and SINRs are highly consistentwith their
analyticalvaluesfor large , whichveri es our analysis.
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Fig. 1. MSE of channekstimation.
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Fig. 2. OutputSINR for the MMSE receier.
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Fig. 3. OutputSINR for the ZF receier.



