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Abstract

In a long codeCDMA system,subspacetechniqueis
directlyappliedto downlinkchannelestimationwhenspa-
tial/temporal diversity is available. Detectionof thedesired
user is performedby typical linear techniquesafter chan-
nel is estimated.Sincethe methoddependson eigenvalue
decompositionon thedatacovariancematrix which is typ-
ically estimatedfrom�nite datasamples,theoptimalsolu-
tion is thenperturbed.Therefore, statisticalperformanceof
boththechannelestimatoranddetectors is analyzedbased
ona perturbationtechnique. It is further justi�ed bynumer-
ical examples.

1 Intr oduction

Codedivisionmultipleaccess(CDMA) spreadspectrum
technologyhas beenadoptedin the new communication
standards[1], [2]. Direct sequencespreadingemploys ape-
riodic spreadingsequencewith periodmuchlongerthanthe
symbolduration. Aperiodic (Long) codesbring aboutvar-
ious advantages,suchas immunity of the systemto mul-
tiuser interference(MUI) andchannelfadingon the aver-
age,andestablishmentof a securecommunicationlink in a
hostileenvironment. However, they inevitably destroy cy-
clostationarityof CDMA signalsandcausethesystemtime-
varying.Thissituationdisablesapplicabilityof many of the
existingchannelestimationanddetectionapproachesdevel-
opedfor shortcodeCDMA systems.

Study on channelestimationand detectiontechniques
for long code CDMA systemshas received considerable
attentionin recentyears. Without channelstateinforma-
tion (CSI), leastsquares(LS) �tting or iterative maximum
likelihood(ML) approachesarepresentedin [3], [4], given
transmittedpilot symbolsof all users.Semi-blindchannel
estimationsolutionsvia subspacebaseddataprojectionfor
downlink [9] and a deterministicLS �tting channelesti-
mationandsequencedetectionapproach[10] arealsode-
rived. Basedon a subspaceconcept,blind downlink chan-
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nel estimationmethodsare reported[11], [16]. A blind
uplink channelestimationmethodusingcorrelationmatch-
ing techniquesis proposedin [17]. Low complexity in the
channelestimationalgorithmscanbeachievedwhenstatis-
tics of the spreadingcodesaregiven or estimatedon-line
[13]. A computationallyef�cient minimum mean-square-
error (MMSE) detectionapproachis correspondinglypro-
posedin [12]. Symbol-levelandchip-level adaptiveMMSE
interferencesuppressionandchannelequalizationschemes
havealsoappeared[5], [6], [8].

In downlink, user speci�c short Hadamardcodesare
combinedwith the basestation's long codesto spreadthe
signalspectrum.Their orthogonalityis destroyed by mul-
tipathpropagation.At the receiver, suchorthogonalitycan
be restoredafter channelequalization[7]. Thenthe user's
informationsequencecanbeeasilydetectedby despreading
basedon orthogonalityof differentcodes.However, most
existing channelequalizationmethodsassumeperfectCSI,
while only focusingon signal detectionand performance
evaluation.Meanwhile,thechannelestimationmethod[11]
requiresspreadingcodesof otheruserswhich may not be
accessibleby a particularmobileuser. Our previously pro-
poseddownlink channelestimationmethod[16] is only an-
alyzedby ignoring the particularcodestructure. Also the
performanceof joint channelestimationanddetectionneeds
to be investigated.Thereforein this paper, we furtherana-
lyze thechannelestimatorandlinearzero-forcing(ZF) and
MMSE detectorswhenthedatacovarianceisestimatedfrom
�nite numberof receiveddatasamples.Basedontheresults
onthesecond-orderstatisticsof thesamplecovariance[15],
thecovarianceandmean-square-error(MSE)of thechannel
estimateare�rst derivedin closedforms.Thenperformance
of thosedetectorsin termsof outputsignalto interference
plusnoiseratio(SINR)is analyzed.Simulationstudyshows
high consistency betweenour analysesand numericalre-
sults.

2 CDMA Downlink with Long Codes

Considera basestationcommunicatingwith � mobile
stationsin aCDMA system.The� thuser'saperiodicspread-



ing codes����� 	�

��� ( ��������������������� ), which is thecombi-
nationof its Hadamardcodesandbasestation's longcodes,
is usedto spreadbit ��� 
"!#� . Let thechipsequencebetrans-
mitted through $ subchannelswith unknown coef�cients

%'&


(!#� for the ) th subchannel.Eachsubchannelis assumed
to be FIR and hasorder * ( *,+-� ). Then the chip-rate
discrete-timesignaldueto the ) th subchannelis a super-
positionof signalsfrom � userscorruptedby noise[16]

. &


"!#�/�

0

1

��243

5

1 6

2�7

%'&



8
�:9 � 
"!;�<8
�>=@?

&


(!#�A� (1)

9 � 
"!#�/� B

1

C

2ED

B

� � 
F�G�H� ���

C


(!��<�I�J�A�

where ?

&


(!#� is thewhite Gaussiannoisewith varianceK#L
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If we collect � chip ratesamplesN
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�P�Q�R�TS from eachsubchannelandcollectsamplesfrom all
$ subchannelsin a big vector, thenthe received databe-
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"!#� is asumsignal
from all usersandhas�{=@* elements.

3 Multiuser Detectionin CDMA Downlink

Accordingto [16], V is a tall matrix when $}|•~ and
*v+o� . If all subchannelshavenocommonzeros,thensub-
spacetechniqueis directly applicableto estimateall sub-
channelsup to a scalarambiguity. Denotethetransmission
power of eachuser's symbolas K#L

€ , andthe covarianceof
thebasestation'srandomcodesas K

L

• . Accordingto (2), the
datacovariancematrix is derivedas
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where ˆ‹�Œ�>K>L
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subspaceof
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V��Žb . Let •_• ( ‘’�“�’*c�������:���s� ) denotecolumnsof
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Oncechannelvector” is estimated,anMMSE equalizer

or aZF equalizercanbeappliedto thereceiveddatavectors,
yielding an approximatedsumsignal. The desiredsymbol

�°3'
(!#� is thendetectedby despreadingsumsignalusingthe
desireduser's codes.Theseequalizersobey the following
forms ±

&²&´³Hµ
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where º is a unitary vectorwith its 

*v=»�p� th elementas
� . Applying eachequalizerto � consecutive datavectors
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equalizeddataby the desireduser's codevector qG3A� 	 , the
symbol �°3_
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Their performancewill beevaluatednext.

4 PerformanceAnalysis

As observedfrom (6), (7) and(8), bothchannelestima-
tor andequalizersdependon

‚

. They will beperturbedif
‚

is estimatedfrom Â vectorsas Ã
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In this section,we will studythestatisticalperformanceof
the channelestimatorand equalizersin termsof channel
MSE andoutputSINRs.
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This perturbationhasbeeninvestigatedin [16] in terms
of theperturbationof U


(!#� by noise.Herewe will derivea
moreaccurateform in termsof theperturbationof

‚

. De-
notetheperturbationby precedingthecorrespondingquan-
tity by Ù , andtheperturbedquantitywith

Ã

, i.e., Ù_”½�
Ã
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by [14]
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Dueto Ù « , ” obtainedfrom (6) is perturbedwith perturba-
tion Ù_” [14]
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and the mean-square-erroris equal to the traceof
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.
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quantities.It is shown in [15] that if all quantitiesarereal,
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where ê representselement-wisemultiplication,
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is the
fourth-ordercumulantof the sumsignal W�
"!#� . For a com-
plex system,
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Therefore,for a given datamodel,statisticalpropertiesof
the inputsandadditive noise,

ä

canalwaysbe evaluated.
Applying (16)or (17),onecanverify thatin bothcases(14)
furtherreducesto
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It is interestingto notefrom (18) thatbetterperformanceof
channelestimationcanbeachievedwhentherearemoreac-
tiveusersin thesystem.
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Sinceboth equalizers�lter the datavector
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explicitly in termsof desiredsymbol, interferingsymbols
and noisein order to evaluateSINR. If we de�ne ôõ	��
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whereúc3 and û • 	•ü haveparticularstructuresof users'codes.
Applying the randompropertyof both the basestation's
codesandnoise,andinvokingtheorthogonalityof Hadamard
codes,onecanverify that
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is in the 
"*¬={�R� th positionof eachof thelast two diagonal
matrices.

Basedon theaboveresults,SINR is thencomputedas
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Obviously, theperturbationof
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Sinceperturbationsof MMSE andZF receiversarerather
distinct,we will studythecorrespondingSINRsseparately
in the following. For shorternotations,we will drop sub-
scriptsfor bothreceiverslater.
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The expectationon the right handside is readily obtained
accordingto (15) and(16). Therefore,

	

�&�

Â�� follows.

5 Simulation Examples

In this section,we show the performanceof the pro-
posedchannelestimator, receivers,andalsoverify ouranal-
ysis presentedin theprevioussection.The transmittedse-
quencesaredrawn from abinaryconstellationN �¹�'���xS . Each
user'sshortcodesareHadamardcodes,whicharethenmul-
tiplied by basestation's binary randomcodes. Spreading
factoris setto be �(' , thenumberof active usersis assumed
to be ��� and $ � ~ is set for the simulatedsystem. To-
tally ���'� MonteCarlosimulationsareperformedto obtain
theaverageresults.Fig. 1 shows theMSEsof theproposed
channelestimatoroverdifferent Â . Fig. 2 andFig. 3 com-
pareexperimentalSINRs of the MMSE and ZF receivers
with their correspondinganalyticalonesrespectively. Sat-
isfactoryperformancecanbeobservedfor bothchanneles-
timation,andSINRsof the two differentreceiversaccord-
ing to these�gures. Meanwhile,theexperimentalresultsof
both the MSE andSINRsarehighly consistentwith their
analyticalvaluesfor large Â , whichveri�es our analysis.
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Fig. 1. MSE of channelestimation.
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Fig. 2. OutputSINR for theMMSE receiver.
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Fig. 3. OutputSINR for theZF receiver.


