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ABSTRACT

A new techniqudor trackingof fastfadingchannelsn long

codeCDMA is proposedexploiting multipath diversity of

mobilechannelsBasedon alinearinterpolationmodel,the
proposednethodblindly estimateshe channelkoeficients
at the selectedpositionswithin a slot up to a scalefactor
andtracksthe time-varyingchannelusinganinterpolation.
The unknown scalefactor canbe resoled usingonly one
pilot symbolwhichincreaseshe bandwidthefficiengy. The
proposedmethodcanbe implementediusing several front-

endsincludingthecorventionalmatchedilter, decorrelatar
andregularizeddecorrelatarA new identifiability condition
is establishedndthe performanceof the proposednethod
is assessethroughthe meansquareerrorandbit errorrate.

1. INTRODUCTION

Third generatiortodedivisionmultipleacces§CDMA) sys-
temssuchasWCDMA adoptedcoherentletectionwith pi-
lot symbolsin the reverselink to increasethe systemca-
pacity Channelestimationplays a importantrole in co-
herentschemes.To track a time-varying channelin a fad-
ing ernvironment, usually a pilot channelis superimposed
onthedatastreamsn a code-dvision multiplexing (CDM)
or pilot symbolsareinsertedperiodicallyin a time-diision
multiplexing (TDM) [1]. Althoughthe CDM pilot channel
is moreattractve for channeltracking,it usuallyincreases
the peak-to-aeragepower ratio of the transmittingsignal,
which reducegshe power efficiency of themobile station.
Several channeltracking methodshave beenproposed
basedon time multiplexed pilot symbolsandinterpolation
techniquese.g.,[2] [3]. Thesemethodsutilize only pilot
symbolsover multiple slots, which requirespilot symbols
with high SNR and a frequentinsertionof pilot symbols.
Othersconsideredblind or semi-blind approachedo ad-
dressthis problem[4] [5]. However, they aremostlybased
on the block fadingassumptiorwith blocksof a large size
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which s not suitablefor fastfadingwherechannekchanges
rapidly within ablock (usuallythetime interval betweemi-
lot symbols).

In this paper we presenta nenv channeltrackingtech-
niquewhich utilizes multipathdiversityandtracksfastfad-
ing channeleffectively with onepilot symbolwithin ablock
which canbesignificantlylargerthanthechannetoherence
time. Basedon a linear interpolationmodel, the proposed
methodblindly estimateshechannetoeficientsatselected
estimatingpointswithin ablock up to aunknawn scalefac-
tor andobtainedthe channeffor the whole slot with the es-
timateat the selectedpositions. The proposednethodcan
beimplementedvith the corventionalmatchedilter where
the spreadinggainis high andthe multiaccessnterference
is not severeor with adecorrelatingront-endwhich canbe
efficiently implementedwith a state-spacénversiontech-
niquewith a comparableamountof compleity with short
spreadingodesystemg6].

The paperis organizedasfollows. The datamodelof a
CDMA systemis describedn Section2. A blind channel
tracking methodbasedon multipathdiversity anda linear
interpolationchannelmodelis proposedn Section3. In
Section4, the performanceof the proposedmethodis as-
sessedy Monte Carlo simulationsandcomparedvith the
estimationwith block fadingmodel.

2. DATA MODEL

We consideranasynchronou€ DMA systemwith K users
with long spreadingequencesf spreadinggainG. We as-
sumethattransmissionareslottedwith sizeof M symbols.
Asiillustratedin Fig.1,user; datastreams;(t) is spread
with the long scramblingcodec;(t) andscaledby A4; and
transmittedthougha multipathtime-varying channel. We
assumehatthe channelof a particularuseri consistsof L
independenmultipathseachof whichis a bandlimitedde-
terministic waveform with bandwidth fp ( the maximum
Dopplerfrequeng ). To dealwith fastfading, we let the
multipathcoeficientsvary from symbolto symbolwhile re-
mainingconstanbver onesymbolperiodT. Thedelaysof
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Fig. 1. Systemmodel

dominantmultipathsareassumedo beinvariantwithin one
slott. We assumehatall usersarechipratesynchronized,
thatis, thedelaysbetweerpathsaremultiplesof chipinter
valT,. Specificallythecontinuous-timéime-varyingchan-
nelimpulseresponsef user; is givenas

L
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=1

whereh; (t) is thechannelaveformfor thelth path,d; the
delayof useri relative to the slot reference.
Considethereceiedsignalcorrespondingp user: first.
Thesignaly; (¢t) is passedhroughachipwaveformmatched
filter andsampledsynchronoushat the chiprate.Sincethe
channels linearandhasafinite impulseresponsethenoise-
less chipratesampley;[n] at the nth chip interval is ex-
pressedsanoutputof atime-varyingresponse
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where h;[n, 1] is the channelcoeficient of the Ith path at
thenth chipintenval, {c;[n]}»>1 thechipratespreadinge-
quenceand{s;[m]},>1 is thesymbolsequencéor useri.
Thereceved noiselessignalvectory,,, correspondingo

themth symbolsim(é s;[m]) is givenin amatrix form as
Yim = TimhimSima (4)

where T, is the Toeplitz matrix whosefirst columnis
madeof (m — 1)G + d; zerosfollowed by vectorc;,,, =
[c;i[mG + 1],... ,ci[(m + 1)G]]T andadditionalzerosto
malke thesizeof y;,,, thetotal numberof chipsof theentire
M-symbolslot. (SeeFig. 2.) Themultipathchannelector
atthem thesymbolinterval h;,, is definedas
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LFastfadingresultsmainly from the phasevariationof carriernotfrom
thedelaychanges

2With Nyquist sampling,the chipratesynchronisris not required. In
thatcase the derivation herewill correspondso the even (or odd) subse-
quencewith aT, /2 samplingperiod.
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Fig. 2. Codematrix for onesymbol

For useri, thetotal recevednoiselessignalis givenby

M
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Wheresi = [Sil N SiM]T andTi é [Tila tee aTiM] which
hasa specialstructureof sparseblock Toeplitzform which
is exploitedfor efficientimplementatiorof matrixinversion
[6]. Including K'(< K) dominantuserswe have thecom-
pletedatamodelas
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wherethe overall codematrix T = [T1,...,Tk')], H =
diHth, - ,th, h21, - ,hQM, - hK’M), andw is ad-
ditive Gaussiamoisewhichincludeshesignalsof useraot
modeledn T. We assumehefollowing

Al: The codematrix T is known and hasfull column
rank.

A2: Thenoisevectoris circularlysymmetriccomplex Gaus-
sianw ~ N(0, o%I) with possiblyunknavn o2.

Assumption(Al) impliesthattherecevver knowsthecodes
anddelaysof usersof interest. This assumptions usually
valid for the uplink. Assumptiorof full columnrankis eas-
ily satisfiedwith properchoiceof K'. In the caseof long

spreadinggain, we canmodela single useronly regarding
all otherusersignalsasadditive noise.

3. FAST FADING CHANNEL ESTIMATION

3.1. Linear interpolation model

The channelover a time slot canbe modeledasa sum of
weightedbasisor aninterpolationof samplesat several po-
sitions. We considera linear interpolationchannelmodel



underthe deterministicparametermssumption. Sincethe
numberof sampleswithin a slotis limited, we focuson the
N-sampletime domainapproachwhich includesa broad
rangeof interpolationtechniqguesuchas piecavise linear,
polynomial,ideal low passinterpolations.A similar mod-
eling of atime-varying channelwith a truncatedbasiswas
proposedn [8].
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Fig. 3. N sampleinterpolationmodel

We assumehat the channelat an arbitrary symbolin-
tenval within a slot is a linear combinationof channelsat
selectecestimatingpointswhich arenot necessarilyhe pi-
lot positions.Considetthelth multipathof useri’s channel.

The channehgz atthemth symbolinterval is modeledas
hEQLZO‘mlgg)_}_”'—}_amNgg\)ﬁm=17"'7M7 (8)

wherea,,,, istheinterpolationcoeficientfor symbolm and

samplen, andggf is the channelkoeficient at the nth esti-
mationposition. Stackingall the multipathscorresponding
to thesamesymbolandusergives
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whereG; anda,, aredefinedcorrespondingly Theinter-
polationcoeficientvectora,, is determinedy theselected
interpolationmethodandG; is theunknowvn parametema-
trix which containsthe channelsat the selectedestimating
points. NoticethatG; is invariantwithin a slot. The useof
interpolationmodelconvertsthe problemof atime-varying
channekstimatiorto the estimatiorof invariantparameters
within a slot. We furtherassumehefollowing

A3: Thematrix G hasfull columnrank.

Assumption(A3) implies thatthe numberof multipathsis
larger than or equalto that of the estimatingpoints. Due
to the alundanceof the multipathsin mobile channelsthis
assumptiorcanbe satisfiedwith the properselectionof the
numberof estimatingpoints N. If we selecttwo endpoints
of slotastheestimatingpointswith pilot symbolplacement
at eachend, the model can be consideredas the common
interpolationbasedon the pilot symbols. When N is one,
theinterpolationmodelreducego the generablock fading

model. The assumptioralsorequiresthat N is designed
consideringthe fading rate so that the channelvectorsat

different samplingpoints are linearly independentlmost
surely

3.2. Blind multiuser channelestimation algorithm

We proposeablind channekstimatiorbasedn alinearin-
terpolationmodelexploiting multipathdiversityof channel.
We assumehat the channelandsymbolsare deterministic
parameters.

3.2.1. Front-EndProcessing

The multiusersignalsare separatedy variousfront-ends
suchasthecornventionalmatchedilter, decorrelataror reg-
ularizeddecorrelatar Although the corventionalmatched
filter cannotseparatenultiusersignalsperfectly it works
satishctorily with large spreadingactors. For the systems
with smallspreadingyains we canusemoreadwancedront-
endprocessindik e decorrelatarFor long codesystemsthe
computationatompleity of thedecorrelatois prohibitive.
However, the requiredmatrix inversioncan be efficiently

implementedy analgorithmusingthestate-spactchnique[

The compleity of the proposednversiontechniquds pro-
portionalto the productof the slotlengthandthe squareof
thenumberof users(~ GM (K')2).

Theoutputof thefront endis givenby

z=THy, z=Tly, z=(THT +s°I)"ly, (10)
where (-)f and-)! representhe conjugatetransposeand
pseudadnverse respectiely. Segmentthe front-endoutput
z accordingo the symbolanduser Let z;,, bethe subvec-
tor of length L correspondingo mth symbolof useri. Due
to thediagonalstructureof H in (7), thevectorz;,, is given

by

Zim = himsim + N,

= Giamsim-{-nim, m:l,...,M, (11)

wherethenoisen;,,, containgheadditive noise.It alsocon-
tainsthe otheruserinterferencen the caseof the corven-
tional matchedilter.

3.2.2. Subspacé¢dentificationwith CrossRefeencing

Considerthe noisefree casefirst. With the deterministic
assumptioron G;, the columnspaceof G; is obtainedby
singularvaluedecompositior{SVD)

Z; 2 (i1, Zi2, - - - yZin]) = U; S, VE. (12)
Theparametematrix G; is givenby
G, =US;, (13)



whereS; isainvertible N x N unknovn squarematrixfrom
theassumptio\(3). Projectingz;,,, to the columnspaceof
U;, we have thefollowing systemof equations

A H
Xim = Uy Zim,

= Siamsim, m = ].,... ,M. (14)

DefineW; astheinverseof S; andlet W; have thefollow-
ing row partition

W; = : . (15)
Win
Multiplying W; from theleft in (14),we have
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Assumethat s;,, # 0 for givenm which is valid for most
modulationschemesuchasBPSK,QPSK,andQAM. No-

ticethateachrow of W;x;,, is s;,, scaledby aknowninter-

polationcoeficient a,,,, which makesit possibleto elim-

inatethe unknown s;,,, by crossreferencing9] . Specifi-
cally, multiplying row j,k by ok, am; respectiely gives
the samevalue am,jamksim. Taking differencebetween
two rows relatedto mth symboldata,we obtainthefollow-

ing equation
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andX;m; = miXim aNdXimr = QX for the pair
(4, k). Now, combiningall the symboldatagives

Xz'W,' = 0, (18)

whereX; £ [X# ... XH J# Theidentifiability of the
proposednethodis givenby thefollowing proposition.

Proposition 1 (Identifiability) The MN(N —1)/2 x N?

matrix X; is a matrix with rank N2 — 1, i.e. the column
rankis deficientoy one Hence w; is theuniquenull space
of X; andis blindly identifiableup to a scalefactor.

Proof. Seg[7].

Hence,the parametematrix G; is givenby (13). The
channelatanarbitrarypositionwithin a slotis obtainedby
interpolation.

For noisy obsenation, we canconstructa leastsquares
estimatoibasedn (18) whichis givenby

w; = alrlgrrlllin || X w3 2. (19)

4. NUMERICAL RESULTS

In this section,we presentsomenumericalresultson the
performanceof the proposedmethod. The error perfor
manceof the proposedestimationresultsfrom two factors.
Oneisthenoiseaddedn thesignalandtheotheris themod-
elingerrorusingafinite sampleinterpolation.We evaluated
the meansquareerror (MSE) of the methoddueto noise
only usinga channelenerate@ccordingto ainterpolation
model.We alsoassessetthemodelingerrorusingalowpass
channelwith Jalkes’s spectrum[1Q

Fig. 4 shows the MSE performanceof the proposed
methodfor asingleusersystemwith theinterpolationchan-
nel with sync coeficients and three estimatingpoints in-
cluding both endsand the middle of a slot. We usedthe
decorrelatingfront-end. The scramblingcodewas gener
atedrandomlywith spreadindgactorG = 32 andslotlength
M = 80 symbolsand fixed throughoutthe Monte Caro
runs. The numberof multipathsL is 4 with equalaverage
magnitude Thesignal-to-noiseatiois definechsm’g(”f;%.
Thescaleambiguityis resohedusingonepilot symbolplaced
attheleft endof slot. As shawvn in the figure, the method
shaved a good MSE performanceand almostreacheghe
the Cramér-Raobound(CRB) at mediumandhigh SNR.
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Fig. 4. Meansquareerror: interpolationchannel



The MSE performanceof the proposedestimatorto a
lowpasschannelis shovn in Fig. 5. The channelwave-
form was generatedwith Jaless model with fading rate
fpTs0e = 0.75 andtruncatedfor oneslot length. Other
parametersvere the sameasin the interpolationchannel
case.The proposedalgorithmimproved MSE performance
muchover the estimationusingthe pilot symbolat theleft
endof slot andthe block fadingassumption.The new es-
timator performedbetterthanthe training basedestimation
evenat the pilot symbolposition. This is becausehe pro-
posednethodutilizedthewholeslotobsenationto estimate
the samplepointswhile the training basedmethoddidn’t.
However, the proposednethodalsoshoveda performance
floor at high SNR dueto theimperfectmodelingof the ac-
tual channel. Fig. 6 shaws the bit error rate (BER) of a
RAKE receverwith theestimatedchannel Theincreaseof
BER with respecto SNRfor theestimationwith block fad-
ing modelshaws thatthe additive noiseworks beneficially
for detectionsincethe estimatomworks adwerselyfor detec-
tion dueto lack of trackingcapabilityin a very fastfading
ervironment.
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Fig. 5. Meansquareerror: lowpasschannel(left: whole
slot, right: eachestimatingpoint)
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Fig. 6. Bit errorrate:lowpasschannel

5. CONCLUSION

We proposeanew blind channekstimatiortechniquevhich
effectively tracksfastfadingchannelsn long codeCDMA

systems. Exploiting the multipath diversity andinterpola-
tion model, the proposedmethodshaws a significantim-
provementover the channelestimationwith block fading
model without insertionof additionalpilot symbols. The
proposedmethodis usefulin a scatteringich environment
andrequiresheroughknowledgeof fadingrate.
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