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ABSTRACT

A new techniqueor trackingof fastfadingchannelsn long
codeCDMA is proposedUsingalinearinterpolatiormodel,
the proposedmethodtracksthe time-varyingchannewith-
out pilot symbolsor with sparselyinsertedpilots. The pro-
posedmethodcanbeimplementedefficiently usinga state-
spaceanversiontechnique A new identifiability conditionis
establishedndthe performanceof the methodis assessed
throughthe meansquaresrrorandbit errorrate.

1. INTRODUCTION

RecentodedivisionmultipleaccessystemsuchaswCDMA
adoptedcoherentdetectionschemeawith pilot symbolsin
the reverselink to increasethe systemcapacity In such
systemschannekestimationwith areasonabl@erformance
overawide rangeof fadingratesplaysa crucialrole.

Channekestimatordasedn theblock fadingmodeldo
notwork satistctorilyfor fastfadingwherechannethanges
rapidly within atime intenval betweerpilot symbols;Addi-
tional pilot insertionis requiredwith the corventionales-
timation methods. Several channeltracking methodsare
proposedasedon time multiplexed pilot symbolsandin-
terpolationtechniquese.g. [1] [8]. Thesemethodsutilize
only pilot symbolsover multiple slots,which requirespilot
symbolswith high SNR andlong obsenationtime. Others
consideMWienerfilter approacheghichrequiregsheknowl-
edgeof the Doppler spreadand the signal-to-interference
ratio [4].

In this paperwe presentanew channekstimatiortech-
niguewhich utilizesmultipathstructureandtracksfastfad-
ing channelseffectively without the insertionof additional
pilot symbols.Usinga linearinterpolationmodel,the pro-
posedmethodestimateshe channekoeficientsat selected
samplingpointsandtracksthe channelfor the whole slot.
Theproposednethodcanbeimplementedvith astate-space
inversiontechniquewith a comparablemountof comple-
ity with corventionalRAKE recever[5].
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The paperis organizedasfollows. The datamodel of
a CDMA systemis describedn Section2. A blind chan-
nel tracking methodbasedon linear interpolationchannel
modelis proposedn Section3. In Section4, the perfor
manceof the proposednethodis assessetly Monte Carlo
simulationsand comparedwith the estimationwith block
fadingmodel.

2. DATA MODEL

We consideranasynchronou€ DMA systemwith K users
with long spreadingequencesf spreadingainG andslot-
tedtransmissionsf M symbolsize.As illustratedin Fig.1,
useri symbol sequences;(t) is scrambledwith the long
spreadingodec;(t) andtransmitted.
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Fig. 1. Systemmodel

We assumehatthe channelof a particularuseri con-
sistsof L independenmultipathseachof which is a ban-
dlimited deterministiovaveformwith bandwidthfp themax-
imum Dopplerfrequeng [3]. Dueto fastfading,we let the
multipath coeficients vary from symbolto symbol while
remainingconstantover onesymbolperiodT;. The delay
profile of multipathsis assumedo be invariantwithin one
slott. To simplify the model,we assumehatall usersare
chipratesynchronizedthatis, the delaysbetweerpathsare
multiplesof chipinterval T,.. Specifically the continuous-
timetime-varyingchannelmpulseresponsef user: is given
as

L
hi(t,7) =Y ha(t)o(r — IT. — d;T.), 1)
=1

IFastfadingresultsmainly from the phasevariationof carriernotfrom
thedelaychanges



whereh;; (t) is the pathcoeficientwaveform, d; the delay
of user: relativeto theslotreferenceWe assumehatd; and
L is known?. Therecevedsignaly;(t) is passedhrougha
chip waveform matchedfilter and sampledsynchronously
at the chiprate. Sincethe channelis linear andhasa finite
impulseresponsethenoiselesghiprateoutputsampley;[n]
correspondingo user: is expresseasthe convolutionsum

yi[n] = Z di[n — hi[n], 2

whered;[n] = c;[n]s;[| & ], si[m] is thediscrete-timesym-
bol ratedatasequenceandc;[n] the chipratespreadinge-
guenceTherecevednoiselessignalvectory,,, dueto the
mth symbols;,, of useri is givenin amatrixform as

Yim = Timhimsima (3)

where T;,,, is the Toeplitz matrix whosefirst column is
madeof mG +d; zerosfollowedby vectore;,,, = [¢;[mG+

1],...,ci[(m + 1)G))T andadditionalzeros.Vectorh;,, is
definedas
hiiz hi (mTs)
hi, A hgfn) A hiz (7.71Ts) (@)
e hip(mT})

Thesizeof y;,, isthetotalnumberof chipsof theentire M -
symbolslot. For useri, thetotal recevednoiselessignalis
expresse@s

M
Z Timhim Sim

m=1

= Tidithﬂ, -

yi =
3 hiM)S’i7 (5)

Wheresi = [Sil PN SiM]T andTi é [Tila tee aTiM] which
hasa specialstructureof sparseblock Toeplitzform which
is exploitedfor efficientimplementatiorof matrixinversion
[5]. Including all usersand noise,we have the multiuser
datamodelas

K
Z T;diagh;i,... ,hi)s; + w

y =
=1
= THs+w, (6)
wherethe overall codematrix T = [Ty,...,Tk)], H =

diag(hn, A ,th,h21, A ,th, A hKM), andw is ad-
ditive Gaussiamoise.We alsoassumehe following

Al: The code matrix T is known and hasfull column
rank.

2Roughtiming knowledgeis enoughsincewe parameterizeéhe delay
clusterwith sufiicient numberof fingersL

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

Assumption(Al) impliesthatthe recever knows codesof
all users. This assumptionris usually valid for the uplink
andfull columnassumptioris satisfiedalmostsurelywith
reasonabhhigh spreadingactors.

3. FAST FADING CHANNEL ESTIMATION

3.1. Linear interpolation channelmodel

We considera linearinterpolationchanneimodelunderthe
deterministicparameteassumption Amongvariouslinear
interpolationswe considerthe N-sampletime domainap-
proach whichincludesa broadrangeof interpolationtech-
niquessuchaspiecaviselinear, polynomial,ideallow pass
interpolations.A similar modelingof a time-varyingchan-
nelwith atruncatedbasiswasproposedn [7].

We assumehatthe channelat an arbitrarytime within
aslotis alinear combinationof channelsat samplepoints
which arenot necessarilythe pilot positions. Considerthe
I channelpathof useri. The channeIhEQ1 at mth symbol
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Fig. 2. N sampleinterpolationmodel
interval is modeledas
hiny = Cm1 gy + - + Gmngin, m=1,..., M, (7)
wherea,,,, istheinterpolationcoeficientfor symbolm and

samplen. Stackingall the multipathscorrespondingo the
samesymbolanduser we have

1 (1 (1)
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whereG; anda,, aredefinedcorrespondingly Theinter-
polationcoeficientvectora,, is determinedy theselected
interpolationmethodand G; is the unknovn channelpa-
rameterwhich is invariantover a slot. We furtherassume
thefollowing

A3: Thematrix G hasfull columnrank.

SFrequeny domainapproactcanbealsousedwith N frequeng com-
ponentsfor bandlimitedchannels.



Assumption(A3) implies thatthe numberof multipathsis
largerthanthatof thesamplingpointswhichis usuallyvalid
dueto thealundanceof themultipathsn mostmobilechan-
nels and several samplepoints are sufficient to track the
channelchangewithin a slot effectively. The designpa-
rameterN is choserconsideringhefadingvelocity sothat
thechannelectorsat differentsamplingpointsarelinearly
independenalmostsurely This sufficesto the validity of
theassumptiorfA3).

3.2. Blind multiuser channelestimationalgorithm

We proposea blind channelestimatorbasedon the linear
interpolationchanneimodelexploiting the multipathstruc-
ture of channel. We assumehat the channeland symbols
aredeterministigparameters.

The multiusersignalsareseparatedby decorrelatingor
regularizedleastsquarefront end. The requiredmatrix in-
versionis efficiently implementedy analgorithmusingthe
state-spaceechnique[}{6]. The outputof the decorrelator
is givenby

z = Tly

= dithn, ooy hya hog, ,hKM)S +n,
where ()t is pseuddnverse. Let z;,, be the subvectorof
lengthL correspondingo mth symbolof useri. Dueto the
diagonalstructureof H, thevectorz;,, usgivenby

Zim = himsim + n;,

= Giamsim+nim; m:]-;--- :Ma (9)
wherethecolorednoisen;,,, hasdistributionof N'(0,02%;,,),
andthe covarianceX;,, is the L x L submatrixobtained
fromthe (i — 1) M + mth diagonablock of Tt (TH)H.

3.2.1. Noisefreecase

Considerthe noise free case. With the deterministicas-
sumptionon G;, the column spaceof G; is obtainedby
singularvaluedecomposition

A
i =

UL, VE =7, (10)

[Zﬂ,ziz, e ,Zz'M].
ThenG; is givenas
G; =U;S;, (11)

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

(12)

A r1H
Xim = Uj Zim = SiamsSim, m=1,... , M.

LetW; 2 Sz._1 with thefollowing row partition

wi
wi
W, = . (13)
wik
Multiplying x;,, by W; from theleft gives
Wg Am1
Wg Am2
: Xim = Sim
WzI]{V AUmN
Assumea,,,, # 0, n =1,---,N ands;,, # 0 for given

m, which is valid for mostinterpolationpoints and mod-
ulation schemesNotice that multiplying row 7,k by a;,k,
am; respectiely givesthesamevaluean, jams sim . Taking
differencebetweentwo rows relatedto mth symboldata,a
systemof equationsareobtainedsimilarly asin [2]

Ximw; =0 (14)
wherew; £ [wH ..., wi]H and
[ il > WiN
" Zim1 Xim2 0 0
%1 0 ~Kiim3
: 0 0
: 0
~H ~H
% A Xim1 19 e . 0 —XimN
im 0 %7, -z, 0 0
0 : 0 :
0 iimQ 0 e 0 i‘LI_Im,N
0 0 2., -z, 0 0
L 0 0 0 0 N A

~ A ~ A . .
andX;m; = mirXim aNdXimr = QmjXin fOr given(j, k)
pair. Combiningall thesymboldatagives

whereX; 2 [

XH ... ,Xgu]H_

Proposition 1 (Identifiability) The M N(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.

Hence(; is identifiableby eq.(11).



4. NUMERICAL RESULTS

The performanceof the proposedmethodfocusedon the
algorithm itself is evaluatedfirst thoughthe CramérRao
boundandMonte Carlo simulationusinga channelgener

atedby the interpolationmodelin section3.1 for a single
usercase.To excludethechanneimodelingerror, thechan-
nel is generatedccordingto the interpolationmodel with

threesamplepointsandsincinterpolationcoeficients. The
scramblingcodeis generatedandomlywith spreadingac-
tor G = 16 andslotlengthM = 160 symbols.Thenumber
of multipathsL is 4 with equalaveragemagnitude. The

signal-to-noiseatiois definedas"w};+”2)g. Thescale
ambiguityis resoled usingonepilot symbolplacedat the
left endof slot. As shavnin fig. 3, themethodshavsagood
meansquareerror performancendalmostreacheghe the
CranérRaoboundat mediumandhigh SNR.
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Fig. 3. Meansquareerror:interpolatiorchannel

The performanceof the proposedmethodis evaluated
for a bandlimitedwaveform channel.Sincewe assumehe
channelis deterministic,the channelwaveform is gener
atedwith Jales’s model[3 with fpTs,: = 0.75 andtrun-
catedfor one slot length. Two equalpower asynchronous
userswith delay of a half symbolinterval are simulated.
Otherparameterarethe sameasin theinterpolationchan-
nel case. Fig. 4 shawvs the MSE performanceof the pro-
posedmethodwith variousinterpolationtechniqueswith
threesamplepoints. TheproposealgorithmimprovesMSE
performancenuchover the estimationusingthe pilot sym-
bol and the block fading model. However, the proposed
methodalso shawvs a performanceloor at high SNR due
to the imperfectmodelingof the actualchannel. Figure5
shavs the averagebit errorrateperformancef awhitened
RAKE receverwith the estimatectchannel. Theincreaseof
BER with respecto SNRfor theestimatiorwith block fad-
ing modelshaws thatthe additive noiseworks beneficially
for detectionsincethe estimationgivesadwersevaluesdue
to lack of trackingcapability
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Fig. 4. Meansquareerror: low-passchannel
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Fig. 5. Bit errorrate:low-passchannel

5. CONCLUSION

We proposeanew blind channekstimatiortechniquavhich
effectively tracksfasthidingchanneldn long codeCDMA
systemsanda new blind identifiability is established Ex-
ploiting themultipathstructureandinterpolationmodel,the
proposednethodshawvs a significantimprovementoverthe
channelestimationwith block fadingmodelwithout inser
tion of additionalpilot symbols.
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