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ABSTRACT

The third generation3G) wirelesssystemssuchas Wide-
bandCDMA(WCDMA) employ coherentdetectionwhere
pilot symbolsfor channelestimationaretransmittedsimul-
taneouslywith datausingorthogonakchannelizatiorcodes.
The orthogonalityof codesunfortunatelyis losteasilydue
to multipathdelays. Furthermorethe useof long scram-
bling codeintroducestime variationin channelmodel. In
thispaperbasedntheprojectionof time-varyingsubspaces,
we presenta semi-blind channelestimationtechniquefor
longcodeCDMA systemshatusecodedivisionmultiplexed
pilot symbols.

1. INTRODUCTION

Codedivisionmultipleaccess(CDMA}ystemsuchasWide-
bandCDMA have beenadoptedasthe standardf the third
generatioimobilecommunicatiorsystemshataredesigned
to supportmultimediacommunicationwith high datarate
andvariablequality of service. Oneof the new featuress
coherentdetectionin the reverselink [4] wherepilot sym-
bols are codedivision multiplexedin the quadraturgphase
andtransmittedwith the traffic datasimultaneously3]. In
suchsystemsgchannekstimatiorplaysa crucialrole to im-
provetheoverallperformance.

In the absencef multipathdelays the orthogonalityof
the channelizatiorcodemakesit possibleto separatérain-
ing from datasymbols andcorventionatraining-basedhan-
nel estimatorcanbe useddirectly. The presencef multi-
path delays,unfortunately destrgs the assumedrthogo-
nality. As aresult,the accurag of training-basedstima-
tors is severely limited by the crossinterferencebetween
dataand pilot symbols. The performancedegradationis
especiallypronouncedor high rate systemshat have low
spreadinggainandwhenunbalancegowerallocationghat
favor dataare used. For suchsystems,semi-blindchan-
nel estimatorswhich utilize both training and data sym-
bols are appropriate. Mestre and Fonollosaanalyzedthe
asymptotigperformancef maximumlik elihoodestimation

for WCDMA systemsawith severalassumptionsn dataus-
ing a randomizedcodeapproachwhich shawvs that semi-
blind methodsoutperformthetraining-onlyestimatior5].

While the gain of semi-blindchannelestimatoris justi-
fiedtheoretically2], finding effective estimatioralgorithms
remainsa major challenge The maximumlik elihood(ML)
basedapproachegjespitetheir asymptoticoptimality, suf-
fer from the presencef local optimaandprohibitive com-
plexity. For long codeWCDMA, closed-formsemi-blind
channekstimatoraremissingcurrently

In this paperwe proposeanew semi-blindchanneksti-
mationmethodusingorthogonaprojectionshy exploiting a
specialstructureof long codeWCDMA. As a closed-form
batchalgorithm, the proposedalgorithm effectively elimi-
natescrossinterferencébetweerdataandpilot symbolsre-
sultingin aconsiderablgainovertrainingbasedechniques
atmediumto high signal-to-noiseatios.

The paperis organizedasfollows. The datamodelof a
CDMA systenis describedn sectior2. A semi-blindchan-
nel estimatiormethodbasecdn projectionis proposeadvith
reasonablassumptiornin section3. In sectiord, theperfor
manceof the proposednethodis assesselly CrantrRao
bound and Monte Carlo simulationsin additve Gaussian
andfrequeng selectve fadingchannel Possibleextensions
to themultiusercasearediscussedn section5.

2. DATA MODEL

We assumedifferentlong scramblingcodesare assigned
to separatausers,and shortorthogonalcodesare usedfor
channelizatiorof pilot anddatasymbols. As illustratedin
Fig. 1, the datasequence,[m] is assignedo the in-phase
componenandthecontrolsequence,[m] to thequadrature
phasecomponent.Dataand control channelsare spreaded
by orthogonalchannelizationcode c¢; and ¢,. A user
specificlong complex scramblingcode ¢, is appliednext.
We assumethat the channelis constantover one slot
periodandhasan L-tapfinite impulserespons€FIR). The
multipathdelaysr,, muchlessthanthesymbolinterval, are
multiplesof chip duration T.. We furtherassumehatthe



basestationhasacquiredtiming, andthe signalis sampled
atthechip-ratefollowedby adescrambler

t=nT
z[n) yin]
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Fig. 1. Systemmodel

Channelestimationis performedbasedupon M pilot
symbolswithin oneslot. Stackingthe chip-ratedescram-
bledsamplesandremoving thosecorruptedoy thedatafrom
thepreviousslot, we obtain

y = T(sp)h+H(h)sa+n @
wherey isthedescrambledbsenationvector h = [h1,... ,hr]T
the L x 1 complex channelvector, s, = [sp[l],... ,sp[M]]T
the M x 1 pilot symbolvector s, = [s4[1],.-. ,sq4[M]T the

M x 1 unknowvn datasymbolvector 7 (s,) theknown data
matrixgeneratedrom pilot symbols# (h) theunknavnfil-

teringmatrix,andn thepropercomple« Gaussiamoisevec-
tor with zeromeanandvarianceo?21. It is alsoassumedhat
the pilot, data,and noisesignalsare uncorrelatedo each
other Dueto the codedivision multiplexing, the receved
signal has componentdrom training and data simultane-
ously Thefirst termin eq.(1)representshe training part
of therecevedsignal.lt is necessario exploit thestructure
of themodelgivenin eq.(1). Let T. bethechip interval,

N, the spreadinggain, A, £ /T, the delayof the k-th

path,and G thepilot gain. The (M —1)Ns + Ny — Ar) x L
datamatrix 7 (s,) canthenbeexpressedis
T1 (sp)
Ta(sp)
T(sp) = : 2
Tau(sy)

where 71 (s,) isa (Ns — Ar) x L submatrixexpresseds

cp[Ar +1]sp[1] Y1,.[AL + 1]ep[1]sp[1]
_ cplAL 4+ 2]sp[1] 71,.[AL + 2]ep(2]sp[1]
Ti(sp) = JG :
ep[N]sp[1] 1,2 [N Jep [N — Akl
3

andy, 4[n] £ ¢; 1[n]es,1[n— Ax] Whichresultsfrom descram-
bling thelong code. For 2 < m < M, Tn(sp)/(jG) is a
N, x L submatrixas

cp[1]sp[m] Y1, [Pm + 1]ep[Ns — Ap + 1]s,[m — 1]

:‘fl,L['n»m + Ar]ep[Ns]sp[m — 1]
71,L[nm + AL + 1]cp[1]sp[m]

cp[Ar]splm]
cp[Ar + 1]sp[m]

ep[Nu]sp[m] v1.0[mN,]ep[Ny = Ag]sy[m]

Q)

where n,, = (m — 1)Ns. The((M —1)Ns + Ny — Ar) x M
filtering matrix #(h) is block bidiagonalandexpresseds

ha 1
hi> ha>
H(h) = . . (5)

hi v howm

where hy ; isan (N, — Ap)-columnvector

ca[Ap +1]h1 + ...+ v1,L[AL + 1]ca[1]hL
calAr +2]h1 + ... +71,L[AL + 2]ca[2]hL
ha,; = : (6)

ca[Nslhi + ... 4+ 71,0[Ns]ea[Ns — AL]hr

For 2 < m < M, hyg, hy,, are N,-columnvectorsof

which eIementsareexpressedas

hy nli] = Z u[A — i]v1,k[nm + ilea[Ns — Ag + ihg (7)
L

ho p[i] = Z ult — Ag — 1] ’)’1 k[nm + tleg[i — Aglh,  (8)

where i = 1,...,Ns, 71,1 =1, Ay = 0, and «fi] is an

unit stepfunction. h; ,, includesthe effect of the previous
symbolto the currentobsenationand h. ,, representshe
effect of thecurrentsymbolto theobsenation.

3. PROJECTION-BASED CHANNEL ESTIMATION

For long codeCDMA systemsseveral channelestimation
schemesreproposed[1[6]. In this sectionbasedon pro-
jectionmethod we presenta semi-blindchannekstimation
techniquefor long codeCDMA systemausingdatafrom a
singleslot. This methodeliminatesthe datapart #(h)s,

in eq.(1)by projectingthe obsenationvectorto the orthog-
onal complemenbf the filtering matrix #(h). Sincethe
unknown channelparameter h is incorporatedn the fil-

tering matrix #(h), it is impossibleto getthe orthogonal
complemenbf thematrix #(h) directly without knowing

the channelparameterh. Thefiltering matrix #(h), for-

tunatelyis block lower bidiagonalsincethe delayspreads

assumedo belessthanonesymbolduration.Furthermore,
sincethe previous symboldoesnot affect obsenation after
the largestpropagationpath delay the elementsof vector
hi ., in eq.(5)arezeroafter A, chip-ratesamplesTheel-

ementof thevector h.,, isalinearcombinatiorof thesig-

nalsof all propagatiorpathsafter Ar. Decimatingthefirst

Ar chip-ratesampledrom obsenationsduring eachsym-

bol interval, we obtainthe modifiedfiltering matrix 7(h)

of dimensionv(Ns — Ar) x M, whichis expressedhs

’H(h) = diaqu,l, e ,flg,M) (9)

where hs ,, isa (Ns — Ap)-columnvectorwhichis repre-

sentedhs



hym =Tmh (10)

wherethe entriesof T',,, aregivenas
Pm[i; 4] = m,i[(m — 1)Ns + A +ilea[Ar — Aj +4]  (11)
i=1,...,Ng—Ar, j=1,...,L

Proposition 1 (Decomposition) Thefirst Ay, row decimatedil-
teringmatrix # (h) hasthefollowing decompositiomsa form of
compositdinear transformation.

(h) =H (In; ® h) (12)

whee g is the Kroneder product, Iy isa M x M identity
matrix,h = [h1,...,hz]”, andthe matrix H is determinecby
only knowndataandexpressedas

H =diagH,1,... ,H> ) (13)

andthesubmatrixHs,,,, isT',, definedn eq.(11).

H is atall matrix sincethe numberof decimatedows
is muchsmallerthanthe spreadinggainandis full column
rankalmostsurelyfor the practicalrangeof spreadingyain
sincethe columnsof submatrix Hs , arenonzeroandin-
dependentlueto the factthatthey are determinedoy the
channelizatiorcodesand the delayedrandomscrambling
sequence:s 1 asshavnin eq.(11).Thelossof signalpower
dueto decimatiorof thefirst A, chip-rateobsenationsam-
plesfor the decompositioris not significantsincethe delay
spreads muchlessthanonesymbolduration.

Themodifieddatamodelis expresseas

y=T(sp)h+HIn ®h) sg+n (14)

where y is therow decimatedversionof y, 7 (s,) is the
row decimatedf 7 (s,), and n is ani.i.d. circularly sym-
metric Gaussiamoisevector

The columnsof matrix H spanthe signal subspacef
dimension L andthe basisof the orthogonalcomplement
of H is obtainedusing singularvalue decompositiorand
andformsthecolumnsof thematrix G. Any columnvector
in G is orthogonako the columnvectorsof H. We have

G'H=0 (15)

projectingthemodifiedobsenationvectorin eq.(14)onthe
orthogonaktomplemenbf H, we obtain

Gy =G T (s,)h+ G q (16)

where GFa is Gaussiamoisewith zero meanand co-
variancematrix ¥ = G7 G. Thedatamodelin eq.(16)is a
generalinearmodelandis solvedby astandardeastsquare
algorithm.

4. NUMERICAL RESULTS

Theperformancef theproposednethods analyzedhrough
the Craner-Raobound(CRB)andthe Monte Carlo simula-
tion and comparedwith the training-only estimation. The
effects of the various parametersn code division multi-
ple accesssystemssuchas spreadinggain, numberof pi-
lot symbols,power ratio of pilot to datachannel,andthe
signalto noiseratio(SNR)areconsidered The SNRis de-
finedas Mt"“jﬁﬂ The channelusedfor simulationis
a two tap channelwith 3 chip delayandits coeficientis
h = [1,0,0,exp(—;)]”. Thenoisevariance o;, is assumed
to beknown. The scramblingcodeusedfor simulationis a
realizationof randomcode. For the channelizatiorcodes,
two Walsh-Hadamardodeswith the samelengthareused.
Thepilot sequencés prefixedandthe datasequencés ran-
domly generatedor eachslot.

M=8, N_=16

Normalized MSE

SNRIdB]

Fig. 2. Normalized mean squareerror versusSNR for
M=8(solid line:projection-basecdottedline:training-only
dashed-dottetin: CRB)

Figure2 shavsthenormalizedmeansquaresrrorof the
training-onlyestimationtheproposeanethod andCRBfor
thecaseof 8 pilot symbolsandspreadingactorof 16. We
obsene that the performanceof the training-only method
degradessignificantlyfrom CRB asthe SNR increasese-
gardlessof the pilot gain. At the low SNR, the additive
noiseis dominantover the unknovn datachannel. How-
ever, theeffectof theunknovn datachannebnthetraining-
only estimatorbecomeslominantat the high SNR. Thus,
the training-only estimationshavs a performancdimit as
SNR increases. The proposedmethodshavs no perfor
mancedegradationat mediumandhigh SNR sinceit elim-
inatesthe unknavn datainterferenceeffectively. Its perfor
manceis slightly worsethan CRB dueto the signalpower
loss by the decimationof the first A chip-ratesamples.
However, the differenceis negligible whenspreadinggain
is higher

Figure 3 shaws the normalizedmeansquareerrorasa
function of spreadinggainat 20 dB SNR and pilot gain of



0.25. Actual operationrangeof SNR is consideredo be
higherthan 10 dB in this definition of SNRto have bit er-
ror ratelower than 10~3. As shavn in figure 3, bothof the
proposednethodandthetraining-onlyestimatiorapproach
the CRB asthe spreadingyainincreases[p However, the
performancef training-onlyestimatioris muchworsethan
CRBatlow spreadingyainwheretheperformancémprove-
mentby theprojection-basedethodis significant.Theno-
ticeabledeviation of the proposednethodfrom CRB atlow
spreadinggainis dueto therelative high signalpower loss
dueto thedecimation.

SNR=20dB,M=8,G=0.25

L L L L L L L L L
0 10 20 30 a0 50 60 70 80 90 100
Spreading Factor N

Fig. 3. Normalizedmeansquareerror versusspreading
factor at SNR=20 dB(solid line:projection-baseddotted
line:training-only dashed-dottetin: CRB)

5. DISCUSSION

In this paper the proposedmethodis appliedto the single
userscenaridoy assuminghatthen includesotheruserin-

terference However, it canbe extendedo multiusercases.

Consider for example,whenthereare K users. We then
have thefollowing datamodel

K
Y =D [Tr(sp )b + He(hi)sg,] +n 17)
k=1

Assuminghetimingis acquiredor all usersattherecever,
we obtain a similar decompositiorby decimatingthe ob-
senation samplesoverlappedby two adjacentsymbolsof
eachuser For asynchronousransmissionthe numberof
requireddecimationblocks is the sameas the numberof
usersin general. After properdecimationof obsenation
sampleswe have

hy
v o= [Tilser) - Trelsng)] [ : ]
hg
(Im ® hi)sa,
+ [Hl---HK][ : :|+I~l (18)
(Inm ®l.1K)SdK

Thus,we canobtainthe orthogonalspaceof the concate-
natedfiltering matrix [H: ... Hx]. As the numberof
usersincreasesthe concatenatefiltering matrix becomes
less overdeterminedvhich makes applying the proposed
methoddifficult in mary usercase. However, when the
numberof usersis small and the power control between
usersis not available, the proposedmethodis very useful
sinceit effectively eliminatesotheruserinterference.

6. CONCLUSION

A new semi-blindchannelestimationtechniquebasedon
projectionmethodis proposedor long code CDMA sys-
temswhich employ codedivision multiplexed pilot sym-
bols. The corventionaltraining-onlychannekstimatiorap-
pliedto CDMA systemss shovn to have performancdimit
at mediumandhigh SNRwith afinite spreadinggain. The
proposegrojection-basedhannekstimatiorovercomeshis
effect. This methodcanbe extendedto multiuserscenario
especiallywhentherearea small numberof usersandthe
power control is not available. It canalsobe usedasan
initialization techniquéfor high performancéterative tech-
niquessuchasthe maximumlik elihoodapproach.
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