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ABSTRACT

In this paperwe considerthe blind identifiability of mul-
tichannelsystemswhenwe know a-priori a boundon the
numberof non-zerocoeficientsin eachchannel. This is
interestingfor speculamulti-pathchannels We shav that
in this case previously derived identifiability conditionsare
too strong. We demonstratéiow to usethe a-priori knowl-
edgeto wealentheseconditions.We alsoproposea method
to estimatehechannelesponseaswell asthesignals.Our
methods basednafrequengy domainLS estimatiorof the
channeparametersombinedvith conditionalMLE for the
signals.

keywords: Blind channelidentification,diversity combin-
ing, equalization.

1. INTRODUCTION

In mary currentwirelesscommunicatiorsystemsmultiple
antennasre usedto obtainspatialdiversity combiningof
the signals. The combinedsignalis furtherprocessedThe
guestiorof equalizatiorof multi-pathchannel$asreceved
considerablénterest. Recentlymary blind methodswhich
do not exploit training datahave beendeveloped. Someof
thesemethodsxploit high orderstatisticalinformation[1],
while othersexploit multichannelstructureinducedeither
by multiple antennaor oversampling. Among thesewe
canfind [2], [3] and[4]. Thesemethodsrely on a linear
parameterizationf the channeksanFIR filter. Othermul-
tichannemethodsexploit trainingdatato obtainparametric
channelestimate<.qg.,[5], and[6], in orderto constructa
rake recever. Underthe narrov-bandassumptionpropa-
gationdelaysacrossthe array canbe represente@ds phase
shifts. The training is not neededand the methodof [6]
canbe usedto achieve blind equalization[7]. Thesewill
not work for widebandsignalsasis the casewith acoustic
channel®rwhentheseparatiotetweerthesensorss large
(asin diversityapplication) andhencethe propagatioriime
acrosshearrayis large comparedo the bandwidth.For a
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goodoverview of the extensie literatureon multichannel
equalizatiorwe referthereadetto [8] and[9].

In this papemwe considettheblind identifiability of sin-
gle input multichannelsystemswhenwe know a-priori a
boundonthenumberof non-zeracoeficientsin eachchan-
nel. Thisis interestingfor speculamulti-pathchannelsn
which we canobtaina-priori upperboundson the number
of propagatiompaths.We shaw thatin this casetheidentifia-
bility conditionsof [3] aretoo strong,andprovethata-priori
knowledgeon the numberof propagatiorpathscanbeused
to wealentheseconditions.In our derivationwe do not as-
sumenarrav-bandsignalmodel,andthuswe canequalize
channelsvith long delaysandwidebandnputsignals.This
canbeimportantfor undervateracousticchannelq410], as
well asdiversity receptionin widebandcellular communi-
cation.

We also proposea methodto estimatethe channelre-
sponsesas well as the signals. Our methodis basedon
a LS estimationof the channelparametergombinedwith
conditionalMLE for the signals,it canbe considerechsa
frequeny domainparametricsersionof the TS-ML method
[8]. This leadsto improved diversity combining,which is
relevante.g.,to multi-carriersystems.An interestingfea-
ture of the solutionis thefactthatthe maximumlik elihood
signal estimateis achieved by performingmaximumratio
combiningof eachof thefrequeng channelseparatelyus-
ing the estimatedchannelresponse.This naturalinterpre-
tation alsodemonstratethe advantageof the methodover
simple diversity methods,which do not use equalization.
The approaclpresentedherehasbeeninspiredby previous
work [11] on array calibration,and the striking similarity
betweenarray calibrationand blind channelidentification
problems.

2. PROBLEM FORMULATION

In this sectionwe formulatethe problemof blind identifica-

tion of multi-pathchannelsysingmultichannekystem.
Assumethatwe have two channelsandlet y;(¢) bethe

noisefree outputof the s’th channel. It canbe described



mathematicallyas
yilt) =Y pus(t—mi), i=1,2 1)
=1

i.e., eachsampleis a linear combinationof scaledandde-
layed versionsof the input signal. The receved signalis
further contaminatedby noisewhich we will assumeo be
white andGaussian
zi(t) = yi(t) +ni(t), i=1,2 2

wheren;(t) is white Gaussiamoise. We assumethat the
numberof pathsn thei’th channetesponsés upperbounded
by r;. Notethatwe allow overestimatiorof the numberof
paths.

Theblind identificationproblemis thefollowing: Given
N obsenationsof thechannelutput

{z;(k):e=1,...,p,k=1,...,N}

determinghechanneparameters

{{Pli;ni};ll e=1,... :p}:

andreconstructhe input signal s(¢). Our analysisholds
for arbitrarychannelsut is very appealingcomputationally
whenthe channelsare sparsej.e., the numberof pathsis
smallwhile thepropagatiomelayscanbelarge.In thatcase
if wetry to modelthechannebsanFIR of lengthL we will
obtainthatmostcoeficientwill bezero,i.e. r; < L. The
outputcanbedescribedhsa corvolutionof theinputsignal
with the channeimpulseresponsé; (t)

T; (t) =h; (t) * S(t) + n; (t) 3)

whereh;(t) = 3%, puid(t — 7;) andx denotescorvolu-
tion. By stackingthe channelsnto a vectorwe obtainthat
themeasuremen@regiven by

x(t) =h=*s(t) + n(t)

Moving to the frequengy domainandusingthe convolution
theoremwe obtainthat

x(w) = h(w)s(w) + n(w) (4)
where .
hi(w) = Z prie IO (5)
=1
is theresponsef thei’th channehtfrequeny w and
_ | mw)
h(w) = ho(w) } . (6)

Therearetwo indeterminacied theabove model. Firstwe
canexchangea constanbetweerthe channekesponsend

the signal, and second,ary delayedversionof the signal
will be consistentvith the appropriatedelayof the channel
responseTo overcomehesewe choosep;; = 1andr; =

0, i.e., we fix the shortesipathof thefirst channelo a unit

responseavith nodelay anddemandhatall otherdelaysfor

thatchanneklrepositive.

3. MAXIMUM LIKELIHOOD EQUALIZATION

In this sectionwe derive themaximumlik elihoodestimates
for theinputsignalandchannetesponseTo simplify nota-
tionletr; = [7_12'3 ceey Tr,—i] andpi = [,011', . ;prii]- Also
letT = [r1,72] andp = [py, p,].

After somestandardalgebraicmanipulationsvhich in-
cludesanestimatiorof the noisevariances 2 we obtainthat
the maximumlik elihood estimatorof the channelparame-
tersandthesignalsis given by

N-1
(71,72, 1, P2, 8] = arg min ;;) [¢(wi) —h(wi) s (wi) 1.
)
whereh is definedn (6). Solvingfor s we obtainaftersome
easymanipulations:

1
[h1(W)|? + |2 (w)[?

S(w) = (h1 (W) 21 (W) + he(w)"22(w))

8

This expressionis very pleasingasit shavs that the ML
signalestimatorconsistsof averagingeachfrequeng with
therelative powerin thetwo channelsasis thecasein maxi-
mumratiocombining.Weimmediatelyseethatin orderthat
the multichannelbe effective it is necessaryhatthe chan-
nelswouldnothave commoreerosontheunitcircle,i.e. no
frequeng is simultaneousiyulledat bothchannels.

Substitutingpackinto (7) we obtainthattheML channel
estimatesaregiven by:

N-1
[F1, 72, B1, Bo] = argmin B [1(1 = Pry, x (i)
k=0

©)
UsingParseval identityit followsthatthisexpressioris equiv-
alentto thefirst stepof the two stepML approachof [8],
however the frequeny domainapproacheadsto the intu-
itive interprationof the signalestimatg8).

4. A SIMPLIFIED LS APPROACH

The ML channelestimate(9) is a multidimensionalopti-
mization problemwhich involves both the delaysandthe
powersin a highly-non-lineamanner To reducethe com-
putationalcompleity we proposeo replacethe ML chan-
nel estimateshy a simplified LS estimatoy which resem-
blesthat of [3]. The two main differencesare the use of



frequeny domaindataandthe parametrianodelingof the
channel.Thiswill enableusto reducetheproblemto thatof
delayestimationandestimatethe powersin a closedform
solutionusinglinearleastsquaresolution. To thatendnote
thatin thenoiselessasefor eachfrequeny w

he(w)z1 (W) = hi (W)z2(W). (10)

Thuswe will replace(9) with the simplified setof LS
equations

N-1
~ =~ =~ =1 _ : 2
[F1, 72,51, 5] = argmin ; [Asa(7, o) (11)

whereAq o (T, p,w) = z1(wg)ha (W) — x2(wg)h1 ()|,
andp;, T; arerelatedto h; by (5). Reformulatinghe prob-
lem andusingour choicethatry; = 0,p11 = 1 we obtain
that(11) canberewrittenin matrixform as

[T1, T2, P :arg1‘}_113||B(T)p’—x2||2 (12)

T
Wherer = [21,'2 (wo), ., X (wN_l)] ,
B = [By, By]
_xQ(wO)e—jwole _$2(WO)e—jonr11
B = : :
| —za(wn—1)eIUN 1T —z2(wn—1)eTI¥0mm1
xl(wO)e*jwoﬁz xl(wO)e*J‘wonzz
B2 = . .
| xl(wN_l)e—ij—Nw x1(wN_1)e_ij—1T’“22
andp’ = [pa1,---,Pr1,P12,-- -, Pry2]. NOW the problem

becomedinearin the amplitudesof eachpath, sowe can
minimizewith respecto p holdingr, 72 fixedandobtain

—1

p= (B(Tl,TQ)HB(Tl,TQ)) B(Tl,TQ)HXQ. (13)

Substitutingnto (12) we obtain

- =1 : L 2

[F1, 7] = arg min IPg ., 7, %: (14)
wherePé(Tm_z) is theprojectionontotheorthogonatom-
plementof thecolumnspanof B(71, 72). Althoughtheop-
timizationof thedelaysis multidimensionalit hasthesame
functional form as the deterministicmaximumlik elihood
estimatefor directionsof arrival of multiple waveform.One

canuseone of the mary methodsdevelopedfor that prob-
lemsuchas[12] to solve (14).

5. IDENTIFIABILITY CONDITIONS

In this sectionwe analyzeour solutionandderive suficient
conditionsfor identifiability. We will discusghefeasibility
of theassumptionandshaw thatin commonspacediversity
systemourassumptionsold.

Ourbasicassumptionvas thatwe know an upperbound
on the numberof paths r1,7,. Thusin orderto have a
uniquesolutionfor the problemwe needthat for ary two
vectorst), T, , wheret! haspositve entriesthe system
(12) hasasolutioniff 7{ = 7 andr}, = 72. Moreover we
wouldlike thatwhenasolutionexistsit will beunique.This
conditionwill be satisfiediff for every 1, 74 the matrix
[B(71,72)|B(71, 75)] will have full columnrank. Rear
rangingthe columnsandexploiting our notationit is equiv-
alentto demandinghatB(71, 72) is full columnrankfor
ary substitutionof 7; € RS2 4 = 1,2,

To obtainlessabstractonditionslet

z1(wo)
A= (15)
T (WN-1)
_ C, o0
C(Tl,TQ) = [ 0 Cg ] (16)
and
e~ JwoT21 e~ JwoT2ry 1
Cl = . .
e JwN-1Tn e JWN-1T2r; 1
e~ JwoTiz e JWoT2ry,2
C2 = . .
e JwN-1T12 e JWN-1T2ry,2
Notethatwe canfactorB as
B(T1,72) = [~A2|A1] C(71,72) (7)

The secondmatrix is always full columnrank dueto the
Vandermondstructureof eachblock. Thustheidentifiabil-
ity conditionboils down to having the first matrix presere
the columnrank. Similarly to the conditionin [3] we can
now split this conditioninto two conditions. The first de-
mandinginformative signals,andthe seconds a condition
on identifiablechannels.FactoringA; usingthe frequeng
domainrelation(4) we obtain

Phu(wo) s(wo)
A=

hi(wn—-1) s(wn-1)

Thusthefollowing immediatelyfollows:



Theorem 5.1 Let R = 2(r; + ro — 1). Assume that for
every 0 < k < R—1s(wi) # 0, [hy(w1),.-.., by (wr)]”,
[ho(w:), ..., he(wgr)]T arelinearlyindependent and for each
lthereareat least r; frequenciesamongwy, . . . ,wg at which
h; (w) isnot zero, then thereisa unique solution to the prob-
lem (12).

Theproofis straightforvardfrom (17), notingthatthereare
two waysto loserank. Eitheroneof the columnsbecomes
zeroat mary points (which meansthat onechannelis not
identifiabe),or therearer;; = 7, andthe channelre-
sponsesirelinearly dependengsothatthe channelsarenot
diverseenoughege.g.,onechannels adelayedversionof the
otherchannel).By the Vandermondstructureof C(r1, 72)
otherwaysarenotpossible We haverestrictecbur-sehesto
aninitial segmentof thefrequeny bandin orderto simplify
thenotation,andmorecanbeproved.

Notethatour conditionsdependnthe numberof paths
ratherthanthe channeldength. The conditionon theinfor-
mative signalmeanghatwe needthatthe signalshouldfill
at Ieast% of the total bandwidthto be equalized.
Theotherconditionddemandinformativechannelsi.e.,the
channelsare suficiently diverseand eachof them carries
enoughinformationaboutthe input signal. Thiswould typi-
cally hold for diversity sincethe multi-pathresponsés as-
sumedo beuncorrelatedetweerthetwo branchesMore-
over commomulls of thechannelsneanghatcertainspec-
tral bandis completelyfiltered out, which meansthat ary
diversity combiningof the channelswould fail, to recon-
structthatpartof the spectrum.

6. SIMULATION RESULTS

To demonstratéhe methodwe have simulatedtwo multi-
pathchannelsWe have alignedthedirectpath’s of thechan-
nelsusinga crosscorrelation. The multipath delayswere
choseras7 and16, sothatr; = [0, 7], 72 = [0, 16], andthe
power of the pathswas p = [1,0.3e°%%%7], p, = [1.5,0.2].
We have used256 datasamplesandthe signalto noisera-
tio was 20dB. Figurel shavs the valuesof the negative of
the costfunction (14) asa function of the delays. We can
clearlyseethe peakwhichis locatedatthe correctdelays.

7. CONCLUSIONS

We have shavnthatusingparametrigepresentatioaf multi-
pathchannelscanleadto wealer identifiability conditions
for singleinput multiple outputsystems.We have alsode-
rived a frequeny domainparametriddentificationmethod.
Using a simplified LS approactwe have reducedhe com-
plexity of the estimation.Sincethe compleity involvedis

still largethis approacltanbeusedfor trackingchannepa-

rametersoncewe have acquireda goodinitialization using
othermethods.

The cost function vs. delays of multipath

Figure 1. Costfunctionvs. delaysof the multipaths in
channels
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