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ABSTRACT

We considerthe blind equalizationproblemin single-user, FIR
multichannelmodelsfrom thesecond-orderstatisticsof thechan-
neloutput.In particular, wefocusonthecaseof acorrelatedchan-
nel input, whosestatisticsareknown to the receiver. The few al-
gorithmsthat are able to handlecoloredsourcesusually require
exact knowledgeof the channelorder. This is a major drawback
sincechannelorder determinationis a difficult issue. Recently,
Gazzahet al. have presentedanSOS-basedmultichannelestima-
tion techniquewhich is robust to orderoverestimation.Although
theirmethodwasderivedassuminguncorrelatedsources,weshow
thatit canbesuitablymodifiedin orderto handlecoloredchannel
inputs. In particular, it is shown that thealgorithmis still ableto
blindly computeabankof FIR pre-equalizerssuchthattheoverall
channel- pre-equalizerresponsereducesto anFIR transferfunc-
tion. This transferfunctiondependsonly on thesourcestatistics,
andin fact it is known a priori by the receiver, up to a complex
phaserotation. Thereforea post-equalizercan be designedin a
blind, straightforward manner. As expected,the methodremains
robustto orderovermodelingin thecorrelatedsourcecase.

1. INTRODUCTION

Intersymbolinterference(ISI) is thefactorthatlimits performance
in many digital communicationsystems,andhenceadequatepro-
cessingby an equalizerbecomesnecessaryat the receiver. Blind
channelequalizationaddressesthosetechniquesthatestimatethe
equalizerparametersbasedonly on thechanneloutputwaveform
and knowledge of the statisticsof the transmittedsignal. This
eliminatestheneedfor trainingsequences,whichdecreasesystem
throughput.Second-orderstatistics(SOS)basedmethodsarepar-
ticularly attractive,asSOScanbemoreaccuratelyestimatedfrom
finite datarecordsthantheir higher-ordercounterparts.Thesem-
inal work in [11] showed thatundercertainconditions,finite im-
pulseresponse(FIR) single-inputmultiple-output(SIMO) chan-
nelscanbeequalizedby a bankof FIR filters, whosecoefficients
canbe computedfrom the channeloutputSOS.Following [11],
many SOS-basedblind methodshave beendeveloped; see[10]
andthereferencestherein.

Weconsidercommunicationsystemsin which thechannelin-
put statisticsare colored but knownto the receiver. Correlated
sourcesmay arise for instanceas a result of channelencoding
[7], or from the use of nonlinearmodulation formats such as
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continuous-phasemodulation(CPM) [9]. In eithercase,knowl-
edgeof the transmitterstructurewill provide the requiredsource
statisticsto thereceiver.

Most blind equalizationtechniqueshave beendesignedbased
on the assumptionof a white channelinput, andthereforefail if
the sourceis correlated. Othermethods,suchas the one in [8],
requirenoknowledgeof inputstatisticswhatsoever, which clearly
couldbeanadvantagein certainsituations.However, this knowl-
edgeis oftenavailable,andits useshouldintuitively improve per-
formance. Among the algorithmsthat exploit sourcecorrelation
informationonefindsthosein [1, 4, 6]. Onecommondrawbackof
thesemethodsis that they requirepreciseknowledgeof thechan-
nelorder. In practice,channelorderestimationbecomesadelicate
task [5], and thereforeblind algorithmsrobust to the effects of
channelorderoverestimationareof clearinterest.Recently, Gaz-
zah et al. [2] have proposedan SOS-basedmethodfor channel
identificationwhich is ableto accuratelyestimatethechannelim-
pulseresponsewhenthe assumedorder is greaterthanthe exact
channelorder. Their method,however, wasoriginally devisedfor
uncorrelatedsources.

Thegoalof this paperis to show thatGazzah’s approachcan
besuitablymodifiedin orderto allow for coloredchannelinputs.
Althoughblind channelidentificationseemsno longerfeasible,it
will be shown that the techniqueis able to blindly determinea
‘pre-equalizer’whoseconvolution with the unknown channelre-
ducesto anFIR filter whichdependssolelyonthesourcestatistics,
andmostimportantly, it is knowna priori up to a complex phase
rotation. Hence,a ‘post-equalizer’canbeeasily(andblindly) de-
signed,andits outputprovidesthedesiredestimateof thechannel
input. Evenwith correlatedsources,themethodremainsrobustto
channelorderovermodeling.

The following notationis adopted:bold lowercaselettersde-
notevectors,while matricesaredenotedby bolduppercaseor cal-
ligraphic letters.

��� ���
,
��� ���

,
��� ���

, denoteconjugate,transposeand
transposeconjugaterespectively. 	 is thedownshift squarematrix
with onesin the first subdiagonalandzeroselsewhere, 
 is the
reversalsquarematrix with onesin themainantidiagonalandze-
roselsewhere,and�
� is the � -th unit vector(dimensionsshouldbe
clearfrom thecontext).

2. CHANNEL MODEL

Theprecisemodelto beconsideredis theFIR SIMO model������ �� � ����� ��� � � �"! �#$��% (1)



where & � �(' is the zeromean,wide sensestationarysequenceof
transmittedsymbols,& �� � ' is the )+*-, vectorof channeloutputs,& �# � ' is a ).*/, zero meanwhite noisevectorwith covariance021354 , and the )6*/, vectors & � � ' representthe channelimpulse
response;thenumberof subchannelsis thus) . Thismulti-channel
modelmayariseif multiple sensorsaredeployedor if thechannel
outputis oversampled.Thechannelrelation(1) canberecastas� � �87:9 � ! # � % (2)

where,with ; theequalizerlength,�<� � = �� �� �� �� �2> �?�?� �� ��@�BADC5>FE � %#$� � = �# �� �# ��@�<> �?�G� �# ��@�BADC5>HE � %9I� � = � � � �@�<> �?�G� � �@�"AJ� � CK> E � %
and7 is an ;L)M* � ; !ON �

generalizedSylvestermatrixconstructed
from the channelimpulseresponse[11]. A linear equalizercon-
sistsof an ;O)P*H, vector Q whoseoutputis justQ � �<��� Q � 7$9I� ! Q � #$�"R
Thusthe row vector S � � Q � 7 containsthe tapsof the com-
binedchannel-equalizerimpulseresponse.Thevector Q is saidto
constitutea zero-forcing(ZF) equalizerwith associateddelay T ifS �87 � Q hasa singlenonzerotapat the T ! , position.

Thefollowing standardassumptionis adopted.
Assumption 1. Thechannelmatrix 7 is tall andhasfull col-

umnrank.

For this,theequalizerlength ; mustsatisfy ;O)VU/; !WN
(for

which )YX[Z is required). Then, if the transferfunctionsof the) availablesubchannelsdo not presentany commonroot, a cele-
bratedresult from [11] statesthat 7 will have full columnrank.
In thatcase,it is readilyseenthatany combinedchannel-equalizer
responseS canbeattainedby suitablychoosingtheequalizervec-
tor Q . In particular, ZF equalizersof delays\ through ; !.N ] ,
exist andaregivenby therows of thepseudoinverse7V^ .

3. PRELIMINARIES

Let usintroduce_ ` � � � �8a�= � � � ��@� � E % _ b � � � �8a�= 9 � 9 �� � � E %
asthelag � autocorrelationmatricesof thechanneloutputandthe
sourcesymbolsrespectively. In the sequelwe will assumethat
the noiseis zero,asthenoisecomponentcanbe subtractedfrom
theoutputautocorrelationmatrices

_ ` � � � usingastandarddevice
[11]: notethat _ ` � \ � �c7 _ b � \ � 7 � ! 0 1354 R
Sinceit is assumedthat 7 is strictly tall, the smallesteigenvalue
of

_ ` � \ � is seento be 0 13 andthereforeit canbeestimated.Then
we canconstructthedenoisedoutputautocorrelationmatricesd_ ` � � � � _ ` � � � ] 0 13 	 ��e �c7 _ b � � � 7 � R (3)

For convenience,let usdefinef � ; !.N
. Thefollowing assump-

tion on thesourceSOSis made:

Assumption 2. The
� f ! , � * � f ! , � autocorrelationmatrix

of thesourceprocessahgWi 9 �� �@�(j/kFl 9 �� � �� �Bj/m(n (4)

is positive definite.

Following theapproachin [6], weintroducetheCholesky fac-
torization

_ b � \ � �copo � % (5)

with o lower triangularwith positive diagonalelements(notethat
_ b � \ � U8q dueto Assumption2) which is known to thereceiver.
With this,we canintroducethenormalizedmatricesr �c7$oM% s b � , � �co �2> _ b � , � o � � R (6)

Thenfrom (3) onehasd_ ` � \ � � rPr � % d_ ` � , � � r s b � , � r � R (7)

4. REVIEW OF GAZZAH’S APPROACH

Gazzah’s approach[2] canbe briefly describedasfollows. Con-
sidervectorsQ > , Q j satisfyingd_ ` � , � � Q > � q % d_ ` � , � Q j � q R (8)

Under our assumptions,
r �t7$o hasfull columnrank, which

equalsf . Therefore,from (7), (8) yieldss b � , � � r � Q > � q % s b � , � r � Q j � q R (9)

Observe that r � Q > �co � S > % r � Q j �8o � S j
where S > �c7 � Q > % S j �c7 � Q j
arethecorrespondingchannel-equalizercombinedresponses.

Now, if thesourceis white with variance0 1u , thenonehaso6� 0 u 4 % s b � , � � 	 R (10)

ThereforeS > and S j lie in the null spacesof 	 � and 	 respec-
tively. WeconcludethatS > � =wv > \ �I�?� \ E � � v > � >?% (11)S j � = \ �?�?� \ v j E � � v j � j % (12)

with vx> , v j someconstantswhich neednot be nonzero. If the
zerosolutioncouldbe avoided,thenit is seenthat Q > , Q j would
constituteZF equalizerswith associateddelays \ (minimal) andf ] , (maximal).Todoso,[2] proposestomaximizetheSNRatthe
equalizeroutput.SincethesignalandnoisetermsarerespectivelyQ � 7$9 � and Q � # � , thisoutputSNRis seento begivenbyy zw{ � Q � 7 _ b � \ � 7 � Q0 13 Q � Q R (13)

Thustheproblemcanbecastas

maximize
Q � d_ ` � \ � QQ � Q subjectto |} ~ d_ ` � , � � Q � q

ord_ ` � , � Q � q (14)



Observe thatthenull spaceof
d_ ` � , � (or

d_ ` � , ��� ) hasdimension;L) ] f ! , . Let usfocusonthefirst constraintin (14),astheprob-
lemwith thesecondconstraintis completelyanalogous.Let � > be
an ;O)�* � ;L) ] f ! , � matrixwhosecolumnsform anorthonormal
basisof thenull spaceof

d_ ` � , ��� . Thus,if
d_ ` � , ��� Q � q , thenQ satisfiesQ � � >�� for somevector � . Therefore,theoutputSNR

(13)becomes y zw{ � � � � � > d_ ` � \ � � > �0 13 � � � %
since � � > � > � 4 . The solution ��> maximizing this SNR is the
eigenvector of � � > d_ ` � \ � � > correspondingto its largesteigen-
value. TheresultingequalizerQ > � � >���> is a ZF equalizerwith
zerodelaysuchthat the resultingoverall responseis of the form
(11). The constantv > in (11) canbe determined(within a phase
rotationambiguity, inherentto theblind natureof theproblem)by
notingthat Q � > d_ ` � \ � Q > � 0K1uB� v�> � 1 .

5. THE COLORED SOURCE CASE

In thegeneralcase,onehas o��� 0 u 4 and s b � , � �� 	 . However,
asseenin [6], thesematricespresenta rich structurewhich canbe
exploited. In particular, they arerelatedbys b � , � �co �<> � 	 ] � >�� � � oM% (15)

where � ��=w� > �?�?� �Kj E � is thecoefficient vectorof the f -
th orderforwardpredictionerrorfilter (FPEF)for thesourcepro-
cess& � �"' . It is givenby� � ] _ b � \ � �2> _ b � , � � � > R
Thetransferfunctionof the f -th orderFPEFis then� ����� � , ! j� � � > � �� � � � R (16)

Note that 	 ] � >�� � is a companionmatrix whoseeigenvalues
coincidewith thezerosof � ����� .

Now, if we requireagainthat Q > , Q j satisfy(8), we seefrom
(9) that

r � Q > and
r � Q j lie in the null spacesof the matricess b � , ��� and s b � , � respectively. A potentiallyproblematicsitu-

ationmay ariseif s b � , � is nonsingular, in which casethesenull
spacesreduceto &xq ' . Thenthecorrespondingequalizeroutputhas
no signalcomponent,which is clearlyundesirable.To avoid this
situation,we shallmake anadditionalassumption.

Assumption 3. Thecoefficient � j is equalto zero.

Whenthisholds,s b � , � becomessingularin view of (15). Al-
thoughthis assumptionis critical to thefollowing analysis,simu-
lationsin Section7 will show thatthemethoddoesnotbreakdown
when � j �� \ .
Null space of s b � , ���
Let usexaminethenull spaceof s b � , � � when � j � \ :s b � , � �D� � q � o � � 	 � ] � � � > � o � ��� � q� � 	 � ] � � � > � o � ��� � q� o � � � � v >I= , ��> �?�?� � j��2> E �
wherethelastline followsfrom Assumption3,andv�> isaconstant.
Thuswe concludethatif

d_ ` � , � � Q > � q , theno � � r � Q > �c7 � Q > � v >I= , � > �?�?� �Kjx�<> E � R (17)

Hencetheoverallchannel-equalizerresponseS � > � Q � > 7 reduces
to amultipleof theFPEFresponse,whosetransferfunctionis � �����
in (16).

Null space of s b � , �
On the otherhand,if a vector

�
lies in the null spaceof s b � , �

underAssumption3, thens b � , � � � q � o �2> � 	 ] � > � � � o � � q� � 	 ] � >�� � � o � � q� o � � vGj � j� � � v jI� � � j R
The third line follows now from the fact that the null spaceof a
singular f$*�f companionmatrix is thespanof thevector � j , and
the last one is a consequenceof o �2> beinglower triangular; � �
denotesthe

� f % f � entryof o �<> . Again, v j is anunknown constant.
Hence,if

d_ ` � , � Q j � q , thenr � Q j � v jI� � � j � 7 � Q j � v jI� � o � � � j R (18)

Thus, in this casethe overall channel-equalizerresponseS �j �Q �j 7 is proportionalto thelastrow of theinverseCholesky factoro �<> . It is known from linear predictiontheory[3] that this row
containsthecoefficientsof theFPEFof order f ] , for theprocess& � � ' . Specifically, if we denote� �j o �<> � = �Bj��2> �?�?� � > � � E� � � % (19)

thenthetransferfunctionof the
� f ] , � -th orderFPEFis givenby� ����� � , ! jx�<>� � � > � ��� � � � � (20)

(note that � � is positive real). However, dueto the order-update
propertyof predictionfilters [3], underAssumption3 it turnsout
thattheFPEFsof ordersf and f ] , coincide,i.e.� � � � �� � % � � , %?RIR?R?% f ] , � � ����� � � ����� R (21)

Observe, however, that the � � coefficients in (19) appearin re-
verseorder. Hence, the transfer function of the combinedre-
sponseS �j � Q �j 7 is proportionalto

� �2��j��2>�� � � � ,�� � � � . This,
of course,is thetransferfunctionof thebackward predictionerror
filter (BPEF)for theprocess& � �(' .

Themagnitudesof theconstantsv > , v j canbeeasilyobtained.
First, from (18) it follows thatQ �j d_ ` � \ � Q j � Q �j r�r � Q j � � v j � 1 � 1� R (22)

Obtaining � vx> � 1 is slightly moreinvolved,but theapproachis the
same.Noting that thevectorin the right-handsideof (17) is just� �2>��
 � , onehasQ � > d_ ` � \ � Q > � Q � > rPr � Q >� � v�> � 1� 1� ��� o � 
 � ��� 1 R (23)



Onecanshow thatthevector o � 
 � hasunit norm:� � 
 � o�o � 
 � � � � 
 � _ b � \ � 
 �� � � _ b � \ � � �� � � o � o � �� � �j � j� , %
where the secondline follows from the fact that 
 _ b � \ � �_ b � \ � � 
 because

_ b � \ � is Hermitian Toeplitz, and the fourth
from the definition of � in (19). Therefore,one has � v > � 1Y�� 1� � Q � > d_ ` � \ � Q > � .

In both cases( Q > or Q j ) an output SNR maximizationap-
proachcanbeundertakenexactly in thesamemannerasin Section
4, in orderto avoid thezerosolution.

6. POST-EQUALIZATION

In theprecedingsectionwe have shown that in thecoloredsource
case,and underAssumption3, the equalizerschosenfrom left
and right null vectorsof the lag-1 denoisedautocorrelationma-
trix

d_ ` � , � of thechanneloutputresultin combinedresponsesthat
areproportional,respectively, to the forward andbackward pre-
diction error filters for the sourceprocess.The FPEFandBPEF
aredeterminedby the sourcestatisticsalone,and thereforethey
areavailable to the receiver. As a consequence,by virtue of the
‘pre-equalizers’Q > , Q j , the(unknown) SIMO channelis reduced
to a known (up to a scaling)SISOone. This meansthata ‘post-
equalizer’canbedesigned.Severalapproachesseempossible:

1. By using the two pre-equalizersQ > , Q j , a single-input
double-outputchannelwould be obtained,the FPEFand
BPEFbeingthe two subchannels.Thesetwo subchannels
donothave commonzeros,sinceAssumption3 guarantees
the FPEF’s transferfunction to be minimum phase,while
the BPEF’s will be maximumphase1. Hence,a double-
input single-outputZF post-equalizercould be readily de-
signed.
The problemwith this approachis that the residualphase
ambiguitiesin eachsubchannel(cf. theconstantsv�> , v j in
(17) and(18)) areindependent,which precludesdirectde-
signof thepost-equalizer. It is possible,in principle,to find
the relative phasedifferencebetweenthe two subchannels
by notingthatQ � > d_ ` � \ � Q j � � v � > v j �G� � � > _ b � \ � � j � R (24)

However, in mostpracticalcasesthelag-
� f ] , � autocorre-

lationcoefficientof thesource,� � > _ b � \ � � j , will havevery
small magnitude. This will make estimationof v � > v j via
(24)numericallytroublesome.

2. Anotheroption is to usea singlepre-equalizer( Q > or Q j ),
andthendesigna Minimum MeanSquaredError (MMSE)
FIR postequalizer. This designcanbe carriedout because
the combinedresponse( Q > or Q j ) is known in advance,
togetherwith the autocorrelationof the sourcesequence.
Sinceit is assumedthatthenoisevectorat thepre-equalizer
inputis whitewith covariance0213 , theautocorrelationfunc-
tion of thenoiseat its outputis alsoknown: thelag � auto-
correlationcoefficient is givenby 0 13 � Q � 	 ��e Q � .

1In fact,having � � j ���¡  is enoughfor theseto hold.

3. Thesimplestapproachfollowsfrom notingthatthetransfer
function � ����� of the FPEFis minimum phase,and there-
fore it canbe stablyandcausallyinverted. This suggests
using Q > aspre-equalizerandan all-pole filter ,�� � ����� as
post-equalizer. This has the advantageof computational
simplicity over theMMSE approach,which requirescom-
putationandinversionof thecovariancematrix of thepre-
equalizeroutput. On the other hand, this straightfoward
designdoesnot take noiseinto account,so that noiseen-
hancementproblemscouldappearat low SNRs.

Using this last approach,the algorith canbe summarizedas fol-
lows:

1. Estimate

_ ` � \ � , _ ` � , � from thereceiveddata.

2. Estimate0 13 asthesmallesteigenvalueof

_ ` � \ � , andcon-
structthedenoisedmatrices

d_ ` � \ � , d_ ` � , � in (3).

3. Performa SingularValueDecomposition(SVD) of
d_ ` � , �

andretainin thecolumnsof � > the ;L) ] f ! , left singular
vectorscorrespondingto the ;O) ] f ! , smallestsingular
values.

4. Compute��> astheunit-normeigenvectorof � � > d_ ` � \ � � >
correspondingto its largesteigenvalue ¢B£5¤�¥ , andlet Q > �� > � > . Also let v >�� � �x¦ ¢ £5¤�¥ .

5. Obtainthepre-equalizeroutput § �¨� � Q � > �<� � � v > .
6. Estimatethesourcedatavia ©� � �ª= ,�� � ����� E § � .

This extensionof Gazzah’s algorithmremainsrobustto chan-
nel orderovermodeling.Notethat theonly point in thealgorithm
above at which the(estimated)channellenght

N
intervenesis step

3 (since f � ; !«N
). If

N
is overestimated,thenfewer singular

vectorswill be retainedin � > . However, the resultingequalizer
will still performacceptably(exceptin thehighly unlikely casein
which all thesingularvectorsretainedhappento beorthogonalto
thesignalsubspace),althoughsomedegradationis expected.

7. SIMULATION RESULTS

In thesimulations,a correlatedQPSKsource& � � ' wasused.The
generationprocess,which waschosenfor its simplicity andwith
illustrative purposes,is asfollows:� � � |¬} ¬~

] , !H­¯®�° �²± � ± � � 1 � � � \D\ �! , !H­¯®�° �²± � ± � � 1 � � � \w, �] , ] ­¯®�° �²± � ± � � 1 � � � ,�\ �! , ] ­¯®�° �²± � ± � � 1 � � � ,D, �
where & ± �"' is the input streamof i.i.d. bits (

± �³� \ or , with
equalprobability).Theresultingautocorrelationcoefficientsarea�= � � � ��@� � E �µ´ Z % � � \ %¶ ­ % � � ¶ Z %\ % ·?¸�¹�·ºR
It canbechecked that theresultingcoefficients � � of theorder f
FPEFare,for f � Zx» or f � Z�» ! , ,� � � g \ % � odd,¼ , ] �?½ 1¾ CK>�¿ ­ �G½ 1 % � even.

NotethatAssumption3, i.e. � j � \ , is satisfiedfor odd f , but not
for f even.
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Figure1: SERvs. SNR.Pre-equalizerlength ; � ,I\ , assumedchannelorder

N �8À .
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Figure2: SERvs. SNR.Pre-equalizerlength ; �hÁ , assumedchannelorder

N �8À .
Considerthe following ) � Z subchannelswith order

N �µÀ
andcoefficients = � � � > � 1 �KÂ E �i \ R À \ R Ã ] ­ \ R , \ R , !-­ \ R Z ] \ R Z !H­ \ R Ä] \ R Z ] ­ \ R ,Å\ R Á ] ­ \ R Z ] \ R Á ] ­ \ R , \ R Ã !H­ \ R Z k
Wecomputedthepre-equalizerQ > by themethoddescribedin Sec-
tion 6 for severalchoicesof theparameters.For performancecom-
parisonpurposes,theresidualphaseambiguityis removedbefore
evaluatingthesymbolerror rate(SER)for eachcase.This evalu-
ationwasmadeusing ,I\ºÆ symbolsandaveragingtheresultsover
100independenttrials.

Fig. 1 shows thesymbolerrorrateobtainedwith theproposed
method.Thevector Q > wascomputedandusedaspre-equalizer,
usingseveral recordlengths( Ç � Z�\�\ , Á \º\ , ,?\º\�\ and Z�\�\º\ re-
ceivedsamplespersubchannel)for theestimationof theautocor-
relationmatrices.Thepre-equalizerorderwas ; � ,I\ , and

N �hÀ
(correctchannelorder)wasassumed.Observe that for theseval-
ues,f � ; !6N � , À is odd,sothatAssumption3 is satisfied.

Thefirst setof curvesin Fig. 1 werecomputedby usinganall-
pole post-equalizer,I� � ����� , while an FIR post-equalizationfilter
designedunderthe MMSE criterion wasusedfor the secondset

(the valueof 0 13 wasestimatedas in step2 of the pre-equalizer
computationalgorithmin Section6). For a fair comparison,the
samenumberof tapswastakenfor theFIR andIIR post-equalizers.
Sinceit is known a priori that theoverall channel- pre-equalizer
transferfunction is minimum phase,an associateddelayof zero
canbetakenin theFIR post-equalizerdesignwithoutperformance
loss.

Theresultsobtainedwith thetwo approachesarequitesimilar,
which makesthe ‘quick anddirty’ all-pole post-equalizerdesign
moreattractivegivenits smallercomputationalload.In bothcases,
performanceimprovesasmoresamplesareusedfor pre-equalizer
computation,asexpected. Theseeffectsarealsoevident in Fig.
2, whichshows theresultsobtainedunderthesameconditions,the
only differencebeingthatthepre-equalizerorderhasbeenreduced
to ; �YÁ . In thatcase,onehasf � ; !6N �YÈ which is even,so
thatAssumption3 is violated(onehas� j � \ R Z ). Still, significant
reductionof the SERis observed, so that the algorithmseemsto
berobustto this effect.

Finally, Fig. 3 comparesthe SER obtainedwith exact and
overestimatedchannelorders,for thetwo casesof ashort( ; �hÁ )
and long ( ; � ,I\ ) pre-equalizers,both with an all-pole post-
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Figure3: SERvs. SNR.All-pole post-equalizers,Ç � ,I\�\º\ symbolsusedfor estimation.

equalizer. It is seenthat with a shortpre-equalizer, performance
degradeswhen the channelorder is overestimated,althoughthe
schemeis still ableto equalizethechannel,i.e. it doesnot break
down. If a longerpre-equalizeris used,channelorderoverestima-
tion doesnot translateinto performancedegradation. This is as
expected,sincethedimensionof thesubspacefrom which thepre-
equalizeris extractedis ; � ) ] , � ] N(! , , which grows linearly
with ; .

8. CONCLUSIONS

We have shown how the algorithmof Gazzahet al. [2] for blind
identificationof FIR SIMO channelscanbeappropiatelymodified
in orderto accountfor sourcecorrelation(assumingthatthesource
statisticsare known to the receiver). More precisely, although
channelidentificationis no longerfeasible,themethodis still able
to blindly obtainpre-equalizerswhoseconvolution with thechan-
nel is known to the receiver (up to a phaserotation). Therefore,
designof a post-equalizeris straightforward. Thealgorithmuses
second-orderstatisticsonly of theobservedsignal,andit preserves
theappealingpropertyof theoriginalmethod[2] of beingrobustto
channelorderovermodeling.Thecomputationalcomplexity of the
proposedextensionis comparableto thatof theoriginal approach
[2].
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