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ABSTRACT

In multiple-acces€ommunicatiorsystemgo-cannelinterferencecan be mitigatedby applying multiuserdetectionin-
steadof treatingtheinterferenceasadditivenoise[1]. In this paperwefocusondownlinkoperationin a GSM-like TDMA
networkandinvestigatemultiuserchannelestimationand datasymboldetectionof two uses that shate the samephysical
channelin two adjacentcells. Sud a scenariowouldallow a significantincreasen spectal efficiency We assumeno syn-
chronizationbetweerthe basestations.Mobile terminalsexploit multiple receiveantennas\We proposea simpleiterative
receiveralgorithmthat performsjoint channelanddataestimation.Theperformances evaluatedby simulations.

1. INTRODUCTION

Resourceallocationstratgiesin cellular networks nowadaysaim at meetingincreasingdemandfor higherthroughput,
in termsof the numberof usersthat canbe simultaneouslysened. In a GSM network every cell is assigneda set of
frequeng bands,eachof themcanaccommodat® usersin differenttime slots. The frequeny reusefactoris the result
of acompromiseébetweerntwo oppositerequirementsminimizing inter-cell interferenceon the onehand,andmaximizing
thenumberof supportablesubscriber®ntheother Adjacentcellsin currentsystemaisedifferentsetsof bandsandstrict
power controlwithin eachcell furtherreducesnterferencdevel.

In this paperwe investigatehepossibility of reducingthefrequeng reusefactorto one,i.e. we addresshe casewhen
thetwo userghatsharehe samephysicalchannebelongto two neighbouringcells. A similar scenariovasinvestigatedn
[2], whereit wasassumedhatinterferingbasestationsaresynchronizegnda cell radiussmallenoughsothatthe signal
of interestandtheinterferingsignalarrive atthe mobile receverwith a smalloffset(notlargerthan3 symbols).

We will considerdownlink modewithout ary synchronizatiorbetweendifferentbasestations,which is the casein
currentGSM systemd3]. Thus, only if co-channelusersbelongto the samecell they will be synchronizedwhile in
the adjacent-celscenariahey areasynchronousFor the latter casewe proposean iterative recever that performsjoint
channekestimationanddatadetectionwhile exploiting signalsfrom multiple receve antennasn the mobileterminal.

Thearticleis organizedasfollows: in the next chapterwe will introducesignalandchannelmodel. Chapter3 deals
with the channelestimationproblem. Recever structureis presentedn Chapter4 andits performancds discussedn
Chapters. Chapter6 summarizesur work andgivesfinal conclusions.

2. SIGNAL AND CHANNEL MODEL

The structureof the physicalcontentof a time slot, i.e a burst, is specifiedby the GSM standard4]. A 26-symbollong
midamble definedby the Training Sequenc€ode(TSC),is placedin the centerof eachburst,andit is usedfor estimating
radiochannektonditions.Guardperiodattheendof eachburstpreventssignalsin consecutietime slotsfrom overlapping.
Hereinafteywe will ignoreguardperiod(GP)andtail binary symbols(TB), andobsene only Ng =142 symbolsof data
andmidambleasusers burst.

We will considera flat fadingchannelthat doesnot induceinter-symbolinterferenceg(ISI). The extensionto the ISI
cases straightforward. Thetotal signalattenuatiorintroducedby the channels theresultof severalmutuallyindependent
processefs]:

—Pathloss: signalpower decreaseaccordingo the power law of thedistancebetweerthetransmitterandtherecever 6]
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wherea andag areamplitudeweightsat distancer andreferencalistancerg, respectiely, anda is the pathlossexponent
thatdepend®ntheervironment.
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— Large scalefading (shadowing occursdueto large obstacledn the signal propagationpath. It is a slowly varying
processmodelledstochasticallywith log-normaldistribution: 20log(s) [dB] ~ N (us, 02).

— Smallscalefadingis the resultof multipathpropagation.The amplitudeof the receved fadedsignalis modelledasa
randomvariablewith Rayleighdistribution.

The scenariovhentwo interferingusersbelongto two ad-
jacentcellsis illustratedin Figurel. The cells are modelled
ascircular areasof radiusR, with the basetranscever station
(BTS) in the center and the usersuniformly, independently
identically distributed(i.i.d.) inside. Let MS; denotethe mo-
bile userof interest,senedby the BTS BS;. The interfering
userMS, in senedonthe samechanneby BS,. Paver con-
trol performedn thedownlink will compensatéheattenuation
causedby shadaving and path loss betweenBS; and MS;.
However, theamplitudeof theinterferingsignalfrom BS» will

Figurel: Two co-channelusesin adjacentcells berecevedat MS; attenuatedby shadeving andpathlossco-
efficientsgivenrespectiely by:
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with the notationcorrespondingo Fig. 1. Thebasebandnodelof the signalrecevedon N, antennasf MS, is

y(@) = z1(0) h1 + sp xoi) ha +m (2)

wherey(i) is (1 x N,) row vectorof thei-th symbolintenal,i = 1,2, ...Np, z1 (i), z2(i) € {—1, +1} arei-th transmitted
symbolsfrom BS; andBS, n is acomplex white Gaussiamoisevectorwith zeromeanandvariances?, andh; andh
are(1 x N,) channeimpulseresponse&ectorscontainingi.i.d. complex Gaussiarcoeficientsfor eachreceving antenna.
Thus,they canbeviewedasuniquespatialsignaturesharacterising@achusers signalspacealmostsurely Notethatsuch
asystemwith K transmitantennagK = 2 in ourcase)andN, receve antennags equivalentto a CDMA systemwith K
usersandspreadindactorequalto N, [7].

Path lossand shadeving areslowly varying processeshat do not changesignificantly over severaltime slots. That
enablegeliable estimationof coeficientss andp, which arethereforeassumedo be perfectlyknown to the receverin
our model. However, Rayleighfadingcoeficientsmay changerapidly from oneslot to anotherandthereforeneedto be
estimatedor eachburst. They areconsideredo beinvariantduringoneburstduration.

3. CHANNEL IDENTIFICATION PROBLEM

In orderto enableidentificationand estimationof the two users’channelsdifferenttraining sequencefor eachuserare
necessaryequirementMoreover, we assumehatthe userof interestknows thetraining sequencef theinterferer which
malkesjoint channelestimationpossible.

In thesynchronizedaseburstsof thesignalof interestandtheinterfererwill overlapin time andthustheir midambles
will be aligned. This allows performingjoint channelestimationasproposedn [2]. If synchronizatioris not perfecta
small offsetbetweerthe burstswill exist. Thenthe sameprocedurecanbe appliedonly over the overlappingsegmentof
the two midambles However, whenthe basestationsarenot synchronized randomoffsetbetweersignalswill occur It
canhave anarbitraryvaluefrom 0 to burstduration,but let usassumehatit is a multiple of symbolperiodTs, known at
therecever side. Then,normalizedoffsetvaluesarein therangeof: N,gse: €{0,1,..., Ng—1}.

Figure 2 depictsthe casefor 59 < Nygse: < 84, when
(n)-thslot the midambleof theinterfereris "split” into two parts. One
s || | T [ burstwill beaffectet_dby_ two unequa_boNerinterferingbursts
from two consecutie time slots. Sincethey belongto two
usersthey aretransmittedirom BS, with differentpowers,
but they sharethe samechannelto MS .
Noffoet CollectingN g recevedvectorsgivenby (2) intoa(Ng x N,)
matrixY = [y7 (1) y*(2) ... yT(NB)]T,therecei/edburst
canbewrittenas

(n —1)-thslot 1 (n)-thslot

| ] |

Figure2: Offsetbursts

Y =z1hy + Z2h2 + N, 3)

where @y = [z1(1) 21(2) ... 21(NB)]" and &y =[s'p'@a(1,.., Nogser) 8"p"@2(Nogoer+1,.,N5)]".
Sincemidamblesoverlapwith unknavn databits, channelestimationneedgo be donejointly with datadetection.



4. RECEIVER ALGORITHM

LetY,,, andY,,, denotematricesdefinedaccordingto (3), which containthe partof therecevedburstthatcorresponds
to midamblem of userof interestandm., of interferer respectiely. As initialization step first channelestimate®f both
signalsareobtainedik e in thesingleusercaseyegardingthe othersignalasnoise:

20 1 ~ (0) 1
fa = gg ™ Ymi 3 e = ggm

Theseestimatestogetherwith the known attenuationof the interfering signal are usedto determinewhich signal is
stronger The iterative algorithm startswith the detectionof that signal, settingthe wealer channelestimateback to

zero.Withoutlossof generality let usassumehat3|gnalof interest(from BS1) is strongerandthereforewve seth( )
As Figure3 indicates,in eachiterationstepj = 1, ... M, channelestimatesareimproved usmgthesoftestlmatezof the
databits thatoverlapwith midambles

m3 ¥n,. (4)
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The soft decisionfunction usedfor obtainingintermediatesymbol estimatess hyperbolictangentwith the slopedeter
minedby signal-to-noiseatio (SNR). It canbe shown thatfor binary signalsin Gaussiamoisethis decisionfunctionis
optimalin termsof minimizing meansquaresstimatiorerror (MSE) [8], [9]. Thus,tentative decisionson datasymbolsin
j-thiterationaregivenby:

. B0 Gt s e
20) = tanh{SNR Re[h ! (Y—@S R 1))]}

" 1)
50 tanh{SNR Re[hf](Y ““)h(’))]}. (6)

Theestimate®f SNRareupdatedn eachiterationas

e 1A |
SNRY = T 7
g
1 A
52 = Ftrace{Pz c,}, (8)

a

whereC,, is (N, x N,) signal covariancematrix and P,ﬁ is a projectionmatrix associatedwvith the noise subspace.
Recallingthatwe definedy, h1, andhs in (2) asrow vectorsanddefining H = [th hf] , thesematricesaregivenby

c, = E{Hw"H"}=HH" +7°I (9)
Py, = I-HH"H) " HY (10)
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Figure3: Blodk diagramof iterativereceiver



The estimatednatricesareobtainedn thefollowing way:

. 1 Ns
Cy = 5 2 whHwhH” (12)
=1
P, = I-Py=1-Q"Q, (12)

whereQ = orth(ﬁ) spansthesameestimatedsignalsubspacéz asH, but hasorthogonakolumns.

Theiterative processorvergesrapidly. Simulationsshav thatafter M = 3 iterationschannelestimateseachsteady
state thusallowing to stoptheiterationswith final datasymbolestimatesThey areobtainedby applyingtheharddecision
rule

() L0) s
2 = sign{Re [hf’ (Y—ﬁ;éM’th))]}

. (M) A
5, = sign{Re [hf (Y—i§M)h§M’)] }

5. PERFORMANCE EVALUATION

As a performancaneasuref therecever, we obsene the bit errorrate(BER) asa function of meansignal-to-noiseatio
(SNR),which is definedas SNR = E,/N,, where E, is meanenegy per symboland N, is one-sidedpower spectral
densityof white noise.

As typicalvaluesfor modellingurbanandsuhurbanervironment10], pathlossexponents setto o = 4 andshadeving
attenuationwveightsin (1) have the samestandarddeviation o2; = 02 = 10 dB. Thesevaluesleadto hugevariationsof
interferencepower. Averagedover all possiblepathlossvalues(for all possiblerelative positionsof the mobile users)
signalto interferencgSIR) level amountgo —6 dB. In the performedsimulationsit wasassumedhatthe positionsof the
userschangefrom oneburstto anotheythusleadingto independentdifferentinstantaneousiterferencdevels. Because
of unbalancednterferencdevelsrecever’s performancas stronglydependenbn the relative offset betweerthe signals
arriving from the servingandthe interferingbasestation. Figure4 shavs BER curvesfor threeextremecasef offset.
Obviously, for high valuesof offsetperformancalegradessignificantlyfor higherSNRswhereinterferencenasdominant
influence. This behaviour is depictedby Figure 5 where,due to symmetry relative offset can be definedas: N, =
(Noﬁset - %NB) S {—71, U 0 F 70}.

For higher SNR (lower curve in Figure5), the recever is more sensitve to channelestimationerrors. Both curves
shaw thatfor smallrelative offsets,whenalmostthewhole burstis affectedby the samelevel of interferencetherecever
is ableto mitigatethis interferencethroughoutiterations. In the light of shavn results, it is reasonabldo requireonly a
coarsesynchronizatiorbetweerthetwo basestations.In thatcasethealgorithmshows goodperformanceventhoughthe
recever doesnot exploit knowledgeof 26 — |N,..;| overlappingbits of midamblesasproposedn [2].
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Figure4: BERfor 3 differentoffsetvalues Figure5: BERperformancerersusrelativeoffset



Figure 6 shows the performancamprovementduring the iterative process.Oneiteration correspondso performing
only spatialmatchediltering, basedn the estimatecchannebivenby (4). By secondterationperformances improved,
especiallyin higherSNRregion. Thelowerboundon BER of thereceveris givenby theanalyticalresultfor probability of
errorfor binarysymbolsin a Rayleighfadingchannelwith L statisticallyindependentliversitybranchesA closed-form

solutionfor suchacaseis givenby [11]
1 LR [/p—1+k\ 1 k
r=(30-m) kg[( N Gan)

whereL in our caseequalsto the numberof antennasV,, andu is the function of the averageSNR per channel defined

as.
[ snry/N,
F=A\1+sNR/N,

Notethatexpression13) assumegperfectknowledgeof thechannektthe recever sideandcompletelyorthogonalusers’
signatures. For small valuesof offset receiver approacheshis boundafter M = 3 iterations,as shavn in Figure 6.
A performancegap of lessthan1dB is dueto non-idealchannelestimationand presenceof variable-paver shadaved
interference.

Finally, Figure 7 shawvs the diversity gain for differentnumberof receve antennasin caseof small offset. As the
numberof antennagrows larger the BER is closerto the theoreticalboundgiven by (13) for correspondinghumberof
branched..

; (13)
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6. CONCLUSIONS

We have investigatedapplicationof multiuserdetectionon two asynchronouspower imbalancedco-channelsersin a

GSM-like system For agenerataseof anarbitraryrelative offsetalow-compleity iterative receverstructures proposed,
which performsjoint channelestimationand datadetection. For updatingchannelestimatesn the iterative processsoft

decisionson datasymbolsareusedasfeedbackinformation. Theiterative processeachesteadystatevery quickly (after

3 iterations).Performanceahaows strongdependengon therelative offset. For smallvaluesof offsetBER closelyfollows

the lower boundof the single-usercasein a Rayleigh-fdingchannelwith independenteceve diversity branches.The

simplifiedrecever canbe extendedo handleinter-symbolinterferenceaswell asmorethanoneinterferinguser
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