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ABSTRACT

In multiple-accesscommunicationsystemsco-channelinterferencecanbe mitigatedby applyingmultiuserdetectionin-
steadof treatingtheinterferenceasadditivenoise[1]. In thispaperwefocusondownlinkoperation in a GSM-likeTDMA
networkandinvestigatemultiuserchannelestimationanddatasymboldetectionof twousers thatshare thesamephysical
channelin twoadjacentcells.Such a scenariowouldallow a significantincreasein spectral efficiency. Weassumenosyn-
chronizationbetweenthebasestations.Mobile terminalsexploit multiplereceiveantennas.We proposea simpleiterative
receiveralgorithmthatperformsjoint channelanddataestimation.Theperformanceis evaluatedby simulations.

1. INTRODUCTION

Resourceallocationstrategiesin cellular networks nowadaysaim at meetingincreasingdemandfor higher throughput,
in termsof the numberof usersthat canbe simultaneouslyserved. In a GSM network every cell is assigneda setof
frequency bands,eachof themcanaccommodate8 usersin differenttime slots. Thefrequency reusefactoris the result
of acompromisebetweentwo oppositerequirements:minimizing inter-cell interferenceon theonehand,andmaximizing
thenumberof supportablesubscriberson theother. Adjacentcellsin currentsystemsusedifferentsetsof bandsandstrict
powercontrolwithin eachcell furtherreducesinterferencelevel.

In thispaper, we investigatethepossibilityof reducingthefrequency reusefactorto one,i.e. weaddressthecasewhen
thetwo usersthatsharethesamephysicalchannelbelongto two neighbouringcells.A similarscenariowasinvestigatedin
[2], whereit wasassumedthatinterferingbasestationsaresynchronizedanda cell radiussmallenoughsothat thesignal
of interestandtheinterferingsignalarriveat themobilereceiverwith asmalloffset(not largerthan3 symbols).

We will considerdownlink modewithout any synchronizationbetweendifferentbasestations,which is the casein
currentGSM systems[3]. Thus,only if co-channelusersbelongto the samecell they will be synchronized,while in
theadjacent-cellscenariothey areasynchronous.For the lattercasewe proposean iterative receiver thatperformsjoint
channelestimationanddatadetectionwhile exploiting signalsfrom multiple receiveantennasin themobileterminal.

Thearticle is organizedasfollows: in thenext chapterwe will introducesignalandchannelmodel. Chapter3 deals
with the channelestimationproblem. Receiver structureis presentedin Chapter4 andits performanceis discussedin
Chapter5. Chapter6 summarizesourwork andgivesfinal conclusions.

2. SIGNAL AND CHANNEL MODEL

Thestructureof thephysicalcontentof a time slot, i.e a burst, is specifiedby theGSM standard[4]. A 26-symbollong
midamble,definedby theTrainingSequenceCode(TSC),is placedin thecenterof eachburst,andit is usedfor estimating
radiochannelconditions.Guardperiodattheendof eachburstpreventssignalsin consecutivetimeslotsfrom overlapping.
Hereinafter, we will ignoreguardperiod(GP)andtail binarysymbols(TB), andobserve only
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symbolsof data

andmidambleasuser’sburst.
We will considera flat fadingchannelthat doesnot induceinter-symbolinterference(ISI). The extensionto the ISI

caseis straightforward.Thetotalsignalattenuationintroducedby thechannelis theresultof severalmutuallyindependent
processes[5]:
– Path loss:signalpowerdecreasesaccordingto thepowerlaw of thedistancebetweenthetransmitterandthereceiver[6]� 
�� �
�� � ������ ���������
where



and


��
areamplitudeweightsatdistance� andreferencedistance� � , respectively, and � is thepathlossexponent

thatdependson theenvironment.���
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– Large scalefading (shadowing) occursdue to large obstaclesin the signal propagationpath. It is a slowly varying
process,modelledstochasticallywith log-normaldistribution:
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– Smallscalefading is the resultof multipathpropagation.Theamplitudeof the receivedfadedsignalis modelledasa
randomvariablewith Rayleighdistribution.

Thescenariowhentwo interferingusersbelongto two ad-
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Figure1: Two co-channelusers in adjacentcells

jacentcells is illustratedin Figure1. The cells aremodelled
ascircularareasof radiusR, with the basetransceiver station
(BTS) in the center, and the usersuniformly, independently
identicallydistributed(i.i.d.) inside. Let LNM%O denotethemo-
bile userof interest,servedby the BTS PQMFO . The interfering
user LNM � in servedon thesamechannelby PRM � . Power con-
trol performedin thedownlink will compensatetheattenuation
causedby shadowing andpath loss betweenPQM O and LNM O .
However, theamplitudeof theinterferingsignalfrom PRM � will
bereceivedat LNM O attenuatedby shadowing andpathlossco-
efficientsgivenrespectively by:,S� , � O, � TVU � U � OU � � �%� � O� � � �8��W � � (1)

with thenotationcorrespondingto Fig. 1. Thebasebandmodelof thesignalreceivedon
�YX

antennasof LNMFO isZ *=[\.F�D] O *=[\.4^ OF_ , U ] � *`[\.4^ � _ba (2)

whereZ *`[c. is
*\�QdY� X .

row vectorof the
[
-th symbolinterval,

[e�;� � 
 �gf'f'f �Y� ,
] O *=[\. � ] � *=[\.ihkjml�� � _ �)n are

[
-th transmitted

symbolsfrom PRM O and PQM � , a is acomplex whiteGaussiannoisevectorwith zeromeanandvariance? � , and
^ O and

^ �
are

*\�odp� X .
channelimpulseresponsevectorscontainingi.i.d. complex Gaussiancoefficientsfor eachreceiving antenna.

Thus,they canbeviewedasuniquespatialsignaturescharacterisingeachuser’ssignalspacealmostsurely. Notethatsuch
asystemwith q transmitantennas( q �r


in ourcase)and
�sX

receiveantennasis equivalentto aCDMA systemwith q
usersandspreadingfactorequalto

�sX
[7].

Path lossandshadowing areslowly varying processesthat do not changesignificantlyover several time slots. That
enablesreliableestimationof coefficients

,
and U , which arethereforeassumedto beperfectlyknown to the receiver in

our model. However, Rayleighfadingcoefficientsmaychangerapidly from oneslot to anotherandthereforeneedto be
estimatedfor eachburst.They areconsideredto beinvariantduringoneburstduration.

3. CHANNEL IDENTIFICATION PROBLEM

In orderto enableidentificationandestimationof the two users’channels,differenttrainingsequencesfor eachuserare
necessaryrequirement.Moreover, weassumethattheuserof interestknowsthetrainingsequenceof theinterferer, which
makesjoint channelestimationpossible.

In thesynchronizedcaseburstsof thesignalof interestandtheinterfererwill overlapin timeandthustheirmidambles
will be aligned. This allows performingjoint channelestimationasproposedin [2]. If synchronizationis not perfecta
smalloffsetbetweentheburstswill exist. Thenthesameprocedurecanbeappliedonly over theoverlappingsegmentof
thetwo midambles.However, whenthebasestationsarenot synchronizeda randomoffsetbetweensignalswill occur. It
canhave anarbitraryvaluefrom 0 to burstduration,but let usassumethat it is a multiple of symbolperiod tvu , known at
thereceiverside.Then,normalizedoffsetvaluesarein therangeof:

�Yw=x >zyc{ hSj/" � � �gf'f'f|� ����lp�)n .
Figure2 depictsthe casefor }#~:� ��w=x >zyc{ ��� � , when���/�
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Figure2: Offsetbursts

the midambleof the interfereris ”split” into two parts. One
burstwill beaffectedby two unequalpowerinterferingbursts
from two consecutive time slots. Sincethey belongto two
users,they aretransmittedfrom PQM � with differentpowers,
but they sharethesamechannelto LNM O .
Collecting

���
receivedvectorsgivenby (2) into a(

����do� X
)

matrix � ��� Ze� *z��. Z�� *�
m. f|f'f Z�� *`�Y�6.�� � , thereceivedburst
canbewrittenas� ��� O ^ O1_¡ � � ^ � _:¢ � (3)

where
� O �¡0 ] O *z��.£] O *-
). f'f|f ] O *����6.c5 � and  � � �¤0 ,�¥ U ¥|� � *\� �gf'f|� ��w=x >\y\{ .¦,	¥ ¥ U ¥ ¥'� � *`�Yw=x >zyc{ _ � �	f|f'� ���F.�5 � .

Sincemidamblesoverlapwith unknown databits,channelestimationneedsto bedonejointly with datadetection.



4. RECEIVER ALGORITHM

Let �k§ � and ��§ � denotematricesdefinedaccordingto (3), which containthepartof thereceivedburst thatcorresponds
to midamblërO of userof interestand ¨ � of interferer, respectively. As initializationstep,first channelestimatesof both
signalsareobtainedlike in thesingleusercase,regardingtheothersignalasnoise:©^6ª �@«O � �
)¬ ¨ � O �k§ � T ©^£ª ��«� � �
)¬ ¨ �� ��§ � f (4)

Theseestimates,togetherwith the known attenuationof the interfering signal are usedto determinewhich signal is
stronger. The iterative algorithm startswith the detectionof that signal, settingthe weaker channelestimateback to

zero.Without lossof generality, let usassumethatsignalof interest(from PQM O ) is stronger, andthereforeweset
©^6ª ��«� ��"

.
As Figure3 indicates,in eachiterationstep­ �®� �	fgf	f°¯ , channelestimatesareimprovedusingthesoft estimatesof the
databits thatoverlapwith midambles ©^ ª�± «O � �
)¬�¨ � O;² � § � l´³ � ª�± � O «� § � ©^ ª�± � O «� µ©^ ª�± «� � �
)¬�¨ �� ² � § � l ³� ª�± «O § � ©^ ª�± «O µ f (5)

The soft decisionfunctionusedfor obtainingintermediatesymbolestimatesis hyperbolictangent,with the slopedeter-
minedby signal-to-noiseratio (SNR). It canbeshown that for binarysignalsin Gaussiannoisethis decisionfunction is
optimalin termsof minimizingmeansquareestimationerror(MSE) [8], [9]. Thus,tentativedecisionson datasymbolsin­ -th iterationaregivenby: ³� ª�± «O �·¶@¸)¹4º¼» ½M¿¾ÁÀ ª�± «ÃÂgÄoÅFÆ ©^%ÇO ª�± « ² � lr³ �£ª�± � O «� ©^£ª�± � O «� µ+ÈeÉ³  � ª�± «� �·¶@¸)¹4º » ½M¿¾ÁÀ ª�± « ÂgÄoÅ Æ ©^ Ç� ª�± « ² � l ³� ª�± «O ©^ ª�± «O µ+ÈeÉ f (6)

Theestimatesof SNRareupdatedin eachiterationas½Mi¾SÀ ª�± « � Ê ©^ ª�± «O Ê �½? � (7)½? � � �� X ¶@Ë@¸mÌ Å j ©ÍÏÎÐ ½ÑÏÒ n � (8)

where
ÑÏÒ

is
*`�sXod¼�YXÃ.

signal covariancematrix and
Í ÎÐ is a projectionmatrix associatedwith the noisesubspace.

Recallingthatwe definedZ ,
^ O , and

^ � in (2) asrow vectorsanddefining Ó �ÕÔÖ^ � O ^ ��v× , thesematricesaregivenbyÑ Ò � Ø¤ÙÚ* Z � .g* Z � . Ç¼Û � Ó´Ó Ç _ ? �	Ü (9)Í ÎÐ � Ü l Ó * Ó Ç Ó . � O Ó Ç (10)
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Figure3: Block diagramof iterativereceiver



Theestimatedmatricesareobtainedin thefollowing way:½Ñ�Ò � ��Y�;ä �å æ'ç O * Z �æ .�* Z �æ . Ç (11)©Í ÎÐ � Ü l ©Í Ð � Ü l�è Ç è � (12)

where
èé�D&)Ë°¶°ºê* ©Ó . spansthesameestimatedsignalsubspace

½ë
as

½Ó , but hasorthogonalcolumns.
Theiterative processconvergesrapidly. Simulationsshow thatafter ¯ �Vì

iterationschannelestimatesreachsteady
state,thusallowing to stoptheiterationswith final datasymbolestimates.They areobtainedby applyingtheharddecision
rule ©� O �îízï'()¹ » ÄRÅ Æ ©^ Ç O ªÖð « ² � lV³ � ª'ð «� ©^ ª'ð «�ñµ�ÈeÉ© � � �îízï'()¹s» ÄRÅpÆ ©^eÇ� ªÖð « ² � l ³� ª'ð «O ©^£ª'ð «O µ�ÈeÉ f
5. PERFORMANCE EVALUATION

As a performancemeasureof thereceiver, we observe thebit errorrate(BER) asa functionof meansignal-to-noiseratio
(SNR),which is definedas M¿¾ÁÀ � ò u�ó � � , where

ò u is meanenergy per symboland
� �

is one-sidedpower spectral
densityof white noise.

As typicalvaluesfor modellingurbanandsuburbanenvironment[10], pathlossexponentis setto � �D� andshadowing
attenuationweightsin (1) have the samestandarddeviation ? � O � ? � �ô�	"

dB. Thesevaluesleadto hugevariationsof
interferencepower. Averagedover all possiblepath lossvalues(for all possiblerelative positionsof the mobile users)
signalto interference(SIR) level amountsto

lo¬
dB. In theperformedsimulationsit wasassumedthatthepositionsof the

userschangefrom oneburst to another, thusleadingto independent,differentinstantaneousinterferencelevels. Because
of unbalancedinterferencelevels receiver’s performanceis stronglydependenton the relative offsetbetweenthe signals
arriving from theservingandthe interferingbasestation. Figure4 shows BER curvesfor threeextremecasesof offset.
Obviously, for high valuesof offsetperformancedegradessignificantlyfor higherSNRswhereinterferencehasdominant
influence. This behaviour is depictedby Figure 5 where,due to symmetry, relative offset can be definedas:

��õ�ö�÷%�*���w=x >\y\{ l O� �Y�6.ihkjmlSø¿� �	f|f'f|� " �	f|f'f|� øÃ"4n .
For higherSNR (lower curve in Figure5), the receiver is moresensitive to channelestimationerrors. Both curves

show thatfor smallrelativeoffsets,whenalmostthewholeburst is affectedby thesamelevel of interference,thereceiver
is ableto mitigatethis interferencethroughoutiterations. In the light of shown results,it is reasonableto requireonly a
coarsesynchronizationbetweenthetwo basestations.In thatcasethealgorithmshowsgoodperformanceeventhoughthe
receiverdoesnotexploit knowledgeof


#¬�l � � õ@öc÷ �
overlappingbits of midambles,asproposedin [2].
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Figure4: BERfor 3 differentoffsetvalues
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Figure6 shows the performanceimprovementduring the iterative process.Oneiterationcorrespondsto performing
only spatialmatchedfiltering, basedon theestimatedchannelgivenby (4). By seconditerationperformanceis improved,
especiallyin higherSNRregion. ThelowerboundonBERof thereceiveris givenby theanalyticalresultfor probabilityof
errorfor binarysymbolsin a Rayleighfadingchannel,with ù statisticallyindependentdiversitybranches.A closed-form
solutionfor suchacaseis givenby [11]úeûm� � �
 *z�+l�<ê. �	ü ü � Oåý ç �Ïþ � ù lp� _¼ÿÿ � � �
 *z� _ <ê. � ý�� � (13)

where ù in our caseequalsto thenumberof antennas
�YX

, and
<

is thefunctionof theaverageSNRperchannel,defined
as: <J��� Mi¾SÀkó �YX� _ Mi¾SÀ�ó � X f
Notethatexpression(13)assumesperfectknowledgeof thechannelat thereceiversideandcompletelyorthogonalusers’
signatures. For small valuesof offset receiver approachesthis boundafter ¯ � ì

iterations,as shown in Figure 6.
A performancegapof lessthan

�
dB is dueto non-idealchannelestimationandpresenceof variable-power shadowed

interference.
Finally, Figure7 shows the diversity gain for differentnumberof receive antennas,in caseof small offset. As the

numberof antennasgrows larger the BER is closerto the theoreticalboundgivenby (13) for correspondingnumberof
branchesù .
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6. CONCLUSIONS

We have investigatedapplicationof multiuserdetectionon two asynchronous,power imbalancedco-channelusersin a
GSM-likesystem.For ageneralcaseof anarbitraryrelativeoffsetalow-complexity iterativereceiverstructureis proposed,
which performsjoint channelestimationanddatadetection.For updatingchannelestimatesin the iterative processsoft
decisionson datasymbolsareusedasfeedbackinformation.Theiterativeprocessreachessteadystateveryquickly (after
3 iterations).Performanceshowsstrongdependency on therelativeoffset.For smallvaluesof offsetBERcloselyfollows
the lower boundof the single-usercasein a Rayleigh-fadingchannelwith independentreceive diversity branches.The
simplifiedreceivercanbeextendedto handleinter-symbolinterferenceaswell asmorethanoneinterferinguser.
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