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ABSTRACT
Multiuserdetectionis a powerfultool for combatingco-
channel interferencein multiple-accesscommunication
systems[1]. In this paper, we investigatethe feasibil-
ity of achieving increasedspectral efficiencyin GSM-like
TDMA networksby applying multiuserdetection. Two
specialcasesare considered: In the first scenario,two
users are servedsimultaneouslyin the samecell. In the
secondone, two users in adjacentcellsare servedon the
samefrequency. We focuson downlinkoperation. Multi-
ple receiveantennasat themobileterminalsprovidethe
processinggain necessaryto enableefficient multiuser
detection.Weproposeanefficientiterativereceiverstruc-
ture that performsjoint channelestimationanddatade-
tection.Theperformanceis evaluatedby meansof simu-
lations.

1. INTRODUCTION

Existingcellularnetworksarefacedwith anever increas-
ing demandfor higherthroughput,in termsof thenumber
of usersthatcanbesimultaneouslyserved.In aGSMnet-
work, thenumberof usersin acell is system-limited:ev-
erycell is assignedasetof frequency bands,eachof them
canaccommodate8 usersin different time slots. Adja-
centcellsusedifferentsetsof bandsin orderto minimize
inter-cell interference.Strict power control within each
cell furtherreducesinterferencelevel [2].

A physicalcommunicationchannelin a single cell
is uniquelydefinedfor eachuserwith a time slot num-
beranda pair of uplink anddownlink carriers.Physical
contentof a time slot is calledburst, with a structureas
shown in Fig. 1. A midambledefinedby theTrainingSe-
quenceCode(TSC), placedin the centerof eachburst,
is usedfor estimationof radiochannelconditions.Here-
inafter, guardperiod(GP) andtail binary symbols(TB)
will beignored,andonly
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��
usefulbinarysym-

bolswill bereferredto asauser’sburst.
In this paper, we investigatethecasewhentwo users

sharethe samephysicalchannel.If a properlydesigned
receiver cancombatstrongco-channelinterferencethat
would arisein sucha case,it would allow significantim-
provementof thenetwork throughput.

Two scenariosshouldbedistinguished:� interferingusersbelongto thesamecell (intra-cell
interference)� interferingusersbelongto adjacentcells(inter-cell
interference)

Our furtherattentionwill bemainly focusedon thelatter
case. We will considerdownlink communicationfrom
the basestation to a multiple antennamobile receiver.
Signalandchannelmodelaregiven in Section2. Chan-
nel estimationis addressedin Section3. The receiver
structureis proposedin Section4. Section5 analyzesthe
receiver’s performance.Finally, Section6 summarizes
ourwork.

2. SIGNAL AND CHANNEL MODEL

While propagatingthroughthe radiochannel,the signal
is subjectto differenttime-varyingdistortionsdueto in-
terference,fadingand noise. For our investigation,we
will considera simplified caseof a flat fading channel
that doesnot induceinter-symbol interference. In this
case,apart from additive noise, the channelintroduces
only an unknown attenuationthat scalesthe signalam-
plitude. Thetotal attenuationis theresultof severalpro-
cessesthatareassumedto bemutuallyindependent[3]:

1. Path loss:Signalpowerdecreasesaccordingto the
power law of the distancebetweenthe transmitter
andthereceiver. In thegeneralcase,thepathloss
attenuationcanbeexpressedas[4]:� ��� ���� � 	����� �������! 
where " is thepathlossexponentthatdependson
theenvironment,

�
and

���
areamplitudeweightsat

distance� andreferencedistance� � , respectively.

2. Large scalefading(shadowing) is dueto largeob-
staclesin the propagationpaththat block the sig-
nal. It isaslowly varyingprocess,modelledstochas-
tically with log-normaldistribution:�$#&%('*),+.-0/21 3547698;:<+>=*�  @? �� /

3. Smallscalefading is the resultof multipathprop-
agation. The amplitudeof the received fadedsig-
nal is modelledasarandomvariablewith Rayleigh
distribution.
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Figure1: Normalburstin GSM



Two scenariosareof interest:� Let usfirst considertwo co-channelusersservedby
thesamebasetransceiverstation(BTS).Thecell is
modelledas a circular areaof radiusR, with the
BTS in the centerand the usersuniformly, inde-
pendentlyidenticallydistributed(i.i.d.) inside.Let
us denotethe mobile userof interestas O<PRQ and
theinterferinguseras O<P � , with all theassociated
parametersindexedcorrespondingly. If weassume
perfectpower control performedin the downlink,
thepathlossandshadowing attenuationof O<PRQ ’s
signalwill becompensatedfor. However, theinter-
feringsignalwill bereceivedat O<PRQ attenuatedby
relativeshadowing andpathlosscoefficientsgiven
respectively by:-S	 - Q- �UT<V 	 V QV � 	W� � Q� � � �9��X �ZY
Thebasebandsignalmodelcanbeexpressedas:[ +]\^/_	a` Q +]\^/5b Q_c - V ` � +]\F/db � cfe (1)

where [ +]\^/ is
+g��hi�kj
/

vectorof thereceivedsig-
nalsat

�lj
antennasof O<P Q at

\
-th symbol inter-

val,
\m	n�  �  Y(Y(Y �k�o�����F� ; ` Q  ` �_prqts �  c �*u are

\
-th

transmittedsymbolsfrom BTS to O<PRQ and O<P � ,e is a complex Gaussiannoisevector(zeromean,
with variance? � ) and

b Q and
b � arechannelim-

pulseresponsevectorscontainingi.i.d. complex
Gaussiancoefficients for eachreceiving antenna.
Thus,they canbe viewedasuniquespatialsigna-
turescharacterizingeachuser’ssignalspacealmost
surely. This is analogousto spreadingwith signa-
turesequencesin CDMA systems[5].� Thescenariowhentwo interferingusersbelongto
two adjacentcells is illustratedin Figure2. In this
case,the samesignalmodelgivenwith (1) holds,
exceptthattherelativeattenuationweightsaregiven
by: -v	 - � Q- � TwV 	 V � QV � 	��&� � Q� � � �9��X �  (2)

with thenotationcorrespondingto Figure2. Dueto
largerdistancerangebetweenO<PxQ andthe inter-
feringbasestationykP � , � � Q p 1 z  @{ zv6 , interference
canundergomuchlargerpathlossattenuationthan
in previouscase.

Path loss and shadowing are slowly varying pro-
cessesthatdonotchangesignificantlyoverseveral
time slots. That enablesreliableestimationof co-
efficients

-
and V , which arethereforeassumedto

be perfectly known to the receiver in our model.
However, Rayleighfadingcoefficientsmaychange
rapidly from oneslot to anotherandthereforeneed
to beestimatedfor eachburst.They areconsidered
to beinvariantduringoneburstduration.
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Figure2: Two usersin adjacentcells

3. CHANNEL ESTIMATION

3.1. Users in the Same Cell
Sinceboth the usefulandthe interferingsignalarrive to
the mobile receiver from the sameBTS, burstswill be
completelyoverlapped,asshown in Fig. 3. Dueto atten-
uation, powersdiffer significantly, in general. The mi-
dambleparts �RQ and � � will beperfectlyaligned.There-
fore, in order to enableidentificationandestimationof
differentchannelsfor eachuser, it is necessarythat they
usedifferent midambles. We assumethat O<PRQ knows
theinterferer’smidamble� � .

� �
� �

Data Midamble Data
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Figure3: Overlappingbursts

If westack
�k�v	��$�

vectorsgivenby (1) into
+.�k�mhr� j /

matrix of midamblepart of the received signal,we can
write � � 	 � Q b Q c - V � � b � c��  (3)

where ��� 	������ ���� ��� ���Q Y�Y�Y ��� ����@�5��� , \r	��  � denote1

the midamblesequences.This canbe written in matrix
form: � �S	��W� c;�� �@ 0¡5� 	<1 �xQ - V � � 6 T � �
¡£¢¥¤ 	<1 b � Q b �� 6 � Y (4)

Thelinearleastsquares(LS) estimator[6] givestheesti-
matedchannelmatrix:¦�§	¨�f© � � 	 � � � � � � Q � � � � Y (5)

Jointchannelestimationfor bothuserstakesinto account
non-zerocross-correlationbetweenthe midambles. In
casethemidamblesareorthogonal,i.e. � �� �,ª 	�# , chan-
nel estimatesof bothuserswill not be influencedby the
eachotheruser’s channel,but by noiseonly.

3.2. Users in Adjacent Cells
The interferingsignalnow arrivesfrom the basestation
in the neighbouringcell. A significantdifferencecom-
paredto thepreviouscaseis lack of synchronizationbe-
tweendifferentbasestations.Thus,a randomoffsetbe-
tweensignalswill occur. It canhavearbitraryvaluefrom

1 «.¬ ­ I¯® «.¬ ­]° denotematrix transpositionand Hermitian transpose,
respectively.



0 to burst duration,but, for the sake of simplicity, it is
assumedherethatit cantake only integervaluesof sym-
bol duration±³² . Then,normalizedoffsetvaluesarein the
rangeof: ��´>µ9�^¶^�¥	 ± ´>µ9�^¶^�±³² 	·#  � Y�Y�Y ��
d� Y
Thevalueof theoffsetis consideredto beknownatthere-
ceiverside.Figure4 depictsthecasefor ¸*¹»º � ´>µ9�g¶F� º¼ 


, whenthemidamblepartof thesecondsignalis ”split”
into two parts.

�5� � ½¿¾¥À �]Á -th slot

�5� � ½¿¾ Á -th slot
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Figure4: Offsetbursts

Oneburst will be affectedby two unequalpower in-
terferersfrom two adjacenttimeslots.They aretransmit-
tedwith differentpowers,but they sharethesamechan-
nel, sincethey arrive from the samebasestation. Then,
thereceivedburston all theantennascanbewrittenas� 	�Ê Q b Q cÌËÊ � b � c;�  (6)

where Í H¯ÎaÏ Ð�HÇÑ�ÒÔÓ¥Ð�HÕÑ]Ö�Óm×Â×Â×JÐ,HÕÑ>ØmÙ>Ú^ÛÝÜßÞoÓ.à IáÍ A ÎãâåäÕæ çJæ Í A Ñ�Ò�èÇ×Â×ÂègØmé�ê Ü]ëßÞ Ó�äÇæ æ çJæ æ Í A Ñ>Ømé�ê Ü.ëÝÞ¿ì Ò�èÇ×Â×ÂègØ Ù>Ú^ÛÝÜßÞ Ó.í I ×
Obviously, midamblesarenotalignedany more,butover-
lap with unknown databits. Therefore,channelestima-
tion shouldbe donejointly with datadetection[7]. A
simpleiterativemethodis explainedin thenext section.

4. RECEIVER STRUCTURE

A blockdiagramof theiterativereceiverisshown in Fig.5.
Initial channelestimatesareobtainedseparately, regard-
ing theothersignalasnoise:¦b � � �Q 	 ��*� � � Q � � � T ¦b � � �� 	 ��*� � �� � � �  (7)

where
� � � and

� � � containthemidambleof user1 and
user2, respectively. Comparingestimatesin (7) andtak-
ing into accountknown attenuationof the interference,
it is determinedwhich signalis stronger. Iterationsstart
with detectionof that signal,settingthe weaker channel
estimatebackto zero. Without lossof generality, let us
assumesignalfrom ykP Q is stronger, andthereforeweset¦b � � �� 	î#

. In eachiteration step ï 	ð�  Y�Y�Y  O , chan-
nelestimatesareimprovedusingthepreviouslyobtained
estimatesof thedatabits thatoverlapwith midambles:¦b � ª �Q 	 ��*� � � Q � � � � s¨ñËÊ � ª � Qg�� � � ¦b � ª � Q^�� �¦b � �(�� 	 ��*� � �� � � � � s ñÊò� ª �Q � � ¦b � ª �Q � Y (8)

For intermediatedecisionsusedasfeedbackinformation
in theiterativeprocess,asoftdecisionrule is applied.For

thebinarysignalsin Gaussiannoise,it canbeshown that
the optimal soft decisionfunction in termsof minimiz-
ing meansquareestimationerror(MSE)is thehyperbolic
tangent,with theslopedeterminedby signal-to-noisera-
tio (SNR),cf. Fig. 6. Thus,tentativedecisionsin the

\
-th

iterationaregivenby ([8], [9]):óÍ¥ô õ÷öH Îãøgù�ú�ûZüþýÿ���� ô õ@ö������
	��
 ° H ô õ÷ö������ ó áÍ ô õ�� H öA �
 A ô õ�� H ö������
ó áÍ ô õ@öA Îãøgù�ú�û ü ýÿ���� ô õ@ö ����� 	��
 °A ô õ÷ö�� ��� óÍ ô õ÷öH �
 ô õ@öH ����� ×
Theestimatesof SNRareupdatedin eachiterationas��� "! � ª � 	 # ¦b � ª �Q # ��? � (9)�? � 	 �� j%$'&'(*)�+ q ¦,.-/ �0.1 u  (10)

wherethe
+]�lj hã�lj
/

signalcovariancematrix andthe
projectionmatrix associatedwith thenoisespacearede-
finedby0 1 	 243d+ [ � /�+ [ � /6587k	�� � 5 c ? ��9 (11), -/ 	 9 s � +o� 5 �w/ � Q � 5

(12)

takinginto accountthatin (1) [ ,
b Q , and

b � weredefined
asrow vectors. The estimatedmatricesareobtainedin
thefollowing way:�0:1 	 ��k�o���o�F� ¢<;>=�? Æ¿É@ �BAxQ + [ �� /Ô+ [ �� /C5 (13)¦, -/ 	 9 s ¦, / 	 9 sED 5 D  (14)

where D 	 ' &�$�F + ¦�¨/ spansthe sameestimatedsignal
subspace

�G
as

��
, but hasorthogonalcolumns.

The iterative processconvergesrapidly. Simulations
show thatafter O 	 { iterationschannelestimatesreach
steadystate,thusallowing to stoptheiterationswith final
datasymbolestimates.They areobtainedby applyingthe
harddecisionrule¦Ê Q 	IH�J�)*KMLON +QP ¦b 5 Q �SR � � � s ñ ËÊ �SR �� ¦b �TR �� �VUOW¦ËÊ � 	IH�J�)*K L N + P ¦b 5� �SR � � � s ñÊò�SR �Q ¦b �TR �Q �VUOW Y
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Figure5: Block diagramof iterativereceiver
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Figure6: Soft decisionfunctionfor binarysymbols

5. BIT ERROR RATE PERFORMANCE

As aperformancemeasureof thereceiver, weobservethe
bit error ratefor differentlevelsof meansignal-to-noise
ratio (SNR),which is definedas�� "! 	 ^ ²� �  
wherê ² is meanenergypersymboland

� �
is one-sided

powerdensityspectrumof whitenoise.
The resultsfor the scenariowith usersin adjacent

cellsarediscussedfirst. Attenuationweightsaredefined
via (2), wherepath loss exponentis " 	 


and stan-
dard deviation of shadowing is the samefor both cells? � Q 	 ? � 	���#

dB. Thesevalues,which are standard
for modellingurbanandsuburbanenvironment[10], lead
to hugevariationsof interferencepower. Averagedover
all possiblepathlossvalues(for all possiblerelative po-
sitionsof the mobile users)signal to interference(SIR)
level amountsto s � dB. In the performedsimulationsit
wasassumedthat thepositionsof theuserschangefrom
oneburst to another, thusleadingto independent,differ-
entinstantaneousinterferencelevelsfor boththeinterfer-
ers.Figure7 shows resultsobtainedfor variablenumber
of iterationsin the receiver thatexploits

� j 	 

anten-

nas.

The BER of the receiver is comparedto the analyt-
ical result for probability of error for binary symbolsin
a Rayleighfadingchannel,with _ statisticallyindepen-
dentdiversitybranches.A closed-formsolutionfor such
a caseis givenby [11]:`Oa*	 � �� +^� s =R/ ��b b � Q@c A �:d � _ s � c8ee � � �� +g� c =R/ � cgf  (15)

where_ in ourcaseequalsto thenumberof antennas
�kj

,
and

=
is the function of the averageSNR per channel,

definedas: =i	ih �j k!ml � j� c �� "!nl �kj Y
Notethatexpression(15)assumestheperfectknowledge
of the channelat the receiver side and completelyor-
thogonalusers’signatures.Thereceiver approachesthis

boundafter O 	 { iterations. A performancegap of
lessthan

�
dB is dueto non-idealchannelestimationand

highly variablepowerof shadowedinterference.
The performanceis highly dependenton the relative

offsetbetweenthe signalsarriving from the servingand
the interfering basestation. Due to symmetry, relative
offset is definedas:

�Mo'prq�	 +]�k´>µ��g¶F� s Q� ���������F�F/ pqtsks �  Y(Y�Y  #  Y(Y�Y  s #£u . The resultsshown in Fig. 7 areob-
tained for

�Mo'ptqi	 �
. In caseof perfect synchronism

(
� o'prq 	 #

), theBER closelyfollows thebound(15) for
all SNRs. However, for higher valuesof temporaloff-
sets,theperformancedecreasessignificantlyandtheBER
curveflattensout at highSNR.

The influenceof relative offset on BER is also de-
pictedby Fig. 8, which shows thebehaviour of theBER
for two levelsof SNR.For higherSNR(lowercurve),in-
terferenceis dominantover noise,thereforethe receiver
will bemuchmoresensitive to channelestimationerrors.
Bothcurvesshow thatfor smallrelativeoffsets,whenal-
mostthewholeburstis affectedby thesamelevelof inter-
ference,the receiver is ableto mitigatethis interference
throughoutiterations.

0 2 4 6 8 10 12 14 16 18
10

−4

10
−3

10
−2

10
−1

BER for N
ant

=4, σ
sf

=10dB, N
rel

=2; N
iter

 ∈ {1, 2, 3 }

SNR [dB]

 B
E

R

1 iter.
2 iter.
3 iter.
L=4 bound

Figure7: Influenceof numberof iterations

−60 −40 −20 0 20 40 60
10

−4

10
−3

10
−2

10
−1

BER vs. offset, N
ant

=4, σ
sf

=10dB, N
iter

=3

relative offset

B
E

R

SNR=5dB
SNR=15dB

Figure8: BERfor differentrelativeoffset



In the light of shown results,it is reasonableto re-
quireonly acoarsesynchronizationbetweenthetwo base
stations. It is enoughto achieve a relative offset that is
not larger than5 bit durations. Recall that our receiver
assumesarbitraryoffset andthusconsidersthe bits that
interferewith training sequenceinitially unknown. Un-
der theconstraintof

� � o�prq � º<¸ , thereceiver canbefur-
ther improvedby exploiting the knowledgeof the

� � s� �uo�prq �
overlappingbitsof known trainingsequences.Ini-

tial channelestimatescan be obtainedby applying the
leastsquaresmethod(5) on theoverlappingpartsof mi-
dambles.They arefurther improvedthroughoutthe iter-
ativeprocess,which leadsto asmallerbit errorrate.

Finally, theperformancefor usersin thesamecell is
assessed.TheBERis shown in Fig. 9. Notethattheusers
aresynchronizedto thesameBTS, i.e.

� o�prq 	 #
. In this

case,we have assumedperfectlyorthogonalTSCs. Not
all the pairs of TSCsdefinedin [2] have this property,
but four suchpairsdo exist. Due to orthogonalityof the
midambles,the channelestimatesdo not improve with
thenumberof iterations.Theperformanceis verysimilar
to the caseof usersin adjacentcells whenthe temporal
offsetis small,cf. Fig. 7.
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6. SUMMARY AND CONCLUSIONS

In this paper, we proposeapplicationof multiuserdetec-
tion on two asynchronous,power imbalancedco-channel
usersin a GSM-like system.For a generalcaseof anar-
bitrary relative offseta low-complexity iterative receiver
structureis proposed.It performsjoint channelestima-
tion anddatadetection. Soft decisionson databits are
usedasfeedbackinformationfor updatingchannelesti-
matesin the iterative process.Simulationsindicatethat
the iterationsconvergerapidly. Due to largedifferences
betweeninterferencelevels,receiver’sperformancestrong-
ly dependson the relative offset. It is shown that for
small valuesof relative offsetsthe BER is closeto the
lowerboundof single-usercasein Rayleigh-fadingchan-
nel. Moreover, thesimplifiedreceivercanbeextendedto
handlemorethanoneinterferinguser.
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