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INTRODUCTION

This projectaimsatinvestigatingkey issuesn radiointer
facedesignfor practicalfrequeng-selectve fadingchan-
nels.It is focusednthenew opportunitiesandchallenges
thatarisewhenconsiderindproadbandadiosystemswith
anemphasi®n paclet datatransmission.

Thepurposeof sucharadiointerfaceis to carrypaclets
to or from wirelessusers.The destinatiorof pacletsmay
be onesingle userbut especiallyin the downlink it may
alsobe severalusers(broadcasting) The mostimportant
aspectselatedto theradiointerfaceare

¢ high spectrumefficiengy (ashigh numberof bps/Hz
aspossible),

¢ high power efficiengy (low transmitterpower is im-
portantatleastin wirelessterminals),

¢ low delay (somepacletsarelikely to have a maxi-
mumtransmissiomelayof 10 ms),

e low complity of algorithms(again, especiallyin
wirelessterminals)and

e adaptvity, for different requirementsand channel
conditions.

Someof the particularissuesve investigateare:
o Efficientcodedor datatransmissior{Turbocodes),

e new ways of optimizing the downlink transmission
in CDMA systems,

e synchronizatioratlow SNR's,

e channelmodelling for improved antennaarray re-
cewers,

e multiuserdetectorsfor CDMA and array recevers
and

e adaptie methodsor modulation,codingandproto-
colsin pacletradiosystems.

Ouraimis to masterthesekey issuesandtherebypro-
vide input to a discussionof possiblefuture systemde-
signswhich we expectto emegewithin PCCin thecom-
ing years. Our input takesthe form of both possibilities
andconstraints.Possibilities,in the form of novel trans-
missionschemestecever algorithmsand novel ways of
modelling and understandindhe radio interface. Con-
straints,in the form of limits of performancen various
situations.

TherearepresentlysevenworkpackagegWP’s) within
this project. Their purpose motivation and presentsta-
tusareoutlinedbriefly belon. The projecthasbeenrun-
ning since1997,with UppsalaJniversityjoining in 1998.
Thus,muchof thework is still ata preliminarystageand
theresultspresentedt this conferencelescribeour pilot
studiesandinitial researcliresults. Detailscanbe found
in the subsequentapergresentingheindividual WP’s.

To coordinatethe projectasa whole,we held a kickoff
meetingin November1997andorganizeda workshopon
April 7-81998. Thisworkshopwasorganizedointly with
participantsn theNUTEK Telecommunicationgrogram.
SeveralmainadvisorsandresearcherBave beenactive in
helpingand supportingthe work of all the graduatestu-
dents,in a procesf cross-reiewing thework packages.
A joint graduatecourseon Digital Communicationsvas
held by Arne Svensson(CTH), GoranLindell (LTH) and
Tommy Obeg (UU).

THE WORKPACKAGES
WP1: Low-rate Turbo Codes
Carl-Fredrik Leandeson,OveEdforsandTorleiv Maseng

IndustrialcooperationFFI, Norway, and EricssonRadio
SystemsKista.

Turbo codingis known to be the latestand mostpower-
ful error correctingcodingtechniqueat leastfor AWGN
channelgnon-fadingchannelsvith additive white Gaus-
sian noise). The error correctingperformanceof turbo
codesapproachthe Shannodimit. Sincethisfield is nev
(the original publication[1] appearedn 1993), practical



compromisesand improvementsare continuouslybeing
published. The main objective hereis to designturbo
codessuitablefor wirelessradio channelsandto develop
implementablaelecodingalgorithms.Practicalturbo cod-
ing would constituteanimportanttool for reducingtrans-
mitted powerin a personatommunicatiorsystem.

This workpackageocuseson differentlow-rate turbo
codingschemedor very noisy channels.The character
istics of thesecodesin spreadspectrum-and paclet ra-
dio systemds investigatedadressingn particularpower
limited satellite communicationlinks and interference-
limited systems,such as direct sequencecode-dvision
multiple acces¢DS-CDMA).

Thework within the WP hasduring 1998beenfocused
on the performanceof low rate turbo codeson AWGN
channelsThemainquestionis how to attainthebestper
formanceimprovementfor a givenbandwidthexpansion.
At presentour work is focusedon puncturingstratgies
to achieve rate-compatibléurbo codes,rate compatabil-
ity beinga desirablepropertyin CDMA systems(Please
refer to our Workshoppaperon this topic for more de-
tails.) We alsoinvestigateARQ systemswith partial re-
transmission.

While turbo encodingis simple, turbo decodingis a
time-consumingterative procesg2]. The development
of decoderswvhich provide a good compromisebetween
performancecomputationatompleity andtime delayis
acrucialissuefor the applicationon real systemsin par
ticular DS-CDMA systemswherethe decodemay have
to work at the chip rate. Anotherimportantissueis the
sensitvity of thedecodingprocedurdo timing andphase
synchronizatiorerrorsin the recever. This issueis in-
vestigatedn WP3, and preliminaryresultsare presented
at this conference Finally, the possibilityto utilize these
codesin systemsusingadaptve coding,to be studiedin
WP7,shouldbeinvestigated.

WP2: Communication over Multiple Band-limited
Rayleigh Fading Continuous-time Channels

Andes Hanssorand Tor Aulin

IndustrialcooperationEricssonMobile DataDesignAB,
Gotebog.

Within this work package,we study communication
througha continuous-timefading channelwhen the re-
ceiver hasmultiple antennaelements.The aim is to de-
velop detectorswhich performvery efficient space-time
processingn rapidly time-varyingernvironments.

The work [3] of Dr. UIf Hanssonconstitutesa start-
ing point for the investigation. It dealswith the design
andanalysisof codinganddetectionstrateiesfor trans-
missionto a singleantennavia a Rayleighfadingrapidly
time-varying continuous-timechannel.We arenow gen-
eralizing this approachto multiple antennas.As a pre-
liminary step,we studythe optimal detectionof a single
symbol,which forms a basisfor subsequengtudies.For

moredetails,pleaseseethe correspondingaperthis con-
ference.

WP3: Synchronization Techniques
BartoszMielczaekand Arne Svensson

Industrial cooperation: EricssonRadio Systems Kista,
EricssonMicrowave SystemsMadIndal, EricssonMobile
Communications,.und.

Futuresystemswill berequiredto work well at very low
signalto noiseratios(SNRs). The overall designof such
systemds usuallyfocusedon providing goodalgorithms
for channelcoding, modulationand decoding,underthe
assuptiorof perfectchanneknowledgeandsynchroniza-
tion of signalphaseandsymboltiming.

In reality, however, imperfectchannelestimationand
synchronizatioranleadto severedeterioratiorof theper
formanceof a system.Existing algorithmssolve the syn-
chronizationproblemfor relatively large SNRsbut their
performancedor bad conditionsis usually unacceptable,
dueto verylongacquisitiontimesandlargeerrors.

It is notclearhow synchronizatiorshouldbeperformed
in practiceon radio channelswith low SNR’s. It may
be necessaryo transmitknown informationin the form
of pilot symbolsor pilot CDMA channels.The objective
of thiswork packages to developrobustsynchronization
techniquesapablef operatingatlow SNRsandevaluate
theirimpactontheoverallperformancef systemsandon
thecompleity of implementations.

During 1998, the investigationhas focusedon joint
timing synchronizatiorand decodingof turbo codes[4].
Turbodecodingalsostudiedin WP1,is sensitve to syn-
chronizatiorerrors.An algorithmfor timing synchroniza-
tion hasbeenpresentedndits performancéasbeencom-
paredto that of the more complex maximumlikelihood
syncronizationandto the CramerRao bound,which is
the theoreticaboundon the synchronizatioraccurag. It
turns out that synchronizatiorcan be achievzed by using
soft bit outputsof the turbodecoderwithout the needfor
usingacomple separatsynchronizeprior to feedingthe
signalto the turbo decoder For additionaldetails,please
seethepresentatiomt the presentonference.

In the coming years,this WP will interactwith WP5
on synchronizatiorfor CDMA recevers and with WP6
on multi-userdetectorsmary of which requiregoodsyn-
chronization.

WP4: Adaptive Strategiesfor High Efficiency Trans-
missionin CDMA Systems

Ola Wintzelland Kamil Sh.Zigangitov
Industrial cooperation: EricssonRadio Systems Kista,

EricssonMobile Communications|l.und, EricssonRTP,
Raleigh,USA.



The purposeof this WP is to investigatenovel ways to

increasethe capacityin CDMA systems,mainly in the

downlink. In modernCDMA systems,the uplink and
downlink transmissionsare organizedaccordingto the

samescenario.This is in spiteof the factthatthe down-

link transmissionwhich is a one-to-mamg transmission,
hassomeadwantagesn comparisorto the uplink trans-
mission, which is mary-to-onetransmission. Sincethe

transmitteiin thebasestationknowsthetransmittednfor-

mationof all users,t canusethis informationin the en-

codingprocessandimprove significantlytheperformance
of theoverall system.

As afirst approachwe have within this WP developed
away of frequentlypre-adjustinghe powersof thetrans-
missiongo differentuserdan thedownlink. Thisimproves
the performancewhen using non-orthogonalspreading
sequenceg5], [6] by limiting the mutual interference
betweenthe downlink transmissions. The use of non-
orhtogonakpreadingequencesanincreasehetotal sys-
temcapacity.

This type of approachopensup a new dimensionin
which we may optimizeour CDMA systems:The trans-
mitter (basestation)estimateghe mutualinterferenceof
the individual signals,and adjuststhe transmittedsignal
in orderto yield minimumaverageerror probability. This
adjustmenis performedy aspeciablockin thetransmit-
ter in the basestation,calledcoordinator (this procedure
is alsocalledprecoding. Thecoordinatorcoordinateshe
encodedandspreadednformationsequencesf theindi-
vidual usersbeforemodulation.Our initial investigations
indicatethatusingcoordination the numberof userscan
be increasedy up to threetimes, both for the AWGN
channebndthe Rayleighfadingchanne[5], [6].

Up until now, we have usedcornventionalcornvolutional
codingandpseudo-randorepreading.In our comingre-
search(startingfrom the year2000), we intendto study
the performanceof a coordinateddownlink CDMA sys-
tem and its dependencen the choice of coding and
spreadingIn particularwe intendto useorthogonalkon-
volutional codes,low-densityparity-checkcorvolutional
codesandGold spreadingsequencesWe expectthatthe
useof thesecodesandspreadingnethodsanincreasehe
radio channekapacity We arealsoplanningto studythe
performanceor morerealisticchannelmodels,like fre-
gueng selectve fadingchannels.

As synchronizationis animportanttaskin the commu-
nicationprocessye intend,in thecomingyearsto inter
actwith WP3 on synchronizatiorfor downlink CDMA.
Anotherpossibleaxtensionis to work with WP5on space-
time coding, which is possiblewhen more thanone an-
tennais used.

LIn voice or paclet datasystemseachuseris active for only asmall
fraction of thetotal time. If we canminimizetheir mutualinterference,
alarge numberof userscould utilize the samechannel. However, if the
systemis designedo requireorthogonalityof the receved signals,the
numberof simultaneousiserswill belimited by thenumberof orthogo-
nal spreadingequencewhich canco-exist.

WP5: Adaptive Antennasand Channel Modelling
ThomasSvantessoandMats Viberg

Industrial cooperation: EricssonRadio Systems Kista,
EricssonMicrowave SystemsMolndal, Telia Research,
Lund.

Thiswork packagestudieshe useof adaptve antennan
communication.The adaptve antennawhich is consid-
eredto beanarrayof elementsis studiedjointly with the
channel.

Unlike most existing “practical models”, we startthe
analysisof the antennaandthe channelfrom the funda-
mentalelectromagnetiprinciplesthat governthe propa-
gationof radiowawes. With theresultinginsightinto the
electromagnetipropertiesthe existing signalprocessing
modelsare analyzed,with the aim of finding new and
moreadequatenodels.

For example,the multipathpropagations animportant
phenomenorin mobile communications.The enepy is
recevedfrom several pathsvia reflectionsfrom buildings
andotherobjects.Existingsignalprocessingnethodsare
basedn purely“optical models”of thereflections. How-
ever, notall objectscanbeconsideredo belarge(theopti-
calregion)for agivenbandwidthandwavelength.Hence,
it is interestingo studyeffectsdescribedy the Rayleigh
andresonancégMie) regionson the the channelproper
ties. This is oneexampleof aninterestingconnectionto
thefield of electromagnetics.

Another closely relatedtopic is the wider conceptof
electromagnetiscatteringwhich is analyzedusinginte-
gral equationsandthe momentmethod. Finally, it is in-
terestingto investigatethe relation of the optical models
usedin signalprocessingapplicationsto the geometrical
theoryof diffractionandphysicaloptics.

To initiate the work within this WP, an arrayof dipole
elementss studied.A derivationof the propertiesof this
array startingfrom the basicelectromagnetiprinciples,
hasbeencarriedout. The radiationpropertiesof the ar-
ray werestudiedandthe corventionaldatamodel,mainly
usedin array processingwasderived. However, it was
foundthatthis modelcould easilybe extendedto include
theeffectsof mutualcouplingbetweerthearrayelements
[7, 8, 9]. Thisextendedmodelwasanalyzedandthe pos-
sibilities of estimatingthe mutualcouplingwill beinves-
tigated.

WP6: Multi-User Detection

Andes AhlenandMikael Sternadgrad. student:vacant)
IndustrialcooperationEricssornRadioSystemsKista.
The performanceof a high capacitydigital radio system
dependgritically on its ability to handleco-channeln-

terference The dominatingtechniqueor interferencee-
jectionis to regardtheinterferenceasnoise,andto design



singleuserdetectorsvhich rejectthis noise.

As analternatve, we could modelthe strongestistur
bancesas digital signals,propagatinghroughtransmis-
sion channels.If thesesignalsand channelscanbe esti-
matedby therecever, thentheinterferenceejectionprob-
lem becomes multiuserdetectionproblem.

Dueto severaltheoreticalreasonsvhich aresupported
by experimentakesults multi-userdetectionprovidessu-
perior performancen mary situationg[10]. The priceto
be paid is anincreaseccomputationatompleity. Mul-
tiuserdetectorsanbeutilizedin CDMA receversaswell
asin TDMA receverswith multiple antennaelements.
Theaim of thework packages to investigateanddevelop
practicalandefficientmulti-userdetectorgor pacletradio
systemsin TDMA aswell asCDMA systems.

As in the other WP’s, the algorithmic compleity is
againa crucialissue;Multi-user detectorsareinherently
more comple than single-userdetectors. Synchroniza-
tion of therecever is alsoanimportantaspect. Another
key aspecto investigatds thesynegy betweerthe useof
multi-userdetectionandthe useof adaptve methodsfor
modulation, coding and protocols,investigatedn WP7
describedbelon. Downlink performanceand the use of
antennaliversityin mobileterminalswill alsobestudied.

WP7: Adaptive Methods for Modulation, Coding and
Protocolsin Packet Radio

Nilo Ericsson Andes AhlenandMikael Sternad
IndustrialcooperationEricssonRadioSystemsKista.

Adaptivity hasfor a long time beenusedin detectordor
mobile radio systemdo alleviate the effect of fading. In
somesystemssuchaslS-136,adaptvity is crucial: With-
out tracking of the rapidly time varying channel the de-
tectorwould fail completelyandthe bit error ratewould
reachunacceptableevels. Unfortunatelyadaptvity is not
yet usedon highersystemlevels. At presentnheitherthe
modulationnor the codinghasbeendesignedo take ad-
vantageof the currentchannelcondition. They are de-
signedfor atypical signalto interference-and-noisatio
andto beonthesafeside,the designmight evenreflecta
worstcasethinking.

By introducingadaptatioralsofor the modulationand
coding schemesthe effective bit rate can be increased
substantially For a scenariovheredatatraffic dominates
alsoon the mobile network, the channeimustbe usedef-
ficiently to maximizethroughputat an acceptableate of
requestdgor retransmission.

The aim of this work packagés to investigateandde-
velopefficient stratgiesfor adaptatiorof modulationand
coding schemes. Although all systemsare of interest,
a primary goal is to investigatethe benefitsof adaptve
techniquesin packet switched TDD systems. The de-
sign of adjustableprotocolsshould also be considered,
sincejoint optimization,taking several hierarchicallev-
elswithin thecommunicationsysteminto accountholds
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Figurel: SNRprofile andmodulationlevel relatedto the
error probability. For a predictedvalue of the signalto
noiseratio (SNR) of the channelthe modulationlevel is
maximizedunderthe constraintof a certain probability
Pxs of symbol error, for example, Py < 1075, If no
modulationlevel attainsthe requiredprobability of sym-
bol error, thentransmissioiis deferreduntil laterwhenthe
SNRis higher, thusavoiding retransmissions.

largepromises While adaptve modulationhasbeenstud-
ied previously [11], this s still a novel andvery exciting
field.

In ourinitial study we have investigatecadaptve mod-
ulationfor fadingchannelsjn TDD aswell asFDD sys-
tems[12]. SeeFigure 1, wherethe left handpartillus-
tratesthe SNR-\ariation of a typical channel,while the
right handpartillustrateshow thelevel of modulationcan
be selectedfor a pre-specifiedsymbol error probability,
For further details, seethe correspondingpaperat this
PCCworkshop. In a parallel study outsideof PCC,we
are also investigatingand developing high-performance
nonlineampredictordor signal-to-noiseatiosandchannel
coeficients.Suchpredictorswith high accurag, arecru-
cial building blocksin adaptve schemessincerequired
changesin modulation, coding, spreadingand protocol
propertiescannotbe implementednstantaneously The
requiredlatenciesincreaseaswe try to adaptproperties
higherupin the systemhiearchy
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