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ABSTRACT

In future paclet basedwirelesscommunicatiorsystems,
transmissiorin thedownlink will oftendominatethetraf-
fic load. High bit-rateapplicationdike WWW-browsing,
file transfer andfull motionvideowill imposestrongre-
guirementson the systemcapacity An obstaclein this
contet is the time-variability of the channel:For mobile
usersfrequentlyoccuringfadingdipswill causeunneces-
sary andcapacitydegrading retransmissions.

To achieve a highthroughputalsooverfadingchannels,
adaptve methodsfor adjustmentf e.g. the modulation
alphabet,and the coding compleity, canbe used. The
ideais to make efficientuseof thebits: Wheneerchannel
conditionsare adequatetransmissionof redundantbits
shouldbe avoided.

In this paperwe shallinvestigatethe effect of adaptve
modulationin a scenarioinvolving one mobile and one
basestation.

INTRODUCTION

Fading channelsconfront us with the problem of lost
paclets andthe needfor frequentretransmissionsOne
stratgly to combattime-variability is to use averaging:
Spread-spectrursignallingcanaverageout variationsof
the noiseand interferencdevel, while codingand inter-
leaving cancompensatdor the temporaryloss of signal
strengthdueto fadingdips. Suchstartgiescancombat
bad signalling conditions,but are inefficient when con-
ditions are good. In the presentPCC workpackagewe
explore a complementto the averagingstrat@y, where
the time-variationsof the channeldueto short-termfad-
ing, are estimatedand the signalling schemeis adapted
accordingly We canexploit temporarilygood transmis-
sion conditionsto obtainhigherthroughputwhile reduc-
ing thedemand®nthe channelwhenits conditionis bad.
Assuminga systemmaking useof either Frequeng Di-
vision Duplex (FDD) or Time Division Duplex (TDD),
with separaté¢ideal) controlchannelsthecurrentchannel
parameterg€an be estimatedand predictionsabouttheir
future evolutions can be storedfor subsequentransmis-
sionin the controlchannel.Thebit-ratecanbetailoredto
the currentchannekonditionsby e.g. adjustingthe mod-
ulationcompleity, while keepingthetransmittedsymbol
enegy at a constantevel. Thefurtherinto the futurethe
terminalcanperformaccuratepredictionsof the channel

parameterghemoreflexible andefficientthe selectiorof
the modulationalphabewill be. Moreover, the traffic on
thecontrolchannetanbeefficiently plannedo minimize
thesignallingoverhead.

For a predictedvalueof the signalto noiseratio (SNR)
of the channelthe modulationlevel is maximizedunder
the constrainiof a certainprobability of symbolerror, for
example,Py; < 1073, If no modulationlevel attainsthe
requiredprobability of symbolerror, thentransmissions
deferreduntil later whenthe SNRis higher, thusavoid-
ing retransmissionsThe reasorfor usingthis strateyy is
thatit will stabilizethe errorprobability, thuskeepingthe
retransmissiomate at a low and constantevel. The av-
eragingstratgyies mentionedabove do not have this fea-
ture. On the contrary they would yield a highertraffic
load when conditionsare bad, sincethe increasingerror
ratewouldincreasaherequestdor retransmissions.

Similar approacheshave been proposedby Sampei,
Goldsmith,andtheir co-writersin [1] and[2]. The main
differenceis our assumptiorthataccuratdong-termpre-
dictionsof the channeparametersanbe obtained.

SYSTEM DESCRIPTION

We shalloutlineandinvestigatea systenthatexploits the
time-variationsin the channel,insteadof fighting their
effects on the databeing transmitted. The systempre-
sentedn this investigations intendedto demonstrat¢he
achieveable performancegains when using an adaptve
approacho the problemof digital transmissiormvertime-
varying channels.In this investigationwe use 64Q AM
asthe maximummodulationlevel, thus transmittingsix
bits per symbolwhenthe channelis asits best. When
the channeldegrades]ower powersof two areusedwith
BPSKbeingthelowestlevel. In Figurel theleft handpart
illustrateshe SNR-variationof atypicalchanneivhile the
right handpartillustrateshow thelevel of modulationcan
be selectedfor a pre-specifiecsymbol error probability.
As anexamplewe notethatfor an SNR > 20dB we can
transmitduring 18 time-units(Time = 22 to Time = 40)
with a modulationlevel of 16QQ AM at a symbol error
probabilityof Py, < 1073,

Slow power controlis assumedo compensatéor long-
termfading,thusholdingthelong-termaverageof there-
ceivedpower ataconstantevel.

We have investigatedtwo variantsof the system: A
TDD systemfor assymetridraffic, and an FDD system
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Figurel: SNR profile andmodulationlevel relatedto the
errorprobability.

for symmetrictraffic.
TDD systenfor asymmetridraffic

Time Division Duplex is a strateyy for synchronisingup-
link anddownlink transmissionsThebasestationandthe
mobilesharea commonfrequeng. An interestingfeature
of suchastratey is thatif the uplink anddownlink trans-
missionsarecloselyspacedn time, it canbeassumedhat
thechannetonditionsarecorrelatedor thetwo transmis-
sions.Undertheassymetrassumptionthedominantpart
of thetraffic will becarriedin thedownlink channel.

Thecurrentdownlink SNRis thenestimatedn themo-
bile andfed into its predictor The predictionsare per
formedregularly, sothatthe mobileis ableto make a de-
cision on which modulationlevel to preferfor eachSNR
value. This decisiononly involvesa tablelookup, which
is matchingthe SNR to the requiredBER. The mobile’s
decisionsare collectedin a buffer beforetransmittingits
contentdo thebasestationvia thecontroluplink channel.
Thefinal decisionon the choiceof the downlink modula-
tion is madeby the basestation,which signalsits decision
to themobile,whichin turnpreparegor receptioraccord-
ingly.

Sincewe usea TDD systemthe downlink channelcan
be estimatedhroughanalysisof the uplink transmission,
but sincewe assumean assymmetridraffic, this would
requirefrequentransmissiomf pilot signalsn theuplink.
We thereforeproposehatthatthe estimatorandpredictor
of the downlink quality shouldbe placedin the mobile
in this type of system.Although the traffic in the uplink
doesnt requiremuchtransmissiortime, its quality needs
to beguaranteedror this reasorthe uplink modulationis
alsoadaptedo the channelconditions. The total system
is schematicallyescribedn Figure2.

FDD systenfor symmetriaraffic

A differentscenariovould be that of a high, symmetric,
traffic load. This would requireequalresourcesn both
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Figure2: TDD downlink dominantsystemoverview.

the uplink andthe downlink. A naturalway to accom-
plish suchsymmetricresourcelistributionis throudhFre-
queng Division Duplex, a counterparto the TDD sys-
temdescribedreviously. In FDD, the uplink anddown-
link channelsareindependentactingon separatérequen-
cies,sothey cantransmitsimultaneouslywithout affect-
ing eachother In this casewe have two differentchan-
nels. Their characteristicsieedto be estimatedandpre-
dictedto make theadaptve modulationwork efficiently.

The compleity andfrequeng of the predictorparam-
eterupdatingis a topic for furtherresearchbut it would
probablyrequireconsiderableomputationsFor thisrea-
son,the adaptoris proposedo belocatedat the basesta-
tion.

For the caseof FDD, depictedin Figure 3, the predic-
tor hasalso beenmoved to the basestation,sincethere
is a potentialadvantagan providing the basestationwith
thedownlink SNRinformation:If the SNRinformationis
known to the basestation,it cancontrolthedifferentcon-
nectionsmoreefficiently. The priceto be paidfor thisis
anincreasén traffic on the controluplink channeldueto
thenecessityf transferringhe estimatediownlink SNRs
from themobile’'s estimatorto thebasestations predictor

Thus the basestation decideson both the uplink and
downlink modulationformats,andsignalstheresultto the
mobile overthe controldownlink channel.

EXPERIMENT

To evaluatethe proposedsystemsolutions,a simulation
seriesvasconductedassumingnebasestationtransmit-
ting to a mobile terminal. This is, of course,a simpli-
fication which implies that therewill be no interference
from otherusers. We alsoassumehat the channelcon-
ditions areknown for a few millisecondsaheadin time.
Moreover, perfectsynchronisatiorand transmissiorat a
constantmaximumamplitude,regardlesof the modula-
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Figure3: FDD symmetricsystemoverview.

tion alphabetjs assumedTheexperimentis applicableo
both TDD andFDD systemsprovidedthataccuratepre-
dictionsof thechannekonditionsexist.

For eachpredictionof the SNRattherecever, themod-
ulation alphabeis selectedor 512 consecutie symbols.
This impliesthat the channelestimatorandthe predictor
work atarateof 5”;"2 , Wherebw is the channebandwidth.
Thedatabit strearris thenmodulatedandtransmittecbver
the noisy channel. White GaussiarNoise (AWGN) with
varyingvarianceis addedo simulategoodandbadchan-
nel conditions.At therecever, the signalis demodulated
and the obtainedbit streamis comparedto the original
one.Thenumberof errorsis counted aswell asthenum-
berof transmittedbits.

In Figure 4 the outcomeof seven simulationsis de-
picted: The first threecolumnsbelongto threetransmis-
sionsusingadaptve modulationwith differenterrorprob-
ability thresholds.The otherfour columnsbelongto four
transmissionsisingconstanmodulationsnamelyBPSK,
4QAM, 16QAM, and 64QAM. The columnsare subdi-
videdinto 29 subcolumnsgachrepresentingframeof 48
time-slotsof 512 symbolseach. The light-gray columns
illustratethenumberof transmittedits, whereasheblack
columnsillustrate the correspondinghumberof errors.
The accumulatechumberof bits for eachtransmissions
written on top of eachcolumn,alongwith somestatistics
reflectingthebit-errorrate:

BER,,.. Theworstframes bit errorratein thattrans-
mission.

BER Theaveragebit errorratein thattransmission.
BER,,;, Thebestframeshbit errorrate.

As expected the adaptve modulationapproachresults
in arelatively constanfadjustablegrrorrate.Ontheother
hand,the useof non-adaptie modulationresultsin high
peaksn theerrorratewhenthereceverencountergafad-

ing dip.
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Figure 4: Transmissionperformancefor three trans-
missionsusing adaptve modulationwith differenterror
probabilitythresholdgor the choiceof modulationalpha-
bet, and for comparisonfour transmissionsising con-
stantmodulationalphabets.BER,,,,, and BER,,,;, re-
fer to theworstandthe bestframesin eachtransmission,
whereasBER is theaveragebit errorrate.

The simulationswere carriedout usingthe IT++ pack-
agedevelopedatthe Communication§&roup,Department
of Signalsand SystemsChalmerdUniversity of Technol-

0gy.
CONCLUSIONS AND FUTURE WORK

The adaptve modulationapproachprovides a relatively
constanterror rate, which in turn provides an excellent
basisfor Forward Error Correction(FEC) codes,suchas
convolutionalcodesor block codes.For the non-adaptie
caseclearly, theerrorratepeakswhenthereceverenters
a fadingdip. This behaiour can probablynot be com-
pensatedor by FECs,unlessvery large interleaversare
usedto averageout the errorsover time. The remaining
errorsafterthedecodingprocesswill resultin retransmis-
sions,invokedby higherlayersin thecommunicatiorsys-
tem. Obviously, suchtransmissionsvill increasdhetraf-
fic overthechannel.

By introducingthe adaptve modulationapproachwe
gaintwo things:

1. Theerrorrateis keptataconstantevel, thusfeeding
the FECalgorithmswith manageablédata.

2. Radiotransmissions postponedvhenchannelcon-
ditionsarebad,thusreducingtheinterferenceaused
by otherterminals.

This presentatioronly coversa singlebasestationsingle
mobile scenario.More generalconditionsneedto bein-
vestigatedeforegenerakonclusionsanbedrawn.

Thefollowing topicswill beinvestigatedn theimme-
diatefuture:



e Multiple-accessnethodspusingadaptve modulation
undertheassumptiothatchanneparametersanbe
accuratelypredicted.

e Theperformanceainsasfunctionof predictionerror
levelsandpredictionhorizonwill bequantified.

e A deeperanalysisof the requiredsignalling over
head,the predictorinitialization procedureandthe
requiredhardware,will be carriedout andincluded
in theevaluationsof the proposedystems.
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