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Abstract

In this paper, we proposea systemsuitable for Inter-
netProtocols(IP) which consistsof a hybrid type-II Au-
tomatic RepeatreQuest(ARQ) schemecombinedwith
an AdaptiveModulation System(AMS) and a time-slot
schedulersuppliedby channelpredictions,referredto as
predictive HARQ-II/AMS.The performanceof the sys-
temin a downlinkfor fast fadingchannelsis investigated
throughsimulationswherein particular, BER,throughput
and delay performanceare studied. The proposedsys-
temis comparedto two modifiedsystemswhere onedoes
notutilizeForward Error Correction/ARQ(FEC/ARQ)at
link layer (referredto aspredictiveAMS)while theother
onehasno accessto the channelprediction(referred to
asblind HARQ-II/AMS).Theresultsshowthat with per-
fectchannelpredictionbothpredictiveAMSandHARQ-
II/AMS satisfytheQuality of Service(QoS)requirements
with someadvantagesto the former in termsof efficient
usage of channel capacity. However, when imperfect
channelprediction is utilized only our proposedsystem
meetstheusersdemands.

1 Introduction

Packet basedtraffic over wireless links, using IP is a
major concernfor future communications. In general,
TCP/IP is designedfor a highly reliable transmission
mediumin wired networks wherepacket lossesare in-
terpretedascongestionin the network which rarely oc-
curs. However, this designassumptiondoesnot hold for
wirelessnetworkswherethe time-varyingchannelexpe-
riencesseverefading. Therefore,TCP misinterpretsthe
packet lossesover the wirelessradio link ascongestion
which leadsto inefficient utilization of the available ra-
dio link capacityandthereforedegradationof thesystem
performance[1–3].

Exploiting the facilities provided at lower layers of
wirelessnetworkssuchashybridFEC/ARQandadaptive
modulationcanimprovethecommunicationreliability. In

this way, themajorpartof errorrecovery is performedat
lowerlayerswithoutbeingnoticedathigherlayers.More-
over, the performancecanbe further improvedby utiliz-
ing channelpredictionsand a smarttime-slot scheduler
which usesthe spectrumefficiently while satisfyingthe
requiredQoSfor differentusers[4–7].

In this work we proposea HARQ-II/AMS combined
with a time-slot schedulersuppliedby channelpredic-
tions. Basically, we assumethechannelquality for each
radiolink canbepredictedfor a time interval of about10
ms into future [8, 9], andthat they areaccessibleby the
link layer. Basedon the predictedvalues,the HARQ-
II/AMS preliminary selectsa Modulation and Coding
Scheme(MCS) for eachuserwhichsatisfiestheQoSand
provideshigh throughput.The schedulerusesthe infor-
mationaboutthe individual datastreams,alongwith the
predictedvaluesof thedifferentradiolinks andproposed
MCSsby thelink layerto distributethetime-slotsamong
users.Theplanningis performedsothatthedesiredQoS
andpriority associatedto differentusersareguaranteed
while thechannelspectrumis efficiently utilized.

In Section2 the proposedsystemis describedin de-
tail. Thesimulationassumptionsareexplainedin Section
3 wherethe resultsarepresentedanddiscussed.Finally,
someconclusionsaredrawn in Section4.

2 System description

To evaluateour approachwe have chosento mix several
typesof traffic. They all constitutesessionsthatexist for
a predefinedamountof time. Eachsessioncanhave ei-
therdeterministic,fixedvaluesfor packetsizesandpacket
inter-arrivals,or, they canbepartly or completelydrawn
from somerandomdistribution. Forourpurposeswehave
definedthreetraffic classes:Voice, Data, andMedia. The
traffic is generatedusing a Poissondistribution for the
packet inter-arrival time anda Paretodistributedpacket
size, except for Voice, which is chosento have a fixed
packet size [10]. In the following, threemain divisions
of thesystemreferredto asbuffer, schedulerandHybrid
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Figure1: Schematicof thebuffer andits queues,andhow
they interconnectto theschedulerandlink layer.

type-II ARQ/AMS, aredescribedin Sections2.1,2.2and
2.3,respectively.

2.1 Buffer

At the incomingside from the wired network we main-
tain a buffer with separatequeuesfor thedifferenttraffic
flows, alsodistinguishingthepacketswith respectto the
destination,sothateachsource-destinationpairhasasep-
arateincomingqueue.All incomingpacketsarescanned
for size, priority, sessionidentificationnumber, and re-
quiredservicelevel from thelink layer.

This informationis storedin thebuffer andcanbeac-
cessedby thescheduler. Thebuffer controlleris assumed
to beableto submita statusreportto theschedulingsub-
system,describedin Section2.2,sothattheschedulercan
make anappropriatedecisionon which queuesto choose
for thenext transmissionframe.

The queuesareemptiedin a bit-by-bit manner, inde-
pendentlyof the individual packet boundaries.The bit-
streamis passedto thelink layer, alongwith information
aboutthe servicerequirements.The incomingbuffer is
describedin Figure1. At thereceivingsideof thewireless
link, thepacketshave to bere-assembled,beforepassing
themup to thenetwork layer. This canbedonesincethe
schedulingdecisionis transmitted(broadcasted)to there-
ceiving side,andit totally determineswhichbytebelongs
to which flow.

2.2 Scheduler

Thesystemwe proposemakesuseof a channelpredictor
anda multi-usertime-slotschedulerthataremountedon
top of a Hybrid type-II ARQ/AMS scheme.The sched-
ulercreatesasignalingpipe[3] betweenthenetwork layer

buffer andthe link layer service,makingthemmutually
aware of one-another. For instance,the network layer
doesnot askfor a link servicewhenever thereis datato
transmit.Insteadit notifiestheschedulerof theincoming
traffic by passingqueueinginformation (A in Figure 1)
aboutthe amountof dataandtype of servicethatwould
bepreferredby thepackets. Theschedulerthenasksthe
link layerfor areport(B in Figure1) abouthow thechan-
nel conditionswould meettherequiredservice.This can
bedonesincethelink layerhasaccessto channelpredic-
tion dataof all theestablishedconnections.

The link layerbuilds up an ����� matrix of channel
qualitypredictions,where � is thenumberof time-slots,
and � is thenumberof traffic streamswith ongoingses-
sions. Thesepredictionscover the next following time-
frameof �	��
 . Thepredictorhasa predictionhorizonof��
 ��
 . Figure2 shows the predictedvaluesfor onelink.
Basedon the predictedvaluesof the Signalto NoiseIn-
terferenceRatio (SNIR) for eachof the � user’s chan-
nels,andthe target error rates, the initial coderateand
signalingconstellationarechosenin advanceby the link
layer, for a setof ������� futuretime-slots.It is thenthe
taskfor the schedulerto, alongwith the queuesizesand
priorities, distribute thesetime slotsamongthe different
queuesin a fashionthat maximizessomecriterion, such
asthroughputor anothermeasureof usersatisfaction[10].

The schedulerperformstheschedulingin two rounds.
In thefirst round,eachtimeslot is simplyallocatedto the
userthatcantransmitat thehighestratein that time slot.
If the buffereddatain the queueshad infinite size, this
approachwould actually maximize systemthroughput.
However, sincethebuffersarenot infinite, thescheduler
runs a secondround, wheretime-slotsare redistributed
from usersthat have beenover-supplied(rich), to users
thathave beenunder-supplied(poor). We call this equal-
izationto usersatisfactiontheRobinHoodprinciple: “to
take fromtherich, andgiveto thepoor” .

2.3 Hybrid type-II ARQ/AMS

Even thoughthe intentionis to achieve reliablecommu-
nication throughsuitableallocationof time-slotsby the
scheduleraswell asappropriateselectionof MCS by the
physicallayer, the possibilityof erroneousreceptioncan
notbeexcluded.Therefore,aselectiverepeatARQ proto-
col at link layercooperatedwith anadaptiveMCSsat the
Physicallayer, referredto asHybrid type-II ARQ/AMS
(HARQ-II/AMS), canperformpartial datapacketserror
recovery through a limited numberof retransmissions.
Furthererrorrecoveryandcompleteend-to-endreliability
is accomplishedby theerrorandflow controlmechanism
definedatTCPwhichis notwithin thescopeof thiswork.

HARQ-II/AMS is basedon theRateCompatibleCon-
volutional(RCC)codesat parentrate1/3 with constraint
length 7 wherethe higher and lower rate codesareob-
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Figure2: SNIR trendandthebit errorprobabilityfor dif-
ferentcombinationof modulationandcodingrates.For a
fixedmodulation,theBERcorrespondingto thedifferent
codesis decreasingby decreasingthecodingrate.

tainedby optimumpuncturingor repetitionof theparent
ratecodeaccordingto a puncturingor repetitionpattern
with period2, respectively [11]. In thisscheme,thetrans-
missionof a lower ratecodein responseto the retrans-
missionrequest,is performedby sendingonly the Incre-
mentalRedundancy(IR) bitsdueto theratecompatibility
propertyof the RCC codes.Moreover, dueto the AMS,
the transmitterchoosesa modulationschemeamongthe
alternatives16-QAM, 8-PSK,QPSKandBPSK.

Selectionof MCS is basedon theusertargetBER and
thepredictedSNIRvalueaccessibleby thelink layer. For
eachMCS, theminimumrequiredSNIR values(referred
to astheSNIRlimits) for satisfyingdifferentBERrequire-
mentsarespecified,accordingly. For a giventargetBER,
thecorrespondingSNIRlimits arecomparedwith thepre-
dictedSNIR, to selecta MSC which providesthe maxi-
mumthroughputamongsttheothers.

However, dueto thedifficultiesin analyticalevaluation
of theSNIRlimits becauseof thelargesignallingconstel-
lation andconvolutionalcoding,a numericalapproachis
preferred[11]. ThesimulatedBER is thereforeevaluated
for all the combinationsof 16-QAM, 8-PSK,QPSKand
BPSKmodulationsandthecoderates1,2/3,1/2,2/5,1/3,
1/4,2/9,1/5,2/11and1/6 for anAWGN channelwhichis
thepresumedchannelmodelwithin a time-slot.Someof
thesimulatedSNIRlimits areillustratedin Figure2 along
with a realizationof SNIR of achannel.

The selectionof MCSsis performedin two phasesas
describedin thefollowing.

Phaseone happensat point B in Figure 1, when the
schedulerdemandsa report from the link layer. This
report containsthe channelpredictionvaluesfor all the
userswith ongoingsessionswith correspondingselected

MCSs and the temporarypriorities (i.e. the userswith
retransmissionrequest).

Phasetwo occursat point C in Figure 1, when the
schedulerinformsthelink layeraboutthedecisionfor the
time-slotallocation,by reportingwhich usershave been
allocatedtime-slotsandwhich time-slots.

At Phasetwo wherethefinal decisionfor MCS is per-
formed, two simplifying designassumptionsare used.
First, a fixedmodulationis usedwithin a time-slotwhile
variablecodingrateis allowedfor differentpackets.The
secondoneis theconstrainton ratecompatibilityfor re-
transmittingpackets. For eachuser, the highestpriority
is assignedto retransmissionrequests(if they exist), fol-
lowing the policy of “fir st in, first out” . Thesepackets
aredynamicallyassignedto the time-slots,meaningthat
amongthe time-slotswhich canproposean appropriate
MCS, the one offering the maximumthroughputis se-
lected. In this fashion,the retransmittingpacketsareoc-
cupying differenttimeslotswith correspondingMCSs.In
caseof failure,thetransmissionof theerroneouspacketis
postponedto thenext frame.

After this stage,basedon the partial or completely
emptinessof the time-slotsfor eachuserandthe appro-
priateMCS, the link layerdrainsnew data from thecor-
respondingbuffers (the arrow at C in Figure1). Hence,
new packetsareformedwhichfill thecorrespondingtime-
slots.

After completingthis procedurefor all the users,the
frameis constructedby Cyclic Redundancy Check(CRC)
andConvolutional encodingfor error detectionandcor-
rection,respectively, andmodulationatthePhysicallayer.
More detailsabouttheframestructureis givenin Section
2.4. At eachmobilehost,thereceiverperformsoptimum
softdecodingbyaViterbidecoderattheparentratewhich
is aidedby ChannelStateInformation(CSI).Thedecoded
bits arefed into theCRCdecoder. In caseof errordetec-
tion, aNACK signalis fedbackto thelink layertransmit-
ter if retransmissionis permitted,andotherwise,anACK
is fedback.

Finally, the channelduring frame transmissionis as-
sumedto bea time-varyingfadingchannel.However, the
fading is assumedslow enoughfor the SNR to be con-
sideredconstantwithin eachtime-slot. We useone-tap
channelsin our simulations.This correspondsto assum-
ing anAWGN channelin a time-slot.

2.4 Frame structure

Eachtime-slotcomprisesof userdata,anda mid-amble
of trainingdatato aidthechannelestimationprocess.Be-
foreandaftertheuserdatatherearetailsservingasguard
intervalsagainstbadtiming in the receptionor transmis-
sion.A descriptive imageof thetime-slotformatis given
in Figure 3. The figure also shows the location of the
schedulinginformation,within theframeof 49time-slots.
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Figure3: Framestructure

A frameconsistsof 49 time-slots,eachof which can
be dynamicallyassignedto one user, except for one of
thetime-slotsin eachframe,which is dedicatedto broad-
castschedulinginformationaboutthe next frame. Fur-
thermore,the assumptionof a symbol rate at 5 Msym-
bol/secwhich is usedin this work, allows eachtime-slot
to contain512symbols.Pleasenotethata time-slotmay
consistof several packets. A compromisebetweenthe
base-stationandthemobileterminalleadsto thesugges-
tion that theschedulinginformationis transmittedin one
of the time-slotsin the middleof the frame. In this way
the schedulerhastime to performthe necessarycalcula-
tions, andthe mobile stationshave time to adjustto the
new schedule.

Sincetheschedulinginformationthat is transmittedin
the downlink is crucial for the efficiency of the multiple
accessscheme,it hasto bewell protectedagainsterrors.
For this time-slot,only BPSKmodulationwith a low rate
codeshouldbeused.

3 Simulation results

Thefollowing assumptionareusedduringthesimulation.
Thedatapacketsat link layercontain216bits, including
12 CRC bits for error detectionand6 zerotail bits cor-
respondingto the memoryof the convolutional encoder.
16-QAM, 8-PSK,QPSKandBPSKmodulationsareem-
ployed whereGray coding is usedfor mappingthe bits
to the symbols.Themaximumsymbolenergy andsym-
bol rate arepresumedto be constantin all the modula-
tion schemes.The channelSNIR predictionis assumed
to be lognormallydistributedwith a meanvalueequalto
thetrueSNIR anda standarddeviation of � dB. TheCSI
usedat the receiver is consideredto be equalto the pre-
dicted values. Moreover, the channelis AWGN within
a time-slotbut fadingduring a frametransmission.For
Voice, Media and Data traffic classes,target BERs of��
����

,
��
����

and
��
����

are presumed,respectively. Ad-
ditionally, the maximumallowed numberof retransmis-
sionsat thelink layeris chosento be3, 3, and8 for Voice,
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Figure4: TheBER,throughput(bits/symbol)andaverage
packet delayfor thepredictiveHARQ-II/AMS, predictive
AMSandblind HARQ-II/AMSfor � , the standarddevia-
tion of the predictionerror, equalto 0, 2 and5 dB. The
usersbelongto theclassesVoice, Data, andMedia.

MediaandData traffic classes,respectively. Finally, each
simulationis carriedout for 0.146sec.

For the performanceassessmentof the proposedsys-
tem which is referredto asthe predictiveHARQ-II/AMS
andin orderto investigatetheeffect of coding,ARQ and
channelpredictionat thetransmitter, we have considered
two othersystemsfor comparison.

Oneis theso-calledthepredictiveAMSwhereno cod-
ing andretransmissionprotocolsareallowedat lowerlay-
ersbut thelink layeris providedwith thechannelpredic-
tions andan adaptive modulationsystem,similar to one
presentedin [10]. In thissystem16-QAM, 8-PSK,QPSK
andBPSKmodulationsareusedwherethecorresponding
SNIRlimitsareanalyticallyevaluatedasdescribedin [12].
The predictiveAMS reportsthe channelpredictionsand
suggestedmodulationschemesto theschedulerfor time-
slot allocation.Furthermore,sinceno codingis involved
here,thedatapacketsat link layergenerallycontain6 ex-
tra databits dueto the absenceof tail bits, comparedto
thepredictiveHARQ-II/AMS.

The otheroneis the so-calledblind or non-predictive
HARQ-II/AMSwherethe link layerdoesnot have access
to any channelpredictionsandselectionof the MCS is
basedon thepredeterminedvaluesstoredin a look-upta-
ble, similar to the onepresentedin [11]. In this system,
thetransmissionstartsusinga modulationwith largesig-
nalling constellationanda high ratecode.During there-
transmission,thesizeof constellationaswell asthecod-
ing ratearereduced.Thetransmissionis initialized with
16-QAM at rate

�
. The next transmissionattemptsare

performedby 16-QAM at rate  "!	# , followedby 8-PSKat
rates

� !$ and  "!$� , QPSKat rate
� !	# , � !%� and  �!$& and



finally BPSK at lower rates. Moreover, only the infor-
mationaccordingto temporaryprioritiesdueto theusers
with retransmissionrequestis providedfor thescheduler.

Thesimulationsarecarriedoutfor 15userswith 5 users
belongingto eachof thetraffic classesof Voice, Data, and
Media. The BER, throughputanddelayperformanceof
threesystemsis evaluatedbothfor perfect( �'� 
 dB) and
imperfectchannelpredictions( ���� and � dB).Here,the
throughputis definedasthenumberof correctlyreceived
databits per transmittedsymbol1. Thedelayis givenby
theaveragepacket delaywhich representstheaverageof
all completelyremovedpacketsfrom thequeue.There-
sultsareaveragedfor any of theVoice, Data, andMedia
classesanddepictedin Figure4.

Theresultsshow thatwith perfectchannelpredictions,
both the predictive HARQ-II/AMSand predictive AMS
meettheQoSrequirementsin contrastto theblindHARQ-
II/AMS. Thisstemsfrom thefactthathaving accessto the
informationaboutthefuturecharacteristicsof thechannel
resultsin a more appropriatechoiceof modulationand
(or) codingrate.However, comparingthethroughputand
delayperformanceleadsto the conclusionthat on aver-
age,predictiveAMSperformswell enoughandpredictive
HARQ-II/AMSis tooconservative.Thereasonis thatwith
idealchannelprediction,therequirederrorratecanbeob-
tainedwithoutARQ andchannelcoding.Theimportance
of theARQ protocolandchannelcodingappearswhener-
roneouschannelpredictionsareintroduced.In this case,
the systemrobustnessis increasedby FEC/ARQ. It is
shown that for �(�)� dB only theproposedsystemguar-
anteestherequiredQoSevenif slightly higherthroughput
or lowerdelayareachievedby theothers.

4 Conclusion

A combination of radio channel predictive time slot
schedulingandHARQ-II/AMS, for IP (InternetProtocol)
packet data,is presentedandevaluatedthroughsimula-
tions. The performanceof the proposedsystemreferred
to asthepredictiveHARQ-II/AMSis evaluatedandcom-
parisonis madewith a systemwhereno channelstatein-
formationis availableat thetransmitter(theblind HARQ-
II/AMS) or a retransmissionprotocol and channelcod-
ing arenot providedfor thesystem(thepredictiveAMS).
Threetraffic classesreferredto asVoice, Data, andMedia
arechosenwhereeachrequiresdifferentBER.

Theresultsshow thatour proposedsystemreducesthe
systemdelaydueto thechannelpredictionwhichis avail-
able at the transmitter. Additionally, applying channel
codingimprovestheerrorcorrectioncapabilityof thesys-
tem and provides robustnessagainstchannelprediction

1Pleasenotethatin predictiveor blind HARQ-II/AMS, only thepack-
etswithoutany detectableerrorsareregardedascorrectones.In predic-
tive AMS, all thereceived packetsareconsideredto becorrectsinceno
errordetectioncodesareutilized.

errors,especiallyin situationswherethereareconsider-
ablechangesin thechannelconditionsduringthepredic-
tion time interval. Moreover, theerrorcorrectionis done
in anadaptiveway, suitablefor thetime varyingchannel.
Furthermore,employing theadaptive modulationsystem
enhancesthethroughputby utilizing thechannelcapacity
moreefficiently. Therefore,theproposedsystemcanpro-
vide a high throughputwhile keepingtheBER andnum-
berof transmissionslow andhence,guaranteeingthe re-
quiredQoS.Thepresentsystemis designedto provide a
constantQoSandthroughputover time-horizonscharac-
terizedby shorttimefading.Theperformanceandrobust-
nessin the presenceof slow fadingandSNR variations
on a longertime horizonsremainsto be studied.Added
robustnesswill herebeprovidedby suitablydesigntrans-
port protocols[13].
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