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Abstract

In this paper we proposea systemsuitable for Inter-
net Protocols(IP) which consistsof a hybrid type-Il Au-
tomatic RepeatreQuest(ARQ) scheme combinedwith
an Adaptive Modulation System(AMS) and a time-slot
schedulersuppliedby channelpredictions,referredto as
predictive HARQ-II/AMS. The performanceof the sys-
temin a downlinkfor fastfading channelss investigated
throughsimulationsvherein particular, BER,throughput
and delay performanceare studied. The proposedsys-
temis compaedto two modifiedsystemsvhere onedoes
notutilize Forward Error Correction/ARQFEC/ARQ)at
link layer (referredto as predictiveAMS)while the other
one hasno accesgo the channelprediction(referred to
asblind HARQ-II/AMS).Theresultsshowthat with per-
fectchannelpredictionboth predictiveAMS and HARQ-
[I/AMS satisfythe Quality of Service(QoS)requirements
with someadvantajesto the formerin termsof efficient
usage of channel capacity However, whenimperfect
channelpredictionis utilized only our proposedsystem
meetghe usess demands.

1 Introduction

Packet basedtraffic over wirelesslinks, using IP is a
major concernfor future communications. In general,
TCP/IP is designedfor a highly reliable transmission
mediumin wired networks where paclet lossesare in-
terpretedas congestionin the network which rarely oc-
curs. However, this designassumptiordoesnot hold for
wirelessnetworks wherethe time-varying channelexpe-
riencessevere fading. Therefore, TCP misinterpretsthe
paclet lossesover the wirelessradio link as congestion
which leadsto inefficient utilization of the availablera-
dio link capacityandthereforedegradationof the system
performancg1-3].

Exploiting the facilities provided at lower layers of
wirelessnetworkssuchashybrid FEC/ARQandadaptve
modulationcanimprovethecommunicationeliability. In
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this way, the major partof errorrecoveryis performedat
lowerlayerswithoutbeingnoticedathigherlayers.More-
over, the performancecanbe furtherimproved by utiliz-
ing channelpredictionsand a smarttime-slot scheduler
which usesthe spectrumefficiently while satisfyingthe
requiredQoSfor differentuserg4-7].

In this work we proposea HARQ-II/AMS combined
with a time-slot schedulersuppliedby channelpredic-
tions. Basically we assumehe channelquality for each
radiolink canbe predictedfor atimeinterval of about10
msinto future [8, 9], andthatthey areaccessibléy the
link layer Basedon the predictedvalues,the HARQ-
IIIAMS preliminary selectsa Modulation and Coding
SchemgMCS) for eachuserwhich satisfiegshe QoSand
provides high throughput. The scheduleusesthe infor-
mationaboutthe individual datastreamsalongwith the
predictedvaluesof the differentradiolinks andproposed
MCSsby thelink layerto distributethetime-slotsamong
users.Theplanningis performedsothatthe desiredQoS
and priority associatedo differentusersare guaranteed
while the channekpectrunis efficiently utilized.

In Section?2 the proposedsystemis describedn de-
tail. Thesimulationassumptionareexplainedin Section
3 wheretheresultsare presentecnddiscussedFinally,
someconclusionsaredravn in Sectior4.

2 System description

To evaluateour approachwe have chosento mix several
typesof traffic. They all constitutesessionghat exist for
a predefinedamountof time. Eachsessioncanhave ei-
therdeterministicfixedvaluesfor pacletsizesandpaclet
inter-arrivals, or, they canbe partly or completelydravn
from somerandomdistribution. For our purposesve have
definedthreetraffic classes\oice, Data, andMedia The
traffic is generatedusing a Poissondistribution for the
paclet inter-arrival time and a Paretodistributed paclet
size, exceptfor Voice which is chosento have a fixed
paclet size[10]. In the following, threemain divisions
of the systemreferredto ashuffer, schedulemandHybrid
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Figurel: Schematiof the buffer andits queuesandhow
they interconnecto the scheduleandlink layer.

type-1l ARQ/AMS, aredescribedn Section.1,2.2and
2.3,respectiely.

2.1 Buffer

At the incoming side from the wired network we main-
tain a buffer with separateueuedor the differenttraffic
flows, alsodistinguishingthe pacletswith respecto the
destinationsothateachsource-destinatiopair hasa sep-
arateincomingqueue.All incomingpacletsarescanned
for size, priority, sessionidentificationnumber and re-
quiredservicelevel from thelink layer.

This informationis storedin the buffer andcanbe ac-
cessedy theschedulerThe buffer controlleris assumed
to beableto submita statusreportto the schedulingsub-
systemgdescribedn Section2.2,sothattheschedulecan
make anappropriatedecisionon which queuedo choose
for the next transmissiorframe.

The queuesare emptiedin a bit-by-bit manner inde-
pendentlyof the individual paclet boundaries.The bit-
streamis passedo thelink layer, alongwith information
aboutthe servicerequirements.The incoming buffer is
describedn Figurel. At thereceving sideof thewireless
link, the pacletshave to bere-assembledyeforepassing
themup to the network layer. This canbe donesincethe
schedulingdecisionis transmittedbroadcastedp there-
ceiing side,andit totally determinesvhich byte belongs
to which flow.

2.2 Scheduler

The systemwe proposanakesuseof a channelpredictor
anda multi-usertime-slotschedulethatare mountedon

top of a Hybrid type-lIl ARQ/AMS scheme.The sched-
ulercreatessignalingpipe[3] betweerthenetwork layer

buffer andthe link layer service,makingthemmutually
aware of one-another For instance,the network layer
doesnot askfor alink servicewheneerthereis datato
transmit.Insteadt notifiesthe scheduleof theincoming
traffic by passingqueueinginformation (A in Figure 1)
aboutthe amountof dataandtype of servicethatwould
be preferredby the paclets. The schedulethenasksthe
link layerfor areport(B in Figurel) abouthow thechan-
nel conditionswould meettherequiredservice.This can
bedonesincethelink layerhasaccesdo channelpredic-
tion dataof all the establishedtonnections.

Thelink layerbuildsupan M x N matrix of channel
quality predictionswhereM is thenumberof time-slots,
and N is the numberof traffic streamswith ongoingses-
sions. Thesepredictionscover the next following time-
frameof 5ms. The predictorhasa predictionhorizonof
10ms. Figure2 shaws the predictedvaluesfor onelink.
Basedon the predictedvaluesof the Signalto NoiseIn-
terferenceRatio (SNIR) for eachof the N users chan-
nels,andthe targeterror rates, theinitial coderateand
signalingconstellatiorare chosenin advanceby thelink
layer, for a setof M = 48 futuretime-slots.lIt is thenthe
taskfor the scheduletto, alongwith the queuesizesand
priorities, distribute thesetime slotsamongthe different
gueuesn a fashionthat maximizessomecriterion, such
asthroughpubr anothemeasuref usersatisaction[10].

The scheduleperformsthe schedulingin two rounds.
In thefirst round,eachtime slotis simply allocatecto the
userthatcantransmitat the highestratein thattime slot.
If the buffereddatain the queueshad infinite size, this
approachwould actually maximize systemthroughput.
However, sincethe buffersarenotinfinite, the scheduler
runs a secondround, where time-slotsare redistrituted
from usersthat have beenover-supplied(rich), to users
thathave beenundersupplied(poor). We call this equal-
izationto usersatishctionthe RobinHood principle: “to
take fromtherich, andgiveto thepoor”.

2.3 Hybrid typell ARQ/AMS

Eventhoughthe intentionis to achieve reliable commu-
nication through suitableallocationof time-slotsby the
scheduleaswell asappropriateselectionof MCS by the
physicallayer, the possibility of erroneouseceptioncan
notbeexcluded.ThereforeaselectverepeatARQ proto-
col atlink layercooperatedvith anadaptve MCSsatthe
Physicallayer, referredto asHybrid type-Il ARQ/AMS
(HARQ-II/AMS), canperformpartial datapacketserror
recovery through a limited numberof retransmissions.
Furthererrorrecoreryandcompleteend-to-endeliability
is accomplishedby the errorandflow controlmechanism
definedat TCPwhichis notwithin thescopeof thiswork.

HARQ-II/AMS is basedon the RateCompatibleCon-
volutional (RCC) codesat parentrate 1/3 with constraint
length 7 wherethe higher and lower rate codesare ob-
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Figure2: SNIR trendandthebit error probabilityfor dif-

ferentcombinationof modulationandcodingrates.For a
fixedmodulation the BER correspondingo the different
codess decreasindpy decreasinghe codingrate.

tainedby optimum puncturingor repetitionof the parent
rate codeaccordingto a puncturingor repetitionpattern
with period2, respectiely [11]. In thisschemethetrans-
missionof a lower rate codein responsdo the retrans-
missionrequestjs performedby sendingonly the Incre-
mentalRedundancylR) bits dueto theratecompatibility
propertyof the RCC codes.Moreover, dueto the AMS,

the transmitterchoosesa modulationschemeamongthe
alternatves16-QAM, 8-PSK,QPSKandBPSK.

Selectionof MCS is basedon the usertargetBER and
thepredictedSNIR valueaccessibldy thelink layer. For
eachMCS, the minimum requiredSNIR values(referred
to asthe SNIRIlimits) for satisfyingdifferentBER require-
mentsarespecified accordingly For agiventargetBER,
the correspondin@NIRlimits arecomparedvith the pre-
dicted SNIR, to selecta MSC which providesthe maxi-
mumthroughputamongstheothers.

However, dueto thedifficultiesin analyticalevaluation
of the SNIRIimits becaus@f thelargesignallingconstel-
lation and cornvolutional coding,a numericalapproachs
preferred11]. ThesimulatedBER is thereforeevaluated
for all the combinationsof 16-QAM, 8-PSK,QPSKand
BPSKmodulationsandthecoderatesl, 2/3,1/2,2/5,1/3,
1/4,2/9,1/5,2/11and1/6for anAWGN channelwhichis
the presumedthannelmodelwithin a time-slot. Someof
thesimulatedSNIRIlimits areillustratedin Figure2 along
with arealizationof SNIR of achannel.

The selectionof MCSsis performedin two phasesas
describedn thefollowing.

Phaseone happensat point B in Figure 1, whenthe
schedulerdemandsa report from the link layer. This
reportcontainsthe channelpredictionvaluesfor all the
userswith ongoingsessionsvith correspondingelected

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

Phasetwo occursat point C in Figure 1, when the
scheduleinformsthelink 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 atime-slotwhile
variablecodingrateis allowedfor differentpaclets. The
secondoneis the constrainton rate compatibility for re-
transmittingpaclets. For eachuser the highestpriority
is assignedo retransmissiomequestgif they exist), fol-
lowing the policy of “fir stin, first out”. Thesepaclets
aredynamicallyassignedo the time-slots,meaningthat
amongthe time-slotswhich can proposean appropriate
MCS, the one offering the maximumthroughputis se-
lected. In this fashion the retransmittingpacletsare oc-
cupying differenttime slotswith corresponding/CSs.In
caseof failure,thetransmissiorof theerroneoupacletis
postponedo the next frame.

After this stage,basedon the partial or completely
emptinesf the time-slotsfor eachuserandthe appro-
priateMCS, thelink layerdrainsnew datafrom the cor-
respondingouffers (the arrow at C in Figure 1). Hence,
new packetsareformedwhichfill thecorrespondingime-
slots.

After completingthis procedurefor all the users,the
frameis constructedby Cyclic Redundang Check(CRC)
and Corvolutional encodingfor error detectionand cor-
rection,respectrely, andmodulationatthe Physicalayer.
More detailsaboutthe framestructureis givenin Section
2.4. At eachmobile host,therecever performsoptimum
softdecodingoy a Viterbi decodeattheparentratewhich
is aidedby ChannelStatelnformation(CSl). Thedecoded
bits arefed into the CRC decoder In caseof errordetec-
tion, aNACK signalis fed backto thelink layertransmit-
terif retransmissiois permitted,andotherwisean ACK
is fed back.

Finally, the channelduring frame transmissioris as-
sumedo beatime-varyingfadingchannel However, the
fadingis assumedslow enoughfor the SNR to be con-
sideredconstantwithin eachtime-slot. We useone-tap
channelsn our simulations.This corresponds$o assum-
ing anAWGN channeln atime-slot.

2.4 Framestructure

Eachtime-slotcomprisesof userdata,anda mid-amble
of trainingdatato aid thechannekstimatiorprocessBe-
fore andaftertheuserdatatherearetails servingasguard
intervals againstbadtiming in the receptionor transmis-
sion. A descriptveimageof thetime-slotformatis given
in Figure 3. The figure also shaws the location of the
schedulingnformation,within theframeof 49time-slots.
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A frame consistsof 49 time-slots,eachof which can
be dynamically assignedo one user exceptfor one of
thetime-slotsin eachframe,whichis dedicatedo broad-
castschedulinginformation aboutthe next frame. Fur-
thermore,the assumptiorof a symbolrate at 5 Msym-
bol/secwhich is usedin this work, allows eachtime-slot
to contain512 symbols.Pleasenotethatatime-slotmay
consistof several paclets. A compromisebetweenthe
base-statiomndthe mobile terminalleadsto the sugges-
tion thatthe schedulingnformationis transmittedn one
of the time-slotsin the middle of the frame. In this way
the schedulethastime to performthe necessaryalcula-
tions, and the mobile stationshave time to adjustto the
new schedule.

Sincethe schedulingnformationthatis transmittedn
the downlink is crucial for the efficiency of the multiple
accesschemeijt hasto bewell protectedagainsterrors.
For thistime-slot,only BPSKmodulationwith alow rate
codeshouldbeused.

3 Simulation results

Thefollowing assumptiorareusedduringthesimulation.
The datapacletsat link layercontain216 bits, including
12 CRC bits for error detectionand 6 zerotail bits cor
respondingo the memoryof the cornvolutional encoder
16-QAM, 8-PSK,QPSKandBPSK modulationsareem-
ployed whereGray codingis usedfor mappingthe bits
to the symbols. The maximumsymbolenegy andsym-
bol rate are presumedo be constantin all the modula-
tion schemes.The channelSNIR predictionis assumed
to belognormallydistributedwith a meanvalueequalto
thetrue SNIR anda standardeviation of o dB. The CSI
usedat the recever is consideredo be equalto the pre-
dicted values. Moreover, the channelis AWGN within
a time-slotbut fading during a frame transmission.For
\Voice, Media and Data traffic classes,target BERs of
1073, 10~ and 105 are presumedyespectiely. Ad-
ditionally, the maximumallowed numberof retransmis-
sionsatthelink layeris choserto be 3, 3, and8 for \oice,
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Figure4: TheBER,throughpuibits/symbollandaverage
paclet delayfor the predictiveHARQ-1I/AMS predictive
AMSandblind HARQ-II/AMSfor ¢, the standarddevia-
tion of the predictionerror, equalto 0, 2 and5 dB. The
usersbelongto the classed/ice Data, andMedia

MediaandDatatraffic classestespectiely. Finally, each
simulationis carriedout for 0.146sec.

For the performanceassessmentif the proposedsys-
temwhich is referredto asthe predictiveHARQ-II/AMS
andin orderto investigatethe effect of coding,ARQ and
channelpredictionat the transmittey we have considered
two othersystemdor comparison.

Oneis the so-calledthe predictiveAMSwhereno cod-
ing andretransmissioprotocolsareallowedatlower lay-
ersbut thelink layeris providedwith the channelpredic-
tions and an adaptve modulationsystem,similar to one
presentedh [10]. In this systeml6-QAM, 8-PSK,QPSK
andBPSKmodulationsareusedwherethe corresponding
SNIRlimits areanalyticallyevaluatedasdescribedn [12].
The predictive AMS reportsthe channelpredictionsand
suggestedanodulationschemedgo the schedulefor time-
slot allocation. Furthermoresinceno codingis involved
here thedatapacletsatlink layergenerallycontain6 ex-
tra databits dueto the absencef tail bits, comparedo
the predictiveHARQ-II/AMS

The otheroneis the so-calledblind or non-predictive
HARQ-IlI/AMSwherethelink layerdoesnot have access
to ary channelpredictionsand selectionof the MCS is
basedn the predeterminedaluesstoredin alook-upta-
ble, similar to the one presentedn [11]. In this system,
thetransmissiorstartsusinga modulationwith large sig-
nalling constellatioranda high ratecode. During there-
transmissionthe sizeof constellatioraswell asthe cod-
ing ratearereduced.The transmissioris initialized with
16-QAM at rate 1. The next transmissiorattemptsare
performedby 16-QAM atrate2/3, followedby 8-PSKat
ratesl/2 and2/5, QPSKatrate1/3, 1/4 and2/9 and



finally BPSK at lower rates. Moreover, only the infor-
mationaccordingto temporarypriorities dueto the users
with retransmissiomequesis providedfor thescheduler

Thesimulationsarecarriedoutfor 15userswith 5 users
belongingto eachof thetraffic classe®f Voice Data, and
Media The BER, throughputanddelay performanceof
threesystemss evaluatedbothfor perfect(c = 0 dB) and
imperfectchannepredictiongo = 2 and5 dB). Here the
throughputs definedasthe numberof correctlyreceved
databits per transmittedsymbol. Thedelayis given by
the averagepaclet delaywhich representshe averageof
all completelyremoved pacletsfrom the queue.There-
sultsareaveragedor ary of the \bice, Data, andMedia
classesinddepictedn Figure4.

Theresultsshow thatwith perfectchannelpredictions,
both the predictive HARQ-II/AMS and predictive AMS
meettheQoSrequirementgn contrasto theblind HARQ-
II/AMS. This stemsrom thefactthathaving accesgo the
informationaboutthefuturecharacteristicsef thechannel
resultsin a more appropriatechoice of modulationand
(or) codingrate.However, comparingthe throughputand
delay performancdeadsto the conclusionthat on aver
age predictiveAMSperformswell enoughandpredictive
HARQ-II/AMSis too consenative. Thereasoris thatwith
idealchanneprediction therequirederrorratecanbeob-
tainedwithout ARQ andchannekoding. Theimportance
of the ARQ protocolandchannetodingappearsvhener-
roneouschannelpredictionsareintroduced.In this case,
the systemrobustnessis increasedby FEC/ARQ. It is
shawvn thatfor o = 5 dB only the proposedsystemguar
anteegherequiredQoSevenif slightly higherthroughput
or lower delayareachievedby the others.

4 Conclusion

A combination of radio channel predictve time slot
schedulingandHARQ-II/AMS, for IP (InternetProtocol)
paclet data,is presentedand evaluatedthroughsimula-
tions. The performanceof the proposedsystemreferred
to asthe predictiveHARQ-1I/AMSis evaluatedand com-
parisonis madewith a systemwhereno channelstatein-
formationis availableatthetransmitter(the blind HARQ-
II/AMS) or a retransmissiorprotocol and channelcod-
ing arenot providedfor the system(the predictiveAMS).
Threetraffic classeseferredtio as\Voice, Data, andMedia
arechoserwhereeachrequiresdifferentBER.
Theresultsshav thatour proposedsystemreduceghe
systemdelaydueto thechannepredictionwhichis avail-
able at the transmitter Additionally, applying channel
codingimprovestheerrorcorrectioncapabilityof thesys-
tem and provides robustnessagainstchannelprediction

1pleasaotethatin predictiveor blind HARQ-II/AMS only thepack-
etswithoutary detectablerrorsareregardedascorrectones.In predic-
tive AMS all thereceved pacletsareconsideredo be correctsinceno
errordetectioncodesareutilized.

errors,especiallyin situationswherethereare consider
ablechangesn thechannekonditionsduringthe predic-
tion time interval. Moreover, the error correctionis done
in anadaptie way, suitablefor thetime varyingchannel.
Furthermoreemploying the adaptve modulationsystem
enhanceshethroughputy utilizing thechannekapacity
moreefficiently. Thereforethe proposedystemcanpro-
vide a high throughputwhile keepingthe BER andnum-
ber of transmissionsow andhence guaranteeinghe re-
quiredQoS.The presentsystemis designedo provide a
constantQoSandthroughputover time-horizonscharac-
terizedby shorttime fading. The performancendrobust-
nessin the presenceof slow fadingand SNR variations
on a longertime horizonsremainsto be studied. Added
robustneswvill herebe providedby suitablydesigntrans-
port protocols[13].
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