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Abstract

In this paper, we considerspeechtraffic, circuit-switcheddata(CSD)andpacket-
switcheddata(PSD)in theUMTS TerrestrialRadioAccessNetwork (UTRAN). The
focusis onthesinglelow-bandwidthlink thatinterconnectstheRadioNetwork Con-
troller (RNC) and the basestation(NodeB). We show that all traffic on this link
hasreal-timecharacteristics.But we take advantageof the upperlayer protocols
and formulatesuitablequality of service(QoS) criteria that lead to two different
transportserviceclasses(TSC):A stringentTSCfor speechtraffic andCSD,anda
tolerantTSCfor PSD.TheRNCtransmitspacketsfrom bothTSCsvia asinglelow-
bandwidthlink to theNodeB. Sincetransmissioncapacityon this interfaceis aseri-
ouscostfactorin theUTRAN, thelink utilizationshouldbeoptimizedwhile respect-
ing theQoSrequirementsof bothTSCs.Weproposeamodifiedversion(MEDF) of
theEarliestDeadlineFirst (EDF)algorithmfor thattask.It is easyto implementand
doesnot requiretheknowledgeof thetraffic mix to setits parameters.Thesimula-
tion resultsshow its superiorityoverFIFO,StaticPriority (SP),andWeightedRound
Robin(WRR)scheduling.Theanalysisof thewaitingtimedistributionexplainswhy
MEDF is betterthantheotherschedulingstrategies.

Keywords: UMTS, QoS,Multiplexing, EDF, WRR, andSPScheduling,Performance
Evaluation,ATM, AAL2

1 Intr oduction

Third generationmobile systemslike the UniversalMobile TelecommunicationSystem
(UMTS) aredesignedto provide a wide rangeof servicesandapplicationsto a mobile
user. Thesupportof higheruserbitratesis mostlikely thebestknown featureof UMTS.
Furthermore,theprovision of anappropriatequality of service(QoS)will beoneof the
key successfactorsfor UMTS. A mobileusergetsaccessto UMTS throughtheWCDMA
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basedUMTS TerrestrialRadioAccessNetwork (UTRAN). A basestation(NodeB) ter-
minatesthe level 1 air interfaceandforwardsthe(uplink) traffic to RadioNetwork Con-
troller (RNC). The RNC is responsiblefor the radio resourcemanagement(RRM) and
controlsall the radio resourceswithin its part of the UTRAN (cf. Figure1). The RNC
is thekey interfacepartnerfor themobileuserequipment(UE) andtheinterfacingentity
towardsthecorenetwork (via UMSCandSGSN).Within theUTRAN, theAsynchronous
TransferMode(ATM) is usedasthemaintransporttechnologyfor terrestrialinterconnec-
tion of the UTRAN nodes(RNC, NodeB)[1]. The transportover IP technologyis also
foreseenfor futurereleasesbut it is notwithin thescopeof this document.
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Figure1: Thearchitectureof theUMTS.

Thispaperfocuseson theIub interface,i. e.,theinterfacebetweenRNCandNodeB.
Fromaterrestrialtransportnetwork pointof view this interfaceis themostcritical. Along
with the extensionof the UTRAN to a more and more rural coverage,the bandwidth
betweenRNC and a NodeB becomeslimited andexpensive. Therefore,Node B and
RNC mustbe enabledto usethe limited transmissionresourcesto a maximumpossible
amount.

This work is structuredasfollows. In Section2, we describethe architecturein the
UTRAN in moredetailandpoint out therequirementsfor thetransportof userdata.We
definetwodifferentreal-timetransportserviceclasses(TSCs)to differentiatetheusertraf-
fic on the transmissionlink betweenRNC andNodeB. In Section3, we discussvarious
schedulingalternativesfor thetraffic handlingontheIub interfaceandproposethe”Mod-
ified EarliestDeadlineFirst” (MEDF) algorithm. Section4 illustratesthe performance
of theconsideredschedulingvariantsandshows thesuperiorityof theMEDF scheduler.
Section5 concludesthiswork with ashortsummaryandanoutlookon furtherresearch.
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2 TransmissionRequirementsin the UTRAN

3GPPhasdefinedfour differentusertraffic classesfor UMTS [2]: the conversational,
streaming,interactiveandthebackgroundclass.Conversationalandstreamingaremainly
intendedfor real-timeapplications(voice, video, circuit-switcheddata)whereasthe in-
teractive and the backgroundclassare foreseenfor Internetapplications(e. g. e-mail,
webbrowsing). In this paperwe concentrateon threetypical UMTS applications:Voice
(about12.2kbit/s),circuit switcheddata(CSD,64kbit/s)andpacket-switcheddata(PSD,
64 kbit/s). CSD representsthe UMTS conversationalandstreamingservicesexceptfor
voicewhich is handledseparately. PSDis arepresentativefor interactiveandbackground
services.For the transportbetweenthe RNC andthe UE, eachusertraffic flow is pro-
tectedby theRadioLink Control (RLC) layer. It providesretransmissioncapabilitiesat
leastfor thebackgroundandinteractiveservices(PSD).Thisallowsfor thedifferentiation
of traffic flowson Iub regardingtheir QoSrequirements.

As outlinedabove, the RNC controlsandassignsthe radio resources.The Medium
AccessControl (MAC) in theRNC schedulesthe traffic to the UEs for the air interface
dependingon the usertraffic class,RF interference,power control efficiency, soft han-
doversynchronization,andothers.As a consequenceof this sophisticatedradioresource
control, air interfaceresourcesarereserved for the traffic beforeits transmissionat the
Iub interfaceandcannotbe usedby other traffic. Data lossandexcessive delay in the
wireline transportnetwork resultin a wasteof radioresourcesor capacity. Therefore,all
traffic scheduledfor theair interfaceor receivedfrom theair interfacehasreal-timeQoS
requirements.

For thepurposeof air interfacetraffic scheduling,theMAC controlsthecharacteristics
of the traffic, i. e. transmissiontime interval (TTI) and the amountof userdatato be
sent. The TTI determinesthe time betweentwo consecutive userdatablocks that may
be senton the air interface. Eachusertraffic stream(voice, video, data)is carriedby a
so-calledDedicatedTransportChannel(DCH) betweenRNC andNodeB andtheFrame
Protocol(FP)providesfor adaptation,errordetection(optional),andexchangeof control
informationfor eachDCH.TheDCH traffic streamis handedoverfrom theFPlayerto the
TransportNetwork Layer (TNL) in the form of FPPDUs. Due to theMAC scheduling,
theFPPDUsarriveperiodicallyandaFPPDUcarriestheamountof usertraffic to besent
on theair interfacefor oneTTI (cf. Figure2).

As mentionedbefore,ATM constitutesthe currentTNL technologyin the UTRAN.
TheATM AdaptationLayerType2 (AAL2) [3, 4] is appliedto make thetransmissionof
low-bitratereal-timetraffic moreefficient over ATM virtual channelconnections(VCC)
[5]. TheAAL2 segmentstheFPPDUsinto AAL2 packets(CPSSDUs)of up to 45octets
in length. EachDCH traffic streamis mappedto a periodicAAL2 packet streamthat is
transportedonanAAL2 connectionthroughtheATM network. CPSSDUsarenotplaced
one-to-oneinto ATM cellsbut back-to-backasa continuousstream.This avoidsunused
payloadin ATM cells if AAL2 packetsaretoo small to completethepayloadof anATM
cell (48 bytes).Up to 248AAL2 connectionscanbemultiplexedby into anAAL2 path
whichcorrespondsto anATM VCC.

Thetransmissionlinks ontheIub arecostlyandlimited in bandwidth.Low bandwidth
inducesconsiderabledelayfor the transportof the FP PDUsfrom RNC to NodeB and
vice versa.Thedelaymaybefurther increasedby theburstynatureof theAAL2 packet
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stream,especiallyif theTTI of a higherbitrateDCH is long [6]. Excessive delayof FP
PDUsviolatestheir real-timerequirementsandresultsin poorusageof theair interface
resources.Thedelay, which refersto thewholeFPPDU transmissiontime andnot only
to asingleAAL2 packet,mustbebounded.
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Figure2: Iub traffic handlingin theRNC.

On the onehand,FP packetsdemandfor low latency on the Iub link. On the other
hand, a high utilization of the limited capacity is also an important objective in the
UTRAN. We resolve this conflict by relaxing the delay requirementsfor the real-time
transporton Iub. We do not guaranteea maximumdelayfor FPpacketsbut expectthat
mostof thetraffic arrivesat theNodeB within a givendelaybudget(DB). We postulate
this for 99.99%of theCSDandspeechtraffic. PSDcantolerateahigherlossratebecause
this traffic is protectedby the RLC retransmissioncapabilities,so the 99% quantileof
their waiting timemustnot exceedtheDB. Hence,we have two differentreal-timeTCSs
with stringentandtolerantQoS.Theobjectivefor themultiplexing of AAL2 traffic on the
Iub is to find a simpleandintelligentschedulingalgorithmthatmaximizestheutilization
of thelink while respectingtheQoSrequirementsof thereal-timetraffic types[7, 8]. Note
thattheactualproblemis notATM specificandoccursin IP networks,too.

3 SchedulingAlter nativeson a SingleLink

To accomplishthe above statedtask,we considerseveral well known schedulingalgo-
rithmsandproposea modifiedversionof EDF.

3.1 FIFO Scheduling

First-in-First-Out(FIFO) is probablythesimplestqueuingstrategy: all packetsarestored
in asinglequeuein theorderof theirarrival andareservedsequentially, regardlesswhich
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QoSrequirementsthey have. This is simpleto implementbut noservicedifferentiationis
possibleand,therefore,noadvantagecanbetakenfrom thelowerQoSdemandof tolerant
traffic in orderto increasethelink utilization.

3.2 SPScheduling

A simplequeuingstrategy for servicedifferentiationis StaticPriority (SP)scheduling.
Packetsareassigneddifferentpriorities andfor every priority TSC a FIFO queueis set
up. The queueswith higherprioritiesareserved exhaustively beforequeueswith lower
priority. This canleadto substantialqueuingdelayfor thepacketsof thelowerTSCs.In
particular, the tail of the waiting time distribution canbe non-exponential[9] becausea
majorityof highpriority traffic candelaylow priority traffic extensively. Sincethis is not
acceptablein the above sketchedscenario,SPschedulingis not a goodsolutionfor the
Iub interface.

3.3 WRR Scheduling

GeneralizedProcessorSharing(GPS)sharesthecapacityof a server accordingto given
weightsamongdifferentfluid queues.The traffic mix hasto beknown in the scheduler
anda wrongparametersettingfor theclientscanhave detrimentaleffect. WeightedFair
Queuing(WFQ)[10] is theGPSversionfor packetorientednetworks. In [11] aprocedure
is found to set the weightsof WFQ to provide variousqueueswith differentbounded
delayservice.WFQ actslikea traffic spacerif low-bitratestreamsaretransportedwithin
alargerpipe,i.e. thepacketdelayis largeif thedataareburstyandif only themeanrateis
allocated.SinceWFQ is hardto implementin real-time[12], we choseWeightedRound
Robin(WRR)asasimpleapproximation.RoundRobin(RR) takesturnsfor servicingits
queuesandevery queuereceivesthesameshareof bandwidth.With WRR, weightsare
assignedto thequeuesandsomequeuescanbeservedmorefrequentlyby prescribinga
servingcycle. Thenetwork capacityis sharedamongqueues0 and1 with a ratio of 2:1
by usingthe servingcycle 0-0-1. If a queuehasnothingto send,the next queuein the
cycle is served.

3.4 EDF Scheduling

FPPDUscanafford acertaindelaybudgetfor thetransmissionovertheIub interface,i.e.
they have a deadline(duedate)of DB time after their arrival in theRNC. This calls for
theEarliestDeadlineFirst (EDF) algorithm[13] thatschedulesthepacketsaccordingto
ascendingdeadlines.It is anoptimalstrategy to maximizethethroughputwhile meeting
delayconstraints[14]. However, hardware implementationsof EDF are complex [15]
becausesortingis required.At theIub interface,thedelaybudgetis thesamefor all FPs
and,therefore,theEDF schedulingorderdoesnot differentiatefrom FIFO. Hence,EDF
doesnot provideany servicedifferentiationamongdifferentTSCs.

3.5 MEDF - A SimpleAlgorithm for ServiceDiffer entiation

The “Modified EarliestDeadlineFirst” (MEDF) algorithmis a modifiedversionof the
EDF. Thepacketsarestoredin þ TSCspecificqueuesin aFIFOmanner. They arestamped
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with a modifieddeadlinewhich is their arrival time plus an offset ÿ�� , �������
	
, that

is characteristicfor eachTSC.TheMEDF schedulerchoosesthepacket with theearliest
duedateamongthepacketsin thefront positionof all queuesfor transmission.For only
two TSCs,this is thechoicebetweentwo packetsandunlike in EDF, sortingaccordingto
ascendingdeadlinesis not required.Hence,MEDF is simpleto implementin hardware.
The modifieddeadlineis primarily not anymore an indicator for the transmissiondate
of the packet. The difference �£ÿ��� ÿ���� betweentwo TSCs

�
and � is a relative delay

advantagethat influencesthe behavior of thescheduler. This makestheMEDF suitable
for theAAL2 mulitplexing ontheIub interfaceanddistinguishesit from theconventional
EDF. An analysisof asimilar conceptin theEDFschedulingcontext is givenin [16].

3.6 Comparison of the SchedulingAlter natives

Essentially, theMEDF algorithmperformsa local reorderingwithin a FIFO queue.The
maximumdelay advantagebetweentwo queuesdeterminesthe time interval in which
reorderingmayoccur, therefore,it mustbe smallerthanthe delaybudget. We illustrate
thebehavior of theMEDF andfor abetterunderstandingwesubstitutethequantilesof the
waiting timesimplyby themeandelay. In Figure3 thepacketscarrytheiruniquenumber
in theupperpartof their representationandtheir arrival time in thelower part. Thelight
packetshave high priority (TSC0) andthedarkpacketshave low priority (TSC2). Both
arescheduledontoacommonlink.
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Figure3: A packet arrival pattern for a
time slotted system with two
priority TSCs.
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Figure4: FIFO, SP, and MEDF schedul-
ing producedifferentschedules.

TheschedulingdisciplinemaybeFIFO, SP, or MEDF schedulingandinfluencesthe
producedpacketschedule.Figure4 showstheresultsfor theproposedexample.For FIFO
andSPscheduling,thelower part in thepacket representationtells againthearrival time
of thepacket. For MEDF schedulingwe used ÿ���� �

and ÿ������ to setthemodified
deadlinewhich is denotedin the lower part. If two packets can be scheduledfor the
sametime, the high priority packet is privileged. From the time axis we can infer the
transmissiontimeof thepackets.
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Table1: Meandelayin timeslotsfor FIFO,SP, andMEDF scheduling.
FIFO Scheduling SPScheduling MEDF Scheduling

Low Priority Traffic 1.50 3.25 2.75
High Priority Traffic 2.66 0.33 1.00

This leadsto the meandelaystatisticsgiven in Table1. We assumea delaybudget
of � time slots. With FIFO schedulingthe delaybudgetis met but in this examplethe
meandelayfor high priority traffic is substantiallylargerthanfor low priority traffic. SP
schedulingexpediteshigh priority packetsat the expenseof low priority packetswhose
meandelay exceedsthe delay budget. With MEDF both low and high priority traffic
fulfill thedelayrequirementsandthedelayfor highpriority traffic is smallerthanfor low
priority traffic. This illustrationis only amotivationto understandwhy MEDF scheduling
is superiorto FIFO andSPscheduling.In thenext sectionweunderlinethisstatementby
simulationresultsin theUTRAN.

4 PerformanceTradeoffs for Packet Schedulingin the UTRAN

In this section,we investigatethe maximumlink utilization betweenthe RNC and the
NodeBdependingon thetraffic mix andtheschedulingalgorithmin theRNC.

4.1 Simulation Setup

We simulatedan AAL2 path(ATM VCC) from the RNC to the NodeB.The minimum
transmissioncapacityon theIub interfaceis typically ��� or ����� . Thebandwidthin our
simulationsis ��������� (3.072Mbit/s). We take threeUMTS servicesinto account:AMR
speech(12.2kbit/s),CSDandPSD(64 kbit/s). For all threedatatypeswe choosea TTI
of 20ms,i. e. FPpacketsaresentperiodicallyeveryTTI. All thetraffic typesareperiodic
with thesameTTI andso is the traffic mix. As a consequence,theexperiencedwaiting
time distribution is almostthesamein all TTIs aslong asthetraffic doesnot change.To
obtainstatisticaldata,theperiodicalarrival patternof thepacketswithin aTTI is carefully
randomized.

Table2: AAL2 packet lengthdistribution for AMR voiceon theIub interface.
packet length[bytes] 6 11 38
probability 0.4754 0.0728 0.4518

FPpacketsfrom CSDandPSDaretoo largefor AAL2 transport.They aresegmented
andsentin burstsof 4 CPSSDUsfrom theRNC to theNodeB with altogether176and
184 bytes,respectively. For voice, we transformedrepresentative speechsamples[17]
using an AMR vocoder[18] andcapturedthe length distribution of the resultingCPS
SDUs(cf. Table2). In addition,wealsomodeledthecorrelationin thesizeof successive
speechframesof a singleconnectionby a Memory Markov Chain[19]. Both areused
for thesimulationof anindividualvoicecall. Signalingandothercontrolandbackground
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traffic have only minor impacton thepurposeof our paperandarenot consideredin our
simulations. Like [6] we requirethe delaybudgetto be 5 ms. The critical load is the
maximumlink utilization for which theQoScriteria arestill met. It is theperformance
objective in our investigation.A 3.072Mbit/s link cancarryat most48 connectionswith
64 kbit/s which leadsto a coarsegranularityin thesimulationresults.However, this lies
in thenatureof thesystem.
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Figure5: The performanceof FIFO, SP
andWRR schedulingfor differ-
ent weightsandCSD:PSDtraf-
fic mixes.
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Figure6: The performanceof FIFO, SP
and WRR schedulingfor dif-
ferent weightsand speech:PSD
traffic mixes.

4.2 The Performanceof FIFO Scheduling

Theschedulingstrategieshave differentservicedifferentiationcapabilities.Their impact
is visible only for traffic mixes. For homogeneoustraffic (only speechtraffic, CSD, or
PSD),the behavior of all mentionedschedulingalternativesbecomesFIFO. The maxi-
mumlink utilization is significantlyhigherfor PSDtraffic thanfor CSDtraffic (cf. Fig-
ure5) becauseasmallerpercentileof thetraffic (99%for PSDinsteadof 99.99%for CSD)
hasto respectthedelaybudget.In contrastto CSD,voicepacketsdo not arrive asburst.
ThereducedburstinessinducesshorterAAL2 multiplexerqueuesanddecreasesthedelay
for voice. Therefore,thecritical loadis higherfor speechtraffic thanfor PSDtraffic (cf.
Figure6) in spiteof thestricterdelaycriterion.

A FIFO schedulerhandlesall traffic in the sameway andpackets from both TSCs
facethe samedelay statistics. Hence,the delay criterion for the stringentQoS traffic
limits themaximumlink utilization. As a consequence,theFIFO schedulercannot take
advantageof largeproportionsof tolerantPSDthatcanafford anexceededdelaybudget
more frequentlythanstringentQoStraffic. The performanceis only influencedby the
queuingpropertyof thetraffic mix. CSDandPSDhave almostthesameburstiness,and
theCSD:PSDtraffic mix ratiohasonly little effecton thequeuingpropertiesof traffic (cf.
Figure5). Speechtraffic is lessburstythanCSD,andPSDtraffic andyieldsa larger link
utilization(cf. traffic mix 5:0in Figure6) thanpureCSDtraffic. Theperformanceof FIFO
schedulingdecreaseswith anincreasingproportionof burstyPSDin thespeech:PSDtraf-
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fic mix. The queuingpropertiesof the traffic mixesalso influencethe resultsfor other
schedulingstrategies.

4.3 The Performanceof SPScheduling

SPschedulingprivilegeshigh priority data(stringentQoS)at theexpenseof low priority
data(tolerantQoS).For large proportionsof PSDin the traffic mix, the critical load is
higherfor SPthanfor FIFO becausetherelaxedQoScriterion for toleranttraffic canbe
exploited. However, for large proportionsof stringentQoStraffic in the traffic mix, the
performanceof SPis worsethanfor FIFO: The majority of stringenttraffic delaysthe
minority of toleranttraffic to suchan extent that the relaxed QoScriterion for tolerant
datacanonly bemetfor a lower load.

4.4 The Performanceof WRR Scheduling

Suitableweightsmustbechosenfor theWRRscheduler. A simpleapproachis to setthem
accordingto thetraffic mix. Thisworksfine for a traffic mix speech/CSD:PSD=4:1but it
yieldseventheworstperformancefor a traffic mix of speech/CSD:PSD=2:3(cf. Figure5
andFigure6). Hence,theWRRscheduleris difficult to control.Theweights4:1seemsto
bea goodcompromisefor all traffic mixesconsideredbut otherweights(not givenin the
figures)yield abetterperformancefor somespecifictraffic mixes.Hence,theinformation
aboutthetraffic mix mustbepropagatedto thescheduler, otherwiseit cannotwork in an
optimalway. But if this informationcanbepropagated,onecanalsoapplyacombination
of FIFO andSPschedulingsincethereis no traffic mix for which WRR is significantly
betterthanbothof them.
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Figure7: The performanceof FIFO, SP
and MEDF schedulingfor dif-
ferent §©¨ ( §«ª ¬  ) and
CSD:PSDtraffic mixes.
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Figure8: The performanceof FIFO, SP
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4.5 The Performanceof MEDF Scheduling

Thesettingof theoffsetparametersinfluencetheMEDF algorithm. We choose
���	��


for the stringenttraffic andalter
��

for toleranttraffic. It is obvious thatMEDF yields
the sameresultsasFIFO schedulingfor

��������
. For

���������
, MEDF schedul-

ing approximatesSPscheduling:Themodifieddeadlinesof stringentpacketsarealways
smallerthanthemodifieddeadlineof a tolerantpacket unlessthis is latewhich happens
with a probabilityof at most � 
���� . In Figure7 theMEDF seemsto interpolatebetween
FIFO andSPschedulingfor differentvaluesof

��
(
������


) for a traffic mix 4:1. For
anoffsetparameter

���������� �
, theMEDF scheduleris superiorto all otherscheduling

strategies(FIFO,SP, WRR). (cf. Figures7–8). MEDF schedulingrespectsthedeadlines
of theindividualpacketsandtheparameter

��!�"�����#�
effectsthatstringentpacketsare

prioritizedovertolerantpacketsbut only within aninterval suchthatlow priority traffic is
notdelayedfor too long time.

4.6 SchedulerAnalysis Using the Waiting Time Distrib ution

We analyzethe complementaryprobability distribution function (CDF) of the waiting
time undercritical load. In particular, we have a look at speech:PSDtraffic mixeswith
a ratio of 1:4 and4:1. The following observationsvalidateandcompleteour previous
explanations.
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Figure9: Optimal schedulingparameters
andspeech:PSDtraffic mix 4:1.
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Figure10:Optimal scheduling parame-
ters and speech:PSDtraffic
mix 1:4.

Figures9–10show thepercentileof thetraffic thatfacesalargerdelaythanaspecified
time. In caseof MEDF scheduling,thedelaybudgetof 5 ms is exceededby thewaiting
timeof PSDwith aprobabilityof lessthan � 
 ��� andfor speechtraffic with aprobabilityof
lessthan � 
 �ÎÍ . TheMEDF algorithmdistributestheoverallqueuingtime to packetsfrom
bothTSCsin awaythatbothmeettheirQoScriteriaverycloselyundercritical load.This
is not self-evidentbecausein caseof FIFO queuing,all packetsarehandledin thesame
way. For bothTSCs,the99.99%quantileof thewaiting time distribution is smallerthan
thedelaybudget.For thesake of clarity, we omittedthesecurvesin thefigures.With SP
scheduling,thewaiting timeof speechis significantlyshorterthanrequiredbecausevoice
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packetsareprioritized over PSD.The QoScriterion for PSDlimits the load on the link
andtheprobabilisticQoScriterionof speechcannot beentirelyexploited. This finding
alsoholds for WRR schedulingwith weights4:1 becausethis almostworks like SPin
the presenceof a traffic mix speech:PSD=1:4(cf. Figure10). But WRR 4:1 doesnot
strictly prioritize speechover PSD.Therefore,it achievesa larger critical load thanSP
(cf. Figure6). In Figure9 theCDF for speechlies above theCDF for PSD,althoughthe
weightscorrespondto the traffic mix. WRR is a packet orientedschedulingmechanism
thatis unawareof packetsizes(in contrastto themorecomplex WFQ).Connectionswith
largerpacketsgeta largershareof thebandwidth.Therefore,voicepacketssuffer a larger
delaycomparedto PSDpackets.ThismakesWRRverydifficult to implementasit hasto
beadaptedto differenttraffic mixesof speechandCSD,too. If PSDpacketssuffer less
delaythanvoicepackets,vacantresourcesto increasethelink utilizationarewasted.

TheMEDF algorithmis thebestschedulingstrategy becauseit distributesthewaiting
timeto packetsfrom bothTSCssuchthattheprobabilisticQoScriteriaarefully exploited
undercritical load. FIFO, SP, andWRR arenot ableto achieve that and,therefore,the
utilizationof thelink is worsecomparedto MEDF.

5 Conclusion

We analyzedthetransportrequirementsof speech,CSDandPSDserviceson theUMTS
Iub interface. We formulatedsuitableQoScriteria andderived two different real-time
transportserviceclasses(TSCs):A stringentTSCfor speechtraffic andCSDanda toler-
antTSCfor PSD.Traffic of bothTSCsis multiplexedontoanATM VCC betweenRNC
andNodeB usingAAL2. Thegoalwasto maximizethelink utilization on theIub inter-
facewhile meetingthe QoSrequirementsof both TSCsby the useof an intelligent and
simpleschedulingstrategy.

FIFO andEDF schedulingcannot take advantageof theweakQoScriterion for tol-
erantQoStraffic. SPschedulingsuppresseslow priority streamsif theproportionof high
priority traffic is large. Therefore,the loadon the link mustbekeptsmall to respectthe
QoScriteria of both TSCs. WRR leadsfor sometraffic mixesto a worseperformance
than SP and FIFO andcan hardly increasethe link utilization. In addition, the traffic
mix ratio of theTSCsmustbeknown in theschedulerfor settingtheoptimalparameters.
This informationis usuallynot available. MEDF, our advancedEDF scheduleradapta-
tion, storespacketsin TSCspecificqueuesin a FIFO manner. They arestampedwith a
modifieddeadlinewhich is theirarrival timeplusaqueuespecificoffset.Thepacketwith
theearliestduedateamongthepacketsin the front positionof all queuesis eligible for
transmission.This scheduleris easyto implementandit achievesanoptimallink utiliza-
tion independentof thetraffic mix. Our simulationsshow thatMEDF outperformsFIFO,
SP, andWRR schedulingunderall conditions. We further confirmedthe superiorityof
MEDF schedulingby ananalysisof thewaiting timedistribution.

The MEDF algorithm is not subjectto ATM networks, only. We intend to further
investigateits applicationin IP networks for thedifferentiationof variousTSCsof real-
timeandnon-real-timetraffic in theInternet.
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