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ABSTRACT

WiMAX,oneoftheemergingwirelessbroadbandnetworks,wasdesignedtosupporttrafficfrom
applicationswithdiverseQoSrequirements.InWiMAX,anefficientresourcemanagementtechnique
suchasschedulingisrequiredfortheproperallocationofnetworkresourcestothesedatastreams.
Thisarticleproposesanenhancedpriorityload-awarescheduling(EPLAS)algorithmtoimprovethe
performanceofWiMAXnetworks.Theproposedschemeadaptivelydeterminestheweightofeach
queuebasedonthequeueload.Italsointroducesapacketdropcontrolmechanismthatreducesthe
packetdroprateandincreasestheaveragethroughputofthenetworkbyprioritizingpacketswith
theearliestdeadlineswithineachqueue.TheperformanceofEPLASwasevaluatedagainstother
benchmarkschemesusingseveralsimulationexperiments.TheresultsrevealedthatEPLASperformed
significantlybetterthanthebenchmarkalgorithmsintermsofaveragedelay,averagepacketdrop
ratio,andaveragethroughput.
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INTRodUCTIoN

Recently,therehavebeensignificantadvancesinwirelessbroadbandtechnologiestomeetthegrowing
demandforhigh-speeddeliveryofmultimediaservices.WiMAXisonesuchtechnologydesignedto
providehigh-speedinternetaccessoverametropolitanareawitha15-kmradiusatabout70Mbps
(Nie,Wang&Pack,2012).Itslowcostofinstallationandflexibilityhavemadeitadoptablenotonly
bysmallbusinessesbutalsobyresidentialusers.Thetechnologypresentssomespecificationsat
boththemediaaccesscontrol(MAC)andthephysical(PHY)layerofthenetworkreferencemodel.
AtthePHYlayer,WiMAXusesorthogonalfrequencydivisionmultiplexing(OFDM)(Rajeem&
Fernando,2010).OFDMremovesdelay spread, inter symbol interference, andmulti-paths from
communicationchannelstoenablespeedytransmissionofmultimediaservices.Ontheotherhand,
theMAClayersupportsqualityofservice(QoS)classesforproperutilizationofnetworkresources
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(Wu,Huang&Huang,2012).TheMAClayerclassifiestrafficintodifferentclassesbasedonQoS
requirementssuchasdelay,bandwidth,jitter,latency,andthroughput.Toguaranteetheserequirements
andensureefficientutilizationoftheoftenscarcenetworkresourcesamongtheseclasses,ascheduling
algorithmisrequired.

Schedulingisatechniqueusedforthesharingofnetworkresourcesamongcompetingsubscriber
stations (SSs). It controls bandwidth allocation and determines the order by which packets are
transmittedfromdifferentclasses(Chin-Ling&Cheng-Yi,2012).Severalschedulingalgorithmshave
beenproposedforresourcemanagementinWiMAX(Nieetal.,2011;Ahmad,Hamma,&Nasir,
2019;Naik,Dora,&De,2019).Priorityload-awarescheduling(PLAS)isonesuchalgorithmand
wasdesignedtoprovideQoSrequirementsforeachclass.Itemploysamechanismthatprioritizes
real-timetrafficovernon-real-timetraffic.Thealgorithmintroducesadynamicweight,whichis
computedaccordingtoloadofeachclass.Itcomputesandmultipliesapriorityvalueandtheload-
awareweightedround-robin(LAWRR)weightofeachclass(Saidu,Subramaniam,&Jaafar,2014).
Theresultantvaluebecomesthepriorityweightoftheclass.Theweightvalueallowsthescheduler
toservemorepacketsfromthereal-timetrafficthanothertrafficsineveryserviceround.However,
theexcessweightsallocatedtonon-real-timetrafficcauseanincreaseinthedelayofreal-timetraffic
underheavyandequalbursttraffic.Also,becausepacketsareservedinround-robin(RR)fashionand
sincethereal-timetrafficshavelowtolerancefordelay(Mohammed,Saidu&Abdulazeez,2018),
PLASwillincreasepacketlossanddecreaseaveragethroughputduetoitsfailuretoprioritizepackets
withineachqueueaccordingtotheirdeadlines.

In this paper, the authors propose a new scheduling scheme, enhanced priority load-aware
scheduling(EPLAS)asanextensionofPLAStoimprovenetworkperformance.TheEPLASalgorithm
adaptivelycomputesqueueweightvaluesandemployspacketdropcontrolmechanismtoreduceboth
delayandpacketdroprateandtoincreasethroughputofreal-timetraffic.TheperformanceofEPLAS
isevaluatedagainstLAWRR,PLAS,andCBSusingsimulationexperiments.Theresultsrevealthat
EPLASperformsbetterintermsofdelay,packetdroprate,andthroughput.

Therestof thispaper isorganizedasfollows:IntheRelatedWorkssection,anoverviewof
somerelatedschedulingschemesinWiMAXispresented;ProblemDefinitionsection,presentsthe
problem,ProposedAlgorithmsection,describestheproposedEPLASalgorithm;SimulationResult
section,presentsthesimulationresults;andtheConclusionsection,concludesthepaper.

RELATEd WoRKS

Several schedulingand resource allocation schemeshavebeenproposed fordifferentbroadband
networks(Iaad,Mustapha,Taoufik,Samer,&Xavier,2019).Comsaetal.(2018)proposedasmart
scheduling scheme to improve the performance of 5G networks. It guarantees the varying QoS
requirementsdifferenttraffics.Theschemeemploysreinforcementlearningandneuralnetworkto
determinetheresourceallocationandserviceorderofthecontendingtraffics.TheschemesinComsa
etal.(2019a);Comsaetal.(2019b);ComsaDe-DomenicoandKtenas(2019);andComsaetal.
(2020)werealsoproposedforresourceallocationin5Gnetworks.Someoftheschedulingschemes
proposedforLTEnetworksincludes:Avocanh,Abdennebi,andBen-Othman(2014);Khan,Martini,
Bharucha,andAuer(2012);Zou,Trestian,&Muntean,(2013a),andZou,Trestian,andMuntean
(2013b).Thisresearchworkhowever,focusesmainlyonWiMAX,thereforewepresentareviewof
someoftherelatedschedulingalgorithmsinWiMAXnetworksasfollows.

TheRRalgorithm(Hahne,1991)wasproposedtoseparatetrafficstreamsaccordingtotheir
priorities.RRseparatestrafficintodifferentqueuesbasedontheirQoSrequirements.Itservespackets
fromallqueuesmovingfromhigh-tolow-priorityqueuesinacyclicmanner.Thealgorithmrepeats
thesameprocessuntilallpacketsareservedfromallthequeues.RRallocatesequalresourcestoall
queues.Therefore,itisfairfortrafficstreamswiththesameQoSrequirements.However,itcausesan
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increaseindelayandpacketdropandadecreaseinthroughputduetoitsfailuretoprioritizepackets
basedontheirQoSrequirements.

Weighted round-robin (WRR) algorithm was proposed by Ketevenis, Sidiroipoulos, and
Courcoubetis (1991) to address the lackofQoSguarantees inRR.WRRclassifies packets into
separateclassesbasedontheirQoSpriority.Thealgorithmassignsastaticweightcountertoall
non-emptyqueues.Theweightdeterminesthenumberofpacketsthattheschedulercanservefrom
eachqueuebytheendofacounterreset.PacketsareservedfromallqueuesinanRRfashion,starting
fromhigh-priorityqueuesandmovingtolow-priorityqueues.Theweightcountervalueofaqueue
isdecrementedbyoneeachtimeapacketisservedfromthatqueue.Theschedulercontinuesinthis
manneruntiltheweightcountervaluesofallthequeuesarereducedtozeroorwhenthequeues
becomeempty.Therefore,WRRisfairwhenallthequeueshaveequalpacketload.However,itwill
causeanincreaseindelayandpacketlossandadecreaseinthroughputunderhigh-inputtrafficasa
resultofitsfailuretoadjustandprioritizeweightsaccordingtotheirQoSrequirements.

MardiniandAlfool (2011)proposedamodifiedweighted round-robin (MWRR)scheduling
algorithmtoreducedelayinWRR.MWRRcomputesandassignsweightstoeachnon-emptyqueue
basedonitssize.TheweightisobtainedasaproductofthestaticWRRandadynamicmultiplier
value.Themultiplier,whichismeanttoincreasetheservicerateofeachqueue,isanintegervalue
determinedbythesizeofaqueue.Thatis,thelargerthequeuesize,thelargerthevalueandviceversa.
MWRRreducesaveragedelaybutwillleadtoanincreaseinpacketdropandadecreaseinaverage
throughputofreal-timetrafficduetoitsfailuretoprioritizepacketsbasedontheirQoSrequirements.

Apriorityweightedround-robin(PWRR)schedulingalgorithmwasproposedbyManirabona,
Boudjit,andFourati(2016),toreducedelayinreal-timetraffic.Thealgorithmclassifiesandqueues
packets based on their QoS requirements into real-time (RT) and non-real-time (NRT). PWRR
usesWRRtoscheduletheNRTqueues.ThealgorithmservestheresultantpacketsfromtheWRR
schedulingprocessandthepacketsfromtheRTqueueusingpriorityscheduling(PS).PSprioritizes
theRTqueueovertheNRT.ThatmeanspacketsfromtheWRRprocessareservedonlywhenthereare
nopacketsintheRTqueue.ThePWRRreducesdelayandincreasesthethroughputofRTconnections.
However,itstarvestheNRTclassesunderhigh-inputtrafficduetothePSused.

Saiduet al. (2014)proposedanLAWRRalgorithm toalso reducedelay inWRR.LAWRR
dynamicallyassignsweightstoeachnon-emptyqueue.Atthebeginningofeachserviceround,the
dynamicweightiscomputedasaproductofaqueue’sdynamiccoefficientandthestaticweight
fromtheWRRprocess.Thedynamiccoefficientisdependentontheloadofeachqueue.Thatis,the
highertheload,thehigherthedynamiccoefficientofthatqueueandviceversa.LAWRRreduces
averagedelayandpacketlossandincreasesaveragethroughput.However,itincreasesdelayofreal-
timetrafficduetoitsfailuretoprioritizepackettransmissionaccordingtoQoS.

APLASalgorithmisproposedbyMohammedetal.(2018)tomitigatetheproblemofdelayin
LAWRR.PLASclassifiesandqueuespacketsbasedontheirQoSrequirementsanddeploysapriority
mechanismthatprioritizesRTtrafficoverothertraffic.First,itcomputestheLAWRRweightsofthe
queuesatthebeginningofeachserviceround.Next,itobtainsamodifiedweight,whichisaproduct
ofeachqueue’spriorityvalueanditsLAWRRweight.PLASunconditionallysetsthepriorityvalue
forNRTtrafficto1butsetsthatofRTtrafficto2ifthequeuesizeislessthanhalfofthebuffer;
otherwise,thevalueisobtainedbydividingthenumberofpacketsintheRTqueuebytheLAWRR
weight.Thealgorithmreducesdelaysinreal-timetrafficbutincreasespacketdropandreducesaverage
throughputduetoitsfailuretoprioritizepacketsbasedontheirdeadlines.

Shareef,Husain,Abdullah&Abdullah,2002,proposedclass-basedQoSscheduling(CBS)to
increasethroughputinexistingWiMAXschedulingschemes.TheCBSclassifiespacketsintotwo
QoSclasses—namely,delayconstraintservice(DCS)andthroughputguaranteeservice(TGS).The
DCScontainsthereal-timetrafficssuchasUGSandrtPSwhiletheTGScontainsnrtPSandBE
traffics.Thealgorithmusesthreemechanisms:priorityelevation(PE),virtualrankingqueue(VRQ),
andpacketscheduler(PS)toservepackets.First,itprioritizestrafficsbysettingpacketdeparturerates
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to60%and40%forweightedhighpriority(WHP)andweightedlowpriority(WLP),respectively.
ThenitgroupsincomingpacketsaseitherWHPorWLPbyPEbasedontheirdeadlines.Packets
withearlierdeadlinesaregroupedasWHPandaremovedtoVRQbeforetheyarebeingservedby
thePS.ThealgorithmcontrolspacketdropsbyelevatingpacketsinWLPwhosedeadlinesareabout
toelapsetoVRQ.However,asthenumberofpacketsintheVRQcontinuetogrowunderaheavy
inputtraffic,real-timepackettransmissionswillbeinterruptedandfurtherdelayed;thus,theywill
increasethepacketdroprateofDCS.

Although, the WiMAX standard did not specify any scheduling scheme for its resource
management,theschedulingalgorithmsdiscussedabovewereproposedtoimproveperformanceof
thenetworkevenwiththelimitednetworkresources.Someofthesealgorithmsfocusonresource
utilization,othersonQoS,andstillothersonfairness.Despitetheseefforts,thereisaneedfora
schemethatiscapableofreducingdelayandpacketdropandincreasingthroughputwhileguaranteeing
specificQoSrequirementsforeachserviceclassundervaryinginput trafficrates.Therefore,we
proposetheEPLASschemeforresourcemanagementinWiMAXnetworks.TheobjectiveofEPLAS
istospecificallyincreasetheservicerateofqueuedpacketsundervaryinginputtrafficscenariosfor
fixedWiMAXinthedownlinkdirection.EPLAS’sperformanceiscomparedwiththatofLAWRR,
PLAS,andCBS.

EPLASdiffersfromtheseschemes,asitemploysanadaptivepriorityweighttoreducedelayof
real-timetrafficsbyincreasingservicerate.Italsointroducesapacketdropcontrolmechanismto
addresstheproblemofincreasedpacketdrop.Hence,itguaranteesQoSofthetraffics.

ThenextsectiondescribestheproposedEPLASscheme.

PRoBLEM dEFINITIoN

ThissectionpresentstheweaknessesofPLAS.PLASisavariantofLAWRR,whichseparatespackets
intodifferentqueuesbasedontheirQoSneeds.Thealgorithmassignspriorityweightstoeachqueue
atthestartofeverycounterreset.ThePLASpriorityweightiscomputedas:

P P d
i k
w

i k
v

i k
w

, , ,
*=  (1)

P
i k
v
,

isthepriorityvalueofqueue i atroundk ,andd
i k
w
,

isthedynamicPLASweightofqueue
i atroundk .DetailsonthederivationofEquation(1)arein(Mohammedet al.,2018).

Figures1-4areusedtodemonstratetheoperationofthePLASalgorithm.Figure1showsthe
stateofPLASafterweightsareassignedto theweightcountervalueofeachqueue.Theweight

Figure 1. The state of PLAS after weights are assigned
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countervalueofaqueuedeterminesthenumberofpacketsthatareservedfromthatqueueatthe
endofeverycounterreset.

Theschedulerservespacketsfromallnon-emptyqueuesinorderoftheirpriorityasUGS>
rtPS>nrtPS>BE.Itmovestothenextcounterresetwhenallqueuesareemptyorwhentheweight
countervaluesofallqueuesarezero.Assumingthereisnoinputtrafficduringtheperiodofthefirst
counterreset,allpacketsinallthequeueswillbeservedasshowninFigure2.Therefore,PLAS
reducesnotonlydelayandpacketdropratebutalsoincreasesthroughput.

Figure2showsthatafterthefirstcounterreset,thequeuesbecomeemptyandtheweightcounter
valuesofnrtPSandBEare4and2,respectively.Sincethearrivalofpacketsintoaqueuefollows
thePoissondistribution(Manirabonaetal.,2016),thenumberofpacketsinaqueueduringorafter
acounterresetdoesnotdeterminetheburstinessofthequeuewithinaspecifiedoperationperiod.
Therefore,whentherearenewarrivalsofinputtrafficintoallthequeuesduringthefirstcounterreset
ofFigure1,bythetimeallcurrentpacketsinthequeuesareserved,theweightcountervaluesof
UGSandrtPSwilleachbezeroandthoseofnrtPSandBEwillbe4and2,respectively,asshownin
Figure3.ThismeansthattheschedulerwillskiptheUGSandrtPSqueuesandcontinuetoservefour
ofthenewlyarrivedpacketsfromnrtPSandtwofromBEbeforethenextcounterreset,asshownin
Figure4.Therefore,thePLASwillcauseincreaseddelayofreal-timetrafficunderhigh-inputtraffic
arrivals.ThedelayisduetotheexcessweightallocatedtonrtPSandBEduringthefirstcounter
reset.ThestandardvarianceusedinPLASforcomputingqueueloadvariabilityledtobiasweight
values(i.e.itover-weightsqueueswithhigherloadsandunder-weightsqueueswithlowerloads)due
tothewidedifferenceintheloadmeansofthequeues(Meier,1953;Finch,2009).Similarly,PLAS
willalsocauseanincreaseinpacketdropasaresultofitsfailuretoconsiderpacketdeadlines.This

Figure 2. The state of PLAS when all queues are empty

Figure 3. The state of PLAS when new packets arrive before the end of first counter reset
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isbecausereal-timepacketsaredelaysensitiveandthebursttimesofthepacketswithineachqueue
varyduetovariationsinbandwidthallocationduringthecalladmissionprocess(Mohammed,Saidu
&Solomon,2017;Devaetal.,2019).Therefore,underaheavytraffic load,packetswithearlier
deadlineswillbedroppedbeforetheirserviceturn.

PRoPoSEd ALGoRITHM

Toimprovetheperformanceoftheexistingschemes,theproposedEPLASaddressestheproblem
ofexcessweightallocationbyemployinganadaptivepriorityweightvalue.Italsoemploysapacket
dropcontrolmechanismtoreducepacketdroprate.

Firstly,theadaptivepriorityweightisderivedasfollows.
Theloadweightofqueue i atroundk isderivedas:
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wheren
n

isthenumberofnon-zeroloadweights.
Theloadweightedvariabilityofthesystemateverycounterresetisderivedas:

Figure 4. The state of PLAS at the end of first counter reset
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wheren isthenumberofqueuesinthesystem.
Theserviceweightofqueue i atroundk iscomputedas:
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whereW
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istheWRRstaticweight(Keteveniset al.,1991).

TheEPLASadaptivepriorityvalueiscomputedas:
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Thepriorityvalueis2ifthequeueunderconsiderationiseitherUGSorrtPSandthenumber
ofpacketsinthequeue(q

i
n )isgreaterthanorequaltohalfofthebuffersize(bf ).Ifthenumberof

packetsislessthanhalfofthebuffersize,thepriorityvalueisthenumberofpacketsbytheweight
ofthatqueue.FornrtPSandBEqueues,thepriorityvalueisone.

TheEPLASmodifiesthePLASpriorityweightin(Mohammedet al.,2018)byreplacingthe
dynamicweightvalued

i k
w
,

inEquation(1)withthenewserviceweightx
i k,

asfollows:

Wt x y
i k i k i k, , ,
= � *�  (8)

Theconceptoftheweightmultipliervaluein(Ito,Tasaka&Ishibashi,2002)wasadopted.The
authorsusedittocontroltheamountofbandwidthallocationamongnon-emptyqueues.

Secondly,EPLASintroducesapacketdropcontrolmechanismthatprioritizespacketswith
lower deadlines over others to reduce packet drop rate. The packet drop control mechanism
worksasfollows:

1. Allpacketsthathavemettheirdeadlinesaredroppedfromthequeuebeforeapacketisserved
fromthatqueue,andthedeadlinesofthepacketsareupdated.Apacket’sdeadlineisdetermined
byitsmaximumtoleratedlatency;

2. Apacketthatisnewlyaddedtoaqueueisplacedaheadofallpacketswithhigherdeadlines.The
deadlineofapacket j ofqueue i iscomputedasfollows.

Thebursttimeofapacketisderivedas:

B
P
BWj i

t j i
s

j i
,

,

,

= ��  (9)
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whereBW
j i,

isthebandwidthallocatedtopacket j ofqueue i ,andP
j i
s
,

isthepacketsizeofthe
j th packetofqueue i .

Thedeadlineofpacket j ofqueue i isderivedas:
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wheretc isthecurrentsimulationtime,t
j i
a
,

isthearrivaltimeofpacket j ofqueue i ,andL
i
isthe

toleratedlatencyofqueue i .

3. Packetsfromqueueiaresortedinascendingorderbasedontheirdeadlines(DL
j i,

).

EPLASusesweightedvariancetocomputetheloadweightedvariabilityofthequeues.Thechoice
ofthismethodisintendedtoproduceamoreaccurateloadvariancefromallthequeuesdespitetheir
differencesinloadmean.Table1andFigure5and6areusedtoshowstheoperationofEPLAS.

TheEPLASweights(Wt
i k,

)computedinTable1areassignedtotheweightcounter(Wc
i k,

)of
eachqueueasshowninFigure5.

Table 1. Computation of EPLAS modified weight

q
i k, k

i
l
i k,

x
i k,

Wt
i k,

q
1 1, 4 0.2 2 4

q
2 1, 6 0.3 4 6

q
3 1, 6 0.3 4 4

q
4 1, 4 0.2 4 4

Figure 5. The state of EPLAS after weights are assigned
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Figure 5 shows the state of EPLAS after weights are assigned. EPLAS, like PLAS,
prioritizesreal-timetrafficbyincreasingitstransmissionrateusingtheadaptivepriorityvalue
inEquation5.TheweightsofUGSandrtPSareincreasedfrom2and4to4and6,respectively.
Bytheendofthefirstcounterreset,theweightcountervaluesofallthequeueswillbereduced
tozeroandtwopacketswillbeleftunservedinthenrtPSqueueasshowninFigure6.The
schedulerimmediatelymovestothenextcounterreset.Thenewweightcountervalueswill
becomputedbasedonthenumberofpacketsinallthequeuesatthebeginningofthecounter
reset.Thatis,ifnopacketarrivesduringthefirstcounterreset,theweightcomputationwill
bebasedononlythetwopackets left innrtPS.But ifnewpacketsarriveinall thequeues,
theschedulercomputesthenewweightforallthequeuesandservesthequeuesstartingfrom
UGStoBE.Thus,nopacketwillbedelayed.

ThepseudocodesfortheEPLASalgorithmareshowninAlgorithms1and2.



International Journal of Wireless Networks and Broadband Technologies
Volume 9 • Issue 2 • July-December 2020

103



International Journal of Wireless Networks and Broadband Technologies
Volume 9 • Issue 2 • July-December 2020

104

SIMULATIoN RESULTS

Inthissection,performanceoftheproposedEPLASiscomparedagainstthePLAS(Mohammed
etal.,2018),CBS(Shareefetal.,2002),andLAWRR(Saiduetal.,2014)schedulingalgorithmsin
termsofdelay,packetdroprate,andaveragethroughput.AJava-baseddiscreteeventsimulatorwas
developedandusedforthesimulations.

Thenetworktopologyusedwasadoptedfrom(Mohammedetal.,2018)asshowninFigure
7.Thetopologyconsistsofoneserver,abasestation(BS),andanumberofSSsconnectedto
theBSfordifferentsimulationexperiments.Theservergeneratesfourtrafficstreams,eachfrom
adifferentapplication.EachSScarriesonetrafficstream,andeachuserusesonlyonetypeof
trafficatatime.ThetrafficstreamsareprioritizedbasedontheirQoSrequirementsasfollows:
UGS>rtPS>nrtPS>BE.

Thesimulationexperimentswereconductedforthreeinputtrafficscenariosasfollows:

Case 1:65%ofthegeneratedpacketsareassignedforreal-timetraffic,and35%arefornon-real-time.
Case 2:50%ofthegeneratedpacketsareassignedforbothreal-timeandnon-real-timetraffic.
Case 3:35%ofthegeneratedpacketsareassignedforreal-timetraffic,and65%arefornon-real-time.

Allsimulationexperimentsused50,100,150,200,250,300,and350SSs.

Figure 7. Simulation topology (Mohammed et al., 2018)

Figure 6. The state of EPLAS after first counter reset
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Simulation Models
Weadoptedthetrafficsmodelsusedin(Mohammedetal.,2018)foreachQoSclass.VoIPtraffics
aremodeledforUGS,videosteamingforrtPS,FTPfornrtPS,andHTTPforBE(Table2).

Performance Metrics
Threemetricswereusedtomeasuretheperformanceoftheproposedschedulingalgorithmagainst
thebenchmarkalgorithms.Themetricsareaveragequeuingdelay,averagepacketdropratio,and
averagethroughput:

• Average queuing delay:Thetimeinmillisecondsbetweenthearrivalanddepartureofapacket
inaqueueisexpressedas:

D
v

= 1

k i

k

i j

Nq

j
d

j
a

Nq
t t

i

= =
∑ ∑ −( )














1 1

1
�

 (11)

where ta isthepacketarrivaltime, td isthepacketdeparturetime,Nq
i
isthenumberofpackets

inqueue i ,andkisthenumberofqueuesinthesystem.

• Packet drop ratio:Theratioofthecumulativenumberofdroppedpacketstocumulativequeued
packetsisexpressedas:

d
r
=
p

p
d

q

 (12)

Table 2. Simulation parameter (Nie et al., 2011) (Saidu et al., 2014)

Parameters Values

BSFrequency 2.5GHz

Duplexingmode TDD

Systembandwidth 5Mbps

DL/ULratio 2:1(29:18OFDMSymbol)

Framelength 5ms

Cyclicprefixduration 11.43µs

Basicsymbol 91.43µs

FFT 1024

PHY OFDMA

DLpermutation PUSC

MACPDUlength Variable

Fragment Enable

ARQandpacking Disable

DL–ULMAPs Variable
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where p
d

isthecumulativepacketdropand p
q

isthecumulativepacketqueued.

• Average throughput:Thenumberofpacketsservedbytheschedulerperunittimeinkilobits
persecondsisexpressedas:

T
av

 = �1
t

Nq Mq
i

n

i i∑ −( )  (13)

whereNq
i
isthenumberofpacketsqueuedinqueuei withintimet ,Mq

i
isthenumberofpackets

inqueue i aftertime t , t isthetotalsimulationtimeoftheexperiment,andn isthenumberof
queues(Tables3and4).

RESULTS ANd dISCUSSIoNS

Case 1:Thegoalofthisscenarioistosubjectreal-timetraffictoaheavier-inputtrafficloadthan
non-real-time.Thisistodeterminetheeffectivenessofourmodifiedpriorityweightandpacket
dropcontrolschemeagainstthebenchmarkalgorithmsspecificallyforreal-timetrafficwhenthe
trafficisbursty.Therefore,packetdistributionsinthisscenarioforreal-timeandnon-real-time
trafficare65%and35%,respectively.

Figure8showstheaveragedelayincurredbytheEPLAS,PLAS,CBS,andLAWRRscheduling
algorithmsforreal-timetraffic(UGSandrtPS).TheFigurerevealsthatEPLAS,CBS,andPLAS
performedsimilarlyfor50SSs.ThisisbecauseofthelowtrafficgeneratedbytheSSs.However,as
thetrafficincreases,theproposedEPLASshowsbetterperformancethanPLAS,CBS,andLAWRR.

Table 3. Video traffic parameters (Nie et al., 2011) (Saidu et al., 2014)

Parameters Distribution Values

ONperiod Exponential Mean1.34s

OFFperiod Exponential Mean1.67s

Packetsize Constant 66B

IAT Constant 20ms

Table 4. Video streaming parameters (Nie et al., 2011) (Saidu et al., 2014)

Parameters Value

Videopacketsize Geometric(mean=200B)

Averagetrafficrate 220Kbps

MRTR 64Kbps

MSTR 400Kbps

Maximumlatency 180ms

Toleratedpacketloss 5

IAT Exponential(mean=220Kbps)
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Theperformanceof theproposedalgorithmswasattributed to theeffectof theadaptivepriority
weight,whichreducesexcessiveweightallocationtonon-prioritytrafficbyadaptivelyadjustingthe
weightcountervaluesofeachqueue,therebyreducingthewaitingtimeofthereal-timetrafficbefore
subsequentcounterresets.EPLASreducesdelayincurredinPLAS,CBS,andLAWRRby25.7%,
15.9%,and49.5%,respectively.

Figure9 illustrates theaveragepacketdrop ratioby theEPLAS,PLAS,CBS,andLAWRR
algorithmsforreal-timetraffics(UGSandrtPS).TheFigureshowsthattheperformanceofthefour
algorithmswasthesamefor50and100SSs,andPLAS,CBS,andEPLASperformedsimilarlyfor
150SSs.However,therewasmorepacketdropinthebenchmarkalgorithmsthaninEPLASfor200
to350SSs,asEPLASreducesthepacketdropratioinPLASby33.3%,inCBSby16.7%,andin
LAWRRby57.3%.TheEPLASperformancewasasaresultofthepacketdropcontrolmechanism
introduced,whichprioritizespacketswithearlierdeadlineswithineachqueue,especiallywhenthe
trafficisbursty.Thismechanismreducesthepacketdropratebyforcingtheschedulertoservepackets
whosedeadlineswillelapsebeforetheyareserved.

Figure 9. Average packet drop ratio by EPLAS, PLAS, CBS and LAWRR for real-time (UGS & rtPS) when real-time input traffic is 
higher than non-real-time

Figure 8. Average delay incurred by EPLAS, PLAS, LAWRR, and CBS for real-time (UGS & rtPS) when real-time input traffic is 
higher than non-real-time
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Figure10showstheaveragethroughputfromreal-timetraffic(UGSandrtPS)bytheEPLAS,
CBS,PLAS,andLAWRRalgorithms.ThisFiguredemonstratesthatthefouralgorithmsperformed
similarlyfor50and100SSs.Thebenchmarkalgorithmsalsohadsimilarperformancesfor150SSs,
butEPLASperformedbetterfor150to350SSs.TheperformanceofEPLASisduetothedecrease
indelayandpacketdropandthehigherprioritygiventoreal-timetraffic,whichcausesmorepackets
tobetransmitted.EPLASimprovedthethroughputinPLAS,CBS,andLAWRRby18.7%,11.7%,
and29.1%,respectively.

Case 2:Theobjectiveof this scenario is to study theperformanceof the fouralgorithmswhen
real-timetrafficandnon-real-timetrafficareequallybursty.Weassigned50%ofthegenerated
packetstoeachofthetrafficclasses.

Figure 11 shows the average delay incurred by the EPLAS, PLAS, CBS, and LAWRR
algorithms.ThisFigurerevealsthatEPLASoutperformsthebenchmarkalgorithmsforalltheSSs.

Figure 10. Average throughput for real-time traffic (UGS and rtPS) by EPLAS, PLAS, CBS and LAWRR algorithms for different 
SSs when real-time input traffic is higher than non-real-time

Figure 11. Average delay incurred by EPLAS, PLAS, CBS and LAWRR for real-time (UGS & rtPS) classes for different SSs when 
real-time traffic and non-real-time traffic are equally bursty
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AsinCase1,theperformanceisduetotheweightadjustmentofthequeues,whichcontrolthe
excessiveweightallocationtonon-real-timetrafficbythebenchmarkalgorithms.Thebenchmark
schemes incurred more delay because of the LAWRR dynamic coefficient that is common in
computationoftheirweightvalues.EPLASreducedthedelayinPLAS,CBS,andLAWRRby
60.9%,50.3%,and70.6%,respectively.

Figure12showstheaveragepacketdropbytheEPLAS,PLAS,CBS,andLAWRRalgorithms
forreal-timetraffic(UGSandrtPS).Itcanbeobservedthatasimilarperformancewasdemonstrated
bythefouralgorithmsfor50and100SSs.For150SSs,theperformancesofPLASandLAWRRand
CBSandEPLASwerealsosimilar.TheproposedschemeshowssuperioritycomparedtoPLAS,CBS,
andLAWRRasthetrafficrateincreases(200to350SSs).Theproposedalgorithmperformedbetter
becausetheincreaseintrafficinnon-real-timequeuesincreasesdelayinthebenchmarkschemes,
whichconsequentlyincreasespacketdropasaresultofthefailureofPLAS,CBS,andLAWRRto
considerpacketdeadlineswithinthequeues.EPLASwasabletoreducethepacketdropratioof
PLASby43.7%,CBSby26%,andLAWRRby63.2%.

Figure 13 demonstrates the average throughput by the EPLAS, PLAS, CBS, and LAWRR
algorithmsforreal-timetraffic.TheFigureshowsverylittledifferenceintheperformanceofthe

Figure 13. Average throughput for real-time traffic (UGS & rtPS) by EPLAS, PLAS, CBS and LAWRR algorithms for different SSs 
when real-time input traffic is higher than non-real-time

Figure 12. Average packet drop ratio by EPLAS, PLAS, CBS and LAWRR for real-time (UGS & rtPS) classes for different SSs when 
real-time traffic and non-real-time traffic are equally bursty
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fouralgorithmsfor50SSs.EPLASperformedsimilarlyasCBSfor50to150SSs.Thisisbecause
oftheirsimilarperformanceintermsofpacketdrop.However,theproposedalgorithmdemonstrated
superiorperformancecomparedtothebenchmarkalgorithmsfor200to350SSs,asitincreasedthe
throughputinPLASby42.7%,inCBSby16.1%,andinLAWRRby52.1%.Thisisbecausewhen
thetrafficbecamelessbursty,therewerefewerinstancesofbufferoverflow,whichusuallycauses
packetdrop.Also, theprioritizationofpacketswithearlierdeadlinesandthe introductionof the
modifiedpriorityweightcausedadecreaseinpacketdropandconsequentlyincreasedthethroughput.

Case 3:Inthisscenario,wegenerated35%ofthepacketsforreal-timequeuesand65%fornon-
real-timequeues.

Figure14demonstrates theperformanceofEPLAS,PLAS,CBS, andLAWRR in termsof
averagepacketdelayinreal-timetraffics(UGSandrtPS).Itcanbeobservedthatthefouralgorithms
performedsimilarlyfor50and100SSs.CBSperformedslightlybetterthanEPLASfor200to250
SSs.Theproposedalgorithmshowsbetterperformancecomparedtothebenchmarkalgorithmsfor
200to350SSs.Thebetterperformancewasbecause,apartfromtheintroductionofthemodified
priorityweight,whichincreasestheservicerateofreal-timetraffic,thelow-inputtrafficofreal-time
queuesreducedthewaitingtimeofpacketsinthequeues.Therefore,EPLASreduceddelayinPLAS
by22.2%,inCBSby9.12%,andinLAWRRby26.2%.

Figure15illustratestheaveragepacketdropratiobytheEPLAS,PLAS,CBS,andLAWRR
algorithmsforreal-timetraffic.ThisFigureshowsthatthefouralgorithmsperformedsimilarlyfor
50to150SSs.However,whenthenumberofSSsincreasedandthetrafficintensityalsoincreased,
theproposedalgorithmperformedsignificantlybetterbyreducingthepacketdropinPLASby25%,
inCBSby2.9%,andinLAWRRby34%.

Thisisbecausewhentheinputtrafficislow,theproposedalgorithmadaptivelymodifiesthe
weightcountervaluesofqueuestoserve80-100%ofthepacketswithearlierdeadlinesinthequeue.

Figure16showstheaveragethroughputbytheEPLAS,PLAS,CBS,andLAWRRalgorithms.
ThisFigurerevealsthattheperformanceofthefouralgorithmswasthesamefor50to150SSs
duetoverylowtrafficgeneratedbytheSSs.ThoughEPLASshowedsimilarperformanceto
PLASandCBSfor200SSs,itincreasedtheaveragethroughputofPLAS,CBS,andLAWRRby
4.6%,0.7%,and12.6%,respectively.Thisisbecausewhenthetrafficinreal-timequeueswaslow

Figure 14. Average delay incurred by four algorithms for real-time (UGS & rtPS) classes for different SSs when real-time traffic 
is less bursty than non-real-time traffic
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comparedtonon-real-time,EPLASmodifiedthepriorityweightandadaptivelyadjustedqueue
weightstoavoidallocationofexcessweighttonon-real-timetraffic.Thisgreatlyreducedthe
waitingtimeofreal-timepacketscomparedtothebenchmarkschemes.Thus,EPLASreduces
packetdropandincreasesthroughput.

CoNCLUSIoN ANd FUTURE WoRK

In this paper, we proposed an enhanced priority load-aware scheduling for wireless broadband
networkstoimprovetheperformanceofexistingschedulingalgorithmsinWiMAX.Theproposed
schemeemploysapriorityweightthatadaptivelyadjuststheweightcountervalueofeachqueue
basedontheloadandnumberofpacketsinthequeue.Theweightprioritizesreal-timetrafficsto
reducedelay.EPLASalsointroducesapacketdropcontrolmechanismtoreducethepacketdroprate
inreal-timetraffics.Adiscreteeventsimulatorwasdesignedandusedtoevaluatetheperformance
oftheproposedschemeagainstthebenchmarkalgorithms.Simulationexperimentswereconducted
forthreetrafficscenariosforavaryingnumberofSSs.Inthefirstscenario,thetrafficdistribution
ofreal-timeandnon-real-timetrafficswas65%and35%,respectively.Inthesecondscenario,real-
timeandnon-real-timetrafficseachhad50%ofthetraffics.Inthethirdscenario,thedistribution

Figure 16. Average throughput for real-time traffic (UGS & rtPS) by EPLAS, PLAS, CBS and LAWRR algorithms for different SSs 
when real-time traffic is less bursty than non-real-time traffic

Figure 15. Average packet drop ratio by EPLAS, PLAS, CBS, and LAWRR for real-time (UGS & rtPS) classes for different SSs when 
real-time traffic is less bursty than non-real-time traffic
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ofreal-timeandnon-real-timetrafficswas35%and65%,respectively.Theresultsofthesimulation
showthattheproposedalgorithmachievesbetterperformancecomparedtootherschemesasitwas
abletoreduceaveragedelayandpacketdropandincreaseaveragethroughputofreal-timetraffics
underdifferentnetworksizes.Thesimulationexperimentswerevalidatedusingananalyticalmodel,
andtheresultsmatchwithinsignificantdifference.Therefore,notonlydoesEPLASachievebetter
resourceutilization,italsoguaranteesQoSofreal-timetraffics.

This work considered fixed WiMAX. Therefore, in the future, EPLAS can be enhanced by
integratingamechanismthathandleschannelqualityvariationtosupportmobileWiMAXandother
broadbandwirelesstechnologiessuchaslong-termevolution(LTE).
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