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ABSTRACT

Variousstudieshavesuggestedenhancingtheperformanceoflarge-scalesystems,suchasmission
criticalcommunicationsystems(MCCSs).However,fewhavemodelledandevaluatedtheperformance
ofsuchsystemsinawaythattargetsoverallsystemperformanceinrealtime.Moreover,itisnot
enoughtodefinetheKeyPerformanceIndicators(KPIs)forasystemwithoutusingthemforsystem
performancemeasurementandperformanceevaluation.TheSessionInitiationProtocol(SIP)andIP
MultimediaSubsystem(IMS)bothhaveasetofKPIs,suchastheregistrationprocessdelay,thatcan
beusedtomeasureandthusoptimizeoverallsystemperformance.Thisarticlearticulatesdifferent
optionsforsystemsimulationandevaluation.Theregistrationprocessaffectsperformanceandreflects
theoverallsystemperformance.Thearticleshowshowtheregistrationprocessisdelayedandhow
theoverallsystemscalabilityarenegativelyimpactedbysystemoverload.
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INTRodUCTIoN

IPMultimediaSubsystems(IMS)(3GPP,2006)andSessionInitiationProtocol(SIP)(Rosenberg,
2002)performanceplayamajorroleinmultimediacommunicationnetworksbyalteringtheKey
PerformanceIndicators(KPIs)relatedtotheQualityofExperience(QoE)metricsoftheend-to-end
service.RegistrationRequestDelay(RRD)isoneoftheSIPKPIsthatalsoinfluencebothIMSKPIs
andenduserQoE.Therefore,itiscrucialtoevaluatetheperformanceofbothSIPandIMSbasedon
theRRDmetricinordertogiveanindicationoftheoverallsystemcapacityandscalabilitypotential.

5Gcommunicationsisthenewtechnologythatwillintegratemultipleaccesstechnologyinto
oneintegratedsolutionadoptedbyallvendorsandmanufacturers.Endusersanddeviceswillbeable
tocommunicateseamlesslywithfewerrestrictionsandmoreoptionscomparedtooldertechnologies
Scalabilityisamongthechallengesthatlimittheexploitationofthefullcapabilitiesofthecurrent
technologies.Manyrecentstudieshavetriedtoovercomethescalabilitychallengeassociatedwith
the5Gstandardsset.AnewintegratedsolutionwithexternalSIPapplicationthatisaccessedover
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LTEwithdifferentvoicecodecsisintroducedinotherstudies(Haibeh&Hakem,2017).However,the
solutionproposedlacksthesupportofstandardisedadoptedsolutionsthusintroducingcomplexities
inimplementations.InasimilarSIPperformanceevaluationanenhancementtrial(Subramanian&
Dutta,2009),transactionstatesoftheSIPserverarecharacterisedtomodeltheperformanceofthe
server.InthetrailM/M/cqueuingmodelwasusedalongwithabenchmarkingperformanceindicator
that reflects system performance. The trial showed that the multi-threaded architecture utilising
parallelprocessingofSIPmessagesprovidesamorescalableandefficientsolutionforlargernumber
ofclients.However,thestudywasbasedonsimpleSIPserversthatdonotreflectmorecomplicated
processingrequiredbymultimediaservicesthattendtousemorethanoneSIPserver.

Anotherstudy(Ono&Schulzrinne,2008)usedtheStreamControlTransmissionProtocol(SCTP)
asatransportprotocolforSIPmessagesinsteadofTCPandUDP.Theimplicationsofusingdifferent
transportprotocoloverSIPscalabilityandperformanceispresentedanditisshownthatSCTPhasa
negativeimplicationoverSIPscalabilityduetotheaddedoverhead.Otherresearch(Yavas,Hokelek,
&Gunsel,2016)hasfocusedontheschedulingmechanismstopreventSIPsystemoverloadandto
increaseitsscalability,theproposedsolutionusesapriority-basedmechanismtodynamicallyestimate
thebehaviouroftheserverandprovideamorescalablesolutioncomparedtotheconventionalSIP
servers.Again,thisstudyevaluatesonesingleSIPserver.

Thispaperanalyseshowoverallsystemcapacityandscalabilityisaffectedbyadditionaltraffic
generatedwhenmoreuserstrytoaccessthesystemsservices.Thiscouldhappeninamissioncritical
communicationsystemduringnaturaldisasterorlarge-scaleattack,resultinginasuddenincrease
inthenumberofusers.

Itwasfoundthat,withinlimits,thesystem’sabilitytoprocesstheregistrationrequestspertime
unitincreasesexponentiallywhenthenumberofusersisincreased.Oncethelimitisreachedhowever,
thenumberofprocessedrequestsstartstodecreaseandeventuallydegradeleadingtosystemfailure.
Thesimulationresultsshowthatthesystemwasabletohandleamaximumof7,400registrationsper
second,aworkloadthatcouldoccurduringanationwidedisasterwithmanyuserstryingtoaccess
theMissionCriticalSystem(MCS).

TheneedforamoredetailedstudyofotherSIPandIMSKPIstoprovideabetterunderstanding
oftheoverallsystemperformanceisthusclear.Thestudywillenablefurtherprogresstowardssystem
performanceenhancementandoptimizationinordertoavoidsinglepointoffailureofthesystem.

ReSeARCH MeTHodoLoGy

Apreviouslydevelopedresearchmethodology(Creswell,2009)wasfollowedforboththequalitative
andquantitativeapproacheswhensettingtheparametersforallmeasurementsandsimulations.The
methodologyfordecidingthequalitativevaluesthatneedtobeinvestigatedcanbesummarizedas
follows:

1. Determinethechallengesthatneedtobeinvestigatedwithinthescopeofthestudy.Whilethe
projectembedsseveralchallenges, thefocuswasplacedonthesignallingdomainespecially
betweentheenduserandthecorenetworkandthesignallinginterfacebetweenthecorenetwork
andIMS.

2. DeterminethebenchmarkforwhatisconsideredacceptableSIPperformanceanddecideonthe
metricsthatwillbemeasuredandusedtojudgeandcomparetheperformanceofsetup.

3. Decidetheappropriatesimulationtoolstogeneratetheresultsfrommultiplesourcesthatmeet
theappropriatecomparisoncriteriabasedontheselectedtool.

4. Determine the key factors that affect the SIP signalling, in addition to multimedia services
operationinLTEandIMSthataffecttheoverallQoSfortheMissionCriticalsystem.
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