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ABSTRACT

Ascognitiveradionetworksareconceptualizedtomakeuseoftheopportunisticspectrumaccess,the
usersofthesenetworksmayfaceproblemsinsatisfyingtheirqualityofservice(QoS)requirements.
Someservicesofuserslikereal-timeaudioandvideowhichcannottolerateinter-packetdelayswill
beaffectedmoreduetothis.Theproblemoccursduetothenon-availabilityofchannelstothese
applicationsatsomeinstants.Thisproblemcanbeaddressediftheavailablechannelsarejudiciously
distributedamongthecompetingusers.Onesuchmechanismthatdynamicallyallocatesthecompeting
userstomultiplequeues,andshiftingtheuserstohigher-levelqueuesasthetimeelapsesisintroduced
inthiswork.Thisisfoundtohelptheusersofcognitiveradionetworkstocommunicatereasonably
wellevenwhenfewerchannelsareavailableforopportunisticuse.Resultsareindicatedintermsof
blockingprobabilitiesofreal-timedata.Markovchain-basedanalysisanddiscreteeventsimulation
studiesarecarriedout.
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1. INTRoDUCTIoN

Under-utilizationofspectrumbandwidthsallocatedtovariouslicensedservices,hasgivenriseto
theconceptofCognitiveRadioNetworks(CRN).Itisbasedontheproposalofusingthoseunder-
unutilizedbandwidthsbynon-licensedusers,throughopportunisticspectrumaccess(MitolaJ.,2009).
Themainadvantageofthecognitiveradionetworksisthattheymakebetteruseofthosebandwidths.
Ifthismechanismisadoptedinthosefrequencyrangesinwhichmanyofthemobileandcellular
communicationsystemsareoperating,itwillbeextremelyhelpful,becausethosebandsarecrowded
heavilyandhardlyanybandwidthisavailableatgovernmentagenciestoallotittonewservices.
Infact,therearesomeunderutilizedspectrumfrequenciesinthesefrequencyranges,whichwere
originallylicensedtoterrestrialTVoperations,andvariousapplicationsofmilitaryandnavigation
(Young-JuneChoi,ShinK.G.,2011).So,cognitiveradionetworksarevyingforbetteruseofthese
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frequencies.Intheterminologyofcognitiveradionetworks,thelicensedusersarecalled‘Primary
Users’(PU)andtheopportunisticcognitiveradiousersarecalled‘SecondaryUsers’(SU).

AssharingofavailablespectrumamongSecondaryUsersisthemostimportantaspectofcognitive
radionetworks,severalproposalsaremadebyresearchers,forthissharing.BasedonthewaySUs
availthespectrumopportunity,threetypesofspectrumsharingparadigmsareavailable(Goldsmith,
A.,Jafar,S.A.,Maric,I.&Srinivasa,S.,2009).Theyare:

1. Underlay Methods:HerePUsandSUscoexisttogethersuchthatSUswilluselesspowerand
hencedonotdisturbthePUs’communications.

2. Overlay Methods:HereSUswillmakeuseofspectrumholeswiththehelpofmessagesand
codebookssharedbyPUs.Inreturn,SUsneedtohelpinrelayingthetransmissionsofPUs.

3. Interweave Methods:Inthisparadigm,SUsshouldcontinuouslysensethespectrumforfinding
andexploitingthespectrumholes.

Oftheabovemethods,overlaytypeofspectrumsharingissimpletoimplement,andhencethe
preferredone,inmanycontexts.Whilesharingthespectrum,allocationofchannelstoindividualusers
canbemadeeitherthroughcentraladministrationorthroughdistributedmechanisms.Inthecaseof
centraldecisionmakingmethods,onecentralsystemdecidesallthechannelallocationsinthatregion
bycollectingthedatafromallthecognitiveradiosofthatregionabouttheirmeasurementsandas
wellasthechannelrequirements.Measurementshererefertothesensingofspectrumactivitybythat
cognitiveradio.Energydetectionisthecommonlyusedmethodofspectrumsensing(Won-YeolLee;
Akyildiz,I.F.,2008).Inthecaseofdistributeddecisionmakingmethods,eachcognitiveradiotakes
thedecisiononitsownbycheckingitsmeasurementsforallchannelsinitssurroundingsandthen
selectingafreechannelforitscommunication.Thiskindofdecisionmayberequiredinthecases
wherethecognitiveradiosoperateinanenvironmentwhereproperstructureofthenetworkdoesn’t
exist.Intheproposedworkofthispaper,centralizedchannelallocationisconsidered.

Alltheusersofcognitiveradionetworks,especiallytheonesthatuseoverlaymethodsofspectrum
sharing,havetofollowthebasicprincipleofvacatingtheoccupiedchannelswheneverthelicensed
usersofthespectrumwanttousethosefrequencies.Insuchinstants,thevacatedSUneedstosearch
for anothervacant channel immediately to continue its communication (EliasZ.Tragos,Sherali
Zeadally,AlexandrosG.Fragkiadakis&VasiliosA.Siris,2013).Ifitfailstofindanothervacant
channel,thenitneedstoquitthesystem,whichiscalledasdroppingthetransmissionthatwilllead
todegradationofqualityofservice(QoS)toSUs.Thisimpactmaynotbesameforalltheusers.For
someuserswhoareengagedinnontime-sensitivecommunicationlikethee-mailtransfer,itmay
notappeartobethatsevere.Butforsomeuserswhoareengagedintime-sensitivedatatransferslike
thereal-timeaudio,theimpactisclearlyevident.Insuchcases,ifthecognitiveradiotransmission
systemisdesignedinsuchawaythatittakesintoconsiderationthetime-sensitivitiesofuserdata,it
maybeabletofulfilltheuserrequirementsinabetterway.Onesuchproposalisintroducedinthis
work.Itisbasedonqueuingsystems.Multiplequeuesareconsidered,intowhichuserdatapackets
arequeuedin,basedontheirtime-sensitiverequirements.Ofallthesequeues,thepacketsthattravel
inthefirstqueueonlyarepassedtothetransmissionsystem.Thatmeans,thepacketsthatareputto
differentotherqueuesneedtoshiftfromthelower-queuestotheupper-queues,andfinallytothefirst
queue,asthetimeelapses.Timesensitivenessofthedatapacketandthetimeitalreadyspentinthe
queueswilldecideitsmovementtotheupper-levelqueues,andfinallytothefirstqueuefromwhere
itistransmitted.ItcanbeconsideredasM/M/1typeofsystem,becausesingleserviceoftransmission
systemisconsidered.Itcanbeextendedtomultiplenumberofservicesalso,withease.Theproposed
systemisanalyzedusingMarkovchainmodelsandsimulatedwithdiscreteeventsimulations.The
proposedsystemisbasedontheconceptofdistributingtheinstantchannelbandwidthstotheneeded
users,aspertheirpackettransmissionurgencies.
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