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ABSTRACT

Withtheadvancesinwirelesstechnologyduringthepastyears,continuedandreliableconnectivity
hasbeenalsoensuredthroughbroadbandaccessnetwork.Apresentdaywirelessnetworkwhich
providesaffordablespeedtoenduserrequirementsiswirelessLAN(IEEE802.11standard),which
iscommerciallyknownaswireless fidelity (Wi-Fi).Oneof itsshortcomings is limitedcoverage
areaandthus,thereisaneedforwirelessnetworkswhichcanprovidehighspeedwithmaximum
coverage.WiMAXovercomesthisneedforbroadbandaccesswithahighcoveragearea.Butthe
installationcostofWiMAXisconsiderablyhighascomparedtoWLAN.So,theinterworkingof
thesetwonetworkswillensurehighspeedbroadbandaccessatalltimes,aconsiderablecoverage
area,andreducedcost.However,interworkingofthesetwonetworksallowstheaccommodationof
themaximumnumberofsubscribers.Bandwidthefficiencyprovidesinsightinformationofhowthe
frequencyspectrumiseffectivelyutilized.
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1. INTRodUCTIoN

Bandwidth efficiency is the information rate which can be transmitted in available bandwidth.
Basically,it’sameasureofhoweffectivelylimitedfrequencyrange(spectrum)isutilized.Itisalso
referredtoasspectralorspectrumefficiency.Bandwidthefficiencyismeasuredintermsofbits/s/Hz.
Itisoneofthecriticaltermsforeverywirelessnetwork.Themainobjectivetomeasurebandwidth
efficiencyisdetermininghoweffectivelytheallocatedspectrumisutilizedandforserviceprovider’s
point-of-viewtoaccommodatemaximumnumberofsubscriberswithinalimitedbandwidth.There
aretwotypesofwirelessnetworkstakenascasesinthepaperwhichareIEEE802.11andIEEE
802.16. The 802.11 is better known as Wireless Local Area Network (WLAN) and 802.16 are
officiallycalledasWirelessMANanditscommercialnameisWiMAX(WorldwideInteroperability
forMicrowaveAccess).IEEE802.11isawirelessstandardfortransmissioninfrequencybandsof
2.4GHz,3.6GHzand5GHz.Inthisstandardthereareseveralprotocols,namely:802.11a,802.11b,
802.11g,and802.11n.

TheIEEE802.11aprotocoloperatesin5GHzbandwithdataratesofupto54Mpbs.Itutilizes
modulation technique of OFDM (Orthogonal Frequency Division Multiplexing). IEEE 802.11b
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operatesin2.4GHzbandandhasdatarateofaround11Mbps.ItusesDirectSequenceSpreadSpectrum
(DSSS)asmodulationtechnique.The802.11goperatesin2.4GHzbandandhasdatarateof54Mbps
withbothmodulationtechniquesi.e.,OFDMandDSSS.The802.11nprotocolhas2.4and5GHz
frequencybandsanddataratesofupto150Mbps.802.11nusesOFDMmodulation.

IEEE802.16standardwasdevelopedforbroadbandaccess. Itprovidesdata ratesofaround
1Gbit/sforfixedstationswiththeupdateinthestandardin2011.Withthehighercoveragearea
anddatarates,WiMAXisanidealchoiceformanyapplications.Thereisnofixedglobalfrequency
spectrumforWiMAX;theWiMAXForumhaspublishedthreelicensedspectrums:2.3,2.5and
3.5GHz.Withmanypositivefeaturesandhighercoveragearea,WiMAXbecomesanalternativefor
cableandDSL(DigitalSubscriberLine).Itsarchitectureconsistsofabasestation,whichserves
largenumberofclients(calledassubscriberstation).Itscommunicationisintwomodes;point-to-
multipoint(PMP)andmeshmode.

VoiceoverIP(VoIP)isacommunicationprotocolwhichinvolvesdeliveryofvoiceandmultimedia
sessionsoverInternetProtocol(IP)networks.ItusesInternetProtocol(IP)totransmitvoiceasIP
packetsoveranetwork.Inthisthevoiceisconvertedtodigitalsignal,thencompressed,thenconverted
toIPpacketsandattheenditissentoverthenetwork.Therearedifferentencodingschemesusedby
VoIPtrafficlikeG.729,G.711,etc.InthispaperwehaveusedG.711,G.729A,G.723.1(5.3Kand
6.3K),G.728(12.8Kand16K),andG.726(32Kand40K)encodersforVoIPtraffic.

IPmulticastisamethodoftransmittingIPdatagramstoagroupofreceivers.Itisemployed
forstreamingmultimediaapplicationsonInternetandprivatenetworks.Basically,it’samethodfor
one-to-manyormany-to-manyrealtimecommunicationinanetwork.Multicastingisnotconnection
oriented.TheIPmulticastgroupisidentifiedbyclassDaddress(224.0.0.0to239.255.255.255).In
thisahostcanjoinorleavemulticastgroupdynamically.EachIPdatagramsenttoamulticastgroup
istransmittedtoallmembersofthegroup.InthispaperwehaveconsideredIPmulticastapplication
ofstreamingmultimedia.

Theaimof thispaper is toanalyzebandwidthefficiency in the interworkingof802.11and
802.16networkswiththetraffictypesofVoIPandIPmulticast.BandwidthefficiencyofVoIPis
analyzedfordifferentencodingschemes.Attheendofarticle,wewillbeablecompareandchoose
bestencodingschemeforVoIPtrafficwithhigherbandwidthefficiency.Andforstreamingmultimedia
applicationshowIPmulticasttrafficprovidessupportin802.11and802.16networkswitheffective
bandwidthusage.

2. RELATEd WoRK

Toaccomplishthementionedaims,literaturereviewsaredoneandnetworkscenariosaresimulated
usingOPNETModeler.Theaimofliteraturereviewistoclearandbuildthebasicconceptsregarding
bandwidthefficiencyinanetwork.Moreover,togiveaninsighttotheidentifiedproblemmathematical
modelingofthebandwidthallocationmechanisminIEEE802.16and802.11isdone,toshowhow
bandwidthisallocatedinthesenetworks.Afterperformingsimulationswithfixednodes,mobile
nodesareintroducedandtheireffectsonthenetworkbandwidthperformanceareanalyzed.

Li-Pingetal.(2011)havesuggestedaflexibleandsimplereservationschemeforbandwidth
atSubscriberStation(SS).ThisschemeisgiventhenameofMSBR(Multi-stageself-correction
bandwidthreservation).Thepurposeofthisschemeisthattomakeeffectiveuseofbandwidthwithout
violatingtheQoSrequirementsforreal-timetraffic.MSBRintroducesanewconceptwhichisof
DecisionPeriod(DP),toreservebandwidthandtoreducecontroloverheads.Thispaperconsidersthe
uplinktrafficforreal-time.Inthispaperthereisnoassumptionregardingmodelofresourcedemand
predictionoftraffic.Theaimofthisschemeistoreducethevolumeofbandwidthprovisionwith
costofMACsignalingtoaminimumpossiblelevel,whichalsoreducestheblockingprobabilityof
connection.Themismatchofpacketarrivalandserviceratesisalsotakenintoaccountforbandwidth
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