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1 Introduction

The increasingsupportfor multimediacontentin wirelesscomputingdevices, suchas laptops,cellular
phonesandPDAs, hasopenedup a new, rich applicationareafor mobile ad hoc networks. Thesesophisti-
cateddevicesenablemobile network usersto engagen variousmultimediaapplicationssuchasstreaming
musicandvideos,andon-line media-richcollaborationwith otherusers. This createsa needfor network
supportof multimediaapplicationdn mobile networks.

Multimedia applicationsthat involve streaming,or real-timecontinuoustransfey of multimediadata
acrosghenetwork aresensitve to end-to-endlelayandijitter. To effectively supporttheseapplicationsthe
network needsto ensuresufiicient resourceavailability sothatthe applicationsreceve the desiredquality
of service(QoS). This problemhasbeenstudiedin greatdetail for wired networks and mary solutions
have beenproposed.However, the problemis significantlymoredifficult in mobile networks. Dueto the
sharedhatureof the wirelessmedium,the resourcest eachnodeareaffectedby the actvities of othersin
its neighborhood.Also, mobility anddynamictopology causethe neighborhoodf a nodeto continually
change Thesenetwork characteristicsnake the supportof multimediaapplicationsa challengingask.

In my majorareaexamination| will focuson the problemof providing network supportto multimedia
applicationsn mobilenetworks. | will preseneanoverviewn of varioussolutionsthathave beenproposedo
far, andhighlightthe openissues.

2 Wired Network Solutions

Beforeinvestigatinghow QoS supportmay be enabledin wirelessnetworks, it is usefulto examinehow
theproblemhasbeenaddresseth wired networks. Althoughwired network solutionsareoftennotdirectly
applicableto wirelessnetworks dueto the inherentlydifferentnetwork characteristicghey provide insight
into the problemandarea goodstartingpoint for addressinghe problemin thewirelesservironment.

The needfor providing differentqualitiesof serviceto differentapplicationsvasrecognizedrom the
early daysof the Internet. For example,bulk datatransferapplicationssuchasFTR have very different
servicerequirementaiscomparedo real-timemediaapplicationsWhile theformerrequirereliablepaclet
delivery andcannottoleratepaclet loss,thelatter placeconstraint®on end-to-endlelayof datapaclets. In
orderto enablethe provision of differentqualitiesof service thelP Precedencand Typeof Service(TOS)
field wasincludedin the IP headef1, 3]. Thepurposeof thisfield wasto enableapplicationgo give a hint



to thenetwork aboutthetypeof servicedesired However, theimplementatiorof thedifferentservicelevels
wasnot definedclearly As aresult,the TOSfield remainedargely unusedandbest-efort paclet delivery
becameheonly servicetype offeredin the Internet.

In theearly90s,the Internetcommunityrecognizedheneedto expandthe Internetmodelto supporthe
requirementsf diverseapplicationsandthe IntegratedServiceqIntServ)architecturavasproposed6]. In
this expandedmodel,eachdataflow thatdesiredetterthanbest-efort quality of servicereseresresources
at routersalongits pathin orderto ensurethe desiredlevel of service. RSVP [7] is the recommended
resourcaesenation protocol. If insuficient resourcesareavailable,the flow is deniedadmissioninto the
network. Routeramaintainresenationstatefor eachflow andmonitortheflow to ensurehatit doesnotcon-
sumemorethantheresered resourcesAlthoughthis architectureenabledine-grainedQoS provisioning,
the requiremenfor maintainingperflow stateandmonitoringflow behaior at all routersgreatlyreduces
thescalabilityandefficiengy of thisapproach.

A more scalablesolutionto the problemwas proposedn the form of DifferentiatedServices(Diff-
Serv)[5, 16]. This solutionachieres scalability by moving the tasksof flow monitoring and admission
control to the edgeof the network. Routersat the network boundaryclassify paclets and mark themto
receve a particulartype of servicein the network. Routersin the interior of the network recognizea finite
setof servicetypes. Eachforwardedpaclet recevesa particulartype of servicebasedon the markingby
theedgerouter The DiffServmodelenabledbetterthan-best-débrt pacletdelivery. While it cannotprovide
the sameperflow guaranteeasthe IntServmodel,it alsoavoids the overheadof perflow stateat routers
andis thereforemorescalable.

3 Wirdess Network Solutions

The proposedsolutionsfor wired networks, which werereviewed in the previous section,arenot directly
applicableto wirelessnetworks for variousreasons.Due to the sharednatureof the medium, available
resourcest a wirelessnodeare dependenbn the actwities of othernodesin the neighborhoodandcan
constantlychangewith nodemobility. As aresult,the effectivenessof resourcaesenrations,asproposed
by IntSery is questionable.The DiffServ approachmay be more applicablein the wirelesservironment.
However, mechanismarenecessaryo discorer QoSroutesandcontrolflow admission Also, sinceaccess
to the wirelessmediumis sharedthe Medium AccessControl (MAC) protocolneedso be QoS-avareas
well. In thefollowing sectionsyve briefly examinehow thesdssuesave beenaddressedndwhatproblems
still remainopen.

3.1 QoS-AwareMedium Access Control

The wirelessmediumhasaninherentsharedhature. As a result, mediumaccessieedso be co-ordinated
amongnodes. IEEE 802.11is currently the most popularMedium AccessControl (MAC) protocol for
wirelessnetworks. This protocolprovidesfully distributed mediumaccessontrolbasedon CarrierSense
Multiple Accesswith Collision Avoidance({CSMA/CA).

To enableQoS supportin ad hoc networks, paclets belongingto high priority flows mustbe given
prioritized accesgo the medium. Sincethe mediumis sharedamongmultiple nodes,it is not enough
for eachnodeto independentlyprioritize its own transmissionsand a co-ordinatedprioritization across
nodesis necessaryfFor this purposethe MAC protocolneedsto be QoS-avare. Severalresearcherbave
proposedsolutionsfor enablingprioritized mediumaccessn IEEE 802.11networks [4, 11, 21, 22, 23].
IEEE 802.11d15] enhanceshe802.11MAC protocolto provide QoSsupport.Prioritizedmediumaccess
is enabledby varyingtheinterframespacingntenalsandthe maximumcontentiorwindow, suchthathigh
priority paclet transmissiongetfasteraccesgo the medium.



3.2 Bandwidth Availability Deter mination

Many multimediaapplicationgplaceconstraintn the minimumbandwidthrequiredalonga path.In order
to determingheamountof freebandwidthalonga path,eachnodemustfirst know its local bandwidthavail-

ability. As mentionecearlier determiningavailablebandwidthat a wirelessnodeis a comple task. Since
the mediumis sharedamongmultiple nodes bandwidthavailability at eachnodeis affectedby the actii-

tiesof othersin the neighborhoodDue to mobility, the neighborhoof a nodemay changecontinuously
Bandwidthavailability determinations thereforevery challenging Severalresearchersave proposedolu-
tionsto this problem([8, 24, 25]. Thesesolutionspresentifferenttrade-ofs betweeraccurayg, compleity

andoverheadlt still remaingo be determinedvhich approachif ary, providesan effective solutionto the
problem.

3.3 QoS Routing

Routingin mobilenetworksis a challengingaskdueto mobility anddynamicallychangingopology Even
morechallengings thetaskof finding routesthatsatisfyQoSconstraintsSereralsolutionsfor QoSrouting
in ad hocnetworks have beenproposed?, 9, 10, 14, 19, 20, 24, 26]. Eachof theseQoSrouting protocols
exhibits oneor moreof thefollowing features:
e The QoSrouting protocolis basedon eithera proactve routing protocol,suchasDSDV [17], or a
reactive routingprotocolsuchasAODV [18] or DSR[12].

e Theprotocolfindsmultiple pathsbetweerthe sourceanddestination.

e Admissioncontrolis integratedwith routediscovery, i.e., if aroutewith suficient resourcesannot
befound,theapplicationis denieda routeto the destination.

e Theprotocolestablishesesourceesenationsalongtheroutein the procesf routediscovery.

The proposedorotocolsrepresentifferenttrade-ofs betweereffectivenessandefficiengy. No single pro-
tocolis clearly superiorto the others,andthereis still significantroomfor improvementandinnovationin
thisarea.

3.4 Admission Control

Admissioncontrol is the processof ensuringresourceavailability beforeadmitting a dataflow into the
network. The compleity of this taskis increasedn mobile ad hoc networks owing to the interference
betweemmultiple hopsalonga singlepath. Multiple nodesalonga routemay contendwith eachotherfor
bandwidthaccessf they lie within carriersensingrange,andmay not be ableto transmitsimultaneously
As aresult,the requiredbandwidthalongthe pathbecomes multiple of the bandwidthrequestedy the
application. Determiningthe numberof contendingnodesat eachhopis difficult, sinceit dependn the
exacttopologyof theroute. Someadmissiorcontrolsolutionsattempto solve thisproblem[8, 25]; however,
they requireknowledgeof all nodeswithin carriersensingr.angeandall nodesthatlie on ary givenroute.
Acquiringthisknowledgeincursconsiderableverheadlt is notclearhow this problemcouldbeeffectively
solvedwithoutthis knowledge,andthereis scopefor furtherresearchn this area.

3.5 QoS Monitoring

Oncea QoSflow hasbeenestablishedit is necessaryo monitorthe quality receved by the flow andtake
actionif the quality dropsbelov acceptabléimits. Thisis especiallyneedediueto the dynamicallychang-
ing topologyandresourceavailability in mobile ad hoc networks. QoSmonitoringcould be accomplished
in differentways,andcould be exercisedat variouslevels of the network stack. INSIGNIA [13] is a pro-
posedQoS frameawvork that attemptsto solve this problemthroughin-bandsignalling betweenthe source
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anddestination.SWAN [2] usesexplicit congestiomatificationto regulatethe flow of real-timesessions,
while AQOR[24] requiresthe destinatiorto monitorthe receved QoSandinform the sourceif ary action
is necessaryT hevariousapproachegsedby the proposedsolutionsareby no meansxhaustve, andother
solutionsare possible. Furtherinvestigationis hecessaryo evaluatethe approachesand determinehow
they maybeused eitherindependentlypr in combinationto provide aneffective solutionto the problem.

4 Conclusion

Multimediaapplicationgequirenetwork supportfor differentqualitiesof service.In this report,we briefly

reviewed the currentstateof the art for QoS supportin mobile networks. Although several solutionshave

beenproposedthe problemis far from beingsolved completelyandeffectively. Thereis a needto evaluate
theproposedpproachegjotjustin simulationbut alsoin real-world deployments anddeterminenow they

canbeimproved. In additionto MAC layerandnetwork layersolutions applicationlayerprotocolsfor mul-

timediastreamingneedto be examinedto determinevhetherthey areeffective in thewirelesservironment,
andif not, thenhow they may beimproved. It is importantto ensurethat solutionsdeplo/ed at different
levels of the network stackinteractproperly and do not hindereachother Finally, it will be interesting
to seehow specialcharacteristicef wirelessnetworks, suchasmobility andflexible connectiity, canbe
leveragedo improve quality of service.
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