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1 Introduction

The increasingsupportfor multimediacontentin wirelesscomputingdevices, suchas laptops,cellular
phonesandPDAs, hasopenedup a new, rich applicationareafor mobileadhocnetworks. Thesesophisti-
cateddevicesenablemobilenetwork usersto engagein variousmultimediaapplications,suchasstreaming
musicandvideos,andon-linemedia-richcollaborationwith otherusers.This createsa needfor network
supportof multimediaapplicationsin mobilenetworks.

Multimedia applicationsthat involve streaming,or real-timecontinuoustransfer, of multimediadata
acrossthenetwork aresensitive to end-to-enddelayandjitter. To effectively supporttheseapplications,the
network needsto ensuresufficient resourceavailability so that theapplicationsreceive thedesiredquality
of service(QoS).This problemhasbeenstudiedin greatdetail for wired networks and many solutions
have beenproposed.However, theproblemis significantlymoredifficult in mobilenetworks. Due to the
sharednatureof thewirelessmedium,theresourcesat eachnodeareaffectedby theactivities of othersin
its neighborhood.Also, mobility anddynamictopologycausethe neighborhoodof a nodeto continually
change.Thesenetwork characteristicsmake thesupportof multimediaapplicationsachallengingtask.

In my majorareaexamination,I will focuson theproblemof providing network supportto multimedia
applicationsin mobilenetworks. I will presentanoverview of varioussolutionsthathave beenproposedso
far, andhighlight theopenissues.

2 Wired Network Solutions

Beforeinvestigatinghow QoSsupportmay be enabledin wirelessnetworks, it is useful to examinehow
theproblemhasbeenaddressedin wirednetworks.Althoughwirednetwork solutionsareoftennotdirectly
applicableto wirelessnetworksdueto theinherentlydifferentnetwork characteristics,they provide insight
into theproblemandarea goodstartingpoint for addressingtheproblemin thewirelessenvironment.

Theneedfor providing differentqualitiesof serviceto differentapplicationswasrecognizedfrom the
early daysof the Internet. For example,bulk datatransferapplications,suchasFTP, have very different
servicerequirementsascomparedto real-timemediaapplications.While theformerrequirereliablepacket
delivery andcannottoleratepacket loss,thelatterplaceconstraintson end-to-enddelayof datapackets. In
orderto enabletheprovision of differentqualitiesof service,theIP PrecedenceandTypeof Service(TOS)
field wasincludedin theIP header[1, 3]. Thepurposeof thisfield wasto enableapplicationsto give a hint
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to thenetwork aboutthetypeof servicedesired.However, theimplementationof thedifferentservicelevels
wasnot definedclearly. As a result,theTOSfield remainedlargely unusedandbest-effort packet delivery
becametheonly servicetypeofferedin theInternet.

In theearly90s,theInternetcommunityrecognizedtheneedto expandtheInternetmodelto supportthe
requirementsof diverseapplications,andtheIntegratedServices(IntServ)architecturewasproposed[6]. In
thisexpandedmodel,eachdataflow thatdesiresbetterthanbest-effort qualityof servicereservesresources
at routersalong its path in order to ensurethe desiredlevel of service. RSVP [7] is the recommended
resourcereservation protocol. If insufficient resourcesareavailable,theflow is deniedadmissioninto the
network. Routersmaintainreservationstatefor eachflow andmonitortheflow to ensurethatit doesnotcon-
sumemorethanthereservedresources.Althoughthis architectureenablesfine-grainedQoSprovisioning,
the requirementfor maintainingper-flow stateandmonitoringflow behavior at all routersgreatlyreduces
thescalabilityandefficiency of thisapproach.

A more scalablesolution to the problemwasproposedin the form of DifferentiatedServices(Diff-
Serv) [5, 16]. This solutionachieves scalabilityby moving the tasksof flow monitoringandadmission
control to the edgeof the network. Routersat the network boundaryclassifypacketsandmark themto
receive a particulartypeof servicein thenetwork. Routersin the interior of thenetwork recognizea finite
setof servicetypes. Eachforwardedpacket receivesa particulartypeof servicebasedon themarkingby
theedgerouter. TheDiffServmodelenablesbetter-than-best-effort packetdelivery. While it cannotprovide
thesameper-flow guaranteesasthe IntServmodel,it alsoavoids theoverheadof per-flow stateat routers
andis thereforemorescalable.

3 Wireless Network Solutions

Theproposedsolutionsfor wired networks,which werereviewed in theprevious section,arenot directly
applicableto wirelessnetworks for variousreasons.Due to the sharednatureof the medium,available
resourcesat a wirelessnodearedependenton the activities of othernodesin the neighborhood,andcan
constantlychangewith nodemobility. As a result,theeffectivenessof resourcereservations,asproposed
by IntServ, is questionable.The DiffServ approachmay be moreapplicablein the wirelessenvironment.
However, mechanismsarenecessaryto discover QoSroutesandcontrolflow admission.Also, sinceaccess
to thewirelessmediumis shared,theMediumAccessControl (MAC) protocolneedsto beQoS-awareas
well. In thefollowing sections,webriefly examinehow theseissueshavebeenaddressedandwhatproblems
still remainopen.

3.1 QoS-Aware Medium Access Control

Thewirelessmediumhasan inherentsharednature.As a result,mediumaccessneedsto beco-ordinated
amongnodes. IEEE 802.11is currently the mostpopularMedium AccessControl (MAC) protocol for
wirelessnetworks. This protocolprovidesfully distributedmediumaccesscontrolbasedon CarrierSense
Multiple Accesswith CollisionAvoidance(CSMA/CA).

To enableQoS supportin ad hoc networks, packets belongingto high priority flows must be given
prioritized accessto the medium. Sincethe mediumis sharedamongmultiple nodes,it is not enough
for eachnodeto independentlyprioritize its own transmissions,and a co-ordinatedprioritization across
nodesis necessary. For this purpose,theMAC protocolneedsto beQoS-aware. Several researchershave
proposedsolutionsfor enablingprioritized mediumaccessin IEEE 802.11networks [4, 11, 21, 22, 23].
IEEE 802.11e[15] enhancesthe802.11MAC protocolto provide QoSsupport.Prioritizedmediumaccess
is enabledby varyingtheinter-framespacingintervalsandthemaximumcontentionwindow, suchthathigh
priority packet transmissionsgetfasteraccessto themedium.
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3.2 Bandwidth Availability Determination

Many multimediaapplicationsplaceconstraintson theminimumbandwidthrequiredalongapath.In order
to determinetheamountof freebandwidthalongapath,eachnodemustfirst know its localbandwidthavail-
ability. As mentionedearlier, determiningavailablebandwidthat a wirelessnodeis a complex task.Since
themediumis sharedamongmultiple nodes,bandwidthavailability at eachnodeis affectedby theactivi-
tiesof othersin theneighborhood.Dueto mobility, theneighborhoodof a nodemaychangecontinuously.
Bandwidthavailability determinationis thereforeverychallenging.Severalresearchershaveproposedsolu-
tionsto this problem[8, 24, 25]. Thesesolutionspresentdifferenttrade-offs betweenaccuracy, complexity
andoverhead.It still remainsto bedeterminedwhich approach,if any, providesaneffective solutionto the
problem.

3.3 QoS Routing

Routingin mobilenetworksis achallengingtaskdueto mobility anddynamicallychangingtopology. Even
morechallengingis thetaskof findingroutesthatsatisfyQoSconstraints.Severalsolutionsfor QoSrouting
in adhocnetworkshave beenproposed[2, 9, 10, 14, 19, 20, 24, 26]. Eachof theseQoSroutingprotocols
exhibitsoneor moreof thefollowing features:

� The QoSroutingprotocolis basedon eithera proactive routing protocol,suchasDSDV [17], or a
reactive routingprotocolsuchasAODV [18] or DSR[12].

� Theprotocolfindsmultiplepathsbetweenthesourceanddestination.
� Admissioncontrol is integratedwith routediscovery, i.e., if a routewith sufficient resourcescannot

befound,theapplicationis denieda routeto thedestination.
� Theprotocolestablishesresourcereservationsalongtheroutein theprocessof routediscovery.

Theproposedprotocolsrepresentdifferenttrade-offs betweeneffectivenessandefficiency. No singlepro-
tocol is clearlysuperiorto theothers,andthereis still significantroomfor improvementandinnovation in
thisarea.

3.4 Admission Control

Admissioncontrol is the processof ensuringresourceavailability beforeadmitting a dataflow into the
network. The complexity of this task is increasedin mobile ad hoc networks owing to the interference
betweenmultiple hopsalonga singlepath. Multiple nodesalonga routemaycontendwith eachotherfor
bandwidthaccessif they lie within carrier-sensingrange,andmaynot beableto transmitsimultaneously.
As a result,the requiredbandwidthalongthepathbecomesa multiple of the bandwidthrequestedby the
application.Determiningthenumberof contendingnodesat eachhop is difficult, sinceit dependson the
exacttopologyof theroute.Someadmissioncontrolsolutionsattempttosolvethisproblem[8, 25]; however,
they requireknowledgeof all nodeswithin carrier-sensingrangeandall nodesthat lie on any givenroute.
Acquiringthisknowledgeincursconsiderableoverhead.It is notclearhow thisproblemcouldbeeffectively
solvedwithout thisknowledge,andthereis scopefor furtherresearchin thisarea.

3.5 QoS Monitoring

Oncea QoSflow hasbeenestablished,it is necessaryto monitor thequality receivedby theflow andtake
actionif thequalitydropsbelow acceptablelimits. This is especiallyneededdueto thedynamicallychang-
ing topologyandresourceavailability in mobileadhocnetworks. QoSmonitoringcouldbeaccomplished
in differentways,andcouldbeexercisedat variouslevelsof thenetwork stack. INSIGNIA [13] is a pro-
posedQoSframework that attemptsto solve this problemthroughin-bandsignallingbetweenthe source
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anddestination.SWAN [2] usesexplicit congestionnotificationto regulatetheflow of real-timesessions,
while AQOR[24] requiresthedestinationto monitorthereceivedQoSandinform thesourceif any action
is necessary. Thevariousapproachesusedby theproposedsolutionsareby nomeansexhaustive, andother
solutionsarepossible. Furtherinvestigationis necessaryto evaluatethe approaches,anddeterminehow
they maybeused,eitherindependentlyor in combination,to provideaneffective solutionto theproblem.

4 Conclusion

Multimediaapplicationsrequirenetwork supportfor differentqualitiesof service.In this report,we briefly
reviewed thecurrentstateof theart for QoSsupportin mobilenetworks. Althoughseveralsolutionshave
beenproposed,theproblemis far from beingsolvedcompletelyandeffectively. Thereis a needto evaluate
theproposedapproaches,not just in simulationbut alsoin real-world deployments,anddeterminehow they
canbeimproved. In additionto MAC layerandnetwork layersolutions,applicationlayerprotocolsfor mul-
timediastreamingneedto beexaminedto determinewhetherthey areeffective in thewirelessenvironment,
andif not, thenhow they may be improved. It is importantto ensurethat solutionsdeployed at different
levels of the network stackinteractproperlyanddo not hindereachother. Finally, it will be interesting
to seehow specialcharacteristicsof wirelessnetworks, suchasmobility andflexible connectivity, canbe
leveragedto improve qualityof service.
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