Quality of Servicein Wir elessAd Hoc Networks thr ough Self
Admission Control

Abstract— An ad hocnetwork comprisesof mobile nodesform-
ing a temporary network on the y without the aid of any cen-
tralized administration or standard support sewices. A novel ap-
proachis usedto provide QoS at the MAC layer by making the
nodespossesghe self-admissioncontrol capability basedon the
equivalent capacity in the network. Every mobile node incorpo-
rates a distrib uted priority schedulingalgorithm that is basedon
the equivalent bandwidth of its application. IEEE 802.11is also
retainedin this schemewhich can be usedby nodesnot requiring
any QoS. An 'invitation' schemeis proposedto enhancethe uti-
lization in the network. This schemeis simulatedin NS-2and the
behavior is studied under differ ent conditions. A solution for pro-
viding QoS at the routing layer that integrateswith the proposed
schemeat the MAC layer is alsodiscussed.

|. INTRODUCTION

The mobile nodesin an ad hoc wirelessnetwork [1] com-
municatewith eachotherusingmulti-hopwirelesslinks. Since
the nodesin an ad hoc network act independentlyand oper
atein a sharedmedia,therewill be collisionsandreductionin
throughputwhen two nodesthat are closeto eachother start
transmittingat the sametime. The MAC protocolat the mo-
bile nodesshouldbe ableto minimize collision, allow fair ac-
cessandtransporidataef ciently overthewirelesslinks in the
presencef rapidtopologychangesndalsotackle'hiddenand
exposednode' problems.Someof the MA C protocolsusedin
ad hoc networks are Bluetooth, HiperLAN, IEEE 802.11[2]
etc. Whenthenumberof nodesn anadhocnetwork increases,
thenumberof nodescompetingor shareandwidthincreases
andthatleadsto the degradationof throughputandmeanwait-
ing time of theapplication.

Providing QoSin adhocnetworksis ongoingresearchThis
work usesa novel approachwherea portionof thechannelkca-
pacity is brokeninto contention-fregimeslots. Mobile nodes
admitthemselesinto thesetimeslotshasedon the equivalent
bandwidththey expect. Somenodesstill usethe contention-
basedapproachbut thosewhich needbetterQoScanusethese
contention-fresslots. In mostof thework donesofar, QoSis
addresseditheratthe MAC layeror attheroutinglayer.

[3] hasan in-depthanalysisaboutthe contentionprotocols
andit triesto improve the fairnessamongthe contendingap-
plications. [4] discusseshe unfairnessssuesn IEEE 802.11
andit hasa detailedanalysisof how the performanceof IEEE
802.11deteoriatesvhenmorethanone TCP connectionis ac-
tive. [5], [6], and[7] provide methodsor overcomingthe fair-
nesgroblemby makingadjustmentso thecontentionwindow.

Otherwork goesbeyondjust modifying the contentiorwin-
dow. For example,[8] givespriority to DiffservExpedited~or-
warding (EF) and assured-orwarding (AF) classesver Best

effort (BE) traf ¢ [20], [21] by allowing EF andAF to grabthe
channebeforeBE.

Lots of work hasbeendonein the areaof providing QoS
in wireless networks with base-stations. [9] gives a good
overview of the different MAC protocolsfor providing QoS
in wirelessnetworks. Most of the discussedgrotocolshave a
similarideaof thechannelsendingheirresenationrequestn
acontentionslotandthe headenar basestationkeepingtrack
of the informationof all the otherendnodes. The Point Co-
ordinationFunction(PCF)of IEEE 802.11doesprovide some
limited QoSin a WirelessLAN. The Point Coordinator(PC)
doesnot have ary control over the polled stationsaboutthe
time durationof transmissioror the sizeof the pacletthatthe
polled stationscantransmit. Further the polling proceduret-
selfmaygetdelayedecausef the unpredictabilityof thetime
usedby the DCF procedure Thesefactorswill effectthe QoS
of the existing applications. CooperationbetweenDCF and
PCF alsoleadsto poor performancg10]. Becauseof these
drawbacks,the IEEE 802.11task group cameout with IEEE
802.11efor providing QoS[11], [12], [13]. Here,the nodes
requiring QoS senda requesto the Hybrid Coordinator(HC)
during the controlledcontentionperiod. If the numberof ap-
plicationsrequiringQoSis high, new applicationsor existing
applicationsrequiring QoS will nd it hardto transmittheir
requestfor QoS successfullyto the HC. Further the amount
of overheadinformationthat a HC needsto transmitas well
asthe compleity in the designof the HC requiringit to keep
the bandwidthinformation aboutall the existing applications
is alsovery high. Further differenttraf c classesisedifferent
valuesfor the ContentioniWindow (CW), whichmeandessde-
lay andbetterpriority to accesshe channebut atthe expense
of more collisions and paclet losseswhenthe numberof ap-
plicationsincreases Moreover, neitherthe PCFnor the IEEE
802.11ewasdesignedor adhocwirelessnetworks.

[14] is anotherschemecalled the blackhurst contention
schemewherethe stationhaving higherpriority traf ¢ to send
waitsuntil thechannebecomesdle andthencompletelyjams
the channelto force all the othernodesinto bacloff modeso
thatit cantransmitimmediately [15] considerghe ability to
transmitmorethanonepaclet at atime. In [16] transmission
of pulsesis usedto achieve priority in additionto usingthe
blackkurstcontentionmechanism[17] dividesthe channelin
to contentionperiod(CP) andcontentionfree period(CFP).A
nodeneedingto sendreal time dataresenesthe channelfor
CFPduringthe CPwith the ContentionFreePeriodGenerator
(CFPG).The CFPGkeepstrack of the numberof stations,its
QoSrequirementandalsoallocategheresidualbandwidthto
ary stationghatrequireit. Theamountof controlinformation



sentis moreaswell asthecompleity in the CFPGis alsohigh.
If the CFPGfails, thewholeof the network will bein anunsta-
ble condition. Evenif thereis a backupCFPG,the amountof
informationto betransferreds quitehighmakingit un-suitable
for Ad Hoc Networks. [18] doesadmissioncontroland ne-
tuningof applicationlayerparameterdy passvely monitoring
the channeland estimatingthe delay paclet loss etc through
the VMA C algorithm. This requiresthe VMA C algorithmto
run continuouslyin all mobile hosts. Further it is not very
clearas how applicationwith varying or unknawn trafc re-
qguirementsutilize the VMA C or VS algorithmfor its CAC.

To summarize the work done so far, [3], [4], [5],
[6] and [7] concentrateon fairnessamong the competing
nodes/applicationsyhich is unsuitablefor applicationswith
stringenttiming requirementsor varying QoS requirements.
Work similar to [8] achieze QoSby modifying the contention
window basedon the priority of the application. Reseration
basedmechanismg¢9], [12], [17] are proposedfor achieving
QoS,whichrequirescomplex functionalitiesatthebase-station
or attheelectecheadof thewirelessnetwork. [14], [18] differs
from theabove saidschemesln mostof thework discussedo
far, noprovisionis doneto limit thenumberof sourcexompet-
ing for theresourcesn an Ad Hoc network, which de nitely
effectsthe QoSof existing applications.

Ef cient Connection Admission Control (CAC) and
Schedulingare very essentialin providing QoS. Paperslike
[18] do addresghe CAC, but a simple and ef cient in-built
CAC and schedulingmechanisrris not provided for Ad Hoc
Networks so far. PerformingCAC and schedulingin a dis-
tributedmannemwith no singlenodehaving to burdenthetask,
is therealchallengen Ad Hoc networks. In contrastto mary
of the above cited works, the work here usesa simple self-
admissionschemeto modify the IEEE 802.11MAC layer by
which all the mobile nodeswill starttransmittingtheir traf ¢
only if thechannehassufcient capacityto supportheirappli-
cations.Thecapacityof thechanneldepend®n the numberof
competingsourcesaswell astheirtraf c characteristiciNodes
requiringQoSneednothaveto contendor thechanneljnstead
thenodesusea distributedalgorithmto computethe amountof
time they needto transmitaswell asthe time at which they
have to transmitdata. By eliminatingcontention thethrough-
put reductionoccuringdueto collissionscanbe avoided. By
limiting the numberof sources servicedegradationoccuring
dueto theincreasen traf ¢ interferencecanalsobe avoided.

The rest of the paperis organizedas follows. Section2
de nes the problemand scope. Section3 gives an overvien
of clusteringandequivalentcapacity Section4 describeshe
IEEE 802.11 protocol. Section5 gives the proposedQoS
scheme.Section6 givesthe simulationresults. Section? dis-
cusseghe solutionfor providing QoSin a Multi-Hop Ad Hoc
network andSection8 concludeghe paper

Il. PROBLEM STATEMENT AND SCOPE

MAC protocolsusedin wirelessad hoc networks usually
suffer from their lack of servicedifferentiationand degrada-
tion of throughputwhenmore nodescontendfor the channel,
this makesthema poor choicein providing QoS.In a mobile

adhocnetwork, all themobilenodeswith differenttrafc char
acteristicxzontendor thesharecchannelwhich closelyresem-
blestraf c from differentqueuesn aroutercontendingor an
outputlink. Unlike a switch,anadhocnetwork doesnot have
ary centraladmissioncontrollermodulefor protectingthe ex-
istingtraf c from servicedegradatioror aschedulefor giving
preferentiatreatmento high priority trafc. Thefollowing is
neededn the MAC layerfor supportingapplicationghathave
QoSrequirements.
Eachand every mobile node shoulddo a self-admission
control to decidewhetherthe ad hoc network hassuf-
cientbandwidthto supportits application.For this,a mo-
bile node beforeit entersthe network shouldknow the
currentbandwidthavailablein the network. An effective
schemeahattransmitdessnumberof controlmessagefor
gettingthe available bandwidthin the network shouldbe
employed.
Themobilenodesshoulddeterminghetime atwhichthey
shouldemit traf c aswell astheir drainingrate (amount
of time they areallowedto transmit). Thedurationof time
availableto amobilenodein accessinghesharecchannel
shouldbe proportionalto the requiredthroughputof the
application. If every mobile nodein the network canco-
ordinatetheir transmissiortimes, the contentionwindow
canbeeliminated.Thisincreaseshebandwidthavailable
in the network. A distributedalgorithmis neededor do-
ing all of these.

I1l. CLUSTERING AND EQUIVALENT CAPACITY
A. Clustering

As discussedn the previous section,the nodescontending
for the channelshoulddo self ConnectionAdmissionControl
(CAC) to decidewhetherthechannehassufcient capacityto
supportthe application. The nodescontendingor the channel
arethe nodesthat arein the sensingrangeof eachother In
orderfor thenodego effectively doadmissiorcontrol,acluster
needgo beformedsuchthatthe clustercontainsnodeghatare
in the sensingangeof eachother Furthermoreglusteringhas
alot of advantagedik e frequeng reuse,power consumption,
robustnessincreaseystemcapacityetc.

TheClusterHead(CH) is anarbitrarily chosermobile node
which cancommunicatalirectly with all theothernodesn the
cluster It will be seenshortlythatthe functionality of the CH
is very limited unlike a base-statioror the schemegproposed
in [9]. The protocolis implementedsuchthatall the nodesin
theclusterreceve the bandwidthinformationaboutthe cluster
Soevenif a CH fails or anew CH is elected,it canimmedi-
ately startfunctioningasa CH without ary messagéransfers.
Becausdhe controlmessagearesoimportantto this scheme,
additionalpower and error control mechanismsnay be used
for thesepaclets. Thiswill notbediscussedurthersinceerror
control andrecovery are outsidethe scopeof this paper The
following assumptiongremadeaboutthe adhocnetwork:

Mobility of thenodesarenottoo high.

A mechanisifor clusterformation suchthat the nodes
in a clusterarein the sensingrangeof eachother exist.
Mechanismsnentionedn [19] canbeused.



The nodesmove inside the cluster freely and also the
nodesmove togetherasa cluster Inter clustermovement
is limited.

Power aware mechanismserror recovery and acknavl-

edgemenschemesrenot consideredn thiswork.

B. EquivalentCapacity

The equivalentcapacityis the bandwidthrequiremenif a
single applicatiort in caseof a single nodeandis the band-
width requiremenbf multiplexed connectionsn the caseof a
network. Theequialentcapacityof oneapplicationis indepen-
dentof traf c generatedby the othersourcesLots of work has
beendoneto effectively characterizeéhe sourcesandcompute
the equivalentcapacity [22] containsan excellentovervien
of the different call admissioncontrol schemesand also the
methodsemployed to computethe equivalentcapacities.The
schemeproposedn [23] is usedherefor computingthe equiv-
alentcapacity( ) of asource. This schemehasthefollowing
features:

The equialent capacity of a Markov modulated uid
sourceis approximatelythe maximal real eigervalue of
a matrix derived from sourceparametershuffer require-
mentsandcell lossprobability.

The equivalentcapacityis the maximumreal eigenvalue
of thematrix

where and and M is the
in nitesimal generatoof modulatingMarkov chainthat
governsthe transitionsbetweenthe statesof the arrival
processp is thelossprobability of the applicationandB
is the buffer size.
If thereareN sourcesthe equivalentcapacityis asymp-
totically equalto . , where is the equivalent
Capacityof thei  source.
This summustalwaysbelessthanthe capacityof thechannel.
This schemds choserbecausef thefollowing reasons:
The computationof the equivalent capacityof a single
sources notcomputationallyintensive andit hasaclosed
form solution.
For computingthe equivalentcapacityof the network, a
node hasto know only the existing total equivalent ca-
pacity of the network with whichit canaddits equivalent
capacityto obtainthe new total equivalentcapacityof the
network. The equivalentcapacityof the network seenby
all thesenodess thesame.

IV. DESCRIPTION OF |IEEE 802.11

ThelEEE 802.11standards describedn this sectionasit is
the basisuponwhich the new schemes built. |IEEE 802.11,
when usedin its Distributed Coordination Function (DCF)
mode,is basedon a Carrier SenseMultiple Access(CSMA)/

Pleasenote that the terms applicationand connectionare
usedinter-changeablyn this paper

Collision Avoidance(CA) scheme. A node that intendsto
transmita packet waits until the channelis senseddle for a
time periodequalto Distributedinter-FrameSpacgDIFS). Af-
ter this, in orderto avoid collisions a node doesbacloff by
choosinga randomnumberbetween0 to CW as the bacloff
interval. If the nodedetectsa transmissionduring its back-
off waiting time, it will freezeits bacloff operationuntil the
channelbecomedree for DIFS andthen continueits bacloff
procedureagainfrom whereit left. The mobile nodesimple-
ment the bacloff procedureby decrementinga counterfrom
the choserrandomnumberto 0. The counteris decremented
aslong asthe channelremainsidle, andis stoppedwhenthe
nodesenses transmission.Thetimer is reactvatedafter the
channels againsenseddle for aDIFS. Whenthebacloff pro-
cedurgerminatesthenodecanstarttransmittingtstraf ¢ after
it completests Requesto Send/Cleato Send(RTS/CTS)pro-
cedure.RTS/CTSproceduras requiredbecausavithoutit the
nodessuffer from whatis calledasthe'Hidden NodeProblem'.
A nodeafterreceving a paclet waits for a Shortinter-Frame
SpacdSIFS)beforetransmittingthe next paclet.

V. PROPOSED SCHEME
A. Structue of a Cycle

For thiswork, anentirelydifferentapproachs usedthanthe
802.11MAC. The channelis divided into cyclesor framesof
equalduration.Every nodesendsgheir pacletsin their respec-
tive slotsof acycle. Theslotsrepeataftera x edduration.The
structureof acycleis shovnin Figurel andit hasthefollowing
properties:

Free Channel Duration

PREAMBLE ~CBR SOURCES VBR SOURCES PREAMBLE

[
- —~ -
DIFS DIFS
CYCLE DURATION—~

Fig. 1. Structureof aCycle

Thebeginningof acycleis markedwith a
packetfrom theCH. Thiswill beusefulfor thenewv nodes
to synchronizeThe pacletat the startof
every cycle hasthefollowing information:

— Startof the free channelfrom the beginning of the

cycle.

— Durationof thefreechannel.
The CBR connectiondransmitat the beginningof thecy-
cle.
TheVBR connectiondgransmitatthe endof thecycle.
There exists a 'Free channel' at the middle of the cy-
cle which is occupiedby the connectionsthat do not



needresenation of the channellike the besteffort ser
vices(UBR), pacletssentfor admissiorcontrol,andother
control paclets. This is basicallythe unusedbandwidth.
Whenanew CBRor VBR connectiorcomesup, the'Free
Channel'at the middle shrinks. Somebandwidthis al-
waysresened at the 'Free Channel'so that the bestef-
fort applicationsdo not starne. Transmissiorin the free
channelis doneaccordingto IEEE 802.11DCF proce-
dures(contentionwindow proceduresyvith slightmodi -
cations.
The nodessendingUBR traf ¢ wait for the startof the
freechannelandstarttheir contentionwindow procedure.
The modi ed contentionwindow procedures suchthat
if thewhole of the baclofffRTS/CTS/DATA/ACK paclet
sequencaloesnt get completedwithin the cycle ( The
VBR sourceswould have startedtransmittingbeforethe
nodecouldcountdown to zero),thenodedoesthefollow-
ing:
— Continueits contentionwindow proceduraluringthe
free channebf thenext cycle
— Continueits contentionwindow procedurevhenthe
slot of ary of the VBR sourceis idle. This is the
invitation schemeandis explainedmorein Section
V.D
The control paclets neededfor clusteringare sentdur-
ing the 'free channel'at the middle of the cycle. Since,
the inter clustermovementis assumedo be limited, the
overheadlueto clusteringwill alsobeless.However, the
resened bandwidthat the free channelshouldbe con g-
uredto be sufcient for clusteringmessagesPriority can
be givento clusteringtraf c overthebesteffort trafc by
makingtheir inter-frame spacesmallerthan DIFS. Clus-
teringwill notbediscussedurthersincethe scopeof this
papers limited to QoS.

B. Proceduefor a New Application

Whena nodewantsto startan applicationthat needssome
quality of service jt waitsfor the beginningof thecycle, which
is recognizedoy the nodewhenit recevesa
paclet from the CH. The sourcethenwaitsfor the'free chan-
nel' which lies in betweenthe CBR and VBR sources. This
informationis sentby the CH as explainedpreviously. The
sourcewaits for the channelto becomefree for a period of
DIFSwhichwill beduringthefreechannelafterwhichit com-
municateswith the CH usingthe modi ed contentionwindow
proceduressexplainedfor UBR. After the bacloff procedure
is completed,if thereis sufcient free channelduration,the
nodesendsa - paclet askingthe equivalentcapac-
ity in the network from the CH.

The CH aftergettinga
mobile nodeswill broadcast -
work, which hasthe following information:

Total Equivalentbandwidthof the CBR/VBR connections

( / )

Total numberof CBR/VBR connectiong / )
After gettingthe - paclet, the nodecomputeshe
equivalentbandwidthof the new application( ) as

paclet from ary of the
pacletto the net-

= Peakrate of transmissionif the applicationis
of typeCBR

= Equivalentbandwidthas calculatedfrom sec-
tion 111.B. [23], if theapplicationis of typeVBR.
The nodealsokeepstrack of its positionin the cycle with the
helpof avariablecalledthe 'node number'or 'sequenc&um-
ber'. Thisvariableis computedrom thevalueof thetotalnum-
ber of CBR/VBR connectionsentby the CH. The nodethen
computeghetotal Equivalentbandwidthof a CBR/VBR con-
nectionin the network whichis givenby:

The conditionfor self ConnectionAdmissionControl is as
follows:

where,
is the ChannelCapacity
is the resered channelcapacitywhich is the
minimumallowedfor thefreechanneblndlies atthemid-
dle for besteffort and control pacletsandis assumedo
beawell known value.
is thecapacityusedby the preamblepaclets. It
alsoincludesthecapacitywasteddueto guardtime, which
will beintroducedshortly.
Thenodeafter nding thatthe channehassufcient capac-
ity to supportits application,sendsthe following information
totheCH in theform of a paclet:

Typeof connection(CBR/VBR)

After the CH getsthe messagérom the node,it updateghe
total countof CBR/VBR connectionsaswell asthe equivalent
capacityin the network for CBR/VBR connections.A MAC
acknavledgemenimessagés sentto the nodeafter this. The
total durationof transferspeci edin the RTS paclet takesinto
accounthecompletesequencef messagethatincludesCTS,
CAC_REQ, CAC_RER TOT_BW and ACK messageslf the
proceduredoesnt getcompletedn the presentycle, it is con-
tinued(notrestarted)n the next cycle. This canhappenwvhen
there are too mary sourcestransmittingin the 'Free Chan-
nel' suchthatthis nodecannotcompletets contentiorwindow
mechanismén thatcycle. The nodecanstarttransmittingits
datapacletsaftergettingthe ACK messagérom the CH. The
durationof time anodeis allowedto transmitis givenby

@)

The node, after the cycle starts (as indicated by the

paclet of the CH at the beginning of the

cycle), waitsfor adurationof beforetransmittingits rst
paclet. is givenby:

, if connectiortypeis CBR

, if connectiortypeis VBR



where,
CycleDuris thedurationof thecycle.
GuardTmeis thetime betweeradjacenslotsandis equal
to -. ReferFigurel.
PREAMBLE Dur is the duration of the PREAMBLE
pacletsentby CH.
After the rst transmissionthenodewaitseverytime for dura-
tion equalto

This equatiorholdsgoodfor bothCBR andVBR connections.
This alsoincludesthe guardtime andthe PREAMBLE paclet
transmissionime by the CH.

Thus,all thenodeshave their own slotsandthewaiting time
for their slotsis also computedindependently Even though
it is computedndependentlytherewon't be ary overlapping
of slots. Sincethe slot is completelydedicatedto a node,
therewon't be ary collision andhenceno needof having the
RTS/CTS,bacloff procedures.This will greatlyenhancehe
throughpuin thenetwork andthenodeswill alsogetaguaran-
teedthroughputaswell.

Here, the destinationdoesnot send ACK paclets for ev-
ery datapaclet receved. Instead,the sourcesignalsthe end
of its transmissionn the cycle by sendinga  _
paclet. After receving this paclet, the destinationsendsan
ACK pacletthatalsoindicatesthe numberof datapacletsre-
ceivedin this cycle. By doingthis, thetransmissiorof thedata
paclets can go at a stretchwhich will increasethe through-
put. Becauseof the collision free transmissionthe chances
thata destinatiorwill not receve a paclet sentby the source
is lessunlessthe destinationmovesout of rangeor the chan-
nelis highly error prone. Any acknavledgemenschemecan
be employed suchasthe Selectve Repeator Go BackN. The
computationof alsotakesinto accountthe over
headdueto MAC headeandTx_Complete/ACK paclets.

C. Terminationof an Application

Whenan applicationterminatesijts slot goesunused. This
will createholesin the cycle aswell aswastageof bandwidth.
This scenarids similarto theconcepbf 'holes' createdduring
pagingandsegmentationof the usermemoryin an Operating
System(OS). In the caseof an OS, whena holeis createdin
thememory 'coalescing'is doneto combinethe holesandthe
datatogether 'coalescing'thefreechanneis doneby advanc-
ing the slot occurenceor the connectionsvhoseslots occur
aftertheslot of theterminatedconnectiorin the cycle to close
the gapin the cycle. Thus,the waiting time will be modi ed
only for the next cycle. This operationdoesnot effect the data
transmissioror the throughputin any way. Thus'coalescing'
of thefree channels not asinef cient as'coalescing'of holes
andmemoryin anoperatingsystem.The detailedprotocolop-
erationis explainedbelow:

Whenanodewantsto terminateits applicationit broadcasts
a control paclet at the beginning of its slot indicatingthat its
connectionis closingandit alsoincludesthe new equivalent

capacityin thenetwork. Thenodecomputeshenew equivalent
capacityasfollows:

Thenodebroadcastthefollowing informationwhenclosing
its connection:
Typeof connectionCBR/VBR
New Equivalent Bandwidth

( )
Equivalent bandwidth of

( )
Sequencaumberof theclosingapplication/node.

The CH as well as the other mobile nodesupdatetheir
databasecontainingthe information aboutthe network after
gettingthe abore message The nodeswhich have CBR type
of connectionslecrementhe wait time for their transmission
in thenext cycleto be:

in  the network

the closing application

The nodeswhich have VBR type of connectionsincrement
theirwait time for their next cycle to be:

where
connection.
Thisis doneonly for thesubsequentycle andonly for those
nodeswhosenodenumber(sequencaumber)is greaterthan
thenodenumberof the connectiorthatclosed.Afterwardsthe
wait time is thesameasabove, ie..
Theaboveequationgmply thatthestartingtime of theold CBR
connectionbecomeghe startingtime of the CBR connection
afterit andtheendingtime of theold VBR connectiorbecomes
theendingtime of the connectiorbeforeit.

is the equivalentbandwidthof the closed

D. Invitation Mechanism

HereweassumehatVBR applicationsareON/OFFsources,
so it is possiblethat a VBR sourcemay not have arnything
to transmitin its slot, leadingto wastageof bandwidth. This
bandwidthwastagecanbe avoidedif otherVBR or Best-Efort
sourceanbe madeto utilize the slot. So,duringits OFF pe-
riods,aVBR nodesendsa  _ pacletinviting the
othernodegto transmittheirtraf c. The otherVBR/best-efort
sourceggrabthe channelaccordingto the IEEE 802.11stan-
dardsby following the RTS/CTS,bacloff proceduresBut, the
bacloff window is computeddifferently. The bacloff window
is computedakingthe following factorsinto consideration

NodestransmittingVBR type of trafc will have priority
overthenodegransmittingbesteffort traf c.
A nodehaving morepacletsin its queueshouldbe given
morepriority.
After a noderecevesthe -
thefollowing:

paclet, it performs



If it hasa CBR typeof application,t ignoresthe paclet.
If it hasa VBR type of application,it startsthe bacloff
window procedurefor a durationwhich is obtainedby
picking a randomnumberbetween[O0.. ], where
thevalueof depend®ntheoccurrencef its slot
with respecto the nodethathassentthe

paclet aswell ason the lengthof its queue. Essentially
nodeswith morepacletsin their queuesind/ornodesthat
have alreadycompletedtheir transmissionsgn this cycle
computea lesservalue of andhencehave a bet-
ter priority to accesshechannel.Thisis doneto improve
jitter.

Nodeshaving UBR type of applicationspausefor adura-
tion of andthencontinuetheir backoff win-
dow proceduresrom whereit left in the free channel.
is ary smallarbitrarynumberandcanbeequalto SIFS.
Thisis doneto give prefferentialtreatmento VBR traf ¢
overUBR trafc.

As explainedbefore,a nodesendingbesteffort trafc can
transmitduring the free channelat the middle of the cycle and
alsowhenit recevesa  _ paclet from ary VBR
source.

Thusit is ensuredhat the channelcapacitydoesnt go un-
usedin any way. Now, it is alsoapparenwvhy CBR andVBR
sourcesaregroupedogethemasin Figurel. Thisis donefor the
VBR sourcesbecauseheslotdurationfor the VBR sourcess
proportionalto the equivalentcapacitywhich is not an exact
estimateof the traf c generatedoy them. It is possiblethat
atsomepointin time, someVBR sourcegeneratalatawhose
rateis higherthantheequialentcapacitiesomputedor them.
In suchcasestheamountof traf ¢ sentby thesourcen its slot
durationis lessthanthe amountof traf ¢ generatedSo,when
the VBR sourcesare groupedtogether thereis a possibility
thatsomesourcesrein the OFF statewhoseslot canbe made
useof by the sourcesvhoserateatthattime exceedsheband-
width (slot) allocatedto them. Thiswill preventthe excessie
delaysaswell asthe buffer over ow which might have been
experiencedy the VBR sourcesotherwise.For CBR sources
no specialprovisionsare neededastheir slotswill alwaysbe
occupied.

VI. SIMULATION

Extensve simulation study was done using NS-2. A at
topology was assumedo exist andthe nodeswere placedin
suchaway thatall the nodeswerein the sensingangeof each
other Thenodesveremadeto moverandomlyin a250X250m
area. The MAC protocolusedwas|EEE 802.11andthe rout-
ing protocolwasDSR. Simulationwasdonefor differentcases
usingthe default IEEE 802.11proceduresiswell asthe new
schemeusing the Self-ConnectiorAdmissionControl. Sim-
ulation was run for a period of 150 secondsand throughput,
meanwaiting time, numberof packetslost andnumberof re-
transmissiongre calculated. The channelcapacityis 1Mbps.
Throughputis measuredfterevery 0.5 seconds.

A. SimulationStudy

A numberof simulationswvereperformedwith differenttraf-
¢ sourcedike CBR,VBR andUBR. Differentscenariosvere
studiedby varyingthe cycle duration,peakrate of the sources
andthepacletsizes.This sub-sectiomoesacomparisorof the
behaiour of IEEE 802.11andthe self-CAC schemewith em-
phasisonthroughputandmeanwaiting time for bothCBR and
VBR traf ¢ in ahighly loadedchannel. The buffer sizefor all
the nodesis setto 10,000bytes. The cycle durationis keptat
0.1sandthepacletsizeis setto 400bytes.UDPis employedas
thetransportayerfor carryingtheCBRtrafc. All thesources
starttransmittingat the sametime. Simulationis performed
with 2 CBR sources.One sourcetransmitsat a constantrate
of 512kbpsandthe othersourceransmitsata constantrateof
256kbps Figure2 shavsthethroughpuof all o ws. Self-CAC
0 ws obtain 512kbpsand 256kbpswhile 802.11 o ws obtain
around390kbps(insteaadf 512kbps)and 256kbps. This be-
haviour of IEEE 802.11is dueto its bacloff, RTS/CTSproce-
duresandcollisions. For the sourcesvhosearrival rateis high,
the numberof paclets getting queuedalso increaseswhich
increaseghe waiting time of a paclet asthe simulationpro-
gressesBut the throughputattainedby the self-CAC scheme
remainsnearly at the peakrate of the sourcethroughoutthe
simulationasshawn in Figure2. Thisis not surprisingasthe
connectionareassigned dedicatedslot in which therewon't
be ary collisions. Thusthe throughputof a connectiononce
acceptednto thenetwork, doesnt dependnthenetwork load.
Thethroughpubf the512kbpssourceusingthe802.11scheme
is affectedaslong asthe 256kbpssources active, afterwhich
its throughputshootsup ascanbeseenn Figure2 after130s.
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Figure 3 shaws the waiting time for the paclets obsened
for the rst 400 paclets. The graphfor the self-CAC scheme
exhibitsauniformsaw-tooth gure. Thisis becaus¢hepaclets
that arrived closestto their slotswill have to wait for alesser
durationthanthe pacletsthatarrived farthestfrom their slots.
Pacletsthatarrivedaftertheslotwill nearlyhaveto wait for the
durationof the cycle to be transmittedn their slot of the next
cycle. Thusthe meanwaiting time for a connectioris roughly



half the durationof the cycle irrespectve of the network load.
Thecurvein Figure3 for the802.11schemeclearlyshavs that
802.11cannothandlethe 768 kbpstotal input rate. Hencethe
gueuescontinueto 1.
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Anothersetof simulationswvereperformedwith VBR traf ¢
alone. Thesizeof the pacletswassetto 386 bytes. An expo-
nential ON-OFFtraf c generatomwasusedasthe sourcewith
meanON period of 800msand meanOFF period of 200ms.
UDP is employed asthe transportlayer for carryingthe VBR
trafc. A total of 11 nodeswere madeto move insidethe at
topology Five of the nodesactedasVBR sourcesggenerating
traf c ataconstantate of 128kbpsduringthe ON periodand
notrafc duringthe OFF period. Five of the othernodesacted
asthe destinationfor the VBR trafc. Onenodeactedasthe
clusterhead. All the sourcesstartedtransmittingat the same
time. Figure 4 shaws the throughputcomparisorfor the two
schemedor individual connectionssa function of time. The
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following canbe obsened aboutthe measuredhroughputfor
the self-CAC scheme:
Throughputmeasuredver someintervalsis zeroor less
thanthe equialentcapacityof around118kbps.This oc-
curswhenthe sourceis in an OFF stateand not having
enoughpacletsin its queueto Il theslot.
The measuredthroughput over an interval is around
118kbps. This equalsthe equivalent capacitycomputed

by the sourceas well asthe capacityof the slot. This
meangheslotatthe sourcels completelyoccupied.
The measuredthroughput at some intervals exceeds
128kbps in spite of them being allocated less than
128kbps. This is becausehe VBR sourceggrabthe un-
usedbandwidthin othertimeslotswhich occurswhenthe
otherVBR sourcesarein the OFF state.
The throughputattainedby the VBR sourcein caseof IEEE
802.11is muchless. Thereasonis the sameasexplainedfor
CBRsources.

Anothersetof simulationswvereperformedwith UBR traf c.
Thecycle durationis keptat 0.25sandthe pacletsizeis setto
400bytes.A total of 7 nodesweremadeto move insidea at
topology Threeof thenodesactedasUBR sourcegjenerating
traf c ataconstantateof 128kbps.Threeof the othernodes
actedasthedestinatiorfor the UBR traf c. Onenodeactedas
the clusterhead. All of the sourcesstartedtransmittingat the
sametime. Sincethe nodesdo not needany QoS guarantee,
they donotperformary self-CAC proceduresThenodedrans-
mit in the 'Free Channel'asexplainedbefore. The throughput
attainedwas obsened andwasfoundto be the samefor both
IEEE 802.11andthe self-CAC scheme. Figure 5 shows the
aggrejatedmeanwaiting time computedafterevery 50 paclets
throughouthe simulationfor boththecaseslit canbeseerthat
the meanwaiting time for the self-CAC schemds almostthe
sameasof IEEE 802.11. This provesthat for lower network
loadsthe performanceof the self-CAC schemausingthe con-
tentionmechanisnis asgoodasthe |[EEE 802.11schemeThe
signi canceof thisresultwill be explainedin Sectionv1.B.2.
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Another simulation was performedwith a highly loaded
channel.A total of 17 nodesweremadeto move insidea at
topology Threeof the nodesactedas CBR sourcessending
trafc at 128kbps,three of the nodesactedas VBR sources
sendingrafc at128kbpsduringON period. TheON andOFF
periodswereexponentiallydistributedwith ameanof 0.8sand
0.2srespectiely. Two of thenodesactedasUBR sourcegien-
eratingtrafc ata constantateof 16kbps.The throughputat-
tainedby a UBR sources shovnin Figure6. It is seerthatthe
achieredthroughputis around17kbps. This graphshaws that
the throughputof the UBR sourcesdoesnt geteffectedin the



presencef high priority sourcesaslong asthereis sufcient
free channelcapacityat the middle of the cycle. The modi -
cationdoneto the IEEE 802.11schemewherebythe sources
performtheir contentionprocedureat the middle of the cycle,
doesnt affect the throughputof the nodes. The meanwait-
ing time acheved for the UBR nodesis not very good since
transmissions doneonly duringthe middle of the cycle. The
threeCBRandVBR sourcedhave adedicatedlotdueto which
their throughputand meanwaiting time is alwaysgood. The
throughputachiesedby the CBR/VBR nodesalmostequalshe
rateof transmissiomf thesourceandthemeanwaitingtime de-
pendsonthecycle duration.Thethroughpuandmeanwaiting
time patternexhibitedby thesesourcess the samerrespectie
of theloadin the network andwasalreadydiscussedbefore.
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B. PerformanceAnalysis

1) Offered Throughput: For providing Quality of Ser
vice, throughpuguaranteeshouldbe providedto connections
throughouttheir durationirrespectve of the load in the net-
work. Figure7 shaws the throughputvs normalizedoffered
loadfor anindividual connectioron a 1Mbpschannel.Nodes
transmitCBRtraf c atarateof 64kbps.The numberof nodes
is increasedand throughputis obsened for both the IEEE
802.11and self-CAC scheme. The size of the pacletsis set

to 400 bytesandthe cycle durationfor the self-CAC scheme
is setto 0.25s. It is seenthat whenthe load on the network
crosse$0 percentthethroughputperconnectiorfor the [EEE
802.11schemedrops. But, the throughputof the connection
for the self-CAC schemeemainsat nearly64kbpsirrespectie
of theloadin the network. For the self-CAC schemenew con-
nectionsareacceptedislong astheloadis lessthan0.9. New
connectionsare rejectedwhen the load exceeds0.9. For all
connectionghat passthe admissioncontrol, throughputguar
anteeis given. Theremainingl0 percentof the capacityis the
overheadncurredbecausef the self-CAC schemeandis dis-
cussedn thelatersectionsButin IEEE 802.11like ary other
contentiorprotocol thethroughpubf all theconnectionsirops
whentheloadonthenetwork increasesmakingit verydif cult
to achieve QoS guaranteesMost of the existing MAC proto-
colsin theliteratureaswell as|IEEE 802.11esuffer from this
scalabilityissue,whereinno provision is doneto protectthe
QoSof thenodeswvhentheloadin thenetwork exceedseyond
acertainvalue.

2) CycleDuration; Thecycledurationis oneof thekey pa-
rameterdor this system.f thecycletimeis settoolow, alarge
portion of the cycle time will be spenton overheadbits. If the
cycle durationis setto high, the delayfor eachpaclet might
betoo large. Therefore the tradeof is betweerost bandwidth
dueto overheadrersugdelay It wasseenn thelastsub-section
thatoncea o w hasenteredhe network, throughpuiguarantee
canbe givento the ow aslong asthe o w is active. It was
alsoseenin the previous sectionsthat the meanwaiting time
obsenedfor aconnections approximatelyhalf the durationof
thecycle. Of coursethedurationof thecycle canbereducedn
orderto getabettermeanwaitingtime for theconnectionsBut
reducingthe cycle durationincreaseghe overheadproportion
incurreddue to preamblepaclets. This aloneis not a major
limitation asthe sizeof the preamblepacletsis very small (60
bytes).But, thelesserthecycle duration,thelesserthe slotdu-
rationfor anodein thecycle. This mayincreas¢he amountof
fragmentatiordone therebyincreasinghe overheadlueto the
MAC headerTheequialentcapacitycalculationalsotakesthe
overheaddueto the MAC headeiinto considerationThus,re-
ducingthecycle durationwill reducethe sizeof the pacletsor
increasethe amountof fragmentationboth of which increases
the MAC overhead.Thiswill reducethe capacityavailablefor
transmittingusefuldatawhichin turnwill increaseherejection
ratio or reducethe numberof connectionghatcanbeaccepted
into the network.

The overheadncurredin this schemes dueto the pream-
ble pacletsthat are transmittedat the beginning of every cy-
cle andthe guardtime betweerthe slotsof every connection.
The morethe numberof users,the morethe amountof guard
time betweerslotsandmorethe capacitywasted.The capacity
wasteddueto guardslotsalsoincreasesvith decreasingycle
durations.Figure8 shows the graphwhich plotsthe overhead
and meanwaiting time vs the cycle duration. The overhead
calculateds dueto the preamblepacletsandthe guardtime as
mentionedabove for twelve usersgeneratingrafc atacon-
stantrate of 64kbps. Both the curvesseemto intersectwhen
the cycle durationis betweerD.4sand0.5s,but this is to some



degreejust anartifactof scaleschoserfor the plot. Possiblya

moreimportantconsiderations thatthe curvefor theoverhead
has attened by this point. Themeanwaiting time shovn is for

a single 64kbpsCBR source. As mentioned this shows that
themeanwaiting time for a connectiorlargely depend®n the

durationof the cycle time choosenWhenthe cycle durationis

0.025s,the meanwaiting time acheved by the connectionss

aroundl2mswhich is very goodfor voicetrafc [10]. It was
foundthatthemeanwaitingtime in caseof IEEE802.11is less
whentheloadis light. Whentheloadincreasedo around65

percenttheperformancealropsandwaitingtimesgrow without

bound.
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A major bene t of this approachis that this schemecould
be implementedto usethe bestof both self-CAC and IEEE
802.11. The nodein the self-CAC schemehasthe option of
reservingoandwidthor canoccupy thefreechannebtthemid-
dle usingthe IEEE 802.11contentionprocedures.Whenthe
load in the network is light, the durationof the free channel
is large and thus the nodescan attain their requiredthrough-
putandmeanwaiting time without doingary resenation. This
wasevidentin Figure5. Whentheloadincreasessourcescan
switchto slottedresenations. Thusit is possibleto usethebest
of bothschemeslependingn the stateof thenetwork. During
low loads,the contentiorbasedapproactwould be used.

3) Utilization: Anotherimportantperformancaneasurds
the utilization of the network which is the total fraction of the
capacityutilized for sendingusefuldata. The factorsthat re-
ducethe throughputof the systemare the numberof control
paclets, bacloff schemestc, sinceduring thoseperiodsdata
pacletsare not transmitted. This sectionanalyzegshe utiliza-
tion of the network for the self-CAC scheme. The duration
of the slot resened is proportionalto the equivalentcapacity
of the application. For a CBR source the equivalentcapacity
is the peakrate of the source. The slot for a CBR sourceis
alwaysoccupiedandhencethe utilization of the network dur-
ing a CBR slotis high. But for a VBR source the equivalent
capacitycomputations not alwaysexactly equalto thetraf ¢
transmittedby the sourceandit hassomeapproximationsn it
[23]. The samewasalsomentionedn the previous sections.
Thereis a possibility that the slot may go idle dueto which
the channelcapacitymay go wasted. As alreadymentioned,

whenaVBR nodedoesnt have anything to transmitin its slot,
it invites the othernodesto sendtrafc in its slot. The other
VBR nodescompeteamongthemselesfor the slot. Figure9
shavs themeanwaiting time comparisorof a connectiorwith
and without this scheme. The gure shown is for ve VBR
sourcegransmittingat 128kbps. The cycle durationis setto
0.25s. It canbe seenthat the achieved meanwaiting time is
betterusing this invitation scheme. The achiesed throughput
for the connectiorwasfound to be almostthe samewith and
without the schemeproving the effectivenesf the equivalent
capacitycomputation.The meanwaiting time achievedis sig-
ni cantly betterusingthe invitation scheme.This is because
whenthe sourceis in the ON state,it transmitsatits peakrate.
It is known thatthe channelallocatedto a VBR sourceis less
thanthe peakrate of the sourceandis equalto the equivalent
capacitycomputedn [23]. So,whenthe sourceis in the ON
period,the queuestartsto build slowly. Whenthe sourcegoes
to the OFF period,the pacletsin the queuegetsdrained.
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WhentheVBR sourcesaremadeto occupy theunusedslot,
the throughputand meanwaiting time improvesdramatically
Thisis becaus¢hepacletsthatwerenottransmittedn thecur-
rentcycle donothaveto wait till the next cycle. Whenanother
VBR sourceis in the OFF state,this sourcehasthe oppurtu-
nity to grab the channeland transmitthe remainingpaclets
in the queue. Thusthe queuedoesnt build up asmuchasin
the casewithout the invitation scheme. Figure 10 shows the
bandwidthwastedwith andwithout this schemdor ve VBR
sourcegransmittingat 128kbps. The cycle durationis setto
0.1sfor this case. The gure shawn is the bandwidthwasted
dueto a single connection. The amountof bandwidthwasted
is measuredfterevery secondwhichin this casds tencycles.
Thisresultshaving a betterbandwidthutilization usingthein-
vitation schemds not surprising. This is becausewithout the
invitation schemethewhole slotwill go unusedvhenaVBR
sourcedoesnot have anything to transmitin its slot. Thein-
terestingthing to noteis thatthereis somebandwidthwastage
evenin the presencef the invitation scheme.Let's seewhy
this happens.

Bandwidthwastageccursdueto thefollowing reasons:

Insufcient numberof pacletsin the slot, but sufcient
enoughto Il the slot in sucha way that the remaining
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durationin theslotis not sufcient for the othernodesto
utilize effectively.
Occurencef collissionwhenmorethanonenodetriesto
access slot left by a VBR sourcewhich is in the OFF
state.
A sourcewill invite the othernodesto transmitonly if there-
maining slot hassufcient time to transmita pre-determined
numberof bitsin its slot.

4) Goodput: Goodputis de ned asthe percentagef total
channelcapacityutilized for sendingdatatrafc. The control
paclets,guardslots,headeoverheadcandanything thatutilizes
the channelfor not sendingthe datapacketsare omittedfrom
the goodputcomputation. The cycle durationfor the good-
put simulationis keptat 0.25s. Figure 11 shavs the goodput
achievedfor CBRtypeof sourceslt canbeseerthatthegood-
putachievedin caseof self-CAC schemegoesto ashigh as80
percentwhentheloadin thenetwork is slightly morethan0.94.
The new connectionswill berejectedafterthe loadin the net-
work crosse®.94. The goodputfor the IEEE 802.11scheme
doesnt exceed65 percent. Another simulationis performed
with a equalnumberof CBR, VBR and UBR sources. The
load in the network is increasedandthe goodputis obsened
for the self-CAC and IEEE 802.11scheme.Figure12 shavs
the goodputachiered for both the schemeswith 95% con -
denceinterval. It canbe seenfrom the graphthatthe achieved
goodputusingtheself-CAC schemas better For theself-CAC
schemethe achieved goodputfor mixedtrafc is lesserthan
theachiezedgoodputfor CBR sourceslone.Thisis dueto the
presencef VBR/UBR traf c andthe approximationdonefor
theequivalentcapacitycomputatiorof VBR traf c.

Thefactorsthataffectthe goodputare

Overheaddueto header
Overheaddueto preambleandguardslots
Overheadlueto self-CAC scheme
Overheadlueto invitation scheme

The expressiongor theabove parameterareasfollows:

Let the overheaddueto MAC headebe'x' bits. Overhead
dueto MAC headersn acycleis givenby:
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where,
is thetotal numberof connectionsequiringQoS
is theaveragenumberof pacletsfor the  connection
in acycle andis givenby:

where,
- is theequivalentcapacityof ~ connection
- is thepacletsizeof  connection
Overheaddueto preambleguardslotsand MAC acknawl-
edgemenpacletsis givenby:

where,
is the time taken for the acknavledgementproce-
duredn self-CAC, whichincludeghetimetakenfor send-
ing the transmissiorcompleteandthe acknaviedgement
messagesThis proceduras doneonceperslot percycle.
is the time taken for sendinga PREAMBLE
paclet
is thedurationof DIFS
is thechannekapacity
Overheaddueto admissioncontrolassuminghatno collis-
sion of RTS packetsoccurduring admissioncontrol, is given



by:

where,
is thetime takenfor CAC Procedure
Thusthetotal overheaddueto non-datgpacletsis:

Another parameteiaffecting the goodputis the bandwidth
wastageadueto theemptyVBR slots.A VBR sourcenvitesthe
othersourcedo take upits slot. Bandwidthis wastedvhenthe
othernodesfail to acquirethe slot dueto collission. Thereis
alsoasmalloverheaddueto theexchangeof RTS/CTSpaclets
whentheslotis successfullyacquired For simplicity, thisanal-
ysisassumethatthe pacletis sentatthebeginning
of thecycle.

Whencollisisonoccurs bandwidthwasteds givenby:

where,
is the probability that the slot is unusedby the
VBR source.
is the probabilitythata collissionoccurswhenother
nodegry to acquirethechannel.
is thedurationof theslotwasted.
Collissiondoesnot occurwhenthe randombacloff valueof a
nodeis lowerthanthatof all theothernodesi.e..

where'n' is the numberof nodestrying to capturethe slot.
Thisis equivalentto comparingtwo uniformly distributedran-
domvariablesX andY which have bounds[a,b] and[a,d] re-
spectvely. Collissionoccurswhenary two (atleast)random
variablesareequal.

is givenby:

where,
is the probabilitythatthe sourceis idle
is the probability thatno pacletsarebacklogged
for this cycle.
The higherthe numberof VBR sources the higheris the
valueof of aVBR sources givenby:

where,
is the OFF periodof the VBR sourceand
is the ON periodof the VBR source.
is proportionalto the probability of this nodebeing
successfuih grabbingtheunusedslot ( ) in theprevious
cycles.For anode'j', is givenby:

where
is the probability that the slot of the
empty
is the probability that nodej wins the contentionand
canbetakenas—— for simplicity.

Thegrabbedslot shouldbe big enoughto transmitthe back-
loggedpaclets. This depend®n the equivalentcapacityof the
other sourceswhich in turn dependson the trafc character
istics, buffer lengthandits acceptablgaclet loss probability.
The maximumnumberof pacletsthat are newly backlogged
during a given cycle whenthe nodeis ON andnot successful
in grabbingthe unusedslot left by otherVBR sourcess given

by:

sourceis

paclets
where, is the rate of the VBR sourceduring ON pe-
riod.

Whena nodeis successfuin acquiringthe freechannelthe

overheaddueto IEEE 802.11proceduress givenby:

where,
is thetime takenfor sendingtheinvite paclet
is thetime takenfor the bacloff
, and arethetime takenfor RTS,CTS
andACK pacletsrespectielyi including SIFS.
Sothetotal bandwidthwasteddueto emptyVBR slotsis

VIIl. SOLUTION FOR MULTI HOP AD HOC NETWORKS
AND FUTURE WORK

Providing Quality of Servicein Ad Hoc networksis a multi-
layer issue. Mechanismgrovided at the MAC layer helpin
achieving QoSover the nodesthatarein the sensingangeof
eachotheror in a cluster But whenthe sourceand destina-
tion doesnot lie in the samecluster anef cient routing proto-
col thatusesthetrafc engineeringrinciplesfor selectingthe
optimumpathis required.This sectionattemptgo provide di-
rectionsfor integratingthe self-CAC schemewith the routing
layertherebyproviding acompletesolution.

DSR[24] is choserastheroutingprotocolbecausef its re-
ducedoverheadnessagesdaptabilityto nodemovementsand
its inbuilt sourceroutingwhichis anaturalchoicefor traf c en-
gineering.DSRis proposedor ageneratopology Themodel
athandis clusterbasedwhereevery nodeinsidethe clusteris
in thesensing-angeof every othernode.DSRshouldbe modi-
ed for aclusterbasechetwork aswell asto supportQoS.The
modi ed DSRis explainedbelow:

All of the nodesin the clusterare assigneda multi-castad-
dress.Whena sourceneeddo senda pacletto the destination,
it originatesa route discovery messageandif the destination
liesin the samecluster aroutereply messagevill be sentim-
mediately Otherwisethe messagés routedbetweenclusters
throughbordernodes. The bordernodeof a clusterafter re-
ceiving the routediscovery messagevaits for a speci edtime
(during this time, the bordernodewill listenin promiscuous



modeto seewhethera routereply paclet is sentby arny node
of this cluster)andthenbroadcastshe routediscovery paclet
to the adjacentclusterstherebyappendingts clusters multi-
castaddress.If aroutereply pacletis sentby ary nodesof
the cluster the bordernodeswill not ood the route discov-
ery message Oncea bordernodedeceidedo ood theroute
discovery messagét appendsts multicastclusteraddresso
the routediscovery paclet. DSR hasa _ el inits
route discovery messageéby which duplicateroute discovery
messageareidenti ed andeliminated.Apart from that,when
a bordernodeof a clusterreceves a route discovery packet
from the bordernodesof otherclusters,it checksto seeif the
routediscorery messagalreadycontainsts multicastaddress.
If it doestheroutediscoverypacletis discardedinceit would
containaloop. Otherwisetheroutediscovery pacletis broad-
castedinto its cluster This processs repeateduntil the des-
tinationis reached.Whenthe destinationin a clusterreceves
theroutediscorery messageit copiesall the clusteraddresses
from theroutediscovery paclet andalsoappendsts multicast
clusteraddresdnto the route reply paclet and sendsit back
to the source. The sourcedoessourcerouting by specifying
a seriesof multicastaddresse its datapacket. Whenthe
bordernodeof theclusterrecevesthe paclet, it multicaststhe
paclet usingthe multicastclusteraddressn the paclet. When
the pacletreacheshe destinatiorcluster the pacletis sentdi-
rectly to thedestination.Theadwantageof this approachis that
routebreakages lesssincearoutebreakageccursonly if the
clustersmove out of rangeof eachother If the bordernodes
in aclustermove,therewill beanothemew bordernodewhich
can receve the paclet sinceit also belongsto the multicast
group(cluster). Whena nodeknows the multicastIP address,
theMAC addressanbeeasilyfoundby keepingthelow order
28 bits of the IP addressasthe MAC addressand settingthe
multicastbit of the MAC addresdo 1. This mechanisnshould
work reasonablywell for our caseof ad hoc networks where
theinter-clustermovements limited.

For supporting QoS, the DSR route discorery message
shouldcarry the bandwidthinformationof the clusters.When
a cluster nds that the bandwidthcontainedin the route dis-
covery messageés greaterthanthe available bandwidthin its
cluster it updategheavailablebandwidth eld in theroutedis-
covery packetwith the availablebandwidthin its cluster Thus
the routereply paclet will containthe leastbandwidthavail-
ableon its pathto the destination. Thusthe sourcewill have
in its cacheall of the availablepathsto the destinationraswell
as bandwidthavailability information. When a sourceneeds
to transmita paclet to a destinationthe cacheis checled for
availablepathssatisfyingthe bandwidthrequirementsOne of
thepathscanbeselectedvith equalprobability, sothatnotany
onepathwill beoverly loaded.Any of thesourceroutingalgo-
rithms employing traf c engineeringcanbe madeuseof [25].
For thebesteffort traf c, thedurationof thefreechannein the
clusterdrom thesourceto thedestinatiorcanbe usedto select
the optimum path. After the routeis discorered,a bandwidth
requesimessageanbesentin thediscoreredpathwherebyall
the nodesin the path cando a self-admissiortestaswell as
updatethe total equivalentbandwidthavailablein thatcluster

Thenodewill alsocalculateits slotdurationaswell asits posi-
tion in thecycle. If the connectiorcanbe acceptedit is given
a _ andall the subsequenpaclketsof this connec-
tion shouldhave the _ . Thisis donesothatif a new
bordemodeis electedthenit shouldhave all information(Slot
duration, Slot time in the cycle) to transferthe datapaclets
of that connection.Once,the connectionis acceptedthe CH
broadcastshe ACK paclet piggybackingthe new connection
information. The connectioris releasedf a nodesendsa con-
nectionterminatemessager if the bordernodedoesnot hear
arything from the sourcefor someamountof time. Ef cient
mechanismsre neededor inter-clustercommunication.De-
pendingon the mobility in the cluster the bordernodeskeeps
changing.Due to the natureof the self-CAC schemecontrol
informationexchangebetweertheold andthenew bordemode
is not necessaryBut the communicatiorbetweerthe different
bordernodesneedsto be determined. The bordernodescan
be consideredasa separateluster but sincethe bordernodes
keepschangingthisviolatesthebasicassumptiorstatecearlier
thattheself-CAC schemas ef cient in adhocnetworkswhere
the inter-clustermovementis limited. So, eithera polling or
RTS/CTS mechanismsan be employed betweenthe border
nodeswithout affectingthe QoS.

VIIlI. CONCLUSION

A methodfor achieving QoS guaranteest the MAC layer
is proposed. QoS at the MAC layer is achieved by making
thenodespossesshe self-admissiorcontrol capability Rigor-
oussimulationstudyis doneto validatethe proposedscheme.
Performancemetricssuchasthroughput,meanwaiting time,
paclet loss, and utilization are comparedand analyzedwith
the IEEE 802.11scheme. A multi-layer solution for provid-
ing Quality of Servicein multi-hop Ad Hoc networks is also
proposed.

It is shavn with this new schemethat QoS guaranteesan
begivento theexisting connectionsn thenetwork irrespectve
of the load in the network. The measuredhroughput,mean
waiting time and utilization is virtually equivalentto that of
the IEEE 802.11schemeduringlow loadsandis signi cantly
betterthanthat of IEEE 802.11schemewhentheloadin the
network is high. The performancef the [IEEE 802.11scheme
during low loadsis very good. Whenthe loadin the network
becomedigh, the performancef IEEE 802.11drops.A node
canusethebene tsof the|EEE 802.11schemevhentheload
in the network is low andusethe new self admissionscheme
whentheloadin the network is high.

Eventhougha clusterbasedapproachs usedtheprotocolis
designedn suchaway thattheamountof informationa cluster
headhasto maintainis verylow. All thenodesn theclusterare
synchronizedvith theinformationaboutthenetwork. Thepro-
posednethods bene cialto thetypeof adhocnetworkswhere
the nodesmove togetherasa groupandwherethe movement
of nodesbetweengroupsis low. The schemeproposedat the
MAC layercouldalsobeusedin wirelessLAN' s for achieving
Quality of Service.
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