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Abstract– As mobilecomputinggainspopularity, the needfor ad hoc rout-
ing protocolswill continueto grow. Therehave beennumeroussimulations
comparingtheperformanceof theseprotocolsundervaryingconditionsand
constraints.Onequestionthat arisesis whetherthe choiceof MAC protocol
affectsthe relative performanceof the routing protocolsbeingstudied.This
paperinvestigatestheanswer to that questionbysimulatingtheperformance
of threeadhoc routing protocolswhenrun over differentMAC protocols.It
is determinedthat the choiceof MAC layer protocoldoes,in fact, affect the
relative performanceof the routing protocols.

I. INTRODUCTIONAND MOTIVATION

Thenumberandvarietyof wirelessdevicesandapplications
hasdramaticallyincreasedwithin thepastfew years.As these
productsbegin to permeatethe marketplace,the needto pro-
vide communicationbetweenthem is becomingincreasingly
important.In aneffort to establishandmaintainroutingpaths
in thesead hoc mobile networks,numerousunicastandmul-
ticastroutingprotocolshave beendesigned.To determinethe
relativemeritsof theprotocols,therehaverecentlybeeninves-
tigationscomparingtheperformanceof theseprotocolsunder
variousconditionsandconstraints[2], [4], [7], [10].

Therehasbeensomediscussionas to the correctMedium
AccessControl(MAC), or link layer(level-2of theOSI refer-
encemodel),protocolto usefor channelaccesswhenperform-
ing thesesimulations.Many earlyprotocolsimulationsutilized
theCarrierSenseMultiple Access(CSMA) protocol[9]. Since
theadventof theIEEE802.11protocol[5], however, mostpro-
tocol evaluationshave electedto run over this channelaccess
protocol,sinceit providesbothpreventionanddetectionof the
hiddenterminalproblem[16].

It is the intentof this paperto comparetheperformanceof
differentadhocroutingprotocolsto determinewhetherthese-
lectionof theMAC layeraffectstherelativeperformanceof ad
hoc routing protocols. It is likely that theperformanceof the
protocolswill be bestwhenrun over IEEE 802.11,dueto its
channelacquisitioncharacteristics.However, the questionis
whetherprotocolsdegradeproportionatelyto eachotherwhen
runovertheotherMAC layerprotocols.To determinewhether
theselectionof MACprotocolis afactorwhencomparingrout-
ing protocols,thispaperexploresthebehavior of differentuni-
castroutingprotocolswhenrunovervaryingMAC protocols.

The remainderof this paperis organizedas follows. Sec-
tion II providesan overview of eachof the routing protocols
usedin thestudy. SectionIII thenin turn describeseachof the

MAC protocolsto beutilized. Thesimulationenvironmentis
describedin SectionIV-A, andthentheresultsarepresentedin
SectionIV-B. Finally, SectionV concludesthepaper.

II. ROUTING PROTOCOLS

To analyzetheeffectsof MAC protocols,threeadhocrout-
ing protocolsareselectedfor study. The �rst is the Wireless
RoutingProtocol[11], which is a distancevectortable-driven
protocol.Table-drivenprotocolsperiodicallyexchangerouting
tableinformationin anattemptto maintainanup-to-dateroute
from eachnodeto everyothernodein thenetwork atall times.

The secondprotocol studiedis the Fisheye StateRouting
protocol [12]. This protocol is a variation on the basiclink
statetable-drivenalgorithm,wherebyupdatemessageentries
areexchangedbetweennodesatdifferentfrequencies,depend-
ing on their distancefrom eachother. Routinginformationfor
a node's immediateneighborhoodis keptthemostup-to-date,
while thatfor nodesfurtherawayis lessaccurate.Thismethod
helpsreducethe table size in routing table exchangeswhile
still maintainingroutesto eachnetwork node.

Finally, the Ad hoc On-DemandDistanceVector Routing
protocol[13], [14] is includedasanexampleof anon-demand
protocol. On-demandprotocolsonly establishrouteswhen
they are neededby a sourcenode, and only maintain these
routesaslongasthesourcenoderequiresthem.

Thefollowing sectionsprovideoverviewsof theprotocols.

A. WirelessRoutingProtocol

TheWirelessRoutingProtocol(WRP)[11] maintainsrout-
ing information throughthe exchangeof triggeredand peri-
odic updates. When a node noticesa link break with one
of its neighbors,it broadcastsan updatemessagecontaining
thedistanceandsecond-to-lasthop informationfor eachdes-
tination for which the routing informationhaschanged.The
second-to-lasthopinformationis usedto reduceroutingloops.
A neighboringnodereceiving anupdatemessagemodi�es its
distancetableentriesandchecksfor new pathsthroughother
nodes.Any new pathsarerelayedbackto theoriginal nodeso
thatroutingconsistency is maintainedthroughoutthenetwork.
Furthermore,anodesuccessfullyreceiving anupdatemessage
transmitsanacknowledgmentbackto thesender, indicatingthe
link is still viable.



In theeventthata nodehasnot transmittedanything within
a speci�ed periodof time, it must transmita Hello message
(insteadof exchangingtheentireroutetable)to ensureconnec-
tivity. Otherwise,the lack of messagesfrom a nodeindicates
thefailureof thatlink. Whena nodereceivesa Hello message
from a new node,it sendsthat neighbora copy of its routing
tableinformation.

B. FisheyeStateRouting

Fisheye StateRouting(FSR)[12] is a variationof link state
table-drivenrouting which maintainsa topologymapat each
node. To reducethe overheadincurred by control packets,
FSR modi�es the link statealgorithm in threeways. First,
link statepacketsarenot �ooded; only neighboringnodesex-
changelink stateinformation.Second,thelink stateexchange
is time-triggered,notevent-triggered.Finally, insteadof trans-
mitting all routingtableinformationateachiteration,FSRuses
differentexchangeintervals for differententriesin the table.
More precisely, entriescorrespondingto nodesthatarenearby
(within a prede�nedscope) arepropagatedto neighborsmore
frequentlythanentriesof nodesthatarefar away. Thesemod-
i�cations reducethe control packet sizeandthe frequency of
transmissions.As a result,FSRscaleswell to largenetworks
sincelink stateexchangeoverheadis kept low. As mobility
increases,routinginformationfor remotedestinationsmaybe-
comelessaccurate;however, asa packet travels nearerto its
destination,it is forwardedby nodeswith increasinglymore
accurateroutinginformation.

C. AdhocOn-DemandDistanceVectorRouting

TheAd hocOn-DemandDistanceVector(AODV) Routing
protocol[13], [14] is anon-demandroutingprotocolwhichuti-
lizesa routediscoverycycle for theestablishmentof routes.A
nodedesiringa routeto somedestinationbroadcastsa Route
Request(RREQ)packet acrossthe network. Wheneitherthe
destinationor anintermediatenodewith a currentrouteto the
destinationreceivestheRREQ,it respondsby unicastingto the
sourcenodea RouteReply(RREP).Oncethesourcenodere-
ceivesthe RREP, it canbegin usingthe routefor datapacket
transmissions.

Routemaintenancein AODV takes the form of RouteEr-
ror (RERR)messages.Whena link breakin an activeroute
occurs,the nodeupstreamof thebreaksendsa RERRto any
upstreamneighborswhich were using that link to reachthe
destination.The RERRmessagelists eachdestinationwhich
is now unreachabledueto thelossof the link. Whena source
nodereceivesaRERRmessage,it mayre-initiateroutediscov-
ery if it still requirestheroute.

III. MAC PROTOCOLS

TheMAC protocolsselectedfor this studyrepresenta pro-
gressionin protocoldevelopment. Eachonebuilds uponthe

TABLE I

SUMMARY OF MAC PROTOCOLS

Protocol Mechanism
CSMA CSMA
MACA PSMA/RTS/CTS
FAMA CSMA/RTS/CTS

IEEE 802.11DCF CSMA/CA/RTS/CTS/ACK

previousonethroughtheadditionof eithercontroloverheador
carriersensingin orderto mitigatetheeffectsof thehiddenter-
minal problemandachievebetternetwork throughput.TableI
summarizesthemechanismof eachMAC protocolincludedin
thestudy. Packet sensing(PSMA) impliesthatcarriersensing
is not performedbeforepacket transmissions.The following
sectionsdescribeeachof the MAC protocolsutilized in this
evaluation.

A. Carrier SenseMultiple Access

TheCarrierSenseMultiple Access(CSMA) [9] protocolis
themostprimitiveof theMAC protocolsutilized in this study.
TheCSMA versionusedis non-persistentCSMA. In this pro-
tocol,a nodesensesthechannelfor ongoingtransmissionsbe-
foresendingapacket. If thechannelis alreadyin use,thenode
setsa randomtimer andthenwaits this periodof time before
re-attemptingthetransmission.Ontheotherhand,if thechan-
nel is not currentlyin use,thenodebeginstransmission.

B. Multiple Accesswith CollisionAvoidance

TheMultiple Accesswith CollisionAvoidance(MACA) [8]
protocol improves upon CSMA by taking stepstowards the
avoidanceof the hiddenterminalproblem. The protocolde-
�nes Request-To-Send(RTS) andClear-To-Send(CTS) con-
trol packets to announcean upcomingtransmission.A node
wishing to senda datapacket broadcastsa RTS messagecon-
tainingthe lengthof thedataframethatwill follow. Uponre-
ceiving theRTS, thereceiver respondsby broadcastinga CTS
packet which also containsthe length of the upcomingdata
frame. Any nodehearingeitherof thesetwo control packets
mustbesilent long enoughfor thedatapacket to betransmit-
ted. In this way, neighboringnodeswill not transmitduring
thedatatransmission,andthenumberof collisionsis reduced.
Fig. 1 illustratesthe basicidea behindthe RTS/CTScontrol
messages.WhenSbroadcaststheRTSmessage,bothnodesA
andB receive it anddelaytheir transmissionattempts.Simi-
larly, whennodeD respondswith a CTS,nodesB andC also
receive theCTSandaresilentduringthedatatransmission.

In theevent that two nodessendsimultaneousRTS frames
to thesamenode,theRTStransmissionscollideandarelost. If
this occurs,thenodeswhich senttheunsuccessfulRTS pack-
etsseta randomtimerutilizing thebinaryexponentialbackoff
algorithmfor thenext transmissionattempt.
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Fig. 1. Effectof RTS/CTSControlMessages.

C. Floor AcquisitionMultiple Access

TheFloorAcquisitionMultiple Access(FAMA) variantuti-
lized in this study is FAMA-NTR (Non-persistentTransmit
Request)[6]. FAMA-NTR builds upon the MACA protocol
by addingnon-persistentcarriersensingto the RTS-CTSex-
change.Beforetransmittinga RTS frame,a node�rst listens
to thechannelto determineif it is alreadyin use.If thechan-
nel is busy, thenodecalculatesarandombackoff periodto wait
beforesensingthechannelagain. Theadditionof this carrier
senseto thecontrolpacket exchangeaidsin thepreventionof
controlpacketcollisions.

D. IEEE 802.11DCF

TheIEEE 802.11MAC protocolspeci�esaDistributedCo-
ordination Function (DCF) [5] which is basedon the same
RTS/CTSmessageexchangefor unicastdatatransmissionsas
thepreviousMAC protocols.Where802.11differs,however,
is in its useof collision avoidancebeforeRTS transmission,
and its requirementof an acknowledgment(ACK) transmis-
sion by the receiver after the successfulreceptionof the data
packet. The inclusionof the ACK allows immediateretrans-
missionif necessaryby verifying thatthedatapacketwassuc-
cessfullyreceived. In thecaseof nodemobility, theACK may
also aid in the detectionof hidden-terminalinterferencethat
wasnotdetectablewhentheCTSmessagewassent.

IV. SIMULATIONS

A. SimulationEnvironment

ThesimulationswereperformedusingtheGloMoSimNet-
work Simulatordevelopedat UCLA [1]. This simulatormod-
elstheOSIsevenlayernetworkarchitectureandincludesmod-
elsof IP andUDP routing. Thesimulatoralsoallows for net-
work nodemobility, therebyproviding for simulationof mo-
bile adhocnetworks.

Nodemovementis modeledby therandomwaypointmobil-
ity model[2]. Nodesmove at a speedbetween0 and10m/s.
When the nodearrivesat its randomlychosendestination,it
restsfor somepausetime. It thenchoosesa new destination

TABLE II

PARAMETER VALUES

Parameter Value
WRP HELLO Interval 1 sec

Max AllowedMissedHELLOS 4
UpdateACK TimeoutInterval 1 sec
RetransmissionTimer 1 sec
RetransmissionCounter 4

FSR Scope 2 hops
HELLO interval 5 sec
Max AllowedMissedHELLOS 3
INTRASCOPE UPDATE interval 5 sec
INTERSCOPE UPDATE interval 15sec

AODV HELLO Interval 1 sec
Max AllowedMissedHELLOS 3
RETRANSMIT TIME 750msec

andbeginsmoving onceagain.Thepausetimesarevariedbe-
tween0 and300seconds.EachMAC protocol/routingproto-
col/pausetime combinationis run for � ve differentinitial net-
work con�gurations.

Eachrun is executedfor 300 secondsof simulation time
andmodelsa network of 100nodesin a 1500m� 1500marea.
Eachnodehasa transmissionradiusof 250m. The propaga-
tion modelis the freespacemodel[15] with thresholdcutoff.
This modelhasa powersignalattenuationof �	��

� , where 
 is
thedistancebetweennodes.Theradiomodelalsohascapture
capability, wherebya nodemay successfullyreceive a packet
even in thepresenceof noise. Thereare20 datasessionsbe-
tweenrandomlyselectedsourcesanddestinations.Theband-
width is 2 Mb/s, thedatapacket sizeis 512bytes,andpackets
aresentata rateof four persecondby eachsource.

TableII showstheparametervaluesusedfor theroutingpro-
tocolsin theexperiments.Themajorityof theparametervalues
for WRPweretakenfrom thosesuggestedby thedesignersof
theprotocolandspeci�edin [11]; however, a few of thevalues
weremodi�ed to maximizeWRP'sperformancein thesimula-
tion environment.Thetimervaluesweresetsoasto sendmore
frequentconnectivity updatesbut lessfrequentretransmissions
thansuggested.Theformermodi�cation is neededbecauseof
thehighmobility speedin theexperiments,andthelatteris due
to thefactthatwith theMAC protocolsselected,retransmitting
at twicetheroundtrip timewould�ood theMAC buffer, in ad-
dition to causingunnecessarycollisionswith crosstraf�c in the
channel.

UsingtheFSRprotocol,a nodeincludesin its routeupdate
messageentriesfor nodesoutsideits scopeevery Interscope
updateinterval. Entriesfor nodesinsidethescopeareincluded
in everyupdatemessagetransmission.Notethatthe Interscope
updateinterval is muchlargerthanthatof Intrascopeupdate.



WhenAODV is run over IEEE 802.11,Hello messagesdo
notneedto beuseddueto theMAC layerfeedbackof unreach-
ablenext hops.Whencombinedwith theotherMACprotocols,
however, Hello messagesareneededsincesuchfeedbackis not
available. WhenHello messagesareused,a nodetransmitsa
Hello onceeachsecondaslong asthenodehasnot broadcast
any othercontrol messagesduring the previous second.Ad-
ditionally, promiscuouslisteningmodeis enabledfor AODV
whenever Hello messagesare utilized. This allows AODV
to determinemore quickly when link breakshave occurred.
TheRETRANSMIT TIME valuein TableII is themaximumal-
lowabletime betweenpromiscuousreceptionsof datapackets
from neighborsonactivepaths.

B. Results

To determinewhetherthe selectionof MAC protocolsaf-
fectstherelativeperformanceof theprotocols,threeresultsare
examined:thenumberof datapacketsreceivedby their desti-
nations,thecontrolpacket overhead,andthenormalizedrout-
ing load.Thecontrolpacketoverheadis computedby counting
thenumberof hop-wisecontrolpackettransmissions.Thenor-
malizedrouting load is calculatedby taking the total number
of per-hop control packet transmissions,anddividing this by
thenumberof datapacketssuccessfullydeliveredto their des-
tinations.

Fig.2 illustratesthenumberof datapacketsdeliveredto des-
tinationsin eachof thenetworks.Therelativeperformancesof
WRP and FSR remainsfairly constantwhile that of AODV
tendsto vary by the MAC protocol used. When run over
CSMA, WRPperformsbestfor thehighermobility scenarios;
however, while using IEEE 802.11,AODV outperformsthe
otherprotocols.Theprotocolsachievenearlythesamenumber
of delivereddatapacketswhencombinedwith theMACA and
FAMA protocols,with AODV performingslightly betterusing
the FAMA MAC protocol. The protocolshave betteroverall
performanceusing CSMA than using MACA or FAMA be-
causeof theRTS/CTSmessages.MACA sourcestransmitRTS
packetswhenever they have a datapacket to sendwithout �rst
sensingthechannel.This resultsin an increasein packet col-
lisions andhencedecreasedthroughput.The collision avoid-
ancemechanismincorporatedinto IEEE 802.11for the trans-
missionof RTS packetsaidsin thereductionof thenumberof
collisions. Consequently, moredatapacketsreachtheir desti-
nations.Furtheranalysisof theMAC protocolsunderUDPcan
befoundin [3].

The numberof hop-wisecontrol packet transmissionsdur-
ing eachsimulationis shown in Fig. 3. BecauseFSRusespe-
riodic messagingregardlessof theunderlyingMAC protocol,
theamountof controloverheadgeneratedby this protocolre-
mainsrelatively constantover thedifferentsimulations.WRP
hasbothtriggeredandperiodicupdates,andhencetheamount
of controloverheadincreasesasmobility increases(i.e.,asthe

0 50 100 150 200 250 300
0

5

10

15

20

25

Pause Time (s)

P
ac

ke
ts

 D
el

iv
er

ed
 (x

 1
03 )

WRP 
FSR 
AODV

(a)CSMA

0 50 100 150 200 250 300
0

5

10

15

20

25

Pause Time (s)

P
ac

ke
ts

 D
el

iv
er

ed
 (x

 1
03 )

WRP 
FSR 
AODV

(b) MACA

0 50 100 150 200 250 300
0

5

10

15

20

25

Pause Time (s)

P
ac

ke
ts

 D
el

iv
er

ed
 (x

 1
03 )

WRP 
FSR 
AODV

(c) FAMA

0 50 100 150 200 250 300
0

5

10

15

20

25

Pause Time (s)

P
ac

ke
ts

 D
el

iv
er

ed
 (x

 1
03 )

WRP 
FSR 
AODV

(d) IEEE802.11DCF

Fig. 2. DataPacketsDelivered.
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Fig. 3. ControlPacket Overhead.
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Fig. 4. NormalizedRoutingLoad.



pausetime becomesshorter).AODV is theonly protocolsig-
ni�cantly affectedby theMAC layer. Whenrun over CSMA,
MACA andFAMA, AODV mustutilize Hello messagesin or-
derto maintainconnectivity. Henceit is expectedthatthenum-
ber of control messagesin thesesimulationsis greaterthan
in the IEEE 802.11simulation. Additionally, the amountof
controloverheadgeneratedby AODV is directly relatedto the
numberof routesit is maintaining.Becausetherearesomany
packet collisionswhenutilizing theCSMA MAC layerproto-
col, AODV is not ableto maintainasmany routes.Hencethe
control overheadis lower for this simulation. As the number
of routesAODV attemptsto maintainincreases,however, the
amountof controltraf�c generatedsimilarly increases.

Thenormalizedroutingload(NRL) is a measureof aproto-
col's ef�ciency. This measureis importantbecauselink layer
protocolsin adhocnetworksarecontention-based.This result
is shown in Fig. 4. WRPconsistentlyhasa greaterNRL than
FSR,andhasgreaterNRL thanAODV in all but a few cases
of CSMA. The ratio of control messagesgeneratedby WRP
andFSRremainsapproximatelyconstantregardlessof theun-
derlying MAC protocol. Note the variationin � -axis scaling.
The NRL quantitative measurevariesbecausethe throughput
of WRPandFSRis dependentupontheMAC protocolsused.
Hence,this metric aids in the analysisof how ef�ciently the
routing protocolsutilize routing packetsto deliver datapack-
ets. AODV is most ef�cient when usedwith IEEE 802.11.
Thisresultis expectedsinceAODV doesnotneedHello packet
transmissionswhencombinedwith IEEE 802.11.

V. CONCLUSIONS

This paperhaspresenteda performancecomparisonof the
WRP, FSR,andAODV routingprotocolswhencombinedwith
varyingMAC protocols.Therelativeperformanceof theWRP
andFSRprotocolsdoesnot show notablevariationwhenrun
over the different MAC protocols. Neither routing protocol
requiresoperationalchangesdependentupon the underlying
MAC protocol, and the resultsshow that their relative per-
formanceremainsapproximatelyconstant. This leadsto the
conclusionthattable-drivenprotocolsactsimilarly with differ-
entMAC protocols,althoughfurtherstudyof additionaltable-
drivenprotocolsis neededto validatethis conclusion.

BecauseAODV requiresperiodicHellomessagingwhenrun
overlink layerprotocolsthatdonotprovidefeedbackwhenthe
next hopis unreachable,theamountof controltraf�c generated
with theseMAC protocolsis considerablygreaterthanwhenit
is run over IEEE802.11DCF. AODV provesto besensitive to
the functionality of the MAC protocol,andhenceits relative
performancevariesdependinguponwhichMAC layeris used.

Table-drivenandon-demandprotocolsmayreactdifferently
dependingupontheMAC protocolused;however, thequestion
of whethertwo differenton-demandad hoc routing protocols

would exhibit thesamevariationdueto MAC layereffectsre-
mainsopen.Theresultsshow thattheMAC protocolselected
for simulationstudyis a key componentof theperformanceof
aroutingprotocol,andthisaspectmustbetakeninto consider-
ation whendoing comparative studiesof theperformancesof
routingprotocols.
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