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Abstract— Developmeniof ef cient mediumaccessontrol(MAC) protocolsproviding both high through-
put performancdor datatrafc andgoodquality of service(QoS)supportfor real-timetrafc is thecurrent
major focusin distributed contention-baseMAC protocol research. In this paper we proposean ef -
cientcontentionresolutionalgorithmfor wirelesslocal areanetworks, namely the Fast Collision Resolu-
tion (FCR) algorithm. The MAC protocolwith this new algorithmattemptdo provide signi cantly higher
throughputperformanceor dataservicesthanthe IEEE 802.11MAC algorithmand more adwvanceddy-
namictuningbacloff (DTB) algorithm.We demonstrat¢hatthis algorithmindeedresohescollisionsfaster
andreducegheidle slotsmoreeffectively. To provide goodfairnesgperformancendto supportgoodQoS
for real-timetrafc, we incorporatethe self-clocled fair queueingalgorithmanda priority schemanto the
FCRalgorithmandcomeup with the Real Time Fast Collision ResolutionRT-FCR) algorithm,andshav
that RT-FCR cansimultaneoushachiere high throughputandgoodfairnessperformancdor non-real-time

trafc while maintainingsatisctoryQoSsupportfor real-timetraf c.
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1 Intr oduction

A goodmediumaccesgontrol (MAC) protocolfor wirelesslocal areanetworks (LANSs) shouldprovide an
ef cient mechanisnto sharelimited spectrumresourcestogetherwith simplicity of operationsand high
performance.The ideal performancevould be low delayunderlow network load while high throughput
underhigh network load, althoughin reality it is usuallydif cult to achieve both. Therefore variousMAC
protocolshave beendevelopedto suit the variousapplications wherevarioustradeof factorshave been

considered.

Mediumaccesgontrolalgorithmsin wirelessLANs canbeclassi edinto two broadcateories,namely
contention-base®AC algorithmsand reseration-basedMAC algorithms. It is challengingto address
throughputfairnessandQoSissuedn the distributed contention-basedirelesslocal areanetworkswhere
nocentralizedscheduleexists. In thispaperwefocusontheperformancéssueof thedistributedcontention-

basedVIAC protocols.

Distributed contention-baseAC protocol researchn wirelessnetworks startedwith ALOHA and
slottedALOHA in the 1970s.Later, MACA, MACAW, FAMA andDFWMAC wereproposedor wireless
LANs by incorporatingthe carriersensamultiple acces§CSMA) techniquewith collision avoidance(CA)
provisioning([2, 9, 12] andreferencesherein). Themostpopularcontention-basedirelessMAC protocol,
thecarriersensanultiple access/collisiomvoidance(CSMA/CA), becomeshe basisfor the MAC protocol
for thelEEE 802.11standard([1]). However, it is obseredthatwhenthe numberof active usersncreases,
thethroughputperformancef the|[EEE 802.11MAC protocoldegradessigni cantly becausef theexces-
sively high collision rate. Many researcherbave focusedon analyzingandimproving the performanceof

the|[EEE802.11MAC (seefor example[3, 4, 5] andreferencesherein).

To increasehe throughputperformanceof a distributed contention-baseMAC protocol,an ef cient
collisionresolutionalgorithmis necessaryo reducethe overheadgsuchaspaclet collisionsandidle slots)
in eachcontentioncycle. To this end, mary novel collision resolutionalgorithmshave beenproposed.
For example,improved bacloff algorithmsare proposedo adjustthe increasinganddecreasindgactorsof
the contentionwindow size andthe randomlychoserbacloff values;the out-bandbusy-tonesignalingis

usedto actiely inform othersfor the busy channelstatus;andthe contentioninformationappendean the



transmittedpacletscanalsosene the purposeto helpthe collision resolution([2 3, 11, 12]). Along these
lines,Cali etal([5]) proposedaninterestingalgorithmto improve the performancef thelEEE802.11MAC
protocol. Theirbasicideais to dynamicallyassignthe optimalcontentionwindow sizeat eachstationbased
ontheestimationof thenumberof active stations.However, in realwirelesslocal areanetworks, it is notan

easytaskto accuratelyestimatehe numberof active stationsat runtime.

Althoughmary innovative distributedcontention-baseMA C protocolshave beenproposedit is notan
easytaskto satisfyall desirablgropertiesvhile preservinghesimplicity of implementationn realwireless
LANs. In this paper we proposea new efcient distributed contention-baseAC algorithm, namely
the fast collision resolution(FCR) algorithm. We obsere that the main de ciency of mostdistributed
contention-basellA C algorithmscomedrom the paclet collisionsandthewasteddle slotsdueto bacloffs
in eachcontentioncycle. For example,in the IEEE 802.11MAC protocol, whenthe numberof active
stationsincreasesthere are too mary stationsbacled off with small contentionwindows, hencemary
retransmissiorattemptswill mostlikely collide againin the future, which would slow down the collision
resolution. In this regard, the FCR algorithmattemptsto resole the collisionsquickly by increasingthe
contentionwindow sizesof both the colliding stationsand, moreimportantly the deferringstationsin the
contentionprocedurej.e., we devise an algorithmto redistrilute the bacloff timersin a larger contention
window rangefor all active stationgo avoid possible‘future” collisions. To reducethenumberof idle slots,
the FCR algorithmgivesa smallidle bacloff timer for the stationwith a successfupaclet transmission.
Moreover, whenastationdetectsanumberof idle slots,it will startto reducethebacloff timerexponentially
comparingo thelineardecreasén bacloff timerin the[EEE802.11MAC. We attemptto keeptheproposed

distributedcontention-baselA C easilyimplementableén wirelesslocal areanetworks.

To addresQoS,we thenpresentamodi ed FCRalgorithm,namely thereal timefastcollision resolu-
tion (RT-FCR)algorithm,which improvesthefairnessandsupportsQoSfor real-timeapplications.In this
algorithm,we modify the distributed self-cloclked fair queueing(SCFQ)([13,29]) algorithm,thencombine
apriority schemebasedn theservicedifferentiations([110]) to improve the FCRalgorithm. The RT-FCR
canachiere high throughputfor the best-efort datatrafc while at the sametime provide high degreeof

fairnessandsupportQoSfor real-timeapplications.

Therestof this paperis organizedasfollows. In the next section,we describesomewell-known dis-



tributedcontention-baseMAC protocolsto facilitatethe comparisonsvith the proposedalgorithms.Then,
in Section3, we presentthe nenly proposedast collision resolution(FCR) algorithm andreal time fast
collision resolution(RT-FCR) algorithm. The performancenalysisis carriedoutin Sectiond. In the nal

sectionwe presentheconclusions.

2 Distrib uted Contention-BasedMA C Protocolsfor Wirelesd. ANs

ThelEEE802.11IMAC([17]) is therepresentate distributedcontention-basethediumaccessontrol pro-
tocol widely usedin currentwirelessLANs. The recently proposeddynamictuning bacloff (DTB)([5])
algorithmimproves the throughputperformanceof the IEEE 802.11MAC by dynamicallyassigningthe
optimal contentionwindow sizeto eachstationbasedon the run-time estimationof the numberof actve
stations. In what follows, we describethe basicoperationalproceduregor thesemediumaccessontrol

algorithmsto facilitateour comparatre studyin Sectior4.

2.1 |IEEE 802.11Medium AccessControl

As we mentionedbefore, the mostpopularcontention-basethediumaccesgontrol (MAC) protocolis the
carrier sensemultiple access/collisioravoidance(CSMA/CA), which is widely usedin the IEEE 802.11

LANs. Thebasicoperation®f the CSMA/CA algorithmareshavn in Figurel.

A paclet transmissiorcycle is accomplishedvith a successfutransmissiorof a paclet by a source
stationandwith anacknavledgment(ACK) from the destinationstation. Generaloperationof the IEEE
802.11MAC protocolareasfollows (sincethe RTS-CTSmechanisnis optional([5 17]), we only consider
the distributed coordinationfunction (DCF) without the RTS-CTShandshakindor simplicity). If a station
hasa paclet to transmit,it will checkthe mediumstatusby usingthe carrier sensingmechanism.If the
mediumis idle, thetransmissiomay proceedIf themediumis determinedo bebusy, the stationwill defer
until the mediumis determinedo beidle for a distributed coordinationfunctioninterframe space(DIFS)
andthe bacloff procedurewill beinvoked. The stationwill setits bacloff timer to arandombacloff time

basednthecurrentcontentionwindow size(CW):

Bacloff Time (BT) =B aSlotTime 1)



Figurel: BasicPacket Transmissiorstructureof CSMA/CA

whereB is thebacloff timerwhichis arandomlychoserintegerfrom auniformdistribution overtheintenal
betweerzeroandthe currentcontentiorwindow sizeCW (B=uniform[0, CW]), andaSlotTimeis thelength

of aunittime slot

After a DIFS idle time, the stationperformsthe bacloff procedurewith the carriersensingnechanism
by determiningwvhetherthereis ary actvity duringeachbacloff slot. If themediumis determinedo beidle
during a particularbacloff slot, thenthe bacloff procedurewill decrementts bacloff time by a slottime
( ). If themediumis determinedo bebusyatary time duringa bacloff slot
with a non-zerobacloff timer, thenthe bacloff procedures suspendedThatis, if a stationis deferringits
paclet transmissionthenit will freezethe valueof the bacloff timer andthe contentionwindow sizeuntil
next contentiorperiod. After themediumis determinedo beidle for DIFS period,the bacloff procedures
resumedTransmissiowill begin wheneerthebacloff timerreachezero. After asourcestationtransmits
apacletto adestinatiorstation,if thesourcestationrecevesanacknaviedgmen{ACK) withouterrorsafter
ashortinter-framespacgSIFS)idle period,thetransmissions concludedo be successfullycompleted.If
thetransmissions successfullycompletedthe contentionwindow (CW) for the sourcestationwill bereset
to theinitial (minimum) valueminCW. If the transmissioris not successfullycompleted(i.e., the source
stationdoesnot receve the ACK after SIFS), the contentionwindow (CW) sizewill be increasede.g.,

), beginning with the initial value , up to the
maximumvalue (e.q., and ). This processds calledthe binary

exponentialbadoff (BEB), which intendsto resole collisions. More detailedoperationscanbe foundin

([17).



2.2 Dynamic Tuning Backoff (DTB)

Cali et. al([5]) derive the averagesize of the contentionwindow thatmaximizesthe aggregatethroughput
underthe assumptionthat all stationshave the sameaveragecontentionwindow size of transmittinga
paclet in steadystate. They assumdhatin steadystate,a stationtransmitsa paclet with the probability
of , where is the averagevalue of the bacloff timer. Sincethe averagevalue of
the bacloff timer canbe expressedis , Where is the averagecontention
window sizeof sendinga paclet, the probabilityfor a paclet transmissions obtainedby usingthe average
contentiorwindow sizeas . Basedonthis obseration, Cali etal areableto derive the

following formulafor the aggrgyatenetwork throughput (refer([5]) for detailedderivation procedures):

(2)

where istheaveragepacletlength, isthenumberof active stations, isthemaximumpropagation
time, is the parameteffor the geometricdistribution of paclet length, is the length of a slot (i.e.,
aSlotTime), is theaveragecollisionlength,and isthe

averagetime to completea successfupaclet transmissiorwithout ary collisions.

Now, the aggr@atenetwork throughput is derved asa function of the probability of a paclet trans-
mission andthe numberof active stations from (2), becauseall otherparameterg , , , ) are
determinedy thesimulationcon guration. This meanghatif thenumberof active stations is x edand
given,thenwe canobtainthe optimal value,which maximizesthe network throughput. This maximum
throughpuis thetheoreticathroughputimit or analyticalupperboundbasedntheanalysisapproactrom

[5].

In the DTB algorithm, the throughputof the IEEE 802.11MAC protocol, with an optimal bacloff
window sizetunedto theoptimal valuefor each , canbeimprovedsigni cantly. However, the value,
andhencethe optimalcontentionwindow size,depend®nthe numberof active stations.The DTB method

needsto computethe optimal contentionwindow size at run-time basedon the estimateof the numberof



active stations.If the estimationis not accuratethe wastedslotsandpaclet collisionswill be signi cant.
However, to accuratelyestimatethe numberof active stationsat run-timeis not an easytaskfor practical
wirelesslocal areanetworkswith adistributedcontention-basellAC protocol.In the next sectionwe will

presentanev MAC algorithmthatachiezesbetterperformance.

3 FastCollision Resolution(FCR) Algorithm

3.1 The Basicldea

Therearetwo majorfactorsaffectingthethroughpuperformancén theI[EEE 802.11MAC protocol:trans-
missionfailures(we only considerfailuresdueto paclet collisions)andtheidle slotsdueto the bacloff at

eachcontentioncycle, which areshavn in Figurel.

Underhightrafc load(i.e.,all  stationsalwayshave pacletsto transmit)andundersomeergodicity
assumptionyve canobtainthefollowing expressiorfor the throughput(for example,basedn Figurel, we

canexamineonetransmissiorcycle)([3, 5]):

3
where is the averagenumberof collisionsin a virtual transmissiortime (or a virtual transmission
cycle), is theaveragenumberof idle slotsresultingfrom bacloff for eachcontentionperiod, isthe

lengthof aslot(i.e.,aSlotTime),and is theaveragepacletlength.

From this result,we canseethatthe bestscenarian Figure 1, which givesthe maximumthroughput,
would be the following: a successfupaclet transmissiormustbe followed by anothersuccessfupaclet

transmissiorwithout ary overheadsin which case, , thethroughputvould be

(4)

This canbe achieved only whena perfectschedulings providedwith animaginablehelpinghand.In such
ascenariostation will have the probability of paclet transmission, , ateachcontentionperiodas

follows:

if station transmitgts pacletat currentcontentionperiod
otherwise

(5)



Supposehatundercontention-basethndombacloff schemeswe could assumehatthe bacloff timer
is choserrandomly thenthe probability of paclet transmissiorfor station duringthe currentcontention

periodwould depencdbn the bacloff timer([5]):
(6)
where isthebacloff timer of station .

This meanghatif station hasthebacloff timer (i.e., ), thenits bacloff timeis andstation
will transmita pacletimmediately Thereforethis canbeinterpretedasthatstation hasthe probability of
paclet transmissiorof at currentcontentionperiod. If station hasthebacloff timer , thenits bacloff
timeis also , which canbeinterpretedasthatstation hasthe probability of paclet transmissiorof at

currentcontentionperiod. Fromthis discussion(5) canbe corvertedto (7):

if station transmitsts pacletat currentcontentiorperiod
otherwise

(7)

Thus,we concludehatif we coulddevelopacontention-baseMAC algorithm,which assigns bacloff
timer tothestationin transmissionvhile assignsll otherstations'bacloff timersto  for eachcontention
cycle, thenwe could achieve the perfectschedulingJeadingto the maximumthroughput. Unfortunately
sucha contention-baseMA C algorithmdoesnot exist in practice.However, this doesprovide usthebasic
ideahow to improve the throughputperformancen the MAC protocoldesign.We canusethe operational
characteristicof the perfectschedulingto designmore ef cient contention-baseMAC algorithm. One

wayto dosois to designa MAC protocolto approximatehe behaior of perfectscheduling.

From (5) and (7), we concludethat to achiere high throughput,the MAC protocol should have the

following operationatharacteristics:

Smallrandombadkoff timer for the stationwhich has successfullyransmitteda padet at current
contentioncycle This will decreaseahe averagenumberof idle slots for eachcontentionperiod,

in (3).

Large randombadkoff timer for stationsthat are deferringtheir padet transmissionst currentcon-

tentionperiod The deferringstationmeansa stationwhich hasbeensuspendeds paclet transmis-



sionwith anon-zerobacloff timer. Large randombacloff timersfor deferringstationswill decrease

the collision probability signi cantly (andavoid future collisionsmoreeffectively).

Fastchange of randombadkoff timeraccodingto its currentstate:transmittingor deferring Whena
stationtransmitsa paclet successfullyits randombacloff timer shouldbe setsmall. The neteffect of
this operationis thatwheneer astationseizeghe channeljt will usethe mediumfor a certainperiod
of time to increasethe usefultransmissions Whenthe stationtransmissioris deferred,its random
bacloff timer shouldbe setlarge to avoid the future collisions. The net effect is that all deferring
stationswill give the successfuktationmoretime to nish the back-loggedpaclet transmissions.
When a stationdetectsthe mediumis idle for a x ed numberof slotsduring bacloff procedurejt
would concludethat no other stationsare transmitting,and henceit will reducethe bacloff timer

exponentiallyfastto reducethe averageidle slots.

3.2 FastCollision ResolutionAlgorithm

As we pointedout, the majorde ciency of the IEEE 802.11MAC protocolcomesfrom the slow collision
resolutionasthe numberof active stationsincreases An actve stationcanbe in two modesat eachcon-
tentionperiod, namely the transmittingmodewhenit wins a contentionandthe deferringmodewhenit
losesa contention. Whena stationtransmitsa paclet, the outcomeis eitherone of the two cases:a suc-
cessfulpaclet transmissioror a collision. Thereforea stationwill bein oneof the following threestates
ateachcontentionperiod: a successfupaclet transmissiorstate,a collision state anda deferringstate.In
mostdistributed contention-basetMAC algorithms,thereis no changen the contentionwindow sizefor
the deferringstations,and the bacloff timer will decreasdoy one slot wheneer anidle slot is detected.
In the proposedastcollision resolution(FCR) algorithm,we will changethe contentionwindow sizefor
the deferringstationsand regeneratethe bacloff timersfor all potentialtransmittingstationsto actively
avoid “future” potentialcollisions. In this way, we canresol\e possiblepaclet collisionsquickly. More

importantly the proposedalgorithmpreseresthe simplicity of implementatiorike the|[EEE 802.11IMAC.

TheFCRalgorithmhasthe following characteristics:

1. Usemuchsmallerinitial (minimum)contentionwindow size thanthe[EEE 802.11MAC;
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2. Usemuchlargermaximumcontentionwindow size thanthe EEE 802.11MAC;
3. Increasdhe contentiorwindow sizeof a stationwhenit is in bothcollision stateanddeferringstate;

4. Reducethe bacloff timersexponentiallyfastwhena pre xed numberof consecutie idle slotsare

detected.

5. Assignthe maximumsuccesske paclet transmissiorimit ( ) to achieve goodfairnessper

formance.

Item 1 and 4 attemptto reducethe averagenumberof idle bacloff slotsfor eachcontentionperiod
( ) in (3). Items2 and3 areusedto quickly increasehe bacloff timers, hencequickly decrease¢he
probability of collisions. In item 3, the FCR algorithm hasthe major differencefrom other contention-
basedMAC protocolssuchasthe IEEE 802.11MAC. In the IEEE 802.11MAC, the contentionwindowv
sizeof a stationis increasednly whenit experiencesa transmissiorfailure (i.e., a collision). In the FCR
algorithm, the contentionwindow size of a stationwill increasenot only whenit experiencesa collision
but alsowhenit is in the deferringmodeandsenseshe startof a new busy period. Therefore all stations
having pacletsto transmit(including thosewhich aredeferred)will changetheir contentionwindow sizes
ateachcontentiorperiodin the FCRalgorithm.Item 5 is usedto avoid the situationthata stationdominates
the paclet transmissiongor along periodof time. If a stationhasperformedsuccessie successfupaclet
transmission$or the maximumsuccessie paclet transmissiordimit ( ), it changests contention
window sizeto the maximumvalue (maxCW)in orderto give opportunitiesfor mediumaccesgo other
stations(the maximumsuccessie paclet transmissioriimit of station , will be dynamically
assignedy usingthe distributed SCFQalgorithmto improve fairnessn the RT-FCR algorithmdiscussed
later, while we usea constanwalueof themaximumsuccessk paclet transmissiorimit ( ) in the

FCRalgorithm).

ThedetailedFCRalgorithmis describedasfollows accordingo the statea stationis in:

1. Badkoff Procedue: All active stationswill monitorthemedium.If astationsensethemediumidle for

aslot, thenit will decremenits bacloff time (BT) by aslottime,i.e.,

(or the bacloff timeris decreasetyy oneunit in termsof slot). Whenits bacloff timerreachesero,
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the stationwill transmita paclet. If thereare consecutie idle slotsbeing
detectedits bacloff timer shouldbe decreasednuchfaster(say exponentiallyfast),i.e.,

( ) or the bacloff timeris

decreasedly a half. For example,if a stationhasthe bacloff timer of , henceits bacloff timeis
, whichwill bedecreasethy a slottime at eachidle slot until the bacloff

timer reache2040 (we assumehat or ). After then,
if theidle slotscontinue the bacloff timerwill be decreasetty onehalf, i.e., at
eachadditionalidle slot until eitherit reachego zeroor it senses non-idleslot, whichever comes
rst. As anillustration, after idle slots,we will have on the 8th idle
slot, on the 9th idle slot, onthe 10th idle slot,
andsoon until it eitherreacheseroor detectsa non-idleslot. Therefore the wastedidle bacloff
time is guaranteedo be lessthan or equalto for the above scenario. The net
effect is that the unnecessaryastedidle bacloff time will be reducedwhen a station,which has
just performeda successfupaclet transmissionrunsout of pacletsfor transmissioror reachests
maximumsuccessk paclet transmissiodimit. We remarkherethatotherbacloff timer exponential

decreasinglgorithmcanbedevelopedto optimizethe overall performance.

. Transmissiorfailure (Padket Collision). If a stationnoticesthatits paclet transmissiorhasfailed
possiblydueto pacletcollision(i.e., it failsto receve anacknavledgmenfrom theintendedeceving
station),the contentionwindow sizeof the stationwill beincreasedinda randombacloff time (BT)
will be chosen,i.e., ,

, Where indicatesanintegerrandomlydravn from theuniformdistribution

between and , and is the currentcontentionwindow size.

. SuccessfuPadket Transmission If a stationhas nished a successfupaclet transmissionthenits
contentionwindow sizewill be reducedto the initial (minimum) contentionwindow size
anda randombacloff time (BT) valuewill be chosenaccordinglyi.e., ,

. If astationhasperformedsuccessi paclet transmissiongor the
maximumsuccessie transmissiorlimit, thenit will performthe following actionsto give oppor

tunitiesfor the mediumaccesgo other stations: ,
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Tablel: Exampleof IEEE 802.11binary exponentialbacloff algorithm

4. Deferring State For a stationin the deferring state,wheneer it detectsthe start of a new busy
period, which indicateseither a collision or a paclet transmissiorin the medium, the stationwill

increasdts contentionwindow sizeandpick a new randombacloff time (BT) asfollows:

In the FCR algorithm, the stationthat hassuccessfullytransmitteda paclet will have the minimum
contentionwindow sizeanda small value of the bacloff timer, henceit will have a higherprobability to
gain accesof the medium,while other stationshave relatively larger contentionwindow size andlarger
bacloff timers. After anumberof successfupaclet transmission$or onestation,anotherstationmaywin
acontentiorandthis new stationwill thenhave higherprobabilityto gainacces®f themediumfor a period

of time.

To elaboratehe operationof the FCR algorithm,we usesomeexamplesto illustratethe major differ-
encebetweerthelEEE 802.11MAC andthe FCRalgorithm. Tablel shavs anexampleof theIEEE 802.11
MAC operationswith the contentionwindow size (i.e.,
mMinCW=7 andmaxCW=1023).In this example,thereare 10 active stationscontendingor the useof the
mediumbasedon the IEEE 802.11MAC. When the contentionbegins (i.e., the mediumis determined
to be idle for DIFS period by the carrier sensingmechanism)gachstation performsthe bacloff proce-
durewith its randombacloff time (BT) determinedrom theinitial contentionwindow range[0, 7] (hence

). Whena stationdetectsthe currentslotidle, it will decrementts

bacloff time by aslottime (i.e.,thebacloff timeris decreasetly oneunit).
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Table2: Exampleof FastCollision ResolutionBacloff algorithm

After oneidle slot, thebacloff timersof station<0 and8 reachto zero,thusin thefollowing slot, bothstation
0 andstation8 will transmittheir pacletsatthesameime andacollisionwill occur Thebacloff procedures
of all deferringstationsaresuspendedndwill resumeafterthe mediumis determinedo beidle for DIFS
period(i.e., next contentiorperiod). After stationd) and8 noticethattheir paclet transmission$ailed, their
contentionwindow sizeswill beincreasedo 15 andtheir bacloff timerswill be chosenin therangeof [0,
15] randomly Whena new DIFS periodis detectedstations2 and4 transmitpaclets after oneidle slot
anda collision occurs.Stationsl and6 transmitpacletsanda collision occursin the following contention
period. After then,whenthe next DIFS periodis detectedstation7 hasa successfupaclet transmission.
In thewhole contentioncycle (thetime periodstartingwith theendof a successfupaclet transmissiorand
endingwith the startof the next successfupaclet transmission)therehave beenthreeconsecutie colli-
sionsbeforeonesuccessfupaclet transmissionWe obsere in Table1 thatmostcontentionwindow sizes
choserfor the bacloffs arenot big enoughto avoid future paclet collisions. Sincethe IEEE 802.11MAC
cannotprovide the propercontentiorwindow sizeasthe numberof active stationsincreasescollisionsare

not resohed quickly, whichleadsto poorthroughputperformance.

Table 2 shavs an examplefor the FCR algorithmwith the contentionwindow size
(i.e.,minCW=3andmaxCW=2047)In TableZ2, stationsl and9 collide in
the rst contentiorperiod. Stationsl and9 thenincreaseheir contentionwindow sizesto 7 andpick uptheir
bacloff timersin therangeof [0, 7] randomly All deferringstationsalsoincreaseheir contentionwvindow

sizesto 7 andpick upthenew bacloff timersin therangeof [0, 7] randomly In thesecondtontentiorperiod,
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stationd) and8 collide andwill repeathesameprocedureln thethird contentiorperiod,station3 transmits
a paclet successfully We obsenre in Table 2 that mostcontentionwindow sizesof the deferringstations
areincreasedjuickly (which malkeslarge bacloff timers),sothe FCR algorithmresohesthe contentions
very effectively, which resultsin signi cantly lower collision probability during eachcontentionperiodin

thefuture.

In Table1 andTable 2, we canclearly seethe major differencedn the operationdbetweenthe IEEE
802.11MAC andthe FCR algorithm. To putit brie y, the high throughputof the FCR algorithmcomes
from: thesmallbacloff timerfor thestationthattransmitsa pacletatcurrentcontentiorperiod(thisreduces
the wastedidle slots),the large bacloff timersfor the stationsthat are deferringfor paclet transmissions
(this reduceghe collision probability), andfasterchangeof bacloff timersaccordingto the currentstate:
transmittingor deferring. This meansthat the FCR algorithm satis es the requiredconditionsfor high

throughputperformanceshavn in (7).

3.3 Real-Time Fast Collision Resolution (RT-FCR) Algorithm

In the FCR algorithm,we focuson the throughputperformancdor the best-efort dataservices.However,
intensve researcthasgearedo addresshe QoSin the MAC layer In this sectionwe attemptto extendthe
fastcollision resolution(FCR) algorithmto improve fairnessandto supportQoSfor real-timeapplications
in wirelesslocal areanetworks. We rst modify thedistributedself-clocledfair queueing SCFQ)([13,29])
algorithmandthe priority algorithmbasedon servicedifferentiations([1 10]), andthenincorporatethem
into the FCR algorithmto addresshefairnesdor datatraf c andQoSsupportfor real-timetrafc. We call

this extended~CRalgorithmasthereal timefastcollision resolution(RT-FCR)algorithm.

3.3.1 Fair Scheduling: Distrib uted Self-Clocked Fair QueueingAlgorithm

Fairnesds animportantissuein MAC protocoldesignfor wirelesslocal areanetworks. The IEEE 802.11
MAC hasthe inherentunfairnesscharacteristics([2127, 29]). FCR malkesthing worsebecausehe de-
ferring nodeswill tendto defertheir transmissiongurther by expandingtheir contentionwindows upon
detectingary startof busy periodsbeforethe bacloff timersexpire. However, with properprovisioning

in the FCR algorithm, we canaddresghe fairnessissuewhile maintaininghigh throughputperformance
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of FCR algorithm. The ideais to modify the self-clocled fair queueing(SCFQ)algorithm([13) andin-
corporatdt into FCR algorithm. We combinethesetwo algorithmsanddynamicallyassignthe successie
transmissiorperiodof the FCR algorithmby usingthe modi ed SCFQalgorithm. We call this new algo-
rithm the fairly scheduled=CR (FS-FCR)algorithm. The SCFQalgorithmhasbeenusedto addresghe
fairnesdssuefor IEEE 802.11WLANSs by Vaidyaetal ([29]). While theapproactproposedy Vaidyaetal
is paclet-by-packt basedandcontrollingthe bacloff timers,our approachs basedon multiple successie
paclet transmissiongi.e., dynamicallycontrol the maximumsuccessie transmissiorperiod). The basic

operationf thefairly scheduled-CR (FS-FCR)algorithmaredescribedasfollows:

1. Eacharriving paclet to the queuein the MAC layer of a stationis taggedwith a servicetag beforeit

is placedin thequeue.

2. Whena -thpacletof station, , arrivesatthequeueof thestation,aservicetag isassigneds

follows (detailedexplanationcanbefoundin ([13])):

where is thevirtual time atthetime instanceof , where istherealtime whenpaclet

arrives, isthesizeof paclet ,and istheweightofthe ow .

3. Thevirtual time is updatedvheneer thereis a successfupaclet transmissionThevirtual time
is setto the servicetag of that paclet just successfullyiransmitted. The virtual time approxi-
matelyrepresentshe normalizedfair amountof paclet transmissionshat eachstationshouldhave
performed. We sayit “approximately” becausea paclet with the smallestservicetag shall not be
guaranteedo be serned rst in distributed contention-basetMAC protocols. Oncea busy periodis

over, i.e.,whenall stationsdo not have ary pacletsto transmitthevirtual timeis resetto zero.

4. Wheneer anew station acquireshe mediumfor a paclet transmissionthe maximumsuccessie
transmissionimit (i.e., the successke transmissionime period)of the station , , is deter
minedby thedifferencebetweerthevirtual time andtheservicetag  atthefront of thepaclet

o w atstation . If the servicetag of station is muchsmallerthanthe currentvirtual time, thenits
maximumsuccessie transmissionimit is assigneda value large enoughto reducethe discrepang

betweerthe currentvirtual time andthe servicetagatthefront of ow . If theservicetagof station
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is closeto or larger thanthe currentvirtual time, thenits maximumsuccessie transmissiorimit
is assignedo the minimum or small valueto avoid increasingthe discrepang betweenthe current

virtual time andthe servicetagat thefront of thepaclet o w of station .

An examplefor assigninghe maximumsuccessie transmissiodimit we studyhereis given asfol-

lows:

where

where is the averagepaclet length. For example,if the servicetag of station is leadingthe
virtual time by 10 timesor more of the averagepaclet lengthwhenit acquiresthe mediumaccess
(i.e., station may transmittoo mary paclets comparedo other stations),it assigngts maximum
successke transmissiorimit asthe minimum value of 1 ( ). If the service
tag of station is laggingthe virtual time by morethan40 timesof the averagepaclet length(i.e.,
station maytransmittoo few pacletscomparedo otherstations)jt assignsts maximumsuccessie

transmissionimit asthe maximumvalueof 50 ( ).

We noticethat the RT-FCR algorithmattemptsto combineadwantagesof the fastcollision resolution
(FCR) algorithmandthe SCFQscheme.In this way, we canachiese high throughputand goodfairness

performanceimultaneously

3.3.2 Quality of Sewvice (QoS)Support with Priority-Based Medium AccessControl

In orderto dealwith the QoSrequirementsor real-timeapplicationsmary algorithmshave beenproposed
in the contention-baseMAC protocolsfor wirelessLANs. The mostpopularapproaclis to usea priority
schemédor eachtrafc type,i.e., thereal-timetrafc hashigherpriority for mediumaccesshanthe best-

effort datatrafc. With higherpriority for mediumaccessreal-timetrafc will be sened earlierthanthe
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best-efort datatrafc, which resultsin relatve performancemprovementsfor real-timetrafc over data

trafc.

Figure2: RT-FCRMediumAccessScheme

In the RT-FCRalgorithm,we give prioritiesby assigninglifferentbacloff rangedasedn eachof three

maintrafc types:voice,video,andbest-efort datatrafc. Intuitively, the smallerthe bacloff rangeis, the

higherthe priority. The basicmediumaccesschemewith threedifferenttrafc typesis shavn in Figure2,

andthebacloff rangedor themediumaccesareassignedccordingo eachtrafc typeshavnin Table3.

Bacloff rangefor voicetrafc

[0,7]:[0,15]:[0,31]:[063}:[0,127:[0,255]

Bacloff rangefor videotrafc

[0,3]:[0,7]:[0,15]:[0,31 +8

Bacloff rangefor datatrafc

[0,3]:[0,71:[0,15]:[0,3%[0,63:[0,127]:[0,255]:[0,511:[0,1(23:[ 0,2047] +8

Table3: AssigningBacloff Range

In Figure 2 and Table 3, we canseethat the proposednediumaccessalgorithm effectively provides

“soft” reseration to a stationaccordingto the trafc type. In this schemeyoice trafc hasthe highest
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priority (i.e., the smallestaveragebacloff value),andvideotrafc hashigherpriority over best-efort data
trafc becausef differentbacloff rangesaccordingo thetrafc type. Theaccesguaranteedhitial bacloff
range[0, 7] is givento voicetrafc, i.e., only voice paclets canbe transmittedon this bacloff rangeand
otherpaclets (video or data)will be transmittedbeyond this bacloff rangewhich is shavn in the bacloff
rangedfor videoanddatatrafc in Table3 (for thesebacloff rangesthe constani is addedto move the
bacloff rangedor videoanddatatraf c beyondtheinitial bacloff rangeof voicetrafc). Videotrafc usesa
muchsmallermaximumcontentiorwindow sizethanbest-efort datatraf c in orderto give higherpriority
over best-efort datatrafc for the mediumaccessij.e., videotrafc will have a smalleraveragebacloff

valuethandatatrafc shavn in Figure2.

Figure3: Priority Schemeof RT-FCRAlgorithm

In additionto assigningdifferentbacloff rangesthe RT-FCR algorithmusesdifferentcontentionalgo-

rithmsaccordingto trafc types.Thebasicproceduresor the priority schemeof the RT-FCRalgorithmare
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(MinCW,MaxCW) [ (3,255)[ (3,511) [ (3,1023)] (7,255) | (15,255)
FCR 9.8 11 112 | 156 | 31.3
IEEE802.11 0 0 0 0 0

Table4: Voice Packet DroppingRatio (%) for 15 Voice Stationsand10 Best-Efort Datastations

shawvn in Figure3 andexplainedasfollows:

1. Woice Padket ThelEEE 802.11MAC algorithmwith the minimum contentiorwindow sizeof and
the maximumcontentiorwindow sizeof is usedfor a stationwith voicetrafc. It hastheaccess
guaranteedhitial bacloff range[0, 7], which givesthe highestpriority to voicetrafc for accessing
the medium. Voicetraf c needsrepeatedpaclet transmissiongn constantime intenals (e.g.,only
onepaclet transmissions neededcevery  ms). The FCR algorithmworkswell for best-efort data
trafc with high load. However, for voicetrafc, thetrafc loadis low, the IEEE 802.11MAC is
moresuitablebecausé doesnotincreasdahe contentiorwindow sizesof the deferringstations.This

resultsin smallerwastingidle slotsfor voicetrafc.

In Table4, thevoicepacletdroppingratiois shavn for theFCRandIEEE 802.11IMAC with 15 voice
stationsand10 best-efort datastations Fromthis simpleexample we canseethatthe FCRalgorithm
doesnotsupportCBRtrafc well comparedo thelEEE 802.11MAC, whichis why we choosd EEE
802.11MAC for CBRtrafc.

2. VideoPadket: Fastcollisionresolution(FCR)algorithmwith theminimumcontentionwindow sizeof
andthe maximumcontentionwindow sizeof  is usedfor videopaclet transmissionslt startsthe
contentionfor video paclet transmissionsftertheinitial accesgyuaranteedacloff rangefor voice
trafc. The smallermaximumcontentionwindow size of videotrafc (MaxCW=31)thanthat of

best-efort datatrafc (MaxCW=2047)givesvideotrafc higherpriority over best-efort datatraf c.

3. Best-Efort Data Padket Fastcollision resolution(FCR) algorithm with the minimum contention
window sizeof andthemaximumcontentiorwindow sizeof is usedfor best-efort datatraf c.
It startsthe contentionfor best-efort datapaclet transmissionsfter the initial accesgyuaranteed
bacloff rangefor voicetrafc. FCRschemavith thelargemaximumcontentiorwindow sizeachiees

the highthroughputfor best-efort datatrafc in additionto giving the opportunityto voice or video
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Parameter Value
SIFS 28 sec
DIFS 128 sec
aSlotTme 50 sec
Bit rate 2 Mbps
Propagatiorelay || 1 sec

Table5: Network Con gurations

trafc for access.

We point out thatthe QoSsupporthereis in the statisticalsensewhich, in the authors'opinion, is the

bestwe canguaranteén the MAC layerin the contention-baseAC protocol.

4 Performance Evaluation

In whatfollows, we will carryoutthe performanceanalysisor bothFCRandRT-FCR.

4.1 PerformanceEvaluation of FCR

In this subsectionwe presentthe performanceanalysisfor the proposedfast collision resolution(FCR)
algorithmusingsimulationsfor the frequeng hoppingspreadspectrum(FHSSyirelessLANs([17]). The
parametersisedin the simulationsare shavn in Table5, which is consistentwith thoseusedin [5]. We
assumehatthe best-efort datapacletsarealwaysavailableat all stations.In the simulations the paclet
lengthsfor the best-efort datapaclets are geometricallydistributed with parameter (we usethe same
simulationenvironmentusedin [5] for the DTB andthe IEEE 802.11MAC algorithmfor the performance

comparison):

Thus,the averagetransmissiortime for a paclet (the averagepaclet length)is givenby:

where istheslottime,i.e.,
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Weassigrthemaximumsuccessie paclettransmissiotimit in theFCRalgorithmas10(i.e.,
) for illustrative purposeandmorecarefulchoiceof this parametewill beinvestigatedn thefuture. All

simulationsareperformedor 100secondsimulationtime.

(MinCW ,MaxCW) | (3,511)[ (3,1023)] (3,2047)[ (3,4095)] (7,1023)[ (7,2047)] (15,2047)
10 DataStations | 0.7833] 0.7872 | 0.7852 | 0.7795 | 0.7569 | 0.7577 | 0.7033
100 DataStations | 0.6507 | 0.7221 | 0.7656 | 0.7792 | 0.7128 | 0.7454 | 0.6662

Table6: ThroughputResultsof FCR Algorithm on Various(MinCW, MaxCW) Combinations

(MinCW ,MaxCW) | (15,1023)| (31,255)
10 DataStations 0.6075 0.6564
100 DataStations 0.3775 0.3197

Table7: ThroughputResultsof IEEE 802.11MAC Algorithm on Two Different(MinCW, MaxCW) Com-
binations

In Table6 and7, thethroughputesultsof the FCRandIEEE 802.11MAC algorithmswith theaverage
paclet lengthof 40 slotsare shavn for various(MinCW, MaxCW) combinations.From Table 6, we can
seethatif we uselarge minimum contentiorwindow size(MinCW) of 7 and15 in the FCR algorithm,the
throughputis decreasediueto the wastingidle slots. If we usesmall maximumcontentionwindow size
(MaxCW) of 1023and511,thenthethroughpuis decreasetecaus®f the high collision probabilityunder
large numberof users. Too large value of the MaxCW suchas4095alsodecreasethe throughputof the
FCRalgorithmfor smallnumberof stations.The propervaluesfor MinCW andMaxCW arecritical for the
throughputperformanceandoptimizationshouldbe carriedout. Basedon our scenariosn our simulation
study we nd thatthe choiceof MinCW=3 and MaxCW=2047malkes a good throughputperformance,
hencewe will choosehesebasicparameteror our simulationstudyfor the FCR algorithmhereafter The
throughputesultsfor the|[EEE 802.11MA C algorithmwith two different(MinCW, MaxCW) combinations
areshavn in Table7. CurrentlEEE 802.11FHSSstandardgrovidesthe minimumcontentiorwindow size
andthe maximumcontentionwindow sizeas (15, 1023)([17), while (31, 255)is usedin ([5]). If we use
(31,255),thethroughpuis betterfor 10 datastationcasethanwhenwe use(15,1023).For 100datastation
case,the throughputwhenusing (15, 1023) shavs betterresult. In this paper we use MinCW=31 and
MaxCW=255asthe basicparametersor the simulationsfor the IEEE 802.11MAC algorithmto presere

thesamesimulationernvironmentsin [5]. All otherparametersor the simulationsarethesameasin [5].
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Figure4: ThroughputPerformancdéor FCR Algorithm

Figures4(a), 4(b) and 4(c) shaw the throughputresultsof the IEEE 802.11MAC, DTB, andFCR
algorithmsfor , , and contendingstations respectiely, wherethe averagepaclet lengthchanges
from  slots( ) to slots ( ). The IEEE 802.11MAC algorithm shaws very poor
throughputperformanceasthe numberof active stationsincreasesThe mainreasoris thatthe probability
of collisionsbecomesigherasthe numberof stationsbecomedarger. In the FCR algorithm,all stations,
exceptthe onewith successfupaclet transmissionwill increaseheir contentionwindow sizeswheneer
the systemhaseither a successfupaclet transmissioror hasa collision. This implies that all stations

can quickly re-pick large contentionwindow sizesto avoid future possiblecollisions, consequentlythe
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probability of collisionswill be decreasedo small values. At the sametime, a stationwith a successful
paclettransmissioastheminimumcontentiorwindow sizeof , whichis muchsmallerthantheminimum
contentiorwindow sizeusedin thelEEE 802.11MAC algorithm(minCW=31).Thiswill reducehewasted
mediumidle time to a much smallervalue when comparedo the IEEE 802.11MAC andthe Dynamic
TuningBacloff algorithm.In Figures4(a), 4(b) and 4(c), we canseethatthe FCR algorithmsigni cantly
improve the throughputperformanceover the IEEE 802.11MAC algorithm. The FCR algorithm shavs
higherthroughpuperformancehanthetheoreticathroughputimit (theanalyticalupperbound)of theDTB
algorithm,andhasmuchsmallerwastingidle slotsfor eachcontentiorperiodthanthe DTB algorithmwhile
bothalgorithmshave similar valuesof the probability of collisions. Moreover, the throughputperformance
of the FCR algorithmarenot severely degradedasthe numberof stationsincreasedecausef the highly
efcient collision resolutionstratgy. Figure 4(d) shavs the throughputvs. the offeredload for the FCR
algorithmfor 10,50, 100stationswirelessLANs with the averagepaclet lengthof 40 slots.We useatrafc
generatowith Poissondistribution to provide eachofferedloadin this simulation. From Figure 4(d), we
canseethatthe FCRalgorithmalsoperformswell underlight load conditionsandprovideshigh throughput
asnetwork loadincreasesandthe numberof stationshardly affectsthe performancef the FCRalgorithm

dueto theadaptve natureof the FCRalgorithm.

o
o

—&- FCR (MinCW=3, MaxCW=2047)
-6~ |EEE 802.11 MAC (MinCW=31, MaxCW=255)

—&- FCR (MinCW=3, MaxCW=2047)
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Figure5: DelayDistribution for FCR Algorithm

We alsocarryouttheanalysidor thepacletdelayof theI[EEE 802.11MAC andtheFCRalgorithmwith
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the averagepaclet lengthof 40 slots. The paclet delaymeanghetime periodfrom thetime whena paclet
arrivesfrom higherlayerto the MAC layerto thetimeit is successfullfransmittedo theintendedeceving
station. Figures5(a) and5(b) shav the paclet delaydistributionsfor the IEEE 802.11MAC andthe FCR
algorithmfor 10and100stationswirelessLANs. We have notappliedthelimitation onthenumberof retries
in this simulationfor simplicity. In Figure5(a),the FCRalgorithmtransmits of all pacletssuccessfully
within 10msecwhile theremaining  pacletsspreadver 10 msecto over 600 msecin delaydistribution.
However, the [IEEE 802.11MAC transmits pacletswithin 10 msec, pacletsin therangefrom 10
msecto 20 msec, pacletsin therangefrom 20msedo 30 msec,andsoon. In Figure5(b), the FCR
algorithmtransmits of all pacletssuccessfullyithin 10 msecwhile the [EEE 802.11MAC transmits
only pacletswithin 10 msec, pacletsin therangefrom 10 msecto 20 msec, pacletsin the
rangefrom 20 msecto 30 msec,andso on. In the simulationresultsfor the paclet delay it is clearthat
the FCR algorithmtransmitsmostpaclets successfullyithin comparatrely shortertime, while the IEEE
802.11MAC transmitspacletsin muchlongertime dueto collisions, which indeedshawvs thatthe FCR

algorithmdoesresol\e collision muchmoreeffectively thantheIEEE 802.11MAC algorithmdoes.

4.2 PerformanceEvaluation of RT-FCR

In this subsectionwe presenthestudieson the RT-FCRalgorithmin thewirelessLANSs utilizing frequeng

hoppingspreadspectrum(FHSS)17]).
SourceModels

We considetthreedifferenttypesof traf c: constanbit rate(CBR)voicetrafc, variablebit rate(VBR)
videotrafc, andbest-efort datatrafc. Voice sourceshave two phaseprocesswith talkspurtsand silent
gaps. During a talkspurt,voice sourceggenerateCBR trafc. H.263video sourcesggenerateV/BR trafc
with  msinterframeperiod. We assumeéhatthe best-efort datasourcesalwayshave pacletsto transmit.

Thedetailedsourcemodelsusedin our simulationsaredescribedhsfollows:

1. WoiceModel][6, 16]): A voice sourcehastwo statestalkspurtsandsilentgapsidenti ed by a speech
actvity detector The probability thata principaltalkspurt,with meanduration secondgndsin a

time slot of duration secondss . The probability thata silentgap, of mean
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In the RT-FCR algorithm,the maximumsuccessk transmissiodimit of station (

. VideoModel[6, 22]): We usetheH.263videotrafc with
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duration secondsendsduring secondgimeslotis . Measuredneanvalues

for  of principaltalkspurtsand of principal silentgapsare and seconds.We use

kbpsvoicetrafc sourceswvhich generateone byte payloadvoice paclet every  msecduring

talkspurtsperiod,andwe assignthe deadlinefor voice paclet delayas msec(i.e., the maximum

voicepacletdelayis msec).

msecinterframeperiod,i.e., frames
persecondDuring aninterframeperiod,eachvideosourcegeneratea frameconsistingof avariable
numberof paclets. As soonaspacletsbecomeavailablefrom the coder they couldbetransmittecat
the maximumratethe channekllows. Thevideopaclet sizeis bytesandthe meanrateof video

trafc is  kbpsandthe maximumrateis kbps. Thatis, thereare pacletsperframefor the

meanrateandthe maximumnumberof pacletsperframeis . We usethedeadlinefor videopaclet

delayas msec.

. Best-efiort Data Mode([5]): It is assumedhatbest-efiort datasourcesalwayshave pacletsto trans-

mit. We usethe parameter from the geometricdistribution for best-efort datapaclet

length,which impliesthatthe averagepaclet lengthof best-efort datatrafc is  slots.

kS —A- FT-FCR
% oe7 o IEEE 802.11 MAC

—A- RT-FCR
—©- |EEE 802.11 MAC

I I I I I I I I I 1 I I I I 1 I I I
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(a) 10 secSimulation (b) 100secSimulation

Figure6: Fairnesdndex

) is con-

trolled by the distributed SCFQalgorithmto provide a high degreeof fairness.We usethe fairnessndex
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de ned by Jain([19) to evaluatethe degreeof fairnesdor eachalgorithm. Thisfairnessndex is de ned as

(8)

where is the numberof ows, is the throughputof ow , is the weight of the ow (we as-
sumeall stationshave the sameweightin the simulations). From Cauchy-Schartz inequality we obtain

, the equality holdsif andonly if all ( ) areequal. Thus,the
intuition behindthis index is thatthe higherthefairnessndex (i.e., closerto ), the betterin termsof fair-
ness.Figures6 shavs theresultof thefairnessndex of the RT-FCRalgorithmandthe IEEE 802.11MAC
algorithmfor best-efort datatraf ¢ transmission$or 10 and100secondsimulationtime. In Figures6, we
obsere thatthe RT-FCR algorithmimprovesthe fairnessperformancen both 10 and100 simulationtime

comparedo theresultsfor the [IEEE 802.11MAC algorithm.
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Figure7: Performancéesultsof RT-FCR Algorithm for VoiceandDataTraf ¢

We presenthesimulationresultsof theRT-FCRalgorithmfor and  best-efort datatrafc stations
by varying the numberof CBR voice trafc stationsupto . We comparethe resultsof the RT-FCR
algorithmwith thoseof the IEEE 802.11MAC algorithm. The ratio of the droppedvoice pacletsto the
total generatedroice pacletsis shavn in Figure 7(a), and the throughputfor the best-efort datatrafc
transmissionss shavn in Figure7(b). In Figure7(a), the IEEE 802.11MAC algorithmlosesover
of voice pacletswith  best-efort datastationsandover with best-efort datastations. This is

expectedbecausehe IEEE 802.11DCF modetreatsreal-timetraf ¢ the sameasthe best-efort datatraf c.
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Theratiosof droppedvoice pacletsfor the RT-FCRalgorithmarecloseto zerofor bothcasesThe RT-FCR
algorithmshaws very low voice paclet droppingratio while still preservinghigh throughputperformance

for best-efort datatrafc, whichis obviousin Figures7(a)and7(b).
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Figure8: Performancéresultsof RT-FCR Algorithm for Mixed Real-Time Trafc Transmissions

In Table8 and9, thefairnessndexesof best-efort datastationsn Figure8(b) and8(d) areshavn. We
canseethatthefairnesdor best-efort datastationss highly satis ed while the priority algorithmsupports

thedesiredQoSfor real-timeservices.

We also carry out the performanceavaluation of the RT-FCR algorithm for the integration of three
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Numberof CBR Stations 10 30 50 60
Fairnesdndex 0.9998| 0.9908| 0.9644| 0.9021

Table8: Fairnesdndex of BestEffort DataStationsor DifferentNumberof CBR Stations

Numberof VBR Stations| 2 5 10 15 20
Fairnesdndex 1.0| 0.9998| 0.98 | 0.9453| 0.9113

Table9: Fairnesdndex of BestEffort DataStationsfor DifferentNumberof VBR Stations

differenttrafcs: voice,video,andbest-efort data.Figure8(a),8(b), 8(c), and 8(d) shav the performance
resultsof the RT-FCRalgorithmfor theintegrationof threedifferenttraf cs. Thenumberof best-efort data
stationsis  for all simulations. Figure 8(a) shavs that the ratio of the droppedreal-timepacletsto the
generatedeal-timepacletsvs. variousnumbersf CBR voice stationswith  best-efort datastationsand
VBR video stations. The throughputof the best-efort datatrafc for this caseis shavn in Figure 8(b).
In Figure8(a) and8(b), we canseethatthe RT-FCR algorithm can supportthe desiredQoSfor real-time
applicationaup to 30 CBR stationswith 10 best-efort datastationsand5 VBR stations.Figure8(c) shavs
thattheresultof droppedreal-timepacletsto the generatedeal-timepacletsvs. variousnumbersof VBR
videostationswith  datastationsand voice stations.The throughputof best-efort datatrafc for this
cases shavn in Figure8(d). In Figure8(c) and8(d), we canseethatthe RT-FCRalgorithmcansupportthe
desiredQoSfor real-timeapplicationsup to 10 VBR stationswith 10 best-efort datastationsand5 voice
CBR stations.Figure8(a)and8(c) shawv thatvoicetraf c hasmuchhigherpriority for mediumacces®over
video andbest-efort datatrafcs, sotheratio of droppedpaclet for voicetrafc is closeto zerofor most
cases. The ratio of droppedpacletsfor videotrafc is affectedby best-efiort datatrafc asthe number
of CBR stationsor VBR stationsincreases.From the simulationresults,we can concludethat the QoS
for voicetrafc is highly satis ed andthe QoSfor videotrafc is satishctoryin the RT-FCR algorithm.
While providing QoSfor real-timetrafc, the RT-FCR algorithmachievzeshigh throughputfor best-efort
datatrafc whenthe channelis availablefor best-efort datatrafc transmissiondetweerreal-timetrafc

transmissionsyhichis shavn in Figure8(b) and3(d).
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5 Conclusions

In thispapeywe proposeanew contention-baseshediumaccesgontrolalgorithm,namely thefastcollision
resolution(FCR)algorithm. The FCRalgorithmcanachieve high throughpuperformancevhile preserving
theimplementatiorsimplicity in wirelesslocal areanetworks. In the FCR algorithm,eachstationchanges
the contentiorwindow sizeuponbothsuccessfupaclet transmissiongandcollisions(i.e., upondetectinga
startof busyperiod)for all active stationdn orderto redistrilute thebacloff timersto actively avoid potential
futurecollisions.Dueto this operationgachstationcaneffectively resole collisionsfaster Otherideaswe
incorporaten the FCR areusingsmallerminimum contentionwindow sizecomparingto the [IEEE 802.11
MAC andfasterdecreasef bacloff timersafterdetectinga numberof consecutie idle slots. Thesechanges
couldreducetheaveragenumberof idle slotsin eachcontentiorperiod,which contritutesto thethroughput
improvement. We extend the fast collision resolution(FCR) algorithm, namelyreal time fast collision
resolution(RT-FCR) algorithm, to improve the fairnessandto provide the QoSfor real-timeapplications.
For thefairly schedulingschemeof the RT-FCRalgorithm,we usethedistributedself-clocledfair queueing
algorithm,while the priority schemebasedon servicedifferentiationds modi ed andincorporatednto the
FCRalgorithmto supportthe QoSfor real-timeapplications.Extensve simulationstudiesfor throughput
anddelaydistribution have demonstratethatthe FCRalgorithmgivessigni cant performancémprovement
overthelEEE802.1IMAC algorithm.Simulationresultsfor the RT-FCRalgorithmhave shavn highdegree
of fairnessandlow ratio of droppedeal-timepacletswhile providing highthroughpuperformancédor best-

effort datatraf c.
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