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Abstract. In wirelesscellular networks, in order to ensure that ongoingcalls are not dropped
while the owner mobile stations roam among cells, handoff calls may be admitted with a higher
priority ascomparedwith new calls. Sincethe wir elessbandwidth is scarceand therefore precious,
efficient schemeswhich allow a high utilization of the wir elesschannel, while at the sametime
guaranteethe QoS of handoff calls are needed.In this paper, we proposea new schemethat uses
GPSmeasuementsto determine when channelresewrations are to be made. It works by sending
channelresewation requestfor a possiblehandoff call to a neighboring cell not only basedon the
position and orientation of that call’'s mobile station, but also dependsupon the relative motion
of the mobile station with respectto that target cell. The schemeintegrates thresholdtime and
various featuresof prior schemeso minimize the effect of false resewvations and to impr ove the
channelutilization of the cellular system.Simulation resultsshow that our schemeperforms better
in almostall typical scenariosthan prior schemes.
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1 Intr oduction

As a mobile station (MS) 2 moves from one cell to anothey its ongoingcall is
handed-dffrom theold cell to anew cell. This requireshatthe call be accommodated
by thenew cell. Sincedroppinga handof callis moreannging thanblockinganew call
from users perspectie, handof calls shouldbe givenhigherpriority thannew calls. It
hasbeenshavn thatthe methodby which handof is achiered hasa significantimpact
onthenetwork’s performancgl]. Dueto theinherentbandwidthlimitation in wireless
cellular networks, micro/pico cellular architecturesre attractve for achieving higher
systemcapacity[2]. In thiscasethecoverageareaof acell will bedefinedby acircular
regionthatis a few hundredmetersto afew kilometersin radius.As adirectresult,the
rateof handofs increaseslramaticallyevenwhenMSsmove atlow speed.

The probability of an ongoingcall beingdroppeddueto a handof failure andthe
probability of a new call beingblocked dueto the temporaryunavailability of anidle
channelremajor metricsthatdefinethe performancef cellularsystemsThe handof
prioritization schemesmplementedn the network have a significantimpacton these
two probabilities All thehandof prioritizationschemefiave acommoncharacteristic:

3 We use“MS” to representone MS with anongoingcall” in therestof this paper



ensuringa lower handof droppingprobability at the expenseof anincreasecew call
blockingprobability. Efficienthandof prioritizationschemesirethoseallow a high uti-
lization of the wirelessbandwidth(by accommodating highernumberof new calls)
while guaranteg¢he QoSof handof calls.

Thenaivechannebssignmenstrata@y is to treathandof callsandnew callsequally
[3]. This schemewould resultin the new call blocking probability andthe handof call
droppingprobabilitybeingequal.Obviously, this schemeerformspoorly whenthe of-
feredload on the network is high. Much work hasbeendoneon handof prioritization
in wirelesscellular systemd3, 5, 6, 7, 8]. Basicallytherearetwo stratgjiesthatare
popularfor prioritizing handof calls[2]: the guardedchannelstrategy andthe handof
queueingstrategy. The guardedchannelkstratgy decreasethe handof droppingprob-
ability by reservinga fixednumberof channelsxclusively for handof calls.New calls
will be blockedif the numberof idle channelds equalto or lessthanthe numberof
guardedchannelswhile handof calls canbe sened until all the channelsare occu-
pied. Thehandof queueingstratgy is away of delayinghandof dueto thetemporary
unavailability of channelsThe mobile switchingcenter(MSC) queueghe handof re-
questsinsteadof derying accessf the candidatecell hasno idle channelavailable.
Queueings possibledueto the overlappingregion betweeradjacentellswhereit can
communicatevith both the old andthe new basestation(BS). The maximumaqueue-
ing time is limited by the MS’ dwell time in the overlappingarea.lf thetraffic loadis
heavy, or if themaximumallowedqueueingimeis very small,it is highly unlikely that
aqueuechandof requestvill be entertainedThesetwo stratgiescanbe combinedto
obtainbetterperformancescomparedvith theindividual strateies[7].

Sincethe mobility behavior of differentMSsmaybetotally different,andthetraffic
loadofferedin eachcell variesfrom time to time, ary staticchannefesenationscheme
cannotwork efficiently all the time. In orderto solve this problem,several adaptie
(dynamic)channelresenation schemesave beenproposed4, 5, 6, 7]. The shadow
cluster conceptproposedin [4] allows the basestation of eachcell to calculatethe
probabilitiesthataMS will beactivein othercellsatfuturetimes,andtherebyfacilitate
the predictionof future resourceslemandsin [6], the numberof guardedchannelsn
eachcell is adjustedaccordingto the currentestimateof the handof call arrival rate,
which is derived from the currentnumberof ongoingcalls in neighboringcells and
the mobility patternsof the MSs. In [5], channelsare dynamicallyresened by using
therequesiprobability determinedy the mobility patternsof the MSsandthe current
traffic load. All theseschemesake into accounthe MSs’ mobility patternsvhenthey
dynamicallymake channelresenations.But the mobility patternsthatare considered
areall MSs’ generalpatternsandthey do not identify eachindividual MS’s mobility
behaior separatelyln [7], the Predictive ChannelReseration (PCR) schemeis pro-
posedandis basecon mobile positioning.The thresholddistanceconcept(Seell.A for
its definition) is usedto definethe size of channelresenation area.The PCRscheme
makes predictive channelresenationsfor eachMS basedon its currentpositionand
orientation But thethresholddistancen the PCRschemas constanfor all MSs.

In this paperwe proposeanewn handof prioritizationschemewhichis calledadap-
tive channelresenation (ACR) scheme.The ACR schemeintegratesthe featuresof
thresholdtime, resenation queueingyesenation cancellationand resenation pooling



to minimize the falseresenationsandto improve the channelutilization of the cellu-
lar system.Like [7] , the ACR schemeis also basedon GPSmeasurementf9]. We
don't discussGPSfurtherin this paper andjust make an assumptiorthateachMS is
equippedvith GPSandcanobtainits positioninformationin real-time.

The remainderof this paperis organizedas follows. Section2 outlinesthe ACR
scheme.n section3, we describethe modelsthat we use for simulatingthe ACR
scheme Detailed performanceesultsare presentedand interpretedin section4. Fi-
nally, we presenbur conclusionsn section5.

2 Adaptive Channel Resewration

In the ACR schemeghanneresenationdecisionsaremadebasechotonly oneach
MS’ currentpositionandorientation but alsoontherelativemoving speedwith respect
to its next targetcell. EachMS # measuredts coordinatesatregulartime interval (every
AT secondslusingGPS.The coordinateinformationis piggybaclkedonto uplink data
paclets (or sentto the associated3S by meansof specialuplink paclets). The BS
keepstrack of eachMS’ previous positions,predictsits trajectory[13] andcalculates
therelative moving speedwith respecto thenext cell thatthe MS is predictedto enter
Basedon thesecalculationswe can predictthe time within which the MS will reach
this candidatecell.

In [7], the thresholddistance(Dy;) is definedasthe radiusof a circle which is

(b)
Fig. 1. Thresholddistancen the PCRschemda) andthresholdtime in the ACR schemeb)

co-centeredvith a cell, andthis circle is smallerthanthe cell’'s coveragearea(Figure
1(a)). The areabetweenthesetwo circlesis calledthe channelreserationarea.When
aMS enterstheresenationareaof a cell from theinnerpartof thatcell (or anew call
is generatednsidetheresenationarea),andatthe sametime, is headingto anew cell,
a resenation requestwill be sentto that new cell’s BS. Thereare someproblemsin
the PCRschemeSupposea MS movesinto theresenationareaof cell A andheadso

4 We assumehatevery MS cancarryatmostonecall atatimein this paper



cell C (SeeFigure 1(a)); althoughthe MS is locatedin the resenation areaof cell A,
thereis along distancebetweerthe MS'’s currentlocationandthe boundaryof cell C.
After the MS resenesa channel,t may needa longtime to move into cell C. In this
casethetime for which achanneis resenedfor thisMS will betoolong, andthusthe
overallchannedtilizationwill deteriorateAnotherproblemisthateachMS hasits own
motion patternandhenceit is inappropriateto defineone constanthresholddistance
for all MSs.Oneextremeexampleis thatthereis a MS locatedin the overlappingarea
of two adjacentells,themoving speedf this MS is very slow (closeto 0). If the PCR
schemes used,two channelgeachcell hasone channeloccupied)will be occupied
by this call, onechannelis usedfor communicatiorin the currentcell andthe otheris
resenedfor this call in theadjacentell. Sincethe MS of this call is almoststationary
theresenedchannemaynotbeusedfor thelife time of this call. Naturally, thismethod
leadsto the underultilization of wirelesschannels.

2.1 ThresholdTime

In orderto solve theseproblems,we usethresholdtime (T;;) insteadof threshold
distanceto reflectpossibleresenationrequestsHereTy;, is a constantime value.Ac-
cordingto eachMS’ currentmoving speedprientationandlocationinformation,BSs
canpredictthetime within whichthe MS will reachtheboundaryof its next targetcell.
In Figurel(b),aMS is moving with avelocity V' towardscell A. Thevelocity V' canbe
decomposethto two orthogonaktomponentectors,V; andVs, wherel; is theveloc-
ity componenbf this MS towardsthe centerof cell A. FromV; andR,,s (thedistance
betweenthe MS andthe centerof cell A), we canestimatethe time T}, by which the
MS will reachtheboundaryof cell A.

RMS - Rc
T, = V1 1)
whereR, is theradiusof cell A.

If T, > Ty, it meanghatthe MS maytake atime longerthanTy, to reachcell A,
andit doesnot needa channelresenationin thatcell at currenttime. If T), < Ty, it
meangthatthe MS underconsideratiorwill move into cell A soon,anda resenation
requeswill besentby thecurrentBSto cell A’'s BS. SupposeR;, = Ry s|1,=1,,: We
call Ry, thethresholddistancefor this MS. Notethatthe thresholddistancedefinedin
our paperis differentfrom thatin [7] in thatdifferentMSshave differentthresholddis-
tanceseventhoughall the MSshave the sameTy;,, becauséhey have differentrelative
moving speeds.

Like the PCRschemejn our schemethresholdtime is integratedwith resenation
gueueing resenation cancellationand resenation pooling to minimize the effect of
falseresenationsandto improve the channelutilization of cellularsystemsin thefol-
lowing paragraphswe briefly describethe conceptf resenation cancellationyeser
vationpoolingandresenationrequestgiueueingdefinedin [7].

2.2 ReservatiorRequestQueueing

If aresenationrequests receivedby theBS of onecell, andthereis noidle channel
available,thisresenationrequestvill beputinto aresenationqueuelf theresenation



queueis not empty a channelreleasedy a call (either completeor handed-of to a
neighboringcell) is addedo theresenationpool atonceandoneresenationrequests
dequeued.

2.3 ReservatiorCancellation

A resenationmaybeinvalid (falseresenation)atalatertime becausehe MS may
changats moving direction,slow down its moving speedr becaus¢he call maytermi-
natebeforethe MS reacheshe candidatecell. In this case the falseresenationwill be
cancelecandareseredchannelwill bereleasedif the resenationqueueis empty)or
oneresenationrequests deletedfrom theresenation queue(if the resenationqueue
is not empty). The frequeny of occurrenceof falseresenationsdependsprimarily on
the MSs’ mobility patternandpredictionaccurag of futuremovement.

2.4 ReservatiorPooling

Ratherthanstrictly mappingeachresenedchannelo the MS that madethe reser
vation, the setof resened channelsat any moment,is usedasa genericpool to sene
handof requestsOncea handof is neededthe BS will randomlychoosea resened
channelfrom the resenation pool and assignit to the handof call. SowhenoneBS
sendsaresenationrequesto anotheBS, it doesnot needto sendthe MS’ ID.

Theoverheadncurredby the ACR schemas the predictionof eachMS’ futuretra-
jectory, thetransmissiorof resenationrequestandresenation cancellatiormessages
amongBSs.Becausall of thesefunctionscanbe performedby BSs,thereis no extra
overheador MSs (for which computatiorpoweris limited). Thecommunicatiorover-
head(amongthe BSs)is transmittedover wire-line network, anddoesnot consumehe
preciouswirelesshandwidth.

3 Simulation Model

We constructa simulationmodelto evaluatethe performancenf the ACR scheme.
The modelis implementedn CSIM18[14]. This simulationmodelincludessystem
topologymodel(cell model),traffic modelandusermobility model.

3.1 Cell Model

Thesimulationis conductedvera L layermicrocellularmobileradiosystem(SeeFig-
ure2). Squarecircularor hexagonakellsarecommonlyusedin the simulationof wire-
lesscellularsystemsln our simulationwe usehexagongo representhe neighborhood
relationshipsamongcells andcirclesto approximatethe coverageareaof cells. There
areoverlappingareashetweeradjacentells. Theradiusof eachcircle (or hexagon)is
representedly R.. Thereis onecentralcell in thetopology(first layer). Thecentralcell
is surroundedy six cells which make up the secondayer. Thereare 12 cellsin the
third layer, and6(: — 1) cellsin thesthlayer(1 < ¢ < L).

In orderto avoid bordereffects,whena MS movesout of the serviceareaof the
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Fig. 2. Thetopologyof a 5-layerwirelesscellularsystem

systemthisMS will bewrappedaroundo re-entetthesystenfrom theotherside.Such
atoroidalarrangemenis anefficientway to approximatelysimulatevery large cellular
systems.

3.2 Traffic Model

In our simulationmodelwe only considethomogeneousalls,andassumehateach
MS needsonly one channelper call. Call generationin the systemfollows a Poisson
processwith anaveragearrival rate . The call holdingtime T, follows anexponential
distribution with an averageservicerate u.. The numberof channeldn eachcell is a
constant. Thenormalizedofferedtraffic load of the systemis definedto be

A
, 2
He - N-c ( )
whereN is thenumberof cellsin the systemandis givenby:
L
N=1+) 6(i—1)=3L(L—1)+1- (3)
=2

Notethattheloadis measuredn Erlang.

3.3 Mohbility Model

Several mobility models,suchastherandom-valk modelandthe fluid-flow model
are often usedto depict MS’ moving behavior in simulationsand analyseq10, 11,
12). In our simulation, we considera more realistic mobility model. When a new
call is generatedthe MS initially chooses speedwhich is uniformly distributedover
[Vinin:Vimaz] andamoving directionwhich is uniformly distributedover [0, 360°). In



Table 1. Parameteialuesin the Simulation

Parameter[Value] Description
L 5 Cell LayerNumber
R. 500m Cell Radius
c 20 Numberof Channelsn eachCell
T. 180s Call Holding Time
Psiop 0.1 Probabilitywith whicha MS stops

Peont. 0.9 | Probabilitywith which aMS continuesmotion
Pyo 0.7 |Probabilityof KeepingOriginal Moving Direction
P50 0.1 Probabilityof Makinga45° turn
Pypo 0.2 Probabilityof Makinga90° turn

eachvariable-lengttperiodT, (whichis exponentiallydistributedwith meanE[T.]/3),
the MS movesalonga straightline. After that period,the MS may stop(with a proba-
bility Py;,p) for atime T, or continueto move (with aprobability P.on:. = 1 — Pstop).
If theMS continuego move, it maychangdts moving direction.The MS makes+90°
turnswith probability Pygo, makes+45° turnswith probability Pys., andmovesalong
the original moving directionwith probability Ppe = 1 — (Pygo + Paso).

In orderto evaluatethe effectsof speedpatternson the systemperformancethree
differentspeedpatternsaredefined.

= V1: Viin = 0andVy,e, = 20m/s.
= V2: Vipin = 0 andVye, = 5m/s.
— V3: Vipin = 15m/s andVp,q, = 20m/s.

Comparedo V1, V2 islow speednoving patternandV3 is high speednoving pattern.

4 PerformanceEvaluation

We definethe new call blocking probability Py, the handof droppingprobability
P, andthe call incompletionprobability P,,. asthe systemperformancemetrics.Call
incompletionprobability is the probability that a call is not completed(eitherdueto
beingblocked or becausef beingdroppedduring handof). The valuesof the various
parametersisedin simulationarelistedin Tablel. In orderto evaluatetheperformance
of the ACR schemeyve simulatethe PCRschemawith the samesimulationmodeland
underthe samesystemconditions,andcomparets performanceesultswith thatof the
ACR scheme.

Figure 3 shows the P,, P; and P,. experiencedby the systemwhen the ACR
schemads usedwith differentvaluesof T;,. The MSsmove in accordancéo the speed
patternV1. FromFigure3(a)it is seenthat P; decreasefrom 0.17%to 0.025%with
theincreaseof Ty, (from 3 seconddo 20 secondsyvhennormalizedraffic loadis 0.9;
the penaltyincurredis that, P, increasesrom 20%to 29% (SeeFigure3(b)). We also
find that P, is alreadyvery small (comparedo P;) evenwhenTy, is very small (for
example, T, = 3 seconds)Thereasorfor this resultis thatthe overlappingareaof a



cellwith its neighboringcellscontributesafairly large portion (about35%)of theentire
cell,andevenif aMS cannotaccessanidle channebeforeit traverseshe boundaryof
its next cell, it still hasa certainperiodof time (its dwell time in the overlappingarea)
to wait for anidle channel Soits maximumallowedchannelwaiting time is largerthan
T:n. Since Py is much smallerthan Py, mostof the unsuccessfutalls are new calls
(which areblocked), thereforethe call incompletionprobability P,,. andthe new call
blocking P, arealmostthe same(SeeFigure3(c)).

Figures4 and5 shav the performanceof the ACR schemeundertwo different
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Fig. 3. Performancef the ACR schemeaunderspeedpatternvl

speedpatternglow speedpatternV2 andhigh speedpatternV3). Fromthesetwo fig-
ures,it is seenthat P; underthe low speedpatternis alittle higherthanthatunderthe
high speedpattern.On the otherhand, P, is lower underthe low speedpattern.Under
thelow speedatternthepossibilitythatanongoingcall is handed-dfto anothercell is
smallerthanthatunderthe high speedpattern As aresult,underthelow speedattern,
the numberof handofs is smaller andconsequentlythe numberof resenedchannels



atary giventime is alsosmaller Sincethe ACR schemas incorporatedvith resena-
tion pooling,the morethe numberof resened channelsthe lower the probability P;.
Thisis thereasorfor P; beinghigh and P, beinglow underthelow speedpattern. An-
otherobsenationis thatboth P; and P, arenotvery sensitve to achangen Ty, under
thelow speedattern.Onthe otherhand,the sensitvity is muchhigherunderthe high
speedattern.

Thecomparisorof the ACR schemewith the PCRschemen termsof performance
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underthe speedpatternV1 is shovn in Figure6. By choosingl;;, = 3 secondsn the
ACR schemeandthethresholddistanceD;;, = 0.723 R, in the PCRschemethe two
schemes$iave almostthesameP; for variousnormalizedraffic loads(SeeFigure6(a)).
The ACRschemalecreases), by 4.5%ascomparedvith thePCRschemdSeeFigure



6(b)). In otherwords, for a given normalizedtraffic load, the ACR schemeallows a
highernumberof calls (approximatelyt.5% more) thanthe PCRschemewhile main-
tainsthe samehandof call droppingprobability P;. Similarly, by choosingT;, = 20
secondsn the ACR schemeandD;;, = 0.69R, in the PCRschemethetwo schemes
have the sameP,. Correspondinglythe value of P, in the ACR schemeis lower by
1.5%ascomparedvith thatseenin the PCRschemesSincethe call incompletionprob-
ability P,. is dominatedoy P;, the ACR schemecanensuremorecompleteccallsthan
the PCRschemeConsequentljthe ACR schemeachieresa higherchannelutilization
thanthe PCRscheme.

Figure 7 compareghe performanceof the two schemeainderthe low speedpat-
ternV2. In Figure7(a), by choosingly, = 3 secondsind Dy, = 0.815R,, thesetwo
schemesiavealmostthesameP; for variousnormalizedraffic loads.Correspondingly
in Figure7(b), P, in the ACR schemas lower by 1% ascomparedvith thatin the PCR
schemeSimilarly, by choosingl;, = 20 secondsindD;;, = 0.76 R.., thetwo schemes
have almostthe sameP;, and P, in the ACR schemes lower by 1.5% ascompared
with thatin the PCRschemeOneinterestingobsenationis that P, in the ACR scheme
is muchlower with a larger Ty, underspeedpatternV2 (In contrast,P, is somavhat
higherif Ty, is largerasseenin Figure6(a)).Underthelow speedbatterntheaverage
numberof channelresenation requestss smallerthanthat underthe high speedpat-
tern,while thechanneholdingtime of acall in agivencell is longer Thiswouldimply
thatthe rate at which the occupiedchannelsarereleasedwill be smallerif we have a
low speedratternandtheresenationrequesimaythereforeneedalongertime to getan
idle channel For the samevalueof T;;, andthe samenormalizedtraffic load, P; under
alow speedpatternis higherand P, is lower thanthe correspondingaluesobsened
underahigh speedpattern.

Figure8 compareshe performancef thesetwo schemesinderthe high speedat-
tern.In Figure8(a), by choosingl};, = 3 secondsind Dy, = 0.71R. we ensureghat
thetwo scheme$ave almostthesameP; for variousnormalizedraffic loads.In Figure
8(b), we seethat P, in the ACR schemads lower by 4% ascomparedvith thatseenin
thePCRschemeOntheotherhand the ACR scheméiasalmostthesameP,; and P, as
thePCRschemeavhenTy, = 15 secondsandD,, = 0.6R.. Thisis dueto thefactthat
underhigh speedpatternsif T3, is large,thechannefresenationareawill becomevery
large;consequentlyhefractionof callsthatmake resenationrequestsn adjacentells
will belarge. Theperformancef the ACR schemewill thereforedeteriorateHowever,
evenin this unrealisticscenariothe ACR schemestill performsaswell asthe PCR
scheme.

Sincethe ACR schemés distributed,it canbe appliednot only in homogeneousys-
temsin which every cell hasthe samesize,shapeandnumberof channelsput alsoin
heterogeneousystemsn which eachcell might have a differentcoveragearea,a dif-
ferentshapeanddifferentnumberof channelsThe schemeanay be expectedto work
well undernon-uniformtraffic loadsaswell.

5 Conclusion

In this paperwe proposeanadaptvechannelesenation(ACR) schemédor handof
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prioritizationwhichis basecon GPSmeasurementn this schemea basestationsends
aresenationrequesto aneighboringcell notonly in accordanceéo the positionandori-

entationof amobile station,but alsoby takinginto accounthe mobilestationsrelative

moving speedwith respecto its next targetcell. The schemeéntroducesa new concept
calledthe thresholdtime, and usesthis in conjunctionwith otherprior conceptssuch
asresenation queueingfesenation cancellationandresenation poolingto minimize
theeffectof falseresenationsandto improvethechannebtilization of thecellularsys-
tems.Extensve simulationswere performed andthe simulationresultsshow that, the
ACR schemecanaccommodatenorenew calls (haslower new call blocking probabil-
ity Py) thanthe PCRschemavhile maintainingthe samevalueof handof call dropping
probability P, for any giventraffic load.
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