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Abstract.[This[ paper[ presents'al | omparison ofl channel allocation/ schemes| for
mobile[ ellular[hetworks. ‘Threeschemes havebeen evaluated:[Fixed Channel
Allocation(FCA), Dynamic[ChannellAllocation ((DCA)[and [Channel [ Allocation
with[Spacel lad Time!Variations (CA[STV).[Thelthird[schemeluises! information
about/mobilelusers(profiles/for gettingladaptabilityto[traffic/fluctuations.Results
werelobtained [ sing/a/simulation/énvironment formobile( ellular networks called
CELSA,whichl[implements[a user mobility[model based on[personal, spacellad
time ¢haracteristics. The(tesults[providelinsight lintothe " fficiencylofltakinglinto
account/thelmobilelusers personal profiles, (thel larrent(cell characteristicsand [the
time oflthe daylinthe channelallocation(algorithm.

Key Words:[Iwireless'|communications,Iradio[ resource! management, | and
performance(analysis.

1 INTRODUCTION

Therapid [l ppwthlin[demand for mobile Jommunications has(led fo lintense Tesearcheéffortsin
developing/simulation[toolsland/énvironments| for(evaluating(the use ofl thelscarce spectrum
allocated for(cellular([communications([4,[12].

[J[J/New! |applications! Jand[ Iservices! lare| Jexpected| /tol lemerge! Iwith[ /the |3rd[ Jatid| 4th[ Igenerations! o
mobilel | emmunications’and! suitable! Quality[ofl Service[ (QoS)[levels! for[ eachl application
haveltobelprovided by Htel latwork tifrastructure.

[0 JArange!lofl Ichannel lallocation [ Jschemes! Jhas[ Ibeen( |proposed[[8][to limcrease! ItheIcellula
systems' efficiencylin/radio resourcel management. An’important[ research issuelisl how![to
evaluatethese/schemes. [Thelresults arehighlylinfluenced ! blthe ‘mobility modellused in the

evaluation. “Theltask ofl modelling the Thuman’ bhaviour(is[very complicatedand ‘many
simplificationshave(fo (be[|dopted, butlit[is(also [extremely[] acessary forlachieving[ ] mctical

results.

LU InUthis[paper! lwel lhavel Jused[ Jal Jthree! |dimensional imobility[ Jmodel [ 1[2],[ Iwhnch[Jis[ limplemented!
the[CELSA[simulationénvironment. Tnthisimodel, users dre(classified lin'different groups;and

thelcells(are 'grouped [ dpendinglon(their “attraction” tolthe [ Isers.[Thel imellisIsa classified i
zones|inlwhich/users/present similar mobility/characteristics. [Using this[modell ts[possible[to
obtain/morelrealisticmobilityland traffic/generation[processes.

L0 ThelIpaper(lisUstructured[as[follows: Llin[Isection[ 12 lwelpresentJal threey/dimensional [\ mobilit
model.In[thelsection 3 weldiscuss the channellallocationalgorithmsand[thel simulation
environment(is describedin($ection 4. Inlsection 5 Wwe present[iel $imulations resultsand

finally, We(draw[someconclusions/inSection|6.
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2  THE MOBILITY MODEL

Thelproblem(oficreating amodel, whichpredictsmobileusersmovements, [is[allomplex[task
becauselit[ ifies/to [predict luman(] bhaviour[to [which/there! | eeianyrelated | prameters. In
order[tolconstructan[efficient modelllti is[ necessaryl to[consider_different factors_like
geographical [characteristics[ofl the tegions, users economical¢haracteristics(and (the [fime[of
theday. 'With this[information, [it[is[possible[fo classify[users, Tegionsland [ priods[oflfime[in
differentgroups(definingamultidimensional I mbilitymodel.

00 0ManyLmodelsCIfoundin the[literature JuseLl simplificationsIthat[ make[easies_Imobility analysi
and(solutions(tolequations. In[9], forlexample, the! lathor/considers that/ e number oflusers
infa[Jellrfemains/constant at(all[time. In([i5], therate 0 flhandofflattempts arrivingin[onel elllis
equallto [the(rate ofusersleaving this[cellland trying toallocate[ | alhannellin'another(cell.[In
(Fantacci 2000), "handoffT attemptslinleachcell are’ onsidered[asl generated according/to
independent [Poisson processes. The users! seedis[¢onsidered(constant(in([3](and, in[[13]land
[9]/thedirection oflusers movements|is uniformlydistributed between [0, 27][.

[ Although(alll 'thesel Isimplifications! larel lusefull /to[ Icalculate! /the! |Quality))lofl |Servicel ](QoS
parameters| of! thel | ellular[system, [ theyl¢anl damage[the mobility model credibility. [ In[this

paper, [weluise! | anodel[2,[14],[whichl¢lassifies/the mobilityin[differentprofiles;[trying[to
cover/as/manylusers/behaviourpatternslas/possible.

[0 Theirenmentlis divided in [three dimensions:

e PersonallDimension:[describes[Idifferent/ Jusers classes ‘dependingon[ their[‘mobility
behaviour.

o TimelDimension:[describes periods(ofifime withdifferent mobility[characteristics.
o SpacelDimension:|describesthe Fattraction” [characteristics/ofléachregion((cell).

[0 Thellmobility [profile[Jis[Ispecified [ Iby[allcombination!ofl Ipersonal,[ Jtime[ laml [ Ispace  |dimension
information, as/chown/inFig.[1.[Acertaintype ofuser jgersonal/dimension), during/a(specific
periodofitheday(time/dimension) and/inlone determinate [region has/alspecificlprofile.

Mobility
Profile “B"

Mobility
Profile “A~

Spatial Dimension

e

Temporal Dimension

i >

-_F

Personal Dimension

Fig.[1:[Three/dimensionall | mbility model

2.1 PERSONALDIMENSION

In'this[dimension, the 'model/defines groups ofiusers/thatlhavelsimilarbehaviours during/the
day,[i.le.,[peoplewholmoves[to similar[areas in the[]ity.[ The[modelldefines/threeltypeslof
users, mamely:
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e Working User[ 'WR): alperson/who [wakes [up in/the[morning, goes/to work [where[he/she
spendstany(hours/and/comes/back llomeatnight. This[ siteapetedlon(aldailybasis.

e Residential User[ |RE):[aluser whol doesn’tlork[ and[ spends/ imany![ | hurs/atl homel or
movingto banks, [supermarketsto [shop during ‘the day.

e HighMobility[Wser((HM):[al lprson[ \Wolspends all[daytovingfrom[one[placetolanother,
like[taxildrivers, [ for example. Theseusers/ havel | atandom!behaviour|becauselthey! can
chooselany/(cell/aslal 'dstination! mdstart( ltetrip atirandom [times.

2.2 TIMEIDIMENSION

00 0TheOmobility Cpatternlis T highly Cinfluenced by [the [time. ) During (I the Cfirst Thours JinJthe [
forlexample, (therelis/albigflux oflusers/leaving[their lhomes/and[ | ging [to[work[places. At[ lte
end(oflthelafternoon(the ‘movements are morelintense[ from work [ faces to (home! eeas. The
modelldefines(six/time! | aneslin/which users/havelspecific/mobilitycharacteristics. Tablel1

shows theses fime Zones.

Table(1:TimeZonesDescription

TimeZones |TimePeriod Description
1 06:00(to/08:00 | Morning RushHours
2 08:00(to/12:00 | MorningWorking Hours
3 12:001to[14:00 | Day(FreeHours
4 14:00to(18:00 | AfternoonWorking Hours
5 18:001t020:00 | NightRushHours
6 20:00t0/24:00 | NightFreeHours

2.3 SPACEDIMENSION

[ [Eachcell Jin[Jthe[Isystem! lis[ Iclassified[ ]depending/ lon[Ithe[ Iregion[ Iwherel litf" Ilocated. JEach Itype o
cellldefinedlin(thisdimension( hs(al ] cetain[fattractionpower” over [users/during[Some(period

ofltime. [ This/attraction isrelated to[ | gographical/and[économics[c¢haracteristics. [OneJelllin'a
residentiallareal | &nattract ‘more users during/the timel | @anes[1[and[] Jforléxample. On(the

otherlhand, a Jelllocatedlin/al[downtown centre[ ] calattract[more users/in/time( Janes(2(and 14

Depending[ onlthe[¥attractionpower”[ | cs[¢anl] &l ] kassified[as:[Home [ (H), Working (W),

Bank(B), [Shopping(S)and [Entertainment[(E)cells.

2.4 MOBILITY PROFILEDEFINITION

[0 1Combining! linformation’ 'from!( Ithese! Ithreel |dimensions, 'the! Imodel[ Idefines! |different |profiles lo
mobility. [Each(profile[istepresented  hlanlalgorithmwhichdetermines/theldestination(¢ell,

theltime[ | aiser/stays/in/each(cell(before(teaching/the destination, which'is/a random/variable
exponentially(distributed (with(mean(, and the[destinationresidence(time [which[is luniformly
distributed between|[t,, [t ] minutes.

[J[J1[0ThelJalgorithm![Ichooses! Ithel !destination! celll /depending lonl[Ithelpersonal  Iprofilel lof leachl )
Highlmobilityiisers have[] arandombehaviourland theldestinationtan] blany_ tellloflthe
system!in/anylinstant/ofl time  with the[same!probability. ' Workers/and/Residential users/are
morelpredictableland/éachlonelhas[alschedule with[probabilities for each typeloflattraction

point((cell)'and for/each(time Zone, as weldan(see in[1dble 2 [ lad [ 1dble 3.
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Table2/(a): Residentialuisers/attraction Table2(b): Workingisers @ttraction[points
pointsiprobabilities probabilities
Zone | H% | W% | B% | S% | E% Zone | H% | W% | B% |S% | E%

1 100 0 0 0 0 1 100 0 0 0 0

2 20 10 20 40 10 2 10 80 10 0 0

3 40 10 40 10 0 3 40 10 30 | 20 0

4 30 10 10 20 30 4 10 70 10 | 10 0

5 50 0 0 30 20 5 40 20 10 | 20| 10
6 60 0 0 10 30 6 60 0 0 20 | 20

L Afterlalldestination JhaslIbeen[ chosen, [ithe[Inext[Istepllis[Ito[l defihe Mthbileranee |that[ It
will takeon(his trip. ‘A [foute is[a sequence oflcells/defined [ | plthe[simulator. There /e some
routes(that'canl&lchosen(dnd the[simulator(selects(thefirstlon(that[connects/the lerrent user

cellland theldestination(cell.

3 CHANNEL ALLOCATION SCHEMES

InCmobile ] ellular metworks tadio [channels are the tesourcesavailable for ¢onnected active
mobile[users. [ Thelmoreusers[the metwork has, [the (more[important [is the efticiencylin[the
reusel ofl the limited [ frequencyl spectruml available. Thel channel  allocationl algorithms are
responsible for(getting theefficient Teuse ofchannelslandcontribute fordetermining the QoS
levelofithesystem.

[0 0 However, [this[reutilization[lis[restricted [ by [ theIcolIchannel “linterference, [ Iwhich [ limitsJthe [
of'onekannel by more(thanonelmobile @ ltelsameltime. Twolmobiles ¢an uise/the same
channellonly/iflatleast lte'do channel [feuse [distance [ isparates ‘them.

(117 Many![lallocation[Jschemes[canbellfoundlin[Ithelliterature /[8], Tbut[Itheycandlbe lclassi
extremes: Fixed [Channel[Allocation[(FCA) and Dynamic Channel Allocation (DCA). In the

FCAlschemes,| ¢achlcellhaslitslownlset[of channels. In[the[DCA[therelis/no!relationship
betweenchannels(and cells, éxamples(are found in([1],[[6]([8] ‘and[ ] 1B.[All[channels are kept

infal catral poollandarel Issigned [dynamically(to cells/as(new(calls/arrivelin[the system, and

the “numberlofl ichannels[lin[Jeach[celllJis[Jadaptively[/changed[ItoJaccommodate traffic

fluctuations.

00 0Currentstandardsldevelopments [ of - TDMA/FDMA [ldigital [ cellular[ mobile I network [ suppor
fixed[channellallocation([[12].InFCA, thelallocation reliesheavilylonfrequency planning(and

willnotbel lkletoladapt/dynamically(fothe[ lkangingcondition(ofltheoffered(trafficlas IDCA

schemes.

L UInlviewloflthis[“deficiency” [l of [/IFCA, [ Isomel[Isystems[ Jhavel already ! lapplied/,/the I DCA[ls
as'theldigitallenhanced(cordless telecommunicationisystem (DECT) and the Japanese personal
handyphonesystem (PHS). IDCAis[also currently [supported by (GSM [and [will [be [supported

by PCSand[ DIAMPS/in!thel hearl futurel| sl the incorporationl 0fl DCAlintoltheirl évolving
standards(is[inanladvanced(stage. The ! ealuation 0fl the benefits 0f DCAlover FCAlis
thereforeimportant to[telecommunications providers[who [are[considering[ | upgading|[their

existing ‘channellallocation’equipment [6].
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3.1 CHANNELALLOCATIONTWTH'SPACEAND TIMEVARIATIONS{(CASTV)

Thissheme, [initially(proposedin[15], uses information/aboutuisers mobilityprofiles, such
as'the[fattraction power” [0flthe( | ells/and [the time[anes/during the daylinwhich users have
similar[behaviours. [lWith[thisinformationwe ! an_predict] e traffic characteristics[and
channels/éanl]b/distributed(inlanonuniform/wayso [thatthe[number of ¢hannelslin[eéach(cell
canlalso [varyldependingon/the time.

[ Thel ICATISTV [ Ischeme!l Jassumes!( that! leachIcell[Jis[Iclassified Jinto[Jone Jofl Jthe[Ifive[Iprofile
defined!inthe space(dimension oflthe[modellexplained @bove. Theltime anes have also tobe
definedlaccordingfo thelsame mobility[model. [Each'¢luster haslal lkannellallocation matrix
that(defines/the(fraction/0fichannels/assigned/for(eachtype oflcelllduring/éach time zone.
[The[CAISTVIislalnhonluniforml channel  allocation[ $chemelWherel the number( ofl channels
assigned for(eéach/celllwill'¢change With(the time[ ane. As/in[DCA [schemes, [for implementing
CAISTV,additionaltransmitters/receivers/willlhave[fo be[ldded [onto all(base [stationsJs/that
theylare| cpablelof transmittingand teceivinglin alllavailablefrequency(carriers. [The [CA[
STV ilso [tries foadapt fothe changingcondition [of the [offered [traffic, butmot/dynamically.

InDCA [thelselection/oflal | cadidate I kannel(canlincreaselthe algorithm complexity[what
difficultiesthe(real implementation. (In[CA[STV thellkangesl[are(defined a priori,[using[the
traffic forecasts and/thereconfiguration[oflthe channels(allocatedfor[each[] bselstation[will
occuronly étween [fime Zones.

Welthelefficiencyloflthe[CAISTV proposallwill be[lompared to the following[¢hannel

allocation/algorithms:

o FCAZIfIMIis the! dtall Inumber( | of! |channels,  leach! | celll | hasflitsS=at/channels, where
7lislthe[reuse [factor;

o DCAIFirstAvailable[(DCA[FA)[+[In(this[lsheme(thelfirst[available’¢channel within the
reusedistance lencountered(duringlachannel searchis‘assigned [to the call;

4 THE SIMULATION ENVIRONMENT

The[CELSA[simulation(foolwas initially[developed for analysis o f'thesignalling inlTDMA
mobilelcellularmetworks([7,[14], butlithasbeen! etendedforldoingresourcelmanagementland
performancelanalysis/ofichannel allocations/schemes.

(1] TheIsimulationplatform[limplementation[ Iwas[IdividedJinto[three  Imodules

1. Mobilityland(Traffic/Generation;

2. SignallingofiScenariosland Messages;

3. Network/Structure/and Configuration;

[ Thel firstl Imodulel Jis| Iresponsible! Ifor[ |generating| Ithe( Itrafficl /load lapplied[ Ito’ Ithel Isystem![ i
simulations_and[for[modelling[| sersCimobility[ characteristics. [This_imodulel] ontainsthe
implementation(of'thethree [dimensional [l mbility thodel/describedfin/section 2.

[0 Thel7second modulesupplies information[labout[Ithelexchanged [ messages[Iwhen[onelIspecifi
procedureloccurs/(e.g. messages/between(the rtitiesof ametwork whenlahandofflprocedure

must (be executed). These messages have different sizeslin bytes and ¢ach[procedure has its

ownl messages! thatare[ ] xchanged inlalspecificl sequence.[ During  thel] xecution[ ofl each
procedure, 'the tool simulates(the messages(éxchanged [between[ ] atwork¢omponents (RBS [+
RadioBase Station, MSC[TIMobileSwitch[Center, VLR = VirtualLocationRegister, HLR [+

HomeLocationRegisterland MU #+Mobile[Unit), considering[theload[ofleachmessageand
itsltime(ofiprocessinglin/each( latworkicomponent.
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[JJLJCELSAimplements! Ithe! imain[Iprocedures/ Jof! al I cellular[ Inetwork, Jsuchllas JPower ]Up, ICal
Origination, [ Location Update, Handoff” and Power” Down, [ for[ bothl GSM[and[ 1S(41/136

systems, _considering signalling messages( squences and[their[lengths. Byl computing!the

message sizes/for@ach procedurelit is possibleto (estimate [the signalling loadin/the Metwork.

[0 ThelJnetwork[architectureland [ /configuration[imodule(lis[Iresponsible[/for[Iplatfotm [ manag
and[ for[ thel trafficl ofl information[ | &tween[ thel modules.” This' modulelis tesponsible! for
accounting/the(signallingloadland[for éstimates the[QoS [parameters (0flthe network during the
simulations.ThisCmodulealso[allows the[ ealuationCofl very[complex systems, making

possible ¢changesand/or[uipgrades(in[the mumber ofllocationareas for[eéach(switch, allowing
thelidentification oflunbalanced(loads, (Operation/and testingofinew [proceduresorlservices.

OO0 The JSIMSCRIPTUILS [ 11]simulation language[lwas[Jused [JforJimplementingtthe[Itool, [
offersrhighflexibility. [ The modular[implementationimakes(it possible tol[éxamine different

mobility models, [traffic[distributions/and [fopologies, [aswell asnewprocedures/that'can[ &
implemented.

[J[J[JThel[ ICELSA! simulation’ tool 'has[ lalgraphical Jinterface.l | Using[ Ithis' interfacel Ithe[ Juser/Ica
construct[al simulationloflany[ topology, byl just[selecting,  connectingl and[! dfining[ the
properties ofl the hetwork[ components. [1t’s possible to havel | amaplin the background!that
helpsltolplace [the componentsland simulate @lreal network dver(alspecific city.

[0t is[ Tpossiblel Ttol lconfigurel Jcomponent! | properties, Isuchl IRBS[ Icoverage!( /fireal land[ Inumber( Jo
channels(available. In'dddictionwelan(define thespaceldimension(classification for éach(cell
(Residential,['Working, Bank, [Shoppinglor Entertainment ‘area)(and the[possible toutes(in the
topology. Thelinformation aboutl personal profiles, $uchlasthe total humber ofl uisers, the
percentage ofluserslin/¢ach(profileland/thel | #traction[point’s/probabilities! |shedules| for!the
Workingand[ Residential users[ lcan[ also be  defined[fin[ thel jgraphicllinterface. 'Alll this
configurationlinformation reflects/the mobilitylmodelidescribed inthe[previous/section.

5 PERFORMANCE ANALYSIS

Thelperformance! | malysis( considers[Jthe[Iblocking[] pobability land[the handoffl failure
probabilityl as/ QoS! parameters. They! are! | stimated( | bl thel imean! percentage’ ofl hew! calls
blockedand/the mean[percentage oflhandoffltequests/thatfail because therelis no[¢hannel
availablelin/the mext(delllduring the[simulation.

[I[1)Wel Iconsider(lal 128 Icelll inetwork ! las[Ishowed[lin[ Fig.2[1(a).[IThelIcells! rarel lorganized! in[/f
clusters, [eachlofl seven[cells. [Thelonnections between!cells that forms[thepossible routes

definedlin(the 'mobilitylmodellarelalsolindicatelin Fig.2[(a). The followinglassumptions are

considered inthe [performancelanalysis:

o Thel alllduration’is[tandom[and(exponentially[distributed with'anlexpected/Value of
tcarMinutes.

¢ Blockedlcallsiarecleared.
o Thelcalllarrivalprocess! siconsidered/aPoisson(process withtheanA(calls/sec.

o  Therell e[ 5000 mobilelusers inl the system and[| 6% are. Workers (WR),[15%lare
Residential (RE) usersland 25% [ Ja{High Mobility (HM) users.

o Thelcelllresidence [timelisexponentially [distributed, @s/describedlin’ ltemobility model,
with(mean /[l minutes.

o Theldestination/cell residence time/is uniformlydistributed between [t ,,[t; ] minutes.
o Therelare[MIchannelslavailablelin/the system.
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[0 WehavelJconsidered Itwolldistinct[IsimulationIscenarios. ] The[Jscenario 1 [lwas[Jused[ to[_evalu

theblockingprobability usingéach [dllocation algorithm. In(scenario 2, the(handoff(generation
process and the handofflfailure probability were  malysed[for[eachlallocation $cheme. The

parametersused (in'the [twoscenarios/areshowed in(Fig. 2(b).

Parameters | Scenario 1 | Scenario 2
Al(calls/sec) 0,8 0,6
W{(min.) 3,6 2
tearL(min.) 2 4
[ti,[E5]((min.) |  [48,60] [30,42]
M 105 105

Fig.2(a)Topologysimulated Fig.[2(b)8enarios[] 1 landpa2ameters.

5.1 SCENARIO(1

Inlthis(scenariowelhavelstudied theltraffic/distribution overlall'the/simulatedtopologyland
during/allthe time[ Janes. Withthis/information, we[ an[estimate which fegions dre [submitted
tolintense(fraffic[ onditions[duringeéach time[ | ane, so that[Wwe  cal¢hoose the values[oflthe
channellallocationmatrix defined inf CA[STV algorithm(in[alway[that more dticall areas
receivelallarge mumberofichannels.

LU UFig.[13(a)UshowsIthe[IpercentageloflIthe[Itotal [traffic [ Iby[Icell Iforlleachl of Ithe[Ifivel celll
W, B, Sland E)/describedlin(the mobility model. Thelresultswerelobtained .computing all new
calllrequests/in(thesystem/duringa/simulationfrom(6:00(Zone 1) to 24:00 (Zone 6).

100 During[the Zone[] 1, [ for[lexampdtls Heom@Ticgh [fraffic Toad, because 0f the Values[in
the attraction [pointstables(Tables 2(a)and((b)). During [the Zone (2, [the traffic/is more intense
inlthe'Working/(cells, Where[most 0fthe[60% [0fusers (Workers) @are[supposed to be. InZone[3
wecan[see@morelequilibratedisituation, Whatrepresentsthe[sers(going (home, users [going [ &
center(areas, [Such’as Bank and[Shopping cells, l0r[users who [stay/inthe work[place. The others
zones|resultsldre also inlline Wwith[the ‘mobility 'model. InZone(4, welhave[ |gain(a high/traffic
loadlinlworking(cellsandlin[Zones5 [and [| @¢hezrivallrateincreasedin Home, Shopping and
Entertainment cells.

[1[11Observing| Ithe  Itraffic! Iconditions, [ Iwel havel Ichosen[ thel Ivalues( Jofl 'the[ |chanrell Jallocation[ Imatri
for(the[CAISTV[schemeland[the matrix used[in[the following éxperimentslis[showed in Fig
3(b).[Usingthe[CELSA "s[graphiclinterface, the[simulation(designer(¢an[¢change[these values
easilylat[any[time.[In Zone 2, welhavelteserved ] 40 oflthe[  kannel Jrileachl cluster[for
working(cells.[On'the[other hand, [in[Zone[6 'wehave changed [the [priorityfo (Home[ Jreasland

welhavel | ssigned! | 40%[oflthe[ 1 kannels(to[this kind ofl ¢cell. [Although/the mainlgoallis to

providel | abetter[ QoS[levellinl¢cellsiunder highltrafficlloads, inlthellight[loadedl cells the

systems tryfolallocateatleast [10% [0flallichannels/in/order fo haveldminimum[QoS [level.

[0 In[this[Iscenario 'wel ThavelJalso[ obtainedIthe[Iblocking[ Iprobability [ Iby[ &cell[ | for[Jsimulation
between 9:30(and 10: 30 am((Fig. 4(a))landbetween21:30/and[123B0/inthenight((Fig. 4(b)).
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OO 0As anseeinFigid(a), the [CASTVIschemehadifuch ] btter performance than [FCA [or
DCAFATlin'the ' Workingland[Bank ¢ells. These types ofl cell havel] amore intense! traffic
during[this[time. In[the Bank![cells the blocking[| pobability using[CASTVLI wsLveryllow
compared to [the otherschemes. Moreover, lin/the[Home, [Shopping 'and [Entertainment/cells the
CAISTV'hadlalhigh'blocking ! pobabilitylthan FCAand[DCA[FA.[But, as  Isecifiedlin[the
mobilitymodel, these typesoflcell, @t Histime 0 fithe [day, Havelallighter fraffic(load.

Traffic Distribution by Time channels by cluster (%)

20% Zone | R \\% B S E

) o T 15020 [ 10| 10 | 10

T'15/°| Bw 2 [20[40 10 20 | 10
aff 109 0B

e, o 3 [30] 30| 20| 10 | 10

] me 4 2040 10| 10 | 20

0% -
T2 3 4 s 6 s [30]20]10] 20 [ 20
Time 6 40 | 10 10 10 30

Fig.3(a)(Traffic Distributionforeach/type
oflcell

00 0OThelresults[in[0Fig. [147(b) Ishowagain[the[Jefficiency [lof I CATISTV UinlThhavy[Tloaded [ cells, [ w
are(tepresented | plHomeland Entertainment [¢ells [during this[fime[ofltheday. [Evenlin Bank
cells[CAISTVIperformed better than[FCA or[DCAFA.[Onlyin/Workingand 'Shoppingcells
other[schemes(had(lower blocking [ Ipobability, (butthis tegionshavel | dightfraffic[ dad[ | dring
thelsimulation[period. Theltesults'havelalsodemonstrated(that[the [ DCAFAlschemeldon’t
performs/wellinderheavy {traffic/condition, ds can’beioted ni[Fig.[4(b).

Fig.3((b)[ChannellAllocationMatrix

Blocking Probability (9:30 to 10:30 am) O

6%

4%

2% 4

0%

Blocking Probability (9:30 to 10:30 pm) |
6%
4% mCA-STVL|
mDCA-FAL
2% 1 oFcAl
0%
HL wl  BL sl EL

Fig./4(a)BlockingProbabilityl(Zone2)

5.2 SCENARIO2

Fig.4(b) Blocking Probability(Zone6)

In’thissecond(scenario, the main[ | gallis/tocompare performanceoflthel | kannellallocation
algorithmsunderhigh! | indoffltraffic. Inladdiction, 'we show how the[blocking | pobability
affectsthelhandofflprocess. [Finally, ‘welévaluatelthe handoff failure (probabilityfor thethree
schemes.



70 LANOMS 2001

[ J0ThelJparameterslused[Jin[Jthis[Iscenariol](Fig.[12(b))Ichange[the[ltraffic[]loadé]andJit[Jincreases
probability (0o flhandofflprocedures by users. Thelmean calltime Wwas increased @nd(at/the[same

time, [thel mean!¢ell residence timeland [ dstination!tesidence! time! werelreduced. [ All these

changes affect/the [trafficgeneration [process/in! lte/same way [aslif we! 'hd reduced the  lell (size

andlincreased the mobile uiserspeed.

[0 OFigll5(a)ishows[ItheIpercentage [ Jofl new[Icall[lrequests[/that[lexecute[alThandoffl Iprocedure!
eachlalgorithm(in/scenarios1and | 2Theresults were [0btained [in a[simulation ] btween[18:30

and[] 19D0(Zone[5).Thislis alperiod whenmost [usersdare moving [in hmedirection. WeJan
observehow[the [parameters havelincreased ‘the handoff'trafficlin/scenario 2.

[0 Thelresultsalsolindicate @HaS TtV 'scheme supported( | ighl 1 indoffltrafficthan(other
allocationlalgorithms. [ This occurred [ because[ the handoffl trafficl depends’onlthel] kannel
allocationlefficiency.So, since[CAISTV hadthelower blocking [l pobabilities[it[willThandle
morelhandoffs. Fig.[6(b)[shows tesults oflalsimulation[ | btween 12:30(and | 130, where we
canlseelagain/ lte [amountlofThandofftrafficlhandled for(éach (channel @llocation dlgorithm.

Handoff Traffic (18:30 to 19:30) Handoff Traffic (12:30 to 13:30)
50% 50%
40% 40%
30% BCASTV 30%-
0% EDCAFA .
7 OFCA 7
10% A 10%-
0% 0% -
Scenario1  Scenario 2 CA-sTV.  DCA-FA  FCA
Fig.[5(a)Handoff Traffic(Zone(5) Fig.[5(b) Handoff Traffic(Zone3)

(1] ThelThandofflfailure[Iprobability[Tresults[Tare[Ipresented[Jin[1Fig.[16(a) Tand [ (b)e ] As[Twel lcan/ s
DCAI[FAschemelhad[the Wworst performancelinlalll types oflcellInlthe[two time[! anes

simulated. In[zone!5, CAISTVhad[thelbest performancelandlinladdition, it[also had[the
highesthandoffltraffic. Using[the [CAISTVIscheme, [during this[period ofltime, the systemhad
provided/thebest[QoSlevels.

[0 0InCFig.6(b) [ lwe present( Ithel Iresults[of! Jal Isimulation[Jin[lzonel 3, land Ainthis"Iperiod[ the[IFC
presented ! thellowest[handoff! failure( probability.[ The ' DCA[FAlscheme hadagain[the worst
performancel’ ad[ the [ICAISTV [performance was[ close[ tol FCA Uonly linT'Workingcells.

Although the handofffailureprobabilities sing [FC Awerelower[than[CA[STV, the handoff
trafficlin/the[systemusing[CASTV [ ws[more than10% higher(thanusing[FCA.Considering

that, thethore [traffic/the System(can( lhndle, [the more [ fficient the( kannel[ Hocation, [the(CA [

STV [dontinuesperforms(betterthan FCAand DCA[FA.

[[The!l lbd results(got by IDCA [FAlin[scenario 2 [showed that(as[the handoff(frafficlincrease the
gain[Jofl a'dynamic[lallocationldecreasedrastically[ ‘compared [iwith[the[fixed Jallocation
techniques.
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Handoff Failure Probability Handoff Failure Probability
(21:30 to 22:30) (12:30 to 13:30)
25% 25%
20% 20%
mCA-STV N
15% 15% mCA-STV
mDCA-FA mDCA-FA
10% 1 10%
OFCA OFCA
5% 5% |
0% A 0% |
H W B S E H w B S E

Fig.[6(a)[Handoff Failure Prob. (Zone(5) Fig.[6(b) Handoff Failure Prob. (Zone[3)

6 CONCLUSIONS

Thislpaper has presented(a performance lomparison oflradio (channellallocation[schemes/in
mobilel ] ellular[hetworks. [ Theltesults were obtained [ sing[alsimulationlénvironment[ ¢alled
CELSALU dveloped for[analysis[ofl signalling[load and QoS parameters inl TDMA [based
networks.

WelhavelJensidered(a/mobilitylmodel,[whichtakelinto/accountdifferent[characteristics 0 f
users, [tegions/and (| priodslof! timelfor define mobility profiles."'Welhavelimplemented[this
three dimensional I mbilitymodel(tithe Simulationénvironment[and " sed it for[évaluating the
efficiencyloflchannel/allocation/schemes. Welhaveimplemented the following/schemes: [FCA,
DCAFA[and[ ICAISTV.[The!l last/ one, uses information! extracted( from! the[ trafficl load
generated [ |y the ' mobility modellimplemented and(distributes/the /kannelsinla non uniform
fashion.The mumerical Tesultsobtained [ plsimulationprovidelinsight linto [efficiency[gainof
CA[STViinLcellsCunder high[trafficl] onditions, wherelit[ presentedthe lowest_blocking
probability.  Thelanalysis oflhandoff! failure[probability[showed in'some[ Jonditions[the[FCA
schemelhad ! prformed(betterthe[CAISTV,but(CA STV canlsupport/alhigher trafficlof new
callslandconsequentlyhigherhandoff'frafticlinalllexperiments.

Inl conclusion, wel havel demonstrated! the! efficiencyl ofl al simulation! environment! | lat
implements( al three! dimensional mobility model’ onl thel performancel | malysis| 0fl channel
allocation/schemes, which/determines/the QoS (provided! |pmobilelcellularietworks.
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