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ABSTRACT

The adventloflsecond [@ndthird [generationcellular(systems forces (Gellular loperators fo ]
facel considerablelincreasel in thel signaling[ trafficl over[ their[ mobilel networks.[ Service!
providers arel thereforel tequired/to[ | Ave[] ppropriate planning[tools in[] oder(tol maintain[’
adequate/service quality/levels. [T

This[paper(presents a/proposal(ofialsimulation/architecture for/analysis/oflsignaling/in[
GSM(and[1S41/136[mobile cellular networks. Procedures like[Power Up, Power Down, Call [
Setup, (HandoverLand [ Location Updatinglare implemented. The simulation tool (CELSA'(]
(Cellular! Signaling[ Analyzer) has[ implemented! this[ architecture.’ Simulation![ results! for[|
exchanged signaling(loadlinlexample metwork architecture( Jee[presented.

1. INTRODUCTION

0 Digitall¢ellular(systems [arosel | s al direct resultlof[the[growing[popularity lof mobilel |
voicelservices. Theldeployment ofl Global[Systemsfor Mobile/Communications [(GSM) and![ |
Time[Division Multiple[Access[(TDMA) based[¢ellular(systems [is‘aworldwide success, [in[
operationin/Europe, China, the United States, [Australia, South Africa,and large parts of '/Asia. [
Furthermore, thebuildup ! |6networks[forpersonal communications/services(PCS)/services/in! |
the United Statesand[mostofithe [South[American¢ountriesis under(way. [Today, more than[’|
100[countries use [digital GSM [and TDMA technology[11]. [

Aslthemumber(oflusers [increases, more[ | cpacitylis meeded. Wireless [srviceproviders [
are [in/the process [oflpreparing theiretworksforthe “pected(]oslaughtofwireless(datausers(
[2].00

Thelcharacterization[16user mobility has/abasic rolein(thestudy of mobilelsystems;[ ]
user mobilitydirectlyaffectsthe[performanceofthe metwork. Network[Tpocedures ‘éxchangel’]
signaling thessages Betweenits [diverselelements. Such Jpocedures are performedfoguarantee’]
transparentfuser’s obility, but/contribute o thelincrease 0f metwork fraffic Toad.

Althoughlcellularloperators'havelto face! | asignificant! nicrease(of the(signaling/load!
that! passes! through! thel mobile network[ infrastructure, [ very! few! of! these! | atally[ usel |
appropriate [ hetwork | fanning[ tools to] pedict[ such!trafficl variation.  Signaling[loads arel’
critical because(signaling [links [dre(often limitedincapacity by theoverlay(signaling metwork ]
that/carrysignaling messages[3].

The [mobility[ model [ s fundamental [ ri[ the[ forecasting and[sizing[ of! the traffic’!
generated pliusermobility, [lallowing[better Lplanningland[resourcel] Hocation[lin[the[]
construction and maintenance _of[alimobile/cellular(network[[4]. (He[mobility management[]
procedures affect litesignalingloadin a[network,[calleéstablishment[| theland! updte |ad[!
operation invocation[rates atnetwork 'nods[3].[]

|
1- Tool that is being developed by the Center of Computer Science of the UFPE, together with the CETUC -
PUG;R, in the research project NOMADIC, sponsored by FINEP/PADCT-1I1 and SIEMENS of Brazil.
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Thelobjectloflthisarticlelis[tol[ ] pesent/al simulationlarchitecture!for[signalingload[’
analysisCofcellularCmobile ] eommunications network environments. "GSM[and1S41/136
systemslarel[simulated[and[their(signaling[load[is[measured. The[modulesthat form[this[
architecture ' ad/the simulationtool ((CELSA, Cellular(Signaling[Analyzer) implemented(in[’
the SIMSCRIPTII.5 Tanguage(aredescribed. |
O [This(articleis[organized asfollows:Section ] 2] dscribes 1S41/136[and [GSM [¢ellular[]
telephonySystems. Section[] 3 [fgsents thelsimulation[] fatformCarchitecture forsignaling[’
networks, [(withthe implemented (modules in[a discrete [évent[Simulator.[Section[] 4howsthe [
topologyused|for/simulation/and(the (resultsachieved withthe implementation[ |6 alcellular( |
network architecture( lad, finally, lin[section | Some final considerations(are given.[ |
g
2. CELLULAR MOBILE SYSTEMS

Somel systems/uisel Time[Division Multiple[ Access (TDMA)[ techniques!to! share! | al
given radiolchannel between! Isers.[ TDMA [uses/time [assignments(to[ |ivide(a[single! kannel
into/alsuccessiveseries oftimeslots/that/can| |blshared @among(a/group! 6users(each time/slot! |
carries [information(for(d/specific user). ]

The [primary [ TDMA [standard(in/the USAis[IS136[(also[ | knen(as/Digital AMPS(or[!
DIAMPS).[Global System!for/ Mobile! | emmunication (GSM)[may!be!seen aslthelworld's(
dominant/cellular(standard. This[system[is[widely/deployed/inEurope,[Asialand(in(the USA[]
byseveral PCS|carriers. [

IS[136dfines(the Technical requirements(of howa[cellularichannel lis [ sared [@mong|
onelor[morelusers forthe[USITDMA [System.[This approach(tol¢hannel sharing/achieves(al
higher(levelloflefficiency and mesultsin(alhigher(capacity metwork(thanthe traditional @nalog[!
cellularsystem(that[it[replaces.[Although[] gite ditferent( rilits details, (GSMuises the samel
TDMA [fechnique for(channel(sharing(and (was [the first frue linternational [standard for Gellular(]

[1].

2.1 THE 1S41/136 STANDARDS

Network [ standards(like I TIA[1IS[41[Ispecify[ how[lindividual "I cellular[Isystems!’
communicate _over[the[Public[Switched [Telephone Network (PSTN).LIS41[ povidesall
common( | oprating[ framework[ fordifferent technologies and[| atwork [ connectivity[ that[’
AMPS,[TDMA,[CDMA, and[PCS systems [ieedforinterworking.

Automatic roaming with[a[] cHular[phonelis[madepossible[ by the[ TIA/EIA[41[]
standard( that[ providesintersystem [ handoff, [ call[delivery, remote[ feature[| ontrol, [ short
message delivery,validationand ‘@uthenticationthrough/anfintersystem[ ] massaging protocol. [

IST136Tisldnlenhancement @TS 54 (the firstlimplementation 6§ AMPS digitallcellular(’
used TDMA) that! ncludes'a more! ] dvanced!c¢ontroll channel (known!as(thel | gzital ¢ontroll ]
channelIDCCH) [to[ |itinguish it from the(analog/control ichannel) [5]. (I

2.1 THE GSM STANDARD

GSM Lallows[]sbscriberstoll hve[fulllaccess fo the networks oflthe Various [ PLMNL(I
(Public[Land MobileNetwork) [providers in[¢ountries that have ! dopted the (GSM Itandard.[]
This[tandard representsla/sSecond generationmobile Jommunication(system. !

Phasel1 ofltheselstandards(was adoptedl L ETSIL/European Telecommunications[!
Standards Institute) in[]199(6], including several forms(oflcall forwarding/and call barring. [

In’11995Phase (2 was adopted/andthe [¢orrespondingservice [features were [introduced! |
inl! 1996 including additional supplementaryl services,  suchlas[ caller[identification, call[]
waiting, multi [party [Conversation [7] @and SMS((Short Message [Service).[]
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An extension of the second phase (Phase 2+) meets the requirements that have arisen
from practical operation since the introduction of the GSM standard. This extension involves
new services and technical precautions for new applications based on the GSM900/GSM 1800
standard, such as Virtual Private Networks and Packet Radio.

This work is based on Phase 2+ of GSM900/GSM 1800 standard.

2.3 THE ENTITIES OF A MOBILE SYSTEM
Figure 1 shows the following functional entities.

Figure 1: Architecture of a Cellular Network

The Mobile Station (MS) consists of the physical equipment used by a PLMN
subscriber.

The Base Station System (BSS) is the base station equipment (transceivers,
controllers, etc.) responsible for communicating with Mobile Stations in a certain area. The
radio equipment of a BSS may support one or more cells. A BSS may consist of one or more
base stations.

The Mobile-services Switching Center (MSC) is an exchange that performs all the
switching and signaling functions for mobile stations located in a geographical area
designated as the MSC area.

The Home Location Register (HLR) is the location register to which a mobile
subscriber is assigned for record purposes such as subscriber information. A PLMN may
contain one or several HLRs: depending on the number of mobile subscribers, on the capacity
of the equipment and on the organization of the network.

The Visitor Location Register (VLR) is the location register used by an MSC for,
e.g., to retrieve user information required for handling of calls to or from roaming mobile
stations currently located in its area.

The GSM system includes other two entities: the Authentication Center (AuC), that
is associated with an HLR, and stores an identity key for each mobile subscriber registered
with the associated HLR, and the Equipment Identity Register (EIR), that is the logical
entity responsible for storing in the network the International Mobile Equipment Identities
(IMEISs), used in the GSM system.
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2.4 BASIC PROCEDURES

Thelcellular(cost structurelislinfluencedplthe isermovementandcall (patternandthel]
system architecture. [Toléstimate the signalingload, Wwemeed fo  knw [the iumber(ofmessages
generated [forleach [ kyldctivityand/the frequency/atwhich/the activity loccurs. [[1]

Cellular(systems/definel | al nmber[of!procedures, [that[ generate[ messages exchanges!/ |
between the network (elements, forbasicloperation, lincluding: [

e Power Upl]

This[procedure!starts/the[moment! lte[MobileStation[(MS)lis/turned[ | opiinitiatinglal |
series|of[procedures(that/make possible(the MSpreparation/for/a new status(that/allows(thel |
reception[othelsetup6calls. 1)

e Power Down

This[procedure1xecutes when theMSis furned ] &. It fepresents theend[ ] 6lan MS[]
operation, initiating the [ 'echange [0fld number ofmessages between[the lomponentlentities, [in[]
orderfofree resources allocated[1¥the hobile station [8,9,10].0
e Location Updating!

The locationmanagement(procedurelis(concerned Wwith the[procedures (that[énablethe[ ]
system[ld[] knw the current /dcation| 6 alpowered[] onmobile station solthatlincoming call
routing/can(lblcompleted [[7,8,11,12].T]

Cellslarelgroupedlintolocationlareas((anlarealin[which[a[mobilelstation may/movel
freely[without updating(the [VLR;alocation[area may include onelor(Several [¢ells). Updatel
messages | are[tequired [ oty when[oving[between[location areas, and mobilel stationslarel ]
paged(inltheellsoftheir/currentlocationarea. 1]

The(location[updtingprocedures, and subsequent(call [fouting, [use the MSClandthel]
Home! 'adVisitorTocationregisters.[When amobile station/is[switched [l orinla mew location’
area,lor'moves|toldnew!location drealor/different/operator's[PLMN, it must(register/with the[ |
network [folindicatelits[current location. Tn[themormal‘case, @ Tocation [l updte hessage[is[Jent[]
tol the[hew MSC/VLR, which[tecords the[location[arealinformation_andthen[sends the[]
location/information [to the(subscriber's HLR. [

ThisTocation[ | updte[ |guses|a(signalingload [ orthe(dir/interface( lad[the fixed mobilel |
network. In[caseloflong distancesbetween(the visited location(drea 'ad/the [HLR, ‘the(loadlin[
the fixed ‘mhobile networklislimmense[11].[

e Call Setup!]

This[procedure!is' concernedwith[the placementloflaltelephone | cH, when!the MS[!
sends/thelsolicited ] nmber(tothe MSClalong with(a[profile solicitation/in[Joder(to[configure[
services [pertinent to this [INB([8,13].

e Handover!(I

TheThandoverhappenswhen[the[(MS[is[moving froma BSSlarealofl coverage tol[]
another[onelinthelcourselofla conversation. [Handover(isinitiated (I plthemetwork [ bsed [ on
radiolsubsystem criterial(RF [Tevel,[quality, [distance) [dswell[ds metwork [ itected (criterial(e.g. [
current/traffic(load [ pricell, maintenance requests, [étc.). In[Joder(foldterminelifia liandover(is[ |
required! | daltoRF [criteria,[the MSitakes/radio measurements from neighboring cells that/are! |
then(reportedtothe serving/cell(dnalregularbasis. TAdditionally,[theHandover/decision[ p/thel
network may/!take into[account[both[the measurement[tesults[from[the MSland ] atwork![’
directed criterial[4,7,14].[]

3. THE SIMULATION TOOL
CELSA[(Cellular(Signaling[Analyzer)[is(a | cHular metwork[simulation [fool [developed[]
inlthe[Simscript_dnguage. It/[simulates(cellularSignaling[traftic[over WNorth[American TDMA[]
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and[GSM ¢ellularmetworks, (withthe [implementation[ ] §procedures @and[messages telated ol
theselsystems. []

Theldeveloped(simulation(fool[allows[folconfigureall cHular metwork [1plarying thel
number!loficells, MSC, VLR, HLR [entities, [user population(and [ | prformance parameters/for( |
mobilitylandtraffic((Table(1).[]

0
Parameter Type Comment
Cell Residence Timel Mobility[! Time [ alser(spends/inicell [1i!
CellCrossing[Rate(! Mobility[" May[Be lobtained from[ te[hazard rate0fT|
thelp.d.f. [oflthe(residence time. [/
CallDuration[ Trafficl Duration/ /6alJgll.[
New [Call Rate T Trafticl] Givenlas[the humber of[new[calls per!
hour. [
Call/Completation/Rate[ | Trafficl Obtained[ from!litehazard [ rate ofl the[|
p.d.f.forlcelllresidence time. [
Handoff'ResidenceTime[’] TrafficlladT | Celllresidence time for(dHandofficall. ]
Mobility [
Cell'HandoffRate[] Traffic[ladT | Number[0f hew handoffslarriving at al|
Mobility [ cell perunitofltime. [
New[CallBlockingProbability | TrafficClad[ll | Probability[that[] Here[lis[ ‘no[Ichannell|
Mobility![ | available at/ lal] cH[JatllalInew!( call|
initiation. [
HandoffiCall BlockingProb.[| | Traffic/lad[ll | Probability[that[] Here[lis[nol[Ichannel]
Mobility ! availablelat/alcelllat( Ieltime | didndoftT|
islattempted. [
CallBlockingProbability ] Trafficllad[ll | Thelsum(oflbothlgvents(above.[]
Mobility [
Call DroppingProbability![ | Trafficl lad/ll | Probability![ that[al | cH[ that[ hasl been!]
Mobility! initiated! lis[ /the blocked[ | bcause!l ofl|
handoffiproblems.[ !

Table[1: Mobility PerformanceParameters!
0
CELSAUlis[ based ] onal modular[ platform, whichlallows! the!simulator(to[| bl morel !
encompassingland(more(flexible. Next,[thesemodules areincluded.

MODULE 1 - The“Mobility and Traffic Generation” Moduleis/the main(feeder(of’|
the [System. It receives ihformationrelative fo which "Ipocedures are [dccurring, their(quantities, []
and states. |

Inlthefraffic generation, [the ool mst[simulate[the useof[the metwork [ ¥lits usersinl]

accordancewith[ ifferentScenarios. (In this[module the mumber oflcalls by unit[of fime, the[]
call’slaverage duration,the(typeofiserviceused/inlthe[ | cH, @nd theuser’s mobility [ 1bhavior, [
among(others[parameters, [are described.
O Thelmajority [ 0fT the[literature[modelsmakessimplifications to[ facilitate[the "
mobilitylanalysis: 1] 15]theauthorlassumes that the mumberlofuserlinfal] cdalways[]
remains/constant, [in[[[16] theliser/speedIserfisl@ssumed @sbeingldonstantandlin [15,17]]
the users movement routeis modeled (asbeing iniformly[distributed Jbtween [0, 2x[. []
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O These[] simplifications] make[] thel’
network | qality[] prameters’ | calculations'| mobility Profile A Mobility Profile B
simpler, (butthese models! forecasts[canl] bl
very/distant/oflthe(real worldénvironment. T

O ThelIproposall] il this[ imodel[] s 'to[]

classify[ | mobility[] in[] dferent[! profiles.[ Spatial Dimension
CELSA [use[mobilityaccording[to alprofile[]

basedmodel 1l oder(fol¢over alwider[Jange[’ = <
oflusers behavior. The mobility model lis/seen!

in[ 1 03three) dimensions, [as/ Isown/in Figure[' & ¥ ircl Dimension

2.[Almobility[profile is[associated to eachl]
combinationl] 6 ithe Ipersonal, Ispatial land[] s e
temporalldimensions(ofiéachser. 0

Personal dimension(TTClassifies thel’
users[ in[accordance with[ theirl movement.[ | =
The “normal worker” iserspends/most/ofTthe[] Figure 2: Profile Based!
dayfinafixed Tocation.[] Multidimensional Mobility Model( |

Therel leeuserswith[ | pofile(ofl*highlmobility”: althoughlthis luser/spendsthe nightlin[
hislhousel sleeping, during(thel dayhe spends mostlof! the time moving from[one! place tol]
another(one, notlremaining much timelineach(visited [ /face.(I]

The Mresidential user”,Wwho | des[not work, spends most0f’thetimelin[ hose, [carrying[
out/sporadicmovements/during/theday.

Temporal dimension(1 dscribes/the profilelofl different Jime periods inlaccordancel ]
with(the[features (ofimobility 0fl¢achschedule. Mobilitylis thighlyinfluenced L1 plthe time ofL!
day.[

Personal Dimension

Spatial dimension(IT! dscribes(thelprofile[ ofl each( class[ bfl different/ regions. It
classifiesleach atwork[celllin[accordancewith [the mobility [profile[oflthe Ttegion [where/itlis [
situated. (Cellslocated/inresidential quarters(dre( karacterized [ /p/theuser permanence(during’
the mightuntil[the beginning[ | 6 themorning. [(In'the morning/the users(movefrom residential |
areas [to their(offices, [then the[ | cHs(located(in work rfegions typically have a/great(capacity “to [
attract” (the(movementofusers in[thebeginning ofworkinghours.[(We [l call oberve that the[]
sociologicléconomic(profilelofithe region/influences/in/the isermobility [that/area.

These(3 [ ldnensions! lsow [that/one[determined [ Iser(fype (personal dimension),lin( ] oal |
determined[Thoriofthe [day((temporal [dimension),lin[ oa'given region[(spatial[dimension) Has[]
alcertainmobility [profile.[Some[combinationsare[impossible: [d[Tnormal worker” user(inthe[
night[shiftischedule mever[ ¢r(practicallymever) will Belinla[dommercial fegion, [forlexample. [

MODULE 2 - Thel[*Scenarios and Messages Signaling Load”Modulel$upplies’
necessary information[] oteach(scenario.[Thislinformationlincludes all[éxchanged (messages!’
when!loaldetermined ! /pocedure(occurs((e.g. hessages between [the[ Imtities0fld network when(]
a'handover(procedure must/be’ |eecuted), in/whichlinterfaces/each/message(passes/through, [
theload [ /6eachimessage! lad/its/timelof processingin/eachlentity. ||

CELSA Limplements [ procedures.] schas Power[Up, Call[Setup, LocationUpdate, [
Handoverland Powerown, for[GSM and(1S41/136[systems. (1]

Eachl] pcedurelisCimplemented for_eachl cellular standard, considering signaling[
messages and [their(lengths.[The signalingload is[the[bytes/éxchanged[ | btween/the network! |
entities during/thelourse(of’a [period LIftime. [
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MODULE 3 - The *Network Architecture”Modulelis responsible(for! platform!]
management(and Citectuse (0f the information received fromtheother thodules. Tt/is[desired, ]
from[His[donfiguration, to[get te[signalingloadlandthe [performance(responses/related tolthe[
different/scenarios, those[ e thelimmediate[objectives of 'this[platform. [

Thismodulelallowstheevaluation 6 very[domplex[systems, making/possible[ lkanges![ |
and/or(upgrades/in'the mumber(ofllocationlareas for/éach(switch, allowing/the identification 6|
unbalanced(loads, (0peration and [testingofnew [procedures@nd/or[services, @nd(evaluation 6]
the ihcreaselin[generated[signaling[and [serToad, @mongother measures.

|
4. STUDY OF THE SIGNALING LOAD
O In'this Usction[some [results [achieved with [the tise [0f'the [Simulation tool [are presented, []
includingall omparison’] 6 the[GSM [and1S41/136scenarios. Some simulations [have been[]
executed With[the[goal [of verifying/thebehavior(ofithelsignalingfraffic[duelfo Varyingusers[]
profiles pertainingtoldypothetical [ Imtropolitanregion, [in [ 1bth [CellularSystems. [T
O The ! main!| pocedures! considered(inl thesel simulationsare Power! Up, Calll Setup, !
LocationUpdate, Handover[and [Power Down. Despite theseproceduresnot/provide | agreat’
impactin[theltotal signaling[loadlinlalcellular mobile  environment, it[allows an(initial "]
analysis|oflthelrelationshipl | 6 the new ! modell of mobility[implemented/inthis/simulation!]
platformlwith the[signalingmessages generated. [

4.1 THE ADOPTED TOPOLOGY
0 Tolldmonstratetheuse oflthesimulation(tool, [d [sample hypothetical (cellular network!(
was [used(domposed[ 1617 Icells.[!

Therelare 4 location areas, each loawith[ JoalMSC. Thecells/are[ lkassifiedlin[ |5 pmts[ |
oflattraction: [cells[pertaining fo residential, (Work, [shopping, (banking[and leisure regions. [All[]
the ¢ellsthave[]qual Tadius[0f(3 [k, [fypical [ofmetropolitans [fegions. [The lines [that[connect[]
thelcells represent( e paths/defined(for[usermobility, as Bownlin Figure 3.

[T The [users mobilityis representedthe following profiledistribution: [
Common Users (Workers)TI 680!

Leisure! !

e HighMobility Users/T12%![
e ResidentialWUsers(5%![
O
U Zones
O K . .
O TR Residential[’]
IIIIIIIII
1 ! \! |:| Work!(
I|': \/ 1 .
- A & Bank)
0 r/ N V% \Y/ \ﬁ
\ )
- [ {7028 L] Shopping!
0 N N ) o
]
g
O

Figure(3: Pathsdefined for isermobility ]
t
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Theluser’s[]geedis uniformly distributed ] btween(| 40and[] 80 iih.[These values[]
correspondtolthe[variations[0fTspeeds[for[users[Who[ se[the publiclfransport/system[and[’
private transport. Inthis [ tudy, [lpdestrians/are nottaken in/consideration. [

Tables[ 2l and[] 3[rgsent[ |lte  probability oflthe attraction[| pmts for[ esidentialland[’]
worker user(classes, respectively. [High mobility lusers/do[ | nthave this[table [ofIprobabilities;[ |
therefore(they can/move [toany destination/cell with [the same probability. [

0J
Hour(h) | Residential(%) | Work(%) Bank(%) | Shopping(%b) | Leisure(%)
6[=118 900 00 oL 0L 100
8=112 200] 300 400 100 00
1220114 400 100 400 100 00J
1441118 40! 100] 100) 3001 oLl
183124 5000 0 0r! 2001 300
Table2[TAttraction RointsProbabilities[for Residential Users| |

]

0

Hour(h) | Residential(%) | Work(%o) Bank(%) | Shopping(%b) | Leisure(%)
612018 900 0 oL 0L 100
831112 100 801J 100 00 00J
12141114 4001 100) 300 2001 oL
142018 100 800J 50 50 00
1841124 500] 00 ol 2001 300]

Table 3 [TAttraction Points Probabilitiesfor Normal 'WorkerUsers! |

4.2 SIMULATION RESULTS

Having[Jassumed[the[ lnetwork Iconfiguration[| dscribed[lin[the[last/Isection[land[’
determined!( | bth!the procedurelinvocation/tates/and[the numberlof bytes generated(inleach!
procedure, welcan/calculate, forlexample: [

e thelsignaling(load foreach(cell lin the Metwork;[]

o thelsignaling(load(generated! pleach! Iser;! !

o thefotal signalingToad for(the metwork.[]

ThelJgeneral “expression( for[ the signaling[load forcell i’ duelto[all[] mbility[]
management proceduresis(given! 1§l

Tei=TpyFTeslH Tup [+ Tyl Tepl]

where![]
Tpy =lfotal[signaling(load for[Power[upessages, [generated when ‘the MS{is furned ] oyi |
Tcs=[total signalingload forCallSetup essages, ‘generated when(the M S solicitsal lgll;
Tup/=[total(signalingloadfor'Handovermessages,[generated when the M S moves [fromone! ]
celldlanotherione; ]
Ty =(fotal[signalingToad[for Tocation [Wpdating messages, [generated when(thesignaling[éan[]
belTativatedfinfany/(cell/crossed T theiser, dependingonthe momentwhenitlis[‘sheduled;
Tpp =lfotal[signaling[load for Powerdown(tessages, [generated when the MSis furned 1 €f. [
O The total signaling(load [for(a metwork (composed! H“i”[ Icls(can[ bl lomputed | 1:[ |

TN = ZTci |
|
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Considering the network topology showed in Figure 6, the simulations include one
BSS per cell, three MSC, three VLR and one HLR for entire network. For the simulations, it

is considered a five hours period.

Figure 4 shows the total
generated messages in the network
during five hours simulation, varying
the population (number of MS users),
for both cellular systems.

For each population simulated,
the IS41/136 system generated more
exchanged messages in the network
during the same period of time than
GSM. The exchanged messages
includes all messages related do
signaling between MS and BSC, BSC
and HLR e VLR, not including users
data (voice conversation or data
transmission).

Considering  the  messages
lengths (number of bytes for the
messages  transmitted  within  the
network entities), Figure 5 shows the
amount of bytes that crosses the
network during the simulation.

Since 1S41/136 generated more
messages than GSM, as showed in
Figure 4, and due to the different
lengths for the same procedures for
each system, GSM generates more
signaling bytes during operation, for the
simulated procedures.

For example, as showed in
Figure 6, the Location Updating
procedure for IS41/136 generates more
bytes per execution than GSM. The
same occurs to Call Setup. Only GSM
handover generates more bytes per
execution than IS41/136.

Figure 7 presents results for a
5000 users population and a 4 hours
period of time. The results are collected
to show the average number of
procedures activated by attraction area
(composed by cells showed in Figure
3). For example, results for the
residential area include the average
number of activated procedures in the
cells that belong to this type of
attraction point.

3

20 mGSM
W IS41/136

Generated Messages
(x10%)

1000 5000 10000
Population

Figure 4: Total Generated Messages

600
& 500
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S 400
e}
< 300
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T
5 100+
n
O,
1000 5000 10000
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Figure 5: Total signaling load
Location
Update
call Setup mIS41/136
mGSM
Handover
0 1000 2000 3000 4000
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Asl| thel] simulation’] was![]

executed forthe 'morning[period, [ 12000+

when[cellularCusers “turn) ontheir[] v 100001

mobilel stations and move to[work(l| &

areas, [ therelarelal great[humber ofl § 8000 1

Power[on,[Handoffand[Location[]| 2

Updating/procedures, what(generate || 3 60001

more messages thanlthe otherlareas.[| & 4000/ BGSM
Some ! factors[ canlinfluencel % B 1S41/136

the simulation  tesults of(a eellular(]| © 2000

mobilel] communicationl | o/

environment. 1] & & & o @
Givenl the[origin[and[ final[] é\&?}\ P ‘QQQQ\ \/é,‘e\»

destination!¢ells, and[ | dpending on &€ @

the attraction[ | pmt/probabilities for!
users, [the[fopologyand ] on " ggible[’ Figure7:[Generated Messages [perZone [Areal]
paths[through(the lcells, idifferent(’
resultscan[] b | akieved. Thus, thel]
resultsdepend’ bavilylonlthe topology adopted forthesimulation. [|

These [simulations (illustrate how CELSA [ wrks and/can(generate results. [Theanalysis| |
oflsignalinglin[¢ellularnetworks/isvery[important[fornetwork | janning, (as(the [increase [ ofT
signaling[ load[‘may[require( the] ddition[] 6 more! signalinglinks[ and switches[to[ carry[!
messages; otherwise, [the metwork (will lOperate (atlits limit(or fail if notimodified. |

|
5. FINAL CONSIDERATIONS AND FUTURE WORK

In‘thislarticlel] mlarchitecture[for[the analysis oflsignaling[in T GSM[and[1S41/136[]
mobilel ] ellularmetworks was[presented, along/Wwith[anlimplementation[ ] 6 the(inodel ri thel
simulation | fatform[(CELSA[(Cellular/Signaling[ Analyzer).[Results[ofl éexamplesimulations '
forlsignalingload (analysis [for both cellular[systemsusing this [platform were @lsol Ipesented. [T

Thelproposed architectureallows the modeling of differentnetworks [topologies and[’
mobility profiles. dt[can[] bleasilyéxtended folinclude mew procedures that ke [into account
new/datal lad multimedialservices as/proposed[]plthe Idvent/ofithe thirdgeneration[c¢ellular(]
networks.Futurestudies “using[(GPRS[land 'EDGE [are[ being[‘considered[las limportant [’
extensions(to thiswork. [
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