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Abstract

In this paperradionetwork dimensioningulesfor GSM/GPRS
networksfocussingon InternetapplicationsarepresentedTak-
ing simulationresultsfor GPRSintroductionandevolution sce-
nariosasthe basis,the radio resourcesieededor a given of-
feredtraffic andfor given quality of servicerequirementxan
be estimated. Both circuit-switchedvoice traffic and paclet-
switchedinternettraffic sourcesareconsideredhataresharing
the radio resourceswvailablein a GSM radio cell. To achieve
this, the simulationtool GPRSimis usedthat comprisesa pro-
totypicalimplementatiorof the standardize@€sPRSprotocols.
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1. Intr oduction

In the context of the evolution towards 3rd Generation(3G)

mobile radio networks, paclet-switcheddataserviceslike the

GeneraPacket RadioService(GPRS)andthe EnhancedGPRS
(EGPRS)are presentlyintroducedinto GSM and TDMA/136

systemsworldwide. For network operatorsequipmenvendors,
andsystemintegratorsdimensioninguleshave to bedeveloped
to planandestimateheradiocapacitythatis neededor thepre-

dictedamountof userdata,whentheradioresourcesireshared
betweercircuit- andpaclet-switchedservices.

For circuit-switchednetworks the Erlang-B-Formula has
been successfullyapplied over decades,while for paclet-
switchednetworks such an applicablecapacitymodelis still
missing. The analyticaldiscription of statisticalmultiplexing
and Internetand Multimedia traffic modelling are more com-
plex thanfor circuit-switchedhetworksandhaverisento agreat
challengein traffic engineering.

Several papersconcerning GPRS performanceanalysis
werepublishedin thelastyears[1, 2, 3]. They do not contain
resultsfor on-demandchannelconfigurationswith coexisting
circuit-switchedtraffic sourceswhich arethe typical configu-
rationsin GPRSintroductionand evolution scenarios. Publi-
cationsabouton-demand:hanneldike [4, 5], do not focuson
higherlayer traffic performanceanddo not considerthe com-
pletelnternetstackwith TCP,

In Section2 afterthisintroductionthe problemof GPRSra-
dio network dimensionings introduced. After the description
of the simulationenvironmentGPRSimin Section3, GPRSdi-
mensioningulesare presentedor fixed andon-demandhan-
nel configurationsn Section4.
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2. Radio Network Dimensioning

A suitabledimensioningapproactor thebusyhouris basedn
the numberof active usersandthe correspondingpplications
anduserbehaiour. Theseparametergharacterizehe offered
traffic thathasto be sened by the network. Secondhe quality
of service which the operatomwantsto offer his customersas
to be defined.Giving thesetwo dimensioningcriteriaasthein-
put parameter$o anadequateapacitymodelthe neededadio
capacitycanbedetermined.

2.1. Methodology

Although analytical and algorithmic models for the perfor
manceanalysisof paclet-switchedradio networks are under
developmentthefull detail of the GPRSprotocolarchitecture
andthe Internetprotocolsincluding TCP cannotbe described
simply by formulas or equationsusablein practice. Since
GPRSnetworks are presentlyintroduced,performanceesults
areneededvery fast,sothat capacityand performanceestima-
tions canbe donefor GPRSintroductionandevolution scenar
ios.

Producingperformanceesultsby measurements the ex-
isting GPRSnetworks is not easily possible,since scenarios
with well-definedtraffic load arehardto set-up the calculation
of performanceandsystemmeasuresrevery limited, andthe
analysisof differentalternatve protocolimplementationss not
possiblewith the existing network equipment.

Therefore computer simulation with prototypical imple-
mentationof the standardize@PRSprotocolsandthe Internet
protocols traffic generatorgor the regardedapplicationsanda
simplemodelfor the radio channelis chosenasthe methodol-
ogy to gettheneededesultsrapidly.

2.2. GPRSRadio Resources

In GPRSnetworksaradiocell mayallocateresource®n oneor
several physicalchannelsn orderto supportthe GPRStraffic.
Thosechannelssharedby the GPRSmobile stationsaretaken
from the commonpool of GSM physicalchannelsavailablein
the radio cell. The allocationof physicalchannelsto circuit-
switchedservicesand GPRSis donedynamicallyaccordingto
the "capacity on demand”principle [6]. The operatorcande-
cide to dedicatepermanentlyor temporarilyphysicalchannels
for the GPRStraffic. In this context GSM physicalchannels
allocatedpermanentlyfor GPRSare called fixed Padket Data
Channels(PDCHSs) channelsallocatedtemporarilyfor GPRS
arecalledon-demand®DCHs

Simulationresults[7] have shavn thatthe performancedor
GPRS-basedervicesloesnot increasedramatically whenfew
fixedinsteadof on-demandPDCHsareused.If thecell capacity
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Figurel: The GPRS/EGPRSimulatorGPRSIm

is dimensionedvith a low blocking probability e.g.,1 %, for
voiceservicestheuseof on-demandDCHsmakessenseThis
is plausible sincethe probabilitythatmorethan2 channelsare
unusedy voiceserviceds aroundd0 %. Ontheotherhandop-
eratorsmight allocatefixed PDCHSsto be ableto guaranteghe
availablity of GPRS.So dimensioningulesfor both fixed and
on-demancconfigurationsaswell asfor mixed configurations
with a combinationof fixedandon-demand®DCHshave to be
developed.

3. Simulation Envir onment

The capacitymodelfor this examinationis representedby the
GPRSSimulatorGPRSimwhichwasdevelopedatthe Chairof

CommunicatiorNetworks and modelsa GSM/GPRSnetwork

with its protocol architecture the radio channelattributesand
protocolspecifictraffic sourcesBasedonthis modelit is possi-
ble to createdimensioninggraphswith the paradigmof Erlang-
Tablesandthe Erlang-Formula, so that network dimensioning
canbe performed.

The (E)GPRSSimulatorGPRSIm[8] is a puresoftwareso-
lution basedon the programminglanguageCt+. Up to now
modelsof Mobile Station(MS), BaseStation(BS),andServing
GPRSSupportNode (SGSN)areimplemented.The simulator
offersinterfaceso beupgradedy additionalmoduleqseeFig-
urel).

For theimplementatiorof the simulationmodelin Ct+ the
CommunicationNetworks ClassLibrary (CNCL) [9] is used
thatis a predecessaio the SDL PerformancévaluationTool
ClassLibrary (SPEETCL)[10, 11]. This allows an objectori-
ented structureof programsand is especiallyapplicablefor
eventdrivensimulations.

Different from usualapproachedo building a simulator
whereabstraction®f functionsandprotocolsarebeingimple-
mented,the approachof the GPRSimis basedon the detailed
implementationof the standardizegbrotocols. This enablesa
realisticstudyof the behaiour of EGPRSandGPRS.Thereal
protocolstacksof (E)GPRSareusedduring systemsimulation
andstatisticallyanalyzedundera well-definedtraffic load.

The complex protocolslike LLC, RLC/MAC basedon
GPRS/EGPRSelease99, the Internettraffic load generators
and TCP/IP are specifiedformally with the Specificationand
Description Language(SDL) and are translatedto Ct+ by
meansof the CodeGeneratoiISDL2CNCL [10] andarefinally
integratedinto the simulator

3.1. Packet Traffic Generators

Internetsessiongonsistof the applicationsWorld Wide Web
(WWW) andelectronicmail (e-mail) runningthe TCP/IP pro-
tocol stack. Thereforelnternettraffic modelsarenecessaryor
simulative examinationsof the performanceof dataservicesof
mobileradionetworks.

In the following, model parametersf thesetwo applica-
tionsandtheirdistributionsfor generatingrotocolspecifictraf-
fic arepresented Relateddocumentatiortan be foundin [12]
and[13]. The parameter®sf thesemodelsare updatedby pa-
rametersgiven by ETSI/3GPPsuppositiongor the behaiour
of mobileInternetuserg14] (seeTablel).

3.1.1. WWWModel

WWW sessionsconsistof requestsfor a numberof pages
Thesepagesonsistof anumberof objectswith adedicatedb-
jectsize Anothercharacteristiparameteis the delaybetween
two pagesdependingnthe users behaiour to surfaroundthe
Web[12, 14]. Tablel givesanovervien of the WWW param-
eters. The smallnumberof objectsper page(2.5 objects),and
thesmallobjectsize(3700byte) werechosensinceWebpages
with alarge numberof objectsor large objectsarenot suitable
for thin clientssuchasPDAs or smartphones.

3.1.2. E-mail Model

The e-mailmodeldescribeghetraffic arisingwith the transfer
of a messagelownloadedfrom a mail sener by an electronic
mail user Theonly parameters theamountof datapere-mail.
A constanbasequotaof 300byteis addedo thissize[13]. The
parametersf this distribution areshavn in Table1. Thevalue
of 10000byte asthe e-mail sizeis chosensinceit is assumed
that no e-mailswith large attachmentsvill be dovnloadedon
mobiledevices.

3.1.3. WirelessApplicationProtocol (WAP) Model

A WAP traffic modelwasdevelopedandappliedin [15]. The
main characteristicof the model are very small paclet sizes
(511 byte) approximatelyfollowing a log2-normaldistribution
andalimited valueof the paclet size(1400byte).

Tablel: Model parametersf Internetapplication WWW and
e-mail)

WWW Parameter Distribution Mean
Pagespersession geometric 5.0
Intenalsbetweerpageqs] negative exponential  12.0
Objectsperpage geometric 2.5
Objectsize[byte] logz-Erlang-k 3700
e-mailParameter Distribution Mean
e-mailsize[byte] logz-normal 10000
Basequota[byte] constant 300




Sinceone of the main cognitionswasthatone PDCH can
sene morethan20 WAP userswith anacceptabl&oS, WAP
traffic is not critical for dimensioningissuescomparedo the
classicallnternetapplicationsike WWW ande-mail. Dueto
the small paclet sizesWAP traffic can be multiplexed seam-
lesslywith theInternettraffic.

Therefore WAP traffic is notfurtherregardedn this paper
A worst caseestimationcanbe doneby the allocationof one
morefixedPDCH for WAP traffic.

3.2. TransmissionControl Protocol (TCP)

ClassicalTCPis implementedasedon the descriptionin [16]
including slow startand congestionavoidance. It is assumed
thatfor eachHTTP objecta new TCP connectionis set-up.Al-
thoughin HTTP versionl.1a TCPconnectiorcanbereusedo
transmitthe following HTTP objects,several TCP connections
areset-upin parallelfor the first HTTP objects. Sincein this
modelasmallnumberof objectsis regardedthe probability for
separatd CP connectiongor eachobjectis high. Additionally
HTTP objectsmaybelocatedon differentseners,i.e., seperate
TCPconnectiongreneeded.

3.3. Circuit-switched Traffic Generator

The circuit-switchedtraffic generatoigenerategventswith an
interarrival time determinedy a negative-exponentialdistribu-
tion. Theseeventscorrespondo callsinitiatedin a cell. The
traffic valuein Erlangis given by the two configurablemean
valuesof the call interarrival andthe call durationtimes.

3.4. Air Interface Err or Model

Within the air interface error modelthe decisionis madeif a
receved dataor control block is eithererrorfreeor defectve.

To decidethis a setof mappingcurvesis used. Thesecurves
aregainedfrom link level simulationsandallow the mapping
of C/I valuesontothe correspondingdplock error probabilities
(BLEPSs)for every radio block [17, 18, 19]. In Figure 2 the
BLEP versusC/I referenceunction,which is takenfrom link

level simulations,is shavn. The TU3 (Typical Urban)channel
modelin GSM 05.05wasusedin all link level simulations.
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Figure 2: BLEP over C/I referencefunction usedfor the air
interfaceerrormodel

4. DimensioningRules
4.1. Simulation Scenarios

Thecell configurationis definedby the numberof GSMsingle-
carrier transmittesrecever units (TRXs) and the number of
PDCHsallocatedfixedor on-demandor GPRS.

Theair interfaceerrormodelis characterizedby a constant
RLC/MAC blockerrorprobabilityof 13.5% correspondingo a
C/I of 12dB. This parametecorrespondso atypical coverage
planningvaluewidely usedby operatorgor GSM networks. As
the codingschemedor userdataCS-2is used. SinceCS-2is a
relatively robust Coding Schemeandthe averageC/I of 12 dB
is a worst caseestimation,capacitylimitations causedby co-
channelinterferencen high load conditionscanbe neglected.

LLC andRLC/MAC areoperatingin acknavledgedmode.
The multislot capabilityis 1 uplink and4 downlink slots. The
MAC protocol instancesare operatingwith 3 randomaccess
subchannelper52-frame.All corventionalMAC requesthave
the radio priority level 1 andare scheduledwvith a FIFO strat-
egy. Ongoing TemporaryBlock Flows (TBFs) in uplink and
downlink aresenedwith a RoundRobinstratey with aRound
Robin depthof 10 radio blocks. LLC hasa window sizeof 16
frames.

TCP/IPheadercompressiorin SNDCPis performed. TCP
is operatingwith a maximum congestionwindow size of 8
Kbyte anda TCP Maximum SegmentSize (MSS) of 536 byte.
The transmissiordelay in the core network and externel net-
works, i.e. the public Internetis neglected. This corresponds
to a scenariowherethe sener is locatedin the operators do-
main. Thefocuslies on the radio network andnot on the core
network, sinceradio resourcesre scarceandrepresentinghe
systembottleneckassumingthat the core network is well di-
mensioned.

Theinactive period betweentwo sessionss setto 12 sec-
onds.Thelnternettraffic [20] is composedf 70 % e-mail ses-
sionsand30 % WWW sessiongseeTablel).

For simulationswith coexisting circuit-switched(CS) traf-
fic, the maximum numberof on-demandPDCHsis 8. On-
demandPDCHsareusedfor both GPRSandCS serviceswith
therestrictionthatCShasahigherpriority andcanpre-empthe
on-demand®DCHSs. The parametergor the CStraffic sources
thatareusedfor differentblockingprobabilityvalueshave been
calculatedbasedon the Erlang-B-Formula. For the call block-
ing probabilitytheterm Gradeof Service(GoS)will beusedin
thefollowing. For detailsof the protocolimplementationsand
traffic modelsseeSection3 or [8].

4.2. Performanceand SystemMeasures

As the performancaneasurghe averagedownlink IP through-
put per userduring transmissiorperiodsis regarded. During

an ongoingdownload of a Web pageor e-mail the downlink

IP throughputfor eachuserfor eachTDMA frameis evaluated.
Fromthesevaluesghemearvalueis calculated Thesimulations
arerununtil aconfidencenterval of 10 % is reached21].

This QoS measureis the most important measurefor
WWW and e-mail applicationsand is chosenhere as the di-
mensioningcriterion. The samedimensioningapproactcanbe
donewith delayor throughputguantilemeasuresComprehen-
sive simulationresultsfor otherperformanceandsystemmea-
suressuchasdelay utilization and systemthroughputcan be
foundin [22, 23].
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4.3. Fixed PDCH Configurations

If GSM radio cells have high capacityreseres,i.e. anaccept-
ableblockingprobabilityfor voicecallscanbeguaranteeéven
if traffic channelsarewithdravn, GSM physicalchannelscan
beallocatedasfixedPDCHsto ensurgheguaranteedvailabil-
ity of GPRS-basedervicesFigure3 shavs themeandownlink
IP throughputper userduringtransmissiorperiodsover the IP
traffic offeredto the GPRSbeareffor differentnumbersf PD-
CHs. If thex-axisis transformedlividing the offeredtraffic by
the numberof fixed PDCHs the curvesfor morethan 3 fixed
PDCHsbecomeequal(seeFigure4). With this dimensioning
graphgainedfrom the GPRSim,capacityplanningcanbe per
formedfollowing the next five steps.

o definethedesiredQoS
e estimatehe numberof userspercell

o definethe offered IP traffic per userand calculatethe
offeredtraffic percell

e determinethe acceptabléraffic per PDCH with the de-
siredQoSfrom thedimensioninggraph

e calculatethe needechumberof PDCHswith:

_ estimatedraffic 0
~ acceptabléraffic perPDCH

To visualizethe dimensioningprocedurentroducedabove,
the following exampleis given. With a desireddownlink IP
throughputof 12.5kbit/s, a given offered traffic per user of
540kbyte/h,and 10 usersper radio cell the needechumberof
PDCHscanbe estimatedollowing the next four steps.

PDCH

e definethe desiredaverageQoS. Here the meandown-
link IP throughputof 12.5kbit/s is the QoSlimit thatis
desired.

e estimateheaveragenumberof userspercell:
user= 10

o calculatethe total offered IP traffic per cell for the re-
gardedscenario:
offeredtraffic/luser= 540 kbyte/h = 1.2 kbit/s
total offeredtraffic = 10 - 1.2 kbit/s = 12 kbit/s

e gainthe accetabldraffic per PDCH from the respectie
dimensioninggraph:
acceptabléraffic/PDCH= 3.5 kbit/s/PDCH
needed®DCHs= 3.4

Finally it is necessaryo roundoff thecalculatechumberof
PDCHs.In this example4 fixed PDCHshave to be provided.

4.4, On-demandPDCH Configurations

SinceGSM networks aredimensionedor alow blocking prob-
ability for voice calls, the probability that a few channelsare
unusedby voice servicess high. On the otherhandin GPRS
introductionscenarioghe offered datatraffic will be compar
atively low. As aresultthe useof on-demand®DCHsthatare
sharecbetweernvoiceanddataservicedeadto anefficientradio
resourcaultilization [7].

4.4.1. Estimating on-demand PDCH configuations with
equivalenfixedPDCH configuations

A simpledimensioningapproactfor on-demandDCH config-
urationsas proposedn [24] and by othermanufcturersis to
calculatethe usablebandwidth,namelythe averagenumberof
PDCHs,thatis left openby voice serviceswith the Erlang-B-
formulaandtake this numberof PDCHsfor capacityestimation
in anequialentfixed PDCH configuration.

The averagenumberof GSM physical channelsthat are
available for GPRScan be calculated,with PDCH asthe av-
eragenumberof availablePDCHsandTCH asthetotal number
of GSMtraffic channelsn theradiocell:

PDCH = TCH — offeredvoicetraffic- (1 — GoS (2)

To shaw that this approachs not accurateenoughfor di-
mensioningsimulationresultsfor anon-demandxamplesce-
narioandfixed PDCH scenariosarecomparedin theregarded
examplescenariowith a GoSof 0.5 % the averagenumberof
unusedGSM TCHs that are available on averagefor GPRSis
higherthan7 after Equation2. Thatmeansthatan equialent
configuratiorwith 7 or 8 PDCHsshouldbetaken.
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However, thesimulationresultspresentedn Figure5 shav
that the performancein this on-demandscenarioboth for 2,
3, and4 TRXs is up to 25 % worsethanin a scenariowith 6
fixedPDCHsespeciallyin therangeof highertraffic load. That
meansthat the regardedon-demandscenariosan not be esti-
matedpreciselywith anequvalentscenariavith 7 or 8 PDCHs.
As theresultof this comparisoranequialentfixed PDCHsce-
nario with the averagenumberof TCHs, which are available
for GPRSIin anon-demandonfiguration,cannot genarallybe
appliedfor precisedimensioningdf on-demancaonfigurations.

4.4.2. Usingsimulationresultsfor on-demancaonfiguations

More precisecapacityplanningfor on-demandonfigurations
can be done by taking a dimensioninggraphfor an existing

TRX scenarioasthe basisandfinding the acceptableoexist-

ing CStraffic (correspondingo a GoSvalue)sothatthe GPRS
performancdor a givenofferedIP traffic canbeguaranteedAs

anexamplebasednthe3 TRX scenaridseeFigure6) thiscan

be performedafter the following stepswith the sameexample
valuesasin Section4.3:

e estimatethe GoSfor the relatedTRX scenariofor CS
traffic, whichis expectedor theplanningscenarioHere
1.5% GoSis assume@sanexamplevalue.

o estimatehe numberof GPRSuserspercell:
user= 10

o calculatethetotal offeredtraffic percell:
offeredtraffic/user= 540 kbyte/h = 1.2 kbit/s
total offeredtraffic = 10 - 1.2 kbit/s = 12 kbit/s

o definethedesiredaverageuserperformanceheoperator
wantsto guaranteéherel2.5kbit/s).

e regardthe operatingpoint p definedby the desireduser
performancenthey-axisandthetotal offeredtraffic on
thex-axisandchooseheadequaté&oScure asthenext
thatlies above this operatingooint p. Herep equals(x =
12kbit/s,y = 12.5kbit/s).
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Figure6: Dimensioninggraphfor on-demand®DCH configu-
rations

If the offered CS traffic correspondindo this GoSis pre-
dictedto be exceededa new TRX shouldbe added.Herep is
just belon the 2 % GoS curwe that meansthat coexisting CS
traffic correspondingip to 2 % GoSfor this scenarids accept-
able.SinceaGoSof 1.5% is assume@nadditionalTRX is not
necessaryn this example.

4.5. Remarks to mixed configurations with fixed and on-
demand PDCHs

To beableto guarante¢heavailability of GPRS-basedervices
an operatormight provide 1, 2 or more fixed PDCHsandthe
restup to 8 ason-demand®DCHs In thesecaseghe pureon-
demandconfigurationsanbetakenasaworstcaseestimation,
sincetheprobabilitythatthefirst PDCHsareusedby CStraffic
arequitelow (under10%) [7].

If 4 or morefixed PDCHsare provided andthe restup to
8 are on-demandtherearetwo possibilities. If anotherTRX
is integratedto reducethe blocking probabilityfor CScalls,the
on-demanahannelswvill notbehighly utilized. Herethecapac-
ity canbeestimatedakinga configurationwith 8 fixedPDCHs.
If nofurtherTRX is provided, the utilization of the on-demand
PDCHswill bevery high. In this casethe capacitycanbe esti-
matedby a configuratiorwith theallocatechumberof fixedand
noon-demandDCHs.

5. CONCLUSIONS

In this paperdimensioningrulesfor GPRSnetworks for fixed
andon-demandPDCH configurationsverepresented.

The dimensioninggraphfor fixed PDCH configurationss
basednsimulationresultsfor differentioadscenariosindprof-
its by nearlylinearcorrelationbetweerdownlink IP throughput
andthe offered|P traffic in theradiocell. With this dimension-
ing graphthe relationshipbetweendesiredQosS, offeredtraffic
andneededadiocapacitycanbe estimated.

Regardingon-demandPDCH configurationsdimensioning
graphshasentakingtheaveragenumberof availablePDCHs
asan equialentnumberof fixed PDCHSs,cannot be applied.



For on-demandconfigurationsdimensioninggraphsbasedon
the simulationresultsfor different CS load scenarioscan be
usedto determine,if a nev TRX hasto be installedto sene
the GPRStraffic with adesiredQoS.
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