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Abstract

In thispaperradionetwork dimensioningrulesfor GSM/GPRS
networksfocussingon Internetapplicationsarepresented.Tak-
ing simulationresultsfor GPRSintroductionandevolutionsce-
nariosasthe basis,the radio resourcesneededfor a given of-
feredtraffic andfor given quality of servicerequirementscan
be estimated. Both circuit-switchedvoice traffic and packet-
switchedInternettraffic sourcesareconsideredthataresharing
the radio resourcesavailable in a GSM radio cell. To achieve
this, thesimulationtool GPRSimis usedthatcomprisesa pro-
totypicalimplementationof thestandardizedGPRSprotocols.
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1. Intr oduction
In the context of the evolution towards 3rd Generation(3G)
mobile radio networks, packet-switcheddataserviceslike the
GeneralPacketRadioService(GPRS)andtheEnhancedGPRS
(EGPRS)arepresentlyintroducedinto GSM andTDMA/136
systemsworldwide.For network operators,equipmentvendors,
andsystemintegratorsdimensioningruleshaveto bedeveloped
to planandestimatetheradiocapacitythatisneededfor thepre-
dictedamountof userdata,whentheradioresourcesareshared
betweencircuit- andpacket-switchedservices.

For circuit-switchednetworks the Erlang-B-Formula has
been successfullyapplied over decades,while for packet-
switchednetworks suchan applicablecapacitymodel is still
missing. The analyticaldiscription of statisticalmultiplexing
and InternetandMultimedia traffic modellingaremorecom-
plex thanfor circuit-switchednetworksandhaverisento agreat
challengein traffic engineering.

Several papersconcerningGPRS performanceanalysis
werepublishedin the last years[1, 2, 3]. They do not contain
resultsfor on-demandchannelconfigurationswith coexisting
circuit-switchedtraffic sources,which arethe typical configu-
rationsin GPRSintroductionandevolution scenarios.Publi-
cationsabouton-demandchannelslike [4, 5], do not focuson
higherlayer traffic performanceanddo not considerthe com-
pleteInternetstackwith TCP.

In Section2 afterthis introductiontheproblemof GPRSra-
dio network dimensioningis introduced.After the description
of thesimulationenvironmentGPRSimin Section3, GPRSdi-
mensioningrulesarepresentedfor fixedandon-demandchan-
nel configurationsin Section4.

2. Radio Network Dimensioning
A suitabledimensioningapproachfor thebusyhouris basedon
the numberof active usersandthe correspondingapplications
anduserbehaviour. Theseparameterscharacterizetheoffered
traffic thathasto beservedby thenetwork. Secondthequality
of service,which theoperatorwantsto offer his customershas
to bedefined.Giving thesetwo dimensioningcriteriaasthein-
put parametersto anadequatecapacitymodeltheneededradio
capacitycanbedetermined.

2.1. Methodology

Although analytical and algorithmic models for the perfor-
manceanalysisof packet-switchedradio networks are under
development,the full detail of theGPRSprotocolarchitecture
andthe Internetprotocolsincluding TCP cannotbe described
simply by formulas or equationsusablein practice. Since
GPRSnetworks arepresentlyintroduced,performanceresults
areneededvery fast,so thatcapacityandperformanceestima-
tionscanbedonefor GPRSintroductionandevolution scenar-
ios.

Producingperformanceresultsby measurementsin theex-
isting GPRSnetworks is not easily possible,since scenarios
with well-definedtraffic loadarehardto set-up,thecalculation
of performanceandsystemmeasuresarevery limited, andthe
analysisof differentalternativeprotocolimplementationsis not
possiblewith theexistingnetwork equipment.

Thereforecomputersimulation with prototypical imple-
mentationof thestandardizedGPRSprotocolsandtheInternet
protocols,traffic generatorsfor theregardedapplicationsanda
simplemodelfor theradiochannelis chosenasthemethodol-
ogy to gettheneededresultsrapidly.

2.2. GPRSRadio Resources

In GPRSnetworksaradiocell mayallocateresourcesononeor
several physicalchannelsin orderto supporttheGPRStraffic.
Thosechannelssharedby the GPRSmobile stationsaretaken
from thecommonpool of GSM physicalchannelsavailablein
the radio cell. The allocationof physicalchannelsto circuit-
switchedservicesandGPRSis donedynamicallyaccordingto
the ”capacityon demand”principle [6]. The operatorcande-
cide to dedicatepermanentlyor temporarilyphysicalchannels
for the GPRStraffic. In this context GSM physicalchannels
allocatedpermanentlyfor GPRSarecalled fixedPacket Data
Channels(PDCHs), channelsallocatedtemporarilyfor GPRS
arecalledon-demandPDCHs.

Simulationresults[7] have shown thattheperformancefor
GPRS-basedservicesdoesnot increasedramatically, whenfew
fixedinsteadof on-demandPDCHsareused.If thecell capacity
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Figure1: TheGPRS/EGPRSSimulatorGPRSim

is dimensionedwith a low blocking probability, e.g.,1 %, for
voiceservices,theuseof on-demandPDCHsmakessense.This
is plausible,sincetheprobabilitythatmorethan2 channelsare
unusedby voiceservicesis around90%. Ontheotherhandop-
eratorsmight allocatefixedPDCHsto beableto guaranteethe
availablity of GPRS.So dimensioningrulesfor bothfixedand
on-demandconfigurationsaswell asfor mixed configurations
with a combinationof fixedandon-demandPDCHshave to be
developed.

3. Simulation Envir onment
The capacitymodelfor this examinationis representedby the
GPRSSimulatorGPRSim,whichwasdevelopedattheChairof
CommunicationNetworks andmodelsa GSM/GPRSnetwork
with its protocolarchitecture,the radio channelattributesand
protocolspecifictraffic sources.Basedonthismodelit is possi-
ble to createdimensioninggraphswith theparadigmof Erlang-
Tablesandthe Erlang-Formula,so that network dimensioning
canbeperformed.

The(E)GPRSSimulatorGPRSim[8] is apuresoftwareso-
lution basedon the programminglanguageC++. Up to now
modelsof Mobile Station(MS), BaseStation(BS),andServing
GPRSSupportNode(SGSN)areimplemented.Thesimulator
offersinterfacesto beupgradedby additionalmodules(seeFig-
ure1).

For theimplementationof thesimulationmodelin C++ the
CommunicationNetworks ClassLibrary (CNCL) [9] is used
that is a predecessorto the SDL PerformanceEvaluationTool
ClassLibrary (SPEETCL)[10, 11]. This allows anobjectori-
entedstructureof programsand is especiallyapplicablefor
eventdrivensimulations.

Different from usualapproachesto building a simulator,
whereabstractionsof functionsandprotocolsarebeingimple-
mented,the approachof the GPRSimis basedon the detailed
implementationof the standardizedprotocols. This enablesa
realisticstudyof thebehaviour of EGPRSandGPRS.Thereal
protocolstacksof (E)GPRSareusedduringsystemsimulation
andstatisticallyanalyzedundera well-definedtraffic load.

The complex protocols like LLC, RLC/MAC basedon
GPRS/EGPRSrelease99, the Internet traffic load generators
and TCP/IPare specifiedformally with the Specificationand
Description Language(SDL) and are translatedto C++ by
meansof theCodeGeneratorSDL2CNCL[10] andarefinally
integratedinto thesimulator.

3.1. Packet Traffic Generators

Internetsessionsconsistof the applicationsWorld Wide Web
(WWW) andelectronicmail (e-mail) runningtheTCP/IPpro-
tocol stack.ThereforeInternettraffic modelsarenecessaryfor
simulative examinationsof theperformanceof dataservicesof
mobileradionetworks.

In the following, model parametersof thesetwo applica-
tionsandtheirdistributionsfor generatingprotocolspecifictraf-
fic arepresented.Relateddocumentationcanbe found in [12]
and[13]. The parametersof thesemodelsareupdatedby pa-
rametersgiven by ETSI/3GPPsuppositionsfor the behaviour
of mobileInternetusers[14] (seeTable1).

3.1.1. WWWModel

WWW sessionsconsistof requestsfor a number of pages.
Thesepagesconsistof anumberof objectswith adedicatedob-
ject size. Anothercharacteristicparameteris thedelaybetween
two pagesdependingon theuser’s behaviour to surfaroundthe
Web[12, 14]. Table1 givesanoverview of theWWW param-
eters.Thesmallnumberof objectsperpage(2.5 objects),and
thesmallobjectsize(3700byte)werechosen,sinceWebpages
with a largenumberof objectsor largeobjectsarenot suitable
for thin clientssuchasPDAs or smartphones.

3.1.2. E-mailModel

Thee-mailmodeldescribesthe traffic arisingwith the transfer
of a messagedownloadedfrom a mail server by an electronic
mail user. Theonly parameteris theamountof datapere-mail.
A constantbasequotaof 300byteis addedto thissize[13]. The
parametersof this distribution areshown in Table1. Thevalue
of 10000byte asthee-mail sizeis chosen,sinceit is assumed
that no e-mailswith large attachmentswill be downloadedon
mobiledevices.

3.1.3. WirelessApplicationProtocol(WAP) Model

A WAP traffic modelwasdevelopedandappliedin [15]. The
main characteristicsof the model are very small packet sizes
(511byte)approximatelyfollowing a log2-normaldistribution
anda limited valueof thepacket size(1400byte).

Table1: Modelparametersof Internetapplications(WWW and
e-mail)

WWW Parameter Distribution Mean

Pagespersession geometric
��� �

Intervalsbetweenpages[s] negative exponential ��� � �
Objectsperpage geometric � � �
Objectsize[byte] log� -Erlang-k �
	 ���
e-mailParameter Distribution Mean

e-mailsize[byte] log� -normal � �������
Basequota[byte] constant � ���



Sinceoneof the main cognitionswasthat onePDCH can
serve morethan20 WAP userswith an acceptableQoS,WAP
traffic is not critical for dimensioningissuescomparedto the
classicalInternetapplicationslike WWW ande-mail. Due to
the small packet sizesWAP traffic can be multiplexed seam-
lesslywith theInternettraffic.

Therefore,WAP traffic is not furtherregardedin thispaper.
A worst caseestimationcanbe doneby the allocationof one
morefixedPDCHfor WAP traffic.

3.2. TransmissionControl Protocol (TCP)

ClassicalTCPis implementedbasedon thedescriptionin [16]
including slow start andcongestionavoidance. It is assumed
thatfor eachHTTPobjecta new TCPconnectionis set-up.Al-
thoughin HTTPversion1.1a TCPconnectioncanbereusedto
transmitthefollowing HTTP objects,severalTCPconnections
areset-upin parallel for the first HTTP objects. Sincein this
modelasmallnumberof objectsis regarded,theprobabilityfor
separateTCPconnectionsfor eachobjectis high. Additionally
HTTPobjectsmaybelocatedondifferentservers,i.e.,seperate
TCPconnectionsareneeded.

3.3. Cir cuit-switchedTraffic Generator

Thecircuit-switchedtraffic generatorgenerateseventswith an
interarrival timedeterminedby anegative-exponentialdistribu-
tion. Theseeventscorrespondto calls initiated in a cell. The
traffic value in Erlang is given by the two configurablemean
valuesof thecall interarrival andthecall durationtimes.

3.4. Air Interface Err or Model

Within the air interfaceerror model the decisionis madeif a
received dataor control block is eithererrorfreeor defective.
To decidethis a setof mappingcurves is used. Thesecurves
aregainedfrom link level simulationsandallow the mapping
of 
���� valuesonto thecorrespondingblock errorprobabilities
(BLEPs) for every radio block [17, 18, 19]. In Figure 2 the
BLEP versus
���� referencefunction,which is takenfrom link
level simulations,is shown. TheTU3 (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 thenumberof GSMsingle-
carrier transmitter-receiver units (TRXs) and the number of
PDCHsallocatedfixedor on-demandfor GPRS.

Theair interfaceerrormodelis characterizedby a constant
RLC/MAC blockerrorprobabilityof 13.5% correspondingto a
C/I of 12 dB. This parametercorrespondsto a typical coverage
planningvaluewidely usedby operatorsfor GSMnetworks.As
thecodingschemefor userdataCS-2is used.SinceCS-2is a
relatively robustCodingSchemeandtheaverageC/I of 12 dB
is a worst caseestimation,capacitylimitations causedby co-
channelinterferencein high loadconditionscanbeneglected.

LLC andRLC/MAC areoperatingin acknowledgedmode.
Themultislot capabilityis 1 uplink and4 downlink slots. The
MAC protocol instancesare operatingwith 3 randomaccess
subchannelsper52-frame.All conventionalMAC requestshave
the radio priority level 1 andarescheduledwith a FIFO strat-
egy. OngoingTemporaryBlock Flows (TBFs) in uplink and
downlink areservedwith aRoundRobinstrategy with aRound
Robindepthof 10 radioblocks. LLC hasa window sizeof 16
frames.

TCP/IPheadercompressionin SNDCPis performed.TCP
is operatingwith a maximum congestionwindow size of 8
Kbyte anda TCPMaximumSegmentSize(MSS)of 536byte.
The transmissiondelay in the core network andexternel net-
works, i.e. the public Internetis neglected. This corresponds
to a scenariowherethe server is locatedin the operator’s do-
main. The focuslies on the radionetwork andnot on thecore
network, sinceradio resourcesarescarceandrepresentingthe
systembottleneckassumingthat the core network is well di-
mensioned.

The inactive periodbetweentwo sessionsis setto 12 sec-
onds.TheInternettraffic [20] is composedof 70 % e-mailses-
sionsand30% WWW sessions(seeTable1).

For simulationswith coexisting circuit-switched(CS)traf-
fic, the maximum numberof on-demandPDCHs is 8. On-
demandPDCHsareusedfor bothGPRSandCSservices,with
therestrictionthatCShasahigherpriority andcanpre-emptthe
on-demandPDCHs. Theparametersfor theCStraffic sources
thatareusedfor differentblockingprobabilityvalueshavebeen
calculatedbasedon theErlang-B-Formula. For thecall block-
ing probabilitythetermGradeof Service(GoS)will beusedin
the following. For detailsof theprotocolimplementationsand
traffic modelsseeSection3 or [8].

4.2. Performanceand SystemMeasures

As theperformancemeasuretheaveragedownlink IP through-
put per userduring transmissionperiodsis regarded. During
an ongoingdownload of a Web pageor e-mail the downlink
IP throughputfor eachuserfor eachTDMA frameis evaluated.
Fromthesevaluesthemeanvalueis calculated.Thesimulations
arerununtil a confidenceinterval of 10 % is reached[21].

This QoS measureis the most important measurefor
WWW and e-mail applicationsand is chosenhereas the di-
mensioningcriterion. Thesamedimensioningapproachcanbe
donewith delayor throughputquantilemeasures.Comprehen-
sive simulationresultsfor otherperformanceandsystemmea-
suressuchasdelay, utilization andsystemthroughputcanbe
foundin [22, 23].
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4.3. Fixed PDCH Configurations

If GSM radiocellshave high capacityreserves,i.e. anaccept-
ableblockingprobabilityfor voicecallscanbeguaranteedeven
if traffic channelsarewithdrawn, GSM physicalchannelscan
beallocatedasfixedPDCHsto ensuretheguaranteedavailabil-
ity of GPRS-basedservices.Figure3 shows themeandownlink
IP throughputperuserduringtransmissionperiodsover the IP
traffic offeredto theGPRSbearerfor differentnumbersof PD-
CHs. If thex-axisis transformeddividing theofferedtraffic by
the numberof fixed PDCHs, the curvesfor morethan3 fixed
PDCHsbecomeequal(seeFigure4). With this dimensioning
graphgainedfrom theGPRSim,capacityplanningcanbeper-
formedfollowing thenext five steps.

� definethedesiredQoS� estimatethenumberof userspercell

� definethe offered IP traffic per userand calculatethe
offeredtraffic percell

� determinetheacceptabletraffic perPDCH with thede-
siredQoSfrom thedimensioninggraph

� calculatetheneedednumberof PDCHswith:

PDCH � estimatedtraffic
acceptabletraffic perPDCH

(1)

To visualizethedimensioningprocedureintroducedabove,
the following exampleis given. With a desireddownlink IP
throughputof 12.5kbit/s, a given offered traffic per user of
540kbyte/h,and10 usersper radio cell the needednumberof
PDCHscanbeestimatedfollowing thenext four steps.

� definethe desiredaverageQoS.Here the meandown-
link IP throughputof 12.5kbit/s is theQoSlimit that is
desired.

� estimatetheaveragenumberof userspercell:
user ��� �

� calculatethe total offered IP traffic per cell for the re-
gardedscenario:
offeredtraffic/user � ��������������� �� !��� � � ���#"$� ��%
totalofferedtraffic �&� �(' � � � ���)"*� ��%+����� ���)"*� ��%

� gain theaccetabletraffic perPDCHfrom the respective
dimensioninggraph:
acceptabletraffic/PDCH �,� � �-�.�#"*� ��%/��0214365
neededPDCHs �,� � �

Finally it is necessaryto roundoff thecalculatednumberof
PDCHs.In this example4 fixedPDCHshave to beprovided.

4.4. On-demandPDCH Configurations

SinceGSMnetworksaredimensionedfor a low blockingprob-
ability for voice calls, the probability that a few channelsare
unusedby voice servicesis high. On the otherhandin GPRS
introductionscenariosthe offereddatatraffic will be compar-
atively low. As a resulttheuseof on-demandPDCHsthatare
sharedbetweenvoiceanddataservicesleadto anefficientradio
resourceutilization [7].

4.4.1. Estimating on-demand PDCH configurations with
equivalentfixedPDCHconfigurations

A simpledimensioningapproachfor on-demandPDCHconfig-
urationsasproposedin [24] andby othermanufacturersis to
calculatetheusablebandwidth,namelytheaveragenumberof
PDCHs,that is left openby voice serviceswith the Erlang-B-
formulaandtakethisnumberof PDCHsfor capacityestimation
in anequivalentfixedPDCHconfiguration.

The averagenumberof GSM physical channelsthat are
available for GPRScanbe calculated,with PDCH as the av-
eragenumberof availablePDCHsandTCH asthetotalnumber
of GSM traffic channelsin theradiocell:

PDCH � TCH 7 offeredvoicetraffic
'�8 �97 GoS: (2)

To show that this approachis not accurateenoughfor di-
mensioning,simulationresultsfor anon-demandexamplesce-
narioandfixedPDCHscenariosarecompared.In theregarded
examplescenariowith a GoSof 0.5 % the averagenumberof
unusedGSM TCHs that areavailableon averagefor GPRSis
higherthan7 after Equation2. That meansthat an equivalent
configurationwith 7 or 8 PDCHsshouldbetaken.
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However, thesimulationresultspresentedin Figure5 show
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-demandscenarioscannot be esti-
matedpreciselywith anequivalentscenariowith 7 or 8 PDCHs.
As theresultof this comparisonanequivalentfixedPDCHsce-
nario with the averagenumberof TCHs, which are available
for GPRSin anon-demandconfiguration,cannot genarallybe
appliedfor precisedimensioningof on-demandconfigurations.

4.4.2. Usingsimulationresultsfor on-demandconfigurations

More precisecapacityplanningfor on-demandconfigurations
can be doneby taking a dimensioninggraph for an existing
TRX scenarioasthe basisandfinding the acceptablecoexist-
ing CStraffic (correspondingto a GoSvalue)sothattheGPRS
performancefor agivenofferedIP traffic canbeguaranteed.As
anexamplebasedonthe3 TRX scenario(seeFigure6) thiscan
be performedafter the following stepswith the sameexample
valuesasin Section4.3:

� estimatethe GoS for the relatedTRX scenariofor CS
traffic, whichis expectedfor theplanningscenario.Here
1.5% GoSis assumedasanexamplevalue.

� estimatethenumberof GPRSuserspercell:
user ��� �

� calculatethetotalofferedtraffic percell:
offeredtraffic/user � ���
�2�.������� �� ;��� � � �.�#"*� ��%
totalofferedtraffic ��� �(' � � � ���)"*� ��%6���<� ���)"*� ��%

� definethedesiredaverageuserperformancetheoperator
wantsto guarantee(here12.5kbit/s).

� regardtheoperatingpoint p definedby thedesireduser
performanceonthey-axisandthetotalofferedtraffic on
thex-axisandchoosetheadequateGoScurveasthenext
thatliesabove this operatingpoint p. Herep equals(x =
12kbit/s,y = 12.5kbit/s).
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If the offeredCS traffic correspondingto this GoSis pre-
dictedto be exceededa new TRX shouldbe added.Herep is
just below the 2 % GoS curve that meansthat coexisting CS
traffic correspondingup to 2 % GoSfor this scenariois accept-
able.SinceaGoSof 1.5% is assumedanadditionalTRX is not
necessaryin this example.

4.5. Remarks to mixed configurations with fixed and on-
demandPDCHs

To beableto guaranteetheavailability of GPRS-basedservices
an operatormight provide 1, 2 or morefixed PDCHsandthe
restup to 8 ason-demandPDCHs. In thesecasesthepureon-
demandconfigurationscanbetakenasa worstcaseestimation,
sincetheprobabilitythatthefirst PDCHsareusedby CStraffic
arequitelow (under10%) [7].

If 4 or morefixed PDCHsareprovided andthe restup to
8 areon-demand,thereare two possibilities. If anotherTRX
is integratedto reducetheblockingprobabilityfor CScalls,the
on-demandchannelswill notbehighly utilized. Herethecapac-
ity canbeestimatedtakingaconfigurationwith 8 fixedPDCHs.
If no furtherTRX is provided,theutilization of theon-demand
PDCHswill bevery high. In this casethecapacitycanbeesti-
matedby aconfigurationwith theallocatednumberof fixedand
noon-demandPDCHs.

5. CONCLUSIONS
In this paperdimensioningrulesfor GPRSnetworks for fixed
andon-demandPDCHconfigurationswerepresented.

Thedimensioninggraphfor fixedPDCH configurationsis
basedonsimulationresultsfor differentloadscenariosandprof-
its by nearlylinearcorrelationbetweendownlink IP throughput
andtheofferedIP traffic in theradiocell. With this dimension-
ing graphtherelationshipbetweendesiredQoS,offeredtraffic
andneededradiocapacitycanbeestimated.

Regardingon-demandPDCHconfigurations,dimensioning
graphsbasedontakingtheaveragenumberof availablePDCHs
asan equivalentnumberof fixed PDCHs,cannot be applied.



For on-demandconfigurationsdimensioninggraphsbasedon
the simulation resultsfor different CS load scenarioscan be
usedto determine,if a new TRX hasto be installedto serve
theGPRStraffic with a desiredQoS.
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