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ABSTRACT

In this paper the WrelessApplicationProtocol (WAP)
as one application of mobile data servicesis examined
with the aim to give guidelinesfor the dimensioningof
next genertion mobileradio networks.Theperformance
of WAP-basedapplicationsover GPRSis evaluatedin
scenarioswhele the GPRSradio resoucesare shaed
with corventional Internet applicationslike WWWand
e-mail. Simulationresultsfor quality of servicemeasues
for thedifferentapplicationsand GPRSsystenmeasues
are producedwith the simulationtool GPRSinthat mod-
els the application and user behavior the TCP/IP and
WAP protocol architecture, the GPRSprotocol architec-
ture andtheradio channel.Especiallythe effectof traf ¢
genemted by conventionallnternet applicationson the
WAP performanceandvice versaare determined.These
resultsgivean estimatiorfor the GPRShetworkcapacity
neededor a traf c mix of WAP-basedand corventional
Internetapplications.

1 INTRODUCTION

In the context of the exponentialgrowth of the Inter-
net market the growing demandof dataservicesis also
expectedfor mobile users. Besidesconventionallnter
netapplicationdike WWW andE-Mail, speci ¢ service
platformsand applicationshave beendevelopedfor fu-
ture mobile dataserviceslik e the Generl Packet Radio
Service(GPRS)andthe Universal Mobile Telecommuni-
cation System(UMTS). Reasondor this are conditions
differentto x ed networks namely limited bandwidth,
higher delaysand error rateson the radio interfaceand
mobile terminalswith limited userinterfacesand lower
processingpower andmemorycapacitycomparedo PC
platforms.

The European TelecommunicationsStandadization
Institute (ETSI) aswell asthe WirelessApplicationPro-
tocol (WAP) Forum have addressedhesespecic re-
guirementsand characteristicdy someof their work.
While ETSI hasdevelopedthreeso-calledclassmark®f
the Mobile StationApplication Execution Environment
(MEXE), theWAP Forumhascompileda setof speci ca-
tionstargetingatmobiledeviceswith limited capabilities.
Becausef suchanoptimizeddesignthegeneratediraf c
patternscannotbe mappedntotoday's Internetmodels.
Extrawork is requiredto modelandsimulate WAP traf-
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For GPRSnetworks both corventionallnternetappli-
cationsrunningon laptop computersor enhanced®DAs
and WAP-basedapplicationsrunning on smart phones
and PDAs are predicted. For the introductionand evo-
lution scenario®©f GPRSnetworks dimensioningguide-
lines are neededor operatorsequipmentmanufctures
and systemintegrators. They shoulddescribethe rela-
tionshipbetweerthe neededadioresourcesthe offered
traf ¢, andthedesiredquality of servicefor differentap-
plications. This paperaimsat presentingsimulationre-
sultsfor a predictedtrafc mix of WAP, WWW and e-
mail applicationsthat are usablefor capacityestimation
andradionetwork dimensionind1, 2, 3.

In Section?2 after this introductionthe WAP suiteis
introduced. Next the simulationtool GPRSimis intro-
ducedin Section3 followed by the simulationscenarios
andsimulationresultsin Section4.

2 WIRELESS APPLICATION PrROTOCOL (WAP)

TheWAP speci cations which areimplementedn to-
day's mobile terminals,including the June2000Confor
manceReleasealsoknown as WAP 1.2.1,aim at opti-
mizing operationin 2G networks. ThereforeWAP 1.2.1
de nes a distinct technologycomprising protocolsand
contentrepresentation WAP is a suite of speci cations
that de nes an architectureframewnork containing op-
timized protocols(e.g., WDP, WTP, WSP), a compact
XML-based content representationf WML, WBXML)
and other mobile-speci ¢ featureslike Wireless Tele-
phory Applications(WTA) [4, 5].

2.1 WAP Releasel.x

In additionto the goal of optimizedoperationin 2G
networks, WAP has been developed becausetoday's
graphics-enhanceaglebserviceannotebroughtto and
displayedon thin clients,e.g.,GSM mobile phonesand
IP asnetwork layermay not be applicablein someervi-
ronmentsge.g.,WAP over ShortMessageservice(SMS)
or UnstructuredSupplementanService Data (USSD).
Becauseof the optimizationsand different protocolsit
is not possibleto run WAP end-to-endto a regular In-
ternetsite. Instead,a WAP Gatevay mustbe used. The
mainservicesa WAP Gateavay providesis protocolcon-
versionbetweenWAP stackand Internetstack. In addi-
tiontothis standardizefunctionality, mary gatevayven-
dorsprovide a variety of value-addederviceshatallow
for personalizationfor example.
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Figurel: The WAP protocolarchitecture

The WAP protocolarchitecturgseeFigure 1), which
this paperfocuseson, comprisesthe following compo-
nents:

Wir elessApplication Environment (WAE) With WAE
an ervironmentfor developmentand execution of
serviceds provided. Thecorecomponenbf WAE is
the micro browserthatrendergherespectie WML
content.

SessiorLayer (WSP) WSPcontributesmethodswhich
allow for communicatiorbetweerclientandsener.
WSP providesmechanismso retaina sessioncon-
text, if thecall is dropped.

Transaction Layer (WTP) WTP is the transportlayer
of WAP. It allows for connectionlessas well as
connection-orientedommunication. Today WTP
class2 transactiongarecommonlyusedfor mostof
the WAP trafc. WTP class2 representghe ac-
knowledgedclient-to-serer communication.

Security Layer (WTLS) WTLS is an optional compo-
nent,which works similarto SSLor TLS in theIn-
ternet. WTLS providesfor authenticatiorand pri-
vagy of anongoingcommunication.

Transport Layer (WDP) WDP is an abstractionlayer
betweerWAP andthe underlyingbearer In caseof
IP asthenetwork layer, UDP is usedasWDP layer.

Comparedo the well-known Web protocolslike TCP
andHTTR, WAP protocolgdifferin thefollowing aspects:

e WDP or UDP provideanunacknevledgeddatagram
transportonly. This approachavoids overheadand
delayfor serviceghatoperateon connectionlesba-
sis. Oneexampleis aWTP class0 transaction.

¢ In-orderdelivery andretransmissiomrehandledby
aseparateransportayer It providesthesefunctions
only if they arerequestedy a higherlayer service
(WTPclassl or 2).

e WAP works transaction-oriented.The amountof
datathat canbe transferredby one transactionde-
faultsto 1400 bytes. It canbe negotiatedat WSP
sessionsetuptime. If WTP sggmentationand re-
assemblyis usedthe amountof datapertransaction
is limited by the negotiatedSDU size.

e WSPimplementsall featuresof HTTP 1.1 anden-
hancegheseby a binaryencodingaimingat greater
efcieny overtheair.

2.2 WAP Release?.0

In the speci cation WAP 2.0 [6, 7] some existing
WAP protocolshave beenextendedby new capabilities.
WAP 2.0 corvergeswith widely usedInternetprotocols
liketheTransmissiorControlProtocol(TCP)andtheHy-
pertet TransferProtocol (HTTP). InternetEngineering
TaskForce(IETF) work in the Performancémplications
of Link Characteristic§PILC) Working Grouphasbeen
leveragedo developamobilepro le of TCPfor wireless
links. Thispro le is fully interoperablavith thecommon
TCPthatoperateverthe Internettoday

Further WAP 2.0doesnotrequirea WAP proxy, since
the communicatiorbetweerthe clientandthe senercan
be conductedusing HTTP 1.1. However, deploying a
WAP proxy canstill optimizethecommunicatiomprocess
andmay offer mobile serviceenhancementsuchaslo-
cation,privacy, andpresencdasedservices.In addition,
aWAP proxy remainsecessaryo offer Pushfunctional-
ity.

In additionto protocolwork, the WAP Forumhascon-
tinuedits work on service-enablindeaturesfor the mo-
bile ervironment,like the pushserviceor synchroniza-
tionissues AlthoughWAP 2.0hasbeen nished in 2001,
WAP 1.x protocolstackswill still be usedin the mobile
terminalsin the next years.In this paperonly WAP 1.2.1
is regarded.

3 SIMULATION

The capacity model studiedin this paperis repre-
sentedby the (E)GPRSsimulator GPRSimthat in fact
is an emulatorfor GPRSand EGPRS.It representsa
GSM/(E)GPRSnetwork with its protocol stacksat the
air interface,the radio channelattributesandapplication
speci c traf ¢ sourceghatarerepresentedly trafc load
generators.Basedon this modelit is possibleto create
trafc performanceesultsandto derive from theredi-
mensioninggraphssothatthenetwork engineerindgor an
expectedraf c andthe desiredQoScanbe performed.

The (E)GPRSSimulator GPRSIm[8] is a pure soft-
ware solution basedon the programminglanguageCr+.
Up to now modelsof Mobile Station (MS), Base Sta-
tion (BS),andServingGPRSSupportNode(SGSN)have
beenimplemented.The simulatoroffersinterfacesto be
upgradedy additionalmoduleg(seeFigure?).

For the implementationof the simulation model in
C+ a ClassLibrary (CNCL) [9] is used,a predecessor
to the SDL PerformanceEvaluationTool ClassLibrary
(SPEETCL)[10] that enforcesan objectorientedstruc-
ture of programsandis especiallysuitedfor eventdriven
simulations.

Differentfrom usualapproacheto establisha simula-
tor, whereabstraction®f functionsandprotocolsarebe-
ing implementedthe approachof the GPRSimis based
on the detailedimplementatiorof the standardized>SM
and (E)GPRSprotocols. This enablesa realistic study
of the behaiour of EGPRSand GPRS.The real proto-
col stacksof (E)GPRSareusedduringsystemsimulation



Tablel: Model parametersf InternetapplicationgWWW ande-mail)

WWW Parameter Distribution Mean Variance
Pagespersession geometric 5.0 20.0

Intenals betweerpageqs] negative exponential 12.0 144.0
Objectsperpage geometric 2.5 3.75

Objectsize[byte] logz-Erlang-k(k = 16) 3700 (transf.:9.3) 1.36 - 108 (transf.:5.4)
e-mail Parameter Distribution Mean Variance
e-mailsize(lower 80 %) [byte] logz-normal 1707 (transf.:10.0) 5.5 - 108 (transf.:2.13)
e-mailsize(upper20 %) [byte] logz-normal 15675 (transf.:12.5) 62.9 - 10° (transf.:9.5)
Basequota[byte] constant 300 0
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Figure2: The GPRS/EGPRSimulatorGPRSIim

andarestatisticallyanalyzeduinderawell-de ned andre-
producabldrafc load.

The comple layersof the protocolstacklike Subnet-
work Dependen€overgenceProtocol(SNDCP) Logical
Link Control(LLC), RadioLink Control/MediumAccess
Control(RLC/MAC) basecbn GPRS/EGPR$eleas99,
the Internettraf c load generatorand TCP/IPitself are
speci edformally with the Speci cationandDescription
Language(SDL) [11] andaretranslatedo C-+ codeby
meansof the CodeGeneratoiISDL2CNCL [10] andare

nally integratedinto the simulator

3.1 Packet Traf c Generators

The Internetsessionsstudied consistof the applica-
tions World Wide Web (WWW) and electronicmail (e-
mail) runningon top of the TCP/IPprotocolstack.

In thefollowing, theparametersf thetwo applications
thatspecifythe characteristid¢rafc loadto the (E)GPRS
are presented.Relateddocumentsanbe foundin [12]
and[13]. Theparametersf thesemodelshave beenup-
datedby parametergjiven by ETSI/3GPPpropositions
for the behaviour of mobile Internetusers[14] (seeTa-
ble 1). For thelog2-normalandlog2-Erlang-kdistribu-
tionstheparametersf thetransformedlistribution func-
tionsaregivenin braclets.

3.1.1 WWW Model

WWW sessionsconsist of requestsfor a number of
pages Thesepagesconsistof a numberof objectswith
adedicatedbjectsize Anothercharacteristiparameter
is the delaybetweentwo pagesdependingon the users
behaiour to surfaroundthe Web[12, 14]. Tablel gives
anoverviewv of the WWW trafc parametersThe small
numberof objectsper page(2.5 objects),andthe small
object size (3700 byte) were chosen,since Web pages
with a large numberof objectsor large objectsare not
suitablefor thin clients suchas PDAs or smartphones
sened by (E)GPRS.The maximum object size in our
modelis setto 100kbyte.

3.1.2 E-mail Model

Thee-mailmodeldescribeshetrafc resultingfrom the
messagelownloadfrom a mail sener by ane-mailuser
Therelevantparameteraretheamountof datapere-mail
andits distribution (seeTable1). A constanbasequota
of 300byte hasbeenaddedpere-mail[13]. Thedistribu-
tion functionis de ned by two ranges.The lower range
modelse-mailswithout attachmentandthe upperrange
modelse-mailswith small attachments.The maximum
e-mailsizeis setto 100kbyte.

3.1.3 WirelessApplication Protocol (WAP) Model

A WAP 1.2.1traf c modelwasdevelopedandappliedin
[15].

A WAP sessiorconsistof severalrequestgor adeck
performedby theuser Thesequencehartof a sessions
depictedn Figure3.

WAP sessionsiretotally describedy

e requestgor anumberof decksh
e pacletsizein up-anddownlink, sizex andsizey

e areadingtime the usertakesbeforerequestinghe
next deck,tgeqq

o aresponse¢ime of thenetwork, t response

The latter oneis not determinecdby the user This pa-
rameteris totally dependingon the underlyingnetwork.
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Table2: Parametergor the WAP traf c_model

Value mean stand.dev.
News
ReadingTime[s] 114 16.5

Sizeof ‘GetRequest'Paclet[byte] 82.1 26.2
Sizeof "Content'- Paclet [byte] 638.4 389.9

E-Malil

ReadingTime[s] 10.0 22.2
Sizeof "GetRequest'Paclet[byte] 112.0 57.7
Sizeof "Content'- Paclet [byte] 582.9 260.0

M-Commerce

ReadingTime[s] 10.7 131
Sizeof ‘GetRequest'Paclet[byte] 84.3 16.5
Sizeof "Content'- Paclet [byte] 641.0 342.9

Transmission from Gateway to Client

Figure3: Sequencehartandimportantparametersor a
WAP session

Subsequento [16], the numberof decksis modelled
by a geometricdistribution, the readingtime by a ney-
ative exponentialdistribution and the paclet size by a
log2-normaldistribution.

To coverthein uence of differentapplicationsdiffer-
enttypesof userpro les areintroduced:

e E-Mail: differentWAP serviceswhich give the pos-
sibility to readandwrite E-Mails

o News(paper)newspapeatrticles(oftenin shortened
versions)newstickers,stockquotesgetc.

¢ M-Commerceservicesvheretheusercan,i.e., buy
books,ticketsfor railway and ight, overall goods,
resene cinemaor theatretickets,etc.

e Common: mixedtrafc tracedfrom a WAP sener
in realoperation

While the modelof the sessiorcanbe seenasgeneral
for WAP sessionghe parameterare dependingon the
content. The parametersaken herearetypical for WAP
applicationdirectly afterintroductionof WAP. Sincethe
applicationswill changeover the next years,the param-
etersof the modelaresubjectto future updates.The pa-
rametershat were derived by measurementperformed
ata WAP gataevayin testoperation.

3.2 TransmissionControl Protocol (TCP)

ClassicallTCPis implementedasednthedescription
in [17] including slow start and congestionavoidance.
In our HTTP implementatiora TCP connectioncan be
reusedo transmitthefollowing HTTP objects.

3.3 Air Interface TransmissionErr or Model

Within thechannel/erromodelit is decidedwhethera
receveddataor controlblockis errorfreeor not. For this
purposeasetof curvesis usedgainedfrom link level sim-
ulationsthatallow themappingof anactualC'/ I valueto
the correspondindplock errorrate(BLER) of a givenra-
dio block[18, 19, 20]. The TU3 (Typical Urban)channel
modelof GSM Rec.05.05[21] wasassumedhere. For
the Modulationand Coding SchemegMCS) in EGPRS
similar curvesareavailable.

Common

ReadingTime[s] 13.8 116.8
Sizeof "GetRequest'Paclet [byte] 108.2 84.7
Sizeof "Content'- Paclet [byte] 511.0 368.0

4 SIMULATION RESULTS
4.1 Simulation Scenarios

The cell con guration is given by the number of
Packet Data Channels(PDCHSs) permanentlyavailable
for GPRS.In this paperl and4 x ed PDCHshave been
regarded. A C/I of 12 dB (13.5%BLEP) hasbeenre-
gardedandCodingScheme? (CS-2)hasbeenused.LLC
and RLC/MAC are operatingin acknavledged mode.
Themultislot capabilityis 1 uplink and4 downlink slots.
The MAC protocolinstancedn the simulationsare op-
eratingwith 3 randomaccessubchannelper52-frame.
All corventional MAC requestshave the radio priority
level 1 andarescheduledvith a FIFO stratgyy. LLC has
a window size of 16 frames. TCP/IP headercompres-
sionin SNDCPis performed.The maximumlP datagram
sizeis setto 1500 byte for WAP and 536 byte for the
TCP-basedpplications.In the Internetstackfor WWW
ande-mail TCPis operatingwith amaximumcongestion
window size of 8 Kbyte. The transmissiordelayin the
corenetwork andexternelnetworks,i.e., thepublicInter
netis neglected,sinceit is assumedhatthe senersare
locatedin the operators domainandthe corenetwork is
well dimensioned.

WAP sessionsre parameterizeavith the "Common’
userpro le (seeSection3.1.3). Thecorventionalinternet
traf c [16] regardedfor comparisoris composeaf pure
WWW. The trafc mix in the secondscenariois char
acterizedby 60 % WAP, 28 % e-mailand 12 % WWW
sessiongseeTablel).

4.2 Performanceand SystemMeasures

To characterizeéhetraf c performanceof GPRSser-
eral performanceand systemmeasuresare de ned in
the following. The curves gainedin this paperwere
smoothedsincethe statisticalreliability couldnotbeen-
suredfor all simulationswith highertraf c load.

Mean Application ResponseTime is thedifferencebe-
tweenthe time whena useris requestinga page,a
WAP deckor ane-mailandthetime whenit is com-
pletelyreceved.
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Mean IP datagram delay is the end-to-enddelayof IP
datagramsvaluatedoy meansof time stampsgiven
to the datagramswhen the IP layer performsan
SNDCP datarequestfor transmission. When the
datagranarrivesattherecever, thedifferenceof the
actualtime andthetime stampvalueis calculatedas
asampleof therespectie evaluationsequence.

Mean throughputper cell is also called system
throughputandis calculatedfrom the total IP data
transmittedon all PDCHsand for all usersduring
the whole simulationduration,divided by the sim-
ulation duration. Sincea lossof IP datagram®ver
x ed subnetvorks is not modelled, this parameter
equalgthe offeredIP traf c in theradiocell.

PDCH utilization: is the numberof MAC blocks uti-
lized for MAC dataand control blocks normalized
to the sum of data, control andidle blocks. Thus
existing capacityresenesin thescenariaundercon-
siderationcanbe seerfrom this measure.
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Figure 7: Mean downlink PDCH utilization for pure
WWW andpureWAP trafc

4.3 Simulation Resultsfor WAP in Comparison to
Inter net Applications

To beableto compareheuserpercevedperformance
of WAP in comparisorto corventionallnternetapplica-
tions, the applicationresponséime is shavn in Figure4
for pureWWW andpureWAP traf c.

In situationswith low traf c loadtheresponséime for
aWAP deckis below 2 secondswhile theresponsdime
for a Web pageis around4 seconds.The reasonis that
a Web pagehasa larger contentsize andis transmitted
over TCR In load situationswith highertrafc loadthe
responsaime for a WAP deckremainsnearly constant
for upto 20 MS. If only 1 PDCHis available,the WAP
responsdime increases¢o morethan 10 secondgor 20
MS in theradio cell. Becauseof the larger contentsize
the responsdime for Web pagespasse®0 secondsal-
readywith 10active MS in theradiocell evenif 4 PDCHs
areavailablein thecell.

The Figuresb-7 explain this behaior. Regardingpure
WWW trafc IP datagramsare delayedby morethan5
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secondsalreadywith 5 actve MS causedby the high
gueuingdelayin the TCP steadystate. For WAP traf-
¢ IP pacletsaredelayedby only 2 seconddor 20 MS
in the cell. The systemthroughputlimit is reachedwith
20kbit/sfor WWW traf ¢, while for WAP trafc thesys-
tem throughputis still increasing(seeFigure 6). This
can also be seenin Figure 7 where 100 % PDCH uti-
lization is reachedor WWW trafc with 15MS and15
WAP usersareonly utilizing the PDCHswith 30 % for
thesamePDCHcon guration.

4.4 Simulation Resultsfor aTraf ¢ Mix of WAP and
WWW/e-mail

Sincethepredictedraf ¢ mix for GPRSnetworkswill
be composedof WAP trafc and corventionalnternet
applicationdike WWW ande-mail,the GPRStraf ¢ per
formancefor atraf c mix of 60% WAP, 28 % e-mailand
12 % WWW sessionsvill beregardedhere.

Figure8 shawvstheapplicationrespons¢ime for WAP
deckse-mailsandWWW pagesrespectiely. Compared
to the graphsin Section4.3 the WWW and e-mail per
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Figure 10: Meandownlink IP systemthroughputfor a
trafc mix WAP/WWW/e-mail

Downlink PDCH utilization
100

pure WWW --------

80

60

40

Downlink PDCH utilization [Percent]

20

0 5 10 15 20
Number of MS

Figure11: Meandownlink PDCH utilizationfor atrafc
mix WAP/WWW/e-mail

formanceis not strongly effectedby WAP trafc, since
small WAP paclets canbe multiplexed seamlesslyvith
the TCP-basedVWW ande-mailtrafc. In thescenario
with trafc mix WWW pageshave a responsdime of
7 secondswith 10 active stationsgereratingtraf ¢ mix,
while 10 stationsgereratingpure WWW traf c have to
wait for morethan20 seconds.

On the other handthe WAP responsdime increases
from 1.2 secondgor pureWAP traf ¢ to 2.1 secondgor
thetraf c mix scenario.Thereasoris thatWWW ande-
mail sessionsrecomposeaf largerapplicationpaclets
thatlet lessresource®penfor WAP users.Nevertheless
aresponséimefor WAP decksof 2.1secondshouldstill
beacceptable.

In the Figures10 and 11 systemthroughputper radio
cellandthedownlink PDCHutilization for thetraf c mix
are comparedto the measuredor pure WAP and pure
WWW trafc. Furthermorghedownlink IP datagrande-
lay is presentedn Figure9. While the throughputlimit
is reachedalreadywith 10 stationsfor pure WWW traf-



¢, thesystemthroughputhasstill not reachedlO kbit/s

for the scenariowith traf c mix. Further in the scenario
with traf ¢ mix only 70 % utilization is reachedvith 20

MS, while for pure WWW trafc 100% is reachedwith

15MS.

5 CONCLUSION

In this paperthe performanceof WAP and corven-
tional Internetapplicationsover GPRSis presentedFirst
performancecharacteristicof WAP and Internetappli-
cationsregardedseperatelharepresentecaindcompared.
Furthermorethe effectsof coexisting Internettrafc on
WAP trafc and vice versaare outlined. It hasbeen
shavn that WAP trafc can be multiplexed seamlessly
with the Internettrafc becausef the smallandlimited
WAP decksize,while Internettraf ¢ slightly slows down
WAP traf ¢ in situationswith hightrafc load.
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