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ABSTRACT

In thispaper, theWirelessApplicationProtocol(WAP)
as oneapplication of mobiledata servicesis examined
with the aim to give guidelinesfor the dimensioningof
next generationmobileradionetworks.Theperformance
of WAP-basedapplicationsover GPRSis evaluatedin
scenarioswhere the GPRSradio resourcesare shared
with conventional Internet applicationslike WWWand
e-mail.Simulationresultsfor qualityof servicemeasures
for thedifferentapplicationsandGPRSsystemmeasures
areproducedwith thesimulationtool GPRSimthatmod-
els the application and user behavior, the TCP/IP and
WAP protocolarchitecture, theGPRSprotocolarchitec-
tureandtheradiochannel.Especiallytheeffectof traf�c
generated by conventionalInternet applicationson the
WAP performanceandviceversaare determined.These
resultsgiveanestimationfor theGPRSnetworkcapacity
neededfor a traf�c mix of WAP-basedandconventional
Internetapplications.

1 I NTRODUCTI ON

In the context of the exponentialgrowth of the Inter-
net market the growing demandof dataservicesis also
expectedfor mobile users. BesidesconventionalInter-
netapplicationslike WWW andE-Mail, speci�c service
platformsandapplicationshave beendevelopedfor fu-
ture mobile dataserviceslike the General Packet Radio
Service(GPRS)andtheUniversal Mobile Telecommuni-
cation System(UMTS). Reasonsfor this areconditions
different to �x ed networks namely limited bandwidth,
higherdelaysanderror rateson the radio interfaceand
mobile terminalswith limited userinterfacesandlower
processingpower andmemorycapacitycomparedto PC
platforms.

The European TelecommunicationsStandardization
Institute(ETSI) aswell astheWirelessApplicationPro-
tocol (WAP) Forum have addressedthesespeci�c re-
quirementsand characteristicsby someof their work.
While ETSI hasdevelopedthreeso-calledclassmarksof
the Mobile StationApplication ExecutionEnvironment
(MExE), theWAP Forumhascompiledasetof speci�ca-
tionstargetingatmobiledeviceswith limitedcapabilities.
Becauseof suchanoptimizeddesignthegeneratedtraf�c
patternscannotbemappedontotoday's Internetmodels.
Extrawork is requiredto modelandsimulateWAP traf-
�c.

For GPRSnetworks bothconventionalInternetappli-
cationsrunningon laptopcomputersor enhancedPDAs
and WAP-basedapplicationsrunning on smart phones
andPDAs arepredicted. For the introductionandevo-
lution scenariosof GPRSnetworksdimensioningguide-
lines areneededfor operators,equipmentmanufactures
and systemintegrators. They shoulddescribethe rela-
tionshipbetweentheneededradioresources,theoffered
traf�c, andthedesiredquality of servicefor differentap-
plications. This paperaimsat presentingsimulationre-
sults for a predictedtraf�c mix of WAP, WWW ande-
mail applicationsthatareusablefor capacityestimation
andradionetwork dimensioning[1, 2, 3].

In Section2 after this introductionthe WAP suite is
introduced. Next the simulationtool GPRSimis intro-
ducedin Section3 followedby thesimulationscenarios
andsimulationresultsin Section4.

2 W I REL ESS APPL I CATI ON PROTOCOL (WAP)
TheWAP speci�cations,whichareimplementedin to-

day's mobile terminals,includingtheJune2000Confor-
manceRelease,alsoknown asWAP 1.2.1,aim at opti-
mizing operationin 2G networks. ThereforeWAP 1.2.1
de�nes a distinct technologycomprisingprotocolsand
contentrepresentation.WAP is a suiteof speci�cations
that de�nes an architectureframework containing op-
timized protocols(e.g., WDP, WTP, WSP), a compact
XML-based content representation(WML, WBXML)
and other mobile-speci�c featureslike Wireless Tele-
phony Applications(WTA) [4, 5].

2.1 WAP Release1.x
In addition to the goal of optimizedoperationin 2G

networks, WAP has been developed becausetoday's
graphics-enhancedwebservicescannotbebroughtto and
displayedon thin clients,e.g.,GSM mobilephones,and
IP asnetwork layermaynot beapplicablein someenvi-
ronments,e.g.,WAP over ShortMessageService(SMS)
or UnstructuredSupplementaryServiceData (USSD).
Becauseof the optimizationsand different protocolsit
is not possibleto run WAP end-to-endto a regular In-
ternetsite. Instead,a WAP Gateway mustbeused.The
mainservicesa WAP Gateway providesis protocolcon-
versionbetweenWAP stackandInternetstack. In addi-
tion to thisstandardizedfunctionality, many gatewayven-
dorsprovidea varietyof value-addedservicesthatallow
for personalization,for example.
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Figure1: TheWAP protocolarchitecture

The WAP protocolarchitecture(seeFigure1), which
this paperfocuseson, comprisesthe following compo-
nents:

Wir elessApplication Envir onment (WAE) With WAE
an environmentfor developmentand executionof
servicesis provided.Thecorecomponentof WAE is
themicro browserthatrenderstherespectiveWML
content.

SessionLayer (WSP) WSPcontributesmethods,which
allow for communicationbetweenclient andserver.
WSPprovidesmechanismsto retaina sessioncon-
text, if thecall is dropped.

Transaction Layer (WTP) WTP is the transportlayer
of WAP. It allows for connectionlessas well as
connection-orientedcommunication. Today, WTP
class2 transactionsarecommonlyusedfor mostof
the WAP traf�c. WTP class2 representsthe ac-
knowledgedclient-to-servercommunication.

Security Layer (WTLS) WTLS is an optional compo-
nent,which workssimilar to SSLor TLS in theIn-
ternet. WTLS providesfor authenticationandpri-
vacy of anongoingcommunication.

Transport Layer (WDP) WDP is an abstractionlayer
betweenWAP andtheunderlyingbearer. In caseof
IP asthenetwork layer, UDP is usedasWDPlayer.

Comparedto thewell-known Webprotocolslike TCP
andHTTP, WAP protocolsdiffer in thefollowingaspects:

� WDPor UDPprovideanunacknowledgeddatagram
transportonly. This approachavoids overheadand
delayfor servicesthatoperateonconnectionlessba-
sis.Oneexampleis aWTPclass0 transaction.

� In-orderdeliveryandretransmissionarehandledby
aseparatetransportlayer. It providesthesefunctions
only if they arerequestedby a higher-layerservice
(WTP class1 or 2).

� WAP works transaction-oriented.The amountof
datathat canbe transferredby one transactionde-
faults to 1400bytes. It canbe negotiatedat WSP
sessionsetuptime. If WTP segmentationand re-
assemblyis usedtheamountof datapertransaction
is limited by thenegotiatedSDU size.

� WSPimplementsall featuresof HTTP 1.1 anden-
hancestheseby a binaryencodingaimingat greater
ef�cieny over theair.

2.2 WAP Release2.0
In the speci�cation WAP 2.0 [6, 7] some existing

WAP protocolshave beenextendedby new capabilities.
WAP 2.0 convergeswith widely usedInternetprotocols
liketheTransmissionControlProtocol(TCP)andtheHy-
pertext TransferProtocol(HTTP). InternetEngineering
TaskForce(IETF) work in thePerformanceImplications
of Link Characteristics(PILC) Working Grouphasbeen
leveragedto developamobilepro�le of TCPfor wireless
links. Thispro�le is fully interoperablewith thecommon
TCPthatoperatesover theInternettoday.

Further, WAP 2.0doesnot requireaWAP proxy, since
thecommunicationbetweentheclient andtheservercan
be conductedusing HTTP 1.1. However, deploying a
WAP proxycanstill optimizethecommunicationprocess
andmayoffer mobileserviceenhancements,suchaslo-
cation,privacy, andpresencebasedservices.In addition,
aWAP proxyremainsnecessaryto offer Pushfunctional-
ity.

In additionto protocolwork, theWAP Forumhascon-
tinuedits work on service-enablingfeaturesfor themo-
bile environment,like the pushserviceor synchroniza-
tion issues.AlthoughWAP 2.0hasbeen�nished in 2001,
WAP 1.x protocolstackswill still beusedin themobile
terminalsin thenext years.In thispaper, only WAP 1.2.1
is regarded.

3 SI M UL ATI ON

The capacity model studied in this paper is repre-
sentedby the (E)GPRSsimulatorGPRSimthat in fact
is an emulator for GPRSand EGPRS.It representsa
GSM/(E)GPRSnetwork with its protocol stacksat the
air interface,theradiochannelattributesandapplication
speci�c traf�c sourcesthatarerepresentedby traf�c load
generators.Basedon this model it is possibleto create
traf�c performanceresultsand to derive from theredi-
mensioninggraphssothatthenetwork engineeringfor an
expectedtraf�c andthedesiredQoScanbeperformed.

The (E)GPRSSimulatorGPRSim[8] is a pure soft-
waresolutionbasedon the programminglanguageC++.
Up to now modelsof Mobile Station (MS), BaseSta-
tion (BS),andServingGPRSSupportNode(SGSN)have
beenimplemented.Thesimulatoroffers interfacesto be
upgradedby additionalmodules(seeFigure2).

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-
tureof programsandis especiallysuitedfor eventdriven
simulations.

Differentfrom usualapproachesto establisha simula-
tor, whereabstractionsof functionsandprotocolsarebe-
ing implemented,the approachof theGPRSimis based
on thedetailedimplementationof thestandardizedGSM
and (E)GPRSprotocols. This enablesa realistic study
of the behaviour of EGPRSandGPRS.The real proto-
col stacksof (E)GPRSareusedduringsystemsimulation



Table1: Model parametersof Internetapplications(WWW ande-mail)

WWW Parameter Distribution Mean Variance

Pagespersession geometric
��� � ����� �

Intervalsbetweenpages[s] negative exponential � ��� � �	�
� � �
Objectsperpage geometric

��� � ��� �
�
Objectsize[byte] log
 -Erlang-k( ������� ) �������

(transf.: � � � ) � � � ����� ��� (transf.:
��� � )

e-mailParameter Distribution Mean Variance

e-mailsize(lower 80%) [byte] log
 -normal � ����� (transf.: � ��� � ) ��� � ��� � � (transf.:
��� � � )

e-mailsize(upper20 %) [byte] log
 -normal � � � ��� (transf.: � ��� � ) � ��� ����� �
� (transf.: � � � )
Basequota[byte] constant
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Figure2: TheGPRS/EGPRSsimulatorGPRSim

andarestatisticallyanalyzedunderawell-de�nedandre-
producabletraf�c load.

Thecomplex layersof theprotocolstacklike Subnet-
work DependentCovergenceProtocol(SNDCP),Logical
Link Control(LLC), RadioLink Control/MediumAccess
Control(RLC/MAC) basedonGPRS/EGPRSrelease99,
the Internettraf�c load generatorsandTCP/IPitself are
speci�edformally with theSpeci�cationandDescription
Language(SDL) [11] andaretranslatedto C++ codeby
meansof the CodeGeneratorSDL2CNCL [10] andare
�nally integratedinto thesimulator.

3.1 Packet Traf�c Generators
The Internetsessionsstudiedconsistof the applica-

tions World Wide Web (WWW) andelectronicmail (e-
mail) runningon topof theTCP/IPprotocolstack.

In thefollowing, theparametersof thetwo applications
thatspecifythecharacteristictraf�c loadto the(E)GPRS
arepresented.Relateddocumentscanbe found in [12]
and[13]. Theparametersof thesemodelshave beenup-
datedby parametersgiven by ETSI/3GPPpropositions
for the behaviour of mobile Internetusers[14] (seeTa-
ble 1). For the log2-normalandlog2-Erlang-kdistribu-
tionstheparametersof thetransformeddistributionfunc-
tionsaregivenin brackets.

3.1.1 WWW Model

WWW sessionsconsist of requestsfor a number of
pages. Thesepagesconsistof a numberof objectswith
a dedicatedobjectsize. Anothercharacteristicparameter
is the delaybetweentwo pagesdependingon the user's
behaviour to surf aroundtheWeb[12, 14]. Table1 gives
an overview of theWWW traf�c parameters.Thesmall
numberof objectsper page(2.5 objects),andthe small
object size (3700 byte) were chosen,sinceWeb pages
with a large numberof objectsor large objectsare not
suitablefor thin clients suchas PDAs or smartphones
served by (E)GPRS.The maximum object size in our
modelis setto 100kbyte.

3.1.2 E-mail Model

Thee-mailmodeldescribesthetraf�c resultingfrom the
messagedownloadfrom a mail server by ane-mailuser.
Therelevantparametersaretheamountof datapere-mail
andits distribution (seeTable1). A constantbasequota
of 300bytehasbeenaddedpere-mail[13]. Thedistribu-
tion function is de�ned by two ranges.The lower range
modelse-mailswithout attachmentsandtheupperrange
modelse-mailswith small attachments.The maximum
e-mailsizeis setto 100kbyte.

3.1.3 Wir elessApplication Protocol (WAP) Model

A WAP 1.2.1traf�c modelwasdevelopedandappliedin
[15].

A WAP sessionconsistsof severalrequestsfor a deck
performedby theuser. Thesequencechartof asessionis
depictedin Figure3.

WAP sessionsaretotally describedby

� requestsfor anumberof decks,n

� packetsizein up- anddownlink, sizex andsizey

� a readingtime the usertakesbeforerequestingthe
next deck, ��� �"!$#

� a responsetime of thenetwork, � � ��%'&�(�)�%��
The latteroneis not determinedby theuser. This pa-

rameteris totally dependingon theunderlyingnetwork.
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Subsequentto [16], the numberof decksis modelled
by a geometricdistribution, the readingtime by a neg-
ative exponentialdistribution and the packet size by a
log2-normaldistribution.

To cover thein�uence of differentapplications,differ-
enttypesof userpro�les areintroduced:

� E-Mail: differentWAP serviceswhichgive thepos-
sibility to readandwrite E-Mails

� News(paper):newspaperarticles(oftenin shortened
versions),news tickers,stockquotes,etc.

� M-Commerce:serviceswheretheusercan,i.e.,buy
books,ticketsfor railway and�ight, overall goods,
reservecinemaor theatretickets,etc.

� Common: mixed traf�c tracedfrom a WAP server
in realoperation

While themodelof thesessioncanbeseenasgeneral
for WAP sessionsthe parametersare dependingon the
content.Theparameterstakenherearetypical for WAP
applicationsdirectlyafterintroductionof WAP. Sincethe
applicationswill changeover thenext years,theparam-
etersof themodelaresubjectto futureupdates.Thepa-
rametersthat werederived by measurementsperformed
at a WAP gateway in testoperation.

3.2 TransmissionControl Protocol (TCP)
ClassicalTCPis implementedbasedonthedescription

in [17] including slow start and congestionavoidance.
In our HTTP implementationa TCP connectioncanbe
reusedto transmitthefollowing HTTPobjects.

3.3 Air Interface TransmissionErr or Model
Within thechannel/errormodelit is decidedwhethera

receiveddataor controlblockis errorfreeor not. For this
purposeasetof curvesis usedgainedfrom link level sim-
ulationsthatallow themappingof anactual����� valueto
thecorrespondingblock errorrate(BLER) of a givenra-
dio block [18, 19, 20]. TheTU3 (TypicalUrban)channel
modelof GSM Rec.05.05[21] wasassumedthere. For
the ModulationandCodingSchemes(MCS) in EGPRS
similar curvesareavailable.

Table2: Parametersfor theWAP traf�c model
Value mean stand.dev.

News
ReadingTime [s] 11.4 16.5
Sizeof `GetRequest'-Packet [byte] 82.1 26.2
Sizeof `Content'- Packet [byte] 638.4 389.9

E-Mail
ReadingTime [s] 10.0 22.2
Sizeof `GetRequest'-Packet [byte] 112.0 57.7
Sizeof `Content'- Packet [byte] 582.9 260.0

M-Commerce
ReadingTime [s] 10.7 13.1
Sizeof `GetRequest'-Packet [byte] 84.3 16.5
Sizeof `Content'- Packet [byte] 641.0 342.9

Common
ReadingTime [s] 13.8 116.8
Sizeof `GetRequest'-Packet [byte] 108.2 84.7
Sizeof `Content'- Packet [byte] 511.0 368.0

4 SI M UL ATI ON RESULTS

4.1 Simulation Scenarios
The cell con�guration is given by the number of

Packet Data Channels(PDCHs) permanentlyavailable
for GPRS.In this paper1 and4 �x edPDCHshave been
regarded. A C/I of 12 dB (13.5%BLEP) hasbeenre-
gardedandCodingScheme2 (CS-2)hasbeenused.LLC
and RLC/MAC are operatingin acknowledgedmode.
Themultislotcapabilityis 1 uplink and4 downlink slots.
The MAC protocol instancesin the simulationsareop-
eratingwith 3 randomaccesssubchannelsper52-frame.
All conventionalMAC requestshave the radio priority
level 1 andarescheduledwith a FIFO strategy. LLC has
a window size of 16 frames. TCP/IP headercompres-
sionin SNDCPis performed.ThemaximumIP datagram
size is set to 1500 byte for WAP and 536 byte for the
TCP-basedapplications.In theInternetstackfor WWW
ande-mailTCPis operatingwith amaximumcongestion
window sizeof 8 Kbyte. The transmissiondelay in the
corenetwork andexternelnetworks,i.e., thepublic Inter-
net is neglected,sinceit is assumedthat the serversare
locatedin theoperator'sdomainandthecorenetwork is
well dimensioned.

WAP sessionsareparameterizedwith the `Common'
userpro�le (seeSection3.1.3).TheconventionalInternet
traf�c [16] regardedfor comparisonis composedof pure
WWW. The traf�c mix in the secondscenariois char-
acterizedby 60 % WAP, 28 % e-mail and12 % WWW
sessions(seeTable1).

4.2 Performanceand SystemMeasures
To characterizethe traf�c performanceof GPRSsev-

eral performanceand systemmeasuresare de�ned in
the following. The curves gained in this paperwere
smoothed,sincethestatisticalreliability couldnotbeen-
suredfor all simulationswith highertraf�c load.

Mean Application ResponseTime is thedifferencebe-
tweenthe time whena useris requestinga page,a
WAP deckor ane-mailandthetimewhenit is com-
pletelyreceived.
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Figure 5: Mean downlink IP datagramdelay for pure
WWW andpureWAP traf�c

Mean IP datagram delay is theend-to-enddelayof IP
datagramsevaluatedby meansof time stampsgiven
to the datagrams,when the IP layer performsan
SNDCP data requestfor transmission. When the
datagramarrivesatthereceiver, thedifferenceof the
actualtimeandthetimestampvalueis calculatedas
a sampleof therespectiveevaluationsequence.

Mean thr oughput per cell is also called system
throughputandis calculatedfrom the total IP data
transmittedon all PDCHsand for all usersduring
the whole simulationduration,divided by the sim-
ulationduration. Sincea lossof IP datagramsover
�x ed subnetworks is not modelled,this parameter
equalstheofferedIP traf�c in theradiocell.

PDCH utilization: is the numberof MAC blocks uti-
lized for MAC dataandcontrol blocksnormalized
to the sum of data,control and idle blocks. Thus
existingcapacityreservesin thescenarioundercon-
siderationcanbeseenfrom this measure.
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4.3 Simulation Results for WAP in Comparison to
Inter net Applications

To beableto comparetheuser-perceivedperformance
of WAP in comparisonto conventionalInternetapplica-
tions,theapplicationresponsetime is shown in Figure4
for pureWWW andpureWAP traf�c.

In situationswith low traf�c loadtheresponsetimefor
a WAP deckis below 2 seconds,while theresponsetime
for a Web pageis around4 seconds.The reasonis that
a Web pagehasa larger contentsizeandis transmitted
over TCP. In load situationswith higher traf�c load the
responsetime for a WAP deckremainsnearlyconstant
for up to 20 MS. If only 1 PDCH is available,theWAP
responsetime increasesto morethan10 secondsfor 20
MS in the radio cell. Becauseof the largercontentsize
the responsetime for Web pagespasses20 secondsal-
readywith 10activeMS in theradiocell evenif 4 PDCHs
areavailablein thecell.

TheFigures5-7 explain this behavior. Regardingpure
WWW traf�c IP datagramsaredelayedby morethan5
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Figure9: Meandownlink IP datagramdelayfor a traf�c
mix WAP/WWW/e-mail

secondsalreadywith 5 active MS causedby the high
queuingdelay in the TCP steadystate. For WAP traf-
�c IP packetsaredelayedby only 2 secondsfor 20 MS
in thecell. Thesystemthroughputlimit is reachedwith
20kbit/s for WWW traf�c, while for WAP traf�c thesys-
tem throughputis still increasing(seeFigure 6). This
can also be seenin Figure 7 where100 % PDCH uti-
lization is reachedfor WWW traf�c with 15 MS and15
WAP usersareonly utilizing the PDCHswith 30 % for
thesamePDCHcon�guration.

4.4 Simulation Resultsfor a Traf�c Mix of WAP and
WWW/e-mail

Sincethepredictedtraf�c mix for GPRSnetworkswill
be composedof WAP traf�c and conventionalInternet
applicationslikeWWW ande-mail,theGPRStraf�c per-
formancefor a traf�c mix of 60% WAP, 28% e-mailand
12% WWW sessionswill beregarded,here.

Figure8 showstheapplicationresponsetime for WAP
decks,e-mailsandWWW pages,respectively. Compared
to the graphsin Section4.3 the WWW ande-mail per-
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Figure 10: Mean downlink IP systemthroughputfor a
traf�c mix WAP/WWW/e-mail
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Figure11: Meandownlink PDCHutilization for a traf�c
mix WAP/WWW/e-mail

formanceis not stronglyeffectedby WAP traf�c, since
small WAP packetscanbe multiplexedseamlesslywith
theTCP-basedWWW ande-mail traf�c. In thescenario
with traf�c mix WWW pageshave a responsetime of
7 secondswith 10 active stationsgereratingtraf�c mix,
while 10 stationsgereratingpureWWW traf�c have to
wait for morethan20seconds.

On the other handthe WAP responsetime increases
from 1.2secondsfor pureWAP traf�c to 2.1secondsfor
thetraf�c mix scenario.Thereasonis thatWWW ande-
mail sessionsarecomposedof largerapplicationpackets
that let lessresourcesopenfor WAP users.Nevertheless
aresponsetimefor WAP decksof 2.1secondsshouldstill
beacceptable.

In theFigures10 and11 systemthroughputper radio
cell andthedownlink PDCHutilizationfor thetraf�c mix
are comparedto the measuresfor pure WAP and pure
WWW traf�c. Furthermorethedownlink IPdatagramde-
lay is presentedin Figure9. While the throughputlimit
is reachedalreadywith 10 stationsfor pureWWW traf-



�c, thesystemthroughputhasstill not reached10 kbit/s
for thescenariowith traf�c mix. Further, in thescenario
with traf�c mix only 70 % utilization is reachedwith 20
MS, while for pureWWW traf�c 100% is reachedwith
15MS.

5 CONCL USI ON

In this paperthe performanceof WAP and conven-
tional InternetapplicationsoverGPRSis presented.First
performancecharacteristicsof WAP and Internetappli-
cationsregardedseperatelyarepresentedandcompared.
Furthermore,the effectsof coexisting Internettraf�c on
WAP traf�c and vice versaare outlined. It has been
shown that WAP traf�c can be multiplexed seamlessly
with the Internettraf�c becauseof thesmallandlimited
WAP decksize,while Internettraf�c slightly slowsdown
WAP traf�c in situationswith high traf�c load.
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