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Abstract. In this work, we investigateservicedifferentiationunder IP for the
transportof bothreal-timeandnonreal-timeusertraffic in the UMTS Terrestrial
RadioAccessNetwork (UTRAN). Therein,stringentdelaybourdsareto be met
for both typesof traffic, albeittighter for the voice traffic. For the sake of sim-
plicity, we suggestmodelandanalyzethe useof priority queung, asanefficient
way to implementservicedifferentiation.Our resultsare validatedempirically
on atest-bedemulatingthe UTRAN transportfunctionalities.This is carriedout
following a meanvalue aswell asa percentileanalysis.Basedon theseresults,
we draw the properdimensioningof the UTRAN so asto meetthe taget QoS
requiremets.

1 Intr oduction

TheUniversalMobile TelecommuicationsSystem(UMTS) promisedo enableawide
rangeof multimediaapplicatimsandseamlesservicedelivery in multiple mokhile ervi-
ronmentswhile grarting themQuality of Service(QoS).An intensve researclactiity
is currently investigaing the basicdesignof UMTS, anda significantamaunt of this
activity focusesonthe UMTS Terrestrih RadioAccessNetwork (UTRAN) [1] andthe
transpeot techrology thatshallbe usedtherein.Specificto UMTS arethe stringer de-
lay bounds for the transpeot of variows typesof usertraffic real-timeaswell asnon
real-time,with variousQoSneedspverthe UTRAN. Thisis imposedby the WCDMA
adwarcedradio contrd functions. The transprt in the UTRAN shouldmeetthesere-
quirenentsin a costeffective way in termsof efficieney andmaximal utilization of the
bandvidth. This latteris typically formedof E1 links. Early workson the UTRAN fo-
cusedsolely on AAL2/ATM, especiallyin the release99 of IMT-2000 standardg1].
AAL2 offersaneleggart way bothto multiplex voicetraffic andto differentiatebetween
voice anddatatraffic in the UTRAN, asrepatedin someanalyticd works[2] [3] or
otherscarriedout by simulatiors [4] [5] [6].

With the adwert of IP asa defactonetworking techndogy andits presene in 3G
corenetwork, IP is makingits way to the UTRAN. Its standardizatio is still under
way andshoud befinalizedin Releasé of the 3GPPstandaids[7]. IP-basedJTRAN
is further suppoted by the Mobile Wirelessintemet Forum (MWIF) [8]. Contraryto
mostworksin this area thatusesimulatiors, we developedin [9] ananalyticalmodel
for thetranspor of real-time voicetraffic overthe UTRAN usinglP adoging a similar



apprachthanthe onein [2] for the AAL2/ATM case Our resultsshav the feasibility
of IP asatranspet techndogy in the UTRAN aswell asits efficiengy.

In this paper, we considelP servicedifferentiationbetweernvoiceanddatatraffic in
the UTRAN. Themaindifficulty liesin thefactthat,in this casepothtraffic typeshave
stringentdelaybowndsto bemet,albeittighterfor thereal-timevoice.We hercesuggest
priority queung as a simple yet efficient way to meettheseobjectives. Data traffic
shallhowever notbe severelypenalizedwing to its elasticnatue andthe low bit rate,
well contrdled natue of voice traffic. We thenvalidateour proposedmodé through
anempirial work on a test-bedemulatirg the UTRAN transprt functionalities. This
is dore in two fashiors : meanvalueaswell aspercetile analysis. We evertually use
theseresultsto draw prope dimensioing of the UTRAN in orderto meettherequirel
perfamance.

Theremainer of this pager is organizedasfollows. In Sectionll, we presenthe
main featuesof the UTRAN andrecallthe issuesrelatedto QoS, mainly in termsof
delay In Sectionlll, we presenburmodelfor theUTRAN whichwe analyzen Section
IV. We conside both voice and datatraffic and evaluatetheir delay perfamance.ln
SectionV, we shav empiically aswell asnunerically the bendits of priority queuirg
over a nonpriority schemefor the transport of both traffic types.We thenpresehin
sectionVI therequireddimersioningof theUTRAN in thiscase SectionVIl eventually
conclwesthe paper

2 Radio AccessNetwork in UMTS

2.1 Architecture

TheUTRAN, asdescribedn [1], intercomectsthe Uu interface(air interface)andthe
lu interface.lt contairs the Node B, the Radio Network Controller (RNC) andtheir
intercomection.The RNC is responsibldor thecontrd of radioresouresof UTRAN.
It playsaveryimportant rolein powercontrd, hanaver contiol, admissiorcontrd and
load contrd. RNC interfacesthe core network via lu interfaceand useslub interface
to contiol oneNodeB. Thelur interfacebetweerRNCsallows soft handver between
RNCs.NodeB is equivalentto the GSM basestation(BS/BTS),andit is the physical
unit for radiotransmissiorandrecepion with cells.NodeB periormsthe air interface
processing,whichincludes chanrel coding interleaving, rateadaptatiorandspreading
The connetionwith theuserequigmentis madevia Uu interface whichis actuallythe
WCDMA radiointerface.

The userplare pratocol stackin the UTRAN is shavn in Figure1. RLC (Radio
Link Control)establisheshe RLC connectim betweerJE andRNC. The MAC layer
dealswith logical chanrels. It handes the mappirg betweerthe logical channés and
thetranspeot chanrels. Transpor channelsare cateyorizeddepeling on the transmis-
sion format. The outpu of the MAC layer consistsof setsof TrarsportBlock (TB)
periodcally geneatedevery TrarsmissionTime Interva (TTI) of the transpeot chan
nel. For eachtranspat chanrel, FP layer assembleshe burststransmittedn oneTTI
into oneFP framewhich is transmittedo the transpor network layer, the IP transpeot
techndogy in our case.
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Fig. 1. Protocolstack

Why IP ?IP is alreadypresenin the 3G corenetwork; it would make it easielboth
for usersandoperaorsto have anall-IP setting.Besides|P asthecommnon layer3 pro-
tocolin the UTRAN brings flexibility to anopeatorin chominga Layer1/2 backtaul
techndogies,including optionsof IP over synchionausopticalnetwork (SONET)or IP
over wavelengh-division multiplexing (WDM). Eventually, with IP, several possibili-
tiesexist to provide suflicient QoS,DiffServfor instance.

2.2 QoSrequirementsand sewvice differ entiation

The real-time nature of voice-orientedapplicdaions and the WCDMA radio contiol

functionsimposeratherstringen delayrequirenenton the UTRAN transportnetwork

for bothtypesof traffic, real-timeaswell asnonreal-time:3GPPspecifiess msdelay
bourd for real-timetraffic in addtion to minimal jitter. Thedelayrequrementfor data
traffic canbeassmallas10ms possibly50ms,owing to theradiofunctionsof theouter

loop power contrd andsoft-hamoff control. Thisimpliesthatchallengng demand are
imposedfor the fulfillment of QoSrequirenents. Servicedifferertiation shouldthus
give voicetraffic a higher priority while guarameeingbothdelaytargetsfor bothtraffic

types,asexplicited in thenext section.

3 Model for UTRAN system

We proposeto mockl the lub interfaceof the UTRAN asshawn in Figure2. FPframes
belondng to voice anddatatraffic are separatelypacletizedandprocessedhrouch a
transferunit. They however sharea comnon output link thatincludesa schedier that
shouldenforcetheir respectie QoSneedswhile optimizing the bandvidth utilization.
In this work, we suggesthe useof Priority Queuirg (PQ) asan efficient yet sim-
ple meansof implementingservicedifferertiation. With strict, nonpreenptive PQ, IP
voicepacletsarealwayssenedfirst sincethey have atighterlateng constraintiP data
pacletsareonly sened whenthe voice queueis empty We notethatthe main factor
influencirg thejitter for voicetraffic is theinability to pre-empta datapaclet thathas
justbegun receving servicewhenthevoicepacletarrives.To minimizethis effect, data
paclet sizesshouldbe keptlow, for exanple ona 2Mbps link, a 150 byte datapaclet
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Fig. 2. IP modelin the UTRAN

introducesa 6mslink blocking, too high avaluewith regaidsto ourvoicedelaybudget.
Servicedifferentiationshouldalsomale surethatdatatraffic is notstared.In this case,
proper dimensiofing shallbeimplemened.

4 Analysis

4.1 High-priority voicetraffic

Voice traffic is generatedy Adaptive Multi-Rate (AMR) codecsat 12.2 kbps. The
transpot channelscarryirg speechraffic shall be assigneda 20 ms TTI value.One
DCH (DedicatedCHannel)is allocatedto eachuser Voicetraffic consistof a succes-
sion of ON andOFF periads. Whena useris in ON period the MAC layertransfersa
31 bytesspeecHrameeach20ns; this 31 bytesspeecHrameis encagulatedinto one
FP voiceframeby addirg a 5-bytesheaderTheindividual chamel's FP framesarrive
periodcally, every TTI, at theIP pacletizationunit. As voicetraffic is symmetic, the
modelholdsfor bothuplink anddownlink.

For voice casethe IP pacletization unit ( Figure2) is a multiplexing or assembly
unit wherelP voice pacletsarefilled with FPframes,eachFP framehasanadditinal
3-byte asMultiplexed Header(MH) including one byte termedUserDentifier (UID)
unigwe to eachuser The maximumsizefor IP voice pacletsis s, andthe paylaad for
this completelyfilled paclet correspond to n FP frames. A Timer CommonUsage
(TCU) is associatedvith the assemblyunit so asto avoid unaceptablylarge pacleti-
zationdelay ThensomelP pacletscanbe partiallyfilled andthe pacletizationdelayis
bourdedby the TCU value.

For large numker of simultaneosly ON DCH channés N, i. e. large numker of
active users the arrival processof FP voice framesis modded by a Poissonprocess
with meanrater, equalto 1;’—5 FP frames/msThe arriva processof the IP paclets
to the voice queueis affectedby the useof the TCU in the pacletizationunit. In [9],
we derive analyticallythe IP paclet arrival ratetaking into account the TCU effect;
including all IP paclet configuations: partially aswell ascompletelyfilled ones.We
now repioducebriefly ourwork (see[9]for details).

Let the time axis be discrete scaledaccordng to Time Units (TUs). Let A bethe
meanarrival rate of framesto the paclketizationunit, in units of framesperTU. Since
arrivals arePoissorwith meanrate )\, theprobaility thatk FPframesarrivein oneTU

in theassemblyunitis givenby Py, = 2—?@‘*.



LetY bethe processthat descrilesthe nunber of FP frames in the assemblyunit
andlet thefollowing matricesdenotethe dynamicsof Y duiing oneTU :

— Let Ag beal x (n — 1) transitionmatrix from Y = 0 (emptyunit)to Y >
0 (non empty unit) during one TU without IP Paclet geneation. Then Ay =
(PLPy...Pyq).

— Let Agp bean(n —1) x (n — 1) transitionmatrixfromY > 0toY > 0 during one
TU without IP Packetgeneation.

PoPL P... P>
0 B Pr... Po_s

Ago = 1)

— Let Ag; beal x n transitionmatrixfromY = 0 to Y during one TU with the
generéion of i IP paclets.Then Ag; = (Pin Pint1 - Pingn—1).

— Let 4; bean(n — 1) x (n) transitionmatrixfromY > 0 to Y duting oneTU with
thegeneratia of i IP paclets.

Pz'n—l -Pzn -Pin+1 v Pin+n—2
A= P )
Pin—n+1 Pz'n—n+2 R Pzn

— Let Ao bean(n — 1) x n transitionmatrixfromY > 0to Y duting oneTU when
TCU expires.

n—2
> P, 00...0
k=0

Apo=| 1 i (3)
0
Zpkoo...o
k=0

Justafterthebeginning of a TU, FPframesarrive andIP voice paclet(s)is (are)imme-
diatelygenergedif thereareenoudy frames to corstitutethem.Let Y, beY justafter
themth geneation of a growp of IP pacletsandlet ¢,,, bethe correspondig TU. Let
T, bethetime betweerthemth and(m + 1)th gererationof agroupof IP paclets,i.e.,
Tm = tm+1 — tm. Let S, bethenumkber of FP framesthatarrive duringT',,, andlet
Cm+1 bethenunberof IP pacletsgeneatedin the (m + 1)th groyp pacletgeneation.
We have,

v [0 if TCUexpiresandC\y,q1 =1 ()
"7 Y, + S —nCmy1 Othemise
whereCpqq = |Y2t5= | Letr = (r(0),7(1),7(2),.cco.n. ,r(n — 1)) bethe corre-

spondhg stationanprobalility vecta of Y, withr¢ = r(0) andry = (r(1),7(2),...,7(n—



1)). Fore an x 1 all-1 columnvector themeannunber g of IP pacletsin agrouy and
themeaninter-groupgeneratio time r aregiven by

TCU 0o
7= re (3 Aly' Yidi+ A dvo)e
=1
TCU (e}
+rOZPS Y Z AgALg lA + AgAg U Ao + > idoi)e  (5)
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t=1 =1 s=1
TCU [e]
> (s+t)A0A3012A + (5 +TCU)AoAgy’ " "Ayo+ 5 Agi)e (6)
t=1 =1 i=1

The meanrate of IP paclet geneation at the assemblyunit A, pacletsper TU,
whichis equatlto themeanlP pacletarrival rateto thevoicequeuejs givenby \ , = £

At this point, we make a chang in the time scaleasfollows. We assumehatthe
servicetime is constanaindequéa to thetime neededo sene anlP pacletwith s, size
atoutpu link capacityC, derotedby ServiceTime Unit (STU). Normalizing by STU,
the meanpaclet arrival ratein oneSTU is thenequalto thesenerloadp,. np, is the
meanarrival rateof FPframes.Thisis anoverestimatiorassomelP pacletscanleave
theassemblynit with lessthann FPframes.

Usingtheindeendere appoximation(see[2]) which stateshatFP framesarrive
accordng to a Poissonprocesswith meanratenp,,, we calculatethe protability 8;
thati IP pacletsarrive to the transmissiorgueuein one STU. Thatis apprximately
equialentto ¢ x n FPframesarriving to the systemin oneSTU. We have,

n—1 . :
> n—J o) ) i=0
J 0 n J!
0; =
i (z n+j —
J np e—(npy) J( e—(npy) ; — 1,2,.
Z ((i — 1)n + 5)! * Z (in +]) =

(7

We now definethe embedied Markov chain X to be the numkber of IP paclets

presenin thetransmissiomueueat the endof the serviceof onepaclet. The matrix P
of transitionprobabilities [p;;] (i, = 0,1,2,...) is givenby (see[11] pagel7§)

0 01 65 65 . ..
0 01 0565 . ..

P = 0009192... (8)
0 066, ...

The stationay probaility thattherearei IP pacletsin the voice quele is given by
« = P wherer = (7(0),w(1),7(2),...). Takinginto accoum thatthe meanarrival



rateis p, andthe averag number of IP pacletsin the queueis ¢, we apply Little’s
formula andobtaind,;, the averagequeuirg time in thetransmissiorunit

g _ ey im(i)

d, =
! Py Pv

©)

Let M bethetimeit takesfor n framego arrive. As theframesarrival processs Poisson

with rater,, M is distributedaccodingto anErlangn — 1,r,) distribution with mean

E(M) = "T—*l Themeandelayd, of individual FPframesatthe multiplexerincluding
pacletization atthe assemblynit andqueung at thetransmissiomueueis given by

d = d, + E(M) ifEM)<TCU (10

Y \dg+ TCU if E(M)>TCU

Owing to the presencef datatraffic with paclet size s 4, the total meandelay D, on
voicetraffic is givenby

— Sd
D, =d, + 50 (11

4.2 Low-priority datatraffic

Datatraffic refers to various apgications. It ranges from baclgrourd traffic, suchas
mail, to interactve traffic, suchas Web surfing. In this work, we focus on downlink
Webbrowsingtraffic, transportd overa Downlink SharedCHanneDSCH),sharedy
severalusersBY referaenceto thepre@dingvoicetraffic modelover dedcatedchamels,
theTTI valueis 40 msin this case TheDSCHchannébit ratecanbe 64 kbps,144kbps
or 384&bps.At the FP layer, andasis the caseof voice, Web traffic over DSCH can
be moceledasa successiomf ON and OFF periods. In one ON period for a 64 kbps
chanrel, aframe of 320bytesis generate@very 40 msandis encapslatedinto oneFP
dataframeby addinga 5-byte header

We focus on the casewhereone FP dataframe is encapsulatedto onelP paclet
by addirg UDP/IPheaderThe paclet sizes; amouwntsto 353bytes.Assumingthatthe
time for forwardng IP pacletsfrom the pacletizationunit to the transmissiomuele
is negligible, the systemis thenequialentto the transmissiorgqueueonly. For N 4 si-
multaneaisly ON datachannelsthearrival processof IP datapacletsto thedatatrans-
fer quewe canbe modeled by a Poissonprocessandthe quete itself is viewed asan
M/D/1 quete with vacatios. The vacatims correspondo epohs whenthe sener is
busy servinghigher-priority voice traffic. Let V' be a randm variabie indicatirg the
duratian of vacatiors. Thevaluesof V' correspondthusto thelengthof the busyperiad
for the voice quaue. Normalizing the time axis, both for arrival andserviceprocesses,
to the fixedtime needd to sene a datapaclet of sizes, atlink capacityC, andusing
the Pollaczekkhinchin formulafor anM/D/1 quele, we calculatethe meanqueuiry
delayd, for adatapacletas

dg = _2—=pa_ (12



wherep, is the dataworkload The meanqueung delayfor an M/D/1 quele with
vacatiorsis givenby [12]

E[V?]
2E[V]

where E[V] and E[V?] arerespectiely the first andsecondnonentsof the vacatio
interval V' andcorrespondo thefirst andsecondmomentsof the busy periads for the
voicequetle andarethusgivenby

Dy=d;+

(13

E[V] = Z (i * STU ) (i) (14
B[V =" (ix STU)?x(i). (15

i=1

5 Numerical resultsand empirical validation

In this section,we first describethe UTRAN test-bedthat we usefor the empirical
validationof our results.We thenvalidate our modelthrough a compaison between
theanalyticd andtheempiricalresults Our analyticalwork wasbasedn ameanvalue
analysisA percetile analysiscangivefurtherinsightsinto theproblem. It is carriedout

empiricallyin this work andis presetedin the third subsectionNote thatthroughaut

this sectionandfor the caseof voice traffic, we setn, the number of FP voice frames
perlP pacletequalto 8 andthe TCU timer valueequalto 2 ms. Thosevaluesyield an

optimallink utilization,asshavn in ourwork in Referere[9].

5.1 Emulating UTRAN transport on alocal test-bed

Ourtest-becemulatinghe UTRAN transpot functioralitiesis basedessentiallyon PCs
operding with FreeBSDOperatirg System(OS).All elementf thetest-bedaresyn-
chrorizedusingGPSequpment,essentiafor accuratelymeasuringlelaysatverysmall
scales.Thetraffic at the FP layeris geneatedusingthe senerclient UDP/IP model
with soclet progammirg. The assemblyandthe transmissiorunits areimplemened
asfollows: at the assemblyunit, threadsareimplementedto execue the multiplexing
algorithm including the assemblyprocess andthe timer process.The PQ algorithm is
implemenedthroudh theuseof the ALTQ tool [13] on FreeBSDsystem Tcpdump and
otherlocally-cadedsoftwareareusedto recorddesiredparaneters.

5.2 Meanvalueresults

In Figure 3, we compare the analyticalmeandelay D ,, for high-griority voice traffic
andtheempiricaloneobtairedfrom expeimentsonthetest-bedor anumterof simul-
taneously active voicechanrls V,,=100andin the presenc®f datatraffic. PQensures
servicedifferentiation. The x-axis shavs different values of the link capacityC. As
expeded,the meandelaydeceaseswhenthelink capacityincreasesOnecanseethat



the empiricalmeandelayis lessthanthe analyticalone this is explained by the fact
thatanalyticallythereis an overestimationdueto the assumptiorthatall pacletsare
compleely filled with FP frames.This assumptiorleadsto ananalyticalpacletizatian
delayhigherthantheempiricalone.

N, =100

—— a analytical
—— e: empirical

Total delay for voice

1 . . . . . . .
15 2 25 3 35 a4 45 5 55 6
Link capacity [Mbps]

Fig. 3. Meandelayfor voicetraffic: analyticalversusempirical

Figure 4 comparesthe analyticalandthe empiical meandelay D ; for datatraffic
asa function of dataload p4. The threesetsof curves correspondto threedifferent
valuesof p,,, theloadof voicetraffic : zero,mediumandhigh. Theoutpu link capacity
is fixed at 2 Mbps. Curvesaretruncatedat valueswherethe total load is strictly less
thanl,i.e.,p = p, + pg < 1. Notethatthe empiricalcurvesaregenersedthroud a
Poissorarrival processWe notethatthemeandelay D ; increaesasthe dataworkload
increasesWhenno voicetraffic is presenttheresultsobtainedanaltically matchvery
closelywith the empirical oneswhenthe arrival processof datapacletsis Poisson.
Whenthe load of voice traffic is mediumor high, the analftical andempiricalcurves
differ slightly. Thisis mainly dueto thetermsrelatedto vacatiorsin theanalyticalcase.

In Figure5, we repralucethe sameperfamancemeasuressin the previousone.
The curves arehowever bothempiricalandcorrespondo two differenttraffic genea-
tion schemesPoissorversusperiadic. The latter representshestthe real systemasit
repraducesthe periadic natue of arrivas perTTI. Theresults,in termsof meandelay
shaw thatthe Poissorappoximationis agoad one.We notethatfor alow load of data
traffic, i.e.alow nunberof datachamels,theperiodc traffic is lessburstythanPoisson.
Whenthe numter of datachamelsincreasesthe periddic traffic canbe more bursty.

5.3 Percentileresults

Figures6 and7 confirmfurtherthebenefitsof the useof servicedifferentiatiorthrough
apercetile analysisln effect,thoseFiguresdrav the 95 percetile of threequartities :

1. Total delay of voice traffic includng packetizaion, queung andpossiblgjitter in
the presencef datatraffic (denote by total delayin thefigures).
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2. Queuing(or transmissionylelayof voicetraffic andpossiblgitter in the presece
of datatraffic (dendedby transdelayin thefigures).
3. Delayof datatraffic.

Figure 6 shavs theresultsof the above mentimeddelayswith andwithoutthe use
of PQfor p,=0.36 andoutpu link capacityequalto 2 Mbps.Thex-axisshowvsthetotal
loadp = py, + pa. We obsere thatwhenno differentiationis implemented the voice
transmissiordelayandthe datadelayarealmostequal.Thetotal voice delayis higher
dueto thepacletization delaycompamentandviolatesthevoicedelaybudgetfor almost
all valuesof p4. Using PQ, voice delaysboth total andtransmissiorget lessthanthe
5msdelaybourd. At the expenseof a large delayfor datatraffic, yet below the data
delaybudget. The sameobserationscanbe madefor Figure 7 wherep ,=0.5. In this
casehowever, thetotal loadis lessthanthe onein the previous case This is dueto the
factthatvoicetraffic hasaneventighterdelaythanthe dataoneandgetsmorecritical
asits percemageincreasesvith respecto the oneof datain thetotal load.

Figure 8 shawvs the Cumuative Distribution Function(CDF) of the total delay of
voicetraffic whenp,=0.36for different valuesof p4. Thediffererce betweercunesis
thejitter dueto the presencef datatraffic. Whenno datatraffic we notethat98.15 %
of voicetraffic hasa delaylessthan5 ms.Whenp;=0.2and0.34 this figure is about
96.5% and95.8% respectidy. Figure9 shawvs the CDF of the delayof datatraffic
whenp,=0.2for different valuesof p,,. We notethatwhentheloadof voicetraffic is low
or mediumthedatadelaybourd is respectedror highloadedsystemswhenp ,=0.65
or larger, onecanobsere that abait 88% of the datatraffic experiencesa delayless
thanl0ms.

6 Dimensioningof the UTRAN

The volume of incoming traffic, beit voice or dataor both, presentin the UTRAN is
typically dictatedby theair interfacefollowing the availability of theair resoures.The
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latterarescarceandexpensie andsothe UTRAN wired capacityshoud notberestric-
tive. Instead proper ressouce provisioningfollowing accuratedimersioningshouldbe
implemenedsoasto accomnodatethedemand

Considertraffic i, i € {v,d}, standingfor voice and datarespectiely andfor a
QoScriterion definedasthe probaility of delayviolation by ary type of traffic, i.e.,
P(D; > b;) < ¢, whereb; is the maximum delaythatcanbetoleratedby traffic 7 in
the UTRAN. We can,atthis point, distinguishbetweerthreecases

1. presencef voicetraffic onlyin theUTRAN. In thiscasep, =5ms.Let po, derote
themaximumload of voicetraffic thatthe UTRAN canacconodatein this case.

2. presencef datatraffic only. In this casep, =10ms.Let pg; dende the maximunm
loadof datatraffic thatthe UTRAN canaccomalatein this case.

3. presencef bothvoiceanddatatraffic in the UTRAN. PQis hereto prioritize voice
overdata.n this casejn theworstcasethevoicedelaybowndis (b, — %) msdue



to thenonpre-emptive natue of PQ.Let p:)v bethe maximumload of voicetraffic
corrlespodingto this delaybudget. As of datatraffic, thedelayboundis (b 4 — b,);
let py,; betheloadof datatraffic in this case.

For anofferedload p = p, + pq, prope dimersioning shouldsatisfy the following
constrairs:

— forpa =10, p < poy-
— forp, =0, p < pod- , ,
— for pg > 0 andp, > 0, p, < pg, aNdpg < poy-

7 Conclusion

In this work, we developed an analyticalmocel for IP servicedifferentiation in the
UTRAN whereboth real-timevoice andnonreal-timedatatraffic areto meetsevere
QoSconstrais in termsof delay We validatedour model onalocaltest-becemulatirg
theUTRAN transprt functionalities.Ourresultsshav thatPQis essentiato make the
voice traffic meetits delay requiements.PQ ensuresot only servicedifferentiation
betweernvoice anddatatraffic but alsohelpsminimizejitter for voice traffic. We also
drew prope dimersioningfor the UTRAN so asto make voice anddatatraffic meet
their delaycorstraints.
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