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Abstract. In this work, we investigateservicedifferentiationunder IP for the
transportof bothreal-timeandnonreal-timeusertraffic in theUMTS Terrestrial
RadioAccessNetwork (UTRAN). Therein,stringentdelayboundsareto bemet
for both typesof traffic, albeit tighter for the voice traffic. For the sake of sim-
plicity, we suggest,modelandanalyzetheuseof priority queuing, asanefficient
way to implementservicedifferentiation.Our resultsarevalidatedempirically
on a test-bedemulatingtheUTRAN transportfunctionalities.This is carriedout
following a meanvalueaswell asa percentileanalysis.Basedon theseresults,
we draw the properdimensioningof the UTRAN so asto meetthe target QoS
requirements.

1 Intr oduction

TheUniversalMobile TelecommunicationsSystem(UMTS) promisesto enableawide
rangeof multimediaapplicationsandseamlessservicedelivery in multiple mobile envi-
ronmentswhile granting themQualityof Service(QoS).An intensive researchactivity
is currently investigating the basicdesignof UMTS, anda significantamount of this
activity focuseson theUMTS Terrestrial RadioAccessNetwork (UTRAN) [1] andthe
transport technology thatshallbeusedtherein.Specificto UMTS arethestringent de-
lay bounds for the transport of various typesof usertraffic real-timeaswell asnon
real-time,with variousQoSneeds,over theUTRAN. This is imposedby theWCDMA
advancedradiocontrol functions.The transport in theUTRAN shouldmeetthesere-
quirementsin a costeffective way in termsof efficiency andmaximal utilizationof the
bandwidth. This latter is typically formedof E1 links. Early workson theUTRAN fo-
cusedsolely on AAL2/ATM, especiallyin the release99 of IMT-2000 standards[1].
AAL2 offersanelegant waybothto multiplex voicetraffic andto differentiatebetween
voice anddatatraffic in the UTRAN, asreported in someanalytical works [2] [3] or
otherscarriedoutby simulations [4] [5] [6].

With theadvent of IP asa de factonetworking technology andits presence in 3G
corenetwork, IP is making its way to the UTRAN. Its standardization is still under
way andshould befinalizedin Release6 of the3GPPstandards[7]. IP-basedUTRAN
is furthersupported by the Mobile WirelessInternet Forum(MWIF) [8]. Contraryto
mostworks in this area,thatusesimulations, we developedin [9] ananalyticalmodel
for thetransport of real-time voicetraffic over theUTRAN usingIP adopting a similar



approachthantheonein [2] for theAAL2/ATM case.Our resultsshow thefeasibility
of IP asa transport technology in theUTRAN aswell asits efficiency.

In thispaper, weconsiderIP servicedifferentiationbetweenvoiceanddatatraffic in
theUTRAN. Themaindifficulty lies in thefactthat,in thiscase,bothtraffic typeshave
stringentdelayboundsto bemet,albeittighterfor thereal-timevoice.Wehencesuggest
priority queuing as a simple yet efficient way to meet theseobjectives.Data traffic
shallhowever notbeseverelypenalizedowing to its elasticnature andthelow bit rate,
well controlled nature of voice traffic. We thenvalidateour proposedmodel through
anempirical work on a test-bedemulating theUTRAN transport functionalities.This
is done in two fashions : meanvalueaswell aspercentile analysis.We eventually use
theseresultsto draw proper dimensioning of theUTRAN in orderto meettherequired
performance.

The remainder of this paper is organizedasfollows. In SectionII, we presentthe
main featuresof theUTRAN andrecall the issuesrelatedto QoS,mainly in termsof
delay. In SectionIII, wepresentourmodelfor theUTRAN whichweanalyzein Section
IV. We consider both voice anddatatraffic andevaluatetheir delayperformance.In
SectionV, we show empirically aswell asnumerically thebenefits of priority queuing
over a non-priority schemefor the transport of both traffic types.We thenpresent in
sectionVI therequireddimensioningof theUTRAN in thiscase.SectionVII eventually
concludesthepaper.

2 Radio AccessNetwork in UMTS

2.1 Ar chitecture

TheUTRAN, asdescribedin [1], interconnectstheUu interface(air interface)andthe
Iu interface.It contains the NodeB, the RadioNetwork Controller (RNC) and their
interconnection.TheRNC is responsiblefor thecontrol of radioresourcesof UTRAN.
It playsaveryimportant rolein powercontrol, handover control, admissioncontrol and
load control. RNC interfacesthe corenetwork via Iu interfaceandusesIub interface
to control oneNodeB. TheIur interfacebetweenRNCsallows soft handover between
RNCs.NodeB is equivalentto theGSM basestation(BS/BTS),andit is thephysical
unit for radiotransmissionandreception with cells.NodeB performstheair interface
processing,whichincludeschannel coding, interleaving, rateadaptationandspreading.
Theconnectionwith theuserequipmentis madevia Uu interface,which is actuallythe
WCDMA radiointerface.

The userplane protocol stackin the UTRAN is shown in Figure1. RLC (Radio
Link Control)establishestheRLC connection betweenUE andRNC. TheMAC layer
dealswith logical channels. It handles themapping betweenthe logical channels and
the transport channels.Transport channelsarecategorizeddepending on the transmis-
sion format. The output of the MAC layer consistsof setsof TransportBlock (TB)
periodically generatedevery TransmissionTime Interval (TTI) of the transport chan-
nel. For eachtransport channel, FP layerassemblesthe burststransmittedin oneTTI
into oneFPframewhich is transmittedto thetransport network layer, theIP transport
technology in ourcase.
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Why IP ? IP is alreadypresent in the3Gcorenetwork; it wouldmake it easierboth
for usersandoperatorsto haveanall-IP setting.Besides,IP asthecommonlayer3 pro-
tocol in theUTRAN brings flexibility to anoperator in choosinga Layer1/2 backhaul
technologies,including optionsof IP oversynchronousopticalnetwork (SONET)or IP
over wavelength-division multiplexing (WDM). Eventually, with IP, severalpossibili-
tiesexist to providesufficientQoS,DiffServfor instance.

2.2 QoSrequirementsand servicediffer entiation

The real-timenatureof voice-orientedapplications and the WCDMA radio control
functions imposeratherstringent delayrequirementon theUTRAN transportnetwork
for bothtypesof traffic, real-timeaswell asnon-real-time:3GPPspecifies5 msdelay
bound for real-timetraffic in addition to minimal jitter. Thedelayrequirementfor data
traffic canbeassmallas10ms,possibly50ms,owing to theradiofunctionsof theouter-
looppower control andsoft-handoff control.This impliesthatchallenging demandsare
imposedfor the fulfillment of QoSrequirements.Servicedifferentiation shouldthus
givevoicetraffic a higherpriority while guaranteeingbothdelaytargetsfor bothtraffic
types,asexplicited in thenext section.

3 Model for UTRAN system

We proposeto model theIub interfaceof theUTRAN asshown in Figure2. FPframes
belonging to voiceanddatatraffic areseparatelypacketizedandprocessedthrough a
transferunit. They however sharea common output link that includesa scheduler that
shouldenforcetheir respective QoSneedswhile optimizing thebandwidth utilization.

In this work, we suggesttheuseof Priority Queuing (PQ)asanefficient yet sim-
ple meansof implementingservicedifferentiation.With strict, non-preemptive PQ,IP
voicepacketsarealwaysservedfirst sincethey haveatighterlatency constraint;IP data
packetsareonly served whenthe voicequeueis empty. We notethat the main factor
influencing thejitter for voicetraffic is theinability to pre-empta datapacket thathas
justbegun receiving servicewhenthevoicepacketarrives.To minimizethiseffect,data
packet sizesshouldbekeptlow, for example ona 2Mbps link, a 1500 bytedatapacket
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introducesa6mslink blocking, toohighavaluewith regardsto ourvoicedelaybudget.
Servicedifferentiationshouldalsomakesurethatdatatraffic is notstarved.In thiscase,
properdimensioning shallbeimplemented.

4 Analysis

4.1 High-prio rity voicetraffic

Voice traffic is generatedby Adaptive Multi-Rate (AMR) codecsat 12.2 kbps. The
transport channelscarrying speechtraffic shall be assigneda 20 ms TTI value.One
DCH (DedicatedCHannel)is allocatedto eachuser. Voicetraffic consistsof a succes-
sionof ON andOFFperiods.Whena useris in ON period, theMAC layertransfersa
31 bytesspeechframeeach20ms; this 31 bytesspeechframeis encapsulatedinto one
FPvoiceframeby adding a 5-bytesheader. Theindividual channel’s FPframesarrive
periodically, every TTI, at theIP packetizationunit. As voicetraffic is symmetric, the
modelholdsfor bothuplink anddownlink.

For voicecase,the IP packetization unit ( Figure2) is a multiplexing or assembly
unit whereIP voicepacketsarefilled with FPframes,eachFPframehasanadditional
3-byte asMultiplexedHeader(MH) including onebyte termedUserIDentifier (UID)
unique to eachuser. Themaximumsizefor IP voicepacketsis ��� andthepayloadfor
this completelyfilled packet corresponds to � FP frames.A Timer CommonUsage
(TCU) is associatedwith theassemblyunit soasto avoid unacceptablylargepacketi-
zationdelay. ThensomeIP packetscanbepartiallyfilled andthepacketizationdelayis
boundedby theTCU value.

For large number of simultaneously ON DCH channels � � , i. e. large number of
active users,the arrival processof FP voice frames is modeled by a Poissonprocess
with meanrate � � equalto �
	�
� FP frames/ms.The arrival processof the IP packets
to thevoicequeueis affectedby the useof theTCU in thepacketizationunit. In [9],
we derive analytically the IP packet arrival rate taking into account the TCU effect;
including all IP packet configurations: partially aswell ascompletelyfilled ones.We
now reproducebriefly ourwork (see[9]for details).

Let the time axis be discrete,scaledaccording to Time Units (TUs). Let � be the
meanarrival rateof framesto thepacketizationunit, in unitsof framesperTU. Since
arrivals arePoissonwith meanrate � , theprobability that � FPframesarrivein oneTU
in theassemblyunit is givenby ���������������� � �



Let ! betheprocessthatdescribesthenumberof FP frames in theassemblyunit
andlet thefollowing matricesdenotethedynamicsof ! during oneTU :

– Let " � be a #%$'&(�*)+#�, transitionmatrix from !-�/. (empty unit) to !10. (non empty unit) during one TU without IP Packet generation. Then, " � �2 �435� � ���6� �
7 � 398 .– Let " �:� bean &;�<)=#�,>$?&(�<)=#�, transitionmatrix from !@0A. to !@0B. during one
TU without IP Packetgeneration.

" �:� �
CDDDE �

� �43F� � ���6� �
7 � �.G� � �43 ���6� �
7 �IH...
...

...
. . .

.... ���6� ���6� ���6� � �
J6KKKL (1)

– Let " �NM be a #O$=� transitionmatrix from !P�Q. to Y during oneTU with the
generation of R IP packets.Then, " �:M � 2 � M 7S� M 7UT
3 �6��� � M 7UTV7 � 3I8 .– Let " M bean &;�?)*#�,W$=&;�X, transitionmatrix from !@0A. to Y during oneTU with
thegeneration of R IP packets.

" M � CDE � M 7 � 3 � M 7 � M 7UT>3 ���6� � M 7UTV7 � �...
...

...
. . .

...� M 7 � 7�T>35� M 7 � 7UT � ���6�Q���6� � M 7
J6KL (2)

– Let " T � bean &(�Y)Z#�,
$[� transitionmatrix from !@0\. to Y during oneTU when
TCU expires.

"]T � �
CDDDDDDDE
7 � �^�`_ � �4�a.�. �6�6� .

...
...

...
. . .

...�^�`_ � � � .�. �6�6� .
J6KKKKKKKL (3)

Justafterthebeginning of aTU, FPframesarriveandIP voicepacket(s)is (are)imme-
diatelygeneratedif thereareenough frames to constitutethem.Let !5b be ! just after
the c th generationof a group of IP packetsandlet dUb be thecorresponding TU. Lete b bethetimebetweenthe c th and &;cgf=#�, th generationof agroupof IP packets,i.e.,e bh�GdibjT>3k)ldib � Let mVb be thenumber of FP framesthatarrive during

e b andletn bjT>3 bethenumberof IP packetsgeneratedin the &(c'fo#�, th group packetgeneration.
We have, ! bjT>3 �@p . if TCU expiresand

n bjT>3 �q#!9b\f\mrbs)=� n bjT>3 otherwise
(4)

where
n b�T
3t�vu6w�x TXy x7 z . Let �Z�{&(�|&(.},�~��|&i#�,`~
��&���,�~ ��������������� ~��|&;�B)�#�,�, be the corre-

spondingstationaryprobability vector of ! , with � � ���|&(.�, and��T��q&(��&�#�,�~��|&��},`~ ����� ~
��&(��)



#�,�, . For � a ��$=# all-1 columnvector, themeannumber � of IP packetsin agroup and
themeaninter-groupgeneration time � aregiven by

�[����T�&(���
�^ � _
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� � 3�
���^ M _>3 R�" M f*" ���
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� � 3�
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�^ � _
3 &���fld�,i" � " � � 3�:���^ M _>3 " M fg&���f e nF� ,i" � " �9�4� � 3�
� "kT � f*� �^ M _>3 " �:M , � (6)

The meanrate of IP packet generation at the assemblyunit � � packets per TU,
whichis equalto themeanIP packetarrival rateto thevoicequeue,is givenby � � ���� .

At this point, we make a change in the time scaleasfollows. We assumethat the
servicetime is constantandequal to thetimeneededto serveanIP packetwith � � size
at output link capacity

n
, denotedby ServiceTime Unit (STU).Normalizing by STU,

themeanpacket arrival ratein oneSTU is thenequalto theserver load ��� . �r��� is the
meanarrival rateof FPframes.This is anover-estimationassomeIP packetscanleave
theassemblyunit with lessthan � FPframes.

Usingtheindependenceapproximation(see[2]) which statesthatFPframesarrive
according to a Poissonprocesswith meanrate �r�V� , we calculatethe probability   M
that R IP packetsarrive to the transmissionqueuein oneSTU. That is approximately
equivalentto R�$?� FPframesarriving to thesystemin oneSTU.We have,

  M �
¡¢¢¢¢£ ¢¢¢¢¤
7 � 3^¥ _ � �%)§¦� &(�r� � , ¥¦9¨ � �>© 7Uª 	�« R��g.7 � 3^¥ _
3 ¦� &(�r���¬, © M � 3 « 7�T ¥&
&;R
)\#�,��­f�¦�,`¨ � �X© 7�ª 	 « f 7 � 3^¥ _ � �?)§¦� &;�r���U, M 7UT ¥&;R��­f�¦�,�¨ � �X© 7Uª 	 « R��®#}~:� ~ �����

(7)
We now definethe embedded Markov chain ¯ to be the number of IP packets

presentin thetransmissionqueueat theendof theserviceof onepacket.Thematrix �
of transitionprobabilities ° ± M ¥6² ( RN~�¦Y�g.³~6#�~N�|~ ����� ) is givenby (see[11] page178)

���
CDDDDDE
  �   3   �   H ���6�  �   3   �   H ���6�.*  �  U3j  � ���6�.´.*  �  U3 ���6�
...

...
...

...
. . .

J KKKKKL (8)

The stationary probability that thereare R IP packets in the voice queue is given byµ � µ � where µ �¶& µ &(.},�~ µ &�#�,`~ µ &��},`~ ���6� , . Takinginto account that themeanarrival



rate is � � andthe average number of IP packets in the queueis · , we apply Little’s
formula andobtain ¸�¹ , theaveragequeuing time in thetransmissionunit

¸�¹�� ·��� �¶º �M _>3 R µ &;Ri,��� (9)

Let » bethetimeit takesfor � framestoarrive.As theframesarrivalprocessis Poisson
with rate ��� , » is distributedaccordingto anErlang&;�t)l#�~
�|�U, distributionwith mean¼ &�»®,�� 7 � 3½ 	 . Themeandelay ¸³� of individualFPframesat themultiplexer including
packetization at theassemblyunit andqueuing at thetransmissionqueueis given by

¸ � � p ¸�¹Wf E(M) if E(M) ¾ TCU¸ ¹ f TCU if E(M) 0 TCU
(10)

Owing to thepresenceof datatraffic with packet size �³¿ , the total meandelay À � on
voicetraffic is givenby À � �s¸ � f ��¿� n (11)

4.2 Low-priority data traffi c

Data traffic refers to various applications.It ranges from background traffic, suchas
mail, to interactive traffic, suchasWeb surfing.In this work, we focus on downlink
Webbrowsingtraffic, transported overaDownlink SharedCHannel(DSCH),sharedby
severalusers.By referenceto theprecedingvoicetraffic modeloverdedicatedchannels,
theTTI valueis 40msin thiscase.TheDSCHchannel bit ratecanbe64kbps,144kbps
or 384kbps.At the FP layer, andas is the caseof voice,Web traffic over DSCH can
bemodeledasa successionof ON andOFFperiods. In oneON period, for a 64 kbps
channel, a frameof 320bytesis generatedevery40msandis encapsulatedinto oneFP
dataframeby addinga 5-byteheader.

We focus on thecasewhereoneFPdataframe is encapsulatedinto oneIP packet
by adding UDP/IPheader. Thepacket size � ¿ amountsto 353bytes.Assumingthatthe
time for forwarding IP packetsfrom the packetizationunit to the transmissionqueue
is negligible, thesystemis thenequivalentto the transmissionqueueonly. For ��¿ si-
multaneouslyON datachannels,thearrival processof IP datapacketsto thedatatrans-
fer queue canbe modeledby a Poissonprocessandthe queue itself is viewed asan»gÁ¬À?Á|# queue with vacations.Thevacationscorrespondto epochswhentheserver is
busy servinghigher-priority voice traffic. Let Â be a random variable indicating the
duration of vacations.Thevaluesof Â correspondthusto thelengthof thebusyperiod
for thevoicequeue.Normalizing the time axis,bothfor arrival andserviceprocesses,
to thefixedtime needed to serve a datapacket of size � ¿ at link capacity

n
, andusing

thePollaczek-Khinchin formula for an »gÁ¬À?Á|# queue,we calculatethemeanqueuing
delay ¸ ¿ for adatapacket as

¸�¿]� �a)=� ¿� &�#5)=�|¿�, (12)



where � ¿ is the dataworkload. The meanqueuing delayfor an »gÁ¬À?Á|# queue with
vacations is givenby [12] ÀÃ¿]�g¸�¿�f ¼ ° Â � ²� ¼ ° Â ² (13)

where
¼ ° Â ² and

¼ ° Â � ² arerespectively thefirst andsecondmomentsof thevacation
interval Â andcorrespondto thefirst andsecondmomentsof thebusyperiods for the
voicequeue andarethusgivenby¼ ° Â ² � �^ M _>3 &(RrÄjm e � , µ &(Ri, (14)

¼ ° Â � ² � �^ M _>3 &(RIÄjm e � , � µ &(R�, � (15)

5 Numerical resultsand empirical validation

In this section,we first describethe UTRAN test-bedthat we usefor the empirical
validationof our results.We thenvalidateour model through a comparison between
theanalytical andtheempiricalresults.Ouranalyticalwork wasbasedonameanvalue
analysis.A percentile analysiscangivefurtherinsightsinto theproblem.It is carriedout
empirically in this work andis presented in the third subsection.Notethat throughout
this sectionandfor thecaseof voice traffic, we set � , thenumberof FPvoice frames
perIP packet equalto 8 andtheTCU timer valueequalto 2 ms.Thosevaluesyield an
optimallink utilization,asshown in ourwork in Reference[9].

5.1 Emulating UTRAN transport on a local test-bed

Ourtest-bedemulatingtheUTRAN transport functionalitiesis basedessentiallyonPCs
operating with FreeBSDOperating System(OS).All elementsof thetest-bedaresyn-
chronizedusingGPSequipment,essentialfor accuratelymeasuringdelaysatverysmall
scales.The traffic at the FP layer is generatedusingthe server-client UDP/IP model
with socket programming. The assemblyandthe transmissionunits areimplemented
asfollows: at theassemblyunit, threadsareimplementedto execute themultiplexing
algorithm including theassemblyprocessandthe timer process.ThePQalgorithm is
implementedthrough theuseof theALTQ tool [13] onFreeBSDsystem.Tcpdumpand
otherlocally-codedsoftwareareusedto recorddesiredparameters.

5.2 Mean value results

In Figure3, we comparethe analyticalmeandelay ÀZ� for high-priority voice traffic
andtheempiricaloneobtainedfrom experimentsonthetest-bedfor anumberof simul-
taneously activevoicechannels � � =100andin thepresenceof datatraffic. PQensures
servicedifferentiation.The x-axis shows different values of the link capacity

n
. As

expected,themeandelaydecreaseswhenthelink capacityincreases.Onecanseethat



the empiricalmeandelayis lessthanthe analyticalone, this is explained by the fact
thatanalyticallythereis anover-estimationdueto theassumptionthatall packetsare
completely filled with FPframes.This assumptionleadsto ananalyticalpacketization
delayhigher thantheempiricalone.
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Fig.3. Meandelayfor voicetraffic: analyticalversusempirical

Figure 4 comparestheanalyticalandtheempirical meandelay À ¿ for datatraffic
as a function of dataload � ¿ . The threesetsof curves correspondto threedifferent
valuesof � � , theloadof voicetraffic : zero,mediumandhigh.Theoutput link capacity
is fixed at 2 Mbps.Curvesaretruncatedat valueswherethe total load is strictly less
than1, i.e., �§�+�³�]fB� ¿­Å # . Notethat theempiricalcurvesaregenerated through a
Poissonarrival process.Wenotethatthemeandelay À=¿ increasesasthedataworkload
increases.Whennovoicetraffic is present,theresultsobtainedanalytically matchvery
closelywith the empirical oneswhenthe arrival processof datapackets is Poisson.
Whenthe loadof voice traffic is mediumor high, theanalytical andempiricalcurves
differ slightly. This is mainlydueto thetermsrelatedto vacations in theanalyticalcase.

In Figure5, we reproducethesameperformancemeasuresasin thepreviousone.
Thecurves arehowever bothempiricalandcorrespondto two different traffic genera-
tion schemes:Poissonversusperiodic. The latter representsbestthe real systemasit
reproducestheperiodic nature of arrivals perTTI. Theresults,in termsof meandelay,
show thatthePoissonapproximationis a good one.We notethatfor a low loadof data
traffic, i.e.alow numberof datachannels,theperiodic traffic is lessburstythanPoisson.
Whenthenumber of datachannelsincreases,theperiodic traffic canbemore bursty.

5.3 Percentile results

Figures6 and7 confirmfurtherthebenefitsof theuseof servicedifferentiationthrough
apercentile analysis.In effect,thoseFiguresdraw the95percentile of threequantities :

1. Total delayof voice traffic including packetization, queuing andpossiblejitter in
thepresenceof datatraffic (denoted by total delayin thefigures).
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2. Queuing(or transmission)delayof voicetraffic andpossiblejitter in thepresence
of datatraffic (denotedby transdelayin thefigures).

3. Delayof datatraffic.

Figure 6 shows theresultsof theabove mentioneddelayswith andwithout theuse
of PQfor � � =0.36 andoutput link capacityequalto 2 Mbps.Thex-axisshowsthetotal
load �§�+� � f\�|¿ . We observe thatwhenno differentiationis implemented,thevoice
transmissiondelayandthedatadelayarealmostequal.Thetotal voicedelayis higher
dueto thepacketization delaycomponentandviolatesthevoicedelaybudgetfor almost
all valuesof �³¿ . Using PQ,voice delaysboth total andtransmissionget lessthanthe
5msdelaybound. At the expenseof a large delayfor datatraffic, yet below the data
delaybudget. Thesameobservationscanbe madefor Figure7 where � � =0.5. In this
casehowever, thetotal loadis lessthantheonein thepreviouscase.This is dueto the
factthatvoicetraffic hasaneventighterdelaythanthedataoneandgetsmorecritical
asits percentageincreaseswith respectto theoneof datain thetotal load.

Figure 8 shows the Cumulative Distribution Function(CDF) of the total delayof
voicetraffic when �³� =0.36for different valuesof � ¿ . Thedifferencebetweencurvesis
thejitter dueto thepresenceof datatraffic. Whenno datatraffic we notethat98.15 Æ
of voicetraffic hasa delaylessthan5 ms.When �V¿ =0.2and0.36, this figure is about
96.75Æ and95.53Æ respectively. Figure9 shows theCDF of thedelayof datatraffic
when� ¿ =0.2for different valuesof � � . Wenotethatwhentheloadof voicetraffic is low
or mediumthedatadelaybound is respected. For high loadedsystems,when � � =0.625
or larger, onecanobserve that about 88Æ of the datatraffic experiencesa delayless
than10ms.

6 Dimensioningof the UTRAN

Thevolume of incoming traffic, be it voiceor dataor both,presentin theUTRAN is
typically dictatedby theair interfacefollowing theavailability of theair resources.The
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latterarescarceandexpensiveandsotheUTRAN wiredcapacityshould notberestric-
tive.Instead,proper ressourceprovisioningfollowing accuratedimensioningshouldbe
implementedsoasto accommodatethedemand.

Considertraffic R , R?Ç@È�É9~:¸ Ê , standingfor voice anddatarespectively and for a
QoScriterion definedasthe probability of delayviolation by any type of traffic, i.e.,�S&(À M 0+Ë M ,�¾qÌ M , where Ë M is themaximum delaythatcanbetoleratedby traffic R in
theUTRAN. We can,at this point,distinguishbetweenthreecases:

1. presenceof voicetraffic only in theUTRAN. In thiscase,Ë � � 5ms.Let � � � denote
themaximumloadof voicetraffic thattheUTRAN canaccomodatein this case.

2. presenceof datatraffic only. In this case,Ë ¿ � 10ms.Let � � ¿ denote themaximum
loadof datatraffic thattheUTRAN canaccomodatein thiscase.

3. presenceof bothvoiceanddatatraffic in theUTRAN. PQis hereto prioritize voice
overdata.In thiscase,in theworstcase,thevoicedelaybound is ( Ë � ) �iÍ

� , msdue



to thenonpre-emptivenature of PQ.Let �XÎ� � bethemaximumloadof voicetraffic
correspondingto thisdelaybudget.As of datatraffic, thedelaybound is ( Ër¿j)oË � );
let � Î� ¿ betheloadof datatraffic in thiscase.

For an offeredload ���Q� � f'�|¿ , proper dimensioningshouldsatisfy the following
constraints:

– for �³¿k�s. , �­¾B� � � .
– for � � �s. , �O¾*� � ¿ .
– for �³¿Ï0A. and � � 0A. , � � ¾\��Î� � and � ¿F¾*��Î� ¿ .

7 Conclusion

In this work, we developed an analyticalmodel for IP servicedifferentiation in the
UTRAN whereboth real-timevoice andnon-real-timedatatraffic areto meetsevere
QoSconstraints in termsof delay. Wevalidatedourmodel onalocal test-bedemulating
theUTRAN transport functionalities.Ourresultsshow thatPQis essentialto makethe
voice traffic meetits delayrequirements.PQ ensuresnot only servicedifferentiation
betweenvoiceanddatatraffic but alsohelpsminimize jitter for voice traffic. We also
drew proper dimensioningfor the UTRAN so asto make voice anddatatraffic meet
theirdelayconstraints.
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