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Abstract. In this work, we exploit game-theoreticatonceptgo depictthe be-
haviour of multimediausersfor the RadioResourceManagementMoreover, we
alsoincludepragmaticeconomiaonsiderationsyhichallow studiesof provider’s
revenueand possiblechaging mechanismsTheseconceptsarein particularap-
plied to HSDFA schedulingorocedureswhosemain aim is to improve the per

formanceof 3G networks andto allow extensionsto a plethoraof servicesWe
briefly discussa modelfor the users’satishctionthat includesboth perceved
QoSand pricing, alreadyproposedo determinethe QoS provisioning and net-
work dimensioningWe applytheusers’satistctionfunctionof thismodelin the
schedulerln thisway we achieze improvementof the QoSasit is seenfrom the
users’point-of-view, i.e., by involving the satisfictionof serviceconstraintdut

alsopaid price. This analysiswill be extendedalsoto the provider’s side, with

considerationsn the achiezablerevenue thatis animportantaspecto take into

accountn servicesupplying.

1 Introduction

The recentstandardisatiof High SpeedDownlink Packet Access(HSDR) in-
terfaceopensup the availability of a fasteradaptatiornto the channelstatefor paclet
transmissiorin WCDMA networks.In HSDRA, thedownlink channeis sharecamong
all usershpasicallyin a TDMA-lik e fashion.Thus,thefollowing factorshave animpact
ontheperformanceanddetermindifferentoutcomeof the offeredQuality of Service
(QoS):theradio propagtion conditions the schedulingechniqueandthe coexistence
of mary usersin the samesector

In [1] the conceptof Channel-Stat®ependentScheduleiis introduced,i.e., it is
shown thatit is fundamentalfor the schedulingtechniqueto be aware of the users
instantaneousink statecondition. A generalconclusion thatis still valid in the case
underexam,is thatthe overallthroughputor the sectorcanbe maximisedf thesched-
uler usesits knowledgeof the channelstate,so that only userswith goodchannelare
sened. On the otherhand,to meetQoS constraintsjt canbe necessaryo supply a
certaindegreeof fairnessthatimpliesto sene alsouserswith badchannelcondition.

Theissueof the satishctionof users’QoSrequirementss not trivial, asit canbe
relatedto the economicproblemfor the provider to achieve an adequateevenue.For
a real operator this aspectcan not be ngylected,sincethe network maintainances
possibleonly if the costsof serviceprovisioningareovercome.
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In orderto emphasis¢he analysisof this matterin more depth,we adopta utility-
basedapproachUtility functionshave beenwidely usedin the recenttechnicalliter-
ature,with particularfocus on the modelingof users’satistctionin RadioResource
Managemenf{RRM) problemg[2] [3]. Moreover, for the schedulingseveral solutions
canbe seenasapplicationof a utility-basedframevork: the schedulingissueis often
seenandsolved asa problemof priorising usersin a queue,andthis canbe doneby
definingappropriateveights,like in the WeightedFair Queuing(WFQ) [4] or WF?Q
[5] schedulersin [6] amathematicalormulationof the RRM issue directly applicable
to our casehasbeendeveloped by involving utility functionswith assignegroperties,
that depictthe soft tunability of the QoSrequirementsHence,the RRM goalis seen
asa strategy of maximizingthe systemutility, thatin this approachincludesonly the
users'welfare.

In [7] thisconceptvasextendedpy includingalsopricinganddemanceffects.This
meanghatthe welfare of the network is alsorelatedto the monegy exchangebetween
userandserviceprovider. In fact, usersarelikely to be satisfiedif they obtainan ac-
ceptableQoS, but alsoif they paya fair price for the offeredservice.Thus,the users’
satisactionshouldbeanincreasindgunctionof theofferedQoS;however, thehigherthe
price,thelowerthesatishction.Hence we shouldreferto economicsn two directions,
i.e.,for utility functionsandfor whatconcernghe pricing strateyies|[8].

In thiswork, wetake into accounthistrade-of betweerusers’andproviderwelfare
by consideringamodelof the users’satishctionaspreviously discussedvioreover, we
apply differentstratgyies of schedulingon the HSDFA channelwithin the satishction
framawork. It hasalsoto be takeninto accountin the welfare maximisation thatthe
operatorcannot offer the servicewithout adequateevenue.In this way, the provider
welfarecanbeexpressedn economiderms;wewill discusshow asatishctoryrevenue
canbe obtainedfrom the given algorithms,andwe comparedifferentschedulingech-
niguesalsoin termsof achievablerevenue.Thus,the main contrikution of the present
paperis to investicate if well-known stratgies which obtain an optimal scheduling
underthe technicalpoint-of-view, i.e., by maximisingthe throughput,are efficient if
revenueis takeninto accountor thereis magin of improvementandhow large.

The work is organisedas follows: in Section2 we presentthe analyticalmodel
for the users’satishction,including both pricing andutilities. In Section3 we discuss
differentschedulingstrat@iesunderthe theoreticalpoint-of-vievw andwe outline how
they canbe modifiedto take into accountthe revenueimprovementaspectSection4
presentsimulationresultsandSection5 concludeghework.

2 Mode for the Users Satisfaction

We presenta model that emplgys the conceptof utility function, usedin micro-
economicdo classifyandsortthe customerpreferencesThus,we areconsideringhe
distribution amongthe usersof a scarceresourcerepresentedavith a genericquality-
relatedparametey (¢ > 0), andthe resultsof this operationare seenwith a mapping
througha utility functionu(g). In our study the utility andthe preferencesirerelated
to multimediawirelessservicesjn particularunderthe point-of-view of the RadioRe-
sourceassignmentHence,g representhe assignedhetwork resource Note that the
analysiscanbe easilyextendedby replacingg with a multi-dimensionalector For the
schedulingissue,g canbe identified with the assignedate. In this analysiswe will
studythe rateassignmena priori, i.e., asit is beforethe transmissionThus, g is the
assignedransmissiorrate on the HSDRA channel.lndeed,to have a betteradherent
modelwe shouldreplacethis parametewith the throughputin termsof correctlyde-
liveredpaclets,asthis is amoreappropriatanetricto depictthe customeisatisfction.



However, it is still possibleto do thisin the givenframeawork, with only small modifi-
cations.In fact, notethatthesetwo quantities(assignedateandachiezed throughput)
arestrictly connected.

If thereare N usersin thenetwork, in generakachuserwill have a differentutility
functionu;(g), withi =1,2,..., N. Theutility level of theith userwill depenconthe
assignmenof g;. Eventhoughwe do notinvesticatein detailhow the utility functions
canbe derivedin differentnetworks, we exploit someof their generalpropertiesFor
example,sincea largeramountof bandwidthcanbe useles$ut cannot hurt, the utility
functionsu(g) areassumedo be non decreasingunctionsof g. On the otherhand,
the economiclaw of diminishingmaiginal utilities statesthat the improvementof the
quality dueto alargeramountof g becomesmallerasg increaseskFormally:

dil9) 5o and 1im 24 _g. (1)
dg g—oo dg
Theright partof previousequationcanbe alsoalmostequivalentlyexpressedisthe
obsenation thatthereis a value g,,,, suchthatthe utility u(gma.) is the upperlimit
for eachu;(g), in otherwords:

Vi=1,2,...,N

Vi=1,2,...,N lim u;(9) =~ %i(gmaz) - 2
g—o0

This formulationis not fully equivalentto (1) but it is almostalwaysverifiedwhen
technologicakonstraintsareinvolved. In this case g4, Canbe seenasthe maximum
amountof resourcehatcanberecevedfrom thetechnologicakupport(userterminal).
Note thatthe conditionson the utilities expressedbore imply thatevery u;(g) is nec-
essarilyconcae for g greaterthana givenvalue.In this work we will consideralso0
asthe minimum achiesable utility, that correspondso the utility of not receving the
serviceat all, i.e. u(0) = 0. This condition canalso be changedf run-time service
degradationareconsideredasin this casethe utility couldgo evenbelaw 0; in fact, it
is commonlyassumegbreferableo be notadmittedat all thanto be disconnectedrom
thenetwork while receving theservice . Thus,alowestutility equalto 0 correspondso
aconditionof ideal AdmissionControl.

Differenttypesof utility functionscanbe introducedto modeldifferentkinds of
service,asdiscussedn [9]. For example,discrete-alue utilities (i.e., combinationof
stepfunctions)areanappropriatecharacterisatiofor the simplestkinds of traffic, like
GSM-like voice call. Here, the aim of introducingthe utilities is only to determine
whetherthe serviceis acceptabler not, but it doesnot matterhow muchit is appreci-
ated.

According to the chosenmathematicarepresentationthere are several ways to
combinetheusers'utilities. Commonlytheutilities areassumedio beadditive [3], thus,
their aggreateis simply a sum;in othermodels differentcombinationsareproposed.
In ary casehowever, the aggr@ate of the users’utilities contritutesto the network
welfare,andthe first goal of the RRM canbe seenwith a néive point-of-view asthe
welfaremaximisation.

Thisleadsto a straightforvard applicationof the generamodelaspresentedn [6],
by consideringhe RRM asanoptimisationproblem:

maxW(g) W(g) = Zui(gi) 3)

s.t. Z«f\il 9i < Kmam ) (4)



whereW is the network welfare,definedasanaggrejateof the utilities andthusfunc-
tion of thevectorg of theassigned;’'s. Equation(3) canbereplacedwith othersimilar
aggreationof the utilities. Also thekind of capacitycharacterisinghe network canbe
representedith differentconditionsthanEq. (4). In thiscase Equation(4) represents
hard capacitysystemthatis aTDMA- or FDMA-lik e systemawith fixedassignednax-
imum quantity K., Of allocableresourceln generait canbewritten: £(g) < Kmaz
with anappropriatelydefinedcapacityconstraint’C. The mainpoint, yet, is thatin the
expressiorof thewelfareW (g) only thesingleuserutilities areworth.

It seemdo be morerealisticto considerat the sametime insteadalsothe effect of
thepricing [10] Thisis notonly suggestedor the sale of arealisticmodel.In fact,the
stratgyiesof chaging userdor theofferedservicegenerateevenue by improving atthe
sametime the network management-or example,a cheapserviceis alsolikely to be
ahusedof. Moreover, betweerthe pricing stratgiesthatarealmostequallyacceptable
by a willing-to-pay user the operatorshouldchoosethe onethat providesthe highest
revenue sincein this way its own satishctionis increasedAs long asthis canbedone
without decreasingoo much the users’welfare, this implies indeeda more efficient
resourcausagejn otherwords,wastesareavoided.

However, it shouldalsobe consideredhatin generala price variationcangreatly
affecttheusers’demandresultingin atranslationof (3)-(4) into differentoptimisation
problemsFromthe point-of-view of the network provider, it canbeassumedhatusers
thatdonotfacebothadequat€oSandaffordablepriceareunsatisfiedustomersThus,
it canbeassumedhattheseuserspayonly afractionof thetariff they aresupposedo.
This canbe seeralsowith a probabilisticapproachif we mapthesatishictionA4; of the
ith userinto therange|0, 1], we canexpressthe expectedvalueof therevenueas

N
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wherep; is thepricepaidfrom theith user Thismodelwasproposedn [7] to depictthe
users’satishctioncomingfrom a staticheuristicrateassignmentActually it is possible
to extendtheframework to thecaseunderexam,i.e.,amoredetailedscanof thesolution
to the allocationproblem,which canconstituteanadequatechedulingstrateyy.

In moredetail, A; representshe satisiction, or the acceptancerobability of the
ith user Thelatterdenominatiorbetteridentifiesthe meaningof this parameterthatis
indeedprobabilistic.In sufiiciently large networks, or aftera suficiently long run, it is
likely that 4; is alsothefraction of satisfiedcustomersi.e., the oneswho keeppaying
for the servicewithout abandoningt or beingdrivento otheroperators.

Therearesereralpossibilitiesto defineA;, with differentkindsof parameterd-ow-
ever, the basicdependenceare the offered QoS, that is betterdescribedthroughits
perceptiorrepresentethy the utility u;, andthe paidprice p;. Hence we will consider
A; = A(u4, p;) for eachi, by assuminghatevery userin the network follows the same
decisioncriterionto decidewhetherthey are satisfiedor not. On the otherhand,note
thatthe usersaredifferentiatedn the perceptiorof the offeredservice(u;(g) changes
accordingto theindex 7). Also the price canvary amongthe users.

For eachdefinition of the acceptancgrobability the following propertieshave to
hold:

%
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wherethelimits u — oo, p — oo shouldbeintendedonly in amathematicasenseasit

is likely thatthey do notrepresenafeasiblesituation.For example asdiscusse@bove,
u is upperboundedo u(gma ). Thisjustifiesthefactthatthe conditionu; = p; = 0o

could not have a completelycoherentdefinition with the above properties Note that
eventhevalueof A ontheedgepointu; = p; = 0 isalsodifficult to beproperlydefined,;
however, this pointdoesnot affect the definitionas A;p; of therevenuecontritution. In

fact,this caserepresent usernot admitted thusthe paidtariff is 0, andthis is verified
for ary valuewe decideto assigrto A(0, 0) in theinterval [0, 1].

A satishctorydefinitionof A is henceforth:

Alu(g:),p(99) £ 1~ exp(~C20) @)

Note,however, thatalmostidenticalresultscanbe obtainedfrom ary expressiorof
A(u,p) thatverifiesthe above properties Furthermorenotethatin the more general
caseof p seenasa functionof g it is realisticto requirethatalsop(g) is anincreasing
functionof g.

Thus,thetotal revenueexpressedy Equation(5) canberewritten as R(g), where
g = (91,92,---,9n) is thevectorof the assigned;’s. With theseconsiderationsthe
optimisationproblem(3)-(4) canberewritten as

N

max R(g) = Y Ai(g:)pi(9:) (8)
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In this work we do not consideranalyticalsolutionsto the problem.Instead,we
analysethe behaiour of classicalkchedulingalgorithmsfor whatconcerngherevenue
and presentpossibilitiesof improvement.Moreover, we will quantify how muchthe
revenuecanbeincreasedvith appropriatéechniques.

3 Scheduling Algorithms Framewor k

Let uspresenhow classicalschedulingalgorithmscanbe extendedto the HSDRA
releaseof UMTS. The choice of the schedulingstratggy hasa major impact on the
systenperformancehowever, in HSDFA thechannetonditionsmightbefastlytracked
to improve the systemthroughputln thiskind of systemthe MAC featuresarelocated
in thenode-B,in orderto evaluatethe rapidvariationsof thewirelesschannelj.e.,fast
fading.

In a wirelessnetwork, consideringthe instantaneousadio conditionsis a funda-
mentaltask,becausef thelocation-dependergndbursty errorstypical of this kind of
systemsFor example,a userin afadingdip may experiencea badchannelandmaybe
unableto transmitfor a certainperiodof time. The schedulingramework hasto con-
siderthe channekonditionsandto give priority to usersthatperceve a cleanchannel;
userswith apoor SIRwill bedelayeduntil they have a betterpropagtionscenario.

Sucha policy permitsthe maximisationof total throughputbecauset minimises
paclet retransmissiondNeverthelesssomedegreeof fairnessis required,in orderto
preventusers’stanation.In a RoundRobin(RR) schedulingesourcesireallocatedto
the communicatiodink withouttakinginto accounthe channekonditionsbut only on
a sequentiabasis,with a high degreeof fairnesshut with the potentialrisk of not con-
sideringthe propagtion scenariocausinga possiblehigh numberof retransmissions.
Due to the poor performancesxhibitedin this senseby the pure RR schedulerin the



following we will notanalysethis stratgy. In fact,to guaranteg¢he QoSrequirements
it is necessaryo find atrade-of betweera pureSIR-basedeuristicanda roundrobin
schedulingj.e., betweerthethroughputmaximisatiorandthe numberof userghatcan
achiere agivenQoS.

We considervariouskinds of heuristicsinvolved in the schedulingprocess.For
example we mightintroduceatraditionalSIR-basedheuristic,calledC/I, with agreedy
assignmenof theavailableresource§l1]; suchapolicy permitsto obtainthemaximum
sectorthroughputput usershatperceve abadchanneimayhave a poorassignmenof
resourcesln otherwords,the sharingof the codesis basicallycharacterisethy a high
degreeof unfairness.

As opposedio sucha policy we introduce,as an original contrikution, a utility-
function-basedssignmentwith theaim of increasinghe achievablerevenue.Consid-
eringanassignedatedependenon a utility functionpermitnotonly to obtainabetter
degreeof fairnessput alsoa generallybetterallocation,in particularin termsof fair-
ness.This happendecausehe rateis assignedy following the perceved userutility
andnotonly thechannektate.

Thepolicieswill becomparedn termsof revenueandusers’admissiorin orderto
highlighttheconsequencemtheproviderside.In autility-basedapproactit is possible
to assignthe resourcesaccordingto more complex issuescomparedio a simple C/I
policy; userparametergik e SIR, buffer state deadlineof the pacletscanbe considered
andmixedin a moreefficient manner

In our proposedstrategy the schedulingorocesstartsfrom a solutionobtainedwith
a greedyheuristicandmodifiesthis assignmengiving moreresourceso the userwith
the highestmaminal utility, in orderto improve the total sectorutility. Resourcesre
subtractedo userwith the minimum maiginal utility, to obtaina variationof the total
utility aslittle as possible.This algorithmis basedon a local searchof the optimal
solution,endingwhenthe goalfunctionreaches local maximum.

The heuristicfor the startingsolution affectsthe resultof the local-searchin two
ways:firstly, it shouldbe a goodsolutionin itself, asthis improvesthe convergenceof
thealgorithm.Secondlyit hasto be generakenoughto scanthe solutionrangewithout
beingspecialisedo a peculiarsubsebf casesEventhoughthe solutioncomingfrom
the C/I algorithmis good,we preferfor thesereasongo chooseanotheroption.

In thefollowing, thestartingsolutiong;, for therateassignmentor theith userwill
bedeterminedy meanf themamginal utility, i.e.,u;(g). In particular g is thehigh-
estfeasiblevaluethatimpliesa maminal utility equalto agiventhresholdg. According
to thevalueof ¥, differentheuristicsaredeterminedn this way. The meaningof this
heuristic,andthe meaningof 1, arethefollowing: the maminal utility «'(g) represents
theincreaseof the QoSperceptiorfor increasingg. Thus, g;o is the highestvaluethat
canguarantearelative increasdargerthand; beyondthisvalue,theincreases always
lower. Obviouslythechoiceof ¢ depend®nthekind of stratey thattheproviderwants
tofollow in theassignmentasavalueof 4 closeto 0 impliesto assigralmostthe max-
imum meaningfulvalue,thatis, u;(gio) ~ ui(gmaz). Ontheotherhand,thelarger,
thelower the startingassignedateg;o.

After this initial condition,the assignmentan be modified, by meansof a local-
searchalgorithmobtaininga local optimumsolution.

Moreover, therevenuewill alsodependon the pricing strateyy. Thus,the choiceof
thefunctionp(g) shouldbeindicatedto clarify theabove definitionof revenue asgiven
in Equation(5). In theliterature[12], differentpricing strat@ieshave beenproposed,
andobviously the pricing stratgy choiceheavily affectsthevalueof thetotal revenue.
In this work we will considertwo kinds of pricing policies,mainly for their simplicity



of concept.Thefirst oneis aflat price strat@y, i.e., the priceis fixedfor ary value of
the assignedate. The secondpolicy representsnsteada simple usage-basegricing
with linear price. This meansthatp(g) = kg is linearly relatedto g througha given
constantk. It is interestingto obsene thatin Equation(5) thereis expressed double
dependencef therevenueon the pricing, asalso 4; is afunctionof theprice.

For whatconcernghe utilities u;(g), they areassumedo be sigmoidfunctionsof
g, with generaldefinition:

K.)Ci

i =1,2,...,N wug) 2 (9/7’ 1
V’L ) ) ul(g) 1+(g/Kl)<l, ( 0)
wherethe parameterd(; > 0 and(; > 2 dependon the index i, so that different

usersmayfollow differentutility functions.In thesimulations,K; and(; arerandomly
generatedvith uniform distribution within a giveninterval.

Table 1. List of Parameter®f SimulationScenario

Paramete symbol) value
cell radius(d) 250m
gainatlm (A) —300B
Hatapathlossexponent(c) 3.5
shadaving parametefo) 4dB
Dopplerfrequeny (fa) 2Hz
meanSNRatcell border 40dB
maxassignableate(gmaz) |96 codavords
utility paramete(c) 5.0+ 8.0
utility paramete(K) 0.2+6.0
acceptanceroh paramete(C) 0.5
acceptanceroh paramete(u) 2.0
acceptanceroh paramete(e) 4.0

With thesedefinitions,in the next we will studythe behaiour of the classicalC/I
schedulingpolicy againstour proposalintroducedto improve the revenueby simula-
tions. However, this aspecbf the schedulingcould be studiedeven from the point-of-
view of finding atheoreticallyoptimalresourceallocation.

4 Results

In this Sectionwe will presentheresultsrelative to the HSDFA interfaceobtained
with a UMTS simulatordevelopedat the University of Ferrara,n which detaileduser
dynamicshave beenimplemented.The simulation ervironmentconsistsof a 3 x 3
hexagonalcells’ structure Thecells’ clusteris wrappedontoitself in orderto avoid the
“bordereffect”. In radiochannepropagtion,pathloss,fastfadingandshadeving have
beenincluded.By consideringheervironmentmobility, anon-zerdDopplerfrequengy
is assignedgventhoughstationaryusersareconsideredTablel reportsthedatafor the
simulationscenaricandthe Acceptance-probabilitynodel.

Thecomparedschedulingstratgjiesarethe previously introducedC/I andthe orig-
inal proposalbasedan iterative searchof the local maximumfor the revenue,from a
heuristicstartingpointin whichthemaginal utilities areallocatedo thevalued = 0.5.
With the Acceptance-probabilitynodelit is possibleto evaluatethe earnedrevenue.
This is donein Figure1l for theflat pricing policy andin Figure2 for the usage-based
policy. In both casestwo differentsituationshave beenrepresentedyith 150and200
usergrespecttely.



Fig. 1. Revenuefor flat price, 150 (left) and200 (right) users asa functionof the price
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Fig. 2. Revenuefor p(g) = kg, 150(left) and200(right) usersasa functionof &

As it wasto be expected the revenueobtainedwith the local-searchstratayy (in-
dicatedin the Figuresas“LS”) is betterthanfor the C/I stratgy. In fact, the former
searchesor solutionsthatimprove the revenue.However, notethatthe qualitatve be-
haviour is similar. Moreover, simulationsalsoshav thatthe numberof iterationsof the
local-searctprocedurés low (usually4-5iterations);thus,it might be saidthata sim-
ple variationfrom the initial solutionallows to greatlyimprove the earnedrevenué.
With the LS stratgyy we are able to obtain a revenueimprovementof 10% approxi-
matelyin the casewith 150usersfor both pricing policies.For the 200 users’network,
the improvementis even larger, being greaterthanthe 20%. In this way the provider
welfareis increasedby leadingto a more efficient resourceusage at leastfrom the
operators point-of-view.

As afurtherobsenation,notethatthe curvespresentanoptimalpricein bothstrate-
gies.Theexistenceof apricevaluethatmaximisegherevenuecomegdirectly from the
conditionsgivenby Equation(6). However, thefactthatthemaximisingpriceis approx-
imatelythe samefor bothcurvesimpliesthatthegapis notdueto adifferentbehaiour
with respecto theprice,butit is structural.ln otherwords,for the samepricing condi-
tions,theLS stratgy is ableto achieve a higherrevenuesinceit allocategheresources
in amoresatishictoryway for theusers.

In Figure 3, the admissionrateis represented,e., the percentagef userswhich
are satisfiedand achiese a rate g larger than0. The acceptancerobability modelis
usedhereto determinewhethera useris satisfiedor not. This satisactionratecanbe
equialentlyseenasadmissiorrate,sinceuserswith very low assignmentarelikely to

! Note thatthe mostinterestingprice region is the onewhich leadsto the highestvaluesof the
revenue Here,theimprovements obviously moreconsistent.



price

Fig. 3. Admissionratefor flat price, 150users asa functionof the price

Admission - 200 users - flat price

Fig. 4. Revenue(left) andAdmissionrate(right) for 200 usersandvariabled

be unsatisfiedsothey canbe consideredasnot admitted.In the mostextremecase a
userwith assignedateequalto 0 canbe seenasa usersurelyblocked.Here,150users
and flat price policy are depicted;however, the curves are similar also for different
numberof usersor pricing strat@y. It can be obsened that the larger the price, the
lower the admissionrate. Yet, it shouldalso be notedthat the LS strateyy allows a
largeradmissiorratethanthe C/I stratgyy. Thisis dueto therevenueimprovementthat
the LS stratgy triesto accomplishln otherwords,not only the revenue,but alsothe
totalusers’satisfictionis largerwith the LS strateyy. This confirmsthattheLS strateyy
succeed# achieving a higherrevenuefor the operatowithout hurtingtheusers.
Finally, in Figure 4 the sensitvity of the resultsto the value of ¥ is highlighted.
Here,threecaseg¥ = 0.3,0.5,0.7) areshovn for both revenueand admissionrate
in aflat price situationwith 200 users.The situationwith differentpricing policiesor
users’numberis yet quite similar. It canbe obsened that differentLS solutionsare
obtainedfor differentvaluesof the maginal utility startingvalue. Eventhoughthe
qualitative behaviour is similarfor thethreecurves,it canbeconcludedhataparameter
optimisationcanimprove evenfurtherthe performanceThus,a deepeinvestigationon
the effect of the choiceof ¢, in which alsoconsiderationsiboutthe market stratgy of
theproviderplayarole (se€[7]) is necessargndcanbethesubjectof afutureanalysis.

5 Conclusionsand Future Work

Theanalysisfrom the provider’s point-of-view of the HSDFA scheduleshows that
thereareseveral possibilitiesof improving the network managementnderthis aspect.
This can be easily seenwith the introduction of the Acceptance-mbability model,



which considersgthe joint effect of userutility and price, by allowing to accountfor
economicconsiderations.

The resultsshov that the applicationof a classicalefficient stratey, like the C/I
schedulerby neglectingthe economiccounterparof the allocation,canleadto unsat-
isfactoryresultsfor the operator even thoughthe C/I stratey providesa maximised
throughputOn the otherhand,a simplestrategyy thatlocally searche$or highervalues
of therevenueis ableto greatlyimprove the profit andthe economicefficiency of the
resourcemanagementyy keepingthe users’satishctionlevel almostconstant;f not
increasedThus,theusefulnes®sf theeconomiaconsiderationss emphasisedesides,
severalfurtherobsenationsopenup on how the network welfarecanbeimproved. For
example the simpleheuristicstrat@iesdiscussedhereoffer the advantage®f simplic-
ity andfastevaluation;however, theoptimisationof theinternalparametersanimprove
evenfurtherthe performancend/orthe corvergencerate.

Finally, from a theoreticalpoint-of-view it could be possibleto study within the
given framavork the behaiour of a more generalschedulingstratey, in which the
revenuemaximisationis consideredas the goal of the optimisationproblem (8)—(9).
This study thatcanallow to gain a betterunderstandingf the RRM issuesjs left for
futureresearch.
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