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Abstract

In this paper we studythe connectionbetweenRadio ResourceMlanagement
andeconomigarametersyhoseapplicationin multimediacommunicatiorsystem
is achallengingtask. In fact,arealnetwork provider hasto considerotherparam-
eters,besidegshe commongoalsof RadioResourceManagementik e throughput
maximisationor meetingconstraintsconnectedwith the Quality of Service. In
particular whenthe financial needsof the provider andthe reactionof the users
to pricesaretaken into accounteconomicshave to beintroducedin the analysis.
We intendto study multimediacommunicatiorsystemsy including well-known
economicmodelsandreasonable&onsiderationsn the usualRadio ResourceAl-
location scenario. To do this, we presenta model of users’satishction, which
considerghe effectsof both users’requestandprice paid. In thisway it is possi-
ble to investigatethe relationshipbetweenthe RadioResourcéAllocation andthe
provider revenue. Otherconclusionscanbe derived aswell, e.g.,for the pricing
stratgy planningor the network dimensioning. Thus, we give analyticalinsight
andnumericalresultswhich highlight thatthe network managemeris heaily af-
fectedby theeconomicscenario.

1 Introduction

During recentyears,a hugedevelopmentof new servicesandalsoseveral novel busi-
nessmodelshave beenseenin cellulartelephory. While RadioResourceManagement
(RRM) is key to high performancef communicatiorsystemsmary economidactors
alsohave a strongimpact.

The Quality of Service(QoS)conceptis often studiedin connectionwith its eco-
nomic meaningwheretariffs andprovider revenueareconsideredmportantaswell as
other parameter®f moretechnicalnature[1l]. At the sametime, several researchers
have adoptedmicro-economicakonceptsto analysenext generationcommunication
systemg2] [3] [4] [5].

However, in thesedescriptions,non-technicalparametersas user satisfction or
pricing are consideredonly from the users’point-of-view, e.g.in decentralisedap-
proaches.The role of the provider is neglected,or the provider is merely considered
to actasan arbitratorthat guaranteeshe welfare of the users. In fact, thesestudies



usuallyapply game-theoreticatonceptslik e utility function[6], to optimiseor simply
improve the usageof the Radio Resource.In certaincasesa connectionwith virtual
pricesis alsomade[7]. However, nothingis saidaboutthe real pricing policy of the
operatorhow theusersreactto it, andwhich couldbethebeststrateyy for the provider.

We think that the increasinginfluenceof economicson communicationsystems
malkesit necessaryo extendthe analysisalsoto this field. Thefirst reasonis thata
concreteprovider needsto be able to estimatethe revenuethat can be generatedy
differentRRM stratgies. To decidewhich servicesshouldbeimplementedto dimen-
sion the network capacityandto correctly sharethe bandwidthamongthe users,the
economidncomehasto bemeasuredn someway. In generaltheexistenceof thenet-
work itself is guaranteednly aslong asthereis anadequateevenuefor the operator

Then,in a centralisechetwork the provider canactdirectly to pursueits goal,i.e.,
to increasets revenue.However, usersreactiondo thetariff areanimportantfactoras
well. Realworld usersarefar from beingindifferentto prices. Thus,their satishction
is determinedy boththe quality of the connectiorandthe price paidfor it. If therole
of pricing on users’satishctionis neglected the conclusionsanbe misleading.

Henceforth,in this work we proposean analysisof economicaspectsby studying
theusers’satishctionin multimediacommunicatiorsystemsTheQoSis modeledwith
the well-known conceptof utility functions,thatcorrectlymodelthe soft tunability of
the perceved quality in modernnetworks. The samemodelis usedalsofor the price,
thatis indeeda continuougjuantity[8] thatcouldbeadjustedy theprovider, according
to apricing policy known to theusersandin generalddefineda priori.

In thesequelwe applytheframenork to therateallocationissue,in which ausage-
basedpricing policy and a classof allocationpolicies are evaluated. Several useful
insightaregivenfor real caseof RRM. In particular the systemcapacityis discussed
in detail,asour modelshaws differentbehaiours, alsounderthe economicaspectfor
systemgharacterisetdy hard or softcapacity respectiely.

Thework is organisedasfollows: in Section2 we discussthe basicpropertiesof
utility functionandprice function andpresenthe theoreticalframenork to depictthe
users’satishction. In Section3 we presentdifferentkinds of networks and definea
simplecasestudyto applyourmodel.In Sectiord we shav simulationresultsthatgive
several insightsaboutthe systemaunderexam. Finally in Section5 we concludethe
work.

2 Moded for the Behaviour of Network Users

We presenta modeldevelopedfrom the economicconceptof utility function, widely
usedto depictthe QoSperceved by the usersof a wirelessnetwork. Eventhoughthis
concepis derivedfrom micro-economic$9], it is oftenadoptedn therecentiterature
[10] to mathematicallydepictthe QoS degreeperceved by the users. Thereare sev-
eralpossibilitiesto defineanumericalrepresentationf QoS:oneexampleof suchkind
could be the 5-level mean-opinion-scoréMOS) [11], that directly considershe per
ceptionof the serviceandnumericallygradeshe QoSvia subjectve testing. Different
caseof resourceassignmengre considerecandthe gradescanbe easilytransformed
into afunctionby meanf interpolationbetweerthe samples.

Strat@iesto derive utility functionsarenotinvesticatedherein detail. We simply
assumehatautility functionu(g) mapssomequality-relatecparametey, 0 < g < oo,



ontoaninterval of realnumbersdiscreteor continuousNotethat,in thecaseof RRM,
g representsheresourcenf the network givento the usersandcould be one-or multi-
dimensional.

Since utilities map the perceved quality, they are increasingfunctionsof the g-
parameterd,e.,it is assumedhatthegreateitheresourcellocatedo auser thehigher
its satishction. Thisimpliesthefollowing requirementsnthederivative of thefunction

u(g):
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Equation(2) is known in economicsasthe law of diminishing mamginal utilities.
This reflectsthe phenomenomccordingto which the improvementof the QoSis van-
ishingwhenan alreadyhigh gradeof satishictionhasbeenreached.Thatis arealistic
assumptiorfor generakases.

Eventhoughin this work we focuson rateassignmentwe develop several consid-
erationsthatcaneasilybetranslatedo otherkinds of RRM without lossof generality
For thisreasory will beidentifiedin thefollowing with theassignedate. Notethatin
the caseof bandwidthmanagementechnologicalimits do not allow channelassign-
mentslarger thana given threshold,dependingessentiallyon the kind of serviceand
thetypeof terminal. For thisreasorin the following we will use:

Jim u(g) =1 3)
with constant, thatis a strongerconditionthanEq. (2). Equation(3) reflectsthe fact
that thereis an upperboundto the perceptionof the QoS for every kind of service.
Equivalently, this Equationreflectsthe humaninsensitvity to the qualityimprovement
beyonda certainlimit.

Thereis alsoa maximumvaluefor g, calledin the next g,,,..., dueto technological
constraintsHence we will considerassignmenbf theresourceonly in therange0 <
g < gmaz- It iSreasonabléo assumehatin practicalcasesy,, ... suppliesautility close
tol. Thisis equivalentto consideringonly usersableto achieve satishctoryutilities for
large g. Let theminimumachievableutility:

£ min u(g) 4)
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betheutility of notreceving service,.e.,uy = u(0). In thefollowing we will assume
ug = 0. Notethatboththeseconditionscanbe relatedto AdmissionControl (AC). In
practice,we areassuminghatthe AC is actually blocking the userswith low values
of the utility evenfor g closeto ¢,,., andthis decisionis errorfree, i.e., thereare
no admissionerrorsthat causecall droppingor degradationof the serviceof already
connectedusers.In thesecaseghe utility could go belav «(0), beinganinterruption
of the servicemore annging thana block in admission. However, in this work the
AdmissionControlis limited to the obsenationthatusersarenot allocatedbeyondthe
systemcapacityandthat userswhich receve an assignmenof rateequalto 0 canbe



consideredlocked. In spiteof this, thereis no re-negyotiationof alreadyallocatedusers
nor a consenrative blocking of userswhich canbe considerecharmfulfor the system.

Moreover, a utility function is often also supposedo have certainpropertiesof
regularity, which usually include continuousdifferentiability, at leastpiece-wise. In
particular whenthis is verified for every value of g, we speakof elastictraffic [12].
Note thatthis propertyappliedto (2) and(3) implies concaity of u(g) at leastfor ¢
greatetthanagivenvalue,i.e.:

Jg. - UH(Q) <0, Vg2>gc (5)

Theexactbehaiour of the utility depend®n thekind of multimediatraffic we are
assigningo the users.For the simplestkind of servicee.g.,GSM voice-like calls, it is
commonlyassumedhatthe quality degreeof the serviceis on/of, i.e., u(g) is bound
to have only two values,which meancompletesatisfction or dissatisctionfor the
user This is not true whennext-generatiorservicedlik e datatransferor audio/video
streamingaretakeninto account.Theseservicesanbe considereclastictraffic, since
the servicesthemseles allow differentdegreesof perceved quality accordingto the
assignedate, with a soft degradationfrom the bestpossiblechoiceto the minimum
acceptablguality. Thereforewe considercontinuoudunctionsto modeltheutility for
theusers.

Oneof thegoalsof RRM is to achieve a goodusers’welfare,considerecasanag-
gregateof their utilities, subjectto feasibility constraintsin the caseof rateallocation,
themainconstrainis thelimited capacityof thenetwork. However, it seemainrealistic
to measureonly the welfare without taking into accountthe role of pricing. The first
reasoris thatthe operatowill not provide the serviceif the revenuecomingfrom the
usersds insufiicient. Ontheotherhand the perceptiorof the servicefor theuserss not
alwaysthe sameif the priceis changedin practice usersaresatisfiedwith the service
if bothquality andprice paidareconsideredgcceptable.

We proposeto take this effect into accountby definingan acceptancerobability
for every userthat requestsservice. Note that this conceptwas not strictly necessary
for the GSM-like servicesjn which the QoS canbe assumedqualfor eachadmitted
usersandthe price fixed a priori (so thatthe QoS metricsare usuallyassumedo be
the probability of not achieving the desiredSignal-to-Interferenc®atio or having the
connectiorrefusedby the AdmissionController).

We canmathematicallynodelit by consideringautility functionu(g), aspreviously
defined,to representhe QoS. The price could alsobe representedby a functionp(g)
(in general dependentf the rate). The price functionis in several aspectssimilar to
theutility, for example,it is reasonabléo requirea conditionlike Equation(2), i.e.:

dp(9)
g > 0. (6)

However, the priceis in generahot uppetlimited.

Let usassignto eachuseranacceptancerobability A(w, p), for which we empha-
sisethe dependencenthe QoS(throughthe utility «) andthe paidpricep. In fact,this
probability hasto increasefor increasingutility and decreasingprice. In more detail



A(u, p) shouldsatisfy:
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wherethe secondpartof relationship(8) shouldbeintendedasmoredueto the duality
betweenutility andprice,thanasin a practicalsensepecausaninfinite utility is not
reachableseeEq. (3). Thevaluesof A(0,0) andA(cc, o) canbearbitrarily choserin

[0, 1], astheformeris theacceptancerobability of ablockeduser(thatis notadmitted,
regardlessof its value of A), whereasthe latter represents casethat never occurs
in practicalsystems,dueto limited utility. A choicethat can assurethe validity of

conditions(8) and(9) is:

Alu,p) 21— O P " (10)

with C, pu, €, beingappropriatgositive constants.

Thechoiceof this particularfunctionis relatedto the Cobb-Douglaslemanccurves
[9], thatarewidely usedin economics.If we considera high numberof usersin the
systemgeachof themwith averylow probabilityto have accesdo the system(C close
to 0), it is thentruethat A tendsto thedemandor theaccessi.e.,

A(p) ~d(p) xp ¢ forgivenu,
A(u) ~ d(u) < u*  for givenp.

However, the conclusionsve obtainarequite generalanddo not dependon this partic-
ular choice,they arevalid for every functionthatsatisfiesEqgs.(7)—(9).

With theprobability A we canmodelthebehaiour of usersn acentalisedresource
assignmenschemadn which the only choiceleft to the usersis whetherthey wantto
acceptheserviceor not. Therevenueis determineds:

N
R = ZpiA(uivpi)a (11)
i=1

wheretheusersareconsideredo benumberedrom 1to NV andtheirrelative utility and
priceto bewu; andp; respectiely.

If thesystemis centralisecandthegoalof the provideris therevenuemaximisation,
we canformulatethis taskasanoptimisationproblem:

max R

s.t. capacityconstraints

The constraintan be defineddifferently, accordingto the characterisationf the
systemcapacity Basically in the following we will studyand comparethe casesof
hard or softcapacitythatapplyto TDMA- (or FDMA-) like andCDMA-lik e systems,
respectiely. However, for both situationsthe maximisationof the revenuein a con-
strainedcasedependson the users’demand. In caseof high demand,accordingto



optimisationtheory the maximumfor the revenueis obtainedon the edgeof the con-
straint. In this case,thereare differencesbetweenthe optimal solutions,due to the
differentkinds of constraint.For the sale of simplicity, we will studythesebehaiours
by meansf simulationsin thefollowing Section.

3 Strategiesof Rate Allocation and pricing

We considera centralisedand greedyrate assignmenstratey, in which the resource
manageknows therelationg — u;(g) for every useri. By exploiting thisinformation,
theprovidertriesto chooseavaluefor therateg thatmight satisfytheuser beingatthe
sameime respectfubf thelimited amountof bandwidththatcanbeallocated.Thislast
constraintdependn the kind of capacityi.e. hardor soft, in the systemunderexam.
After rateassignmentthe usercandecidewhetheror notto accepthe assignedalue,
accordingo theacceptancerobability previously defined.

In more detail, the utilities are modelledas sigmoid curves, sincethey are well-
known functionsoften usedto describeQoSperception4] [12]. We considerthe fol-
lowing analyticexpressiorfor thesecurves:

s (9/K)°
u(g) = Wa

where¢ > 2 and K > 0 aretunableparameteraccordingto which differentusers’
utilities are differentiated. It is alsoassumedhat the utilities are normalisedto their
upperlimit, i.e., the asymptoticvalue of u(g) for large ¢ (indicatedin Eq. (3) as!)
is takento be equalto 1. This is only donefor the sale of simplicity, in othermore
complicatedscenarioglsodifferentmaximumutilities canbe considered.

We considerarateallocationstratgy basedn thederivative of theutility. Therole
of u/(g) is to describethe subjectve perceptionof changesn the rateassignmentlf
u}(g) is closeto 0 for g > go, thereis no pointin giving moreresourcehang to user
1. Theimprovementsdueto increasingthe resourceseyond g, canbe consideredas
negligible.

The evaluationof the point g afterwhichtheincrementalitility canbe considered
closeto zerois still adegreeof freedomfor the provider, andthereis a trade-of in its
choice.For thisreasorwe modeltherateassignmenperformedoy thegreedyprovider
in the following way: athresholdvalue®¥ > 0 is determineda priori by the provider,
andtherateassignmenproposedo eachuseri, g;, startsfrom:

(12)

gio = max({0} U {g €]0, gmaz] : ui(g) >9}). (13)

Note that the thresholdy numericallytranslateshe generalbandwidthmanagement
strat@y into asingleparameter

The sigmoid-shapef the utilities impliesthatthe greaterthe valueof «, thelower
theinitial rate g;o proposedo useri. Thatis, thereis a trade-of for the provider in
choosingy. With ¥ — 0 the provider tries to supply userswith very high utility.
However, dueto limitation in thetotal resourcesuchanassignmentay preventother
usersfrom enteringthe system,asthereis no bandwidthleft. On the otherhand,too
low rates,obtainedwith high threshold save capacityfor otherusersbut decreasehe
acceptancerobability.



Therateassignmenpolicy depend®nthekind of constrainfor theradioresource,
aspreviously discussedln moredetail, in this paperwe distinguishbetweensystems
characterizetby hard or softcapacity

In theformer case userscanbe acceptedislong astherearechannelgtime slots,
or frequenciespvailable. This situationincludesfor exampleTime or Frequeng Di-
vision Multiple Access(TDMA or FDMA). We canstudysucha systemby imposing
a constrainton the sumof the valuesg; thatcanbe allocated. Thus,the optimisation
problembecomedor this case:

max R

N
s.t. Zgi <W.
i=1

For the rateallocationproblem,W canbe consideredasthe available bandwidth.
However, in CDMA systemsthe probability that a new call finds the resourcebusy
is nggligible [13]. On the otherhand,suchsystemsare interference-limitedandthe
capacityis consideredo be soft. Thatis, the hard theoreticallimit to the number
of usersis worthlessconsideredhatthereis anotherconstraint,.e., new calls should
be blocked when their admissionwould causean excessve degradationfor already
connectedisers.

In this work, we modelthe capacityof a CDMA-lik e systemby consideringthe
feasibility of therateassignmenih aninterference-limitedystem Wetranslate¢herate
to signal-to-interferenceatio (SIR) by meansof the well-known Shannors capacity

formula:
Yei =29/ — 1, (14)

where, ; is thetamgetSIR for useri. Theratevaluesy; aredeterminedor oneuserat
atime, by assuminghatthe allocationfor useri happensaftereveryuserj, 1 < j < i
hasbeenconsidered For eachuseri, therateis initialised to the value g;o determined
by Eq. (13). If the setof the target SIRsfor all usersis feasible,this rate assignment
is kept. Else,the new users target SIR is decreasedh stepsof 1dB, until the system
is feasible.Notethatthe rateassignmentfor alreadyallocatedusersarenot changed.
Finally, the rate g; correspondindo the SIR accordingto Eq. (14) is assignedo user
i. Note that both utility u(g;) and price p(g;) are functionsof g;; thus, the service
acceptancerobability expressedy A(u, p), is affectedby the changesn g;.

For what concerngricing, oneshouldobsenre that pricing stratgiesincludea lot
of differentproposalq14] [15] andit is not clearwhetherall of themcanbe consid-
eredrealistic. Anyway, the basicpropertyof a realisticpricing policy is a conceptual
simplicity, thatallows understandingndappreciatiorby theusers.

In this work we discusstwo differentpolicies: a flat price stratgy anda simple
usage-basegricing wherethe price p(g) is linearly relatedto g, i.e., p(g) = kg, with
agivenconstant:. In particular in the caseof flat price, Eq. (11) canbe rewritten by
replacingp; with aconstanty. Theeffect of pricing is not neglected asthe valueof p,
defineda priori, canbe subjectto change.For linear pricing instead p; canbe seenas
p(g:), sothatdifferentpricesareexperiencedy differentlysenedusers.Thesimplicity
of thesetwo policiesimpliestheir probablepresencén next generatiometworks, even
thougha morecomplicatedpricing schememayturn outto be betterfor boththe users
andtheprovider. However, themodelcanbeappliedto every fixed pricing relationship
known by theusersa priori.



Parametesymbol) value
numberof cells 19
bandwidth(WW) 20rateunits

maxassignableate(gmaz) 8 rateunits
cell radius(d) 500m
gainatlm(A) —28dB
Hatapathlossexponent(a) 3.5
shadaving parametefo) 8dB
log-normalcorrelationdownlink 0.5
log-normalcorrelationdistance 25m
meanSNRatcell border 20dB
utility parameter, 220
utility parametet< 0.2+42
acceptanceroh parameteC” 0.05
acceptanceroh parametey: 2
acceptanceroh parametet 4

Tablel: List of Parameter®f SimulationScenario
4 Resaults

Let usconsiderateassignmenin a CDMA-lik e systemandcomparehe performance
of the two studiedpricing policies. Table 1 shavs the parameterof the simulation
scenario.In particular notethat the usersare uniformly distributedin a cellular area
with hexagonalcells,thatare“wrappedaround”sothatno bordereffectis introduced.

Thefirst setof resultspresentednvesticatehow the price affectsthe revenue.Fig-
uresl(a)and2(a)shav thebehaiour of theflat price strategy, whereasn Figuresl(b)
and2(b) therevenuefor the usage-basegricing is plotted. In bothcases120and180
usershave beenconsideredrespectrely. It is emphasisethatthereis a pricing choice
which maximiseghe revenue,asdiscussedn Section2. Thus,the pricevariationsad-
just the revenueby meansof the users’reactiondepictedin our modelby a changen
theacceptancerobability.

Thereis alsoadependencenthepravider choicesn assigninghebandwidthto the
users.In fact,it shouldbe notedthat,besideghe price,alsothethresholdvalueaffects
the revenue: both the maximisingprice andthe maximumachiezablerevenuechange
if the operatoradoptsa differentthresholdy. The valueof the thresholdrepresentsa
measureof the QoS given to the users:in generalu(g;) increasedor decreasing’,
eventhoughdifferentusersexperiencalifferentqualities.Hence the priceandtherate
allocationstratey shouldbe carefully planned possiblywith ajoint analysis.

Figurel(b) seemdo suggesthat,whenthe priceis low, the usage-basepricing is
lesssensitve to the rateallocationparameterin fact,alow p encourageshe usersto
enterthe system,so thatthe whole capacityis allocated. Thus, the revenueincreases
proportionallyto k. However, notethatthemaximaof thecurves,thataretheinteresting
pointsfor the provider, areplaceddifferentlyfor different. This meanghatthe effect
of thelow priceis to attractusersinto the systemwith no or smallconsideratiorabout
theintrinsic QoS.With higherprice,alsothe gradeof servicebecomesmportant,and
thehighestvalueof therevenueis determinedy bothacceptabl@riceandsuitablerate
assignment.
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Figure2: Provider revenuefor 180users

Figures3—4shaw, for flat andusage-baseprice,thefractionof usersadmittedinto
the system. In general,the higherthe price, the lower the numberof the usersthat
acceptheservice.Thetrade-of in the choiceof theutility thatthe provider assigndo
eachuser(capturedn the RRM with thethresholdvalue)) implies, however, different
behaiours for differentthresholdsgevenfor a flat price stratey. For alow price the
numberof admittedusersis constantindcorrespond$o a saturatiorof the bandwidth,
sothatsomeuserscannot be admitted.In this case the lower the threshold the fewer
the users. A low ¥ generallymeansa high assignedate. Therefore,few usersare
admittedin this case,whereashighervaluesof +} allow the admissionof moreusers,
thoughwith lower quality. In Figures3(a) and 4(a) this phenomenons reversedat
high price, i.e., thereare more usersfor low valuesof ¥. This happendecausehe
decreasén the numberof usersis more consistenfor thresholdvaluesthat assigna
poorerquality to the users.This doesnot occurin the usage-baseprice stratgy since
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Figure3: Admissionrate,120users
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Figure4: Admissionrate,180users

the price for low quality usersis still lower. Finally, notethat the maximumrevenue
is obtainedapproximatelyon the edgeof saturationof the capacity i.e., wherethe
numberof usersstartsto decreaseln this point, the effect of the decreasén admitted
usersovercomegherevenueincreasalueto higherprice.

A similar behaiour canbe obseredin Figure5, wherethe total assignedateis
representedor 120 users(the curvesfor 180 usersare almostthe same). However,
whereaghe fraction of admittedusershasa monotonicbehaiour asa function of
for low price, the assignedatesare sorteddifferently. In particular whenthe load is
low, thereis a moresuitablevalueof ¥ (in the simulations,1.5) thatallocatesa higher
rate. For higherload the behaiour of differentthresholdss approximatelythe same,
eventhoughd = 3 is thebestchoice. This meanghattheallocationof atotal datarate
closeto the availablebandwidthdepend®n the trade-of betweerthe demandandthe
QoSassignedo theusergmappedy the parameter)). Thus,thegenerakhoiceof the
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Figure5: Assignedrate,120users

allocatedQoSis nottrivial andcanheaily affectthebandwidthdimensioning.

Finally, a comparisoncanbe donebetweerthe TDMA-lik e and CDMA-lik e sys-
tems,i.e., betweensystemwith hardor soft capacityrespectrely. In Figure6 we rep-
resentthe applicationof usage-basegolicy to a CDMA network besidesa network
characterisetly hardcapacity(TDMA-lik e) with correspondingparameters.

Firstof all, it canbe obsenred (Fig. 6(a))thatthe peakperformancef the CDMA-
like network in termsof achievablerevenueis higher However, in generalthe perfor
mances similar. A moreinterestingphenomenoranbeobsenedin Figure6(b),where
it is shavn thatthe “knee” presentalsoin Figure3(b) is not presenin the TDMA-lik e
network. Thisimpliesthata greedystratey is not perfectlysuitablefor a soft capacity
network. In fact, usersthatcanbe considerednefficient for the stability of the system
shouldbe refused. An interestingconclusionthat can be dravn from thesecurvesis
thata higherpricing canevenbe useful,sinceit allows a betterselectionof the admit-
tedusersjncreasingalsothe admissiorrate (thatseemsounterintuitive).

5 Conclusions

It is not trivial to determinethe bestusageof the network for the provider, thatis the
maximisationof the profit. The users’responsdo both radio resourcemanagement
and pricing hasto be taken into accountfor its influenceon the revenue. Thus, we
introducedthe Acceptance-mbability model, which considerghe joint effect of user
utility andprice. In this way it is possibleto include economicconsiderationsn the
studyof communicationsystems.

In this work the modelwasappliedto comparedifferentpricing stratgiesandsys-
temscharacterisedby differentkinds of capacity(TDMA- or CDMA-like). The be-
haviour of the RRM is differentwheneconomicparametersik e pricing stratgiesand
userdemandare taken into account. Thus, to efficiently control the performanceof
the system the selectionandtuning of RRM andpricing policiesshouldbe addressed
jointly. From the point-of-view of a provider, this implies thatthe RRM cannot be
solved asa separatgroblem. Rather the designof an appropriataesourceallocation
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Figure6: TDMA—-CDMA comparisonpricep(g) = kg, k onx-axis,9=1.5

strat@yy heedsseveral economicvaluesasinput parameterdijk e price andutility elas-

ticity of theusersandalsothe shapeof the utility functions.Eventhougheconometric
insightsto evaluatethesequantitiesarenot socommonlyandeasilyfound, they could

be very useful. On the otherhand, note that the proposediramevork is completely
general sothatit canbe appliedto differentspecificationsf utility andpricing rela-

tionships.

A generalrade-of is identified betweenguality and price: userswill notaccepta
highqualityif they think it is too expensve. In fact,over-assignmentanbeconsidered
wasteful:it hardlyimprovestherevenue but markedly deteriorateshe admissiorrate.
Theappropriatesetupof the pricing stratgyy is key to have asatishictoryrevenuefor the
provider. Too high pricesdrive customersway (in thelong run, likely to competitors),
with low or no revenueasaresult. Too low pricescaneasilybe affordedby the users,
but alsoyield very little revenue. Price variationsalso affect the expectednumberof
userdsn thesystemhencethey have to be consideredn systemdimensioning.

To sumup, the proposednodelallows usefulinsightsto be gainedaboutthe RRM
stratgyy. Theeconomiaspect®f RRM shouldnotbenegglected for they notonly affect
performancebut alsorequireseveral stratgjic choicesto be made.lt is imperatie for
the provider to take into accounttheseaspectsthus,our modelcanbe usefulto gain
understandingf themandimprove theRRM in realsystems.
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