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Abstract—In this work we study Admission Control Threshold
in CDMA systemsand analyzethe already presentedalgorithms
under the point-of-view of QoS metrics. Several points of trade-
off can be highlighted and considerationsabout fair nessand gen-
erality of theseresultsopen up when a more detailed model for
mobility is considered. In fact, a simple estimation of the mobility
of the usersmay be usedasa useful parameter for the Admission
Control scheme,and we showv how this can lead to a significant
improvementfor the system. Thus, a simple but effective way to
obtain the improvementis to setup appropriately the admission
threshold, and we investigatethe direct connection betweenthe
thresholdvalue and the point where the QoStrade-off is cut.

|. INTRODUCTION

The coming of Third GenerationMobile Communication
Systemshasmarked the evolution to multiplexing and access
techniguedasedon CodeDivision Multiple Access(CDMA).
CDMA systemshangeheconcepbf systemcapacitywith re-
spectto Frequeng or Time Division Multiple Access(FDMA
or TDMA) systemsby exploiting aphenomenoralledsoft ca-
pacity. This propertyis opposedo thehard capacity of FDMA
and TDMA systemswherethe maximumnumberof usersis
fixed by the amountof physical resources.In a CDMA sys-
temit is insteadtheoreticallypossibleto manageall userswith
the samechannel,sincethe physical limit, i.e., the numberof
the channelsjs supposedo be suficiently large; thus, every
new call canbe admitted atthe price of ageneralperformance
degradatiorfor all active users.

This multiplexing is more appropriatelylimited by Quality
of Service(QoS) requirementsgssentiallydependingon the
power levels betweeneachuserandthe basestation(BS) the
mobile useris connectedo. The goal to appropriatelytune
the transmittedpowers, in orderto have an acceptabldevel at
thereceverfor eachconnectionijs obtainedn CDMA systems
with a power control (PC)mechanism.

Moreover, the systemperformancas limited, evenwith PC,
asthe dggradationcausedy a new admissiormay not fit with
the QoS objectives of the setof active users. In this casethe
PCalgorithmdiverges,anda previously admittedusermustbe
droppedn orderto guarante¢herequestederviceto otherac-
tive users.Note that, from the users’point-of-view, cutting off
anexisting call is aneventthatshouldbe avoided.

For this reason,an accesontrol mechanisnmustbe em-
ployed, or congestiormay ariseandcausecall dropping. This
meanghatif thesystenis nearcongestiorihenew call requests
shouldbe refused eventhoughblocking a new call could also
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be anundesirableventfrom the users point-of view (though
lessannging thandroppinganactive call).

In the literature[1] [2] [3] [5] [7], several differentcall ad-
missioncontrol (CAC) proceduresiave beenproposedin par
ticularthereis amaindivisioninto two classeshat,asin [1] and
[2], canbeidentifiedasFeasibility based CAC (F-CAC), where
CAC is performedby following iterative real-timeprocedures,
or asNumber- andlnterference-based CAC (N-CAC andI-CAC
respectiely), in which heuristicalgorithmsare used,i.e., the
stratgy is a thresholdcomparisonThefurtherdivisionis only
basedon the heuristicused(numberof usersvs. somemeasure
of thetotal power).

Lower computationaktompleity andgoodandrobust per
formancelead us to emphasizethe role of CAC algorithms
basedon heuristics,especiallyfor the caseof power measure-
ments (I-CAC). Moreover, considerationsaboutthis kind of
algorithmscan be exploited in a more interestingway, from
the point-of-view of a real implementation sincethe evalua-
tion time is shorterandthe heuristicdescriptionof the system
is easierto obtain.

For the sale of generality we can also extend the conclu-
sionsconcerningthesestratgiesfor every CAC policy, since
thekey point of our contribution is the analysisof the trade-of
betweertheperformancearametersf the AdmissionControl,
morethana deepstudy of a particularclassof algorithms. In
particularwe focusontheperformancén termsof blockingand
droppingprobability, anddiscusgparametepptimization.

Our researchanalyzeshe obtainedperformanceunderdif-
ferentaspectdi.e., caseof trade-of, fairnessstatisticalprop-
erties),with considerationshat allow to identify new waysto
improve thesystemjn particularwhenmultimedia,thatis sup-
posedto be a stronglycharacterizingaspectof future commu-
nications,is present.

Moreover, the major contritution of this work is a proposed
approachto CAC thatis aware of mobility differencesamong
users,which are supposedo be tracked by the BSs. It can
be shovn thattraditionalapproacheteadto unfairnessf users
with differentmobility patterncoexist in thesamesystemand
that a Mobility-aware Interference-base@AC (MI-CAC) can
provide muchmorefairness.

In particular asalreadypresentedn the literature[9], if the
users’characteristipatternsarestronglydifferent,the average
performancee.g.,in termsof blockinganddroppingprobabil-
ities) is better However, this gain is obtainedat the price of
penalizingparticularusers,in somecasesa whole class. This
appliesto our case,where,dependingon the call forcedter
minationpolicy, userswith certainmobility characteristicgire



consistentlychoserto bedroppedmoreoften,asshovn in [4].

The goal of the MI-CAC algorithmis to avoid thesedegen-
erationsandthis hasto be performedat two levels: the choice
of the strateyy of congestioravoidancej.e., the policy accord-
ing to which usersaredropped,andthe accuratedesignof the
admissiorthresholdthat canbe setwith respecto mobility in
orderto guaranteghatthe systemis fair.

The work is organizedasfollows: in Sectionll we summa-
rize the performanceof I-CAC undera generalpoint-of-view.
In Sectionlll we analyzethe obtainedresultsand shov why
MI-CAC is useful and necessaryf QoS fairnessis required.
SectionlV shaws the resultof MI-CAC anddiscusseghe ro-
bustnessof them even whenerrorsin the mobility estimation
procedurearepresentln SectionV we concludethe paperand
givefinal remarks.

Il. GLOBAL PERFORMANCE OF |-CAC

Firstof all, we presentheperformancef AdmissionControl
with a direct approach.We performedsimulationsby usinga
simulatorof the UMTS system,in which someuserdynamics
have beenimplemented.

First of all, it is necessarnto have a completemodel for
theradio channelpropagtion. So our simulatorincludespath
loss,shadaving andRayleighfastfading.In the generaimodel
as can be found in [10] we have implementedGudmunsors
correlationmodelfor the shadaving componen{11] andthe
multi-oscillator Jales’ multipathsimulator[12]. The Doppler
frequeng for Jales’ simulatorhasbeensetequalto f. + (v/\)
hertz,wherewv is mobile speed\ = f/c the wavelength,that
is equalto 0.16 in thesimulatorand f,. is aconstantermequal
to 2 Hz. This additionalconstantterm allows us to take into
accountthe ervironment mobility, i.e., to assigna non-zero
Dopplerfrequeny evento stationaryuserswith v = 0. This
is necessaryasin the following the key point will beto ana-
lyze the QoSfor differentmobility classes.The parametenof
thelog-normaldistribution of the shadaving is o = 4dB. For
theadmitteduserghe Power Controlaimis to guarante@min-
imum SIR~y%" = 4.5dB.

The simulatedernvironmentconsistsof a structureof 3 x 3
hexagonalcells wrappedaroundso asto have no “border ef-
fect™, in which the usersaredeployed.

name vm (M/S) | vs (M/S)

stationary 0.0 0.0

pedestrian 2.0 0.5

slow vehic. 8.0 1.0

fastvehic. 16.0 2.0
TABLE |

PARAMETERS OF EACH MOBILITY CLASS

Usersbelongingto four differentmobility classesstartand

terminatetheir call following a birth—deathPoissonprocess.

Theglobalflow of theuserscanbe equivalently seenastheag-
gregate of four differentflows, eachwith 1/4 of the total birth
rate,sincetheusersaredistributedamongheclassesvith equal

ICase®f 4 x 4 and5 x 5 cellshave alsobeenverified.

probability We considefour mobility classegor theusersij.e.,
stationary pedestrianslow vehiculay fastvehicular The dif-
ferentiatingparameterarethemeanspeed,, andthestandard
deviation of the speedvs. Their values,relatively to eachmo-
bility class,areshavnin Tablell. Theusershave aspeedralue
thatis re-determine@very0.1s. This parametehasa Gaussian
distributedamplitude with assignedneanandvariance anda
directionthatis turned,at eachre-evaluation,a randomangle
uniformly distributedbetween—-0.257 and+0.257.

The examinedalgorithmfor AdmissionControlis RPCAC
[3], i.e., the heuristicusedfor the admissionis the total re-
ceived power at the BaseStation(BS). In otherwords, a new
call is admittedif its strongeBS recevesfrom othermobilesa
total powerthatis underagiventhreshold.Thus,theadmission
thresholdin the RPCAC algorithmis a power level Py,. In our
simulationghesevalueis normalizedo theaveragepower con-
tribution thatthe BS recevesfrom amobile,0.5d away from it
(d is cell radius),whenit transmitsat maximumpower.

For thesale of comparisorwe studiedeventhecasen which
admissioncontrol is not present,i.e. P, = oo. The corre-
spondingcune is called Admit all; in this case,no calls are
blocked andonly the probability of droppingis significant.
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Fig.1. P, + 10P; for RPCAC

The studiedmetricsarethe probability of blockinga generic
userthatrequestgo be admitted(P,), the probability of being
droppedfor a useralreadyin the system,dueto overload of
the network (Py). Figurel shavs a weightedcombinationof
thesetwo metrics,i.e., P, + 10P;. Thehigherweightgivento
the droppingprobability is dueto the factthatcall droppingis
generallyconsiderednore annging thancall blocking during
the admissionphase. Thesemetricsare evaluatedas a func-
tion of the meanload of eachcell in the network, expressed
in erlang/cell Furtherinsighton similar systemscanbe found
in [8], wherethe trade-of betweenthesemetricsis studiedin
moredetail.

I1l. THE TRADE-OFF PERFORMANCE/FAIRNESS IN |-CAC
AND DROP POLICIES

It canbe obsenedthata power-basedAdmissionControlal-
lows a significantimprovementwith respecto the“Admit All”
situation(i.e., call blockingis necessarysothatagreatnumber
of droppingeventsis avoided). Moreover, the curvesshowvn in
Figurel areclearly theresultof a trade-of; in fact, whenthe



thresholdP;;, decreasesothatthe systembecomesnorecon-
senative, P, increasesvhereasP; decreaseddowever, Figure
1 shaws thatthelinearcombinationP, + 10P; is almostinde-
pendenbf thechoserthreshold.

At the first sight, it could be concludedthat the choice of
thethresholddoesnot affect the global performanceHowever,
thegreatvariability of the pointin which thetrade-of between
blocking anddroppingis cut suggestsasseenin [8], thatthe
userrequirementsre differently met, and this implies a dif-
ferentgradeof QoS amongthe users. In this case,a further
trade-of betweenglobal performanceand fairnessamongthe
usersappears.

This becomesan importantfactorif we analyzethe role of
the specificstrat@y, usedto determinewhena usershouldbe
droppedo reducenetwork congestior{approachesf suchkind
are calledin the following drop policies). This problemhas
beendeeplystudiedin [6] andit hasbeenshavn to be annp-
complete problem.Thus,heuristicstratgieshave to beapplied,
thatis, thereare only suboptimalchoicesthat have different
drawbacks. In particular an accuratestrategy that correctly
identifiesthe bestusersto remove may require a long com-
putationtime or a long evaluationwindow. Thus, it might be
inefficient, asthe systemhaslongercongestiorperiods.Onthe
otherhand.,if thedecisionof userremoval is performedaftera
shorttime, problemsof inaccurag or unfairnesswill arise.

For the resultsshovn in Figure 1, we consideredhe policy
of droppingevery userwhoseSIR is belov a given threshold
for agiventimeout. Thisis calledin the following Continuous
Time under Threshold (CTuT). However, it is possibleto obtain
almostthe sameresultswith otherdrop strat@ies, even with
very simpleones.

On the otherhand,it hasbeenalsoproved [4] thatemploy-
ing of just the meanvalue of P; doesnot suffice to correctly
estimatehe gradeof servicefor theuserssincethis valuedoes
not capturethe fairness of the system. Thus, a policy with a
goodglobal performancanay be extremely unfair. This hap-
pensespeciallyfor systemsn which usersarevery different,as
in the casestudy wherethe usersbelongto differentmobility
classeslin fact,unfairnessecomesnoreevidentif we consider
detailsaboutdifferentmobility classe®f theusersg.g. therel-
ative droppingprobability for eachof them, or the percentage
of droppedusersthatbelongto a specificclass.

For example,the CTuT policy presentgyood performance
but alsounfairness.in thenext Sectionwe show differentways
to copewith this problemii.e., to improve the fairnesswithout
decreasinghe generaluality.

IV. MOBILITY-AWARE |-CAC

The CTuT policy definedin the previous Sectioncan be
shavn to be characterizedby generallygood performancebut
alsounfairness. In particular stationaryusersaredroppednore
oftenthantheothers asthey arelikely to remainin badchannel
conditionsfor alongertime.

Therearebasicallytwo possibilitiesto copewith this draw-
back. Oneis to introducea morefair drop policy, for example
to randomlydrop the users.However, this strateyy, asalready
shawvnin [4], offersvery poorperformance.

Otherstratgyiesconsideafilteredversionof the SIRto make
its decision. In this caseghe generalperformancedecreases,
thoughnotdramatically We studyin thiswork a particularver-
sion of this kind of policies, calledin thefollowing Mean SR
2/3 under Threshold (MS2/3uT).The MS2/3uTpolicy dropsa
userif itsfilteredSIRis below agiventhresholdwhere“filtered
SIR” meangheaverageof thelastthreeframes nottakinginto
accountthe worstone (this is the meaningof “2/3”). Here,in
orderto avoid problemswith negative peaks,the averageSIR
of eachuseris computedrame-by-frameandthe valuesof the
three latestframesarestored.At eachframe,thelowestvalueis
discardedandthetwo remainingvaluesareaveragedlf there-
sultingvalueis belav agiventhresholdy”?, theuseris dropped.

The motivation of this policy is to avoid the effect of neg-
ative peaksdueto the new callsin computingthe SIR. If the
requesbf new callscanbeconsiderearareevent(i.e., A is not
too high, sothatthe probability of having two accesses two
adjacenframesds closeto zero) thepeaksanbeneglected be-
causeheframein whichthenew call arriveswill bediscarded.

CTuT andMS2/3uT canbe comparedastwo policiesrepre-
sentatve of the behaior of the onesbasedon timeoutandthe
onesbasedn meanSIR measurements.

class CTuT MS2/3uT

stationary 0.364 0.225

pedestrian 0.162 0.166

slow vehic. 0.134 0.232

fastvehic. 0.155 0.277

meanvalue 0.204 0.225
TABLE I

CTUT vs. MS2/3uT: P, + 10P; FOR EACH MOBILITY CLASS

Considemanernvironmentsimilarto theonealreadypresented
in Sectionll. Let the network loadbe fixedandequalto 4 er
lang/cellin every simulation. We canapply the policiesprevi-
ously definedandmeasurehe performancemetric P, + 10P;
relatively to eachmobility class.

The resultsare shovn in Tablell. It is fairly evident that
MS2/3uTbettersatisfiegherequiremenbf fairnessamongmo-
bility classeswhereasCTuT penalizesstationaryusers. On
the other hand, MS2/3uT obtainsthis improvementat price
of ageneralperformancalegradation sincethe meanvalue of
P, + 10P; is highet

Another drawback of the MS2/3uT is the time, in general
longer requiredto evaluatewhich useris to be dropped. The
filteredversionof the SIR addscompleity to themeasurement,
that is simpler for CTuT. Moreover, the requirednumberof
samplese.g.,thewindow dimensionjs largerfor MS2/3uT

For this reasonwe proposeanothemway to improve the per
formanceof the drop policy. Insteadof changingthe stratgy
of userremoval, we introducedifferentthresholddor different
mobility classeso have morefairnesswith the CTuT policy. In
moredetail, we implementa Mobility-awarel-CAC (MI-CAC)
mechanismi.e.,anInterference-basefldmissionControlwith
a thresholddependenbn an estimateof the new call’s mobil-
ity. In otherwords,we canassumehatthe BS is ableto track



the positionandthe speedf the MS (evenfor theterminalsin
stand-by).

The ideabehindthe MI-CAC stratagyy is to changethresh-
oldsin orderto give accessnorefrequentlyto usersof different
classesNotethatthereis a trade-of betweenrstationaryusers,
which achieve theworstperformancesthey causeanincrease
of droppingprobability and mobile users,which guaranteea
lower droppingprobability but causea decreasef thefairness,
becausehey aredroppedby the systemlessfrequently

Let usassumehatthereis a specificthresholdfor eachmo-
bility class,i.e.,the MI-CAC multithresholdvectorhasexactly
4 elements.Thus,the MI-CAC algorithmis implementedfor
the sale of simplicity, only by tuning a parameterso thatthe
multithresholdvectoris definedasin Tablelll.

value
1.9(1 — 3a)
1.9(1 — )

Thresholdname
Z (stationary)
Z, (pedestrian)
Zg (slow vehic.) | 1.9(1 + )
Z; (fastvehic.) | 1.9(1 + 3a)

TABLE llI
MULTITHRESHOLD VALUES AS FUNCTION OF o

If « is increased,vehicular usersare acceptedmore fre-
quentlythanstationaryor pedestriaroneswhereador decreas-
ing a they areblocked moreoften. We canrepresenthe metric
P,+10P, for eachclassrelatively to thevalueof a. Theresults
arereportedn Figure2.

As a generalcomment,the trade-of betweenP, and P, is
differently cut for differenta’s. Note that the greaterthe gap
betweenthe thresholdsthe lower the valueof P;. Thisis not
alwaysanimpraovementfor the systempecauseP, ontheother
handincreases.In particular whenthe absolutevalue of « is
considerablygreaterthan O thereis a very low thresholdfor
someclassesthatarefor this reasoralmostalwaysblocked.

In detail, for positive valuesof o the fairnessof the system
is further decreasedpecausehe percentagef droppedusers
belongingto the stationaryor pedestriarclassess not signifi-
cantly decreasedyut theseusersareblocked more frequently
On the otherhand,if « is decreasedit becomeseasierfor a
slow userto beacceptedThis causehowever alsoanincrease
for thedroppingprobabilitiesrelative to stationaryor pedestrian
classes.

An appropriatguning of « is still usefulto compensat¢he
disadwantageof stationaryusers,that are penalizedin using
CTuT. Notethathowevertheintrinsic fairnessof CTuT is poor,
asthe way to compensatéhe QoS requirementdor different
classeshasto be different. In particular stationaryusersface
always a higher value of P;, whosenegative effect could be
mitigatedby alower P,.

However, from Figure?2 it canbe deducedhata choicelike
a = —0.2 canbebeneficialto improve thefairness Moreover,
asshavn in Figure 3, this leadsalsoto an improvementfor
thegeneraperformanceasthe meanvaluefor the metric P, +
10P; islowerfor decreasing. Thus,achoiceof thisparameter
between-0.3 and—0.2 seemso beappropriaté. Betterresults

2Notethatalsoa < —0.4 hasbeenverified. However, this cannot be con-

couldbe probablyobtainedwith a morecomplicatedsettingof
themulti-thresholdvector For example patterngdifferentfrom
the oneproposedn Tablelll canbeeasilyfound,andalsothe
possibility to adopta feedbackfor the thresholdsanbe easily
considered.
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Fig.2. MI-CAC: P, + 10P, for eachmobility classimperfectmobility esti-
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To sumup, the CTuT policy hasa mawgin of improvementto
copewith a paradigmof highly differentiatedmobility classes
with a MI-CAC stratey, althoughit is not trivial to adjust
it appropriately In particular the correctsetupof the multi-
thresholdvector dependson the relationshipbetweenp, and
P;. For example,the framewnork presentedn [8] canbe use-
ful to understanchow to cut this trade-of, andthis is key in
determiningthe right weight to give to the penalizedclasses.
In every casethe MI-CAC stratgyy canbe usefulto adjustthe
priority andguaranteghatthe QoSconstraintsaremet, by ex-
ploiting differentpossibilities. Finally, notethatif it is desired
to have completefairnessin every aspecta policy basedon a
filteredversionof the SIR becomesecessarnwith thenegative
side-efect of increaseccompleity andevaluationtime.

Moreover, it could be interestingto extendtheseresultshy
consideringthe possibility to have imperfectestimationof the
users’mobility. In practicalsystemsin fact,dueto errorsin the
speeckvaluationmechanismit could happerthatthe classof a
useris mistalen, andthe wrongthresholdis used.However, a

sideredarealisticcase astheaccesso vehicularuserss almostalwaysdenied.
Thus,the cases not coherentvith the simulatedscenario.



preliminarystudyshavs goodagreementvith the previousre-
sults,evenfor the caseof imperfectestimation Figure4 shows
the samesituationof Figure 2 whenthe estimationof the mo-
bility classof the new useris affectedby anerrorin the 10% of
thecasesAlthoughin this casethe effect of thevariationsof
is reducedachoicelike o = —0.2 is still beneficialto increase
fairness.
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Fig. 4. MI-CAC: P, + 10P; for eachmobility class,imperfectmobility

estimation(10%errors)

V. CONCLUSIONS AND FUTURE WORKS

Our investication hasbeenconductedby focusingthe role
of the BS in the identification and admissionof mobility-
differentiatedusersfor WCDMA systems. Differentways to
improve the QoS andto avoid problemsof unfairness in such
networks have beenpresente@dnddiscussed.

In particular it can be shavn that a stratey, that is also
easyto implement,which adaptsthe thresholdto the mobility
classespbtainsignificantimprovementin fairnessin addition,
a small improvement of the general performancecan also
be obtained. The drawback of theseimprovementsis their
dependencen the trade-of betweenblocking and dropping

probability The setupof themulti-thresholds nottrivial; thus,

mechanism®f automaticsetupvia monitoring and feedback
canbeconsideredFinally, theresultspreviously foundmaybe

extendedwith a similar approachalsoto distinguishingmetrics
otherthan mobility, suchas datarate or actwity factorof the

users,which canalsoleadto unfairnessof the algorithms. As

afuturework it canbe shovn thattechniquegproposedo take

into accountusers’'mobility canbe appliedsuccessfullyn this

caseaswell.
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