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Abstract—This paper providesa study of Threshold—basedCall
AdmissionControl in CDMA systemsWeformulate aframework,
in which the existing algorithms are identified and even original
onescan be developedwith similar concepts. Different schemes
are compared under the point-of-view of Quality of Sewice met-
rics, lik e blocking and dropping probability. A general trade-off
can be shown, that can be managedin a simple but effective way
by setting the admissionthr esholdappropriately. As a final con-
trib ution, we proposepossibleextensionsthat, if included in the
presentedramework, canbe beneficialfor the Admission Control
performance.

I. INTRODUCTION

CodeDivision Multiple Access(CDMA) systemsare char
acterizedby a different capacityconceptwith respectto Fre-
gueng or Time Division Multiple Accesssystemshpeingthe-
oretically possibleto manageall userswith the samechannel.
In otherwords,wheread=DMA andTDMA systemsarechar
acterizecby hard capacity, i.e., the maximumnumberof users
is fixed by the amountof physical resourcesCDMA systems
have the propertyof soft capacity, thatrelievesthe problemof
channelallocation. However, code-baseanultiplexing is lim-
ited by Quality of Service(QoS)requirementsthatarerelated
to the power levels betweeneachmobile userandits basesta-
tion (BS). Thegoalto appropriatelytunethetransmittecoowers
in orderto have anacceptabl®oSlevel atthereceverfor each
connectionis pursuedn CDMA systemswith a power control
(PC)mechanism.

Althoughadmissiorto thesysterris alwayspossibletheper
formanceis limited, even with PC stratgjies, sincenew calls
introducedegradationdor active users.If the setof the users’
QoSrequirementgloesnot admit a feasiblesolution, thenthe
PC algorithmdivergesanda previously admittedusermustbe
dropped:in this way the requestederviceis guaranteedo the
remainingactive users put, from the users’point-of-view, cut-
ting off an existing call is an undesirablesvent, i.e., the per
ceived QoSis still decreased.

In orderto avoid congestiorandcall dropping,the accesof
usersto the systemmustbe controlled. In otherwords, if the
systemis consideredo be nearcongestionnew call requests
shouldbe refused. It is clearthat this operationmust not be
too consenrative, becausélocking a new call is still anunde-
siredevent,eventhoughthedegradatiorof theQoScausedy a
blockin admissionis usuallyconsideredo belower thandrop-
ping anactive connection.

This work hasbeensupportedy EricssonResearch

In the literature, several approacheso perform CAC have
beenpresented1-12]. They canbe classifiedaseitheritera-
tive realtime procedure®r heuristicalgorithmswith threshold
comparison.

We speakof Feasibility-based CAC (F-CAC) for the first
classof algorithms,asin [1], whereasthe secondrepresents
a more generalclassthat we could call Threshold-based CAC
(T-CAC). Algorithmsbelongingto this classcanbe Number- or
Interference-based CAC (N-CAC and |-CAC respectiely), as
introducedby the authorsof [2]. This furtherdivision is based
on the heuristicused: numberof userg[2] asopposedo some
measuref thetotal power[3]. However, thisclassificatiordoes
not exhaustall possiblechoicesof the heuristicthreshold.For
this reasonjn this paperwe referto aboutT-CAC, evenif this
denominationis lessknown.

Interactve algorithmsareusefulfor admissioraccurag [4],
but theiradaptatiorio variousrequest®f users’satishctionand
fairnessis moredifficult. Moreover, althoughthesestratgies
leadto analyticallycorrectsolutions they requirelong evalua-
tion times, mainly becausef the durationof the testing phase
[5]. Eventhe computationacomplexity of the feasibility test
could affect the effectivenesof the performance As a conse-
guenceof theseconsiderationst is notcompletelyclearhow to
selectandimplementtheseschemesn practicalsystems.Fur
thermore,the higher flexibility of CAC algorithmsbasedon
heuristics,especiallyin caseof power measurement§-CAC),
jointly with lower computationatompleity andhowever sig-
nificantly goodperformanceleadusto emphasizeheirrole.

In [6] we alreadyproposeda simplemodelthatallows a de-
scription of admissioncontrol proceduresasedon different
metrics.Our contribution hereis to extendthis model,by fram-
ing in it somealgorithmspresentedn the literature. We com-
parethe performanceof differentalgorithmsby examiningthe
trade-of betweencontrastingmetricsand also shov new ad-
missionstratgieswith novel heuristics.For example,mobility
of theuserq13] andrevenueearnedy theprovider [16] arein
the following analyzedanddiscusseds promisingalternatie
options.

This work is organizedasfollows: in Sectionll we present
thethresholdmodelthatdescribes-CAC algorithmsbasedon
differentmetrics,andwe frameknown algorithmsin themodel.
Moreover, we shov how it is possibleto derive new admission
controlstratejies,by simply introducingnovel heuristicsn the
model.In Sectionlll, by evaluatingthe performancewe intro-
ducea framevork for the evaluationmetricsthatcanbe useful
to setup thethresholdaccordingto QoSrequirementsSection
IV presentgossibilitiesto considernon-cowentionalheuris-



tics to performAdmissionControlin a moreefficientway, and
finally SectionV concludeghe paper

Il. A MODEL FOR T-CAC ALGORITHMS

To analyzethe T-CAC algorithmsfrom anabstracpoint-of-
view, let usassumehe availability of a quantity I, thatcanbe
consideredas representatie of the load of the network. This
hypothesisis the basisfor the heuristicadmissionprocedure,
asshawn in the thresholdmodelthat we alreadypresentedn
[6]. For the T-CAC algorithms,the key point is the definition
of avalue I, asedgeof the deadlockcondition. I shouldbe
keptbelow thisthresholdl,;,, whichis usuallydoneasfollows:
whenanew userrequests call, thealgorithmestimateshein-
creaseA thatthenew userwill causeo thecurrentvalueof I.
Theadmissiorcontrolis operatedy simply comparingl + Al
with Ii,. If T 4+ AT < I, thenew call is acceptedptherwise
it is rejected. In certaincasest canbe usefulto introducea
multi-dimensionathresholdj.e., to comparethe estimationof
theload andthe thresholdcomparisortwice or morewith dif-
ferentheuristicsasI. This allows to framein the modeldiffer-
entkinds of T-CAC algorithm,aswill be shavn in the follow-
ing. Thus,analgorithmis specifiedby thekind of I-parameter
the choiceof the thresholdl;;, andthe techniqueusedfor the
estimationof AT

A simplechoicefor thesevaluesis to choosethe numberof
admittedusersasI andtheexpectedncreaseeruserAr equal
to 1. In this case,the systemis equivalentto the TDMA and
FDMA networks, wherethe numberof available channeldor
thecallsis fixed: here,if the systemhasat leastonefree chan-
nel (frequeng or time slot) a new call canbe admitted. This
strata@y is calledN-CAC in the literature[2]. The weakpoint
of this algorithmis essentiallythatit doesnot considerthatthe
relationshipbetweertheloadandthenumberof userds notob-
vious,i.e.,thecapacityis softandnothard. We canthenexpect
that this approachwould be too conserative, sinceit mustbe
basedon worst-caseconsiderationsThe approacthof this pure
Hard Capacity algorithmcanbe improved by giving different
weightsto differentusersandthis improves the effectiveness
of the algorithm, even thoughit makesthe computationmore
complicatedIf theusersaresimilar, this algorithmstendsto be
equalto theN-CAC stratayy.

In the literature,anotherimportantclassof thresholdalgo-
rithms is consideredjn which the index I is the power (e.g.,
receved at the BS), or someotherrelatedmetric. Total power
measurementarein factwell-known indicatorsof the global
loadof thesystem[7]. Thisapproachs known asinterference-
(or Paver) basedCAC (I-CAC). In spite of the simplicity of
N-CAC algorithms,it canbe saidthatthe useof power metrics
correspondso a smalladditionaloverheadn the systemsince
in commonsituationghepowerlevel measurementrealready
partof thesystemprocedures.

In this classthe evaluationof the thresholdincreaseis not
trivial, sincethereare dispersiongdue to mobility and traffic
variations thatmayleadto errorsin theadmissiorphase Thus,
whereasl is obtainedwith a simple measurementlmostal-
waysperformedexactly without overloadingthe computational
resourceof the system estimatingAI implies a necessargap-

proximation. This meansthe possibility that different|-CAC
algorithmscopedifferentlywith this problem.

A solutionfor the problemmight be obtainedanalogously
to the interactve approachthoughwith lower compleity. In
fact, F-CAC algorithmsmay have an almostperfectevaluation
of AI, by usinga long negotiation phase over a control chan-
nel: asmentionedpreviously, the problemof this approachis
the time requiredfor it. Moreover, it may happenthat after
this setup,the systemdynamicshave completelychangedhe
stateof the network anda re-evaluationis necessaryHowever,
betweencompletelyheuristicand completelyinteractive algo-
rithms, thereare hybrid casesin which a shortnegotiationis
introducedin T-CAC algorithms.For thesereasonsevenalgo-
rithms with a very simplesetupphase pnly devotedto a more
correctevaluationof A, canbe framedin the model. Thisis
the caseof algorithmsin which this simply improvesthe esti-
mation,asin [3] and[8], but evenmorewhenthe estimationof
theloadincreasas indeedmpossiblewithoutthis phaseasthe
TPCAC algorithm[9].

Note thatthe more complicatedthe heuristic,the longerthe
computationakime. This is heavier if I is relatedto quanti-
tiesthatrequirealongtime to be correctlyestimated.Then,in
choosingaspecificl, onemustmalke surethatthe estimatiorof
AT requiresa sufficiently shorttime to be performed,depend-
ing onthenetwork requirementsThe problemof thisapproach
is thattheadwantageof theconceptuasimplicity maybelost. It
is possiblethatanalgorithmwith a conceptuallygoodheuristic
to describehetraffic load exhibits low performancedueto the
unavoidableapproximationsn the time constrainedstimation
of theloadincrease.

Anotherkind of algorithmavoidsthe problemof thecompu-
tationof theincreaseAI, by letting it equalto a fixed quantity
In acompletelyequivalentway, AI canbeconsideredqualto
0, by simply choosinga thresholdI;, thatdoesnot represent
the edgeof the overloadsituation,but is computedaccording
to a mamin, e.qg.,if I, is therealthresholdthatrepresentshe
congestionywe choosel}, = Iiy, — I, = kI, With < 1.

In this way the heuristicmodelis betterexploited, because
the numericalevaluationof the I-parameterss easier In the
choiceof the mamgin thereis a trade-of: without it, overload
canoccurtoo often. Onthe otherhand,too largea magin may
wastecapacityand the systemmight be too conserative: in
fact,if thenormaloperatingpointis betweenly;, — I, andI;;,
no admissionis performed,even thoughnew userswith low
requirementgouldbeaccepted.

Several algorithmsadoptasa matterof factthis procedure,
like the well-known RPCAC algorithm presentedn [9]: here
the heuristicI is the total receved power at the BS, andthe
thresholdis chosenaccordingto a maigin with € [0.8, 1J.
The RPCAC is probablythe algorithmthat bestrepresentshe
I-CAC class,becauseof its simplicity and good performance
due to direct use of the power and completelyinstantaneous
evaluation. Note, asa generalaspectbof the problem,that RP-
CAC algorithmis formulatedfor the uplink (whereasTPCAC
wasapplicableto thedownlink): in thefollowing, we will ana-
lyze only uplink-basedeuristics pbeingawarethatit is possible
to alsoextendtheseconsiderationso the downlink.

Otheralgorithmscanbe framedin the model: the algorithm



presentedn [7] usesan alternatie global measurementy !,

where~ is the SIR, intendedasthe signal-to-interferenceatio
measuredn thereverselink by theBS to whomthemobilere-

gquestsconnectionsothatthe thresholdmodelpreviously seen
is equivalentfor this algorithmto the feasibility of the tamget
SIR Ysar, being Iy, = 7;,-. Theauthorsof [10] usea multi-

dimensionaheuristicin which the I-CAC structureis consid-
erednotonly in the specificcell, but evenin the adjacentells
in whatis commonlycalledlooking around strateyy. Finally, in

[11] analgorithmis presentedn whichthenoiseriseis consid-
eredinsteadof the receved pawer: this simplifiesthe numeri-
cal evaluationandallows a moreeffective dimensioningof the
thresholdthatis still anopenproblem.

In fact,acommonpointfor the T-CAC algorithmsis thatthe
value of I, hasto be chosenby an empirical approachj.e.,
with testsimulations,so that the setupof the thresholdis not
always simple. Moreover, considerationgonnectedwith the
QoS imply several points of trade-of. For example,a more
consenrative choiceof I is suitablein orderto avoid unde-
siredcongestionn the system(thatmayleadto call dropping),
whereas highervalueof thethresholdallows moreusergo be
senedatthesametime.

Another point that is importantto highlight is that the N-
CAC and|-CAC hierarcly doesnot include every possibility
of heuristicthresholdAdmissionControl: in factthe presented
modelallows the descriptionof alsoconceptuallydifferental-
gorithms,in which the choserheuristiccannot be completely
referredto the N-CAC or I-CAC cases.For example,the con-
ceptof multi-thresholdoresentedh [12] leadsto amoregeneral
AdmissionControllerin which the basisis I-CAC but thetype
of multimediatraffic is relevant. The abore modelcanbe eas-
ily extendedo take into accountheseclass thresholds. In [13]
a multi-thresholdCAC with respectto mobility is described.
In thesecasesexternalparameterbesideshe interferencam-
provetheadmissiorstratgjies.Ontheotherhand,anopenpoint
for thesealgorithmsis thetrade-of thatappeardetweerglobal
performanceaandfairness.

Finally, thepresentednodelis acontritutionin itself if com-
binedwith theproperchoiceof heuristic,andcanleadto thede-
velopmenof original algorithms.An examplecanbetheuseof
the directevaluationof the revenue,assuggestedh [16], with
themodelpresentedhere.In this casea conceptuallynew algo-
rithm, thatcanbe consideredisRevenue-base@AC, couldbe
designedandthe presentednodelcanbeappliedwith theiden-
tification of I asthe revenueearnedby the provider. It seems
reasonabléo supposédhat the userspay accordingto the per
ceivedQoS,andanew admissiorwill causearevenueincrease
dueto the revenuefrom the new call, and a revenuedecrease
becauseof the lower servicelevel that the alreadyconnected
userswill perceve whenthe nev oneentersthe system.

With this consideration,the application of the threshold
modelis simple,sincetheadmissiorchoicereducedo theeval-
uation of whetherAT is positive or negative. The hard part
is the estimationof AI, that hasto be referredto economic
considerationgonnectedvith the subjectve perceptionof the
QoS,well beyondsimpleinterferencaneasurements.

Although this modelingtaskis not easy this stratgly seems
to bevery promising. Someinsightscanbe dravn from Figure
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Fig.1. Revenueandthroughputversusthe priceof theservice

1, wheretherevenueearneddy theprovider andthethroughput
for a WCDMA systemare plotted versusdifferent economic
conditions,in particularby changingthe price of the service.
Ourmodelcaptureshefactthatahigh pricedoesnotencourage
accesdgo thenetwork, sothatthe higherthetariff, thelowerthe
numberof customersHence the maximizationof the network
capacitydoesnot necessarilyalsogive the maximumrevenue.
It is in factclearthata network with a lower numberof users,
which achiese a betterquality andfor this reasorpay a higher
tariff, couldgive, undercertainconditionsa higherrevenue.

I1l. A FRAMEWORK FOR PARAMETER SETTING

We have performed simulationswith a simulator of the
WCDMA ervironment, in which some user dynamicshave
beenimplementedThesimulatedernvironmentpresenta users
deployment basedon a structureof 3 x 3 hexagonalcells
wrappedontoitself soasto have no “bordereffect” L.

We havetakeninto accounbothfastfadingandshadevingin
radio channelpropagtion, in additionto pathloss: fastfading
with thewell known multi-oscillatorJales’ simulator[14] and
shadaving with Gudmunsors correlationmodel[15]. Doppler
frequeng for the Jales’ simulatorhasbeensetequalto f. +
(v/\) hertz,wherev is mobilespeed) = f/c thewavelength,
equalto 0.16 in the simulator and f. is a constanterm equal
to 2 Hz 2. The parametenof the log-normaldistribution of the
shadaving is o = 4dB.

Callsaregenerate@ndterminatedaccordingo abirth—death
PoissomrocessWe considetuserswith speedhatis Gaussian
distributed and independentlyre-determineddvery 0.1 s, with
assignedneanandvariance.Thedirectionof themovementds
alsochangedby choosinga rotationangleuniformly between
—m /4 and+m /4. Theusers'mobility parameterarerandomly
determinedby assigningt to oneof four mobility classesvith
equalprobability;in practice we haveindeedfour Poissorpro-
cesses.The mobility propertiesfor eachclassare reportedin
Tablel. Forall admitteduserghe PCalgorithmtriesto guaran-
teeaminimumSIR y?%" = 4.5dB.

Let us analyzeN-CAC andI-CAC algorithms,with differ-
entthresholdvalues. The Figuresshavn in the following are
referredto the Hard Capacityand RPCAC algorithms, even

1Casenf 4 x 4 and5 x 5 cellshave alsobeenverified.

2This additionalconstanterm allows to take into accountthe ervironment
mobility, i.e., to assigna non-zeroDopplerfrequeng evento stationaryusers
withv = 0.
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classindex 1=0,1,2,3
users’meanspeed 4i m/s
standarddeviation
of users'speed 0.5¢ m/s
TABLE |

MOBILITY PARAMETERS OF THE USERS

thoughtheresultsarestill valid for otheralgorithmsof thesame
kind. The heuristicsare the numberof usersandthe total re-

ceivedpower, respectiely. In theN-CAC algorithm,thethresh-
old Ny, is measuredn userspercell. In thel-CAC algorithm,
differentvaluesof the thresholdP,;, correspondo differentre-

ceivedpower levels,normalizedo the averagepower contritu-

tion thata MS, 0.5d away from the BS (d is cell radius),gives
to P;,; whenit transmitsat maximumpower.

The studiedmetricsarethe probability of blockinga generic
userthatrequestdo be admitted(P,) andthe probability of be-
ing droppedfor auseralreadyin the systemdueto overloadof
thenetwork (P,) 2. Notethatcall droppingis generallyconsid-
eredmoreannging thanblockingin admission.Thesemetrics
areevaluatedasa function of the meanload of eachcell in the
network, expressedn erlang/cell.

ConsiderFigures2-5: they represent?, and P, for N-CAC
and|-CAC algorithmswith differentthresholdsWhen Vy,, for
N-CAC or Py, for I-CAC varies,blocking anddroppingprob-
abilities presentaninterestingtrade-of: whenthethresholdis
decreasedP, increaseswhereasP; decreasesThe curesin
Figures2-5 can be analyzedby meansof a generalbehaior
of the systemwith differenttraffic conditions. Note that, with

31n our simulationsjraceis keptof every users SIR, andif the SIR of auser
remainsbelav athresholdyt? = 42" —0.5dB (i.e.,v; < vt*) for aspecified
amountof time, congestioris detectedandthatuseris dropped.
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Fig. 4. Block probabilityfor I-CAC
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highervaluesof theload, the curvessaturatesincel is above

thresholdin every caseandfor this reasorthe network load is

roughly constant,sincemostusersare blocked and no further
admissionsareperformed.Thus, P, tendsto unity, whereasP;

tendsto a constantvaluet. This saturationimpliesthatthe ad-
missionthresholdcan not be consideredhe only tunablepa-
rameterto control the behaior of the system. In next Sec-
tion we will briefly presentesultsaboutmobility andtariff un-

der the point-of-view of the AdmissionControl. Hence,these
guantitiesare emphasizeds possibleadditional heuristicsto

improve the performancef the system.

IV. EXTENSIONS FOR THE THRESHOLD-BASED CAC

The AdmissionControl studiedin the previous Sectioncan
beconsideredfor severalaspectspversimplified.In particulay
the knowledgeaboutthe scenariois not completelyexploited,
andthis leadsto a degradationof the performanceMarny char
acteristicoof the usersareableto vary the effective capacityof
the system. Hence,an operatorshould be carefully awvare of
themwhendimensioningthe network andin particularfor the
setupof the AdmissionControlthreshold.

The first aspectwe investicate hereis the mobility of the
users. In an interference-limitedsystem, different valuesof
fading due to differentmobility patternsimply suddenvaria-
tions of the interference.On the other hand, stationaryusers
aredisadwantagedn recoveringfrom a situationof badchannel
conditionswith respecto veryfastusers.Thus,themobility of
theuseramightleadto change®f thecapacity In particular as
shawn in [13], meetingthe QoS constraintfor every mobility
classindividually is a strongerconditionthandoing it for the

4Note that this saturationbehaior is bettervisible with higher loads, not
shawn in the Figuressincein this casebothblocking anddroppingprobability
arevery high.



averageuser In fact, Figure 6 shaws that the droppingprob-

ability for eachmobility class,asdefinedin Tablel is not the

same.This situationof unfairness is highly undesirablesince
it decreasem practicethe capacityof thesystem.Mechanisms
of Mobility-adaptie thresholdhave beenproposedn [13] to

counteracthis effect.
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Fig. 6. Distribution of droppedusersvs. mobility classes
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Anotherpoint thatis often neglectedin the technicallitera-
tureis theeconomiccounterparbf theusers’managementAs
a matterof fact, the anng/anceof both block anddrop events
areoftendirectly connectedvith thetariffs usersarewilling to
pay Very high quality servicearelikely to be expensve due
to the QoSguaranteethatthe provider offers. Cornversely the
disappointmenin not receving sucha serviceis alsogreater
Hence,thereis an economicaspectexternalto the QoSin it-
self, thathowever participatesn determininghe satishctionof
theuserg(andalsoof the provider).

# of users admitted

02 0.4 0.6 0.8 1 12 14 16 18 2
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Fig. 7. Admissionratefor differentprices

The reaction of the usersto the tariff proposedby the
provider canbe modeledin the sameway astheir responseo
the given QoS. For this reasonwith the sameQoSa different
numberof userswill be admitted,dependingon the price: the
higherthe price, the fewer the users.Figure 7 representsuch
a behaior for a CDMA network, derived from the modelpro-
posedn [16]. It is shavn thatthenumberof usersaacceptinghe
offeredservicedecreasewhenthe priceincreasesndthis has
to betakeninto accounwhenthe CAC thresholds setted Both
AdmissionControlandpricing heavily affect the network load
andhaveto besimilarily addressedn certaincasesheeffort of
maximizingthe network capacityby meansf theright thresh-
old settingmightbepointlessijf atthesameimethepriceis not
properlychosenlin fact,from Figure7 it is highlightedthatthe
systemcapacityis notthe only boundto the numberof users:a
pricethatis too high, canalsobeapracticallimit. Ontheother
hand,alsotoo smalla tariff is likely unsatishctory(seeFigure
1), asit providesa low revenue.Eventhoughthe price setting
andthe estimationof theeconomicefficiengy of the Admission
Controlarenot trivial, a joint analysiscangive several useful
indications.In particular the ability of the CAC thresholdcan
be studiedto tunetheadmittedusersn amannercoherentvith

thetariffs thatthe provider is expectedo collect. We think that
for thisreasorthisfield will bedeeplyinvesticatedin thefuture,
dueto its importancefor the operators.

V. CONCLUSIONS

In this paper we modeledand discussedCall Admission
Control heuristic threshold algorithms, by shaving that a
plethoraof algorithmscanbeframedin the presente@nalysis.

Moreover, we developeda framewnork ablebothto describe
the behavior of the network andto give insightson the trade-
off betweerblocking anddroppingprobability The presented
analysiscanbe extendedto otherrelatedaspectasfairnessor
sensitvity of theresultsto traffic changes.

Anotherinterestingdirectionfor applicationds the possibil-
ity to developoriginal algorithmsby including alsootherorig-
inal metricsin the framewvork. In particular someconsidera-
tions have beenmade,aboutthe importanceof characterizing
the systemwith amodelwhichincludesbothtechnologicahnd
economicaspects.With theseextensionsthe performanceof
CAC in WCDMA systemsanbegreatlyimprovedandawider
spectrunof users’requirementganbetakeninto account.
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