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ABSTRACT

Heterogeneousnetworks(HetNets)canequalizetrafficloadsandcutdownthecostofdeployingcells.
Thus,itisregardedtobethesignificanttechniqueofthenext-generationcommunicationnetworks.
Due to the non-convexity nature of the channel allocation problem in HetNets, it is difficult to
designanoptimalapproachforallocatingchannels.Toensuretheuserqualityofserviceaswellas
thelong-termtotalnetworkutility,thisarticleproposesanewmethodthroughutilizingmulti-agent
reinforcement learning.Moreover, for thepurposeofsolvingcomputationalcomplexityproblem
causedbythelargeactionspace,deepreinforcementlearningisputforwardtolearnoptimalpolicy.
Anearly-optimalsolutionwithhighefficiencyandrapidconvergencespeedcouldbeobtainedby
thislearningmethod.Simulationresultsrevealthatthisnewmethodhasthebestperformancethan
othermethods.
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INTRodUCTIoN

Withthenumberofwirelessdevicesincreasingfast,mobilecommunicationnetworks(Kaushiket
al.,2019;Yueetal.,2019)areconfrontingtheenormouschallengeofincreasingnetworkcapacity
(Huangetal.,2017;Zhaoetal.,2017;Zhaoetal.,2019a).Densifyingexistingcellsusingthepico
basestation(PBS)withdifferenttransmitpowerandcoverageisaneffectivesolution.Heterogeneous
networks (HetNets) (Xiaetal.,2018;Helmyetal.,2018;Alhaboetal.,2019)make theservice
providerpossibletounloadtheuserequipment(UE)fromthemacrobasestation(MBS)tothePBS,
whichcannotonlybalancetrafficloadbutalsocutdownthecostofdeployingcells(Wuetal.,2018;
Papazafeiropoulosetal.,2018).Furthermore,sincethesamechannelcanbesharedbyPBSs,the
overallspectrumefficiencyofcellularnetworkscanbeimprovedaccordingly(Zhangetal.,2018;
Panahietal.,2018;).Therefore,HetNetshavebeenconsideredasaneffectiveapproachtoincrease
thenetworkcapacityandenergyefficiencyofcellularnetworks.
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ManyperformanceoptimizationissuescanbeseeninHetNets(Zhaoetal.,2019b),inwhich
channelallocationisacommonproblem(Daoetal.,2018;Xuetal.,2018).Channelallocationwas
consideredasanimportantmeasuretosolvetheissueofloadbalancinginHetNets.In(Zhaoetal.,
2018a;Wangetal.,2018;Wangetal.,2018),authorsinvestigatedtheproblemofchannelallocation.
However, the optimization problem has the non-convex features, obtaining a globally optimal
strategyisverydifficult.Manynewmethodshavebeendevelopedtosolvetheseproblems,suchas
Markovapproximation(Chenetal.,2013),game-theoreticapproach(Zhangetal.,2018)andlinear
programmingmethod(Elsherifetal.,2015).Almostaccurateandcompletenetworkinformationare
requiredtoeffectivelyobtaintheoptimalstrategiesforthesemethods.However,itishardtoachieve
completeinformation,whichmakesthecalculationoftheoptimalmaneuverintractabletohandle.
Inthispaper,reinforcementlearning(RL)isdeployedinHetNets.

RL methods (Katayama, 2016; Dulac-Arnold et al., 2016; Levine et al., 2017) can achieve
approximateoptimalstrategythroughinteractingwiththeenvironment.RLagentsdonotsimply
optimizethecurrentrewards,butalsotakelong-termgoalsintoaccount(Degrisetal.,2006;Dunget
al.,2006,Eremeevetal.,2018),whichisverysignificantfortime-varyingdynamicsystems.Policy
Gradient(PG)andQ-learningarewidelyutilizedRLapproaches.In(Chaietal.,2019),theauthors
utilizedthePGbasedalgorithmtoobtaintheoptimalpolicyforjointrateandpoweroptimization.
Theauthorsin(Asheralievaetal.,2016)proposedasubstantiveQ-learningalgorithmtocomplythe
schemeofpowerandchannelselection.IntheRLframework,thesubstantiveagentscanselectthe
correspondingactionwithoutcooperation,whichmaycausevolatilitybehaviorinlearningstrategies
(Taloretal.,2009;D’Eramoetal.,2017).Inaddition,consideringthatthebehaviorsofotherUEsmay
inevitablyaffectaUE’scumulativereward,multi-agentreinforcementlearning(MARL)(ElTantawy
etal.,2013)shouldbeconsidered.However,manyissuesofMARLneedtobeconsideredtoachieve
theoptimalstrategy,suchasmultipleequilibrium.

Moreover,channelallocationhasalargestatespace(Nguyenetal.,2019;Challitaetal.,2019;
Wangetal.,2019),itisdifficulttoacquireanoptimalstrategywithQ-learning.Throughcombining
deep neural network (DNN) (Mnih et al., 2015) withQ-learning, DeepQ-Network (DQN) (Al-
Jumeilyetal.,2015)caneffectivelyimprovelearningspeedandlearningperformance.AnotherRL
methodisPG,bycombingwiththeDNN,thePGapproachperformswellinregardtoconvergence
andsystemperformence.Recently,DRL-basedapproacheshavebeenusedinmanyfields,suchas
powerallocation(Chaoetal.,2019),cloudcomputing(Qingetal.,2019),channelaccess(Asuhaimi
etal.,2019).Inourpreviouswork,weadoptedtheDQNtosolvethemobilevideooffloadingproblem
inHetNets(Zhaoetal.,2018).However,littleworkisdonetoutilizetheDRLwaytotacklethe
channelallocationissue.

Inthispaper,weproposeachannelallocationprobleminHetNets.Inordertoachievethebetter
capacityofthewholesystemthroughsatisfyingtheUEs’QoSrequirement,weformulatethechannel
allocation issueasaMarkovDecisionProcess (MDP) (Slimenietal.,2015).We investigate the
optimalpolicytoallocatethechanneltoUEs.Consideringthecharacteristicsofcombinedfeatures
andnon-convex,anewMADRLstrategyisproposed.WeadoptMAAC(Multi-AgentActorCritic)
approachtoachievetheoptimalstrategy.Anear-optimalsolutioncanbeprovidedbyMAACwith
fasterconvergespeed.Simulationillustratesthatbettercapabilityhavebeenachievedcomparedwith
Q-learningandDQN.

eNVIRoNMeNT ModeL ANd PRoBLeM FoRMULATIoN

Atwo-tierheterogeneousnetworkisintroducedasshowninFigure1,whichcomprisedofK BSs
as well as N UEs randomly distributed in the network. The BSs set is characterized as
BS MBS PBS PBS

K
= { , ,..., }

1 1
,withindicesofBSssetdenotedas I K= −{ , ,..., }0 1 1 .Assume

thateachBSandeachUEequipsoneantennaandtheBSsworkonMsharedorthogonalchannels.
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