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ABSTRACT

Auser-centerednetworkmodelcansignificantlyoptimizeconnectivityissuesbetweenauserandthe
correspondingbasestation(BS).Thisarticleshallevaluatetheuser-centric(UC)modeltargetedfor
FifthGenerationtelecommunicationsystemsandwillattempttooptimizecommunicationbetween
usersandBSs.Theauthorssuggestaresource-awaremechanismthattargetsimprovingcoverage
throughthenetworkdecouplingintotwoseparateandindependentuplinkanddownlinknetworks.The
mechanismshallfullyrespecteachuser’sinitiallyrequestedthroughputdemandsandaimstosolve
thenetworkuserBSassociationproblemwithefficientresourcemanagementtechniques.Simulations
revealedthatthemechanismperfectlypreservesqualityofservice(QoS)andoffersincreaseddata
ratesinfavorofultimateusercoverage,inbothscenarios.Additionally,FrequencyRange2offers
anincreasedamountofresources,bothincreaseddataratesandhigheramountsofdevicesthatare
coveredbytheoverallnetwork.
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INTRoDUCTIoN

Upcoming5Gnetworksareexpectedtoenabledatatransmissionsofultra-high-speeds,nearlyx1000
timesfasterthanthespeedsofcurrentLongTermEvolution(LTE)networks,supportasignificantly
largernumberofuserdevices(x10uptox100timesmoredevices),provideultra-lowlatencies(≤
1ms)thatare5timeslowerthanexistingLTElatenciesandprolongdevicebatterylifetimes(x10
times). Such networks should also be capable of satisfying the variant requirements of network
services, such as enhanced mobile broadband (eMBB), massive machine type communication
(mMTC),andultra-reliableandlowlatencycommunication(URLLC).Thefactthateachandevery
oneoftheaforementionedservicesareinneedofdifferentrequirements(e.g.,eMBBservicesrequire
veryhighbandwidthandmMTCservicesrequireultra-denseconnectivity),itgoeswithoutsaying
thathomogeneousnetworkswouldneverbeabletoefficientlysatisfysuchservices.Asaresult,5G
networkscomeintoplaywithsufficientresourcesbyusingnetworkfunctionvirtualization(NFV)and
SoftwareDefinedNetworking(SDN)technologies,whereusingnetworksoftwarizationtechniques,
networkoperatorsmaysetup,configureandcontrolnetworkslices(InternationalTelecommunication
Union,2015;InternationalTelecommunicationUnion,2018).
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Havingconsideredalltheabove,theauthorsshouldbeabletocomprehendwhysuchbigamounts
ofcomplexdataneedtobeprocessedsothatoperatorsmayefficientlydesign,construct,deployand
managenetworkslicestosatisfytheusers’QualityofService(QoS)needs.Meanwhile,according
toGhalebetal.(2018),transmissionpowerlimitationsinarecurrentlybeingconfrontedthrough
verylowcoderatesandmodulationschemesofhighorder,anapproachwhichresultsinhighlevels
ofspectralefficiency(SE).Thus,5GHetNetarchitectureshouldeventuallyturnfromtheexisting
modelsthatareconsiderednetwork-centric(NC)intomodelsthatareuser-centric(UC).Suchmodels
canprovideimprovedconnectionbetweennetworkusersandBaseStations(BSs)insideHetNets.
WhatisdifferentisthatfactthataHetNetchoosestodecouplethehomogeneousnetworkintotwo
independentnetworks,whicharethedownlink(DL)andtheuplink(UL)networks.AUserEquipment
(UE)takesadvantageofthisdecouplingandnowmayconnecttodifferentBSsintheULandDL,
providingincreasedfreedomtothedecouplednetworks.Furthermore,HetNetsaregenerallyexpected
toextendtheexistingmacrocellinfrastructuresthoughsmallcelldeploymentsplacedclosetothe
macrocellborders,inordertoofferextendedcoverageanddataratesforUEsnearthemacrocell’s
borders.TheoptimalModulationandCodingScheme(MCS)isnecessarytobeselected,duetothe
factthatwilldefinethepracticalthroughputforauserthatislinkedtoaBS.

In thiswork, theauthorswillpresenta resource-awaremechanismthat targetsat improving
networkcoveragethroughthedecouplingofadenseHetNetintotheULandDLnetworks.Increased
demands and requirements that 5G networks expect are satisfied covered by incorporating and
applyingthe5GNRradiointerfaceprotocol.Theproposedmechanismfullypreservesusers’QoS
andprovideshigherdataratesthanthoseinitiallyrequested,butinfavorofcoverageforallnetwork
users.ThealgorithmrequiresknowledgeoftheResourceBlock(RB)demandsforeachdeviceand
beginsiterating,startingfromusersthathavethelowestRBdemands,sothatthemaximumnumber
ofusers issatisfied.Datathroughputsderivefromtheappropriateselectionof theoptimalMCS
inside each distinct macrocell area. The authors perform the simulations in both applicable 5G
physicallayerscenarios,whicharethesettingsofFrequencyRange1(FR1)andFrequencyRange2
(FR2).Simulationresultsrevealedthattheproposedmechanismdoesindeedsucceedatrespecting
users’QoSdemandsandendsupprovidinggreatlyaugmenteddataratesthanoriginallyrequested,
aspromised.Furthermore,thefactthatFrequencyRange2offersanincreasedamountofresources,
itisrevealedthatthisequivalentsimulationprovidesbothincreaseddataratesandhigheramounts
ofdevicesthatarecoveredbytheoverallnetwork.

BACKGRoUND

Ghalebetal. (2018)proposedaUCsolution that ispower-efficient fordenseHetNetsandaims
reducingtheoverallenergyconsumptioninthenetwork,whilealsorespectingtherequestedQoS
demandsoftheusers.UsingtheupcomingUCmodel,theauthorsformulatedanoptimizationproblem
thatminimizestotalpowerconsumptionandsuggestedalowcomplexityalgorithmthatefficiently
associatesUEsandBSsinsideanLTE-AHetNet.EvaluationswerecarriedoutbycomparingtheUC
modelversustheNetworkCentric(NC)modelandresultsshowedthatiftheUCmodelisfollowed,
theHetNetexperiencessignificantenergysavingsandincreasedoverallsystemcapacity.Comingfrom
Kim(2015),thepaperauthorsstudied5GrequirementsrelatedtoMCSandacceptedhighSEwill
beoneofthemostimportantrequirementsforfuturewirelessnetworks,whichgenerallyisobtained
throughtheadoptionofamodulationofhighorder,alongsidewithverylowcoderates.Thepaper
alsoreviewedcandidateerrorcorrectioncodingschemesfor5Gnetworksandthenevaluatedthe
performancesofcandidateerrorcorrectioncodingcodes.Bourasetal.(2012)studiedatotaloffour
differentapproachesonefficientlychoosingtheoptimalMCSinsidethephysicallayerofthenetwork,
soastooptimizeover-the-airSEanddevelopedfourdifferentscenariosapplicableindifferentreal-
lifesituations.Inthispaper,eachapproachcorrespondedtodifferentusers’distributionandtraffic
conditionsandduringthesimulationscenarios,SEmeasurementsdictatediftheapproachprovided
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thetargetedSEfortheequivalentscenario.Elshaeretal.(2014)proposedadeploymentscenariofor
anetworkthatadoptstheLongTermEvolution(LTE)protocolbydecouplingthenetworkintoDL
andULandthenproposedaDLassociationsolutionthatwasheavilybasedonthereceivingpower
andontheotherhand,anULassociationthatwasbasedonthepathloss.Asforthesimulations,the
5GnetworkwassimulatedbasedonVodafone’sLTEfieldtrialnetworkinadenseurbanareaand
additionally,realistictrafficmapswereaccuratelybasedoncurrentnetworkmeasurement.

ComingfromWang(2017),innovativemultipleaccesstechnologiesfornextgenerationnetworks
weretestedinafieldtrialthatwasclassifiedasa5Gnetwork.Authorsshowedtheperformancesof
threekey5GtechnologiesasfarasSEisconcerned(Sparsecodemultipleaccess(SCMA),polarcodes
andfilteredOFDM(f-OFDM)).ThesimulationresultsshowedthatbyadoptingtheLTEprotocol,
OrthogonalFrequencyDivisionMultipleAccess(OFDMA)andturbocodingprovideincreasedSE.
Mesodiakakietal.(2016)achievedaugmentationofthepowerandspectralefficiencyofthenetwork
whilealsorespectingusers’QoSdemands,followedbyauserassociationalgorithmthatsolvesthe
UE-BSassociationproblemefficiently,regardingthelowestenergyconsumptionperBS.Todoso,
theproblemwasformulatedasageneralizedassignmentproblemwhichconsideredbothcapacityand
energyconsumptionintheaccessnetworkandatthedirectbackhaullinks,aproblemthatwaslater
onclassifiedasNP-hard.Peraltaetal.(2018)followed5GNewRadio(NR)wirelesscommunication
technicalspecificationsandthenstudiedavarietyofchannelscenariosthatwerebasedonvariable
bandwidthsandsub-carrierspacings.SimulationsrevealedthatachievableuserdataratesandBlock
ErrorRates (BER) thatkeep in linewith the low-densityparity-check (LDPC)approachendup
offeringaugmentedperformances,ifoneadoptstheLDPCcodingscheme.

FromCaietal.(2016),adynamicpowercontrolsystemmechanismwasproposedthatallowed
macrocellBSstoalsodealwithnetworkissuesoutsidetheareacoveredfromsmallcellinstallations
andwhennecessary,alteredtheeoperatingstateofthesmallcells.Byfirstconsideringthatusers
wereuniformlydistributedinthenetwork,theproblemwasformulatedtowardsamoregeneralcase
whereusersarenon-uniformlydistributedandthusanNP-hardproblem,whichwastackledbya
location-and-density-basedoperationschemeinordertoachievenear-optimumperformancelosses.
Richteretal. (2009)experimentedon thedifferent layersofsmallcellBSsdeployed inexisting
macrocellcoverageareas,soastoreduceoverallenergylevelsofconsumption.Aftersimulating
thedeploymentstrategiesonpowerconsumptionofmobileradionetworks,simulationsrevealedthat
whenthenetwork’strafficloadisfull,thenusingmicroBSsonlyhasamoderateeffectintheoverall
system’spowerconsumption.RadwanandRodriquez(2017)proposedanovelnetworksystemthat
cansupportmultiplenetworkdeviceswithincreaseddatarates,lowerlatenciesandenergylevelsof
consumptionthroughtheformulationofacloudnetworkofsmallcelldeployment.FromGhalebet
al.(2013),networkthroughputvariancesareevaluatedbasedonavarietyofimplementedmodes,
andfinally,Lahadetal.(2018)suggestedtheuseoftime-divisionduplexing(TDD)thatcanallocate
DLandULresourcesthroughdynamicmechanismsovera5GHetNet.

Extensive work has already been done in the field of QoS provisioning in wireless
telecommunicationnetworks.Morespecifically,Avocanhetal.(2014)acknowledgedthefactthat
LTEwasundoubtedlybecomingasignificantforceinmobileRadioAccessTechnologies(RAT)
anddevelopedatwo-levelpacketschedulerthatoffersstrictdelayboundsandpromisedverylow
packet losses rates formultimediaservices.Though theproposedpacketschedulingscheme, the
simulations revealed that theproposedschemeoptimizedmultimediaservicesperformancesand
optimalQoSsupportforLTEnetworks.Comsaetal.(2018)proposedaschedulingsolutionbased
onReinforcementLearning(RL)inorderforthenetworktobeabletosatisfyhigherQoSdemands
when facing against unpredictable network conditions and dynamic user congestion in wireless
networks.Thesuggestedinnovativeframeworkwastestedandwasrevealedthat itoutperformed
conventionalpacketschedulingstrategiesregardingpackettropratesandpacketdelays,whileatthe
sametime,itpreservedthestrictQoSrequirementsfromservicesandapplications.Again,Comsa
et al. (2019) performed a research comparison on existent RL mechanisms on schedulers that
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compliedwithOrthogonalFrequency-DivisionMultipleAccess(OFDMA).Thesimulationresults
showedthattheinnovativeproposedframeworkagainmanagedtoperformoptimally,comparedto
existingschedulingalgorithms.Continuingtheirwork,Comsaetal.(2020)tackledtheissueofthe
increasingdemandforbandwidth-hungryservicesandpreservingtheQoSrequirementsinHetNets
andcameforwardwiththeproposalofasmartschedulingframeworkthataimedtooptimizeQoS
performancesviaRLandneuralnetworks.Afterevaluatingtheframework,itwasrevealedthatthe
5MARTframeworkmanagedtoachieveupto50%improvementsregardingtimefractions,while
simultaneouslyrespectingtheheterogeneousQoSdemands,comparedwithexistentstate-of-the-art
schedulingapproaches.Khanetal.(2012)consideredonlyDLschedulingintheMediumAccess
Layer(MAC)thatalsocompliedwithOFDMAandproceededatsuggestinganOpportunisticPacket
LossFair(OPLF)schedulingalgorithm.Themechanismoverperformedexistingalgorithms,likethe
ModifiedLargestWeightedDelayFirst(M-LWDF),theProportionalFair(PF)andthePacketLoss
Fair(PLF),regardingmetricssuchasthroughputanduserfairness.Lastly,Proebsteretal.(2010)
contributedthroughaself-optimizingschedulerwithadjustablefairnessbetweenusers.Thisapproach,
alluser-intendedlevelsoffairnessaremaintainedinscenarioswherenetworkarecongestedwithusers,
resultingindataratesenhancements.Ourcontributiontakesintoconsiderationtheaforementioned
approachesandespeciallythoserelatedtopreservingthestrictQoSrequirementsinsituationswhere
thenetworkhastoserveextendedamountsofusersandstrivestowardsefficientlymanagingphysical
resourcesinuser-congestedsituation,whilesimultaneouslyperseveringtheinitialQoSuserdemands.

SySTEM MoDEL

Movingovertotheformulationofthesystemmodel,theauthorsfocustheinterestinanurban5G
HetNetareaandsupposethatallcellshasfixedsizesandradiusesandinsideeverycell,onlyoneBS
existsandisplacedinthecenterofthecell.Accordingtothetechnicalspecificationsfor5Gnetworks
undertheNRradiointerfaceprotocol(ThirdGenerationPartnershipProject,2018a),inthephysical
layerofthenetwork,theconventionalOrthogonalFrequencyDivisionMultiplexing(OFDM)isused
fortheDLnetworkwithnormalcyclicprefix,whiletheULnetworkcomplieswithconventional.A
uniformdistributionoftheavailablesystemfrequencyintoResourceBlocks(RBs)isalsoenvisioned
forthemodel,supplyingeachRBwith12sub-carriers,alwaysaccordingtothespecification.The
proposedUCmodelofthenetworkcanbeseenbelowinFigure1.

Now,fortheurbandeploymentscenario,theauthorswillformthenecessaryequationsforthe
pathlossmodels,bothforthemacrocellandthesmallcellinfrastructures,whichareconsidered
identicalintheDLandULnetworks(ThirdGenerationPartnershipProject,2016).Thepropagation
modelforthemacrocelltierisasaccurateas:

PL d
macro
= + ⋅ ( )128 1 37 6

10
. . log  (1)

wheredisthenorm-2distanceinkilometersbetweentheuserandthemacrocellBS.Thesmallcells’
propagationmodeliscomputedasfollows(ThirdGenerationPartnershipProject,2013):

PL d
small
= + ⋅ ( )140 7 36 7

10
. . log  (2)

wheredisagainthenorm-2user-smallcelldistanceinkilometers.Itshouldbenotedhoweverthat
thesystemmodelconsidersnowalllosses.BothPL

macro
andPL

small
aremeasuredindB.Thechannel

gainisidenticalfortheULandDLandiscalculatedas:



International Journal of Wireless Networks and Broadband Technologies
Volume 9 • Issue 2 • July-December 2020

47

G GUL DL
PL

= =
−

� 10 10  (3)

IfauserwishedtoassociatehimselftoanequivalentBS,thenthisuserwillbeservedwitha
specificnumberofRBprovidedbythatBS.AccordingtoThirdGenerationPartnershipProject(2016),
iftheinitialuserdemandsarepre-determined,theuser’sRBdemandsdependa)fromthepre-defined
throughputdemands,b)theavailablechannelbandwidthandc)theSignal-to-interference-plus-noise
ratio(SINR).TheRBdemandsareexpressedas:

rb
th

B SINR
j i

j

RB j i

,

,
log

=
⋅ +( )















2

1
 (4)

wherethe⌈∙⌉operatoristhefunctionthatceilstothenextequalorgreaterinteger,th
j
isforthedata

ratedemandsoftheuser,B
RB

istheRB’sbandwidthandSINR
j i,

istheSINRfromtheUE’side.
DuetothefactthattheauthorsselecttoroundtheRBdemandstowardsthenextinteger,mostofthe
networkuserswillreceivemorebandwidththandemanded,afactorthatwillresultinpreservingthe
QoSforallthenetworkusersservedfromaBS.

MovingtotheDLnetwork,theauthorsadopttheOFDMprotocol.SupposingthatSINR
i j
DL
,

be
theSINRmeasuredfroman ith BStoa j th UE,theSINR,accordingtoGoldsmith(2015),canbe
expressedas:
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whereP
i
rad isthepoweremittedfromtheBS,G

i j,
referstotheUE-BSchannelgain,N

0
depicts

the white noise power spectral density and  ∆f  corresponds to the sub-carrier spacing (SCS).

Figure 1. The UC model scenario
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Furthermore, P G
i
rad

i i j′′ ′∑ ⋅
,

referstothesummationofthepowerthatradiatesfromeveryother
BSsexceptthe  ith BSthatmultiplieswiththechannelgainfortheseBSsandtheequivalent j th UE.
ItshouldbenotedthatallmeasurementsaremadeoverRBsandnotoversub-carriers.

Inordertooptimallymakegooduseofthechannel’sbandwidthcapacity,theauthorspropose
thatadaptiveMCSmustbefollowed.Whenthe j th UElinksupwithanith BS,userdemandsderive
from the amount of RBs it and the equivalent SINR. If the authors consider R

j i
DL
,

 as the user’s
throughputintheDLnetwork,thenfromBourasetal.(2012):
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where r correspondstothecardinalityoftheRBsneededfortheuser’sdemands,W
RB

isRB’s
bandwidth,cr

SINR
correspondstothecoderateoftheMCSandBLER

SINR
denotestheSINR-dependent

BER.
FortheULnetworkthatalsoadoptsOFDM,letSINR

j i
UL
,

betheSINRmeasuredfromanith BS
toa j th UEmeasuredas(seeGhalebetal.2018):
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whereP
j
rad istheUE’semittedpower,G

j i,
isthechannelgainbetweentheUEandtheBS,N

0
and

 ∆f areasstatedintheDLmodeland P G
i
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',

isthesummationfromeachnetworkuser

exceptthe j th one,ofthemultiplicationbetweentheemittedpowerfromtheUEandthechannel
gainbetweentheuserandtheBS.IfR

j i
UL
,

denotestheuser’sthroughputintheULnetwork,then:
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whereW
s
isthebandwidthofthesub-carrier,N

s
UL correspondstothecardinalityofthesub-carriers

thatarenecessaryintheULnetwork, cr
SINR

 is themodulation’scoderateandlastbutnotleast,
BLER

SINR
referstotheBERthatdependsontheSINRoftheULnetwork.

InordertotransformtheSINRmeasurementsin(dB),theauthorstransformEquations(5)and
(7)into:
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PRoPoSED MECHANISM

Main Architecture
ThesuggestedalgorithmallowsaUEtoassociatewithdifferentBSsintheDLandULseparated
networks,dependingonwhichconnectionisoptimalinthenowdecoupledDLanULnetworks.The
algorithmtargetsatmaximizingtheaverageuserdataratesinsidethemacrocellarea,butwithout
necessarilyprovidingoptimalcoveragetowardsallusers(achievingbothofthemasofnowisquite
a task).Theproposedmechanismtakes intoconsideration theusers’ initialRBdemands iterates
fromtheUEswiththelowestRBdemands.Thishappenssothatbothnetworkscansatisfyasmany
networkusersaspossible.AsfartheMCSisconcerned,theauthorsattempttolinkeachuserwith
theappropriateMCSandlateron,eachMCSwillbemappeditscorrespondingChannelQuality
Indicator(CQI).Thiswillprovideinoverall15MCS-CQIsets,asdescribedinThirdGeneration
PartnershipProject(2019).

ThealgorithmrequiresinformationabouttheavailableRBsofeachBS,SINRcalculationsfrom
eachBStoeachUEandvice-versaandtheinitialuserRBdemands.Althisinformationisneededin
bothdecoupledULandDLnetworks.Then,repetitively,everydevicewillattempttolinkwiththe
bestavailableBScandidateupuntilitsinitialthroughputdemandsaresatisfied.Uponconnection,all
userswillexperiencehigherdataratedthanrequested,duetothefactthateachuser’sRBdemands
areroundedtowardsthenextinteger,sothevastmajorityoftheuserswilleventuallybesupplied
withmorebandwidththanwhattheyrequested.EachUE-BSassociationispossibleonlyiftheBS
hastherequiredamountofremainingRBs.Ifthisisn’tthecase,theauthorsiteratethenextbestBS
candidate,upuntilthenextbestBSislocated.Theassociationmechanismispresentedbelowfor
boththecasesoftheDLandtheULnetworks:

PERFoRMANCE EVALUATIoN

Inthissection,theauthorswillthoroughlypresenttheMATLABsimulationanditsresultsthatderive
fromtheproposedmechanism,underthe5GNRspecifications.Asforthegeographicalarea,the
authorsconsideratwo-levelringtopology,wherethemain7macrocellsinthecenterofthetopology
arethemacrocellswhereusersspawnandtheauthorsareinterestedatandatotalof12additionalmacro
cellsaddedaroundthemainmacrocells.Thisisnecessaryinordertosimulateareal-lifescenario,
whereactualinterferenceisexperiencedfromneighboringcells(ignoringneighboringinterference
fromothercellswouldneverprovideobjectiveresults).AllmacrocellBSsaresituatedatthecell
centerandsurroundedby3smallcells.Thedecisiontoplaceallsmallcellsclosetothemacrocell
bordersisduetothefactthatusersthatareclosetothecellbordersexperiencepoornetworkcoverage,
alongsidewithincreasedinterferencelevelsfromneighboringcells.Suchproblemsareenvisionedto
betackledthroughsmallcellsdeployments.Inordertoprovidethemaximumapplicabledatarates
tothenetworkusers,theauthorssetallBSstooperateatmaximumpowerlevels.

Networkuserswillmostprobablyberandomlyplacedinsidemacrocellinfrastructuresinwhich
theauthorsareinterestedinthesimulationsandinitialuserthroughputdemandsarerandomlyassigned
toULandDLnetworkusers.Morespecifically,UEsaregivena90%chanceofspawninginsidethe
macrocellareaofinterestthatanda10%chancetospawninareascoveredbyadditionalrings.This
isnecessarysothattheauthorsstudyscenariosthatcellshavetocopewithaugmentedamountsof
usersinsideourareaofinterest,whichisthecentralmacrocelldeployment(macrocells1-7).The
ideaofplacingthenetworkdevicesuniformly(withequalpossibilities)insideallmacrocellswas
discarded,simplybecausetheinterestisinstudyingthebehaviorofthedecouplednetworksthat
dealwithextensiveusercongestionandhowwellthemechanismcouldrespondtosuchnetworking
scenarios.StudyingthedecoupledDLnetwork,UEshavea10%chanceofdemanding8Mbps,40%
chanceofdemanding4Mbpsand50%chanceofdemanding2Mbps.AsfarastheULnetworkis
concerned,usershavea10%ofdemanding4Mbps,30%chanceofdemanding2Mbpsand60%
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chanceofdemanding1Mbps.Inthesimulations,usersmaystartfrom100andcanreachupto400
inordertostudydense5GHetNetscenarios.Figure2presentstheMATLABsimulationdeployment
scenariothatassumes100networkusers,whereblackdotsrepresentUEs,blacktrianglesrepresent
macrocellstations,redtrianglesrepresentsmallcellstationsandredcirclesrepresentthecoverage
areaofeachsmallcellinstallation.

Algorithm 1. Association algorithm for the DL network

Algorithm 2. Association algorithm for the UL network
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Asfarasthesimulationscenariosasconcerned,theauthorsconsiderthemaximumapplicable
transmissionbandwidthlevelsforboth5GNRdeploymentscenarios(FR1andFR2).Thisresultsinto
theFR1configurationof100MHzandtheFR2configurationof200MHz.TheamountofRBseach
BSpossessesderivesisasaccurateasstatedinMesodiakakietal.(2016).theauthorswillsimulatethe
proposedalgorithmsforboth5GNRdeploymentsettingsthatbestsimulatea5Gnetwork.According
toPeraltaetal.(2018),usinglargerSCSshortenstheslotdurationandenablesfastdatatransmission
andbecauseofthat,theauthorsconsideraspossibleSCSsonlythesettingsthatmaximizethenumber
ofRBsforbothnetworks(theauthorshavealreadystatedthatthemechanismwouldbeefficientin
termsofresourceallocation/managementinsidebothdecouplednetworks).Morespecifically,forthe
FR1setting,theauthorsselectthe30kHzasapplicableSCSandthe60kHzfortheconfigurationof
theFR2deploymentscenario.AsstatedinRelease15,theavailableamountofRBsperBSdepends
onthesub-carrierconfigurationandmaydifferacrossdifferentsub-carriersettings.

Intermsofevaluatingthemechanism,theauthorswillbeimplementingthemechanisminside
adenseurbanHetNetandcheckingwhetheritreachesthethroughputgoalsthroughoptimalMCS
selection inside each distinct macro cell area. Evaluation metrics include a) calculating UE-BS
successfulassociationsoverbothnetworks,b)dataratesmeasurementsandc)SINRcomparisons.
AllmetricsaremeasuredforboththedecoupledULandDLnetworks.Thesimulationparametersare
asaccurateasthetechnicalspecificationsofthe3GPPorganization(ThirdGenerationPartnership
Project,2013;ThirdGenerationPartnershipProject,2016;ThirdGenerationPartnershipProject,
2018a;ThirdGenerationPartnershipProject,2018b).Theoverallinformationissummarizedbelow
inTable1.

InFigures3and4,onemayseethetotalnumberofmacrocellandsmallcellconnectionsduring
theFR1andFR2deploymentsimulationscenariosforthecasesof30kHzand60kHzfortheSCS,
respectively.TheonlywayforaUEtosuccessfullyconnecttoaBSinsideeachdecouplednetwork
iswhentheBShastheresourcesneededtoprovidetheavailableRBstothatspecificUE.These
demandsderivefromEquation(4)andprettymuchdependontheuser’sinitialthroughputdemands.
FortheDLnetwork,whenthenumberofsimulatednetworkUEsaugments,itisgettingharderand
harderforUEstoefficientlyconnecttotheoptimalBSandasaresult,theyareeventuallyforcedto

Figure 2. MATLAB deployment scenario for the case of 100 UEs
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relyonasmallcelltoservertheirneeds(withalargeamountofdevices,macrocellRBsrunoutat
higherrates).ThisphenomenoncanbeseeninFigure3,wherewhilenetworkUEstendtoaugment,
thepercentageofuserconnectionstomacrocellsdecreases,butthepercentageofuserconnections
tosmallcellincreases,justastheauthorsexpectedinatheoreticallevel.

MovingovertoevaluationthedifferentSCSsetups,theselectionof60KHZseemstobethe
dominantcaseformacrocellconnections,whereasthesetupof30KHzispreferableforsmallcell
connections.Again,focusingontheDLnetwork,thereasonwhythe30KHzconfigurationisoptimal
formacrocellswhilethe60KHzconfigurationisoptimalforsmallcellsisdirectlylinkedtothe
numberofRBsoftheequivalentSCSsetup.Inmoredetail,Table1suggestsatotalof273available
RBsfortheFR160KHzsetupandeachRBisequippedwithabandwidthof360KHz.Forthe60
KHzsetupintheFR2scenario,theavailableRBsareequalto264,butcarryaugmentedbandwidth
of720KHz(perRB).SincethesuggestedalgorithmroundstheRBdemandstowardsthenextinteger
andUEsthateventuallylinkupwithaBSusealltheRBstheydemanded,whenusershaveincreased
demandsandonlymacrocellstocoverthem,itwouldbepreferablefortheapproachmoretosupply
theBSswithmoreresourcesthantoreducethemandincreasethebandwidth.But,thisisn’talways
thecase,simplybecausewhenusersmanagetolinkupwithsmallcells,thisspecificassociations
happensbecausetheRBdemandsoftheseuserscanbealreadymetbysmallcells,whichhaveless

Table 1. Simulation parameters from the deployment scenarios

Parameter FR1 Scenario FR2 Scenario

Macrocells 19 19

Smallcells 21 21

ModulationScheme Adjustable Adjustable

DLBandwidth 100MHz 200MHz

ULBandwidth 100MHz 200MHz

ResourceBlocks(perBS) 273 264

CarrierFrequency 3.5GHz 30GHz

RBBandwidth 360KHz 720KHz

CyclePrefix Normal Normal

SCS 30 60

Whitenoisedensity -174dBm/Hz -174dBm/Hz

MacroCellinter-sitedistance 750m 750m

MacrocellRadius 375m 375m

SmallCellRadius 50m 50m

BSAntennaType Omni-directional Omni-directional

UEAntennaType Omni-directional Omni-directional

MacroBSP
i max
rad
, 30Watt 30Watt

SmallBSP
i max
rad
, 1Watt 1Watt

UEP
j max
rad
, 0.2Watt 0.2Watt
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availableRBscomparedtomacrocells(inthiscase,the30KHzconfigurationofFR2isevaluated
aspreferable).

IftheauthorswantedtocomparetheperformancesofbothDLandULnetworks,thentheauthors
canclearlyseethattheULnetworkoffersaugmentedsmallcellassociations.Thisoccursbecause
inthedecoupledULnetwork,usershavesignificantlylessthroughputdemandsthantheusersofa
DLnetwork.ThisresultsinlessneedsforRBdemandsandlateron,tobetterchancesoflocating
themostefficient/optimalsmallcellthatcanserverthem.Also,thedecoupledULnetworkoffers
almostidenticalperformancesinforbothFR1andFR2scenarios,regardlessoftheSCSselection.
Thisresultrevealsahiddenfact,whichisnootherthanthefactthatanoptimalSCSselectionis
efficiently applicable in scenarios where users have significantly increased throughput demands
(mostlyreferringtoDLnetworks).

Figure5andFigure6presenttheaverageuserthroughputinbothFR1andFR2scenarios(the
authorsonlytakeintoaccountusersthathavesuccessfullyestablishedaconnectionwithaBS).From
Equations(6)and(8),theauthorsareawarethatuserthroughputisdependentfromtheamountof
receivedRBs,theRBbandwidthandthecodingratefromtheaverageoptimalMCSselectedfor
themacrocellarea.Aftersimulatingandevaluationtheproposedmechanism,theMCSselectionof
‘64QAM’wasdeemedpreferable,becausetheCQIsetthatcomesalongwiththismodulationscheme
managestomaximizeuserdataratesinsideaspecificmacrocellgeographicalarea.

AsfarasaverageSINRisconcerned,intheDLnetwork,SINRishigherformacrocellconnections
comparedtosmallcellconnections(seeFigure7).ThisoccursbecauseofthefactthatintheDL
network,userRBdemandsaresignificantlyhigherthantheULnetworkandasaresult,devicesshall
relymoreonmacrocellBSs,becausemacrocellBSsofferhigherfrequencyresourcesduetotheir

Figure 3. [DL] Macro cell-small cell connections for FR1/FR2 scenarios
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Figure 4. [UL] Macro cell-small cell connections for FR1/FR2 scenarios

Figure 5. [DL] Average data rates for FR1/FR2 scenarios
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Figure 6. [UL] Average data rates for FR1/FR2 scenarios

Figure 7. Macro cell and small cell average SINR in DL and UL
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poweremissions.Ontheotherhand,intheULnetwork,userRBdemandsarelowerandthus,many
userscanbeservedfromsmallcellsinstallations.ThisdoesnotalterthefactthatalsointheUL
network,moreusersareservedfrommacrocellsratherthanfromsmallcells,butithighlightsthe
needforsmallcells,sincethemacrocell–smallcelldifferenceintheDLnetworkissignificantly
higher from thedifference in theULnetwork, suggesting that small cellsprovedveryeffective,
especiallyforULdeployments.

TheincreasedamountfrequencyresourcesthatFR2setupcanofferplaysafarmoreimportant
roleinuserdataratesthaninassociatingusersandBSs(seeFigure3andFigure4).Inorderto
maximizeuserthroughput(andthisappliesinbothDLandULdecouplednetworks),themaximum
availableSCSselectionmustbeapplied,whichisofcoursetheselectionofthe60KHzfortheFR2
deploymentscenario.ThiscanalsobeseeninFigure5andFigure6,wherethemaximumselectionof
60KHzthatFR2providesasSCSisoptimalforbothDLandULnetworks.Thereasonbehindsthis
liestothefactthattheFR2setup,accordingtothe5GNRspecifications,canaugmenttheavailable
bandwidthofeachRBfrom360KHZ(FR1)to720KHzandaccordingtoEquations(6)and(8),
higherbandwidthresultsinhigheruserdatarates.

Fromtheexperiments,allsimulationresultsforallexperimentsarepresentedbelowinTable2.
Aspromised,theproposedalgorithmmanagedtopreserveeachuser’sinitialQoSdemands,supplying
themwithincreaseddataratesfromtheirinitialdemands.Lastbutnotleast,itcanbeeasilyobserved
thatdecidingtogoalongwiththeFR2setupwillresultinincreasedaverageuserdataratedandmore
successfulassociations,factorsthatarecriticalfortheupcoming5Gnetworkinstallations.

CoNCLUSIoN AND FUTURE WoRK

Inthispaper,theauthorsstudiedtheUCapproachforthefuturewireless5Gnetworks,anapproach
thattargetedatimprovingchannelqualityandprovideefficientassociationoptionsbetweenusers
andBSs.Thisapproachconsideredthedecouplingoftheoriginalhomogeneousnetworkintotwo
decoupledandindependentnetworks,theDLandtheULnetworks.Theproposedalgorithmfromthe
authorsofferedoptimalaverageuserdataratesforeachmacrocellareathroughtheoptimalselection
ofthemodulationschemethatmaximizesaverageuserthroughputinsidethisarea.Thesimulations
wereconductedforbothapplicable5GNRscenarios(namelyFR1andFR2).Thesimulationsfirstly
revealedthatthephenomenonwheretheamountofnetworkdevicesstartstorise,theuserconnections
tomacrocellspercentagetendstodecrease,whereasthepercentageofuserconnectionstosmallcell
increases,somethingthattheauthorsexpectedinatheoreticallevel.Furthermore,theselectionofan
SCSequalto60KHZprovedtobethedominantcaseformacrocellconnections,whereasthesetup
of30KHzwaspreferableforsmallcellconnections.Additionally,thefactthatinthedecoupledUL
network,usershavesignificantlylessthroughputdemandsthantheusersofaDLnetworkresulted
intheULnetworkofferingincreasedsmallcellassociations,thustakingbetteradvantageofexisting
smallcelldeployment. Inoverall level, thesimulationsrevealed that thealgorithmindeedoffers
perfectQoSpreservationandincreaseddataratesforuser,higherthanthoseoriginallyrequested.
ByusingtheFR2setupinsteadoftheFR1,bothnetworksexperiencedincreaseduserdataratesand
increasedUE-BSassociations.

Future work can include additional mechanisms or algorithms applicable for interference
mitigationfromneighboringcellsorsimulationscenariosforhigh-mobilityusers,wherehandover
isextremelyimportant.Thepromisingresultsthatderivefromthesimulationcangenerateinterest
inMachineLearning technologies thatcanbe incorporated in5Gnetworksandused inorder to
predict(throughappropriatedatasets)userplacement/movementinsidetheHetNetanddistribute
theresourcestotheBSsdynamicallyaccordingtotheuserneeds.Lastbutnotleast,GameTheoryis
undoubtedlyafieldthatcanbeusedinordertomodelexistingorinnovativescenariosthatefficiently
helptowardsresourceallocationinsideHetNets.
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Table 2. Simulation parameters from the deployment scenarios

Users 100 200 300 400

FR1 Setting (SCS 30 KHz)

[DL]Macrocellassociations 99 167 196 245

[DL]Smallcellassociations 1 11 28 29

[DL]Unsupporteddevices 0 22 76 126

[DL]SelectedMCS 64QAM 64QAM 64QAM 64QAM

[DL]Averagethroughput(Mbps) 12.48 13.06 12.23 13.99

[DL]QoSpreservation 100 178 224 274

[DL]QoSpreservation(%) 100 100 100 100

[DL]AveragemacrocellSINR 19.21 16.50 21.30 32.97

[DL]AveragesmallcellSINR -2.47 -8.61 2.59 -7.87

[UL]Macrocellassociations 94 176 254 132

[UL]Smallcellassociations 6 24 34 41

[UL]Unsupporteddevices 0 0 12 47

[UL]SelectedMCS 64QAM 64QAM 64QAM 64QAM

[UL]Averagethroughput(Mbps) 8.32 7.98 7.55 7.45

[UL]QoSpreservation 100 200 288 353

[UL]QoSpreservation(%) 100 100 100 100

[UL]AveragesmallcellSINR 16.51 13.49 18.32 30.30

[UL]AveragesmallcellSINR 13.43 7.00 18.35 7.85

FR2 Setting (SCS 60 KHz)

[DL]Macrocellassociations 99 191 243 300

[DL]Smallcellassociations 1 8 22 29

[DL]Unsupporteddevices 0 1 35 71

[DL]SelectedMCS 64QAM 64QAM 64QAM 64QAM

[DL]Averagethroughput(Mbps) 13.82 14.33 13.53 14.52

[DL]QoSpreservation 100 199 265 329

[DL]QoSpreservation(%) 100 100 100 100

[DL]AveragemacrocellSINR 19.21 16.50 21.30 32.97

[DL]AveragesmallcellSINR -2.47 -8.61 2.59 -7.87

[UL]Macrocellassociations 94 176 264 326

[UL]Smallcellassociations 6 24 34 41

[UL]Unsupporteddevices 0 0 2 33

[UL]SelectedMCS 64QAM 64QAM 64QAM 64QAM

[UL]Averagethroughput(Mbps) 9.68 9.68 9.21 9.24

[UL]QoSpreservation 100 200 298 367

[UL]QoSpreservation(%) 100 100 100 100

[UL]AveragesmallcellSINR 16.51 13.49 18.32 30.30

[UL]AveragesmallcellSINR 13.43 7.00 18.35 7.85
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