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ABSTRACT

Thisarticledescribeshowamultiusercellularsysteminsistsonhaving increase in thespectral
efficiencyforthenumberofusersandbasestations.Asfarascellularstructuresareconcerned,the
usersattheedgesexperienceintercellularinterference(ICI)thantheusersatthecellcenter.Thisis
duetolackofresourceallocationatcelledges.Toimprovethethroughputattheedgesatechnique
calledFractionalFrequencyReuse(FFR)isemployed.ThisarticleexplorestheDynamicFFR(DFFR)
inOFDMAsystemtoimprovetheoverallthroughput.

KEyWoRDS
Dynamic Fractional Frequency Reuse (DFFR), Fractional Frequency Reuse (FFR), Inter Cell Interference (ICI), 
Orthogonal Frequency Division Multiple Access (OFDMA)

1. INTRoDUCTIoN

Thewirelesssystemsstriveforincreaseinspectralefficiencyduetoincreaseinthenumberofusers.
Themainconcernforthisisthebandwidth,power,andlowcomplexityofsystems.Asthenumber
ofusersincreaseaprobableriseintheinterferencerateisobserved.Thisismoreprominentatthe
celledges.Thedensepopulationoftheusersdemandformoreresourcestobeallocatedtominimize
intercellinterferenceandmaximizespatialreuseofthefrequency.

TheFractionalFrequencyReuse(FFR)techniquesusedwithOrthogonalFrequencyDivision
MultipleAccess(OFDMA)minimizestheinterferencelevelsfortheusersatthecenterofthecell
aswellasattheedgesoftheHexagonalcell.

TherearetwocommonFFRmodes:StrictFFRandSoftFrequencyReuse(SFR).

1. Strict FFR:Figure1(a)isaninterpretationofStrictFFRforacell-edgereusefactorof∆=
3(Rahman,Wong,&Yanikomeroglu,2009;Panickeretal.,2009).Usersineachcellcenter
areallocatedacommonsub-band.Theusersatthecell-edgebandwidthisdividedacrosscells
basedonareusefactorof∆.StrictFFRthusrequiresatotalof∆+1sub-bands.Usersatthe
cellcenterdonotshareanyspectrumwithedgeusers,whichreducesinterferenceforbothcenter
andcell-edgeusers.

2. Soft Frequency Reuse:Figure1(b)isaninterpretationofSoftFrequencyReusewithareuse
factorof∆=3onthecell-edge.SFRemploysthesamecell-edgebandwidthdividingtechnique
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asStrictFFR,butthecellcenteruserssharesub-bandswithedgeusersinothercells.Because
cellcenteruserssharethebandwidthwithneighboringcells,theytransmitatlowerpowerlevels
thanthecell-edgeusers(Necker,2008;Mao,Maaref,&Teo,2008).SoftFrequencyReuseis
morebandwidthefficientthanStrictFFR.

FFRcanbeconsideredintheuplinkordownlink.Fractionalfrequencyreuse(FFR)hasbeen
proposed as an ICIC (Inter cell interference coordination) technique in OFDMAbased wireless
networks(Yu,Huang,Dutkiewicz,&Mueck,2013).Basically,FFRisamethod topartition the
cell’sbandwidthsothat(i)cell-edgeusersofadjacentcellsdonotinterferewitheachotherand(ii)
interferencereceivedbythecell-interiorusersisreduced,and(iii)usingmoretotalspectrumthan
conventionalfrequencyreuse.TheuseofFFRincellularnetworksleadstoimprovementincoverage
forcell-edgeusersandspectralefficiency.

2. RELATED WoRK

RecentresearchworkonFFRhasfocusedontheoptimaldesignofFFRsystemsbyutilizingadvanced
techniques such as graph theory (“Interference avoidance concepts,” n.d.) to maximize network
throughput.Novlanetal.(2011),StolyarandViswanathan(2008),LuoandZhang(2008)inconsider
schedulingandtheauthorsdeterminethefrequencydivisioninatwo-stageheuristicapproach.

Thesetechniquesalongwiththeotherrelatedworksupportthenumericalfindingsoftheproposed
systemmodel.

3. SySTEM MoDEL

IntheOFDMAnetworkthefrequencyisdividedintosubcarrierswhilethetimeisdividedintotime
slots.IntheLTEstandards,thetrafficbearerisdefinedasaphysicalresourceblock,isagroupof
subcarriersthatcanbecoherentlyallocatedtotheusersforagiventime.

Torealizethesystemmodel,thefollowingassumptionsneedtobemade:

1. Aphysicalresourceblockconsistsof12consecutivesubcarriersinthefrequencydomain.
2. Oneslotduration0.5msecinthetimedomain.

Figure 1. (a) Illustrates strict frequency reuse (Rahman et al., 2009; Panicker et al., 2009); (b). Illustrates soft frequency reuse 
(Necker, 2008; Mao et al., 2008)
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