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Abstract—
TheOrthogonalFrequencyDivisionMultiplexingbasedM -
aryFrequencyShiftKeying(OFDM-MFSK)isanon-
coherentmodulationschemewhichmergesMFSKwiththe
OFDMwaveform.I tisdesignedtoimprovethereceiversensitivityinthe
hardenvironmentswherechannelestimationisverydiffi-
culttoperform.Inthispaper,theOFDM-
MFSKissuggestedforthesmartmeteringtechnologyanditsperforman
ceismeasuredandcomparedwiththeordinary OFDM-
BPSK.Ourresultsshowthat,dependingontheM FSKsizevalue(M),the
PacketErrorRate(PER)hasdramaticallyimprovedforOFDM-
MFSK.Additionally,theadaptiveOFDM-
MFSK,whichselectsthebestM valuethatgivestheminimumPERandhi
gherthroughputforeachSmartMeter(SM),hasbettercoveragethanO
FDM-
BPSK.AlthoughitsthroughputandcapacityarelowerthanOFDM-
BPSK,theconnectedSMspersectorarehigher.Basedonthe
smartmeteringtechnologyrequirementswhichimplytheneedforhighc
overageandlowamountofdataexchangedbetweenthenetworkandtheS
Ms, TheOFDM-MFSKcanbeefficientlyusedinthistechnology.

IndexTerms—OFDM-MFSK;SmartMeters;Non-coherentde-
tectionsIoT.

I.INTRODUCTION

Thesmartmeteringisoneofthesignificanttechnologiesthatwillbeuse
dtoeffectivelymanageenergysystemsinthefuture. Thistechnologywillp
rovidenewinformationandservicesforbothenergycompaniesandconsum
erswhichlead
toreducecostsandcarbonemissions.By2020,thenumberofinstalledsmart
meters(electricity,gasandwater)isprojected
torisetol.6billion[1].Ingeneral thesmartmeter(SM )isdefinedasanelem
entoftwo-
waycommunicationbetweenthedomesticmeterandtheutilityproviderto
effectivelygatherdetailsenergyusageinformation[2].

The radiocoverageforthis technologyrepresentsanessen-
tialconsiderationduetoinstallingthesemeters
inchallengingcommunicationenvironmentsandalsotheneedforgettingn
ear] 00%coverage.Moreover,lowcostandlowpowerconsumptionsmart
meteringdevicesalsorepresentsignificantrequirementsforthistechnolog
y.Additionally,theamountoftheexchangeddatabetweentheSMsandthen
etworkisrelativelylowandcanbeclassifiedtofallintothecategoryofInter
netof Things(IoT)applications[3].Many
studies,suchas] 3]&[4],studieddifferentavailabletechniquesandsuggeste
dacertainsolutionforthistechnology.

Thenon-coherentdetectedM -aryFrequencyShiftKeying
(MFSK)inconjugationwithOrthogonalFrequencyDivisionMultiple
xing(OFDM)waveform(OFDM-MFSK)wassug-
gestedasarobusttransmissiontechniqueinthehardenviron-
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mentsasthefastfadingchannelsandhigh-speedapplicationssuchashigh-
speedtrains[ 5]. Thismethoddoesnotneedequalisationandchannelestimati
onprocesses;thisleadstoaverysimple&low-

costreceiverstructure. Furthermore,theOFDM-

MFSK techniquegivesahighreceiversensitivity,asitisillustratedinsecti
on-1I.

Inthispaper,westudiedtheabilitytoapplyOFDM-
MFSK asasolutionforthesmartmeteringtechnologyandcompareditsperf
ormancewiththeordinaryOFDM-
BPSKindifferentcasesandscenarios. ThecomparisonincludesthePacketE
rrorRate(PER),throughput,coverageandcapacityperformanceforbothof
them. Theremainderofthispaperissortedasfollows:section-
I givesabriefdescriptionoftheOFDM-
MFSKtechnique.Detailsaboutthemodellingapproach,assumptionsandt
hechannelmodelareprovidedinsection-I11.Insection-
TV, theperformanceanalysisandresultsareshownforbothmodulation
techniques.Finally,conclusionsaredrawninthesection-V.

II.OFDM-MFSKOVERVIEW

TheMFSKisafamousmodulationschemewhichisused
togettherobusttransmissioninthehardenvironments. The OFD M-
MFSKisanintegrationbetweenOFDMandMFSK whichallows
togroupMsub-
carriersintoasubsetandappliesM FSK toeachoneo fthesesubsets(groups). T
henon-
coherentdetectionispermittedinthismodulationschemewhichisneededf
ormanyscenarioswherenochannelestimationisrequiredsuchasfastfading
environments[5].

ThebasicconceptoftheOFDM-

MFSKmodulationscheme,usingM =4, isshowninFig.1.For
simplicity, MFSK & BPSKareusedtoreferforOFDM-
MFSK&OFDM-
BPSKrespectivelyintheremainderofthispaper.Eachgroupofsub-
carriers,fourinthiscase,aregatheringintoasubset. Ineachsubgroup,onlyon
esub-
carrierischosenfortransmissionwhereasnoenergyistransmittedontheothe
rsub-carriers. Theselectionoftheactivesub-
carrierineachsubsetdependsonthedatabits. AsillustratedinFig.1,loga(
M )bits,2bitsinthiscase,areallocatedforeachsubsetusingGreycode.

Subset n+1

Subset n

Sub-carriers
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Thismodulationschemeisengineeredtoimprovereceiverssensitivity;ho
wever,thisimprovementisattheexpenseofthebandwidthefficiency.InM
FSK thehigherthevalueofM thebetterthereceiversensitivitybutattheco
stoflowerspectralefficiency.theMFSKbandwidthutilisationequals
tolog2 (M )=Mwhereasitequalstologz (M ) forM-

QAM][ 5].However,thisreducesthespectralefficiency,andthisrepresentst
hemaindisadvantageofMFSK.

Severalmethodswereproposedtotacklethisissuesuchasthehybridtrans
missionmethodwhereadditionaldatacanbesentbyexploitingthephaseofth
eoccupiedsub-carriers. ThisisdonebycombiningMFSK(OFDM-
MEFSK)withtheDifferentialPhaseShiftKeying(DPSK)[6]. Thiscomb
inationisallowedbecauseMFSK ,non-
coherentdetectionscheme,permitsarandomphaseselectionforalltheoccup
iedsub-carriersinthetransmitter. A dditionally,ananothermethod
toexploitthisdegreeoffreedom(therandomphaseoftheoccupiedsub-
carriers)toreducethePeak-to-
averagepowerratio(PAPR )wasproposedin[7].

Channelcodingcouplingwithaninterleaverisusedtomitigatethechan
neleffectssuchthefrequencyselectiveeffectwhichcanleadtoentirelyfades
omesub-
carriersandproduceanerrorfloor. Togetthebestperformance,thesoftdecisi
ondetectionisusedtoprovideadegreeofreliabilityforeachbit
tothedecoder. Anappropriatelog-
likelihoodmetricforthen'"bitofacodedsymbolinatransmissioniscalcul
ated,asfollows,basedonthecomponentsofthereceivedvectorr; :

Ly, = maxec |ri |2 — MaXes0 |ri |2 (1)
SYisthesubsetofallcomponentsindicatorswherethecodesymbolshave” 0
> fithen P digitofthebitmapping. Accordingly,thereisa” 1 ” atthen"dig
itofthebitmappingintheothercase(S,,)[6].

1

ITII.SIMULATIONAPPROACH
A ModellingApproachand Assumptions

TheblockdiagramoftheapproachusedformodellingMFSK &BPS
KbasedontheLTE-Alikeparametersfor
smartmeteringapplicationsisshowninFig2. Themaintwocomponentsare
thecoverageandcapacityanalysissincewefocusoncoverageandcapacityint
hecomparisonbetweenMF SK andBPSK modulationschemes. Thecovera
geanalysisestimatesthemaxcoverageradiusandtheoutageprobabilitybase
dontheparametersofthemodulationtypeandchannelpropagationmodel.O
ntheotherhand,thecapacityanalysisestimatestheaggregatethroughputofas
ectorandalsotheaveragecapacityperSMbasedonthedensityoftheseSMsan
dLTEparameters.Basedonthedeploymentenvironment(urban&rural),th
echannelpropagationmodeliscalculatedandusedforbothanalyses,asillustr
ates inthefollowingsub-section. The3GPPmacro-
cellulardeploymentwithunity frequencyreusefactorisperformed. There
arethreesectorsineachcell withcellradius,diameterandInter-
SiteDistance(ISD)equal
toR,2R & 3Rrespectively[ 8]. TheSMsarerandomlyanduniformlydistri
butedinthe cellatadistancebetweenS0m
andthemaxcelldiameterfromtheBS. Anoperatingfrequencyof900MHz
andabandwidthof3 MHzwereassumed. Themainparametersinthisstudya
relistedinTable-1.
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Fig.2.Blockdiagramofthemodellingapproach.

TABLEL SIMULATIONPARAMETERS.
Parameter Value
TransmissionPower(DL) 32dBm
. PeakAntennaGain 12dBi
BascStation(BS) NoiseFigure 5dB
AntennaType Asitismentionedin[ 8]
TransmissionPower(UL) 24dBm
SmartMeter AntennaGain 0dBi
(M) NoiseFigure 9dBm
AntennaType Omnidirectional
. Uplink(UL) 3MHz
Bandwidth Downlink(DL) 3MHz
Environment&C Urban-Macro R=250,500,750,1000m
ellRadius Rural-Macro R=2,4,6,8,10km
CarrierFrequency 900MHz
BS-SMdistance | 50-Maxcelldiameter.
. MFSK M=2,4.8,16,64,256
ModulationScheme BPSK ordinarvBPSK
ChannelCoding LDPC[9]
CodingRate 1/2
InputDataBlockSize 204bits
OFDMSymbolSize 256
CyclicPrefix 32
DependsontheSMs’ densityandth
NumberoftheSMspercell(K) ecell’sradius(See(7))

B.ChannelModel

Fig.3illustratestheendtoendradiol inkinthesmartmeteringsystem.It
isclearthatasignalincursdifferentfadingandlossesduringitstravelinthedi
fferentenvironments. Thetotallosses( Lota1 ) foreach
linkcanbeexpressedasfollows:

Ltota1: Loutdoorlosses+ Lpenetr ation™ Lindoorlosses . (2)
Basedonthechannelpropagationmodelin[ 8],theoutdoor
losses,LoutdoorlossesindB,withadistanced(inkm)canbemodelledas:
Loutdoor_losses =Ly + 10nl0910(d) + X (3)
whereL , &arethepathlossreferenceandexponentrespectively,andtheirva
luesdependontheenvironmentasshowninthe Table-

1. Xrepresentstheshadowinglosswhichcanbeexpressedasal og-
Normaldistributionvariablewithastandarddeviationof10dB[ 10].Inth
isstudy,thepenetrationlossL penetrationandindoorlossLindoorlossarecho
sentobel2& 8dBrespectively[4]. Additionally,onlyonewallisassumed
toexistineachlinkbetweentheB SandS M. Basedonthepathlossanddevicep
arameters,thereceivedpowerandthesignaltonoiseratio(SNR)canbecalcul
atedas:

By = Pey + Gy + Arga — Ltotar + Grx (4)
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Outdoor Losses:
FSPL+Shadowing

]

Indoor Losses

»{4—»

Penetration

Loss
NR
TABLEII. PATHLOSSPARAMETERSATY00MHZ.
Environment Lo n
UrbanArea 120.9 3.76
RuralArea 95.5 341

PxrepresentsthetransmitpowerindBm, G (xandG ; x arethetransmitandre
ceivedantennagainsindBi,and A 4 4istheB Santennaradiationpatternind
Basshownin[8]. TheSNR(indB),canbeexpressedas:

SNR = P, — Py (5)
whereP nisthenoisepowerindBmanditcanbeexpressedas:
Py = —198.6 + 10log,o(BT) + F (6)

whereBisthebandwidth, Tisthetemperaturein K elvin,andFisthedevicen
oisefigure.

ThenumberofSMsineachsectorisdeterminedasfollows:

No. ofSMs = pIIR? (7)
Risthecellradiusinkm,andistheSMs’ density(i.c.,the

No.ofSMspersquarekm),andit’sequalto2000S M=km?and10S M=k
m?intheurbanandruralscenariosrespectively[ 10].

IV.RESULTSANDANALYSIS

A PerformanceComparisonin AW GNChannel

Fig.4illustratesthePER versusSNR performancefor

MFSKwithdifferentM valuesandtheBPSKin AWGN

channel, formoreinformationaboutparametersreferto Table-

L AsitisseentheMFSK performanceovercomesBPSK especiallyathighv
aluesofM (M 8)whiletheMFSK performancebecomesworseasM decreas
es(M4).Moreover,aremarkableSNR gain,betweenl.7to14dB,canbeseen
intheMFSKmodulationschemewithM 8comparedtoBPSK (inRayleig
hchannelthedifferenceisbetween0-

11dBsee] 11]). Thisgainwillleadtosignificantimprovementsinthesmart
meterapplications,asitwillbeseeninthefollowingsub-

sections. ThisgraphisalsousedtodeterminethethresholdSNRvaluesrequir

edtoachievePERlevelsequaltol 10*forbothmodulationschemesinthispa
per.
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Fig.4.PERperformanceforMFSK (withdifferentM ) andBPSKin AWGN channel.
B.SystemLevelPerformanceinUrbanUplinkScenario

Inthissubsection,thesystemlevelperformanceoftheMFSKmodulati
onschemewithdifferentMvaluesismea-

suredandcomparedwiththeBPSK performanceintermofPERandthrough
putinanurbanuplinkscenariowithcell

radiusequalsto500m,usingthechannel

modelasexplainedinsectionII1.Fig.5depictstheCumulative Distributio
nFunction

(CDF)oftheSMs’SNRinthiscase. Thisfigureshowstheneedtoarobustco

mmunicationschemeinthistechnologytoachieveagoodcoverageduetothe
factthat6%oftheSMshaveSNRslessthan-

10dBandaround25%ofthemhaveSNRslessthan0dB.
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Fig.5.CDFoftheSMs’SNR foruplinkurbanscenarioR=500m.

Fig.6showstheCDFofthePER fortheSMsinthiscase.Itisclearthatmo
rethan95%o0ftheSMs,intheMFSK -
M= 256casehavePER valueslessthanorequalto1 103andthispercentagede
creasesasM declinestoreachjustbelow65 %incaseM= 2.Ontheotherhand,
inthecaseofordinary BPSK around72%oftheSMshave this

PERvalue.Also, itisinterestingtonotethat MFSK withM 1 6hasaremarka
blePERdifferencewhencomparingwithBPSK.

Fig.7showstheCDF ofthethroughputfortheSMsinthiscase.Wecanob
servethataround97%oftheSMshavethemaxthroughputincaseof MFSK -

M=256andthispercentagevaluedecreasesasM decreases.A dditionally,int
heMFSK
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casejitisclearthatmaximumthroughputdecreaseswithin-

creaseM. Themaximumthroughputsare(892,892,672,448,168,56)Kbps
forM=2,4,8,16,64,256
respectivelywhereasitequalsto1.792MbpsintheBPSK case. Theseresultsa
greewiththefactthattheMFSK modulationschemeisdesigned
toimprovethereceiversensitivityandthisimprovementisatthecostoftheb
andwidthefficiency.Additionally,Fig.7alsodepictstheCDFofthethrou
ghputoftheadaptiveM FSK schemeinwhichforeachSMthelowestvaluef
orMthatpermitsPER levellessthanorequalto1103ischosen. Theadaptive
MFSKisalreadyusedwhencomparisonswith
BPSKincoverageandcapacityanalysesareperformed.
C.CoverageAnalysis

Thecoverageanalysisisusedtodeterminethemaximumcelldiameter(o
rradius)thatsatisfiesaparticularperformancecriterion,suchasmaximumo
utageprobability.Inthisstudy,asin[ 10],theappliedcoveragecriterionisth
atthemedianSNRintheuplinkcaseisequalorgreaterthanthatdesiredbythel
owestmostrobustcase,intheadaptiveMF SKitrepresentsMFSK withM
= 256.Thechoiceoftheuplinkcasebecauseithaslesstransmissionpowerco
mparedtothedownlinkcasewhichleadstomorelimiting. Themaximumc
elldiametercanbewrittenas:

Dipax = max {d: SNR(d) = Y,} (8)
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TABLEIII. MAXCELLDIAMETERINKM.
variableor MEFSK g
Environ.Type M=256 M=64 M=16 M=8 M=4 e
Thresh.SNR -13.25 - 325 20.75 1.251 BPSK
8.25UrbanEnviro] 1.85 1.36 0.85 2.9
RuralEnviro. 10.94 78 0.765.57 4.7 U.750.0
4.11 7
0.783.6
o 8 425

whereistheminimumdesiredSNRtoachieveaPER of1103whenusingthel
owestmostrobustM CS.BasedonthethresholdvaluesforMFSK withdiff
erentMand BPSKwhichwereobtainedfromFig.4, Table-
ITillustratesthemaxcell
diameterforeachcase.Itisclearthatthecellcoverageintheruralenvironmen
tislargerthanthatintheurbanenvironment,thereasonforthatisthelowerlos
sesinthefirstscenariocomparedtothesecond.

Theoutageprobabilityrepresentsasubstantialfactorfor
theperformanceassessmento fthewirelesssystems,andit measuresthefailin
gprobabilitytoachieveaspecifiedSNRvaluerequiredforaparticularservi
ce,itcanbeexpressedas] 12]:

Pr.outage = Pr[SNR < Yo] (9)

Fig.8&9showtheoutageprobabilityfortheurbanandruralenvironm
entsrespectively.Itis
interestingtonotethattheadaptiveM FSK hasloweroutageprobability(hi
ghercoverage)thanBPSK foruplinkanddownlinkinbothenvironments.
Basedonthetraditionalcoveragenetworkconditionwhichallowstoonly5
Y%outageprobability,theadaptiveMFSK doublesthecoveragefrom300m,
intheBPSK,to600m.Furthermore,dependontheaboveconditionintherur
alenvironment,theadaptiveMF SK hasacoverageof3km, whereasBPSKh
asacoverageofl.75km. ThismeansthatMF SK hasfourtimeshighercovera
gethanBPSK. Moreover,theresultsshowthatM F SK canbeusedintheultra
reliableapplicationswhere99.99%coverageconditionneedtobeachievedi
ntheurbanscenariowithacellradiusof350m,
whileBPSK failstoachievethiscondition. Thishappensduetoincreasethel
ossesasincreasethedistanceinbothcaseswhilethetransmitpowerishigherin
thedownlinkcase Finally,forthesamevalueoftheoutageprobability,ther
uralenvironmenthasacoveragerangethatfarexceedstheurbanduetoitslowe
rlosses.

D.CapacityAnalysis

Inthissub-section,weaimtopredicttheaggregate
throughputpersectorandtheavailablethroughputperSM fortheadaptive
MFSK andcomparedtheresultswithBPSKasshowninthefollowing:

1)SectorCapacity: Theaveragedatarateperasectorcanbeevaluatedbase
dontheprobabilitiesthateachM FSK withacertainM (i.e.,MCS)isinusea
ndtheircorrespondingachievabledatarate. TheprobabilitythatMFSK wit
heertainMis
inusecanbecalculatedfromthestatisticsofthereceivedSNRineachscenario
.TheSNRvaluesalterfordifferentSMsduetodifferentvariablesandassum
ptionssuchasthelinkdistance,shadowinglossandthescenario
type.TheprobabilitythattheSNRvaluesliebetweentheminimumSNR va
luedesiredbyagivenM CSandtheSNRvaluedesiredbythenextM CSismea
suredasfollows:

Puycsy = B [Yomesiy < SNR < Yo mesci+n] (10)
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Fig.9.0Outageprobabilityintheruralenvironment.

Thetotalaggregatedatarate(sectorcapacity)

Crotar = 21 Cmcs(iy Puesci (11)

whereCy ¢ s (i)isthedatarateobtainedwhenusingtheM CS(i)(i.e., MFS
KwithcertainMvalue). Thisresultrepre-
sentstheupperbandoftheachievablethroughputduetotheassumptionssuch
asdataisalwaysavailabletosendandtheactualthroughputmaybelowerbeca
useoftheretransmissionprocessandunder-
utilisationoftheresourceblocks[ 10].
2)AvailablecapacityperSM:Topredicttheavailableca-
pacityperSM, theminimumtimeintervalbetweensuccessivemessages( tm
in ) andtheaveragemessagesizeneedtobeidentified. Basedon[ 10],theSMm
essagesizesfordownlink &uplinkareselectedtobe25&2133bytes,and42
bytesasanoverheadpereachmessageisassumed.

Tocalculatet min , thetransportblocksnumberneededtosendamessager
equiresbeingdetermined.IfT B sjisthetransportblocksizefortheMFSK
withacertainM (M CSi), thenthetransportblocknumberneededtosendam

€ssage
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withlengthL bitsequals:
N, = [messagelength(L)
;= |——=

TBs; ( 12)

Then,theaverageo fthetotalnumberoftransportblocks(IN T B )requiredtot
heallSMs(K )inthesectortosendor
receiveamessagecanbeexpressedas] 10]:

Nrg = K ¥ Pycsiy N (13)
Next,t minisdeterminedas:
N
tmin = oo (14)
TB
where,R 1 gistherateofthetransportblock,whichisequal
t021000transportblockpersecondinthispaper (3MHzLTE-

Alikesystemisassumed).Ultimately,theupperboundoftheavailablecapa
cityperSMcanbeevaluatedbydividingthemessagesizetot min .
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Fig.10.CapacityanalysisfortheuplinkurbancasewithR=0.5km.

Fig.10& 1 lillustratetheaggregatesectorthroughputandtheavailablecapa
cityperSMversusthenumberofconnectedSMspersectorfor0.Skmurban
&4kmruraluplinkcasesrespectively.Itisclearthattheaggregatesectorthro
ughput

andtheavailablecapacityperSM, intheadaptiveMFSK case,decreaseby
around46% &8 1%intheurbancaseandby
38%&91%intheruralcasecomparedtotheBPSKmodulationscheme.Ho
wever, the numbersoftheconnectedSMper
sector,intheadaptiveMF SK,significantlyincreasebyapproximately30
%&75%intheurbanandruralcasescomparedtoBPSK.

Tables-IV-VIIshowtheaggregatesectorthroughput
(Mbps),theavailablecapacityperSM (bps)andthenumberofconnectedS
Mspersectorforuplinkanddownlinkintheurbanandruralcasesrespective

ly.Basedontheresultsofall
casesthehigherthecellradius,thelowerthesectorcapacityandavailable
capacityperSM. Thereasonfor that is asthecell

radiusincreases,afractionofthecellareasuffersfromlowerSNRincreases.
Finally,thedifferenceinthesectorthroughput
betweenbothmodulationschemesdramaticallydecreasesasthecellradiusin
creasesforallcases.
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000 environments.AlthoughthecapacityfortheadaptiveOFD M-

| [ A aavioCa pacitypersi MFSK (aggregatesectorthroughput&availablecapacityperSM)islower
| 900 thanBPSK, thenumberofconnectedSMspersectorishigher. Theessentialre
quirementsforthesmartmeteringtechnologyincludetheneedforgoodcov
erage,lowoutageprobability,andalsotheamountofdatathatisexchangedbe
tweenthenetworkandSMsisrelativelylowinthisapplication. Therefore,
weconcludethatOFDM-

MFSK canbeeffectivelyappliedinthesmartmeteringtechnology.
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Fig.11.CapacityanalysisfortheuplinkruralcasewithR=4km. MFSKhasloweroutageprobability(highercoverage)comparedto
TABLEIV. CAPACITYANALYSISFORUPLINKURBANSCENARIO. BPSKforbothuplinkanddownlinkintheurbanandrural
Cellradius(km) 0.25 0.5 0.75 1
Agg.SecTh.(Mbps) 0.872 0.723 0.558 0.43
MFSK Aval.Cap.perSM(bps) 265.64 39.39 11.36 5.38
No.ofConnectedSMs 392 1523 3143 4961
Agg.SecTh.(Mbps) 1.72 1.34 091 0.65
BPSK Aval.Cap.perSM(bps) 669.6 214 139.9 111.46
No.ofConnectedSMs 376 1178 1801 2261
TABLEV. CAPACITYANALYSISFORDOWNLINKURBANSCENARIO.
Cellradius(Km) 0.25 0.5 0.75 1
Agg.SecTh.(Mbps) 0.882 0.793 0.661 | 0.534
MFSK | Aval.Cap.perSM(bps) 318.1 45.53 13.9 6.09
No.ofConnectedSMs 392 1554 3320 5526
Agg.SecTh.(Mbps) 1.76 1.49 115 0.88
BPSK Aval.Cap.perSM(bps) 651.11 191.95 110.65 81.29
No.ofConnectedSMs 384 1303 2260 3077
TABLEVI. CAPACITYANALYSISFORUPLINKRURALSCENARIO.
Cellradius(km) 2 4 6 8 10
Agg.SecTh.(Mbps) 0.808 0.578 0.409 0.281 0.218
MFSK | Aval.CapperSM(bps) 718 83.01 | 29.58 16.65 11.15
No.ofConnectedSMs 123 457 870 1266 1696
Agg.SecTh.(Mbps) 1.5 0.932 0.609 0.376 0.269
BPSK | Aval.CapperSM(bps) 2400 | 9654 | 6559 | 597.31 536
No.ofConnectedSMs 105 261 384 422 471
TABLEVII. CAPACITYANALYSISFORDOWNLINKRURALSCENARIO
Cellradius(Km) 2 4 6 8 10
Agg.SecTh.(Mbps) 0.85 | 0.683 | 0519 | 0384 | 0.305
MFSK | Aval.Cap.perSM(bps) 707.5 98.3 324 15.82 10.29
No.ofConnectedSMs 125 482 983 1527 2104
Agg.SecTh.(Mbps) 1.69 12 0.84 0.57 043
BPSK. Aval.Cap.perSM(bps) 2175 743.7 471 389.1 331.9
No.ofConnectedSMs 115 336 531 643 754
V.CONCLUSION
Inthispaper,theOFDM-MFSKmodulationscheme,whichisbasedon
the combinationofOFDM
andMFSKissuggestedforthesmartmeteringtechnology. Itsperformance
(PER,
throughput,coverageandcapacity )ismeasuredandcomparedwiththeordin
aryOFDM-
BPSKindifferentcases Basedonthe AW GNchannelandsystemlevelstudy
results,theOFDM -

MFSK hasbetterPERperformancecomparedtoBPSK atthehighervalueso
fM(M38),thehighertheM value,thebetterthePER performance. Whereas,
forsmallMvalues

(M< 8),theperformanceisworsethanBPSK.Ontheotherhand,thethrough
putbehaviourisexactlytheopposite

tothePER behaviour. ThisisduetothefactthatOFDM-MFSKistailored
toenhancethereceiversensitivityatthecostspectralefficiency. Additionall
y,theadaptiveOFDM-
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