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Abstract—
TheOrthogonalFrequencyDivisionMultiplexing
aryFrequencyShiftKeying(OFDM-MFSK)isano
coherentmodulationschemewhichmergesMFSKwi
OFDMwaveform.Itisdesignedtoimprovetherecei
hardenvironmentswherechannelestimationisvery
culttoperform.Inthispaper,theOFDM-
MFSKissuggestedforthesmartmeteringtechnolog
ceismeasuredandcomparedwiththeordinaryOFD
BPSK.Ourresultsshowthat,dependingontheMFS
PacketErrorRate(PER)hasdramaticallyimproved
MFSK.Additionally,theadaptiveOFDM-
MFSK,whichselectsthebestMvaluethatgivestheminimum
gherthroughputforeachSmartMeter(SM),hasbe
FDM-
BPSK.Althoughitsthroughputandcapacityarelo
BPSK,theconnectedSMspersectorarehigher.Based
smartmeteringtechnologyrequirementswhichimply
overageandlowamountofdataexchangedbetweenthe
Ms,TheOFDM-MFSKcanbeefficientlyusedinthis

IndexTerms—OFDM-MFSK;SmartMeters;N
tection;IoT. 
 

I.INTRODUCTION  

Thesmartmeteringisoneofthesignificanttechno
dtoeffectivelymanageenergysystemsinthefuture.Th
rovidenewinformationandservicesforbothenergyco
erswhichlead 
toreducecostsandcarbonemissions.By2020,thenumb
meters(electricity,gasandwater)isprojected 
toriseto1.6billion[1].Ingeneral,thesmartmeter(SM
entoftwo-
waycommunicationbetweenthedomesticmeterandt
effectivelygatherdetailsenergyusageinformation[2

The radiocoverageforthis technolo
tialconsiderationduetoinstallingthesemeters 
inchallengingcommunicationenvironmentsandalso
ear100%coverage.Moreover,lowcostandlowpower
meteringdevicesalsorepresentsignificantrequiremen
y.Additionally,theamountoftheexchangeddatabetwee
etworkisrelativelylowandcanbeclassifiedtofallinto
netofThings(IoT)applications[3].Many 
studies,suchas[3]&[4],studieddifferentavailablete
dacertainsolutionforthistechnology. 

Thenon-coherentdetectedM-aryFrequencyShif
(MFSK)inconjugationwithOrthogonalFrequency
xing(OFDM)waveform(OFDM-MFSK)wassug
gestedasarobusttransmissiontechniqueinthehardenvir

ngTechnology by using OFDM
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ogyanditsperforman
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SKsizevalue(M),the
edforOFDM-

minimumPERandhi
bettercoveragethanO

werthanOFDM-
sedonthe 
implytheneedforhighc

henetworkandtheS
histechnology. 

Non-coherentde-

mentsasthefastfadingchannelsandhigh-sp
speedtrains[5].Thismethoddoesnotneed
onprocesses;thisleadstoaverysimple&lo
costreceiverstructure.Furthermore,theO
MFSKtechniquegivesahighreceiversen
on-II. 
 

Inthispaper,westudiedtheabilitytoa
MFSKasasolutionforthesmartmetering
ormancewiththeordinaryOFDM-
BPSKindifferentcasesandscenarios.The
rrorRate(PER),throughput,coverageand
them.Theremainderofthispaperissorted
IIgivesabriefdescriptionoftheOFDM-
MFSKtechnique.Detailsaboutthemodelli
hechannelmodelareprovidedinsection-III
IV,theperformanceanalysisandresultsare
techniques.Finally,conclusionsaredraw

 
II.OFDM-MFSKO

hnologiesthatwillbeuse
histechnologywillp
ompaniesandconsum

berofinstalledsmart

M)isdefinedasanelem

theutilityproviderto
2]. 

ogyrepresentsanessen-

otheneedforgettingn
werconsumptionsmart

ntsforthistechnolog
etweentheSMsandthen

othecategoryofInter

letechniquesandsuggeste

TheMFSKisafamousmodulationsc
togettherobusttransmissioninthehardenvir
MFSKisanintegrationbetweenOFDMa
togroupMsub-
carriersintoasubsetandappliesMFSKtoea
henon-
coherentdetectionispermittedinthismodu
ormanyscenarioswherenochannelestimati
environments[5]. 

ThebasicconceptoftheOFDM-
MFSKmodulationscheme,usingM=4,
simplicity,MFSK&BPSKareusedtore
MFSK&OFDM-
BPSKrespectivelyintheremainderofthis
carriers,fourinthiscase,aregatheringinto
esub-
carrierischosenfortransmissionwhereasno
rsub-carriers.Theselectionoftheactivesub
carrierineachsubsetdependsonthedatabits
M)bits,2bitsinthiscase,areallocatedfor

ftKeying 
yDivisionMultiple

ug- 
viron- Fig.1.BasicconceptoftheOFDM-4FSKmodulati
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peedapplicationssuchashigh-
dequalisationandchannelestimati
ow-
OFDM-
nsitivity,asitisillustratedinsecti

applyOFDM-
ngtechnologyandcompareditsperf

ecomparisonincludesthePacketE
ndcapacityperformanceforbothof
dasfollows:section-
-
ellingapproach,assumptionsandt
III.Insection-

areshownforbothmodulation 
wninthesection-V. 

OVERVIEW 

chemewhichisused 
vironments.TheOFDM-
andMFSKwhichallows 

eachoneofthesesubsets(groups).T

odulationschemewhichisneededf
ationisrequiredsuchasfastfading

4,isshowninFig.1.For 
referforOFDM-

ispaper.Eachgroupofsub-
oasubset.Ineachsubgroup,onlyon

noenergyistransmittedontheothe
ub-

its.AsillustratedinFig.1,log2(
reachsubsetusingGreycode. 

lationscheme. 
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Thismodulationschemeisengineeredtoimproverece
wever,thisimprovementisattheexpenseofthebandwi
FSK,thehigherthevalueofM,thebetterthereceiverse
stoflowerspectralefficiency.theMFSKbandwidthu
tolog2(M)=Mwhereasitequalstolog2(M)forM-
QAM[5].However,thisreducesthespectralefficienc
hemaindisadvantageofMFSK. 
 

Severalmethodswereproposedtotacklethisissues
missionmethodwhereadditionaldatacanbesentbyexp
eoccupiedsub-carriers.ThisisdonebycombiningMF
MFSK)withtheDifferentialPhaseShiftKeying(D
inationisallowedbecauseMFSK,non-
coherentdetectionscheme,permitsarandomphasesele
iedsub-carriersinthetransmitter.Additionally,anano
toexploitthisdegreeoffreedom(therandomphaseofth
carriers)toreducethePeak-to-
averagepowerratio(PAPR)wasproposedin[7]. 

Channelcodingcouplingwithaninterleaverisuse
neleffectssuchthefrequencyselectiveeffectwhichcan
omesub-
carriersandproduceanerrorfloor.Togetthebestperfor
ondetectionisusedtoprovideadegreeofreliabilityfor
tothedecoder.Anappropriatelog-
likelihoodmetricforthenthbitofacodedsymbolina
ated,asfollows,basedonthecomponentsofthereceive

�� = ����€��
� ⃒��⃒

� − ����€��
� ⃒��⃒

�            

S0isthesubsetofallcomponentsindicatorswherethec
”atthenthdigitofthebitmapping.Accordingly,there
itofthebitmappingintheothercase(Sn)[6]. 

 

III.SIMULATIONAPPROACH 
 

A.ModellingApproachandAssumptions 

Theblockdiagramoftheapproachusedformodelli
KbasedontheLTE-Alikeparametersfor 
smartmeteringapplicationsisshowninFig2.Themai
thecoverageandcapacityanalysissincewefocusoncov
hecomparisonbetweenMFSKandBPSKmodulation
geanalysisestimatesthemaxcoverageradiusandtheouta
dontheparametersofthemodulationtypeandchannelp
ntheotherhand,thecapacityanalysisestimatestheaggre
ectorandalsotheaveragecapacityperSMbasedonthede
dLTEparameters.Basedonthedeploymentenvironme
echannelpropagationmodeliscalculatedandusedforbo
ates inthefollowingsub-secti
cellulardeploymentwithunityfrequencyreusefacto
arethreesectorsineachcell withcellradiu
SiteDistance(ISD)equal 
toR,2R&3Rrespectively[8].TheSMsarerandomly
butedinthe cellatad
andthemaxcelldiameterfromtheBS.Anoperatingfre
andabandwidthof3MHzwereassumed.Themainpara
relistedinTable-I. 
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Fig.2.Blockdiagramofthemodellingapproach. 

TABLEI. SIMULATIO

Parameter 

 
BaseStation(BS) 

TransmissionPower(DL
PeakAntennaGain 
NoiseFigure 
AntennaType 

 
SmartMeter 
(SM) 

TransmissionPower(UL
AntennaGain 
NoiseFigure 
AntennaType 

Bandwidth 
Uplink(UL) 
Downlink(DL) 

Environment&C
ellRadius 

Urban-Macro 
Rural-Macro 

CarrierFrequency 
BS-SMdistance 

ModulationScheme 
MFSK 
BPSK 

ChannelCoding 
CodingRate 
InputDataBlockSize 
OFDMSymbolSize 
CyclicPrefix 

 
NumberoftheSMspercell(K) 

 B.ChannelModel 

ellingMFSK&BPS

aintwocomponentsare
verageandcapacityint
onschemes.Thecovera
tageprobabilitybase
propagationmodel.O
egatethroughputofas
ensityoftheseSMsan
ent(urban&rural),th
bothanalyses,asillustr
tion.The3GPPmacro-
risperformed.There
us,diameterandInter-

lyanduniformlydistri
adistancebetween50m 
requencyof900MHz

arametersinthisstudya

Fig.3illustratestheendtoendradiolin
isclearthatasignalincursdifferentfading
fferentenvironments.Thetotallosses(Lt

linkcanbeexpressedasfollows: 

Ltota l= Loutdoorlosses+ Lp enet r a t ion

Basedonthechannelpropagationmodelin
losses,LoutdoorlossesindB,withadistanc

��������_������ = �� + 10����
whereLo&narethepathlossreferenceande

luesdependontheenvironmentasshownin

II.Xrepresentstheshadowinglosswhichc
Normaldistributionvariablewithastand

isstudy,thepenetrationlossLpenetr at iona

sentobe12&8dBrespectively[4].Additi
toexistineachlinkbetweentheBSandSM

arameters,thereceivedpowerandthesignal
atedas: 

��� = ��� + ��� + ���� − ������

ONPARAMETERS. 
Value 

L) 32dBm 
12dBi 
5dB 
Asitismentionedin[8] 

L) 24dBm 
0dBi 
9dBm 
Omnidirectional 
3MHz 
3MHz 
R=250,500,750,1000m 
R=2,4,6,8,10km 
900MHz 
50-Maxcelldiameter. 
M=2,4,8,16,64,256 
ordinaryBPSK 
LDPC[9] 
1/2 
204bits 
256 
32 
DependsontheSMs’densityandth
ecell’sradius(See(7)) 

nkinthesmartmeteringsystem.It
ngandlossesduringitstravelinthedi

total )foreach 

n+ Lind o or losses :(2) 

n[8],theoutdoor 
ced(inkm)canbemodelledas:

10(�) + �        (3) 
exponentrespectively,andtheirva

ntheTable-

canbeexpressedasalog-
ndarddeviationof10dB[10].Inth

andindoorlossLindoor lossarecho

itionally,onlyonewallisassumed
M.Basedonthepathlossanddevicep

altonoiseratio(SNR)canbecalcul

����� + ���                        (4) 
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TABLEII. PATHLOSSPARAMETERSAT900
Environment Lo n 
UrbanArea 120.9 3.76 
RuralArea 95.5 3.41 

 

 

PtxrepresentsthetransmitpowerindBm,GtxandGr x

ceivedantennagainsindBi,andAradistheBSantennara
Basshownin[8].TheSNR(indB),canbeexpressedas: 
 
��� = ��� − ��                                                                  

wherePNisthenoisepowerindBmanditcanbeexpresse

�� = −198.6 + 10 log��(��) + �                                 

whereBisthebandwidth,TisthetemperatureinKelvi
oisefigure. 
 

ThenumberofSMsineachsectorisdeterminedasf

No. ofSMs = ρΠ��                                                            

Risthecellradiusinkm,andistheSMs’density(i.e.,th
No.ofSMspersquarekm),andit’sequalto2000SM=
m2intheurbanandruralscenariosrespectively[10]. 
 

IV.RESULTSANDANALYSIS 
 

A.PerformanceComparisoninAWGNChannel 

 

Fig.4illustratesthePERversusSNRperformance
MFSKwithdifferentMvaluesandtheBPSKinAW
channel,formoreinformationaboutparametersrefert
I.Asitisseen,theMFSKperformanceovercomesBPS
aluesofM(M8)whiletheMFSKperformancebecom
es(M4).Moreover,aremarkableSNRgain,between1.7
intheMFSKmodulationschemewithM8compared
hchannelthedifferenceisbetween0-
11dBsee[11]).Thisgainwillleadtosignificantimpro
meterapplications,asitwillbeseeninthefollowingsub
sections.Thisgraphisalsousedtodeterminethethresho
edtoachievePERlevelsequalto1 103forbothmodulati
per. 

P
E

R
 

0
−3

      
         
   
   
      
         
   
   
      

MFSK:M=2 

  MFSK:M 4         
MFSK:M=8 

  MFSK:M 16 

  
  

MFSK:M=64 

  
  

MFSK:M=

OFDM−B 

256 

PSK   
  

P
ro

b
.(

S
N

R
<

=
a

b
s
ci

s
s
a

) 

0

    

    

    

    

    
  

   

10
0 

10
−1 

10
−2 

1
−20 −15 −10 

 5Fig.3.Endtoendradiolink

0MHZ. Fig.4.PERperformanceforMFSK(withdifferen
 

B.SystemLevelPerformanceinUrbanUp

xarethetransmitandre
radiationpatternind
 

                                                                  (5) 

ressedas: 

                                 (6) 

elvin,andFisthedevicen

follows: 

Inthissubsection,thesystemlevelper
onschemewithdifferentMvaluesismea-
suredandcomparedwiththeBPSKperfor
putinanurbanuplinkscenariowithcell 
radiusequalsto500m,usingthechannel 
modelasexplainedinsectionIII.Fig.5de
nFunction 
(CDF)oftheSMs’SNRinthiscase.Thisfi
mmunicationschemeinthistechnologyt
factthat6%oftheSMshaveSNRslessthan
10dBandaround25%ofthemhaveSNRsless
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                                                            (7) 
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Fig.5.CDFoftheSMs’SNRforuplinkurbanscenari

 
Fig.6showstheCDFofthePERforthe

rethan95%oftheSMs,intheMFSK-
M= 256case,havePERvalueslessthanore
creasesasMdeclinestoreachjustbelow65
inthecaseofordinary BPSK,around72%
PERvalue.Also,itisinterestingtonotethat
blePERdifferencewhencomparingwith
 

Fig.7showstheCDFofthethroughpu
servethataround97%oftheSMshavethem
M=256andthispercentagevaluedecreases
heMFSK 
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atMFSKwithM16hasaremarka
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TABLEIII. MAXCELLDIAMETERINKM. 
 

1 variableor 
Environ.Type M=256 M=64 

0.95 Thresh.SNR -13.25 -
8.25UrbanEnviro. 1.85 1.36 

0.9 RuralEnviro. 10.94 7.8 

MFSK 
M=16 M=8 M=4 
-3.25 -0.75 1.251
 0.85
 0.765.57 4.7
 4.11 

 

M=2

 BPSK

2.9
 0.750.6
9
 0.783.6
8 4.25 

 

0.85 
 

0.8 
 

0.75 
 

0.7 
 

0.65 

 
10

−3                         
10

−2                         
10

−1                          
10

0                           
10

1 
PER 

Fig.6.CDFoftheSMs’PERwithMFSK&BPSKmodulationschemes. 
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Fig.7.CDFoftheSMs’throughputwithdifferentmodulationschemes. 
 

case,itisclearthatmaximumthroughputdecreaseswithin-
creaseM.Themaximumthroughputsare(892,892,672,448,168,56)Kbps 
forM=2,4,8,16,64,256 
respectivelywhereasitequalsto1.792MbpsintheBPSKcase.Theseresultsa
greewiththefactthattheMFSKmodulationschemeisdesigned 
toimprovethereceiversensitivityandthisimprovementisatthecostoftheb
andwidthefficiency.Additionally,Fig.7alsodepictstheCDFofthethrou
ghputoftheadaptiveMFSKschemeinwhichforeachSMthelowestvaluef
orMthatpermitsPERlevellessthanorequalto1103ischosen.Theadaptive
MFSKisalreadyusedwhencomparisonswith 
BPSKincoverageandcapacityanalysesareperformed. 
C.CoverageAnalysis 

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

  
���� = max {�: ���(�)���������� ≥ ��}                                       (8) 

whereistheminimumdesiredSNRtoachieveaPERof1103whenusingthel
owestmostrobustMCS.BasedonthethresholdvaluesforMFSKwithdiff
erentMand BPSKwhichwereobtainedfromFig.4,Table-
IIIillustratesthemaxcell 
diameterforeachcase.Itisclearthatthecellcoverageintheruralenvironmen
tislargerthanthatintheurbanenvironment,thereasonforthatisthelowerlos
sesinthefirstscenariocomparedtothesecond. 

Theoutageprobabilityrepresentsasubstantialfactorfor 
theperformanceassessmentofthewirelesssystems,anditmeasuresthefailin
gprobabilitytoachieveaspecifiedSNRvaluerequiredforaparticularservi
ce,itcanbeexpressedas[12]: 

��.������ = ��[��� ≤ ��]                                                (9) 

Fig.8&9showtheoutageprobabilityfortheurbanandruralenvironm
entsrespectively.Itis 
interestingtonotethattheadaptiveMFSKhasloweroutageprobability(hi
ghercoverage)thanBPSKforuplinkanddownlinkinbothenvironments.
Basedonthetraditionalcoveragenetworkconditionwhichallowstoonly5
%outageprobability,theadaptiveMFSKdoublesthecoveragefrom300m,
intheBPSK,to600m.Furthermore,dependontheaboveconditionintherur
alenvironment,theadaptiveMFSKhasacoverageof3km,whereasBPSKh
asacoverageof0.75km.ThismeansthatMFSKhasfourtimeshighercovera
gethanBPSK.Moreover,theresultsshowthatMFSKcanbeusedintheultra
reliableapplicationswhere99.99%coverageconditionneedtobeachievedi
ntheurbanscenariowithacellradiusof350m, 
whileBPSKfailstoachievethiscondition.Thishappensduetoincreasethel
ossesasincreasethedistanceinbothcaseswhilethetransmitpowerishigherin
thedownlinkcase.Finally,forthesamevalueoftheoutageprobability,ther
uralenvironmenthasacoveragerangethatfarexceedstheurbanduetoitslowe
rlosses. 
D.CapacityAnalysis 

Inthissub-section,weaimtopredicttheaggregate 
throughputpersectorandtheavailablethroughputperSMfortheadaptive
MFSKandcomparedtheresultswithBPSKasshowninthefollowing: 

1)SectorCapacity:Theaveragedatarateperasectorcanbeevaluatedbase
dontheprobabilitiesthateachMFSKwithacertainM(i.e.,MCS)isinusea
ndtheircorrespondingachievabledatarate.TheprobabilitythatMFSKwit
hcertainMis 
inusecanbecalculatedfromthestatisticsofthereceivedSNRineachscenario
.TheSNRvaluesalterfordifferentSMsduetodifferentvariablesandassum
ptionssuchasthelinkdistance,shadowinglossandthescenario 
type.TheprobabilitythattheSNRvaluesliebetweentheminimumSNRva
luedesiredbyagivenMCSandtheSNRvaluedesiredbythenextMCSismea
suredasfollows: 

����(�) = ��[��,���(�) ≤ ��� < ��,���(���)]             (10) 
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Fig.8.Outageprobabilityintheurbanenvironment. 
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Thetotalaggregatedatarate(sectorcapacity) 

 
������ = ∑ ����(�)� ����(�)                                             (11) 

 

whereCM C S (i)isthedatarateobtainedwhenusingtheMCS(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 BsiisthetransportblocksizefortheMFSK
withacertainM(MCSi),thenthetransportblocknumberneededtosendam
essage 

withlengthL bitsequals: 

�� = �
�������������(�)

����
�( 12) 

Then,theaverageofthetotalnumberoftransportblocks(NT B )requiredtot
heallSMs(K )inthesectortosendor 
receiveamessagecanbeexpressedas[10]: 

��� = � ∑ ����(�)� ��                                                     (13) 

Next,t m i n isdeterminedas: 

t��� =
���

���
                                                                        (14) 

where,RT Bistherateofthetransportblock,whichisequal 
to21000transportblockpersecondinthispaper (3MHzLTE-
Alikesystemisassumed).Ultimately,theupperboundoftheavailablecapa
cityperSMcanbeevaluatedbydividingthemessagesizetot min .  
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Fig.10.CapacityanalysisfortheuplinkurbancasewithR=0.5km. 

 
 

Fig.10&11illustratetheaggregatesectorthroughputandtheavailablecapa
cityperSMversusthenumberofconnectedSMspersectorfor0.5kmurban
&4kmruraluplinkcasesrespectively.Itisclearthattheaggregatesectorthro
ughput 
andtheavailablecapacityperSM,intheadaptiveMFSKcase,decreaseby 
around46%&81%intheurbancaseandby 
38%&91%intheruralcasecomparedtotheBPSKmodulationscheme.Ho
wever, the numbersoftheconnectedSMper 
sector,intheadaptiveMFSK,significantlyincreasebyapproximately30
%&75%intheurbanandruralcasescomparedtoBPSK. 
 

Tables-IV-VIIshowtheaggregatesectorthroughput 
(Mbps),theavailablecapacityperSM(bps)andthenumberofconnectedS
Mspersectorforuplinkanddownlinkintheurbanandruralcasesrespective
ly.Basedontheresultsofall 
cases,thehigherthecellradius,thelowerthesectorcapacityandavailable 
capacityperSM.Thereasonfor that is asthecell 
radiusincreases,afractionofthecellareasuffersfromlowerSNRincreases.
Finally,thedifferenceinthesectorthroughput 
betweenbothmodulationschemesdramaticallydecreasesasthecellradiusin
creasesforallcases. 
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environments.AlthoughthecapacityfortheadaptiveOFDM-
MFSK(aggregatesectorthroughput&availablecapacityperSM)islower
thanBPSK,thenumberofconnectedSMspersectorishigher.Theessentialre
quirementsforthesmartmeteringtechnologyincludetheneedforgoodcov
erage,lowoutageprobability,andalsotheamountofdatathatisexchangedbe
tweenthenetworkandSMsisrelativelylowinthisapplication.Therefore,
weconcludethatOFDM-
MFSKcanbeeffectivelyappliedinthesmartmeteringtechnology. 
 

 

 

 

Fig.11.CapacityanalysisfortheuplinkruralcasewithR=4km. 

TABLEIV. CAPACITYANALYSISFORUPLINKURBANSCENARIO. 
Cellradius(km) 0.25 0.5 0.75 1 

 
MFSK 

Agg.SecTh.(Mbps) 0.872 0.723 0.558 0.43 
Aval.Cap.perSM(bps) 265.64 39.39 11.36 5.38 
No.ofConnectedSMs 392 1523 3143 4961 

 
BPSK 

Agg.SecTh.(Mbps) 1.72 1.34 0.91 0.65 
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 

 
MFSK 

Agg.SecTh.(Mbps) 0.882 0.793 0.661 0.534 
Aval.Cap.perSM(bps) 318.1 45.53 13.9 6.09 
No.ofConnectedSMs 392 1554 3320 5526 

 
BPSK 

Agg.SecTh.(Mbps) 1.76 1.49 1.15 0.88 
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 

 
MFSK 

Agg.SecTh.(Mbps) 0.808 0.578 0.409 0.281 0.218 
Aval.Cap.perSM(bps) 718 83.01 29.58 16.65 11.15 
No.ofConnectedSMs 123 457 870 1266 1696 

 
BPSK 

Agg.SecTh.(Mbps) 1.5 0.932 0.609 0.376 0.269 
Aval.Cap.perSM(bps) 2400 965.4 655.9 597.31 536 
No.ofConnectedSMs 105 261 384 422 471 

TABLEVII. CAPACITYANALYSISFORDOWNLINKRURALSCENARIO 

Cellradius(Km) 2 4 6 8 10 
 

MFSK 
Agg.SecTh.(Mbps) 0.85 0.683 0.519 0.384 0.305 
Aval.Cap.perSM(bps) 707.5 98.3 32.4 15.82 10.29 
No.ofConnectedSMs 125 482 983 1527 2104 

 
BPSK 

Agg.SecTh.(Mbps) 1.69 1.2 0.84 0.57 0.43 
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 
andMFSK,issuggestedforthesmartmeteringtechnology.Itsperformance
(PER, 
throughput,coverageandcapacity)ismeasuredandcomparedwiththeordin
aryOFDM-
BPSKindifferentcases.BasedontheAWGNchannelandsystemlevelstudy
results,theOFDM-
MFSKhasbetterPERperformancecomparedtoBPSKatthehighervalueso
fM(M8),thehighertheMvalue,thebetterthePERperformance.Whereas,
forsmallMvalues 
(M< 8),theperformanceisworsethanBPSK.Ontheotherhand,thethrough
putbehaviourisexactlytheopposite 
tothePERbehaviour.ThisisduetothefactthatOFDM-MFSKistailored 
toenhancethereceiversensitivityatthecostspectralefficiency.Additionall
y,theadaptiveOFDM-

MFSKhasloweroutageprobability(highercoverage)comparedto 
BPSKforbothuplinkanddownlinkintheurbanandrural 
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