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Abstract i- iA iNon-orthogonal imultiple iaccess i(NOMA) iis ia 

ipromising ideveloping itechnology ithat ican isignificantly iimprove 

ithe iusage iof ispectrum iand isystem icapacity iin iheterogeneous 

iwireless inetworks iand iempowers ispectrum ioverlapping iand 

ipermits iparticular iusers ito isimultaneously ioperate iover ia isimilar 

ifrequency iband, iand ithus iempowers ihuge iconnectivity. iPower 

iallocation iassumes ia ikey ijob iin ithe isuccessful ideployment iof 

iNOMA. iIn ithe iearlier ipower iallocation ischemes, ithe iperfect 

ichannel istate iinformation i(CSI) iis ithought ito ibe irealized iwhich iis 

ihard ito iacquire iin ia irealistic ienvironment. iFor iNOMA isystem 

isuper icoding iand isuccessive iinterference icancellation 

iprocedures iare iutilized ito iseparate ithe isignals ifor iuplink iand 

idownlink isystems. iIn ithis ipaper, iwe ipropose ia ipower iallocation 

iplan ito iboost ithe ienergy iefficiency iof ismall icells ifor idownlink 

iNOMA iheterogeneous inetworks idependent ion iimperfect iCSI, 

ichannel iestimation iis iperformed ifor iNOMA isystem, iBit ierror 

irate(BER) iis icontrasted iwith iperfect iCSI iand iimperfect iCSI iand 

ifurthermore iCarrier ifrequency ioffset i(CFO) iis iplotted ifor iNOMA 

isystem iand ialso icompares idata irates iof isynchronous iand 

iasynchronous ifor idownlink ichannel. iThe isimulation iresults ishow 

ithe isuperiority iand iefficiency iof ithe iproposed iplot icontrasted 

iwith ithe iprior itechniques ito iimprove ioverall iefficiency iof ithe 

iNOMA isystem ifor i5G icommunications. 

 
Key iWords: i iNon iOrthogonal  iMultiple iAccess, iChannel iState 
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1. INTRODUCTION i 
 
Most iof ithe icommunication iin itoday’s iworld iare iwireless. iThe 

icommunication iis iprovided iby idividing ithe ientire iarea iinto 

ismall icells iand ithe imain iintention iin ithe idesign iof isuch isystems 

iis ito iefficiently iraise ithe icapacity iof ithe ichannels. iWith ithe 

iincrease iin ithe iuse iof iwireless iappliances isuch ias imobile 

iphones iin iour idaily ilives, ian iadequate iuse iof ithe iavailable 

iresources isuch ias ibandwidth iis inecessary iso ias ito iimprove ithe 

iefficacy iof ientire isystem. iThe imultiple iaccess ischeme ihas ia ikey 

irole iin ithe idistribution iof idifferent iuser’s idata. iThis itechnique iis 

ibasically icategorized ias iOrthogonal iand iNon-Orthogonal 

imultiple iaccess i(OMA iand iNOMA).  iThe imost irecent iamong ithe 

ischemes iof ihandling iseveral iend iusers iis iNon-Orthogonal 

iMultiple iAccess i(NOMA) iand iit iis itrusted ito iprovide ian iupsurge 

iin itransfer irate iof iinformation iwhich ican iin iturn ibe icalled ias ithe 

ioperation irate ior iscale iof iinformation. iA iproper iresource 

iprovided ichannels iresults iin ian ienhanced iway  iof 

icommunication iwithout idegrading ithe iusers idistance icriteria 

iand ithere iby idestroying  iimpartiality. iIn ithe itype iof ischeme 

iwhich ideals iwith iserving idiverse iend iusers iwith ireserves ibeing 

iat iright iangle ito ieach iother, ithe ireserves iare itime, ifrequency 

iand icode ibased iwhich iresults iin ithree idifferent itypes iof 

iclassification iof ifurther isub ischemes. iThese ischemes ihad ino 

iproper iutilization iof ithe iresources iwhich iresulted ias idrawback 

isuch ias iwastage iof ifrequency, iconstant ioperating irate, ipre-
assigned itiming islots, ireduced iservice ilevel iin icase iof iincreased 

inumber iof iusers iand imany imore iwhich ireduces ithe ioverall 

isystem isufficiency. iNOMA itechnique iprovides ihigh iproficiency 

iby isupporting ilarge inumber iof iusers iand ihas ithe iextent ito 

idiversiform iall ithe iusers iwho ihave ifavourable ichannel istates 

iwith ithe iother iusers iwho  ihave iunfavourable imedium 

iconditions iand ihence igives irise ito ia iconcept iof ibeing iimpartial 

ito iall ithe iusers. 

Fig i1 iOMA iand iNOMA igraphical irepresentation 
 
The iFig i1 ishows ithe igraphical irepresentation iof iboth iOMA iand 

iNOMA istrategies. iThe ilatter iis iconsidered ias ithe ibest istrategy 

ito ifunction iwith  iinternet iof ithings ithereby iincreasing ithe 

iconnections iof ilarge inumber iof idevices. iFulfilling ithese 

idemands ialso irequires ithe inumber iof iusers iin ia iparticular icell 

ito ibe iincreased isignificantly iwithout iboosting ithe inumber iof 

ibase istations iin irespective icells, isatisfying iusers iwith ineeded 

ioperating irates iand iwith iminimum idelay, iand ilastly ithe icost iof 

iall ithese imust ibe ikept iaffordable. iTo iaccomplish ithese 

irequirements, iit iis iimportant ito iincrease ispectrum iproficiency, 

iusing iall idegrees iof ifreedom-time, ifrequency, icode, ito ireduce 

ipower iusage, ireducing itampering ieffect, iso ias ito imaximize ithe 

isystem iefficiency. iSeveral-carrier istrategies isuch ias 

iOrthogonal iFrequency iDivision iMultiple iAccess i(OFDMA) iand 

iindividual icarrier ischeme isuch ias iSingle iCarrier iFrequency 

iDivision. iMultiple iAccess i(SC-FDMA) ihas iability iin iconverting 

ientire ibandwidth  iinto isub ichannels iwhich iparallel, 

ioverlapping iand inon-evanescent. iIn iorder ito iimprove ithe 

iproficiency iof ispectrum, ia inew ischeme iis ievolved iwhich  iis 

iNOMA. iThe isuperposition itype iof icoding iis iused iin ithis ischeme 

iwhich igrants imany iusers iwith itime iand ifrequency ireserves 

isimultaneously iand iuses iconsecutive iinterference ielimination 

iat ithe ireceivers. iThese ifeatures ipossessed iby  iNOMA i increases 

isystem icapacity. 
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2. iEXPOSED iSYSTEM 
 
Figure i2 igives ithe ioverall iinformation iof iresource 

iapportionment iin ithe iproposed iproject. iIt iconsists iof iNOMA 

itransmitter iand ireceiver. iThe itransmitter icomprises ielements 

ias isame ias iany iother itransmitter ibut ithe ionly idifference ihere iis 

ithe iuse iof imultiple iaccess istrategy iwhich iin ithis icase iis iNOMA 

iand ihence ithe iname. iTransmitter ihas ipower isupply icircuit, 

imodulator, iamplifier iand iantenna isystem. iSince, ithe igoal iof ithis 

iproject iis ito ioptimize ithe isources iof icommunication isystem, 

ionly imodulation ipart iis iconsidered ifor isimplicity. iThe iNOMA 

ischeme iis ifeasible iand iconsistent iwith ithe iexisting imodulation 

itechniques. iThe imodulation iused iin ithis iproject iis ibinary iphase 

ishift ikeying. iThe isignal iis ifirst imultiplexed iand imodulated. iAfter 

imodulation iis idone, ithe icarrier isignal icarrying ithe iinformation 

imessage iis iallotted ipower. 

 

Fig i2: iProposed isystem iblock idiagram 

The ipower iallocation istrategy iused ihere iis ibased ion inon-convex 

ias ithe iparameters iwhose ienhancement ito ibe idone iare inot 

iconvex iand ithe isolution ifor ithis iwill ihave imany iideal ipoints. 

iWater ifilling ipower iallocation iis iused iwhich idefines ithat i– 

iallocate ivariable ipower ito ieach iof ithe ichannel ibeing icreated. iThe 

ichannel iis inothing ibut ithe imedium iwhich iis ipresent ifor 

icommunication ito itake iplace. iIn ithe iput iforth ischeme, ia ichannel 

iis iformed iwhich iis idesigned ito iprovide ia irequired itransfer irate 

iof i23 ibits/sec/Hz. iThe inoise ior iother itampering iis iadded iin ithe 

ichannel iregion. iOnce ithe itransmitted isignal ireaches ithe 

ireceiver, ivarious ioperations itakes iin ito idecode ithe imessage. iThe 

ireceiver iwill iperform ioperations iopposite ito ithat iof ithe 

itransmitter iand iextracts ithe ioriginally isent idata. iThe isuccessive 

iinterference icancellation itechnique iis iused ito idecode ithe 

imessages. iThe ireceiver itype iconsidered iis imaximum ilikelihood 

ireceiver iand ithe idecoding iof imessages iis ibased ion iconvex 

iallotment iof iresources ibut iit iexhibits idisadvantages ilike ipower 

icomplexity iproblem, iFrequency ifading, iinter isymbol 

iinterference ietc..To iavoid ithis idifferent imethodologies iare 

iexplained iin iproposed isystem. 

3. IPROPOSED ISYSTEM 

NOMA iuses isuperposition icoding iat ithe itransmitter isuch ithat 

ithe isuccessive iinterference icancellation i(SIC) iat ireceiver ican 

iseparate ithe iusers iboth iin ithe iuplink iand iin ithe idownlink 

ichannels. iSuperposition icoding iat ithe itransmitter iand 

isuccessive iinterference icancellation i(SIC) iat ithe ireceiver 

imakes iit ipossible ito iutilize ithe isame ispectrum ifor iall iusers. i 

3.1 Superposition icoding iand  isuccessive iinterference 

icancellation itechniques 

Superposition icoding iat ithe itransmitter iand isuccessive 

iinterference icancellation i(SIC) iat ithe ireceiver imakes iit ipossible 

ito iutilize ithe isame ispectrum ifor iall iusers. iAt ithe itransmitter 

isite, iall ithe iindividual iinformation isignals iare isuperimposed 

iinto ia isingle iwaveform, iwhile iat ithe ireceiver, iSIC idecodes ithe 

isignals ione iby ione iuntil iit ifinds ithe idesired isignal. iThe ithree 

iinformation isignals iindicated iwith idifferent  icolors iare 

isuperimposed iat ithe itransmitter. iThe ireceived isignal iat ithe iSIC 

ireceiver iincludes iall ithese ithree isignals. iThe ifirst isignal ithat iSIC 

idecodes iis ithe istrongest ione iwhile iothers ias iinterference. iThe 

ifirst idecoded isignal iis ithen isubtracted ifrom ithe ireceived isignal 

iand iif ithe idecoding iis iperfect, ithe iwaveform iwith ithe irest iof ithe 

isignals iis iaccurately iobtained. iSIC iiterates ithe iprocess iuntil iit 

ifinds ithe idesired isignal. 

 i 

Fig. i3: iSuperposition icoding iand isuccessive iinterference 

icancellation itechniques 

In iNOMA idownlink, ithe ibase istation isuperimposes ithe 

iinformation iwaveforms ifor iits iserviced iusers. iEach iuser 

iequipment i(UE) iemploys iSIC ito idetect itheir iown isignals. 
 
3.2 Downlink iprocess: 
In ithe inetwork, iall iUEs ireceive ithe isame isignal ithat icontains ithe 

iinformation ifor iall iusers. iEach iUE idecodes ithe istrongest isignal 

ifirst, iand ithen isubtracts ithe idecoded isignal ifrom ithe ireceived 

isignal. iSIC ireceiver iiterates ithe isubtraction iuntil iit ifinds iits iown 

isignal. iUE ilocated iclose ito ithe iBS ican icancel ithe isignals iof ithe 

ifarther iUEs. iSince ithe isignal iof ithe ifarthest iUE icontributes ithe 

imost ito ithe ireceived isignal, iit iwill idecode iits iown isignal ifirst. i 
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Fig i4. iDownlink iNOMA ifor iK iusers 

The itransmitted isignal iby ithe iBS ican ibe iwritten ias 

 

 
𝑥𝑛 i(𝑡) i=individual iinformation iconveying iOFDM iwave iform, i i𝑛 iis 

ithe ipower iallocation icoefficient ifor ithe iUEn, iPT iis ithe itotal 

iavailable ipower iat ithe iBase iStation. i iPn iThe ipower iallocated ito 

ieach iUEn 

 
The ireceived isignal iat ithe iUEn iis i 

yn(t)=x(t) ign+ iwn(t) ign 
Channel iattenuation ifactor ifor ithe ilink ibetween ithe iBS iand ithe 

iUEn i 
Wn(t) i= ithe iadditive iwhite iGaussian inoise iat ithe iUEn iwith imean 

izero iand idensity iN0(W/Hz) i 
The isignal ito inoise iratio i(SNR) ifor iUEK i 

 

Where iw iis ithe itransmission ibandwidth. i 
 
3.3 NOMA ifor iuplink i 
 
Uplink iimplementation iof iNOMA iis islightly idifferent ithan ithe 

idownlink. iFigure i4 idepicts ia inetwork ithat imultiplexes iK iUEs iin 

ithe iuplink iusing iNOMA. iThis itime, iBS iemploys iSIC iin iorder ito 

idistinguish ithe iuser isignals. 

 
 

Fig i5 iUplink iNOMA ifor iK iusers 
 

When iNOMA iis iused, ithe ithroughput i(bps) ifor ieach iUE ican ibe 

iwritten ias, 

) 

When ithe itotal ibandwidth iand ipower iare ishared iamong ithe 

iUEs iequally, ithroughput ifor ieach 
UE ifor iOFDMA ibecomes., 
 

) 
 

 

Where, i  i iand iNn i= iN0Wn 

 
The isum icapacity ifor iboth iOFDMA iand iNOMA ican ibe iwritten ias i 
 i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i  i i i i i i i i i i i i 

 
4. iRESULTS iAND iDISCUSSIONS 
 
The ifigure i6 ishows ithe iMATLAB isimulation iresults ifor 

iheterogeneous icells ifor ilarge inumber iof iusers, iwhere ithis 

irepresents ithe iclustering iof itwo ior imore icells idepending ion 

ihow ithey iare iclose ito ieach iother iby imaintaining ia iminimum 

idistance, iwhere imulticells imay isuffer ifrom iinter isymbol 

iinterference i(ISI) iand iinter icarrier iinterference i(ICI) ibetween 

ithe icells, ito iavoid ithis iproblem iminimum idistance iis 

imaintained ibetween ithe icells, iso ithat ispectral iefficiency(SE) 

iand ienergy iefficiency(EE) iof ithe isystem iis iincreased. 

 

 

In ifigure i6 ishows isimulation iresult ifor iheterogeneous icells 

iwhere iiteration iis ivarying ifrom i1 ito i100, i iL iis ivaried ifrom i0 ito 

i0.21376 i, iV iis iand ifrom i0 ito i63.22304 i.This iare iused ifor idifferent 

inumber iof iusers icommunicating ithemselves iwith ispecified 

idistance, iso iresources ican ibe ireused iin ithe icells. 

Fig i6. iMATLAB isimulations ishowing 

iheterogeneous inetworks 
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Figure i7 iand iFigure i8 ishows iMATLAB isimulation iof iBER icurves 

ifor ivarious ivalues. iIt ican ibe iseen ithat ichannel iestimation iis 

idone ifor itime-frequency ijoint ichannel, iit iis iverified ifor idifferent 

ivalues iof iBER iand irespective igraphs iare iplotted ihere. 

 

Fig i9. iMATLAB isimulations ifor isymmetric idownlink ichannel 

The ifigure i9 iand ifigure i10 ishows ithe iMATLAB isimulation iresult 

ifor iSymmetric iand iasymmetric idownlink ichannel idata irate 

ipairs i irespectively iwhich icompares ithe iNOMA iand iOFDMA 

isystems, iin ithat ired icolor icurve irepresents idata irate iof iNOMA 

isystem, iblack icolor icurve irepresents idata irate iof iOFDMA i. 

 

 

 

Fig i7. iMATLAB isimulations ishowing ichannel 

iestimation iat idifferent iBER ivalue 

Fig i8. iMATLAB isimulations ishowing ichannel 

iestimation iat idifferent iBER ivalue 

Fig i10. iMATLAB isimulations ifor iasymmetric 

idownlink ichannel 
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Figure i11 ishows ithe iMATLAB isimulation ianalyses ifor ithe 

iperformance ibit ierror irate iand icarrier ifrequency ioffset, ithe 

isignal ito inoise iratio iis iplotted ifor idifferent ivalues iof ilengendary 

ivalues iwhich ireduces ithe inoise iin ithe iNOMA isystem ialso 

iincreases ithe iefficiency iof ithe isystem. i 

5. CONCLUSION 

NOMA ibased isystem iprovides ithe iability ito iuse ithe isame 

ifrequency ispectrum ifor idata itransmission iof imultiple iusers 

iwithin ia isingle icell ito iachieve ihigh ispectral iefficiency, ienergy 

iefficiency iand ibroad icoverage ifor ipotential icellular iwireless 

iapplications. iThe iOFDM isystem iand iNOMA isystems iare istudied 

iand icompared, iand iovercome idisadvantages iof iOFDM, ithe 

ioverall iperformance iof iNOMA iare iimproved, iThe iChannel  

iestimation iis idone ifor iNOMA isystem iand iimplemented iusing 

iMATLAB. iBER iperformance iof iperfect  iand iimperfect  ichannel 

istate iinformation i(CSI) iare ialso ianalyzed iusing iMATLAB iand 

iCarrier ifrequency ioffset(CFO) iimplemented, iData irate iof 

isymmetric iand iasymmetric idownlink ichannel  iare icompared 

iand iplotted iusing iMATLAB iresulting ito iimprove ithe ioverall 

iperformance iof iNOMA isystem. iFuture iwork iis ithe 

iimplemented isystem ican ibe iverified ifor idifferent inext 

igeneration i6G iand ithe idata irates i, iall ifeatures iof isystem icome i 

iwith imore iimprovement iin iterms iof ienergy  iefficiency iand 

ispectral iefficiency iof ithe iNOMA isystem. 
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