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ABSTRACT   

The rapid increase in the number of subscribers demanding high data rate applications have resulted in the need to shift from the 4G to the 5G 

networks. The next generation (5G) wireless communication networks (WCN’s) are required to fulfill these rising requirements, hence aiming to utilize 

the available spectrum as efficiently as possible. Also this is leading to a detrimental effect on the ecological balance of the environment as the transmit 

power levels increase correspondingly in the atmosphere. Hence power optimization has also become a major concern. Various technologies such as 

massive MIMO, spectrum sharing, device to device communication (D2D), GREEN communication have gained significant attention in aiding 

spectrum utilization along with power optimization. This proposal intends to optimize power using spectrum sharing for the NGN’s to achieve high 

spectrum and energy efficiency for both the primary and secondary system without introduction of a secondary transmitter. The performance of the 

proposed model has been compared with the opportunistic spectrum sharing model and other popular resource allocation algorithms. The results 

obtained confirm the efficiency of the proposed scheme for increased performance of the system. Index Terms— 5G WCN, power optimization, 

massive MIMO, spectrum sharing, D2D  

1. INTRODUCTION 

 Introduce some basic information  about ithe project in this chapter including research background definition of NOMA multiple carieer 

and isingle  carieer iDynamic ipower iallocation isum irate We  with the massive proliferation in the demand for the mobile wireless 

communications, smart devices with internet based applications, the expectation from the from the next generation networks ha s increased 

manifolds. ▪ Also the next generation networks (NGN) are expected to fulfill the escalating demands of the users with improved quality of 

service. Since we know that we have a limited radio frequency resource to carry out all the wireless and the mobile communications, the main aim 

of the NGN is to use the available radio resource most efficiently.  

iThe i5G iverbal iexchange istructures ipurpose ito ienhance ithe ifine iof iverbal iexchange iin iexceptional iaspects. iFor iinstance, ithe i5G 

inetworks iare ianticipated ito iprovide isevere iability i(10 iTbps iin istep iwith irectangular ikilometer) iand istatistics irate i(multi-Gigabits iin 

istep iwith isecond), iwhich iis icalled ibetter icellular ibroadband. i5G iought ito iadditionally ipermit ian iultra-excessive idensity i(1 imillion 

inodes iin istep iwith irectangular ikilometer), iultra-low icomplexity i(10s iof ibits iin istep iwith isecond) iand ipower iconsumption, iwhich 

iparticularly ihelps ithe iimprovement iof ithe iInternet-of-Things i(IoT) i. iSpecifically, iIoT ioffers ian ipossibility ito iunderstand iclever icities, 

iclever ihomes, ilong-variety iitem itracking, ietc. iBesides, i5G iought ito ioffer iultra-low ilatency i(as ilow ias ia imillisecond), iultra-excessive 

ireliability i(much iless ithan i1 iout iof ia ihundred imillion ipackets ilost) iand irobust isecurity iiwhich ienables ito iobtain imission-important 

imanipulate iwhich iincludes iautonomous ivehicles, irobotics, ibusiness iautomation, ietc. iThere iare inumerous idisruptive itechnology ifor 

iunderstanding ithe i5G iverbal iexchange isystem, iwhich iincludes ilarge ia icouple iof-input-a icouple iof-output i(MIMO) i, imillimeter iwave 

i, iseen imild iverbal iexchange i[8], iand iNOMA, ietc.

Generation networks (NGN) are expected to fulfill the escalating demands of the users with improved quality of service. Since we know that we have a 

limited radio frequency resource to carry out all the wireless and the mobile communications, the main aim of the NGN is to use the available radio 

resource most efficiently. 

SYSTEM MODEL 

Single icarieer iNOMA isystem 

Model ifor isingle icarrier iNOMA 

2. DOWNLINK NOMA NETWORK 

In ithis isection, ian ioutline iof iNOMA iin idownlink iand iuplink inetworks iis idelivered ivia isignal-to-interference-and-noise iratio i(SINR) 

iand isum icharge ianalyses. iThen, iexcessive isignal-to-noise iratio i(SNR) ievaluation ihas ibeen icarried iout iso ias ito iexamine ithe iperformances 

iof iOMA iand iNOMA itechniques[3]. 
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At ithe itransmitter iside iof idownlink iNOMA inetwork, ias ishown iin iFigure i2, ithe iBS itransmits ithe icombined isignal, iwhich iis ia 

isuperposition iof ithe idesired isignals iof imultiple iusers iwith idifferent iallocated ipower icoefficients, ito iall imobile iusers. iAt ithe ireceiver iof 

ieach iuser, iSIC iprocess iis iassumed ito ibe iperformed isuccessively iuntil iuser’s isignal iis irecovered. iPower icoefficients iof iusers iare iallocated 

iaccording ito itheir ichannel iconditions, iin ian iinversely iproportional imanner. iThe iuser iwith ia ibad icondition iis iallocated ihigher itransmission 

ipower ithan ithe ione iwhich ihas ia igood ichannel icondition. iThus, isince ithe iuser iwith ithe ihighest itransmission ipower iconsiders ithe isignals 

iof iother iusers ias inoise, iit irecovers iits isignal iimmediately iwithout iperforming iany iSIC iprocess. iHowever, iother iusers ineed ito iperform 

iSIC iprocesses. iIn iSIC, ieach iuser’s ireceiver ifirst idetects ithe isignals ithat iare istronger ithan iits iown idesired isignal. iNext, ithose isignals iare 

isubtracted ifrom ithe ireceived isignal iand ithis iprocess icontinues iuntil ithe irelated iuser’s iown isignal iis idetermined. iFinally, ieach iuser 

idecodes iits iown isignal iby itreating iother iusers iwith ilower ipower icoefficients ias inoise..[4] iThe itransmitted isignal iat ithe iBS ican ibe 

iwritten ias ifollows  

1
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Where i
i

x  iis ithe iinformation iof iuser i ( )ii U with iunit ienergy.P iis ithe itransmission ipower iat ithe iBS iand ia1 iis ithe ipower icoefficient 

iallocated ifor iuser ii iis iubjected ito i
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a a a a   since iwithout iloss iof igenerality ithe ichannel igains iare 

iassumed ito ibe iordered ias i
2 2 2

1 2 ... Lh h h    i,where ih1 iis ithe ichannel icoefficient iof ithe il ith iuser,based ion iNOMA 

iconcept.The ireceived isignal iat il ith i iuser ican ibe iexpressed ias ifollows   
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iDown ilink iNOMA inetwork 

a) iSNR i iAnalysis 

By i iusing(2),the iinstantaneous iSNR iof ithe il ith iuser ito idetect ithe ij ith iuser, i j l ,with ij  L ican ibe iwritten ias ifollows 

           

 

 

https://www.hindawi.com/journals/wcmc/2018/9713450/fig2/
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Where i
2/sp   idenotes ithe iSNR in iorder ito ifind ithe idesired iinformation iof ithe il ith iuser,SIC iprocessor iwill ibe iimplemented ifor 

ithe isignal iof iuser i j l .thus, ithe iSNR iof ithe 1 th iuser ican ibe igiven iby   
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Then, ithe iSNR iof ithe iLth i user iis expressed as  

2

l L LSINR a h  

b) iSUM iRATE iANALYSIS 

After finding the SINR iexpressions of idownlink iNOMAithe sum rate analysis ican ieasily ibe idone. The idownlink iNOMA iachievable idata iof ilth 

iuser ican ibe iexpressed ias [5] 
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Therefore the sum rate iof downlink iNOMA ican ibe iwritten ias 
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In orderi toi figure out iwhether iNOMA itechniques ioutperform iOMA itechniques, iwe iconduct ia ihigh iSNR ianalysis ithus, iat ihigh iSNR, ithat 

iis, i   ,the isum irate iof dowenlink iNOMA ibecomes[1] 
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I 

3. UPLINK NOMA NETWORK 

             In iuplink iNOMA inetwork, ias idepicted iin iFigure i3,ievery icellular iperson itransmits iits isign ito ithe iBS. 

iAt ithe iBS, iSICiiterations iare iperformed iwith ithe iintention ito ilocate ithe iindicators iof icellular iusers. By 

iassuming ithat idownlink iand iuplink channels iare ireciprocal iand ithe BS itransmits istrength iallocation icoefficients 

ito icellular iusers, ithe iacquired isign ion the iBS ifor isynchronous iuplink iNOMA imay ibe iexpressed ias[2] 

                               
1

L
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i
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Where i
ih is ithe ichannel icoefficient iof ithe ith iuser, iis ithe imost itransmission ienergy iassumed ito ibe inot iunusual 

iplace ifor iall iusers, iand iis i0 iimply icomplicated iadditive iGaussian inoise iwith ia ivariance iof
2  i; ithat iis, i. i

2(0, )n CN  . 

 

Uplink NOMA iNetwork 

a) iSNR i ANALYSIS 

The iBS idecodes ithe ialerts iof icustomers iorderly iin iline iwith istrength icoefficients iof icustomers, iafter iwhich ithe iSNR ifor i iuser i 1l  . 
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Where i 2/p  next ithe iSNR ifor ithe ifirst iuser iis iexpressed ias 
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When i  ,the isum irete iof iuplink iNOMA ibecomes  
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4. ISINGLE ICARRIER INOMA I(SC INOMA) I- IHOW IMANY ICUSTOMERS ICAN IIT ISUPPORT 

We inoticed ihow inon-orthogonal ia icouple iof iget ientry ito i(NOMA) ican ione iway ior ithe iother imagically iwreck ithe icapability 

iobstacle iconfronted ivia iway iof imeans iof ithe iopposite iconventional iorthogonal ia icouple iof iget ientry ito i(OMA) ischemes. iOMA ischemes 

ilike iTDMA, iFDMA, iCDMA, iOFDMA iseparates ithe icustomers iin itime, ifrequency, icode, isubcarrier idomain inames irespectively. iNo 

icustomers iare iallowed ito ipercentage ithe iidentical iuseful iresource iconcurrently. iIf ithis icircumstance iis iviolated, iinterference icould iarise 

iand ieach icustomers icould ilose itheir idata. iFor ia imoment, ilet's ido inot iforget ian iOFDMA icommunity iwith isixty ifour isubcarriers[6]. iIf iwe 

iassign ione iorthogonal isubcarrier iin iline iwith iperson, ithe imost ivariety iof icustomers iwe iwill iconcurrently iserve iis isixty ifour. iIf ithe isixty 

ififth iperson irequests ia iconnection, ihis iname ishould ibe idropped ior ihe ishould ianticipate ione iof ithe idifferent icustomers ito icomplete 

itransmitting. iThis iis idue ito ithe ifact iwe ihave ino igreater iorthogonal isubcarrier ito iassign ito ithe ibrand inew iperson. iThis iorthogonality 

ibottleneck iimposes ia icapability iobstacle iat ithe ivariety iof icustomers iwho ican iconcurrently iget ientry ito ithe iOMA icommunity. iNOMA 

ibreaks ithis icapability ibottleneck ivia iway iof imeans iof ipermitting isimultaneous itransmission iof ia icouple iof icustomers iwithinside ithe 

iidentical ifrequency icarrier. iOf icourse, iinterference icould iarise. iBut iNOMA iemploys ia iway ireferred ito ias isuccessive iinterference 

icancellation i(SIC) ito iintelligently ieliminate ithe iinterference. iTill inow, iwe inoticed iapproximately iperson iNOMA iand i3 iperson iNOMA 

isimulation. iAfter ianalyzing ithe iones iposts, ia inumber iof iour ireaders italked iabout ito ime, ithe isubsequent icritical iquery ithat iarises. iHow 

imany icustomers ican iI imultiplex iwithinside ithe iidentical icarrier? iCan iI imultiplex ione ihundred icustomers? iWon't ithis imake ithe ireceiver 

ifacet iprocessing icomplicated 

a) iSIC iCOMPLEXITY iAT iSTRONG iUSERS i 

We irecognize ithat, iwhilst iappearing isuperposition icoding ion ithe itransmitter iside, ithe icustomers iare iordered iin iline iwith itheir 

ichannel isituations iand ithe iweakest iperson iis iallotted ithe imaximum ielectricity. iFor iexample, iif iwe ihave iK icustomers, iand iif ithey're 

iordered isuch ithat, i|h1|2<|h2|2<...<|hK|2 i, ithen itheir icorresponding ipower iallocation icoefficients iwill ibe iordered ias iα1>α2>...αK i. 

iWhile idoing ithis ielectricity iallocation, iwe ihave ito imake isure ithat, iα1>α2+α3+...αK iand iα2>α3+α4+...αK i, iα3>α4+...αK iand iso ion. 

iAt ithe ireceiver iside, ithe iweakest iperson, ii.e., iU1 i, iwill icarry iout idirect iinterpreting. iSince, iα1>α2+α3+...αK i, iall idifferent 

icustomers' istatistics iare itaken iinto iconsideration[7] 

iinterference. iSo, iU1 idoes inow ino ilonger ihave iany icomplicated iprocessing iinvolved. iOK. iLet's icirculate idirectly ito iU2 i. iIn ithe 

iobtained isign iof iU2 i, iU1 i's istatistics imight ibe idominating ibecause, iα1>α2+α3+...αK i. iSo, iU2 ihas ito ifirst icarry iout iSIC ito iestimate 

iand ido iaway iwith iU1 i's istatistics. iOnce iU1 i's istatistics iis iremoved, iwe ican ihave, iα2>α3>α4>...αK i. iSo inow, iU2 i's istatistics iis 

idominating. iTherefore, iU2 ican icarry iout idirect iinterpreting, ivia iway iof imeans iof itreating ithe istatistics iof icustomers iU2 i, iU3 i, i... 

ias iinterference. iIn ia icomparable ifashion, iU3 iought ito icarry iout iSIC ito ido iaway iwith iU1 iand iU2 i's istatistics iearlier ithan 

iinterpreting iits ivery iown isign. iU4 iought ito ido iaway iwith iU1 i, iU2 i, iand iU3 i's istatistics iearlier ithan iinterpreting iits ivery iown isign. 

iFollowing ithe iequal ieducate iof ithought, ihow iplenty iinstances ihave ito ithe imost ipowerful iperson i( iUK i) icarry iout iSIC iearlier ithan 

iinterpreting ihis ivery iown istatistics? iK−1 iinstances. iHe iought ito ido iaway iwith ieach iunmarried icustomers' istatistics ifrom ihis iobtained 

isign. iOnly ithen iαK imight ibe idominating. iThus, iif iwe imultiplex ia ihundred icustomers iwithinside ithe iequal icarrier, ithe ione ihundredth 

iperson iought ito icarry iout iSIC ininety inine iinstances iearlier ithan iinterpreting ihis ivery iown istatistics[8]. iThis iisn't imost ieffective 

icomputationally icomplicated, ihowever iadditionally iconsumes iplenty itime imain ito iprocessing idelay. iAs iif ithis iprocessing iitself iisn't 

icomplex ienough, ia ibrand inew itrouble iknown ias iSIC imistakess ipropagation imay ieven ioccur. iFor iexample, iU5 iought ito icarry iout 

iSIC ifor iU1 i, iU2 i, i... iU4 i's istatistics. iIf iU1 i's istatistics iis idecoded iin imistakess, ithen ithis ican icause ia iincorrect isign ibeing 

isubtracted iwithinside ithe iSIC iprocess, iwhich icould icause iinterpreting iof iU2 i's istatistics ierroneously iand ithis imistake ipropagates ion 
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iand idirectly ito ithe iinterpreting iof iU5 ivery iown istatistics. iBut ithis iisn't ithe imost ieffective itrouble iwith imultiplexing ihuge iwide 

ivariety iof icustomers iwithinside ithe iequal icarrier. 

A iproblem iof iInterference iat iweak iusers 

iAgain, ilet`s iassume iwe ihave iK i iusers, iwith i iU1 ias ithe iweakest iuser iand i iUK i ias ithe istrongest iuser. iUK ialready ihas ithe iproblem 

iof icomplicated iand itime iconsuming isignal iprocessing irequirement. iNow, ithe iproblem iwith iU1 iis ithis: i iU1 idoes idirect idecoding 

itreating iall iother iusers' idata ias iinterference. iSo, ithe iachievable irate iequation iof i iU1 iwill ihave iK−1 i iinterference iterms 

A. THE iPROBLEM iOF iPOWER iALLOACTION 

The itrouble iof istrength iallocation iWhen iwe ihad i iusers, iwe iarbitrarily iselected iα1 ito ibe ia ifew ivalue, isay i0.75, iand i iα2=0.25 i. 

iBy idoing ithis, [8iwe ihad ibeencapable iof ieffortlessly ifulfill ithe isituations iα1>α2 iand iα1+α2=1 i. iWhen iwe ihad i3 iusers, ion ithis ipost, 

iwe ichoose, iα1=0.85 i, iα2=0.15 iand iα3=0.05 i. iThus isatisfying,α1>α2>α3 iα1>α2+α3 iα2>α3 iand iα1+α2+α3=1 i.[9]When iwe've iK iusers, 

iwe've ieven iextra isituations ito ifulfill.α1>α2>α3>...>αK iα1>α2+α3+...+αK iα2>α3+α4+...+αK i...αm>αm+1+αm+2+...αK 

iandα1+α2+...+αK=1 iHow ican iwe ichoose iα1,α2,...αK i ito ifulfill ia imajority iof ithese isituations? iObviously, iit's ifar ipretty icomplex ito 

ichoose ithem iwith ithe iaid iof iusing itrial iand ierror. iSo, ilet`s isee ia istrength iallocation iapproach ito iaddress this itrouble[15]. 

iA ipower iallocation imethod ifor imultiple iuser isingle icarrier iNOMA i 

First, ipick ifraction iless ithan i1. iFor iexample, i34 ior i25 ietc. iLet`s ipick i i34 i. iStart iwith ithe iweakest iuser. iFor iU1, iset iα1=34 i. iIf i 

iK i= i2, iset i iα2 i= i1-α1. iOtherwise, iset iα2 i= i34 i(1 i– iα1). iIf i iK i= i3, iset i iα3 i= i1- i(α1 i+ iα2). iOtherwise, iset iα3 i= i34 i(1-(α1 i+ 

iα2)). iIf i iK i= i4, iset i iα4 i= i1- i(α1 i+ iα2 i+ iα3). iOtherwise, iset iα4=34(1−(α1+α2+α4)) i. i i... i iIf iK=m i, iset iαm=1−(α1+α2+...+αm−1) 

i. iOtherwise, iset iαm=34(1−(α1+α2+...αm−1)) i. i iBy ifollowing ithis iheuristic irepeatedly ito iall ithe iusers, iwe iwill iarrive iat ia ipower 

iallocation isolution iwhich isatisfies iall ithe iconditions [imentioned iin ithe iprevious isection. i 

iThis ialgorithm iguarantees iproper ipower iallocation iin ithat iit imeets ithe irequired iconditions, ibut inew iissues iare iimmediately iapparent. 

iThe imore iusers iyou ipush iinto iyour inetwork, ithe iless ipower iwill ibe iallocated ito ithe istrongest iusers. iThis ireduces ithe iachievable 

idata irate. i 

iNow ithat iwe ihave iidentified isome iof ithe iproblems ifaced iby iso-called isingle icarrier iNOMA i(or iSCNOMA), ilet's irun ia iMATLAB 

isimulation ito isee iall ithese iproblems iin iaction. iLet's ichange ithe inumber iof imultiplexed iusers ito ishow ithe iachievable icumulative irate 

iof ithe iSC iNOMA inetwork. iYou iwill iget isuch ia igraph. 

 

iSum irate i(bps/Hz) iversus iNumber iof iusers 

1) What ican iwe iinfer ifrom ithis igraph? I 

As the number of usersi of SCNOMA is increased, the sum capacity of the network initially increases and then drops and saturates 

 This iinitial iincrease iis idue ito ithe isame ireasons ithat iNOMA ioffers ibetter icapacity ithan iOMA. iThe iinterference ilevels iare 

imanageable iand ithe istrongest iuser, ialthough ihe iis iallocated ithe ileast ipower, iis igiven ia irespectable iamount iof ipower. i 

 iWe ican iobserve ia idrop ioff ipoint ibeyond iwhich ithe icapacity ifalls. iThis idrop ioff ipoint ican ibe iregarded ias ithe imaximum ilimit 

ion ithe inumber iof iusers iwho ican ibe iadmitted iinto ithe inetwork iwithout iany iperformance idegradation. 
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 iThe idrop ioff ipoint imoves itowards ithe iright ias ithe itransmit ipower iis iincreased. iThat iis, iWhen i10dBm itransmit ipower iwas 

iused, ithe isum irate istarted ito idecrease ibeyond i4 iusers. 

 iBut iwhen i40dBm itransmit ipower iwas iused, ithe idrop ioff ipoint iwas ibeyond i10 iusers. iThis ibehavior iis imainly idue ito ithe 

ipower iallocation istrategy ithat iwe iadopted. iThe iweakest iuser iwill ibe iassigned ithe ileast ifraction iof ipower iand ia ismall ifraction 

iof i40 idBm iis igreater ithan ia ismall ifraction iof i10 idBm. I 

 Thus, ito iaccommodate imore iusers iwithout iperformance idegradation, iwe imust iincrease ithe itransmit ipower 

5. ICONCLUSION 

Simulations ihave ishown ithat ithe inumber iof iusers imultiplexed ion ithe isame icarrier icannot ibe iincreased iany ifurther. iMultiplexing i100 

iusers ion ithe isame icarrier ito ianswer ithe ifirst iquestion iraises imore iissues iregarding ithe icomplexity iof iSIC icalculations, idelays, ipower 

iallocation icalculations, iand iachievable irate ireductions. iincrease. iThe imaximum inumber iof iusers iis idetermined iby ithe ibreakpoints iin ithe 

igraph. iIf iyes, iwhat ican iyou ido ito iserve iall i100 iusers iof ithe isame icarrier? iYou ican ichoose ia ihybrid iNOMA itechnology ithat icombines 

ithe iconcepts iof iOMA iand iNOMA. iWe'll italk imore iabout ithem iin ifuture iposts 
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