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Abstract - A Non-orthogonal multiple access (NOMA) is a
promising developing technology thatcansignificantlyimprove
the usage of spectrum and system capacity in heterogeneous
wireless networks and empowers spectrum overlapping and
permitsparticularuserstosimultaneously operateoverasimilar
frequency band, and thus empowers huge connectivity. Power
allocation assumes a key job in the successful deployment of
NOMA. In the earlier power allocation schemes, the perfect
channelstateinformation (CSI)isthoughtto berealizedwhichis
hard to acquire in a realistic environment. For NOMA system
super coding and successive interference cancellation
procedures are utilized to separate the signals for uplink and
downlink systems. In this paper, we propose a power allocation
plan to boost the energy efficiency of small cells for downlink
NOMA heterogeneous networks dependent on imperfect CSI,
channel estimation is performed for NOMA system, Bit error
rate(BER) is contrasted with perfect CSI and imperfect CSl and
furthermore Carrier frequency offset (CFO) is plotted for NOMA
system and also compares data rates of synchronous and
asynchronousfordownlinkchannel Thesimulationresultsshow
the superiority and efficiency of the proposed plot contrasted
with the prior techniques to improve overall efficiency of the
NOMA system for 5G communications.

KeyWords: NonOrthogonal Multiple Access,Channel State
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1. INTRODUCTION

Mostofthe communicationintoday’sworld arewireless. The
communication is provided by dividing the entire area into
small cellsand the mainintentioninthedesignofsuchsystems
is to efficiently raise the capacity of the channels. With the
increase in the use of wireless appliances such as mobile
phones in our daily lives, an adequate use of the available
resourcessuchasbandwidthisnecessarysoastoimprovethe
efficacy of entire system. The multipleaccessschemehasakey
roleinthedistributionofdifferentuser’sdata. Thistechniqueis
basically categorized as Orthogonal and Non-Orthogonal
multipleaccess (OMAand NOMA). Themostrecentamongthe
schemes of handling several end users is Non-Orthogonal
Multiple Access (NOMA)anditistrustedtoprovideanupsurge
intransferrate ofinformationwhich caninturnbecalledasthe
operation rate or scale of information. A proper resource
provided channels results in an enhanced way of
communicationwithoutdegradingthe usersdistancecriteria
and there by destroying impartiality. In the type of scheme

whichdealswithservingdiverseenduserswithreservesbeing
atright angle to each other, the reserves are time, frequency
and code based which results in three different types of
classification of further sub schemes. These schemes had no
proper utilizationoftheresourceswhichresultedasdrawback
such as wastage of frequency, constant operating rate, pre-
assignedtimingslots,reducedservicelevelincaseofincreased
number of users and many more which reduces the overall
systemsufficiency. NOMAtechniqueprovideshighproficiency
by supporting large number of users and has the extent to
diversiform all the users who have favourable channel states
with the other users who have unfavourable medium
conditionsand hencegivesrisetoaconceptofbeingimpartial
toalltheusers.
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Fig1 OMAand NOMA graphicalrepresentation

TheFig1showsthegraphicalrepresentationofbothOMAand
NOMA strategies. Thelatteris considered asthebeststrategy
to function with internet of things thereby increasing the
connections of large number of devices. Fulfilling these
demandsalsorequiresthenumberofusersinaparticularcell
to beincreased significantly without boosting the number of
basestationsinrespective cells, satisfyingusers withneeded
operatingrates and with minimum delay, andlastly the costof
all these must be kept affordable. To accomplish these
requirements,itisimportanttoincreasespectrumproficiency,
usingall degrees of freedom-time, frequency, code, toreduce
powerusage, reducingtampering effect, soastomaximizethe
system efficiency. Several-carrier strategies such as
Orthogonal Frequency DivisionMultiple Access(OFDMA)and
individual carrier scheme such as Single Carrier Frequency
Division. Multiple Access (SC-FDMA) hasability inconverting
entire bandwidth into sub channels which parallel,
overlapping and non-evanescent. In order to improve the
proficiency of spectrum, a new scheme is evolved which is
NOMA. The superpositiontype ofcodingisusedinthisscheme
which grants many users with time and frequency reserves
simultaneouslyanduses consecutiveinterference elimination
atthereceivers. Thesefeatures possessedby NOMA increases
system capacity.
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2.EXPOSED SYSTEM

Figure 2 gives the overall information of resource
apportionment in the proposed project. It consists of NOMA
transmitterandreceiver.Thetransmittercompriseselements
assameasany othertransmitterbutthe onlydifferencehereis
theuse of multiple access strategy which in this case is NOMA
and hence the name. Transmitter has power supply circuit,
modulator,amplifierand antennasystem.Since, thegoal ofthis
project is to optimize the sources of communication system,
only modulation partis considered for simplicity. The NOMA
schemeisfeasibleand consistentwith the existingmodulation
techniques. Themodulationusedinthisprojectisbinaryphase
shiftkeying. Thesignalisfirstmultiplexedand modulated. After
modulationisdone, the carriersignal carryingtheinformation
messageisallotted power.

Received Output
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Noma | e NOMA

[zput Transmitted
message

Transmitter Receiver
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Resource
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Fig2:Proposedsystemblockdiagram

Thepowerallocationstrategyusedhereisbased onnon-convex
as the parameters whose enhancement to be done are not
convex and the solution for this will have many ideal points.
Water filling power allocation is used which defines that -
allocatevariablepowertoeachofthechannelbeingcreated.The
channel is nothing but the medium which is present for
communicationtotakeplace.Intheputforthscheme,achannel
isformedwhichisdesignedtoprovidearequiredtransferrate
of23bits/sec/Hz.Thenoiseorothertamperingisaddedinthe
channel region. Once the transmitted signal reaches the
receiver,variousoperationstakesintodecodethemessage.The
receiver will perform operations opposite to that of the
transmitterand extractstheoriginallysentdata. Thesuccessive
interference cancellation technique is used to decode the
messages. Thereceivertypeconsideredismaximumlikelihood
receiver and the decoding of messages is based on convex
allotmentofresourcesbutitexhibitsdisadvantageslikepower
complexity problem, Frequency fading, inter symbol
interference etc..To avoid this different methodologies are
explainedinproposed system.

3.PROPOSED SYSTEM

NOMA uses superposition codingatthe transmitter such that
the successive interference cancellation (SIC) atreceiver can
separate the users both in the uplink and in the downlink
channels. Superposition coding at the transmitter and

successive interference cancellation (SIC) at the receiver
makesitpossible to utilize the same spectrum for allusers.

3.1 Superposition coding and successive interference
cancellationtechniques

Superposition coding at the transmitter and successive
interference cancellation (SIC) atthereceivermakesitpossible
to utilize the same spectrum for all users. At the transmitter
site, all the individual information signals are superimposed
into a single waveform, while at the receiver, SIC decodes the
signals one by one until it finds the desired signal. The three
information signals indicated with different colors are
superimposed atthetransmitter. Thereceived signalatthe SIC
receiverincludesallthesethreesignals. Thefirstsignal thatSIC
decodesisthestrongestonewhileothersasinterference.The
firstdecoded signalisthensubtracted fromthereceivedsignal
andifthedecodingis perfect, the waveformwiththerestofthe
signalsisaccurately obtained. SICiterates the process until it

findsthe desired signal.

%’ | Decode the strongest
signal first
Subtract Decode —>/\./

¢

Fig.3: Superposition codingand successive interference
cancellation techniques

In NOMA downlink, the base station superimposes the
information waveforms for its serviced users. Each user
equipment (UE) employs SICto detecttheir own signals.

3.2 Downlink process:

Inthenetwork,allUEsreceivethe samesignalthatcontainsthe
informationforallusers. Each UE decodesthestrongestsignal
first,and then subtractsthe decoded signal fromthereceived
signal.SICreceiveriteratesthesubtractionuntilitfindsitsown
signal. UE located close to the BS can cancel the signals of the
farther UEs.Sincethesignal ofthe farthest UE contributes the
mosttothereceived signal,itwill decodeits own signal first.
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Fig4.Downlink NOMA for Kusers

Thetransmitted signal by the BS canbe writtenas
k
x(0) = ) 1.,/ Frx,
n=1

P'I'I :DCTI FT
xn (t)=individualinformationconveyingOFDM waveform, »is
the power allocation coefficient for the UE,, Pr is the total
available poweratthe Base Station. P, The powerallocated to
eachUE,

Thereceived signalatthe UEnis
Ya(t)=X(t) gn+ Wn(t) gn

Channel attenuationfactorforthelinkbetweenthe BSandthe
UEn
Wh(t) =theadditive white Gaussiannoiseatthe UEnwithmean
zeroand density No(W/Hz)
Thesignal tonoiseratio (SNR) for UEk

Fa:
NW + L2 Pgik

Wherewisthetransmission bandwidth.

SNR =

3.3 NOMAforuplink

Uplinkimplementation of NOMA is slightly different than the
downlink. Figure 4 depicts anetworkthatmultiplexesKUEsin
the uplink using NOMA. This time, BS employs SICin order to
distinguish theusersignals.

Y s

UE,

SIC for UE,, UE, ..., UE, 1 Xt
BS UE,

.

N

.~

-

UE,

Fig5 Uplink NOMA for Kusers

When NOMA isused, the throughput (bps) for each UE canbe
writtenas,
_ ang
Rp = Wlog,(1 + Nk P ng:)

Sp=m+d

When the total bandwidth and power are shared among the
UEs equally, throughputforeach
UE for OFDMA becomes.,

ani
R, =W,log,(1+ h_)

W
Where, ® K andNp,=NoWh,

The sum capacity forboth OFDMA and NOMA canbewrittenas

k
Rr = Z Ry
n=1
4.RESULTS AND DISCUSSIONS

The figure 6 shows the MATLAB simulation results for
heterogeneous cells for large number of users, where this
represents the clustering of two or more cells depending on
how they are close to each other by maintaining a minimum
distance, where multicells may suffer from inter symbol
interference (ISI)andinter carrierinterference (ICI) between
the cells, to avoid this problem minimum distance is
maintained between the cells, so that spectral efficiency(SE)
and energy efficiency(EE) of the systemisincreased.
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Fig6. MATLAB simulations showing
heterogeneous networks

In figure 6 shows simulation result for heterogeneous cells
whereiterationis varying from 1 to 100, Lis varied from 0 to
0.21376,Visandfrom0to63.22304.Thisareused fordifferent
number of users communicating themselves with specified
distance,soresources canbereusedinthecells.
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Fig7.MATLAB simulations showing channel
estimationatdifferent BERvalue
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Fig8.MATLAB simulations showing channel
estimation atdifferent BER value

Figure 7 and Figure8shows MATLABsimulationof BER curves
for various values. It can be seen that channel estimation is
donefortime-frequencyjointchannel, itisverified fordifferent
values of BERand respective graphs are plotted here.
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Fig9.MATLAB simulations for symmetric downlink channel

Thefigure9andfigure 10 showsthe MATLABsimulationresult
for Symmetric and asymmetric downlink channel data rate
pairs respectively which compares the NOMA and OFDMA
systems,inthatred color curverepresentsdatarate of NOMA
system, black color curverepresents datarate of OFDMA.
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Fig10. MATLABsimulations forasymmetric
downlinkchannel
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Figure 11 shows the MATLAB simulation analyses for the
performance bit error rate and carrier frequency offset, the
signal tonoiseratioisplottedfordifferentvaluesoflengendary
values which reduces the noise in the NOMA system also
increases the efficiency of the system.

5. CONCLUSION

NOMA based system provides the ability to use the same
frequency spectrum for data transmission of multiple users
within a single cell to achieve high spectral efficiency, energy
efficiency and broad coverage for potential cellular wireless
applications.The OFDM systemand NOMA systemsarestudied
and compared, and overcome disadvantages of OFDM, the
overall performance of NOMA are improved, The Channel
estimation is done for NOMA system and implemented using
MATLAB. BER performance of perfectand imperfectchannel
state information (CSI) are also analyzed using MATLAB and
Carrier frequency offset(CFO) implemented, Data rate of
symmetricand asymmetric downlink channel are compared
and plotted using MATLAB resulting to improve the overall
performance of NOMA system. Future work is the
implemented system can be verified for different next
generation 6G and the datarates, all features of system come
with more improvement in terms of energy efficiency and
spectral efficiency ofthe NOMA system.
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