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1 | INTRODUCTION

In the last 10 years, there is a significant growth in wireless
communications. Relays are suitable solutions for increasing
the coverage and QoS the users receive. Additionally, in the
fifth generation (5G), multiple-input-multiple-output (MIMO),
machine-to-machine (M2M) communication, augmented re-
ality (VAR) and mobile broadband for high-speed entertain-
ment etc are used. NOMA is one of the technologies which
looks promising enough to improve the capacity of the 5G and
beyond networks [1-3]. The use of cooperative NOMA allows
degrees of freedom in the spatial domain while using a single
antenna. The traditional orthogonal multiple access (OMA)
assigns an orthogonal resource to a single user at any time. Due
to this drawback, OMA is not sustained enough to ensure
capacity for 5G and beyond networks. The different ways in
which OMA schemes operate are frequency division multiple
access (FDMA), code division multiple access (CDMA), and
time division multiple access (TDMA). NOMA is classified
into two: power and code domain [4]. The same resource block
(RB) is used by NOMA for serving multiple users, and this
leads to improved connectivity and better spectral efficiency. In
NOMA, multiple users share the single frequency channel,

which leads to better utilisation of spectrum, as the complete
spectrum is available for all the users for transmission, which
leads to better throughput, while orthogonal multiple access
(OMA) divides the available bandwidth between users at any
instant of time which limits their throughput. The work in this
paper is focused on the power domain NOMA.

Superposition coding at the transmitter (base Station (BS)
or relays) and successive interference cancelation (SIC) are
used in NOMA, which proves it is better than OMA. The
transmitter in NOMA superimposes signals of multiple users
with different power coefficients using linear additions; this
superimposed signal is transmitted using a single source [5].
The SIC is performed at the receiver, and the different signals
at different signal strengths are decoded depending on their
signal strength. The higher strength signal is decoded first and
is used to decode subsequent signals. The process is repeated
until all the signals are decoded. The weaker signal(s) atre
considered noise.

OMA uses orthogonal resources that are limited, hence the
requirement of non-orthogonal resources arises for handling
multiple users simultaneously. Another drawback with OMA is
that it works on access request grants, which forces the user to
make scheduling requests with BS, and they have to wait for
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the BS to send clear signals. This leads to higher latency in
transmission. While on the other hand, NOMA does not use
scheduling which results in lower latency during transmission
[6]. NOMA, when used as cooperative communication, can
provide better QoS to cell edge users in a cell with the help of
relays, as direct communication of cell edge users suffers from
poor QoS. The use of relays improves the reliability and
spectral efficiency of cell edge users [7].

The signal in cooperative NOMA reaches to the cell users
using two-hop communication, and the signals intended for
cell edge users is send to relays and then relays transmit them
to cell edge users. This leads to the saving of power of the
BS for the transmission, which is suitable for greener
communication.

1.1 | Work in literature

Many cooperative relaying systems uses NOMA for better QoS
[8—11]. The work in Ref. [9] improves the spectral efficiency
using NOMA cooperative relay network. The outage proba-
bility and sum capacity of NOMA using coordinated and direct
relay transmission are better than non-coordinated relays [10].
The work in Ref. [11] examines the energy efficiency (EE)
maximisation using power allocation schemes for cooperative
NOMA. Fairness in providing resources to users in uplink is
compared in Ref. [12] for OMA and NOMA. The sum rate of
a two-user MIMO system is compared for OMA and NOMA
in Ref. [13]. The work in Ref. [4] uses an equal degree of
freedom (DoF) and random power coefficients to show the
dominance of NOMA over OMA for MIMO systems, while
work in Ref. [14] shows dominance of NOMA over OMA
using equal DoF and equal power coefficients for single-input-
single-output (SISO) systems. The work in Ref. [1] perform the
optimal power allocation while maximising fairness which is
done with data rate under full channel state information (CSI)
and average CSI is used for outage probability [15]. In Ref.
[16], the BS uses NOMA for securing connectivity, providing
fairness to users and higher spectral efficiency for multiusers
present in different channel conditions.

In Ref. [17], BS and users both have multiple antennas and
use relaying to improve the performance of the system. In Ref.
[18], decode and forward (DF) relays are equipped with mul-
tiple antennas and users use multiple antennas for better QoS
in a cooperative NOMA system. The work in Refs. [19, 20]
uses MIMO technology to enhance the performance of the
system, and the results justified it. In Ref. [21], antenna se-
lection (AS) is introduced to cooperative NOMA having
multiple relays and the work proposes a method without
having direct links and has benefits of both NOMA and
MIMO. In Ref. [22], a coordinated direct and relay trans-
mission (CDRT) scheme using selective DF is proposed which
leads to reduction in error propagation. The traditional
NOMA-DF scheme proposed in Ref. [23] has been improved
in Ref. [24] with higher ergodic sum rate and improvement in
outage probability. In Ref. [25], the advantage of cooperative
NOMA using multiple relays, with users and relays equipped

with multiple antennas, is discussed. The work in Ref. [26]
focuses on errors in practical scenario which can result in
imperfect SIC. The work uses a residual error of 10_2, 1072
and 1074, as the value of residual error increases the available
capacity or in other words spectral efficiency decreases [27].

In this paper, motivated by the advantages of using mul-
tiple antennas for users and relays, the work is done to improve
system performance. The paper considers two types of users:
low-channel quality users (mainly at the edge of the cell) and
good-channel quality users (near users). The work is sum-
marised as follows:

(1) A MIMO relay system employing cooperative is used and a
ASRS scheme is proposed which selects the best antenna
of BS, relay node and antenna at relay for transmission
with better QoS.

(2) The outage probability is simulated against SNR (dB),
distance of users and variable number of antennas of BS
with variable number of relays. In order to reduce the
computational complexity and get a better understanding
of outage, the lower bound of outage probability is used
for simulations at high SNR.

(3) Users are clustered or grouped for scalability to do the
performance analysis of sum rate, energy efficiency and
fairness.

The remainder of the work is organised as follows. In
Section II-III, the system model and selection of relay are
described. In Section IV, simulations are presented and
explained. The paper is concluded in section V.

2 | SYSTEM MODEL

The paper considers a single-cell network in which BS is placed
at the centre. In the cellular network context for NOMA, both
possibilities are there downlink and uplink. For the Vehicular
ad hoc networks (VANET), roadside units (RSU) and vehicles
are used in place of BS and users, respectively. In the downlink,
vehicles reuse the same frequency through the superposition
principle of signals, and in the uplink RSU does an interference
cancellation. The work in this paper is on NOMA downlink
only. The notation and subscripts used are given in Table 1.
The network has total U users, including users in vehicles; the
total number of users (including in vehicles) at a given instant
of time which can serve as a relay are N denoted as 7,
1 < n £ N. The 7, relays are considered to be distributed
uniformly, as in the case of real time environment. The relays
are used to provide coverage to vehicles or users in poor
channel conditions. Let us assume that poor channel condition
users (including vehicles) are Q and can be expressed as #,,
1<¢g< Q. The users who can communicate directly with BS
are L and can be expressed as #;, 1 < [ < L, where
(NUQUL) = U. These poort channel vehicles or usets can be in
fading environment or at the edge of the cell, and the 7, relays
are used to provide coverage to these users. There are three
possible states of a vehicle: parked, stopped and moving. The
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TABLE 1 Notations and subscripts.

UN Total users, users as a relay

Ty Denotes a nth relay

uy, Poor channel condition user

u; Good channel condition user

IJ K Number of BS, users and relays antennas

Hpgs,, Channel matrix between BS and nth relay node

}’iBS,n Channel vector of ith transmit antenna between
BS and nth relay node

Xy Transmit and receive signals

Pgs, P, Transmit power of BS and nth relay node.

a Power coefficients

o Variance of the noise

Y SINR

0,, Dy, 9, and @,

nth relay beam width, beam direction, beam
scanning and coordinate angle

C Sum rate
EE Energy efficiency
FF Fairness factor

stopped vehicles are assumed to have zero speed for a
particular time period denoted by ¢, 0 < ¢t < 2 min and parked
vehicle speed is zero for time period greater than 2 min. The
parked and stopped vehicle users are ideal for providing
coverage to users with poor channel conditions. There is a
threshold limit ¢’ on the number of #, users a relay 7, can
serve and is limited by D #, < q‘}’. The source BS, the vehicles
or users which can serve as relays, and the users with high QoS
are consideted to be equipped with [J and K antennas,
respectively. The poor channel condition user due to obstacles
or long distances cannot communicate directly with BS, and
the relays will be used by these users. The network architecture
is similar to that given in Ref. [28]. The wireless links use quasi-
static Rayleigh fading and additive white Gaussian noise
(AWGN).

In the initial phase BS selects an i transmit antenna to
transmit the superimposed signals of users. In the second
phase relays select the jth transmit the decoded signal at the
relay. The channel matrix between BS and 7% relay node is of
the order J X [ and is given as follows:

Hpsn = {hiﬂ = {hﬁi,/oiﬁl ....... b}gi] where

1<n<Nand1<L:<]/

(1)

The channel vector linking ith transmit antenna of BS and
nth relay node is given as follows:

50 = |Posn(1)sPps,(2).nvn sn(J)| »where

1<i<1

(2)

The channel vector is modelled by the following:
gs,n(f) ~ CN(O7 Qggﬁy),where 1<5<] (3)

In this paper, it is assumed that BS perceived all the channel
matrices Hgs,, and Hps ,, while nth the relay node is aware of
HBS_’(%”W . The DF protocol is used for conventional down-
link cooperative NOMA. The channel matrix between nth
relay node and gth poor channel user of order K[ is given as
follows:

b= [H ] = Pl @

The channel vector linking jth transmit antenna of nth
relay node and qtb poor channel user is given as follows:

. . . . T
Byn = Pryn D, n@c B, (] 5)
The channel vector is modelled as follows:

B (k) ~ CN(O, Qr,,,uq) ,where 1 <k <K (6)

g1

In a similar way, the channel matrix between BS and /th near
user is of order | X [ and is given as follows:

BS BS BS BS .
HBS,ul = |:bi,u,:| = |:b1,ul7h2,u, ....... b[,u,:| where 1 <1< 1 (7)

The channel vector linking ith transmit antenna of BS and
Ith relay node is given as follows:

. . . . T
Hisun = [Pisu (0P (2)-ooooBis ()]s where 11 <1
(8)

The channel vector is modelled by the following:
Bs. () ~ CN(0,Qps,,), where 1 <j <] (9)

Even though near users are not using relays for trans-
mission by the very nature of wireless links and devices, in
this paper, we considered that there is a channel matrix be-
tween relays and near users. The channel matrix is given as
follows:

H,,= [i/ }: [/ol B b } (10)

upn wynd upn Tt T uyn

The channel vector between them is given as follows:

Each element of which is modelled by the following:
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B, (i) ~ CN(0,9r.,) (12)

The paper uses two consecutive slots for the completion of
the total transmission of information. The transmit power of
BS and relays are Ppg and P,,, respectively. The maximal ratio
combiner (MRC) is used at the receiver to maximise SNR and
the diversity order [29].

The BS will select the ith antenna for transmission of
superimposed signals of #; and #, users. The signal is given as
follows:

xgs = \/ a;Ppsx; + OquBsxq (13)

Where a; and x; represents power coefficients and signals of
near users. @, and x,, represents power coefficients and signals
of poor channel users. Also, Zl ar + Z a; =1.
The signal received at nth relay is given as follows:
Y., = Pps s + w, (14)
Using MRC, the signal is given as follows:

; ;1 i 17
» BS.n {bBS,n} xps + [st,n] Wy
yr,, = ‘

: (15)
BS.n

i i i 1
y BS.1, {/935,%,} xps + I:bBS,u,:| Wy,
y u = ’

(20)

i
BS.M[

The instantaneous SINR for 7th relay node to decode x;
and x, after applying, SIC is given as follows:

. K i 2
Al = arY " s, (B) (21)
i 2
; agP Zf:l |th,”, (k)|
alPZk:l{ngm(m + 02

The n* relay node will select the j”] antenna to transmit
decoded signal(s) x,;. In the meantime, BS will be transmitting
the signals x; for #; users.

The signal received by poor channel users will be

=4 /P,nb’uq_nxq + w,, (23)
Using MRC, the signal at #, will be

H . H
V Vn Uy, r,,|: u, ,r,,:| XBS + |:h;q.,r,,:| w%q

UgsTn

W, =

(24)

q

. . 4H . . qH . qH
B \/mxl(fl)b%s,n [blBs,n} +VaP Bqub%s,n [bZBS,n] + { jB’S,n:| Wn
- e

For simplification, let Pgs= P, =P, 6> = ¢°.

The instantaneous SINR by 7th relay node to decode x,

YA N
_ aqPZj:1|bBS,n(/)|
o N
azPZf:1|ng,n(l)| +o°

(17)

If we consider only one near user and one poor channel
user, the above expression will be

i 2
(=@ [P, ()
0‘17’2]‘:1 ’/9357,,(l)| +1

Where the average SNR of the system is y = % and
a +a;=1
The signal received at [th user is given as follows:

Yy = Ps %8 + W4 (19)

Using the MRC signal will be

(16)

For u, to decode x,, the instantaneous SINR is given as
follows:

. Pk |, 2
}/J”q - ;Zkzl |h7uq.,7,7 (k) ’ (25)

In this condition, the signal received at #; users is given as
follows:

217 =V Pgshps , X1 +\/Prb, , X4+, (26)

After decoding, #; can remove the signal of x, which is an
interfering signal. This is possible only if,

R, <log, (1 + VZ,,uq) (27)

Where is Ry, is the target data rate of the user #,.
When Equation (27) holds true, and the channel estimation
is done correctly, the SINR for x, detection is given as follows:

_«a P
7/%; : Zk 1| BSu/ (28)
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The achievable data rate of #; is given as follows:
1 i 1 i
Cy =5 log, {1+ i} + 2 1082{1 + }’u,[fZ]} (29)

Using SIC, it needs to be ensured that #; the targeted data
rate is achieved, which depends on the following two
conditions:

R, £ C,, and Equation (27) is satisfied.

Further, we can select antennas f which ensure trans-
mission between BS and near users, keeping this in mind, we
assume that 7;[[1] = yi, (6] = }/Zl and putting in Equations (21)
and (28), we get the following:

Cuy=log, {1+ 7, } (30)

K | 2 2Ry _ 2%y _ 1
Zk:l |b35¢u1 (k)| > max{ ayy 7}’(1 - (1 - aq)ZZR”q)} -
(31)

To ensure transmission between BS and poor channel users,

1 ; 1 ;
C,, = max {min{zlogz{l + 7t} + Elogz{l + 71 [tz]}}

1<n<N
ief
157

(32)

3 | OUTAGE PROBABILITY

For u; users, when the BS antennas not able to meet the re-
quirements of the rate, the transmission will be outage. The
outage probability of #; will be

P, = T[{P(Zf-l s ()] < w) (33)

Using the work given in [30, 31], the cumulative density

i 2
function (CDEF) of |by, (k)| will be

I 2Ry — 1 K-11
P(r,) = ZZ:1 ll —exp <—Q ) szoﬁ

Tty
2Ry _ 1

+ |1 —ex
L p<7’(1 — (1 = ag)2%") Qps,,,

2Ry _ 1

1 —
X _ exp (y(l _ (1 _ O!q>22R”q)QBS,rn

[ —w K—11 w \
x|1— —(—
I “r (QB&») ZP:”P! (QBS,uz>

av
w
Qrﬂ’%‘j> ]

3 T
g

—_
~
4
X
Q
5
7 N\

CDF(Z)zl—exp( ~Z )Zf_‘(j}%( z )p (34)

QBs 4, C2BS.

Using above P, will be calculated as follows:

—w K-11 w \? !
Pu = {1 —er (QBs,m) ZP:“H <QBs,ul) } ()

In order to obtain system diversity gain, the lower bound of
outage probability approximated for higher SNR. For higher
SNR,

X I
i “ 36)

imP,=|——"—-—— K

}'—’n‘;lo “ K! (QBS’MI)K]/K (

Equation (3) reduces to },%K

Using Equation (31), max 21 21 =w
sing bq > ay ’y(l—(l—aq)ZZR”‘l)

2%y —1 22Ry — 1

@ (-(- aq)ZZR”'i)} 7

This gives diversity order of #; as gy = IK (38)

W =yw= max{

The outage probability for any ¢ antennas used by BS for
transmission is given as follows:

; y -t
P, =~ S S— 39
: <t> (K! (QBs,u,)K7K> 39

If 7 is the relay node and #, user is not able to decode its
information correctly even in presence of many antennas. The
outage probability of P, is given as follows:

P, =P, + P(r,) (40)

Finding the CDF and probability density function (PDF)
using [31], the outage probability of relay node is given as
follows:

) ()G 2
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The outage probability of #, is given as follows:

22R

|

I
PquPw"'Zt:l (}/(1 _ (1_aq)22R

I-t
() (o
t K!(QBSA’W)K}/K

For finding the diversity order of #,, find variables A and B
such that

A= zzlg,lligzsl{K(I +NJ-1)} (43)
B= tslglligzsz{K([ +{N=1))} (44)

The values of A and B will be used to find the diversity
of u
q

8= min{min (A4, B),IK} (45)

4 | SELECTION OF RELAY

The poor channel user(s) #; distance from the relay decides
which relay will be used for transmission. In this literature while
deciding the relay for transmission antenna, its parameters are
not taken into account to calculate the distance or more spe-
cifically coverage area. Also, they considered antennas to be
omnidirectional, which results in increased interference. While
some scheme uses the direction and directive beam width of the
antenna [32]. The nth relay beam width and beam direction are
denoted by 8,, and D,, degrees, respectively. The beam scanning
and coordinate angle of nth relay is denoted by 9,, and ¢,

D, =|p, £ 9, (46)

Also, 9,, < M

The work in this paper considers both the distance and
angle of poor channel users with the relay, before the selection
of a relay for cooperative communication. A poor channel user,
when served by any relay, will receive interference from adja-
cent relays when their beam extends into each other. The poor
channel might be due to attenuation, multipath fading and
interference from nearby relays and users, and for considering
the effect of these factors in this paper, a quasi-static Rayleigh
fading is used. The fading then is constant within the blocks.
While considering interference, the work in this paper con-
siders the effect of interference from other users utilising the
same relay for transmission with BS; this affects SIC

J
1
e o B s
uq)QB‘g_’,, ] K!(Qr,,,uq>K7K

(42)

considerably. These factors decide the strength of the signal
received by the receiver of the poor channel user and decide
the carrier to noise and intetference ratio (CNIR). Using
Shannon's capacity theorem,

C =B x log, (1 + CNIR) (47)

The CNIR in dB can be calculated using the following:

P,
CNIR = 10 log,, 271’ (48)
n'#n
Let P, is power of nth serving relay and P, is the

minimum power tequited for good QoS, then P, >P

Vmin*
> P, is the sum of the power of the interfering relay with
n'#n
nth serving relay.

The P,, in dB at a distance “?”” from the serving nth relay
can be calculated as follows:

P, (d) = Py(d) - PL(d) (49)

Where P, denotes the transmitter power and Py denotes path
loss factors [33]. The minimum received power required in dB
for good QoS is denoted by P, . and, therefore, the algorithm
for antenna selection at BS followed by relay selection (ASRS)
is explained as follows:

Algorithm

1. First of all, create the subset of
antennas at the base Station for successful
transmission in BS-u; channel

X 2
A—{izlsislvaBs,quz>Z:1 ZBSM(k)H} (50)

2. Selection of relay for poor channel
users, which maximises the instantaneous
rate of BS-u, channel. Poisson distribution
is considered for the distribution of the
users and with the implementation of quasi-
static Rayleigh fading.

ASUBOIT SuOWIWO)) aAneal) dqesrjdde ayy £q pauIaA0S ale sa[dILE YO oSN JO Sa[nI 10J AIRIqIT uI[uQ AJ[IA\ UO (SUOIIPUOI-PUE-SULIA) W0 KA[IM" AIRIqI[aul[uo//:sd1y) SuonIpuo)) pue SWLd T, a1 33S *[707/€0/71] uo Areiqiy auruQ Kd[IA\ ‘YoIeasay [eSIPIA UBILY YINOS AQ 6607 1 ZMIU/6H0T "0 [/10p/wod Ka[im’ AIeIqrjaul[uo-yoredsanal//:sdny woiy papeo[umo( ‘7 ‘0T ‘T96vLy0T



BALYAN | 121

forn=1:N qu,, > Py, Vng (52)
foru;=1:up
Find the angle between n” relay and a poor For all relays, find the relay which has

channel user.

. 2
1
gps4y

) )

NgpUg

1)
1)

This ng relay will be used by poor channel

user for transmission. The flowchart is shown
in Figure 1.

Create the subset of antennas at BS
V max(C).
Foralln =1to N,ug = 1:ug

!

Calculate Cbrn,uq =

!

Find what satisfies ¢y, o, <

!

2
max<{ min ‘bj?s
(51) { { "

max{min{‘b};sn
Find all relays and poor channel users "
with ¢, , <§. Let the number of relays
that satisfies this condition are

Ng, NpCN.

Calculate Py .

(pr,,,uq = ‘D”n - (puq
2

Kol

> g

nd,,uq

Brn - (puq|

6
;E?’lq)

an) find Prnq)

3 2 . 2
i h]
UL [ glq

. 2
max { min {|hgs'n¢| ,

Use ny, relay for transmission

FIGURE 1 Flowchart of the proposed work.
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In cooperative NOMA, the devices or users which are used
as relays are not fixed [28]. The relays will be used either for
one-hop or two-hop communication. The number of antennas,
power levels, and processor capability of a relay decide its
ability to work. Depending upon the capability of the user or
vehicle, it can be in any of these modes.

a. Relays will not perform SIC for users.
b. Relay will perform SIC for users.

5 | SYSTEM ANALYSIS

For the simulations MATLAB is used and all the results are
average of 5 simulations.

5.1 | Sum rate
For any ¢ " user after application of SIC, the data rate that can
be achieved in time subslot ¢ is given as follows:

Cyn =t xlog,(1 + min (SNRy + SINRy)) (54)

The system data rate of the system when the relays will not
perform SIC for users, mode (a) is used will be given as
follows:

Czoml,n = Zcq’ (55)
q/

The system data rate of the system when the relays
perform SIC for users, mode (b) is used will be given as
follows:

Czaml,n = Cfn + ZC‘I’ (56)
q/

C, =t xlog,(1 + SNR), SNR =Lz=Lelnl 0

n

Where
relay data rate. With C, > Cy .

5.2 | Energy efficiency

The optimisation of energy efficiency (EE) is one of the
important objectives of the 5G network. The EE for coop-
erative NOMA [26, 27] depends on data rate of the user and
the power consumption of the relay to achieve it. The EE of
any ¢ user at the time signal is received given by the following:

Cyn
_Zqgn (57)

P utilization

EE, =

P itization: power utilisation of n' relay for sending a
message to ¢’ user.

The energy efficiency of the system for all ¢ users using
nth relay is given as follows:

Ctoml n
EE i =a—F""— 58
touat, Zq'putilization ( )
5.3 | Fairness factor
(£4Cn)
q 61',”)
FF o = (59>

q, x Zq’(c‘l/v”)z

The maximum fairness factor is 1, the higher the value of
FF, the better the quality of service user receives.

6 | RESULTS AND SIMULATIONS

For the purpose of simulation, the parameters [28, 34] used are
carrier frequency in THz is 0.34, bandwidth at BS is 10 GHz,
cell radius for the high-density area is 500m, the medium-
density area is 1300 m and for the low-density area is
1700m. The outage probability of #; is analysed with respect to
SNR and its position in Figures 2 and 3, respectively. It can be
seen from Figure 4, that the outage probability is almost equal
to 1 when one antenna is used for BS and user, the outage
probability is high up to SNR = 15 dB and decreases slightly
from SNR 15-30 when I = 2, K = 2. The outage probability
statts decreasing for low SNR when [ = 3, K = 2/3 as the
number of antenna increases the probability of outage is
almost negligible for SNR = 18 dB.

In Figure 3, the curves of the outage probability are plotted
with respect to the position of u;b user for the different
number of BS and user antennas. It is clearly evident from the
curves for different antenna configurations that as distance
increases from BS, the outage probability of the u;b user in-
creases. The outage probability is close to one for all antenna
configurations when they are far from BS. This clearly indicates
that the channel conditions are poor when a user is far from
BS, and there is no much influence of having more antenna
with BS and user.

In Figure 4, the curves of the outage probability are plotted
with respect to the SNR of #? user with different antenna
configurations of BS and number of relay and user antenna
fixed to 2. The number of relays is fixed at 3. From the result, it
is evident that increasing the number of BS antennas reduces
the chances of outage considerably and becomes almost
negligible at SNR = 27 dB for the number of BS antennas = 4.

The fairness factor (FF) defined in equation (46) for U
users is % < FF <1, where FF,,,, = 1. As the number of users
in the system increases the fairness decreases. The FF indicates
how the resources are shared among users. In Figure 5, FF is
compared for three different scenarios for a maximum, when
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FIGURE 4 [lllustration for outage probability versus SNR for #, user for different antenna configuration for BS.

cell density in terms of location city, suburbs and rural areas. In
low and medium-density areas, due to the availability of re-
sources due to fewer users, more resources can be assigned to
users with poor channel conditions, therefore fairness de-
creases for these two scenarios. Also, channel quality is affected
due to distributed users.

In Figure 6, the curves of the average sum rate of the users
are plotted versus the number of users in the cell. The
maximum number of users considered are 500. The proposed
ASRS scheme is compared with the CNCS, ANCS, CNAS and
ANAS explained in Ref. [25]. As the number of users increase,
the average sum rate for all schemes increases. The ASRS
scheme performs better than other schemes as it employs
antenna and relay selection to ensure good channel quality for
poor channel condition usets.

In Figure 7, the average energy efficiency (EE) of the
system is analysed in the presence of users varying from 150 to
500. The average energy efficiency of the system is a variable of
data rate of the system at any instant of time or is a variable of
the data rate of poor channel users. The ASRS scheme im-
proves it as it uses the relays for transmission to poor channel
users, which are least crowded, and selects an antenna which
maximises the instantaneous rate. This leads to lesser inter-
ference and SIC requirements at the relay.

In Figure 8, the outage probability versus SNR for #, user
for the varying number of the relay are shown. Increase in the
number of relays will decrease the outage probability. The
outage probability is mainly affected by the accessibility of near
users after a certain number of relays (1-4) are available in the
network. In general, the number of available relays and the
poor channel condition user, which can pair with near user,
improves the system capacity.

In Figure 9, the outage probability versus SNR for #, user
for the varying number of relays and antennas is shown. It is
evident from Figure 8, that increasing relays has little impact
after relays increase to a certain degree. In order to reduce the
outage probability number of antennas of BS, relays and users
requited to be varied. The gain in performance from a multiple
antenna network is evident from Figure 9 when compared with
a single antenna and single relay configuration.

7 | CONCLUSION

In this paper, an ASRS scheme is proposed for cooperative
NOMA. The scheme makes the selection of antenna and relay
for poor channel condition users. The antenna selection is based
on maximising the instantaneous rate, and the relay selected is
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FIGURE 9 [lllustration for outage probability versus SNR for #zuser for varying number of relays and antennas.

one that is least crowded. The outage probability of the users is
plotted for different antenna configurations, and the proposed
scheme is compared with other works in the literature to show
its accuracy. Simulated results verified the proposed work
findings. In the future, work will be done to find the suitability of
the proposed ASRS scheme for imperfect SIC in a practical
scenario regarding data rate and spectral efficiency.
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