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In this paper, the outage probability (OP) performance of antenna selection schemes is investigated in downlink
non-orthogonal multiple access based energy harvesting amplify-and-forward relay network. In this network,
base station with multiple antennas simultaneously communicates with multiple-antenna users via the relay,
which is equipped with single transmit and multiple receive antennas and operates in half-duplex (HD) or full-
duplex (FD) mode. The joint transmit-receive antenna selection and receive antenna selection schemes are

employed in the first and second hops, respectively. For the proposed system, the closed-form expressions for the
exact OP are derived jointly for HD and FD modes over Nakagami-m fading. Then, the corresponding asymptotic
OP expressions are obtained. Finally, accuracy of our analyses is verified by simulations.

1. Introduction

In recent years, with the rapid development of wireless communi-
cation networks, non-orthogonal multiple access (NOMA) has emerged
as a promising multiple access technique to fulfill requirements of fifth-
generation (5G) and beyond wireless communication specifications,
such as high spectral efficiency and massive connectivity. Different from
the currently employed orthogonal multiple access (OMA) techniques,
NOMA serves multiple users simultaneously by using the same spectrum
resources [1,2]. In the power domain NOMA, simultaneous transmission
between the base station (BS) and users is established by using super-
position coding at the transmitter and successive interference cancella-
tion (SIC) at the receiver. In this context, users are allocated different
power levels depending on their channel gains by the BS, i.e., the
stronger users are allocated less power while the weaker users more
power. Thus, NOMA can provide a good balance between user fairness
and system efficiency, also satisfy massive connectivity and low latency
[1-3].

Multiple-input multiple-output (MIMO) techniques, which have
benefits such as increasing capacity and improving system performance
of wireless communication systems, have been used in NOMA networks
to further improve the system performance [4]. In [5], performance of
joint antenna selection for MIMO-NOMA networks is investigated under
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Nakagami-m fading channels. In [6], the outage probability (OP) of
NOMA with Alamouti space-time block coding scheme, where one BS
serves multiple users simultaneously, is analyzed and the authors show
that this scheme can double the diversity order of NOMA. Transmit
antenna selection (TAS) scheme, which is commonly used in order to
reduce system complexity and power consumption, has been applied to
multi-user multiple-input single-output (MISO) NOMA network in [7],
where higher sum-rate is obtained compared to single antenna case. In
[8], antenna selection and user scheduling problems in massive MIMO-
NOMA networks have been studied for single-band two-user and multi-
band multi-user scenarios, and two algorithms have been proposed to
solve these problems. The results show that the efficient search algo-
rithm has achieved optimal performance, and the joint antenna and user
selection algorithm has similar performance to the existing methods. In
[9], the authors introduce non-regenerative massive MIMO-NOMA relay
systems with a multi-antenna source, multi-relay and multi-user. By
adopting a maximum mean square error (MMSE)-SIC receiver design,
they have derived the closed-form expression of signal-to-interference-
plus-noise ratio (SINR) and using this expression, obtained the closed-
form expressions of the capacity and sum rate. In [10], antenna selec-
tion problem is investigated for a two-user MIMO-NOMA network. Two
algorithms have been proposed to maximize the system sum-rate, and it
has been observed that both of the proposed algorithms provide
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significant performance gains. The proposed algorithms in [10] have
been developed for NOMA with fixed power allocation and cognitive
radio-inspired power allocation scenarios. In [11], the OP of single-hop
downlink MIMO-NOMA network, which has one BS with two antennas
and multiple users with multiple antennas, has been investigated. In this
study, two new antenna selection techniques are proposed based on the
decision of the majority of users; majority-based TAS/maximum ratio
combining (TAS-maj/MRC) and joint transmit and receive antenna se-
lection (JTRAS-maj). The closed form expression of the OP for the pro-
posed majority-based schemes has been obtained in the presence and
absence of channel estimation errors (CEEs) and feedback delay (FBD).
In [12], the closed form expression of exact bit error rate of the JTRAS-
maj technique in NOMA networks is derived for binary phase shift
keying modulation over Nakagami-m fading channels in the presence of
CEE, FBD and imperfect SIC.

To combine NOMA with relay networks which have the ability of
expanding coverage area, increasing system capacity and transmission
data rate has attracted interests of many researchers [13]. In dual-hop
relaying networks, several relay protocols are proposed, however
commonly used ones are amplify-and-forward (AF) and decode-and-
forward (DF) [14]. In AF protocol, the relay amplifies the signal
received from the source and transmits it to the destination, while the
relay decodes the signal received from the source and transmits it to the
destination by re-encoding in the DF protocol. The amplifying factors
used for signal transmission in the AF protocol can be classified into
mainly two types, channel state information (CSI) based [15] depending
on instantaneous CSI in the first hop and fixed gain [16] depending on
the average of signal-to-noise ratio (SNR) of the first hop. Also, there are
two main relaying techniques called half-duplex (HD) and full duplex
(FD) according to the transmission process. In HD relaying technique,
the transmission of signal from the source to the destination is carried
out in two time intervals. On the other hand, in FD relaying, the relay
performs the signal reception and transmission by using the same fre-
quency band in the same time interval [17]. Taking advantages of
relaying, the OP of TAS/MRC scheme is examined in NOMA HD relay
networks for Rayleigh fading channels in [18]. Subsequently, the au-
thors of [19,20] have investigated OP of the NOMA network considered
in [18] for CSI-based and fixed gain relays, respectively, over Nakagami-
m fading channels. In [21], antenna selection schemes for dual-hop AF
relay networks in MIMO-NOMA are examined for Rayleigh fading
channels and the system performance is studied in terms of the OP and
ergodic sum rate. In [22], in the cooperative NOMA-based network, the
system performance is evaluated for two relay scenarios where the user
close to BS helps the far user as acting an HD or FD relay.

Besides spectral efficiency of communication systems can be
increased by exploiting NOMA, there is another challenging issue in 5G
and beyond communication systems not to be overlooked, namely en-
ergy efficiency. In this context, for the sake of increasing the energy
efficiency of wireless systems, simultaneous wireless information and
power transfer (SWIPT) is the most noticable one among all proposed
techniques that have been commonly studied in the last decade. The
SWIPT method, which energy is harvested from radio frequency (RF)
signals, is an energy harvesting (EH) technique that can work in good
and bad weather conditions and provides durable power supply [23,24].
Practical receiver architectures of EH devices, namely power splitting
relay (PSR) and time switching relay (TSR), that can detect energy and
information signals have been evaluated in [25]. Also, in [26-28], TSR
and PSR architectures are examined for different wireless systems. In
[29], the achievable throughput, symbol error rate and OP analyses are
obtained in DF-FD adaptive TSR network over Rician fading channel.
The authors in [30] investigated the performance of the non-linear EH-
based PSR system using FD relay for both the AF and DF modes. In [31],
SWIPT is combined with such cooperative NOMA network, where users
close to the source are used as EH relays for far users. Three user se-
lection schemes have been proposed, and the OP and system throughput
have been analyzed to characterize the performance of these schemes. In
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[32], the EH-FD-NOMA system, in which both the source and the relay
harvest energy from the power beacon with the TSR protocol, is exam-
ined and the closed form OP expression is obtained over Rayleigh fading
channels. In [33], three TAS schemes have been investigated in EH
multi-antenna DF relay networks over Rayleigh fading channels. The
exact analytical expressions of OPs are derived to interpret the impact of
feedback delay on the performance. In [34], by using TAS at the BS,
MRC at the users and single antenna relay, the OP of TAS/MRC is
examined in NOMA-EH relaying networks over Nakagami-m fading
channels. MIMO-NOMA system, in which BS employs maximal-ratio
transmission (MRT) and TAS techiques and determines the best EH
relay with single antenna while users adopt MRC technique, has been
examined in the presence of imperfect SIC and the OP expression has
been obtained over Rayleigh fading channels in [35]. In [36], the NOMA
network with FD EH relay, where the near user acts as a relay for the far
user, is investigated and the OP expression is obtained over Nakagami-m
fading channels. The authors of [37] obtained the closed form OP
expression of FD NOMA-EH network with single antenna at all nodes.
Unlike [36] in [37], there is no direct link between BS and far user and
the relay uses time switching protocol. The authors of [38] derived the
closed-form expression for the OP in EH-FD cooperative NOMA system,
in which relay assists the far user and the near user has direct connection
with BS. They have shown that cooperative NOMA with EH improves the
OP performance dramatically. In [39], the OP of NOMA-EH relaying
system with multiple antennas at all nodes is examined over Nakagami-
m fading channel for only HD relay. In the investigated system the
optimal JTRAS and suboptimal JTRAS-maj schemes are utilized in the
first and second hops, respectively.

Motivated by the aforementioned studies, in this paper, we focus on
the investigation of optimal JTRAS/receive antenna selection (RAS)
schemes in both HD and FD EH relaying based NOMA networks. We
consider to use RAS scheme in the second hop since it reduces hardware
complexity and power consumption when compared to other diversity
techniques. In particular, the exact OP expression is jointly derived over
Nakagami-m fading channel for the two relaying modes. Then, the upper
bound for the OP is derived to achieve diversity order and array gain of
the considered network. Finally, we have verified the analytical results
by Monte Carlo simulations.

2. System model

The dual-hop MIMO-NOMA relay network, which is considered to
consist of a CSI-based AF relay that assists multiple users and operates in
HD or FD mode, is given in Fig. 1. The network consists of a BS (S) with T
transmit antennas, L users with R, receive antennas and one relay (R)
with R; receive and single transmit antennas. We assume that direct link
does not exist between the BS and mobile users due to poor channel
conditions, therefore the transmission from the BS to all users is
accomplished only via the relay. The system is designed in accordance
with the homogeneous network topology, where all users are clustered
relatively close. The channels from the BS to the relay and from the relay
to users are assumed to be independent and identically distributed (i.i.d.)
slow Nakagami-m fading with average powers of Qg and Qgy,,l =1, ...,
L, respectively, and self-interference (SI) at the relay is assumed to be
non-fading for the FD mode. In the network, optimal JTRAS and RAS
techniques are adopted in the first and second hops, respectively. In
particular, the best transmit-receive antenna pair, which provides the
highest channel gain, is selected in the first hop. On the other hand,in the
second hop, the antenna selection cannot be performed in the same way
as the first hop, because selecting the best transmit-receive antenna pair
providing the highest channel gain between the relay and users cannot
be possible in all channel realizations, even such a case could exist it
would require high computational complexity and not be mathemati-
cally tractable, either [11]. For simplicity, in the second hop, we assume
that the best receive antenna of each user providing the highest channel
gain belonging to R-U links is selected by the relay. We assume that the
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Fig. 1. System model.

perfect CSI and order of the channel gains between the relay and users
are available at the BS. In training period, by assuming that links be-
tween the relay and mobile users are reciprocal, pilot symbols are sent to
the relay by each mobile user in turn such that the best link between the
relay and each mobile user is determined at the relay. Then, the BS also
sends pilot symbols to the relay such that the best link between the BS
and relay is determined at the relay. Afterwards, the relay sends the
antenna indices providing the best link to the BS and mobile users. In
addition, the order of channel gains for the selected links for the second
hop is sent to the BS for power allocation.

In the first hop, the BS transmits the superposed signal s=
E}:l /@Psx; to the relay. Here X; represents the information symbol
with unit energy for user j (Uj), Ps denotes the transmit power of the BS
and g; is the power allocation coefficient subjected to Zleaj = 1. The
received signal at relay is

Yr = hsgs + @WhgrSg + N, (@)

where hgg is Nakagami-m fading channel coefficient of the best transmit-
receive antenna pair in the first hop, and ng is complex additive
Gaussian noise (AGN). w denotes HD or FD mode; such that w = 1 and
w = 0 represents FD and HD mode, respectively. Here, hgg is the SI
channel coefficient between the transmit and selected receive antenna of
the relay. Also, sg = Gyy is the transmitted signal from the relay with
power Pg, where G is the amplifying factor. Depending on PSR protocol,
we can split the received signal power at the relay into f:1—p pro-
portion, one for EH and the other for information proccessing, where
(0 < p < 1) denotes the power splitting ratio. The harvested power at
relay is given by Pgr = nﬂ‘hSR\zPs and Pr :% for HD and FD
modes, respectively. Here, n (0<n < 1) is the energy conversion effi-

ciency. We assume that Pg ~ qﬂ‘hSR\ZPS for FD mode since nﬂ)hRR|2<<l.

Then, information part of the received signal at the relay is expressed
as

Yr = /1 = phsgs + /1 — Pwhgesg + nig, (2)

where ng = /T — png is complex AGN with zero mean and variance of
o2 atrelay, i.e., ig ~ CN(0,6%). The amplifying factor at the AF relay can
be expressed as

P - np 3
5 3 “\i=p 3)
(1= 8) pselPs + @2 (1 = B) el P+
Then the received signal by U; can be obtained as
vev, = /1 = BGhsehrus + @ /1~ BGhrehrv,sk + Ghru g + ey, (4)

where gy, is complex AGN with zero mean and variance of o3, at U, i.
e., gy, ~ CN(O, afwl). hry, is channel gain of the selected link between
the relay node and U;. Without loss of generality, we assume that

‘hRUl ‘zﬂ‘hRU2|2$...<‘hRUL|2 and thusa; > a> > ... > ay.

3. Performance analyses

In this section, firstly the end-to-end SINR of the considered relaying
network is derived and its statistical properties is examined. Then, the
exact and asymptotic OPs are obtained by using the derived SINR
expression. We assume that o3 = eoyy;, = o2 and 7 =5 is the average
SNR of each link, where € is any constant that expresses the mathe-

matical relation between 63 and o7, .

3.1. Statistical properties

In both hops, all the channel coefficients are modeled as i.i.d.
Nakagami-m distributed random variables. A transmit-receive antenna
pair in the first hop and a receive antenna at each user are selected by the
maximum squared absolute magnitude. Then, the channel gains related
to selected links between S-R and R-Uj are expressed respectively as

|h5R|2 = MAX|<<T 1g<R, {|hu'|2}’ 5

e = maxica { WP b1 =12, L 6)

where h;; denotes the channel coefficient between the ith transmit an-
tenna of the BS and the jth receive antenna of the relay. Also, A is the
channel coefficient between the transmit antenna of the relay and the
kth receive antenna of the U;. According to [40], and by using binomial
expansion in [41, eq.(1.111)], the cumulative distribution functions
(CDFs) of hsg and non-ordered HRUI are respectively given as

TR,
msg—1

s xmse\ " 1
F‘hw‘z X = |1—e % Z <Q—§R> ; s (7)

5=0

Ry

_umgy MRU 1 m 91
| ( ,w> 1 ®)
; Qi) gt |

P
‘hRL’, [

where Qsx = E[|hsrl’) = di, @y, = Ellru, ) = Qru = dgf. Bl de-

notes the expectation operator, dsg,dry, = dry denote the distances of
the first and second hops, respectively, a is the path loss exponent.
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Moreover, the probability density funtions (PDFs) of hgg and ERU[ are
respectively obtained as

msg
my
TR, (Q—i';) TR =1 r(msg—1)

fh ‘2 X
| SR F[mSR] r=0 5=0
(C)]
Cha( = 1yt
o Hs| THMsR |
MRy
R, (gﬁ) Ry=1 p(mgy=1)
S Bl B~ e
|are, P Clmgy] p=0  q=0
(10)
_wy(r+)
oy (= 1Pt 55 | gy

Here, Cb = (I;) and y,(t, mx) denotes the multinomial coefficients and

can be expressed as i, (t, mx) =131 (tr—n +r) Ay (t, mx) forn>1

nag
[41, eq.(0.314)], where a; = (mx/Qx)" /!, uy(t,mx)=1 and if
7> 2my —1, then yu,(t, mx) = 0. In addition, the CDF and PDF of the

ordered random variable ‘hRUl |* can be respectively represented as [42]

Fh;eu,z< ) QIZCL S T [ ‘;:Ru’lz <x)]l+k, o
f‘/IRU,\z ( > o kZO ct \hm, - (x) [Flzwl ‘2 <x>]1+k717 a2

where Q = L!/(L—1)!(1-1)!. Hereafter, we use X, ¥; and Z to represent
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detect its own signal can be written as

aiyXY
V=== . 14
aiy XY, +onpyXZY, + 1Y+,
Also, the SINR for U;, can be expressed as
7XY
7= aryAry 15)

wnPyXZY, +c Y+

3.3. Outage probability analysis

In this subsection, we derive the exact OP for each user. To make
analysis easier, we assume that the target threshold SINRs are Vihj =7V
where t € {FD, HD} for FD and HD mode, respectively. The OP of the U,
can be obtained as

=1=P, (A1, Ay -, Ary), (16)

out

where Aj; denotes that the Ith user decodes the jth user’s information
successfully and can be expressed as

a7XY,
Ajj=1<= J >y 17
’J {@znq+nmmmzn4«nm+c2 ym} a7

Accordingly, by denoting qb{' =maxig«p1, P2, ¢) with ¢ =
#, the OP of the I user can be given by
7(q—ayry, —mmpZry)
P, =1 *Pr(Yz >y ¢Z>
X - 1
. o (18)
= ﬁ fx(x)dx—k/f Fy |y x| x | dx,
0 #

h I

where, y; = = and ¢ = 52 Then, by using (11), I in (18) can be

d?
reformed as

=~ L—1 Ry(k+l) p(mgy—1) (_ 1)k+/7 Ry
L = / 1+ Q’Z Z Z Cr 1Chyesy ] k*)’;{{ wop, | pymey | | S| x| dx
[ k=0 p=1 =0 +
(19)
L—1 Ry(k+1) p(mgy—1) (7 1 k+p 00 g
LY DI DI Dl e SIS PR X/ Ve B ) ax.
k=0 p=1 q=0 + &
I
‘h5R|2, 2 and ‘hRR\z, respectively.
Now, by using (9), I3 in (19) can be written as
m msr
3.2, Si L-to-i tff I . tio (SINR) TR, (QSR) TR, —1 r(msg—1)
.2. Signal-to-interference-plus-noise ratio L o= SR c _1y e
3 7F[ms1e] ; SZ; TR,—]( ) i | romsk
Given the concept of NOMA, the stronger (near) user U first decodes
the information signal of the weaker since (20)

(far) user Uj
a; > az > ... > ai. Then, the U; can decode its own signal by using SIC
technique. Therefore, the instantaneous SINR at U; to detect U;’s infor-
mation (j < I) can be written as

7XY,
Vot === Ll , (13)
ay XY, + wonpyXZY, + c1Y, + ¢z
where @; = Zizj 10, C1 = 1%/3 and ¢y = lﬂ Then, the SINR for the U; to

- C¢* a B <ka(€ﬂ(-;’c)+ms’}£;’tl)A)
_ .
X / L) yetmse=le \PRUUTH dx.
¢

c \x— ¢y

Iy

By substituting x —¢; = u into (20), then I; can be written as
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_ N mR ul’fs"; mgg (r+1)u
st " oy gstmgg—n—1 "SR rH)'ﬁ’ © . 7( TR
L= E Cypge 1 (¢) [T u" e du.
0

n=0

Is

(21)

Next, with the help of [41, eq.(3.471.9)], Is in (21) can be obtained as

= b ) K (2 (22)

mgg(r + 1)Qgry QrQry

mSRmRUp(r + 1)045; )
where K;(.) is the first order modified Bessel function of the second kind
which is available in well-known software programs such as MATHE-
MATICA and MAPLE. By substituting I, into (18), closed-form expres-
sion of P., is obtained as
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into (25), P58 (x) can be written as

M ) Cl md};el "
P[’UB o Q + L 982

out - 28

(Tlm + 1))* (r[ﬂ+ 1] ) " ©28)

&
B m(i)* T
(")

where 1 = mSRTRl,Tz = mRULRQ,‘L' = min(rl,rz),Q = Qgr = &1QRrU and
m =mgg = eaMgy. €1 and &, are positive constants, and y is obtained as

2TR m msg ( 1 k+p
! 1 SR k r n
P =1+ Trmse] <975R) Qlk Z CL—ICZZ(I(H) CTR|7le+m5R71H>7k”q (P7mku)
PgirS,n
. * n-gtl
vimgponct "G L e edr Q) ’
s (rymg) e ()" ]€7T<7RU 125K ) 23
”3( SR) (¢l) mSR(rJF I)QRU ( )
+ 1),
Xanqul <2 mSRmR;.;IJA(; )C¢l ) )
SRSSRU
. L1 =R (k+l ~1)~TR -1 N\ 7
where the notation Y, .n() = Ypp YR S0 ST c (i‘ )
STl sstma1 () s used for mathematical tractability. ! . 2/ _ r=r =1
(Clm + 1])" m W
(r "
3.4. Asymptotic analysis &
e\ ?
In this subsection, we examine the asymptotic behavior of the ob- x= c (S—l) (29)
2
tained OP. Firstly, P, can be rewritten as - = T>T
m 0
()
P, =1-P > ¢, 2
out (Yl +c ¢1) )
24) e — 7 < 1.
(Tfm + )™

XY, B
~1-P, .
(X+ Y1>¢]>

Then, by using 3 min (X7 Y) s)%gmin(X, Y) [43], the upper bound for

PL . can be given by

=1-P.(min(X,Y;) > ¢;)
= Fx(¢) + Fr(4,) = Fx(4,)Fr(4))-

[,UB
Puur

(25)

Now, the high SNR approximation approach proposed in [44] is used to
obtain asymptotic expression of the OP. Therefore, for 7— oo, then (/;; -0,
the asymptotic expressions for Fx(¢;) and Fy,(¢;) are given by

1 m ¢w mgr TRy
o ) SRY 1
F¥ (4’1) = (F[mj’k T 1])TR| ( Qsr ) s (26)
o 5\ _ 1 meud; )WU}RZ
K <¢> i (o) @

Since the value of the term Fx(¢; )Fy,(¢; ) in (25) is very small compared
to the other terms, we can neglect it and by substituting (26) and (27)

From (28) and (29), the array gain and diversity order of the U can be
respectively stated as

'
G = 1/t (ﬂ) _ C1¥im ) (30)
=0 Q/ a; — ajyy, — wnpZy,,

Gl =1 =min(t1,72) = min(msgTR;, mgylR,), (31

which means that the diversity order of the Uj is limited by the hop with
smaller diversity order.

4. Numerical results

In this section, we present some numerical results to demonstrate
accuracy of our analyses and to show the OP performance of investi-
gated system over Nakagami-m fading channels. The presented numer-
ical results show that the theoretical analyses are verified by Monte
Carlo simulations. In order to be an example, we present results ac-
cording to L = 2 users. The distance between the BS and mobile users is
the assumed to be d = dsg +dry = 1 and the path loss exponent is set as
a = 4. Unless otherwise stated, the power allocation coefficients are set
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Fig. 2. Outage probability of NOMA-EH scheme in dual hop AF networks versus SNR with varius antenna configurations: (a) HD mode (b) FD mode.

as a; = 0.8 and a, = 0.2 which satisfies a; +a; = 1 and the threshold
values of users are specified as yfi’ = yii? = yiP = 3 and yjp = yiP =
yiP = 1 respectively, under the condition a; > (g + wnpBZ)y",. For con-
ventional JTRAS/RAS-OMA scheme, the threshold values are set as y,, =
3 and y,, = 15 for FD and HD modes, respectively, by using the relation

of %Zlelog2 (1 + y{hl_) = %logz(l + }’zh).

Fig. 2(a) and (b) plot the OP versus the system SNR for different
antenna configurations in HD and FD modes, respectively. We set the
distances asdsg = dgry = 0.5, the Nakagami-m coefficients mgg =mgy =
1, the parameters # = 0.9, = 0.5 and € = 0.8. As clearly seen, the
simulation results verify the exact analytical results for each mode and
asymptotic curves are accordant with the exact ones. We can see that the
increase in the number of antennas improves the system performance
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Fig. 4. Comparison of outage probabilities for different Qgg.
considerably when compared to the scenario without antenna selection. R1,R3) =(1,1,1), we have Gfi = min(1,1), then G(li = Gﬁ = Gg =1. Also,
When the numbgr of antennas increases in the first hop, the OP per- for (T,R1,Rz) = (2,2,2) we have Gé —2.G = Gg — 4. The diversity
formance of U, improves more than that of U. On the other hand, the order of the network, which is limited by the hop with smaller diversity
OP performance of both users remarkabl}.l 'enhan.ces as in.c.reasing the order, can be different for each user.
n’umbe'r of antennas of both h(‘)ps.'In addition, Fig. 2 verifies that the Fig. 3 demonstrates the OP versus the system SNR for two different
diversity order of the network is min(msg TR1, mrulR;). Hence, when (T, aptenna configurations for the FD and HD modes. We can see that when the
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relay operates in FD mode, it performs much better than HD mode, for
example, for (T, Ry, Ry) = (2,2, 2) configuration at an OP value of 10~% FD
mode provides 9 dB and 4 dB SNR gains for U; and Us, respectively. When
the relay operates in the HD mode, the OP performance of U, is better than
that of U; . On the other hand, in the FD mode, while the OP performance of
U, is better than that of U, for the scenario without antenna selection, in

antenna configuration of (T,R;,Rz) = (2,2, 2) the OP performance of U;
is better than that of U, up to an SNR value of about 15 dB, then the sit-
uation is reversed. The OP performance of U; only depends on the SI from
the FD relay, while the performance of U is effected by both the SI of the
FD relay and the interference from U;, and the OP of U, can merely sup-
press the effect of interference after 15 dB.
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Fig. 4 depicts the effects of the SI at the relay on the performance for
different values of Qgg. The antenna configuration and the Nakagami-m
parameters are set as (T,R;,Rz) = (2,2,2) and mgg = mgy = 1. As
shown in Fig. 4, better performance is obtained for the lower value of
Qgr and the OP performance of U; is better than that of U, for all Qgg
values. As the value of Qrg decreases, the SINR at the users increase and
then the OP decreases, hence the OP performance is improved. Figs. 5
and 6 plot OP curves of the system versus dsg and f, respectively. In
order to obtain the figures, we set (T,R1,Rz) = (2,2,2)andy =5dB. Itis
seen that the OP increases as the distance between BS and the relay
increases for both users in Fig. 5. One of the reasons for this is that the
harvested energy at the relay decreases with the decreasing effect of
fading of the channel between the BS and relay. Another reason is the
attenuation of the transmitted signal to the users due to the heavy fading
effects. In addition, the proposed NOMA scheme outperforms OMA
when all dsg values for U; and dsg < 0.39 for U,. As can be seen from
Fig. 6, the optimum power splitting ratios that provide the best OP for
both users are different, since the power allocations of users are
different. When the value of j is greater than 0.33, it can be clearly seen
that the performance of U; is better than that of U,. It is also observed
that the proposed NOMA provides better performance than the con-
ventional OMA, especially for all # values for U; and for g < 0.35 for Us.

5. Conclusion

In this paper, the performance of JTRAS/RAS scheme in dual-hop AF
EH NOMA system is investigated jointly for HD and FD relaying modes
over Nakagami-m fading channels. We have obtained the joint closed-
form expressions of exact OP and asymptotic OP of the networks for
both relaying modes and have verified the analytical results by Monte
Carlo simulations. It has been shown that, the performance of the system
improves with the increase in the number of antennas when compared to
the scenario with no antenna selection. The OP performance of the near
user remarkably improves, as the number of antennas increases in the
first hop. On the other hand, the OP performances of both users signif-
icantly enhance by increasing the number of antennas in both hops. FD
mode provides much better performance than HD mode and the per-
formance of the network improves when the power of the SI is lower.
Besides, the performance of the network becomes better as the EH relay
is closer to the BS and worse as the EH relay closer to the users. In
addition, the optimum power splitting ratios for mobile users are
different and the far user has larger power splitting ratio. Also, NOMA is
better than OMA for all power splitting ratios and distances for the far
user while up to some values for the near user. Finally, in cooperative
NOMA networks, the performance has been improved by selecting the
antennas with the JTRAS/RAS technique and by harvesting energy at
the relay.
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