Performance Analysis of Downlink NOMA System Relying on Energy Harvesting and Full-Duplex

ECT]

=——=Association

ECTI Transactions on Computer and Information Technology
Journal homepage: https://ph01.tci-thaijo.org/index.php/ecticit/
Published by the ECTI Association, Thailand, ISSN: 2286-9131

Performance Analysis of Downlink NOMA System Relying
on Energy Harvesting and Full-Duplex

Chi-Bao Le! and Dinh-Thuan Do?

ABSTRACT
This paper considers the implementation of wireless power transfer scheme
to non-orthogonal multiple access (NOMA) network at downlink. The sin-
gle antenna power beacon (PB) provide capability of wireless charge to two
NOMA users. In addition, full-duplex (FD) scheme is employed for two
users. Qutage probabilities related to system performance are evaluated in
the scenario of the multi-antenna base station. Improved performance can
be achieved since multi-antenna, energy harvesting capability. In particu-
lar, expressions of outage performance are derived in this system model to
help to forward to serve far NOMA users. As the main advantage, NOMA
and full-duplex schemes are two advantages and such a system is deployed
to enhance the spectral efficiency. Our simulation results will indicate that
main parameters such as a power allocation strategy, energy harvesting
time, self-interference factor are the main impacts on considered system.
The correct derived expressions are presented by matching Monte-Carlo
simulation curves and analytical curves in numerical result section. As our
main results, FD NOMA system corresponding the first user and the sec-
ond user exhibits better than OMA 30% and 25% respectively when SNR
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1. INTRODUCTION

In recent work related to Full-duplex (FD) com-
munication, its advantage motivated many applica-
tions since transceivers allow simultaneous downlink
(DL) and uplink (UL) transmission over the same fre-
quency band [1-4]. However, FD in this scheme leads
to the expense of introducing strong self-interference
(SI). A suboptimal precoding and power allocation
algorithm is studied to provide maximization of the
sum throughput FD systems serving multiple users
[2]. In addition, the end-to-end throughput of an
FD relay system was evaluated in terms of trans-
mit beamforming design for maximization and the
optimal joint receive [3]. The minimum signal-to-
interference-plus-noise ratio (SINR) is considered as
providing the DL and UL users in a FD system [4].
The authors studied the optimal beamforming and
power allocation design [5]. In other improved spec-
trum efficiency scheme, non-orthogonal multiple ac-
cess (NOMA) permits multiple users with different

transmit power to access the same frequency [6-9].
To separate the different signals, the successive in-
terference cancellation (SIC) is implemented at the
receiver [9]. In emerging network of cognitive radio,
the NOMA is implemented with cognitive radio net-
works and it will not only improve the spectrum effi-
ciency but also serve more secondary users. Thanks
to advantages of both the cognitive radio and NOMA
techniques, and it benefits to the 5th generation mo-
bile networks [10].

The limited performance is resulted from the lim-
ited energy supply of small devices in wireless net-
work. In particular, it is hard to replace the bat-
tery and/or there is no power line. To overcome this
problem, by harvesting the energy from the surround-
ing environments, they considered energy harvest-
ing technique which is so-called as Radio frequency
(RF) energy harvesting [11-15]. In this model, en-
ergy harvesting-assisted device is able to harvest the
energy from the radio-frequency signals. Such energy
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harvesting scheme can provide flexible, sustainable
and stable energy supply for cognitive radio networks
[16-20]. In [17] and [18], the primary spectrum or
transmit power in the primary network provide RF
energy for the secondary users with dynamically spec-
trum sensing technique and for battery charging. To
enhance the secondary throughput by utilizing the
harvested RF energy, an optimal channel selection
method is introduced [19]. In cognitive radio sensor
networks, the RF energy harvesting was also studied
as in [20]. In fact, the RF energy harvesting model is
ideal linear in most of recent works related to energy
harvesting. However, the non-linear behaviors need
be considered in the practical energy harvesting cir-
cuits [21-23]. In addition, the non-linear RF energy
harvesting model is proposed and examined system
performance of the secondary performance [21-23].

In other trends of research, the integration of FD
and NOMA was advocated in thanks to the poten-
tial benefits of FD transmission [24-26]. In [24],
maximization of the weighted system throughput in
FD MCNOMA systems can be achieved by study-
ing the optimal power and subcarrier allocation al-
gorithm design. A NOMA-based FD relaying system
is evaluated in terms of the outage probability and
the ergodic sum rate [25]. In [26], outage probabil-
ity of NOMA-based FD relaying systems was Inves-
tigated by introducing the optimal power allocation
minimization.

However, due to little amount of harvested power
at users in previous work. Such open problem mo-
tivated us to study in this paper a new model of
multi-antenna power beacon which serve as wireless
charge to far NOMA users.

Table 1: Key parameters of the system model.

Symbol | Description

o The power allocation coefficient with
‘ i€{l,2},a1+as=1and a1 < ay

Pg The transmit power at BS

P, The transmit power at PB

n The AWGN noise term followed ny;, ~
’ CN (0,03 Iny)

T The information of U;

R; The target rate at U;

T Time duration of signal frame as con-

sideration in Fig. 2
n The energy conversion efficiency
Time percentage to perform wireless

@ power transfer

h; The channel link between BS and U,
hsy The channel link between BS and U,
g1 The channel link between PB and Uy
g2 The channel link between PB and U,
f The channel self-interference at Uy
f2 The channel self-interference at Us

2. SYSTEM MODEL

/

BS U,

Fig.1: System model of wireless powered NOMA
system relying power beacon.

It can be seen from Fig. 1, the system include
multi-antenna base station (BS) serves two NOMA
users at downlink. It can be facilitated the BS with
multiple antennas, Ng. Link BS-user U, and link
BS-user Us are characterized by hj, hy, respectively.
Two users Uy; Us is facilitated with FD mode, f1; fo
are self-interference channel related two users Uy; Us,
respectively. In this scenario, wireless charge is served
by the power beacon (PB) equipped with one trans-
mit antenna. Then, g1, go are channels to provide
energy harvesting ability to two users.

o ar
PB to U, BS to U;
— — — >EH —— Downlink
PB to U, BS to U,
— ———=FEH ——>Downlink
Energy Harvesting  Information Transfer |

T
Fig.2: FEnergy harvesting protocol.

Fig. 2 describes the key parameters related infor-
mation processing and energy harvesting. In partic-
ular, there are two time slots in the time switching-
based relaying (TSR) protocol for energy harvesting
and information processing at the relay. In Fig. 2,
information is transmitted from the source node to
the destination node in o', in which 7T is the block
time, and « is the fraction of the block time allocated
for energy harvesting, and its condition is 0 < a < 1.
The remaining block time, (1 — «) T is used informa-
tion transmission from the source to destination.

It is noted that proper selection of the time frac-
tion, «v is important and it is used for optimal amount
of harvesting energy at the relay node, and then it
affects the achievable throughput at the destination.
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The following subsections analyze performance of the
energy harvesting and information processing at the
relay node.

The channel power gains ||hy|?, ||h|?, g1
|2

and
|g2|” are assumed to be exponentially distributed ran-
dom variables (RVs) with the parameters Qp,, Qp,,
Qy, and g, respectively. We call Ps as trans-
mit power of the BS. Especially, the maximum ratio
transmission (MRT) is used with beamforming vector
to achieve optimal transmission scheme as in [29, 31],
with ||w;|| =1,i=1,2

| 2

wi =y i€ {1,2}, (1)

where ||.|| denotes the Euclidean norm of a ma-
trix. h; € CVs*! and ¢; € C'*! are the BS — U; and
PB —U, link channel vector, respectively. During en-
ergy harvesting time o', the harvested energy, Ey,
is given by [30, Eq. (2)]
B { nPsa|gl|2T i €1 )
" nPsalg’T ie2

where 7 is the energy conversion efficiency. De-
pending on the quality of energy harvesting electric
circuitry, 0 < n < 1.

From obtained Ey, in (2), the transmitted power
from relay node, Py, is given by

Py, =Ey, /(1 —a)T

nPsalgil* [(1=a) Jiel (3
nPsalgl’ /(1) Lie2

To implement NOMA scheme, Pg is also as the
normalized transmission powers at the BS. z; and x»
are the signals for U; and Us, respectively while a;
and as are the corresponding power allocation coef-
ficients. To make better fairness between the relay
node, it can be assumed that a; < as, and they are
constrained by a1 + as = 1.

During the k£ —th time slot, U; and Us receives the
superposed signal and loop interference signal simul-
taneously. The observation at U; and Us are given
by

yu, [k =IIbawi | (Var Pswr [k] + v/az Psz [K])
+ v Pu, frizpr-1 [k — 7]+ ny, [k ’
——

AWG N

sel f—inter ference

(4a)
yu, [k] = [|howa| (\/ a1 Psxy [k] + /a2 Psxo [k])

+ v Pu, forpr—o [k — 7]+ ny, [K] '
——
AWGN

self—inter ference

(4b)

where xpr_; [k — 7] is called as loop interference
signal, 7 stands for the processing delay at U;

(1 € {1,2}) with 7 > 1 is integer. It is noted that the
time k satisfies the relationship k > 7. ny, [k] the zero
mean additive white Gaussian noise (AWGN) vector.
These noise terms follow ny, ~ CN (0,0 Iy,) with
equal variance o7, Iy = 0 and f; ~ CN (0,9y,) is
self-interference channel at the Uj.

In NOMA, SIC is required to U7 first detect Us
who has a larger transmit power, which has less in-
ference signal. Then the signal of Us can be detected
from the superposed signal.

Therefore, the received signal-to-interference-plus-
noise ratio(SINR) need be computed and such com-
putation performing at U; to detect Us’s message xo

N as Ps |y ||
251 =
T arPs|lha|® + Py, | fi]* + 02
2 (5)
_ azps||i |
aps|ha]|* + 6lg:[*|f1]* + 17
where pg = % is the transmit signal-to-noise radio
(SNR) and 0 = (’71”_35).

In NOMA, two signals 1 and x5 are superimposed
at the BS to transmit to far users. They are normal-
ized unity power signals, i.e, E{23} = E{z3} =1
in which E {.} is the expectation operator.

After SIC, the received SINR at U; can be calcu-
lated. SINR need be known to detect its own message
1 and it is given by

v, aips|h
=3, (6)
Olgr|”| f1]” + 1

Similarly, the received SINR at U, need be com-
puted to detect x5 and it is formulated by

asps||ha |
2 2 2 : (7)
a1ps|hal|” 4 0]ga2|”| f2|” + 1

Us __
T2t =

3. OUTAGE PROBABILITY ANALYSIS

In preliminary, we assume that all channel co-
efficients are modeled as independent Rayleigh-
distributed random variables (RVs).

It can be denoted that fx, (z) as the probability

density functions (PDFs) of X; = |h; || is written as
[32]

ZNs—1

oy,
(Ns—l)!nge X 77/ 6 {172} (8)

Ix; (x) =

Next, Fx, (z) is the cumulative distribution func-
tion (CDF) of X; is given by [33]

_ a2 Ng-—1 n
FX-; (37) = 1l—e "% ZO n'wT;'( NAS {1a2} (9)

Regarding self-interference channel due to FD de-
ployment, fy, (x) is the probability density functions
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(PDFs) of Y; 2 |f:|? is formulated by

in, (I‘) = W67W NAS {132} (10)
We have Fy, (z) is the cumulative distribution
function (CDF) of Y; is given by

x

Fy,(z)=1-—¢ ™ ic{1,2}. (11)

3.1 Analysis on Outage performance in FD
mode

In principle, the target rates of relay node are
determined since they are related quality of service
(QoS). In particular, the outage probability is con-
sidered as an important metric and then performance
evaluation can be achieved.

We will evaluate the outage performance in two
representative users in NOMA in the following.

Outage Probability of U;:

According to NOMA protocol, the complementary
events of outage at U; can be required as: U; is able
to detect xo firstly and then it detects its own mes-
sage x1. Therefore, the outage probability of U; is
formulated by

OPLP =Pr (984, < AP Ut <4fP)
=1-Pr (’Ygin > 5P A ZVfD)

—1_pr (||h1||2 >¢ (9\91\2|f1|2 + 1)) ’
(12)

where v{'P = 281 — 1 with R; being the target rate
at U; to detect x1 and v4' P = 22 — 1 with Ry be-

ing the target rate at U; to detect x2, 1 =

— ’YfD d¢=
P2 = and ¢ = max (2, 1)

Ps (02*’72DL¢11)

Then, O’PLIZD can be solved by

OPLP =1 = Pr (Ihull* = ¢ (61911 +1))

=1- 7fgl2 (z) 7ff12 (%)
0 0

X [1 = Fp, 2 (C(O2y + 1))} dxdy
s (13)

¢re” ™

nifdy, Qp QF

Ns—1

:172

n=0

%) o »

= _ L_}r T

X /6 Qg /e y<9f1 Shy
0 0

X (Qzy + 1)"dxdy.

)

Based on [27, Eq. (1.111)] and [27, Eq. (3.351.3)],

(’)PL}ZD is given by

EICmoRQk
OszD =1~ ( i >nf1
' nz:;) kZ:o k nlQdg, Q7 ot
< 7 k e
% e Uhl/ x e 1 .
0 (th + Qflce.’t)
(14)
m(t+1
Let t = %arctan(x) -1 = tan( (4 )) =z =

Tsec? (X (t+1)) dt = dz with sec(z) = L
is expressed as

(14)

Ns—1 n npkOk

TkICmOr Q)
OPEP =1 3 }:( n >n L
= =\ k) nlaq, Q!

< ' 9 _ tan(w(¢t+1)/4)
xe ‘' /sec (m(t+1)/4)e 21

-1

tan (7 (t + 1)/4)"

(th + Qflcetan (7T (t + 1)/4))k+1 dt.
(15)

Unfortunately, it is difficult to derive a closed-form
expression for (15), an accurate approximation can be
obtained using Gaussian-Chebyshev quadrature [28,
Eq. (25.4.38)], it is given as

Ns—1 n R k;!7r2<”9ka
1

OPgID ~1 — Z ZZ ( Z >n!4RleﬂZ_k_l

n=0 k=0r=1

V1 —Esec? (m (& +1)/4)

x 1
(2, + Q2¢O tan (7 (& +1)/4))
p - ol tenCr(Ert1)/a)
x tan (7 (& +1)/4)"e “m 201 ,

(16)

where £, = cos ((227;1)77)
Outage Probability of Us:
The outage probability of Us is computed as
OPLP =Pr (1§72 <+f7)

—1—Pr (||h2||2 < 2 (9|92|2|f2|2 + 1))

—1- Z)Jﬂgzp () Zf|f2|2 )

X Finy 2 (9 (2,y)) dedy, an
17

where Fjy, 2 (g (2,y)) = [1 — Pl (92 (Ozy + 1))

Similarly with solving OPZZD , it can be obtained
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OPEP

Ns—1 n Elr2ongkQk
E E E e fa

Nl — - s @Jz

( )n!4QQgQQZ;k_1

n=0 k=0g=1

L €2see? (m (¢, + 1)/4)

(R, + Qpy20 tan ( (&, +1)/4))
\ g2 _tan(n(€a+1)/0)
X tan (7 (§, +1)/4)"e Dhy Qg5 ,
(18)

where &, = cos (%W)

3.2 Consideration on half-duplex (HD) mode

With HD mode, the received signal at U;, i = 1,2
node in the downlink of NOMA is given by

yu, [k =bawi | (VarPswr [k] + v/az Psz [k])
+ny, [k],
(19a)
yU2 = ||h2W2|| (\/Eml as Psxq [k])
+ ny, [ ]
(19b)

Based on (19a), the outage probabilities with im-
perfect SIC for the Uy link they can be written as

O,PHD ,ApSIC

=1—Pr (y201 > 0, 4P > 41D

T
=1-Pr ||h1|| Zq)maxv|h1|§p%<%_

).

(20)
_ apsll® ipSIC _ arps|h?
where v5_,1 = arps|hi]?+1° Y1 —  pslhr]+1?

hy ~ CN(0,9Qp,) with Qp, (0<Qy, < 1) denotes
as the level of residual interference caused by im-
perfect SIC. More precisely, the value of 5, = 0
and 5, < 1 are the perfect SIC (pSIC) and im-
perfect SIC (ipSIC), respectlvely, = 22 _ 1,
HD
P =22 1,9, = (I)zzﬁiw)and
ay

‘HPS ps(az—7]
D nax = max (P, Po).

By exploiting result from (8), (10) and with the
help of the [27, Eq. (3.351.2)], OP//”"%¢ is calcu-

lated as

HD I
OP apSIC

h 2
= 1= Pr (|l * = Py, || < 5 (132 - 1))

N3
75 (-

f fiwz @) [ fing (y)dady

Pmax 0 7%
=1- I(Ns)Q thq)f i "
X [l—eps% i )] dx

—®max Ns—1 _. Ns— =
=1- [e Oy TEO f‘réﬁ _ Qi:’;XENS TQXZ:O <I>§3:;| 2

(21)

where 2 = ﬁ + psq)lm[, X = psfllhl - ‘I)g”‘ and
T (z) = (x — 1)! is the Gamma function

Based on (19b), the outage probabilities with per-
fect SIC for the U, link they can be written as

OPLP =1 =Pr (3, 2 1{'")

HD
= Fpa T
(1% s (a2 — al,yfID)

R (22)
—1 — ¢ Onmirs(az—ar{’?)

('")"

n HD\"On
— n!ps(ag—ayyl ) Qh2

Ns—1
X

azps||hz|?

where v, = Z1pslbal P41

3.3 Asymptotic Outage Probability Analysis
for Two User’s

We conduct the asymptotic outage probability
analysis in the high SNR region. Based on analytical
result in (16) and (18), when ps — oo, the asymp-
totic outage probability of U; and U; for FD NOMA
with e™ — 1 — z is given by

Ns—1 n

. k"ﬂ'QC"Hka
AR 35 3) 3 () L

n=0 k=0r=1
x QY (&) tan (7 (6 + 1) /4)"

<1 C ) _tan(‘rr(ér+1)/4)
X — e 91 ,
Qp,

(23)
and

Nsl’n

~ kw2<p§9k9k
ortr- 53 (1) i,

n=0 k=0g¢g=1
X QLT (&) tan (7 (& + 1)/4)"

tan(m(q+1)/4)
« (1 _ P2 ) e gy 7
n,




6 ECTI TRANSACTIONS ON COMPUTER AND INFORMATION TECHNOLOGY, Vol.16, No.1, March 2022

where & = COS(@;;{DT(): §& = cos(%é”w),
T(z) = —A—wsecEltl/ o ang §(2) =

(2, +92, CO tan(n(z+1)/4))
Vi—z2sec? (w(z+1)/4)
4Q(Qh2 +Qp, 020 taJ’x(ﬂ'(erl)/él))kJrl ’
The same situation can be seen for HD mode, the
asymptotic outage probability of U; and Us for HD
NOMA with e=* — 1 — z is given by

Ng—1 .
3 (bmax oo
O,PLI{IID,Z;DSIC,OO -1 [(1 _ a9 ) Z max

hi — ’)"1'9211
Ns—1 T =
o (1 B X) i q)max:‘ 2
Ns— | ’
ths“NS s Tro!
(25)
and
HD
opHD> _1 [ _ gi
v < ps (a2 — aiyf™?)
Ns—1 HD\" (26)
( )

X

n HD\"On °
— n!ps(agfalfyl ) th

4. NUMERICAL RESULTS

To confirm accuracy of the proposed analytical ex-
pressions in term of the outage probabilities, this sec-
tion provides the simulated results which are derived
in the previous section. Furthermore, the lowest out-
age performance can be analyzed to evaluate the per-
formances of such NOMA system under different sim-
ulated parameters. Finally, the effect of main param-
eters on the performances is further determined. We
use a; = 0.2 and as = 0.8 as power allocation fac-
tors. Regarding energy harvesting, we set n = 1 and
a = 0.2. Target rates are R; = 2 and R, = 1. To per-
form approximate computation, Q = R = 500. The
channel gains are Qp,, = Qg4 = 0.6, 4, = O, = 0.5
and Qfl = Qf2 = 0.01.

10 % ! I
N X Q
\ N \,
, \ %
1L \ N
10 \ ), )
\ Y
A
S N
“ \
102k : oy,
= "\ RN
I \ N N =
2 \ \
] 5 \ i
\
£ 100 N N
S XN s,
R N
b Uy, FD - Ana 3 d
S 10 | |—O— Ui, HD - ipSIC \ 3
Uz, HD - An: s,
Uy, FD - Ana \
105k Uy, HD - ip! N
—— U, HD - A
Sim. N
——— Asymptotic X
10'6 N I 1 N 1
0 10 20 30 40 50 60

ps (dB)

Fig.3: OQutage probability versus ps at Uy and Us,
with Qp,, = —40 (dB)

In Fig. 3, the curves of outage probability for two
NOMA users versus transmit SNR pg at the BS is
observed. It can be seen clearly that the theoreti-
cal curves achieved by mathematical analysis shows
a considerable match with the Monte Carlo simula-
tions. The saturation trends can be seen it FD mode
for both users at high SNR, as pg is greater than 40
(dB). The reason is that self-interference exists due
to FD mode and it make system performance become
worse. The figure clearly shows that with increased
SNR at the BS, outage will be improved significantly.
It is confirmed that outage performance of user Us
is better than that of user U;. It can be explained
that performance gap exist due to different power al-
located ai; as. In contrast with FD mode, higher
SNR leads to improved outage at HD mode. Fur-
thermore, asymptotic curves tend to locate near to
the curves of exact computation.

Outage Probability
>

—k— U1 - OMA
—— T - OMA
Uy, FD - NOMA - Ana.
U, FD - NOMA - Ana.
Uy, HD - ipSIC - NOMA - Ana.
= = = = U, HD - NOMA - Ana,

Sim.

—m-=-— Asymptotic

0 10 20 30 40 50 60
ps (dB)

Comparison on NOMA and OMA,
Qpn, = —40 (dB).

with

FD - Ana. (Ns — 1)
- Ana. (Ng =1)
- ipSIC - Ana. (Ns = 1)
- Ana. (N5 =1)
,FD - Ana. (Ng=2)

"D - Ana. (Ng = 2)
- ipSIC - Ana. (Ns = 2)
- Ana. (N5 =2)

Outage Probability
<)
S

I L L L
0 0.2 0.4 0.6 0.8 1

Fig.5: Outage probability versus time-aware en-
ergy harvesting factor «, with ps = 30 (dB) and
Qp, = —30 (dB).

Next, in Fig. 4, we investigate performance differ-
ences between OMA and NOMA. It can be observed
that outage behavior in NOMA with HD mode is still



Performance Analysis of Downlink NOMA System Relying on Energy Harvesting and Full-Duplex 7

better than that if OMA in entire SNR region.

Regarding energy harvesting, Fig. 5 evaluate im-
pact of level of harvested energy a on the outage
probability in FD mode. The reason is that in FD
mode, self-interference channel is resulted from har-
vested power. Increasing percentage of harvested
power leads to worse performance because less time
for information processing. While HD mode does not
depend on interference channel, and then outage per-
formance keeps stable in whole range of a.

[=]

-

g

=

Q

o

& 71, HD - ipSIC - Ana. (Ns
@ 71, FD - Ana. (] ]
& J», FD - Ana. (]

-1

o

L HD - ipSIC -
L FD - Ana. (N
5, FD - Ana. (N
1, HD - ipSIC -

© Ssim.
—<meme Asymptottic
107 : 5 : ‘
30 20 -10 0 10 20
Q) = Q, = O, (dB)

Fig.6: Impact of self-interference channel on outage
behavior, with ps =25 (dB).

Regarding energy harvesting, Fig. 6 evaluate im-
pact of level of interference on the outage probabil-
ity in FD mode. Furthermore, as in previous figures,
more antennas equipped at the BS lead to better out-
age performance.

Outage Probability

)
10 F —<}— Uy, HD - ipSIC - Ana. (N5 =2)|
—x— Uy, HD - Ana. (N5 =2)
Sim.
10'7 1 1 1 L
0 0.5 1 1.5 2 25

R =R,

Fig.7: Outage performance versus fized data rates
Ry and Ro, with ps = 25 (dB), Qpn, = —40 (dB),
a1 = 0.1 and ay = 0.9.

Fig. 7 plots the outage probability for two NOMA
users as increasing target rates. The performance gap
among two users remains at low region from 0.5 to 1.5,
but at high required data rate, system meets outage
event.

Outage Probability

0 0.1 0.2 0.3 0.4 0.5
ay

Fig.8: OQutage probabilities versus ay, with Qp, =
—40 (dB), Ry =2, Ry = 0.5 and pg =25 (dB).

Fig. 8 shows the impact of power allocation coef-
ficient a; on the outage event of considered schemes.
It is confirmed that outage performance of U; better
than that of U; at very low value of a;. Interest-
ingly, optimal outage for user U; in HD mode can be
achieved at a; = 0.5.

TP - Ana. (Ns=1)
251 i’f{“ - Ana. (Ng=1) 1
—O— 2 - ipSIC - Ana. (Ns=1)
P _ Ana. (N5 =1)
TP - Ana. (N5 =2)

i
P Ana. (N5 =2)
70 - ipSIC - Ana. (Ng = 2)

—F— 7P - Ana. (Ns =2)

Throughput (BPCU)

0.5

ps (dB)

Fig.9: Throughput performance of two relays node,
with Qp, = —40 (dB), Ry =2 and Ry = 1.

As seen from Fig. 9, since the throughput is com-
puted based on achievable outage probability, it can
be further evaluate throughput in delay-limited trans-
mission mode as 75 = (1 — OPy) R, with ¢ € {1,2}
and ¢ € {FD,HD}. The throughput of two relays
node increase significantly since data rates are main
factor. It is seen clearly that throughput increases
once data rates increase.

5. CONCLUSION

In this paper, we developed a theoretical frame-
work to analyze NOMA downlink system perfor-
mance under deployment of FD mode and energy
harvesting. Analytical results are derived to show
reasonable outage performance. For the downlink
NOMA system, two different outage performance of
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two users can be shown due to different power alloca-
tion factors for each NOMA user. The study shows
that increasing transmit SNR leads to significant per-
formance improvement. It is also provided guidelines
as reasonable selection of the number of antennas at
the BS are performed, outage probability meets ideal
value.
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