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Incremental Relaying with Partial Relay Selection

for Enhancing the Performance of Underlay
Cognitive NOMA Networks
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Abstract—In this paper, we consider an underlay cognitive
non-orthogonal multiple access (CNOMA) network, where
incremental relaying with partial relay selection (PRS) scheme
(i.e., IRP scheme) is proposed for the secondary network. We
derive analytical expressions for the outage probabilities of
the secondary users (SUs) and the system throughput of the
IRP-CNOMA network. The proposed approach is compared to
conventional cooperative relaying-based CNOMA (CR-CNOMA)
networks with PRS scheme (i.e., CRP-CNOMA) and random
relay selection (RRS) scheme. The results show that the proposed
scheme significantly lowers the outage probability of the SUs
while improving the system throughput.

Link to graphical and video abstracts, and to code:
https://latamt.ieeer9.org/index.php/transactions/article/view/8795

Index Terms—cognitive NOMA, outage probability, system
outage probability, system throughput, partial relay selection,
incremental relaying.

I. INTRODUCTION

on - orthogonal multiple access (NOMA) has been iden-
Ntiﬁed as an important multiple access strategy in fifth
generation (5G) and beyond fifth generation (B5G) wireless
networks, for increasing the spectral efficiency (SE) by en-
abling several users to transmit in the same resource block
concurrently [1], [2]. The cooperative relay-based NOMA
(i.e., CR-NOMA) has been envisioned to further improve
the performance of the far users (i.e., weak or cell edge
users) in the NOMA network, where either near users (i.e.,
strong or cell centric users) or dedicated nodes are used as
relays to forward the symbols to the far users [3]-[5]. In
the meantime, cognitive radio has been proved as a potential
strategy for increasing SE by allowing secondary users (SUs)
to access spectrum designated for the primary users (PUs) [6],
[7] . This allows multiple wireless communication systems to
access the same frequency band at the same time. Cognitive
radio employs three spectrum access paradigms: interweave,
underlay, and overlay [8], [9]. When interweave mode is
adopted, the SUs will detect the spectrum holes by sensing,
and then exploit the unoccupied primary frequency bands for
their own transmissions. On the other hand, the overlay mode
allows the SUs and the PUs to transmit concurrently over the
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same frequency spectrum. Here, the SUs will act as a relay to
forward PUs message so as to enhance the performance of the
PUs. In the underlay mode, the SUs are allowed to transmit si-
multaneously with the PUs in the same frequency band as long
as the interference induced on the PUs receiver by the SUs
remains below a tolerable interference limit. By incorporating
NOMA into cognitive radio systems, system throughput and
outage performance can be significantly improved [10], [11].
However, underlay cognitive NOMA (CNOMA) systems are
examined in [12], [13]. In these systems, SUs and PUs share
the licensed primary spectrum for concurrent transmissions
as long as the interference caused by the SUs on the PU
receiver remains below the acceptable threshold level. Due
to this, the quality of service (QoS) of the SUs cannot be
ensured. To improve the coverage, reliability and the QoS
performance of the SUs in CNOMA system, cooperative relay
based cognitive NOMA (CR-CNOMA) network is proposed.
It can provide enhanced SE and throughput [14] compared
to the conventional cooperative relay based cognitive OMA
networks. In single-cell downlink underlay cognitive NOMA
network, if the strong NOMA SU is configured as half-
duplex (HD) relay to transmit the message to the far user,
then the secondary transmitter (ST) requires two separate
time slots for information transmission to SUs [15]. During
the first time slot, the ST will broadcast the superimposed
signal to the SUs. During the second time slot, the near user
will forward the decoded information from the successive
interference cancellation (SIC) technique to the far user. This
results in the degradation of SE and throughput. The authors
in [16], [17] proposed incremental relaying (IR) method in
CNOMA network to raise the SE of cooperative NOMA
systems. In IR based CNOMA (i.e., IR-CNOMA) network,
the near SU will act as a relay for the far SU if and only if
the direct path from the ST to far user becomes unreliable. In
this transmission, if the direct link to the far SU is successful
then the communication from the ST to both the near and
far SUs can be accomplished within a single transmission
cycle. This ensures higher SE and throughput for the secondary
network [18], [19]. However, compared to a fixed relaying
strategy, the research work in [20], [21] demonstrated that
using multiple relays in NOMA with an appropriate relay
selection scheme can result in significant performance gains.
Due to inter-network and intra-network interferences present in
underlay CR-NOMA systems, the throughput of the secondary
network is reduced when a single fixed relay is leveraged to
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TABLE I
COMPARISON OF RELATED WORKS
Relay No.
Related . Selection . of .
Work Year Technique (RS) Mode Metrics Relay Observations
Method Nodes
Cooperative Outage Closed form expressions of the outage probability
[25] 2019  Underlay Fixed DF-HD bgb’l' ¢ 1 for SUs is derived. Also, the asymptotic expressions
CNOMA probabritty are derived.
. . Closed form expressions of sum capacity is derived.
Cooperative  Vickrey Hvbri . .
. ybrid- Also, simulation results shows that proposed method
[26] 2020  Overlay auction Sum rate 1 . . . .
HD is more effective than conventional approaches in
CNOMA RS
RS method.
Underla Orl(l)ttilaglfilit Closed form expressions of outage probability,
[27] 2021 Y PRS DFHD P y 2,3,4 asymptotic outage probability and throughput for the
CNOMA & : . .
SUs is derived. Also compared with RRS.
Throughput
Cooperative Two wa ium rate In order to reduce system complexity zero-forcing
[28] 2022 CNOMA , Y AF-HD 5,10  algorithm is proposed. Closed form for the sum rate
RS Energy . .
SWIPT : is derived.
efficiency
Interweave Outage Closed form expressions of outage probability, and
[29] 2024 CNOMA Best RS HD probability 12,3 asymptotic outage probability for the SUs is derived.
Proposed ig{:;eirgental Orl(l)tI?aglfilit 234 Closed form expressions of outage probability,
P - ying PRS DF-HD P y > system outage probability and throughput for the
work Underlay & &3 SUs is derived. Also compared with RRS
CNOMA Throughput o T P )

assist the ST-SUs communication. To address such a challenge,
multirelay assisted CR-NOMA networks can be proposed in
[22], that can provide remarkable performance gains relative to
the fixed relaying scheme. Based on that partial relay selection
(PRS) scheme in [23], the relay is selected from a group of
decode-and-forward (DF) and HD relays. Also authors [24]
have analyzed the outage probability and throughput of under-
lay CNOMA systems using fixed gain for PRS system. Also,
Table 1 clearly present the differences and similarities between
our proposed work and existing literature, focusing on aspects
such as cognitive schemes, relay selection techniques, com-
munication modes, performance metrics, and the number of
relay nodes. Differently from the existing papers, we propose
incremental relaying with PRS scheme for further improving
the performance of underlay CNOMA networks. We obtain
closed form analytical equations for the outage probabilities
of SUs, system outage probability, and system throughput for
the proposed IRP-CNOMA network. The major contributions
of this research work are summarized below: (i) we propose
a simple yet efficient IR strategy with PRS scheme for en-
hancing the performance of underlay CNOMA networks; (ii)
we investigate the outage probability performance of the SUs
and the system throughput through analysis and simulations,
considering imperfect SIC (i-SIC) conditions; (iii) we compare
the performance of the proposed IRP-CNOMA system against
CNOMA system that use conventional cooperative relaying
with PRS scheme (i.e., CRP-CNOMA) and random relay
selection (RRS) scheme and (iv) we use extensive Monte-Carlo
simulations to validate the analytical results.

II. SYSTEM MODEL

The considered underlay CNOMA network is shown in
Fig. 1, where a primary transmitter (PT) and primary re-

Q)

———» Direct NOMA
Cooperative NOMA

—%-%%> PT-PR link

0— — — — » Interfering links

Fig. 1. IRP based underlay cognitive NOMA network with K -near
users.

ceiver (PR) pair forms the primary network. The secondary
network consists of one ST, K cell-center (i.e., near) SUs
(SUy4;1=1,2,...., K) and a cell-edge (i.e., far) SU, i.e., SUs.
The channel coefficients {h;;};i € (s,u14,p); ] € (w14, u2,Dp)
and assumed to follow Rayleigh fading, so that |h;;|* have
exponential probability density function (PDF) with mean
values A;;. All receiver terminals are assumed to suffer
additive white Gaussian noise (AWGN) with variance o2.
When the direct link from ST- SU, is unavailable due to
heavy shadowing, one of the near SUs, i.e., SUjy, that has
highest channel gain over the ST- SUy; (1 = 1,2,...., K)
links is selected for assisting communication from ST to SUs,
e, SUiy = arg max;_; g |hs.uy; |2 [30], which is shown
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in Algorithm 1. Assuming that the near SUs are positioned
relatively closer so that the mean channel gains over the ST-
SUy; links are equal (i.e., As .y, = AoVi =1,2,....K ) [31],
the PDF of the power gain of the selected best channel from
ST- SUy; is given by [30]:

i ; K\ ¢ =i
Fir@ = X0 (B L)

where (%) = ﬁ The various steps involved in the
relay selection is clearly described in the Algorithm 1. Let
Ps maz and Py, maz be the maximum transmit power of
ST and SUjx. Due to the underlay mode, Ps|hs,|> < 61
and Py, |, p|*> < 01, where 0 is the tolerable peak
interference threshold of PR; P; and P,,, are respectively
the instantaneous transmit power of ST and SU;yj, where are

represented as [32]:

0
P, = min (Pm h12> (22)
S,p
. 01
Pulk = min (Pulk,maa;; W) (Zb)

In the proposed IRP-CNOMA system, ST chooses either
direct NOMA (DN) mode or cooperative NOMA (CN) mode
to deliver messages to SUy; and SU,. Let T' be the duration
of one transmission cycle. Initially, after assessing the quality
of the direct ST-SUx link through pilot signal transmissions,
ST decides as to whether DN or CN mode has to be chosen
for message transmissions. If the signal-to-noise ratio (SNR)
over the ST — SU, link is above a predefined threshold, ST
decides to opt for DN mode and transmits the NOMA signal
m(t):

m(t) =

a1 Psmyg(t) + v/ as Psma(t) 3)

where mq and my are the symbols for SUyy, and SU, respec-
tively; a; and a are the power allocation coefficient (PACs)
for SU;yi and SU; respectively with ay+ao=1; oy < . The
recieved signal at SUy, and SU, are given by:

yo N (t) = )+ hp wre VV Pyt
.%?zN(t) = hS-,u2 )+ hp s/ Ppp(t

where n15(t) and no(t) are the AWGN at SU;, and SU;
respectively; x,(t) is the signal from PT with power P,.
Now, SUj; will firstly decode mo followed by mqj using
SIC technique. Then, the corresponding signal to interfernce
plus noise ratio (SINR) equations are given by:

|hs,u1k |2a2PS
| sk 201 Ps + [hpuy, |2 Pp + 02
|Pos s, |2O‘1PS
rb e = ’ , (5b)
lk " |hS7U1k‘2a2Ps<+ |hP7U1k|2PP+U2
where ¢ (0 < ¢ < 1) is the i-SIC coefficient, that introduces
residual interference at SUyy. The SINR coresponding to the
decoding of mq at SUs is given by:

—|—n1kt
+n2t

(4a)
(4b)

h51u1k

rov mg = (5a)

FDN _ ‘hs«,u2|2a2PS ] (6)
ma |hs us |21 Ps + [y |2 Pp + 0

IEEE LATIN AMERICA TRANSACTIONS , Vol. 22, No. 7, JULY 2024

Notice that ST will employ CN mode, if the SNR over ST-SU,
link is found to be lower than the threshold during the pilot
signal transmissions. In this case, communication happens in
two half cycles. The first half cycle is used for transmission
from ST as is the case with DN mode. Therefore, the received
signal at SUy;, in CN mode, yulk N(t) = yPN(t). The SINR at
SU;y for decoding mso and mq in CN and DN modes are also
equal, i.e., TGN =THN and TGN =THN, . During
the second half cycle, SU;j acts as a DF relay to forward mo
to SU; and the signal received at SUs is given by:
)+ na(t

hp,us \/7%7
(7)

Now, SUs decodes mo and the corresponding SINR is given
by:

y32N (t) = h’ulk-,UQ P’“«lkm2

ngz _ |hU1k7u2|2PU1k . (8)
2Pp + o2

|hp7u2

Notice that, the conventional coopeartive relay based CNOMA
system only employs CN mode, i.e., message from ST gets
delivered to SU, via selected relay SUqy.

Algorithm 1 Incremental Relaying based Partial Relay Selec-
tion Algorithm

1: Initialize: Threshold SINR (B:n,1 , B¢n,2), Predefined Threshold
(TH), ST — SU2 link SNR (linkSNR), Number of near user
relays (K), channel coefficients (h;;)

: ModeSelectionFlag < None

: SU1k + None

: bestChannelGain < 0

for i =1 to K do

if |hs,sty; |2 > Ben, and |hs soy, |2 > Bin,2 then
if |hs,su,,, |2 > bestChannelGain then
bestChannelGain < |hs su,, |
9: SUix = arg maxg=1,.x |hs,svy;|

10: end if

11:  end if

12: end for

13: return SU7x and \hsysylk\Q

14: if linkSNR > TH then

15:  ModeSelectionFlag <— DN mode

16: else

17: ModeSelectionFlag <— CN mode

18: end if

e A A i

III. OUTAGE AND THROUGHPUT PERFORMANCE
ANALYSIS

This section explains analytical equations for the outage
probabilities and throughput experienced by SUy; and SUs
in both IRP-CNOMA and CR-CNOMA networks. Let r; and
ro be the target rates for the my; and ms. In the DN mode,
let Bip1 = 2™ — 1 and B2 = 2™ — 1 respectively be
the threshold SINR for decoding mi; and mo. Further the
achievable rate is halved and two half cycles are needed to
send message symbols to SUj, and SU; in CN mode, hence
Bun pa = 2" —1 and /Bch = 2272 _ 1 respectively are the
threshold SINR for the CN mode.
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A. Outage Probability (P,) of Near User SUjy in IRP-
CNOMA Network (IRPCN)

Notice that SU;, will experience outage, if it fails to decode
myy, in DN or CN mode. Thus, P, experienced by SUjy in
IRPCN is calculated as:

IRPCN _
Py 1k Pr(F2 s = Bin2s Ty = Binyzs

DN
1k yMi1k — ﬁth 1) Pr(FQ ,ma < ﬂth,Za

el ma 2 5th,27 Flk,mlk > ﬁth,l) ©)
Proposition 1:Analytical expression for P/FPCN is given
by:
1- (BOBl) - ((1 — BO)Bg);
CBrna
0<a; < HﬂMQ,H{@h1<:a1<l
IRPCN _ .
Po 1k (1 - BO)Bl’ 1-4-[3th’2 <o < 1+/ﬁth,27
CBtn,1 CBina
oo, < 1S Teg), |
1 ;otherwise
(10)

Note that, here Bo = 1— By and By, By , B3 are given by (14),
(15) and (16) respectively, given on next page. where w; =
101 PpApuy, and we = @2 PyAp 4, . Proof: Assuming that
the fading over ST-SU;; and ST-SUs links are independent,
(9) can be written as follows:

PIRPCN _ q_

0,1k
Pr(TYN > Bun2) Pr(THN, = Bz, Tim,, = Bin1)
Bo Bl
- Pr(I‘2 me < 5th,2) Pr(FlckJ,vmz > ﬁth,QJ 1ﬂ1ckj,\]ml,¢, > 5th,1)
Bg BS
(11

Utilizing (6), By becomes:

By =Pt (1100 P. 2 oullhpn PP+ 0%) (20

®o 01
=Pr (Il 2 B o7 <
Boo
2 PoZ 0r
+Pr{ |hsu,| > —(YP +0o );Z> (12b)

Bo1

Here (12b) follows by substituting for Ps given by (2a) in
(12a), where ¢y = af+ﬂ hps|2 =Y, hsp? = Z
and notice that, \h¢j|2 are exponential with mean values \;;;

then Byg and By are determined as:

_ $go? _ o1
Psmasrs,up | | — @ Xs,pPs,man

( Ps,maa:)\s,uz >
R@,maxAs,ug + wo

BOO =e

(13a)

O1Xs,uqg bgo? 1
_91)\5 u wo (GIAS,uQ +)\s,p) —9[
By = —oee x B,
o U}OAS,p [e Ps,ma;ﬂ
2 1 2 1\ 6
LA (e s || (13p)
91/\s,u2 )‘S,p 91>\s,u2 /\s,p wWo

where wg = @oPpApu, and E;() is the exponential integral
function. Notice that (13b) is obtained by using (3.352.2) of
[33]. Substituting (13a) and (13b) in (12b) gives By as in (14),
given on next page. Utilizing (1) and (5), further B; and B3
can be determined similar to Bj.

1) Outage Probability of SU1y in CRP-CNOMA Network
(CRPCN) : Based on PRS scheme SUjj is chosen and this
relay is used for CRP-CNOMA as well. Ensure that both mg
and myj are successfully decoded at SU;i, as CRP-NOMA
system works in CN mode alone. Thus, P, experienced by
SUjj in CRPCN system is determined as:

—Pr (Flk ma 2 6th,27F?kIYm1k > Bypa) (17)

Analytical expression for PCEPCN s given by:

CRPCN _
Po 1k

Bina

—B3:0< a1 <
3 ! 1+ﬁth2’1+<ﬂ,h1

pCRPCN _ <o <1

0,1k .
1 ; otherwise

(18)

B. Outage Probability of Far User SUs in IRPCN

Notice that SUs will experience outage, if it fails to decode
mso in DN and CN mode. Thus, P, experienced by SU, in
IRPCN is calculated as:

PIEPON = Pr(TN, < Bin2: T, < Bin2)
+ Pr(rg.,nj\@]g < Bin2, kajym > ﬁ;sh,m cm,anz < ﬁ;h,Q) (19)
Analytical expression for PIEPCN s given by:
(1—Bo)(1-Co)
+Co(1 = Bo)Cy 50 < oy < —L—
1—- By

PIRPCN _ 1+13m 2

<o <

1
’ 1+,Bth R T+Bin,2

1 ; otherwise
(20)
where Cy and C can be determined similar to By discussed
earlier and are given by (21) and (22), given on next page
with w3 = i¢3Pp/\p7u1k, wy = Pu1k,ma93)‘u1k,p and ws =
Pulk,muwkulk,uy
1) Outage Probability of Far User SUs in CRPCN : As
we know that CRP-CNOMA system works in CN mode alone
and then the P, experienced by SUs in CRPCN is determined
as:

POFPON =1 — Pr (TGN, > Ban TSN > Bua)  (23)

Analytical expression for PCRP ON is given by:

_ _ . 1
P&;RPCN _ 1 Co(l 01),0 <o < 1+B£h,2 (24)
' 1 ; otherwise
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C. System Outage Probability (P, sys)

The outage of the system happens when either SU; or SU,
or both experience outages in the both the DN mode and the
CN mode in IRP-CNOMA. Therefore, the following equation
can be used to determine P! IfylzCN :

IRPCN _
Po ,SYS

Pr(F2Dm2 > 5th,2arﬁ]ym2 2 /Bth,Qa

DN
Fm oy = Bin) = Pr(l5 5, < Bine,

CN ’ CN ’
ey me 2 5th,2vrlk,m1k > Bin1>Tsmy = Binz)
(25)

Knowing By, Bj, Bs and Cj, then PolfiquN can be

determined and the closed form equation is given by:

— (B()Bl> — ((1 — Bo)Bg(l — Cl)>,
Bina
0<ag < 1+/3th2’ T <o <1
IRPCN _ 1
Po ,8YS (1 - BO)Bl ’ 1+Bth,2 < a1 < T+Bin,2’
CBena ¢Bin
THChma ~ M < Theal,
1 ; otherwise

(26)

System outage occurs in CRP-CNOMA, when SU;j, or SUs

suffer outage in CN mode. Thus, PCALEN is determined as:

CRPCN
Po ,8YS =1-

Pr (Flk ma = Bih2s kalymlk > Binas ngz > Bino)
(27)
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CNOMA is given by:
1-B3(1-C1);0 <oy <

1+/3th 5
PCRPCN CBth,l 28
0,5Ys 1+CB£;L,1 <o <1 (28)
1 ; otherwise

D. System Throughput

The system throughput depends on P, experienced by the
SUs, since ST serves SUyj, and SU, with constant target rates.
In IRP-CNOMA, let PPN and PN be the probabilities of
myy delivered to SU;j, in DN and CN modes respectively.
Further, let PPV and PS™N be the probabilities which ms
is delivered to SU, in DN and CN modes in CRP-CNOMA.
Then, the system throughput for IRPCN and CRPCN is given
by:

GIRPCN _ pDN . 4 plcN% + PPNry + PQCN%Q (29)
GCRPCN _ PCN 5 _HDCN 5 (30)

Now PPN and PPN are determined as follows:

DN DN DN
PPN =Pr (PEN > B2, TON > Bunn)
1 CBin

=B1;0< a1 <
! ! 1+ Bino 14+ CBinn

<a; <1 (31

PPN =Pr (Y, > Bunz)
1
=Bp0<o < ——— (32)
’ P 1+ B
Notice that PFN = 1 — PSFCN and PFN = 1 —

PSFPEN The throughput can be determined by using (29)
The closed form expression for the system outage in CRP- and (30).
002 : Py s\ 6, GM( b, )
BO _ e—m (1 _ e>\‘spP‘fm,a.L> ( s,max’/\s,uz ) _ IN\s,uz ®0PpAp,ug \ O1xs,uy ' As,p
Ps,mamAs,uz + ¢0Pp>\p,u2 ¢0Pp>\p,u2)‘s,p
(;500'2 1 ) 0r ( (;500’2 1 ) 01 s us ] 1
X B | — + - ——; <oy <—— (14)
|: (01>\5,u2 )\s,p Ps,mam 01>\s,uQ )\s,p ¢0Pp>\p,u2 ! 1+ ﬁth,2
K K 0120 [ i¢10% | 1
, K\ __i#io® L) S Py maz A , K\ 0\ wy ( 9170 As,p)
By — 1 i—1 Pemaco | ] — Xs.pPs.man s,max’\o _ -1 1—1 o
' Z( ) (Z)e ( ‘ )(PsmamAmel) ,Z( ) (i)wlAs [e
=1 ’ =1 P
ip10” 1 ) 01 (i¢102 > 91)\0] 1 CBtna
X Bl — — + 0<a; < , . <ap <1 (15)
|: ( GIAO >\s,p ]Ds,m,am 01)\0 S,p w1 ! 1+ Bth,Q 1+ Cﬂth,l !
K K 0120 7.(1520
K\ __i¢20? . K 01)\ wa ( 0130 +>\> p>
Ba = —1)t Ps,mazro | 1 — e  Xs.pPs,maw pPs maz Psmazdo — —1)i-1 °
=3 () ( ) ( o +w2> > ()M[
g0 1\ 0 01\ 1 '
x E{ <Z¢20 ) L (w” + > ! ] [0 <oy < P (16)
eIAo )\s,p Ps,ma;ﬂ 91)\0 s,p w2 1+ Bth’Q 1+ gﬁth,l
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Fig. 2. (a) Outage probability of SUj, vs Maximum transmit power (Pp,qz) (b) Outage probability of SU; vs Maximum transmit power

(Pmaz)-

IV. ANALYTICAL AND SIMULATION RESULTS

We consider a 2D topology as shown in Fig. 1, whereby
the position of ST, SU;, SUs, PT and PR are fixed at (0, 0),
5, 5), (10, 0), (2.5, 10) and (7.5, 10) respectively (expressed
in meters). The mean channel power gains are assumed to be
Aij = d; ;-’, where d; ; is the normalized distance (dg = 10m
i.e., normalized in relation to the reference distance) between
nodes ¢, j and n ( assumed as 3 for all the links) is the path
loss exponent [34]. The analysis is carried out by considering
various parameters which is shown in Table 2. Also, These
analytical findings are validated by Monte-carlo simulations.

In Figs. 2(a)-2(b), the P, of the SUs is plotted against
Priaz (Where Ppo = Py mae = Puyy,mae ) of the ST. The
PRS scheme is compared with RRS for IRP/CRP-CNOMA
systems. Observed that the P, of the SUs decrease with the
increase in P,,,, of the ST and saturates beyond the threshold.
When P, < 07, the transmit power depends on P,,,, and
when P,,,, > 0;, the transmit power depends on the threshold
power constraint as given in (2). Also, the P, of SUs with
PRS scheme is lower than the RRS scheme. In Fig. 3, the

TABLE II

SYSTEM PARAMETERS
Parameters Values
a1, a9 0.2, 0.8
o2, imperfect SIC (¢) 1,0.1
K 5
1, T2 0.6, 0.7
ds,p, ds,uyp » ds,us> 3.25,0.707, 1,
duyguss Apugs, & dpugy 0.707, 0.55 and 0.559
0r. Pp 30 dB, 10 dB

P, sys of IRP/CRP-CNOMA is plotted against the P,,q;. As
P4 1s increased, the system outage probability is found to
decrease as long as P4, < ;. This happens because, when
Pyae < 07, the instantaneous transmit powers of ST and SU1
(i.e., Ps and P,,, respectively) depend on P, as is evident
from (2). However, when P,,,, > 60, the system outage
probability saturates and becomes independent of P, i.e.,
an outage floor is observed. This happens because, when
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Praz > 01, both Pg and P,,, no longer depend on P, as
is evident from (2). The results demonstrate that PRS scheme
reduced P, 4, of the system and the P, ,,s of SUs with PRS
scheme is lower than the RRS scheme. Increasing the number
of relay nodes improves the possibility of choosing the relay
with higher channel gain. |h; ;|?. This leads to improvement
in the the outage probability and the throughput performances.
In Fig. 4, the P, ,,s of IRP-CNOMA and IR-CNOMA with
RRS is plotted against the P,,,, for distinct K values. Further,
the results show that the P, s reduced when K is increased.
Also, IRP-CNOMA provides lower P, ,, compared to the
IR-CNOMA with RRS scheme. Fig. 5, shows the throughput
performance of the IRP/CRP-CNOMA considering PRS and
RRS schemes against P,,,., where the interference threshold
of the PR (fy) is selected as a fixed quantity. As P4, iS
increased, throughput has been observed to increase as long as
Pyax < 07. The results show that the IRP-CNOMA provides
higher throughput compared to the CRP-CNOMA system and
also increased for compared to the RRS scheme. In Fig. 6, the
throughput performance of the IRP-CNOMA and IR-CNOMA
with RRS is plotted against the P,,,, for distinct K values.
Further, the results in Fig. 6 show that the throughput improves
when K is increased. Also, IRP-CNOMA provides higher
throughput compared to the IR-CNOMA with RRS scheme.

10

S0

o

O CR-CNOMA with RRS-theo
CR-CNOMA with RRS-sim
CRP-CNOMA-theo
CRP-CNOMA-sim

O IR-CNOMA with RRS-theo
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¢ IRP-CNOMA-theo
IRP-CNOMA -sim

0 10 20 30 40 50
Maximum transmit power PmmK dB->

System outage Probability

Fig. 3. System outage probability vs Maximum transmit power
(Pmaz)-

V. CONCLUSION

In this research work, we have proposed incremental re-
laying with partial relay selection scheme for CNOMA sys-
tem with K -near user relays to forward the message of far
user. The throughput performance of the IRP-CNOMA is
compared with CRP-CNOMA network and RRS schemes.
From the results, it is evident that the proposed scheme
reduces the outage probability of the SUs and system outage
probability. The proposed scheme is analytically modelled,
closed form expression are derived and the results are veri-
fied with extensive simulation studies. Simultaneous wireless
information and power transfer (SWIPT) - enabled relay-aided
CNOMA systems under partial relay selection as well as
integration of deep learning (DL) technique to further enhance
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the performance of IRP-CNOMA are the directions for the
future work. But complexity in selecting suitable relays for
energy harvesting, limited availability of hardware for SWIPT-
enabled relay experimentation and lack of proper data set for
the implementation of artificial intelligence (AI) techniques
are the major limitations for the proposed future work.
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