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Future wireless networks are expected to face several issues, but cooperative
non-orthogonal multiple access (C-NOMA) is a promising technology that
could help solve them by providing unprecedented levels of connection and
system capacity. In this regard, the influence of the power location
coefficient (PLC) for remote users adopting multiple-input-multiple-output
(MIMO) and massive MIMO has been explored to provide effective
performance. The goal of this study is to design fifth-generation (5G)
downlink (DL) NOMA power domain (PD) networks with a variety of
distances and PLCs for remote users and then to compare their outage
probability (OP) performance versus signal to noise ratio (SNR). As a novel
approach to improving OP performance rate and mitigating the influence of
the PLC for remote users, DL C-NOMA is combined with 16x16, 32x23,
and 64x64 MIMO and 128x128, 256x256, and 512x512 massive MIMO.
The results were obtained that the 64x64 MIMO improves the OP for the
remote user by 65.0E-03, while the 512x512 massive MIMO achieved an
improvement that reaches 1.0E-06 for the PLC of 0.8 at SNR of 14 dB. The
Rayleigh fading channels and MATLAB simulation tools were utilized to
carry out the study work.

This is an open access article under the CC BY-SA license.

00

Corresponding Author:
Manwinder Singh

Department of Wireless Communication, Lovely Professional University India
Jalandhar-Delhi, G.T. Road, Phagwara, Punjab-144411, India

Email: manwinder.25231@Ilpu.co.in

1. INTRODUCTION

Non-orthogonal multiple access (NOMA) promises to be an indispensable technology in
next-generation mobile networks to improve spectral efficiency as it considers one of the most interesting
wireless network technologies in the future [1]-[5]. Unlike more conventional orthogonal multiple access
methods such as time division multiple access (TDMA), essentially, the goal of NOMA s to allow several
users to share the same frequency band while operating at different power rates [6]. The NOMA method
exploits a different element in the power field [7]-[10].

The first user in the NOMA will decode the other user’s message from the superposition after
encoding the incoming signal. This process is referred to as successive interference cancellation (SIC). If the
SIC is used, the information provided by the remote user is decoded by the near user and gives a sound to the
distinguish process, regardless of the data of the remote user must be decrypted by the close user [11]-[13].
The strategy is required because the nearby user has access to the data of the remote user and can assist the

latter by relaying it.
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If the connection between the remote user and the base station (BS) is weak, retransmitting data
from a nearby user can be a flexible workaround. To rephrase, the first communication would originate from
the base station, while the second copy would be relayed by a nearby user. Thus, the potential for downtime
for distant users should be mitigated. Cooperation in communication and relaying is made possible by
NOMA technology because the nearby user may see the data sent by the faraway user [14]-[16].

One advantage of cooperative communication is that when two links are connected, they both send
the same message even if one link is down, while the likelihood of both links failing at the same time is low
[14], [15]. Combining NOMA with the various forms of multiple-input-multiple-output (MIMO)
communication is one of the most effective ways to achieve high spectrum efficiency, which makes it an
important element in the design of cellular communication systems. By placing a large number of antennas
and making use of the space field for multiple users, massive MIMO is a crucial fifth-generation (5G) enabler
that can minimize system latency and give amazing communication benefits [16], [17]. cooperative
(C-NOMA) technology combined with massive MIMO yields greater spectrum and conductivity gains [17].

The performance of a near-far relay C-NOMA system is explored using a Rayleigh fading channel,
perfect and imperfect channel state information, and SIC, albeit only for a single user [18]. The usage of a
half-duplex MIMO C-NOMA system with just a partial grasp of the channel state, as well as outage
probability (OP) over Nakagami-m fading channels, is explored in [19]. The results, on the other hand,
showed that the power allocation coefficients (PLCs) of users who were physically close to the BS were all
assigned the same value.

We highlight that all existing solutions have a limited number of users and rely on a single relay to
forward messages from one user to another. Observe that while NOMA systems execute overlapping in the
power domain (PD), the power always needs to be allocated to all users. Given that the correlation
coefficients for power assignments are not expected to be equal, constructing practical C-NOMA networks
requires careful consideration of both relay choice and power distribution. This motivates us to analyze the
performance of downlink (DL) networks using both conventional non-overlapping multi-access (NOMA) PD
and downlink (DL) C-NOMA PD. We just consider the case of two users here, ignoring any interference
from other NOMA users for clarity. Here is a quick rundown of our most significant contributions:

— The OPs for the 2 users’ NOMA and C-NOMA systems are generally represented in closed form by
theoretical analysis with varying distances and PLCs. However, the simulation demonstrates that the
derived OP expressions are more exact than those in [19].

— This paper proposes an opportunistic suboptimal relay selection technique that considers both users. The
simulation findings show that the C-NOMA with the proposed effective relay selection scheme provides a
considerable performance boost over the OMA scheme with novel closed-form equations for outage
probability (OP) that have been generated.

— The results of the cooperative NOMA system with 16x16, 32x23, and 64x64 MIMO were compared to
our previous results and optimization calculations, and the OP and effect PLC were studied.

— C-NOMA combined with 128x128, 256x256, and 512x512 massive MIMO, enhancing OP’s effective
rate of performance calculation and reducing the impact of the PLC on remote users.

The remaining sections of the paper are as: in section 2, we present the relevant work. In section 3,
the envisioned model of the system is discussed. In section 4, we will go over the simulation and its settings.
includes both findings and analysis. Future research is addressed in section 6 to round out the paper.

2. RELATED WORK

Before developing a 5G network architecture to achieve system objectives, it is important to gain a
thorough understanding of the relevant performance characteristics. Many reports stress the importance of
bettering transmission conditions. A new dynamically coordinated direct and relay detection system
(DD-CDRT) is described in [20] to improve the dependability of transmissions. Digital data aids theoretical
analysis and demonstrates how it works, and it makes use of all accessible side information to prevent user
intervention. Dropout performance was negatively affected by the low signal to noise ratio (SNR), thus
researchers in [21] created a new NOMA protocol that users may employ in their DL networks to improve
their channel gain those utilizing the system can tell the source to switch between NOMA direct and NOMA
cooperative transmission modes from a distance. An efficient resource utilization method based on NOMA'’s
cooperative relay selection mechanism is the major point [22]. A wide variety of research [23] focused
on NOMA, a strategy in which the BS sends out signals to two receivers simultaneously, accumulates OP
formulae for two users (local and distant), and prioritizes the relay role of the local user. Although addressing
the impact of a relay when using a direct link as discussed in [24], it is still preferable to improve the received
signal. In [25], NOMA collaboration with wireless data and power transfer radio is tested, although the BS
required more consideration for route relaying while transferring data to 2 users. To examine the OP, another
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study [26] assessed the efficiency of a DL NOMA network under Nakagami-m fading conditions. The model
may aid in the advancement of NOMA systems, and the outcome showed maximum throughput as a function
of varying parameters.

3. SYSTEM MODEL

Figure 1 depicts a DL C-NOMA network with 2 NOMA users and a BS, one of whom has a
powerful channel while the other has a weak channel due to their respective distances from the BS
dl,and d2 and PLCs (ap,ar). A comparison of C-NOMA, MIMO-C-NOMA, and massive-MIMO-C-
NOMA networks, with an emphasis on the key distinctions between the two types of networks, is shown in
Figure 2. C-NOMA uses a two-way transmission scheme. After determining the entire Rayleigh fading
channel for each user, the first location is known as the direct position transmission, and the second location
is known as the relay position.

Each user is given access to a total of Rayleigh fading channels by

hyy = E¢=1 hyn (1)
h nN = Zﬁ:l hnN (2)
where r stands for the remote user, n stands for the near user and the number of transmit antennas, is denoted

by the symbol N. N=1 for NOMA and C-NOMA, N=16, 32, 64 for MIMO C-NOMA, and N=128, 256 for
massive-MIMO C-NOMA.
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Figure 2. Shows the C-NOMA network’s downlink transmission using NxN with MIMO and massive MIMO

3.1. Position for direct transmission
In the direct transmission position (x,), the BS uses NOMA to send data to nearby (x,,) and distant
(x,) users. Before proceeding to decode its data, the near user utilizes SIC to decode the data of the distant
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user. The remote user is exclusively responsible for direct decoding. The following are the likely data rates
for near and far away users after the direct position transmission.

Ry = 310g;(1 + anplhyy|?) )
1 hrn|?
Rr,l = Elng (1 + %) (4)

3.2. Position for relaying

Since the nearby user already has the remote user’s data after decrypting it during the previous
period, all the relay user has to do is transfer it to the remote user during the relay period. At the end of a
relay slot, the maximum throughput available to a distant user is,

Rr,z = ;lng(l + anplhn erz) (5)

h v denotes the channel between the nearby and remote users.

3.3. Diversity combining

Two sets of identical data obtained via two different channels and separated by two time periods are
available to the remote user. Users in faraway locations can employ a diversity-combining strategy. Select
the version with the highest SNR, for instance, using selection combining. When options are combined, a
remote user can expect a rate of

2
R, =%10g2 <1+ max(m,plhnrl\llz)) (6)

anplhrn|? +1

The maximum number of remote users that can be supported without employing cooperative relaying.

rplhenl?
Rf,noncoop = log, (1 + apiN) (7)

anplhpn|? +1

4. SIMULATION

The system parameters in the model simulation have been implemented using the MATLAB
software program after generating channel gain and calculating the OP for the remote user (NOMA,
C-NOMA, MIMO-C-NOMA and massive MIMO-C-NOMA) against SNR. Table 1 shows the holistic range
of the parameters has been applied to carry out the endless intrinsic potential which could pave to
contributing to the domain.

Table 1. Parameters of the simulation

Parameters Values
i 1
Distances d, = . d,
PLCs af 0.9,0.8,0.7,0.6
an 0.1,0.2,0.3,0.4
Path loss exponent 4
The number of bits assigned to each symbol 108
Type of fading Rayleigh fading
Noise AWGA
SNR 0to70dB

Diversity technique

MIMO

Selection combining
16x16, 32x32 and 64x64

Massive-MIMO 128x128 and 256x256

5. RESULTS AND DISCUSSION

To analyze the NOMA OP, a heavy simulation was done to accomplish the extensive study
objectives. The next various figures clarify the OP in the face of SNR. The wide study conditions have been
used to cover much more aspects and potential of the upcoming telecommunication domain techniques.
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As illustrated in Figure 3(a), the OP decreases with increasing SNR for 2 remote DL NOMA PD
users in separate networks with PLCs of 0.8 and 0.6. Since the DL 5G NOMA OP for users with PLCs of 0.8
is lower at an SNR of 25 dB, it is superior to the OP for users with PLCs of 0.6 and to those discovered in
[8]. The DL C-NOMA PD OP vs. SNR is shown in Figure 3(b) for the 0.8 and 0.6 PLCs, respectively. It was
discovered that as SNR increased, OP decreased. According to the findings, in DL C-NOMA, OP
performance rates of far users are equivalent with PLCs of 0.8 and 0.6 until the SNR approaches 10 dB.
According to the analysis, the level of performance obtained is 25% greater than that obtained by
Ding et al. [2].

Figures 4(a) and 4(b) show two scenarios of far-user DL (5G C-NOMA and NOMA) PD and PLCs
of 0.7 and 0.9, where the OP is plotted against the SNR. DL C-NOMA users achieve an OP performance at
the PLC of 0.7, which is 37.0E-03 better than the NOMA user, and a DL C-NOMA user achieves an OP
performance rate at the PLC of 0.9, which is 1.0E-06 better than the NOMA user, with an SNR ratio of
40 dB. According to the data, DL C-NOMA performs better than NOMA in terms of OP performance rates,
and rising PLCs degrade OP performance rates. The reason for this is that there is less interference between
users when they are further apart in terms of their PLC. Statistics show that this level of performance is 20%
higher than that of [17].
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Figure 3. Illustrates the DL OP against SNR for two remote users (a) with NOMA and (b) with C-NOMA
with different PLCs (0.8, 0.6)
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Figure 4. Shows the DL OP against SNR for two remote users with NOMA and C-NOMA with different
PLCs (a) PLC=0.7 for two remote users and (b) PLC=0.9 for remote users
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Figure 5 depicts four different C-NOMA far users using 16x16 MIMO C-NOMA, 32x32 MIMO
C-NOMA, and 64x64 MIMO C-NOMA and their respective OP vs SNR at 0.8 PLCs. While the far user
64x64 MIMO C-NOMA OP rate is 91.0E-04, the far user 32x32 MIMO C-NOMA OP rate is
12.0E-04, the user 16x16 MIMO C-NOMA OP rate is 51.0E-03, and the user 5G C-NOMA OP rate is 0.04 at
the SNR of 25dB. In comparison to C-NOMA, which is used by the poorest user, 64x64 MIMO
C-NOMA improves OP by 309.0E-04 percentage points. The MIMO approach improves overall OP
performance, with values attained that is 5% greater than those observed in [22].

The OP versus SNR at 0.8 power sites for four remote users in 128x128, 256x256, and
512x512 C-NOMAs is shown in Figure 6. An SNR of 14 dB vyields an OP of 1.0E-06 for distant user
512x512 massive MIMO C-NOMA, 79.0E-05 for user 256x256 massive-MIMO C-NOMA, 12.0E-05 for
user 128x128 massive-MIMO C-NOMA, and 0.4 for user C-NOMA. 512x512 massive-MIMO-C-NOMA
provides an improvement of 3999.0E-04 between the best and worst users. The achieved performance is
shown to be 20% higher than [27], [28], proving that the huge MIMO strategy is successful in improving
OP’s performance.

-
-
~——

Fea., ~
.,
[ -,
'~
.
el ~ S
= -~ ~,
T 102+ i S,
g E MR b
I} ~ hLS -
= e ~s
@ ~ o TN
2 1o . ~
805k ~ ~
~ -~
=] F al .
e} s TSes
o e
....... -a
L -
..... ~
" . -
-~
10 o

----- Far user Cooperative NOMA
- Faruser 16x16 MIMO Cooperative NOMA N
= = =Faruser 32x32 MIMO Cooperative NOMA |

---------- Faruser 64x64 MIMO Cooperative NOMA

0 5 10 15 20 25
SNR

Figure 5. DL OP against SNR for C-NOMA for far users with and without the different MIMO scheme
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Figure 6. DL OP against SNR for C-NOMA remote users with and without different massive MIMO
technique

6. CONCLUSION

The findings give away to the remote user with cooperative NOMA to obtain the lowest OP when
compared with NOMA technique because it gets two separate copies of the identical message; one is from
the base station, while the other is from a nearby user functioning as a relay. According to the discovery, the
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decrease in the PLC of the remote user increases the OP in C-NOMA and NOMA. Due to the decrease in the
PLC for the remote user, building up the PLC for the near user leads to raising the interference between
them.

The work investigated the NOMA technology in terms of OP to improve performance, particularly
the 5G C-NOMA DL when integrated with the MIMO and massive MIMO techniques. The results reveal
that when the NOMA cooperative method is integrated with 64x64 MIMO for the remote user, the OP
improves by 309.0E-04 at the SNR of 25 dB, however, when the system is combined with 512x512 massive
MIMO, the OP enhances by 3999.0E-04 at SNR of 14 dB and 0.8 PLC. Hence the best massive MIMO
improves the OP of C-NOMA by 369E-03 when the camper with the best MIMO. Future research will
investigate how well NOMA and cognitive radio integrate on the 5G network.
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