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Abstract: Cooperative non-orthogonal multiple access (NOMA) is a technology that addresses many
challenges in future wireless generation networks by delivering a large amount of connectivity
and huge system capacity. The aim of this paper is to design the varied distances and power
location coefficients for far users. In addition, this paper aims to evaluate the outage probability (OP)
performance against a signal-to-noise ratio (SNR) for a 6G downlink (DL) NOMA power domain
(PD) and DL cooperative NOMA PD networks. We combine a DL cooperative NOMA with a 16 × 16,
a 32 × 23, and a 64 × 64 multiple-input multiple-output (MIMO) and a 128 × 128, a 256 × 256, and a
512 × 512 massive MIMO in an innovative method to enhance OP performance rate and mitigate the
power location coefficient’s effect for remote users. The results were obtained from Rayleigh fading
channels using the MATLAB simulation software program. According to the outcomes, increasing
the power location coefficients for the far user from 0.6 to 0.8 reduces the OP rate because increasing
the power location coefficient for the far user decreases the power location coefficient for the near
user, which results in less interference between them. In terms of the OP performance rate, the DL
cooperative NOMA outperforms the NOMA. According to the findings, the DL cooperative NOMA
OP rate outperforms the DL NOMA by a rate of 10−0.5. Whereas the 16 × 16 MIMO enhances the OP
for the far user by 78.0 × 10−4, the 32 × 32 MIMO increases the OP for the far user by 19.0 × 10−4,
and the 64 × 64 MIMO decreases the OP rate for the far user by 5.0 × 10−5. At a SNR of 10 dB, the
128 × 128 massive MIMO improves the OP for the far user by 1.0 × 10−5. The 256 × 256 massive
MIMO decreases the OP for the far user by 43.0 × 10−5, and the 512 × 512 massive MIMO enhances
the OP for the far user by 8.0 × 10−6. The MIMO techniques improve the OP performance, while the
massive MIMO technology enhances the OP performance dramatically.

Keywords: non-orthogonal multiple access (NOMA); outage probability (OP); power domain (PD);
multiple-input multiple-output (MIMO); 6G network; massive multiple-input multiple-output
(MIMO)

1. Introduction

The NOMA has been used to increase the spectral efficiency of mobile next-generation
networks [1]. It is one of the most promising technologies for future wireless networking.
The primary idea behind NOMA is to serve several users in the same frequency band in
the NOMA power domain (PD) [2] but at different power levels, as opposed to the typical
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orthogonal multiple access (OMA) solutions, such as time-division multiple access (TDMA).
The NOMA technology takes advantage of a new dimension in the power field [3].

The NOMA employs successive interference cancellation (SIC), in which one user
decodes the other’s message from a superposition and then codes the incoming signal
before decoding their own. When performing SIC, the near user decodes the information
provided by the far user. This is a process that cannot be avoided. Regardless, the close
user must decode the data of the far user [4].

Since the near user now has access to the far user’s data, he can assist the far user
by relaying that data. The close user’s retransmission of his data will provide him with
diversity because the far user’s channel with the transmitting base station (BS) is weak [5].
To present it in another way, he will obtain two copies of the same message. One is from
the BS, while the other is a relay from a close user. As a result, the chances of a far user
outage should be reduced [6]. The term for this notion is “cooperative communication” or
“relaying”. Since the close user has access to the data of the far user, the NOMA naturally
supports cooperative communication. After all, you are supposed to decode it [7].

When two lines are connected, they convey the same message, which benefits coopera-
tive communication. Even if one connection is down, the other is very certainly operational.
Compared to the risk of one link breaking, the chance of both failing simultaneously is
extremely unlikely [8].

Due to the increasing importance of fast data transmission and the worldwide expan-
sion of services, significant advances have been achieved in this study area. An alternative
method for measuring system effectiveness is spectral efficiency (SE) [9]. One of the most
efficient ways to achieve high spectral efficiency is to combine NOMA with MIMO commu-
nication, which is a crucial component in designing cellular communication systems. The
massive MIMO is a key 6G enabler [10]. By placing many antennas and exploiting the space
field to multiplex varied users, the massive-MIMO technology can reduce system latency
and deliver incredible communication benefits [11]. A greater spectrum and conductivity
improvements are gained when a 6G cooperative NOMA technology is used with a massive
MIMO [12].

The system’s performance was examined in [13] by analyzing the near–far relay
cooperative NOMA system in aiding perfect and imperfect channel state information,
imperfect with imperfect SIC over Rayleigh fading channel, but the system is limited in
single user situations. The authors of [14] explored the OP in Nakagami-m fading channels
and investigated a half-duplex cooperative MIMO NOMA system with incomplete channel
state information and SIC. However, the results revealed that no matter how far the user
was from the BS, the study treated them all with equal value.

We observe that all previous work has a small number of users and only employs one
relay to transmit signals to another user. It is also essential to mention that NOMA systems
constantly need power to be allocated to all users because they perform overlapping power
domain signals. Since the power assignment correlation coefficients are anticipated to not
match, the choice of relay and power allocation is critical for constructing real cooperative
NOMA systems.

Motivated by the aforementioned reason, we will investigate the performance analysis
of the downlink (DL) NOMA power domain (PD) and the DL cooperative NOMA PD
networks. For the sake of simplicity, we simply examine the case of two users, with no
regard for interferences from other NOMA users. Our major contributions are summarized
as follows:

a. The OPs of a two-user NOMA and a cooperative NOMA system are expressed
approximately in closed form via theoretical analyses with different distances and
power location coefficients. Additionally, through simulation, we show that the
derived OP expressions are more precise than those in [13].

b. We analyzed the findings of OP and impact power location coefficients in the cooper-
ative NOMA system using a 16 × 16, a 32 × 23, and a 64 × 64 MIMO and compared
them to our previous results and improvement calculations.
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c. We calculated the improved OP performance rate and mitigated the power location
coefficient’s impact on far users by a cooperative NOMA combined with a 128 × 128,
a 256 × 256, and a 512 × 512 massive MIMO.

The remainder of this paper is structured as follows: Section 2 presents the related
work. Section 3 discusses the proposed system model. The simulation, parameters, results,
and discussion are presented in Section 4. Finally, Section 5 concludes the paper and
presents further future work.

2. Related Work

The accurate performance characteristics should be known before implementing a
6G network design to fulfill the system objectives. Several studies offer robust supporting
evidence to enhance the transmission circumstances. For instance, in [15], the authors
describe a new harmonized dynamic direct and relay detection technique (DD-CDRT) to
improve the transmission reliability that uses fully available lateral information to avoid
user interference using numerical data to back up the theoretical study and show how
the DD-CDRT approach works [16]. At the same time, the proposed broad framework
for analyzing NOMA system performance utilizing a two-relaying selection method and
spatially random relays has been conducted in [17] and achieved notable outcomes.

Also, the high SNR impact of inadequate user channel gain on dropout performance
introduced a new collaborative NOMA protocol for users’ DL networks in [18,19]. Hence,
according to the remote user’s input, the protocol allows the source to adaptively switch
between the NOMA direct and the NOMA cooperative transmission modes. The author
in [20] applied a remarkable effort via focusing on the cooperative relay selection system
with the NOMA’s effective resource usage method. Whereas [21] investigated the security
of two relay selection approaches for collaborative NOMA systems, resulting in new closed-
form equations for the fine and convergent secrecy interruption probability equations [22].

The study in [23] investigated the multiuser detection process for NOMA, which is
largely affected by the power distribution of the received signals via the IDMA; the system
needs an FEC rate to work properly. Another investigation occurred in [24] and looked at
NOMA in which the base station delivers two signals to destinations, obtains OP formulae
for two users (close and remote), and emphasizes the role of the close user as a relay. In the
same line, the impact of relay considering the direct link has been discussed in [25], but it is
better to give more attention to maximizing the received signal.

The NOMA cooperative with simultaneous wireless data and power transfer radio
is evaluated in [26]. However, the BS required more respect, as well as added attention
to route relaying when transmitting data to two users. Another significant survey in [27]
was the performance of a DL NOMA network over Nakagami-m fading channels to assess
the OP; the final result demonstrated maximal throughput under varying factors, and the
model could be considered to contribute to the development of NOMA systems [28].

3. Cooperative NOMA System Model

In the first scenario, the BS in the DL NOMA PD network with two users, one close to
the BS with a strong channel and the other far from the BS with a weak channel, where the
distances (d1, d2) and power location coefficients

(
αn, α f

)
are variables, is illustrated in

Figure 1. For the DL cooperative NOMA PD network with two users, one near the BS with
a strong channel and the other far from the BS with a weak channel, Figure 2 shows the
various distances (d1, d2, and d12) and power location coefficients

(
αn, α f , αn f

)
.
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In the second case, the NOMA cooperative network is integrated with 16× 16, 32 × 23,
and 64 × 64 MIMO techniques. A similar distance and power location coefficients are used
in the first scenario, as it is illustrated in Figure 3.
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Figure 3. Downlink transmission for the cooperative NOMA network combined with a 16 × 16,
a 32 × 23, and a 64 × 64 MIMO.

In the third scenario, the NOMA cooperative network is merged with massive MIMO
techniques of 128 × 128, 256 × 256, and 512 × 512. As shown in Figure 4, the distance and
power location coefficients employed in the first situation are the same.

In the DL cooperative NOMA, the transmission is divided into two slots [29]. The first
slot is referred to as the direct transmission slot, while the second slot is referred to as the
relay slot. These slots are used to calculate the total Rayleigh fading channel for each user.
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The total Rayleigh fading channels for each user are given by [30] and are as follows:

h f N =
N

∑
f=1

h f N (1)

h nN =
N

∑
n=1

hnN (2)

where f denotes the far user, n represents the near user, and N indicates the number
of antennas.

N = 1 is for the DL NOMA and for the DL cooperative NOMA. N = 16, 32, and 64 is
for the MIMO DL 6G cooperative NOMA. N = 128, 256, and 512 is for the massive MIMO
DL cooperative NOMA.

3.1. Direct Transmission Slot

The BS transmits data destined for the near user (xn) and the far user
(

x f

)
in the

direct transmission slot using the NOMA
(

x f

)
. The near user uses SIC to decode the far

user’s data before decoding their own. The far user does only direct decoding. The possible
data rates for the near and far users at the end of the direct transmission slot are given
in [30] and are as follows:

Rn =
1
2

log2

(
1 + αnρ|hnN |2

)
(3)

R f ,1 =
1
2

log2

1 +
α f ρ
∣∣∣h f N

∣∣∣2
αnρ
∣∣∣h f N

∣∣∣2 + 1

 (4)

where αn is the power allocation coefficient for the near user, α f is the power allocation
coefficient for the far user, hn is the channel between the BS and the near user, h f is the
channel between the BS and the far user. For SNR = ρ /σ2, ρ is the transmit power and σ2

is the noise variance. As usual, α f > αn, and αn + α f = 1. This is because there are time
slots of equal duration; there is a factor of 1/2 in front of the achievable rates and Rn, R f
are the achievable rates during the first time slot alone [31].

3.2. Relaying Slot

The relaying slot is the next half of the time slot. Since the near user decoded the
data of the far user in the previous time slot, the near user already has it. The near user
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simply transmits this data to the far user during the relaying time slot [32]. The far user’s
achievable rate at the end of the relaying slot is as follows:

R f ,2 =
1
2

log2

(
1 + αnρ

∣∣∣hn f N

∣∣∣2) (5)

The channel between the near and far users is denoted by hn f N . R f ,2 > R f ,1 because
of the following two reasons: there is no interference from other transmissions and no
fractional power allocation; the far user receives the absolute transmission power [33].

3.3. Diversity Combining

The far user now has two copies of the same information acquired over two distinct
routes after the two-time intervals. The far user can now use a diversity-combining ap-
proach. For example, utilize selection combining to select the copy with the highest SNR.
The far user’s achievable rate after the selection combining would be as follows:

R f =
1
2

log2

1 + max

 α f ρ
∣∣∣h f N

∣∣∣2
αnρ
∣∣∣h f N

∣∣∣2 + 1
, ρ
∣∣∣hn f N

∣∣∣2

 (6)

If cooperative relaying was not used, the feasible rate of the far user would be calcu-
lated as follows:

R f ,noncoop = log2

1 +
α f ρ
∣∣∣h f N

∣∣∣2
αnρ
∣∣∣h f N

∣∣∣2 + 1

 (7)

4. Simulation Results and Discussions

After creating a channel gain and computing the outage probability for the far user DL
(NOMA, cooperative NOMA, MIMO–NOMA cooperative, and massive MIMO–NOMA
cooperative) versus the SNR [34], the system model and simulation parameters were
applied in the MATLAB software. Table 1 displays the simulation settings.

Table 1. Simulation Parameters.

Parameters Values

Distance d2 = 2d1
SNR 0–25 dB
Slots Direct Tx and Relaying slots

Channel Rayleigh fading

Power allocation coefficients
αf 0.9, 0.8, 0.7, and 0.6
αn 0.1, 0.2, 0.3, and 0.4

Path loss exponent 4
The No. of bits per symbol. 106

MIMO 16 × 16, 32 × 32 and 64 × 64
Massive MIMO 128 × 128, 256 × 256 and 512 × 512

Figure 5 shows the OP against the SNR for the two far DL cooperative NOMA PD
users with distinct networks at 0.8 and 0.6 power location coefficients, with the findings
demonstrating that the OP reduces as the SNR increases. As a result, the OP of the DL
6G cooperative NOMA for the user with a power location coefficient of 0.8 is better than
the user with a power location coefficient of 0.6 because it achieves the lowest outage
probability at a SNR of 44 dB. In contrast, the user with the lower power location coefficient
is more susceptible to interference from the nearby user [35]. Figure 6 depicts the OP
vs. the SNR for the DL NOMA PD at 0.8 and 0.6 power location coefficients. The results
demonstrate that when the SNR improves, the OP decreases. For the DL NOMA with a
power location coefficient of 0.8, the distant user’s OP performance rate is identical to that
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of the 0.6 one until the 10 dB SNR is approached. The analysis results show that the level of
performance achieved exceeds the level of the author Z. Ding in [36] by more than 30%.
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Figure 7a,b illustrates the OP versus the SNR for the two far users’ DL (6G cooperative
NOMA and NOMA) PD at 0.9 and 0.7 power location coefficients, respectively. At a SNR
of 40 dB, the OP performance at a power location coefficient of 0.7 for the DL cooperative
NOMA users is 42.0 × 10−4 times better than the NOMA user. In contrast, the OP perfor-
mance rate at a power location coefficient of 0.9 for the DL 6G cooperative NOMA user
is 4.0 × 10−4 times better than the NOMA user. According to the observations, the DL
cooperative NOMA outperforms the NOMA in terms of OP performance rate. Increasing
the power location coefficient decreases the OP performance rate because increasing the
power location coefficient of the far user decreases the power location coefficient of the
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near user, resulting in less interference between them. According to the data, the level of
performance attained is 10% higher than the level attained in [13,14].
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Figure 8 shows the OP vs. the SNR at 0.8 power location coefficients for the four
varied far users of the cooperative NOMA, the 16 × 16 MIMO cooperative NOMA, the
32 × 32 MIMO cooperative NOMA, and the 64 × 64 MIMO cooperative NOMA [37]. At a
SNR of 10 dB, the OP rate for the far user 64 × 64 MIMO cooperative NOMA is 5.0 × 10−4.
In contrast, the OP rate for the far user 32 × 32 MIMO cooperative NOMA is 19.0 × 10−4.
The OP rate for the user 32 × 32 MIMO cooperative NOMA is 78.0 × 10−4, and the OP rate
for the user 6G cooperative NOMA is 8644.0 × 10−4. The rate of improvement in the OP by
the best user using the cooperative 64 × 64 MIMO–NOMA versus the worst user using
the cooperative NOMA is 8639.0 × 10−4. The MIMO technique improves the overall OP
performance; the obtained values are 4% higher than the values obtained in [38–40].
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Figure 9 shows the OP against the SNR at 0.8 power location coefficients for the four
far users of the cooperative NOMA, the 128 × 128 massive MIMO cooperative NOMA, the
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256 × 256 massive MIMO cooperative NOMA, and the 512 × 512 massive MIMO cooper-
ative NOMA [41]. At a SNR of 14 dB, the OP for the far user 512 × 512 massive MIMO
cooperative NOMA is 8.0 × 10−5, while the OP for the user 256 × 256 massive MIMO coop-
erative NOMA is 43.0 × 10−5. The OP for the user 128 × 128 massive MIMO cooperative
NOMA is 1.0× 10−5, and the OP for the user cooperative NOMA is 8644.0 × 10−5. Between
the best user utilizing the cooperative 512 × 512 massive MIMO–NOMA and the worst
user using the cooperative NOMA, the rate of improvement in the OP is 86432.0 × 10−5.
The massive MIMO technique significantly increases the OP’s performance. The results
show that the achieved performance is better than [42] by 15%.
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5. Conclusion and Future Work

The influence of distant users’ power location coefficients on the DL NOMA PD and
the DL cooperative NOMA PD concerning OP against SNR was investigated in this work.
Furthermore, we designed and incorporated a MIMO, 16 × 16, 32 × 32, 64 × 64, and
massive MIMO, 128 × 128, 256 × 256, and 512 × 512, into the DL cooperative NOMA PD
system. The findings show that when the power location coefficients for the far user are in-
creased, the OP performance rate goes down. This is because the power location coefficients
for the near user are decreased; therefore, there is less interference between them.

The findings indicate that the OP rate of the DL 6G cooperative NOMA exceeds the
DL NOMA by a range of 10–0.5. At a SNR of 10 dB, the 16 × 16 MIMO reduces the OP
for the far user by 78.0 × 10−4, the 32 × 32 MIMO decreases the OP for the far user by
16.0 × 10−4, and the 64 × 64 MIMO improves the OP rate for the far user by 5.0 × 10−4.
In contrast, the 128 × 128 massive MIMO reduces the OP for the far user by 1.0 × 10−5,
the 256 × 256 massive MIMO enhances the OP for the far user by 43.0 × 10−5, and the
512 × 512 massive MIMO improves the OP for the far user by 8.0 × 10−6. The rate of
improvement in the OP by the best user using the DL 512× 512 massive MIMO cooperative
NOMA versus the best user using the DL 64 × 64 cooperative NOMA is 492.0 × 10−6.

The massive MIMO technology greatly improves the OP’s performance, whereas the
MIMO approach improves the OP’s performance. In the future, researchers will explore
combining the massive MIMO cooperative NOMA with a cognitive radio.
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