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Abstract 
There is an expectation that standards for sixth-generation (6G) wireless communication networks in the future will give 
previously unheard-of speeds for the flow of information as well as spectrum optimization. This will present new issues 
for 6G networks.  Non-orthogonal multiple access (NOMA) is one of the most efficient ways to boost the spectrum 
efficiency (SE) of a 6G network. The most promising contemporary technologies, such as cognitive radio (CR) and 
multiple access, can be used to improve SE. When NOMA's network-oriented multi-access capabilities are combined with 
those of the Cognitive Radio Network (CRN), a new era of efficient communication is expected to dawn. To improve the 
spectral efficiency (SE) of the NOMA DL power domain (PD), this work presents two distinctive strategies that are used 
in conjunction with un-cooperative and cooperative CRN (Un-CCRN and CCRN) if one primary user (PU) is unable to 
receive through the dedicated channel due to interference or noise. Users' distances, power placement coefficients, and 
transmit powers (TPs) vary across the proposed three network topologies, and over the proposed three network sizes of 
128x128, 256x256, and 512x512 Massive Multiple Input Multiple Output (M-MIMO). Performance is analyzed while 
simultaneously considering channel instability and successive interference cancellation (SIC). The channels of fading are 
modelled after frequency-dependent Rayleigh fading. MATLAB is used to determine the proposed model's SE. With 
128x128, 256x256, and 512x512 M-MIMO integrated into the DL NOMA system, the system's SE performance is 
improved by 73%, 82%, and 87%, respectively; with the Un-CCRN NOMA model, the improvement is 75%, 83%, and 
88%; and with the CCRN-NOMA model, the improvement is 75.8%, 84%, and 88.3%. The SE is significantly improved 
by employing M-MIMO technology. The acquired expressions agree with the outcomes of the provided Monte Carlo 
simulations, providing further evidence for the validity of our investigation. 
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1. Introduction

The sixth generation (6G) represents the next phase of
wireless technology, which includes network densification, 
enhanced throughput, increased reliability, lower power 
consumption, ubiquitous connectivity, and the introduction 

of new services such as artificial intelligence, smart 
wearables, implants, autonomous vehicle driving and 
computational reality devices. and 3D sensing and mapping 
[1]. According to academic discourse, a critical prerequisite 
for the development of 6G wireless networks is the ability to 
effectively manage large amounts of data and facilitate 
communication at an exceptionally high data rate for each 
individual device [2]. 
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 In order to achieve the goals of the sixth generation and 
address the obstacles of the fifth generation in 
accommodating emerging requirements, it is necessary to 
improve the use of spectrum and develop strategies to 
mitigate the difficulty of spectrum scarcity, which 
constitutes an obstacle to sustainable progress in this field. 

Non-orthogonal multiple access, also known as NOMA, 
enables a large number of users to share the same time and 
frequency resources by utilizing something else, such as 
power or code, which causes signals from different users to  
travel in different directions and cause interference with 
each other. This makes it possible for multiple users to share 
the same time and frequency of resources. This is 
accomplished by utilizing anything that, when used by 
multiple people, causes their signals to interfere with one 
another and render them unusable. The power domain (PD) 
NOMA, also known as PD NOMA, and the code domain 
NOMA, also known as CD NOMA, are two more, more 
general types of NOMA that have been found [3-4-5-6-7-8]. 

Multiplexing user signals within the PD helps NOMA 
accomplish its objective of achieving the highest possible 
level of spectral efficiency (SE) in 6G networks.  

This is made possible by employing superposition coding 
(SC) at the transmitter and sequential interference 
cancellation (SIC) at the receiver, respectively. Because 
power domain NOMA can still achieve a large performance 
improvement [9–10–11–12], the latency of channel status 
information (CSI) feedback shouldn't be a problem, and 
neither should the mobility of the user equipment (UE). The 
ability of a transmitter to efficiently allocate broadcast 
power and pair users depends on the transmitter having 
information about the CSI of each receiver. 

The concept of "cognitive radio" (CR) pertains to a 
technique employed to enhance the efficacy of spectrum 
utilisation. This approach aims to designate a certain method 
of wireless communication. The acronym "CR" denotes a 
wireless communication technique wherein a transceiver 
uses data to identify the occupied and unoccupied 
communication channels, afterwards transitioning to the 
unoccupied channels while evading the occupied ones [13-
14-15]. The abbreviation "CR" is derived from the term 
"channel hopping". 

CR is distinct due to two primary characteristics. 
Intellectual capacity is the ability of an organism to 
comprehend information in its radio environment; re-
configurability is what permits spectrum awareness. In the 
first place, there is spectrum awareness, which is enabled by 
intellectual capacity. Because of its "re-configurability," 
CRs are able to instantly adjust their operational capabilities 
in response to shifting radio conditions. Spectrum sensing, 
spectrum management, spectrum sharing, and spectrum 
traffic are the fundamental functionalities of CR; however, 
each of these core features has a number of accompanying 
methods [13-16-17]. Spectrum traffic is a term that refers to 
the flow of information across the spectrum. 

If the radio spectrum is shared, cognitive and simple 
radio licenses can coexist without interference. Because of 
this, the frequency will become significantly more useful. 
There are a couple of ways that one can go about 

accomplishing this objective, including through cooperation 
and non-cooperation. 

The new strategy developed by NOMA is just now being 
implemented by CR Systems. These developing 
technologies, when coupled, have the ability to simplify the 
design of power allocation, drastically boost spectrum 
efficiency (SE), and continuously meet the needs of 
consumers for higher-quality service [18–19]. 

The fundamental studies [20–21] have demonstrated that 
the positive effects of multipath propagation can be 
effectively mitigated by using a considerable number of 
antennas and sending out multiple signals from both the 
transmitter and receiver. In a wireless network, enabling 
massive multiple-input, multiple-output (M-MIMO) 
communication has the potential to improve the SE in 6G 
system. This goal can be accomplished by increasing the 
number of antennas used within the network. 

Although there is a substantial body of written material 
on NOMA and CR, only a small number of studies have 
properly demonstrated the capabilities of CR-based NOMA 
systems. However, there is widespread agreement among 
industry professionals that the integration of such 
technologies will play an important role in solving the large 
network requirements that 6G and subsequent generations 
will impose. As a result, it is our responsibility to provide a 
comprehensive answer to the question of how to combine 
CR-based NOMA technology with M-MIMO to ensure 
improved network performance. A significant contribution 
has been generated as a result of the work described in this 
study, and will be summarized as follows: 
a. Spectral Efficiency Improvement: The suggested 

concept aims to greatly improve spectral efficiency in 
6G communication networks. Combining technologies 
like NOMA, M-MIMO, and CRN results in a 
significant increase in the capacity to transmit data 
more efficiently within the same bandwidth. 

b. Integration of Emerging Technologies: The report 
recommends incorporating emerging technologies such 
as NOMA and M-MIMO into 6G networks. This is a 
novel technique to dealing with the issues of future 
wireless networks. 

c. Detailed Quantitative Evaluation: The concept is 
backed up by a detailed quantitative evaluation that 
takes into account various network topologies and sizes. 
This gives solid evidence for how these technologies 
can improve spectral efficiency in real-world settings. 

d. Performance elements Considered: The study takes into 
account crucial elements such as Successive 
Interference Cancellation (SIC), unstable channels, and 
the effect of Rayleigh fading on performance. This 
exhibits a thorough comprehension of real-world 
problems. 

e. The uniqueness of the study is in the quantitative 
analysis of the performance of the 6G networks under 
various conditions, as well as the combination of 
technologies and techniques to increase spectral 
efficiency. 

The author proposes Sunfa Ata Zuyan (SAZ), which 
extends identification algorithms to slow the lunar phase and 
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get around earlier difficulties in locating and figuring out the 
moon's phase. recommending a quicker SAZ method to 
calculate lunar phase data and assess the Raspberry Pi. 
contrasting images. The findings show that SAZ aids in the 
form detection algorithm's discovery of the moon's phases 
and objects [22]. 

The author took into account recent advancements in 
embedded systems when creating the portable Raspberry Pi-
based system. The system that was designed takes pictures. 
After image pre-processing, the moon phase is then declared 
using the portable Python GUI. Finally, an efficient system 
was suggested by the special SAZ algorithm [23]. 

The Handy Pipe Defect (HPD) was developed by the 
author and the creator of the MIT programmer using the 
Personal Image Classifier (PIC) as a machine learning 
technique to process problem names and assist users in 
investigating and repairing them [24]. 

 
This is an important stage in accomplishing our goal. For 

the rest of the paper, we'll be using this structure: The 
second section will serve as a retrospective on the preceding 
and preceding events. In the third section of this study, we 
examine the mathematical model that has been provided for 
the system under investigation. The simulation settings are 
discussed in Section 4. The results of the simulation are 
examined in Section 5. Future directions for research are 
discussed in the final section of the study. 

 
2. Related Works 

The present study introduces a novel hybrid precoding 
technique with reduced complexity for downlink multi-
antenna, multi-user millimetre-wave (mm-Wave) M-MIMO 
systems. The purpose of this action was to mitigate any 
conflicts and disruptions among users. The simulation 
findings demonstrate that the suggested technique achieves a 
cumulative SE and BER performance that is close to ideal in 
both the mm-Wave and Rayleigh channels [25].  

The author showed a two-stage plan with centralized 
resource allocation and distributed power control to meet the 
requirements of NR V2X Mode 1 with NOMA technology 
in each vehicle group and a cooperative game approach to 
control vehicle group power to increase system capacity. 
The goal of the author's plan was to increase the system's 
overall capacity. In comparison to the noncompliant game, 
the communications throughput of the proposed system as 
well as the amount of TR used are both improved [26]. 
Energy economic efficiency is a new performance metric 
that measures the time-average throughput per energy cost. 
The author has been looking into ways to maximize long-
term energy and economic efficiency by optimizing both 
communication and energy resources. At last, a thorough 
theoretical analysis is offered, and simulations are used to 
verify the proposed algorithm in a number of different 
system configurations [27].  

A new serial sub-array activation diversity method is 
suggested by the author for a large MIMO system that also 
uses NOMA. The proposed system works better than regular 
full-array massive MIMO configurations, according to the 
results of a thorough analytical analysis in which an exact 

closed-form expression for the chance of an outage was 
found [28].  

The author looked into DL channel estimation for 
intelligently reflecting surface-assisted massive MIMO 
systems to lessen the load on the computer and the time it 
took to train it. This row-sparse, coupling matrix-affected 
sparse signal recovery problem The advantages of this 
strategy are demonstrated through numerical simulations 
[29]. 

3. System Model 

Assume the following scenario: there is a wireless network 
with six users that use NOMA, denoted as (U1, U2, U3, U4, 
U5, and U6) as seen in Figure 1. Henceforth, the relative 
distances between their base stations (BS) will be denoted as 
follows: Variables d1, d2, d3, d4, d5, and d6 On the basis of 
the measured distances, it can be concluded that user U1 has 
the weakest signal strength and is located the farthest from 
the base station (BS), whereas user U6 has the strongest 
signal strength and is located the closest to the BS. Let these 
variables represent the Rayleigh fading coefficients 

corresponding
2 2 2 2 2 2

1 2 3 4 5 6| | | | | | | | | | | |h h h h h h . The relevant 
variables are denoted as x1, x2, x3, x4, x5, and x6. Each 
entity's power coefficients are denoted as α1, α2, α3, α4, α5, 
and α6. Based on the concepts of the NOMA PD, it is 
proposed that those with a greater need for power should 
possess a relatively smaller amount, while those with a 
lesser need for power should possess a relatively greater 
amount. Consequently, modifications must be made to the 
power coefficients. The sequence of quadrature phase-shift 
keying (QPSK) messages x1, x2, x3, x4, x5, and x6 intended 
for transmission to the base stations (BSs) will be examined 
in this section. Consequently, the provided expression can 
be expressed as 

( )1 1 2 2 3 3 4 4 5 5 6 6x p α x α x α x α x α x α x .= + + + + +   
The base station (BS) is transmitted the encoded overlay 
signal.  

Figure 1. DL NOMA PD network with six users 
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The signal that exhibits the highest strength engages in 

direct interaction with the remaining three signals, so 
serving as the primary signal for decoding y1 U1. The 
presentation provides information on the range of maximum 
values that can be achieved [30-31-32]. 
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where R is the NOMA rate download, α is the NOMA 
power location confection P is the transmit power, h is 
Rayleigh fading coefficients A is the antenna array gain. 

In its most fundamental essence, this may be succinctly 
summarised. 

    
( )

2
1 1log 11 2 2 2

2 3 4 5 6 1

P h
R

P h

α

α α α α α σ

 
 = +  + + + + + 

            (2) 

U2 refers to the rate that was reached after SIC had deleted 
U1 information.    

( )

2
2 2log 12 2 2 2    3 4 5 6 2

P h
R

P h

α

α α α α σ

 
 = +  + + + + 

                  (3) 

Subsequently, the inclusion of the 3α term in the sentence 
should be removed. The subsequent rate provided pertains to 
U3: 

    
( )

2
3 3log 13 2 2 2    4 5 6 3

P h
R

P h

α

α α α σ

 
 = +  + + + 

                       (4) 

Following that, the 4α inked to the aforementioned 
sentence must be eliminated. The subsequent figure 
represents the achievable rate for U4. 

    
( )

2
4 4log 14 2 2 2    5 6 4

P h
R

P h

α

α α σ

 
 = +  + + 

                                (5) 

Then, it is necessary to remove the term α5 from the 
equation. The subsequent illustration showcases the 
attainable rate for the U5 category. 

     
2

5 5log 15 2 2 2  6 5
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R
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α
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                                     (6)   

This is the U6 rate that can be considered acceptable: 

    
2

6 6log 16 2 2
P h

R
α

σ

 
 = +
 
 

                                               (7) 

Obtain the SE using the formula given in [30]. 

       Th
SE

BW
=                                                                      (8) 

where SE stands for spectrum efficiency, Th is for 
throughput, and BW stands for bandwidth. 

3.1. Uncooperative Cognitive Radio Network 
(Un-CCRN) 

Spectrum sensing can come in a variety of forms, one of 
which is known as non-cooperative spectrum sensing. Other 

types of spectrum sensing include: (Energy Detector 
Sensing). Spectrum sensing carried out in this manner does 
not involve any collaboration between the many users or  
 
 
 

Figure 2. DL NOMA PD integrates the non-
cooperative spectrum sensing network with six users 

 
modules. Integration was carried out with the existing PD 
DL NOMA network, which counted a total of six users and 
was depicted in Figure 2 of the document. 

 
A comparison is made between the output of the energy 

detector and a threshold that is determined by the noise level 
[16]. This comparison is carried out to determine whether or 
not the noise level has exceeded the threshold. The 
comparison enables the signal to be recognized and located. 
It begins by taking in a signal that goes by the name s(t) at 
the input, and then it proceeds to make a decision in the 
binary form regarding whether or not the PU is present. It is 
conceivable to represent it using [33] as a model. 

    ( ) ( )
( ) ( )

                    :  0
,            :        1

n t H
z t

hs t n t H




+
                                    (9) 

where the transmitted signal, s(t), the additive noise signal, 
n(t), and the fading co-efficient of the channel, h, are all 
unknowns. H1 indicates that the signal is present, whereas 
H0 indicates that it is not. 

The decision variable Z in ED is calculated by filtering, 
squaring, and integrating the signal z(t), which can also be 
expressed as: 

    ( )
2

z c z t dt= ∫                                                              (10) 
In the case of hypotheses H0 and H1, Specifically, Z's 

probability density function can be written as: 
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   ( ) ( )

( )

1 1                                       : 2 0
2 Γ

 
1 2Υ
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− −
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
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− +
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−   

   (11) 

where Ir is the rth order Bessel function and ( ) is the 
gamma function. The secondary transmission SNR is 
denoted by          

We can calculate the detection probability and false alarm 
rate for AWGN fading channels using [32]. 

     ( )

Γ ,
2

Γ

u
Pf u

λ 
 
 =                                                              (12) 

     ( )2 ,P Qd u γ λ=                                                      (13) 
where the wavelength (λ) is the detector threshold. 

The generalized Marcum Q Function Qu. The chance of 
detection for a Rayleigh distribution is expressed as [33]. 
     

( )
( ) ( )

2 exp1 21  1,  1;    exp (14)1  1 !2 2 1 2 1
uP F nnray nd

λ
λ γλ λ

γ γ λγ

−     −    = + + −∑  =+ + +        

where is a hypergeometric function that is confluent, the 
secondary transmission SNR is denoted by γ , the 
wavelength (λ) is the detector threshold.         

3.2 Cooperative Cognitive Radio Network 
(CCRN) 

The primary goal of the CCRN is to improve detection 
efficiency, and the secondary goal is to make use of the 
natural variability that is present in observations made by 
geographically dispersed nodes of the CRN by employing 
the type of energy detector sensing methodology known as 
Cooperative Spectrum Sensing (CSS). Both of these goals 
are to be accomplished by utilising the CSS method.  

The primary objective of the CCRN is to capitalise on the 
natural degree of uncertainty that is present in CRN node 
measurements. The nodes that make up a CRN pool their 
sensor data and share it; as a result, it is possible to make 
judgements that are more informed than those that could be 
reached using information from a single source on its own. 
Figure 3 of this paper presents a representation of the 
author's combination with an earlier PD-DL NOMA 
network that included a total of six users. 

 
 
 
 
 
 
 
 
 
 
 

 

Figure 3. CSS network with six users is integrated into 
DL NOMA PD 

 
Let 's denote the local spectrum sensing 

result of the ith CR. All 1-bit decisions are fused according 
to the following logical rule [31]: 
          1

kY Di i= ∑ =                                                                (15) 
where Y is the decision variable and Di is the decision of 
CR. 

The overall detection and false alarm probability when 
employing the k-out-of-N fusion rule is provided in the 
reference [33-34]. The reason why this is the case is because 
the rule takes into account every potential combination of 
the inputs, which is the reason why this is the case. 

        ( )1
N iN iNQ P Pfi kf fi
− 

= −∑   =  
                               (16) 

        ( )1
N N iiNQ P Pdi kd di

  −
= −∑   =  

                                (17) 

The chance of detecting a signal is commonly represented 
by the variable Qd, while the likelihood of a false alarm is 
typically symbolised by the symbol Qf. The base station is 
capable of inferring the presence of a primary user signal 
whenever there is at least one cognitive radio that aligns 
with the local decision H1. 

3.3 M-MIMO NOMA System 

In this part, it is assumed that the wireless network 
contains 6 users U1, U2, U3, U4, U5, and U6 and 

)(α α ,  α α ,   ,  α α2 1 3 2 6 5< < … < is spread out at various 
distances, each using a 128x128, 256x256, and 512x512 M-
MIMO DL NOMA PD, and all of these users are contained 
within one cell. Other networks from uncooperative and 
cooperative CR-NOMA have been added to complete the 
integration. 
The transmit signal is 
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The relevant variables are denoted as x1, x2, x3, x4, x5, 
and x6. Each entity's power coefficients are denoted as α1, 
α2, α3, α4, α5, and α6.  
The signal was obtained by the BS. 
            

   1 2 3 4 5 616  26  36  4 (19)6  56  66 y P h P h P h P h P h P hx x x x x x= + + + + +  
 
4. Simulation Parameters 

In Table 1, you will find a listing of all of the simulation 
parameters that were used for each of the three distinct 
networks, as well as the values that correspond to those 
parameters.  

Table 1. Table 1 contains a listing of all of the 
simulation parameters that were utilised for each of the  

three different networks 

 
5. Results and Discussion 

The following figures show how the SE evaluation relates 
to transmitting power for DL NOMA PD, DL uncooperative 
CR-NOMA, and DL cooperative CR-NOMA using 
128x128, 256x256, and 512x512 M-MIMO, respectively. 
These findings are predicated on running the software in 
each of the three network configurations. 

5.1 DL NOMA PD Model Results 
Figure 4 displays the SE versus transmit power (TP)for 

four users (U1, U2, U3, U4, U5, and U6) in DL NOMA PD 
with an unstable channel state at distances of 1750 m, 1500 
m, 1250 m, 1000 m, 750 m, and 500 m with power location 
coefficients of (0.7), (0.225), (0.056), (0.014), (0.00035), 
and (0.00087) According to the findings, the SE rose in 
proportion to the increasing TP. U6, the radio that is nearest 
to the BS, provides the highest SE results at 40 dBm, with 
5.51 bps/Hz. After this comes U5, then U4, U3, U2, and 
finally U1. 

Figure 5 illustrates the effect of the DL NOMA PD in 
combination with the uncooperative CRN by displaying the 
SE as a result of transmitting power for six users. U6's best 
SE performance is 6.07 bps/Hz when transmitted with 30 
dBm of power.  

Figure 6 depicts the SE against TP for DL NOMA PD 
combined with the cooperative CRN for six users. With a 
TP of 30 dBm, the highest SE result is 6.67 bps/Hz for U6. 
The observed results outperform the results found in the 
references [35] on the performance of the SE. 

 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
 
 
 

 
 
 

Figure 4. SE against TR in the DL NOMA network with 
6 users 

 
 

 
 
 

 
 
 

 
 

 
Figure 5. SE versus TR for 6 DL NOMA users on the 

UC-CRN 
 
 
 
 
 
 

 
 
 
 
 

Parameters Values 
Users Number 6 
Distances between 
users and BS (1750, 1500, 1250, 1000, 750, 500) m 

Power Transmit (BS) 0 to 30 dBm 
Path loss exponent 4 
Modulation QPSK 
Bandwidth 70MHz 
Massive-MIMO 128x128, 256x256, 512x512 
Power location 
coefficients for users  

0,7, 0.225, 0.056, 0.014, 0.0035, 
0.00087 
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Figure 6. SE vs. TR for 6 users DL NOMA PD with 
CCRN 

 

5.2 M-MIMO DL NOMA PD Model Results 

Figure 7 presents a comparison between the SE and the 
TP result obtained from the best user (U6) in DL NOMA 
PD, 128x128, 256x256, and 512x512 M-MIMO with an 
unstable channel state at constant distances and power 
location coefficients. When the TP goes up, the SE also goes 
up. After implementing the 128x128, 256x256, and 512x512 
MIMO technologies with DL NOMA, the SE of the U6 
increased by 73%, 82%, and 87%, respectively, as compared 
to the U6's performance using DL NOMA PD. These 
improvements were achieved at a transmitting power of 30 
dBm. 

Figure 8 presents a comparison between the SE and the 
TP result obtained by the best user (U6) in DL 
uncooperative CR-NOMA PD with, 128x128, 256x256, and 
512x512 M-MIMO. When compared to the performance of 
the SE for U6 when it was using DL uncooperative CR-
NOMA PD, the SE increased by 75%, 83%, and 88%, 
respectively, after implementing the 128x128, 256x256, and 
512x512 M-MIMO technologies with DL uncooperative 
CR-NOMA. These enhancements were accomplished while 
the transmitting power was set at 30 dBm. 

Figure 9 presents the outcome of comparing the SE to the 
TP. As the transmitting power is raised, the SE also rises. 
With the implementation of 128x128, 256x256, and 
512x512 M-MIMO technologies utilizing DL cooperative 
CR-NOMA PD, the SE for U6 rose by 75.8%, 84%, and 
88.3%, respectively, at the TP of 30 dBm, compared to its 
performance while using DL cooperative CR-NOMA PD. 

The outcomes that were gathered had a greater level of 
significance than the SE performance that was utilized as a 
reference [36-37-38]. 
 

 
 

 
 

 
 

Figure 7. SE against TR for  U6 DL NOMA PD 
network with 128x128, 256x256 and 512x512 M-

MIMO schemes 
 
 
 
 

 
 
 
 
 

Figure 8. SE versus TR for U6 DL un-cooperative 
CR- NOMA PD network with 128x128, 256x256 

and 512x512 M-MIMO schemes 
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Figure 9. SE vs. TR for U6 DL cooperative CR- NOMA 
PD network with 128x128, 256x256 and 512x512 M-

MIMO schemes 
 

6. Conclusions and Future Work 

This paper explores the SE of DL NOMA PD in the 6G 
network equipped with 128x128, 256x256, and 512x512 M-
MIMO technologies paired with the uncooperative and 
cooperative CRN by utilizing a novel methodology. Every 
user has a unique combination of TP, distance, and power 
location coefficients. In especially, the SIC and unstable 
channels, as well as Rayleigh fading and AWGN, were 
taken into consideration during the performance evaluation. 
According to the findings of the DL NOMA system, the 
performance of SE was significantly improved by the 
integration of M-MIMO with NOMA, as well as by both 
uncooperative and cooperative CR-NOMA. At 30 dBm of 
TP, the results show that the user U6 achieves the best SE 
performance of 5.51 bits/sec/Hz in DL NOMA, 6.07 
bits/sec/Hz in DL uncooperative CR-NOMA, and 6.67 
bits/sec/Hz in DL cooperative CR-NOMA NOMA. At 30 
dBm TP, the SE performance for U6 best use was enhanced 
by 37.7 bits/sec/Hz due to DL 128x128 M-MIMO NOMA, 
but DL 128x128 M-MIMO uncooperative CR-NOMA 
enhanced SE performance by 40.2 bits/sec/Hz and DL 
128x128 M-MIMO cooperative CR-NOMA improved SE 
performance by 41.5 bits/sec/Hz. With the best use of U6, 
the performance of DL 256x256 M-MIMO NOMA 
increased by 60.98 bits/sec/Hz when relative to the SE 
performance of DL NOMA; DL 256x256 M-MIMO 
uncooperative CR-NOMA enhanced it by 65.4 bits/sec/Hz; 
and DL 256x256 M-MIMO cooperative CR-NOMA 
improved it by 66.61 bits/sec/Hz, at 30 dBm TP. Whereas 
DL 512x512 M-MIMO NOMA enhanced SE performance 
for U6 the best use by 41.5 bits/sec/Hz, DL 512x512 M-
MIMO un-cooperative CR-NOMA improved the SE 

performance by 66.61 bits/sec/Hz, while DL 512x512 M-
MIMO cooperative CR-NOMA enhanced the SE 
performance by 91.8 bits/sec/Hz, at 30 dBm TP as the 
comparison to DL NOMA's SE performance. Results from 
the DL NOMA system confirmed that combining with 
proposer strategies significantly enhanced SE performance. 

In comparison to the U6's performance with DL NOMA 
PD at the TP of 30 dBm, the SE of the U6 increased by 
73%, 82%, and 87%, respectively, after integrating the 
128x128, 256x256, and 512x512 MIMO technologies with 
DL NOMA. The highest user (U6) in DL non-cooperative 
CR-NOMA PD has 128x128, 256x256, and 512x512 M-
MIMO. After implementing the 128x128, 256x256, and 
512x512 M-MIMO technologies with DL uncooperative 
CR-NOMA at TP of 30 dBm, the SE for U6 improved by 
75%, 83%, and 88%, respectively, in comparison to the 
performance of the SE when it was utilizing DL 
uncooperative CR-NOMA PD. The SE for U6 increased by 
75.8%, 84%, and 88.3%, respectively, at the TP of 30 dBm 
after implementing 128x128, 256x256, and 512x512 M-
MIMO technologies using DL cooperative CR-NOMA PD, 
compared to its performance when using DL cooperative 
CR-NOMA PD.  

Future research will focus on adding both uncooperative 
and cooperative DL-CR-cooperative NOMA to massive 
MIMO.  
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