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Abstract 
    The tremendous development in the field of communications is derived from the increasing demand for fast transmission 
and processing of huge amounts of data. The non-orthogonal multiple access (NOMA) system was proposed to increase spectral 
efficiency (SE) and improve energy efficiency (EE) as well as contribute to preserving the environment and reducing pollution. 
In the NOMA system, a user may be considered as a relay to the others that support the coverage area based on adopting the 
reuse of the frequency technique. This cooperation enhances the spectral efficiency, however, in the cell, there are other users 
that may affect the spectral allocation that should be taken into consideration. Therefore, this paper is conducted to analyze the 
case when three users are available to play as relies upon. The analyses are performed in terms of the transmitted power 
allocation in a fair manner, and the system's performance is analyzed using the achievable data rates and the probability of an 
outage.  The results showed an improvement in throughputs for the second and third users, as its value ranged from 7.57 bps/Hz 
to 12.55 bps/Hz for the second user and a quasi-fixed value of 1,292 bps/Hz for the third user at the transmitted power ranging 
from zero to 30 dBm.  
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I.  INTRODUCTION 

The mature 4G networks were successfully applied in 
different types of wireless communications to satisfy the 
increasing demand for cellular data traffic that have high 
capacities and speed. However, the demand was ambitious to 
enhance connecting ALL things through the internet that 
required a considerable attention to allocate the available 
limited spectral [1].       
       Researchers turned to 5G with some new protocols to 
support high speed and a large capacity that need a very high 
bandwidth to enhance the spectrum efficiency [2,3]. The 
trend towards 5G meets many requirements of the 
tremendous technological development that is increasing 
exponentially, it provides capacities 1000 times more than 
4G with a large bandwidth and very high speeds of up to 10 
Gigabits per second. This unprecedented technological 
progress requires the provision of Infrastructures that 
accommodate the massive increase of devices served by 5G 
networks [1,4]. 
    Transformation to 5G requires a rise in energy 
consumption, a significant increase in energy bills, and an 
increase in the operating costs of the mobile phone network, 

as energy increase leads to serious creates significant 
environmental, economic and financial risks to the world [5]. 
The increased energy consumption, the rise greenhouse gas 
emissions, the large carbon footprint, the increased health 
concerns on humans and the environment and the strive to 
extend the battery lifetime of smart devices. All these 
challenges lead to the term green communication (GC) [6]. 
      The quest to make the 5G and beyond to improve energy 
efficiency and to increase sources of clean energy, preserve 
the environment from high carbon, preserve primary energy 
sources from overuse and search for alternative sources that 
reduce pollution in the world, as well as reduce operational 
expenses that burden the field of communications financially 
and economically [7]. 
     5G networks operate with higher bandwidth than previous 
generations, this allows them to have a high download speed 
of up to 10 G /sec and with the increase in bandwidth that 
will serve cellular networks. In addition to being used as an 
Internet service provider in general for all mobile and 
desktop devices and to support new applications in the 
Internet-of-Things (IoT) and machine-to-machine domains 
[8,9]. 
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      5G and beyond support access to a very high data rate, 
massive communications with very low latency, high 
application mobility and support new applications with high 
reliability and securing and preserving user data [10,11].      
     One of the new technologies used in 5G networks is Non-
Orthogonal-Multiple-Access (NOMA) technology, through 
which it is possible to control traffic and enhance the 
spectrum where several users can share the same radio 
resource [12]. NOMA outperformed the traditional 
orthogonal multiple access (OMA) system that supported 
previous generations from 1G to 4G. As we can see, 
Orthogonal Frequency Division Multiple Access (OFDMA) 
has been used in 4G networks, which made a big leap in the 
field of communications in the previous decade, but it does 
not meet the increasing demand of users [13-15]. 
    The NOMA system relies on two basic techniques, it starts 
by using the theory of the Superposition Coding (SC) process 
that takes place at the transmitter, where all the signals that 
are transmitted at the same sub band frequency are collected 
and combined, each signal gives a specific weight of power 
so that the least weight is allocated to the transmitted power 
to the closest (strongest) user, and the allocation begins to 
increase to users who are farther from the base station 
[16,17]. 

The second technique is the process of Successive 
Interference Cancellation (SIC) at the receiving side, it can 
be summarized as an iterative algorithm in which data is 
decoded in decreasing order of power levels [18,19]. 
Decoding superposition signal that contains all signals were 
sending at the same band, then multiplying the farthest user’s 
signal by the corresponding allocation weight and subtract it 
from the decoding signal, then, the previous process is 
repeated for the second stronger user until the desired user is 
reached [20,21]. The paper is organized as follows: Section 
2 is conducted to illustrate the model adopted in this paper to 
analyze the NOMA downlink system, while Section 4 
presents solutions to the considered problem in a cooperative 
manner and shows the simulation results. Finally, the 
achieved conclusions are summarized in Section 5. 

II. SYSTEM MODEL 

       Assume that the power allocation vector is  𝜷 =
[𝜷𝟏, 𝜷𝟐, 𝜷𝟑, ……… ,𝜷𝒌] . If the transmitted power per sub 
band is 𝑷𝒕, then the user set power allocation should be [22]. 
 
 ∑ 𝑷𝒕𝒌

𝒋'𝟏 𝜷𝒋 =	𝑷𝒕    (1) 
 Where 
      ∑ 𝜷𝒋𝒌

𝒋'𝟏 = 	𝟏   and   𝟏 ≤ 𝒋 ≤ 𝒌 
 
Then, the signal to interference noise ratio and the achievable 
rate are [22]: 

 𝜸𝑵𝑶𝑴𝑨
(𝒋) = .𝒉𝒋.

𝟐𝑷𝒕𝜷𝒋
∑ .𝒉𝒋.

𝟐𝑷𝒕𝜷𝒊
𝒋%𝟏
𝒊'𝟏 3𝝈𝟐

   (2) 

 𝑹𝑵𝑶𝑴𝑨
(𝒋) = 𝐥𝐨𝐠𝟐(𝟏 + 𝜸𝑵𝑶𝑴𝑨

(𝒋) )   (3) 
Where 
𝒉𝒋 : Rayleigh fading coefficient between the 𝑩𝑺 and the 𝑼𝒋. 
𝝈𝟐 : the variance of the AWGN. 
𝑷𝒕 : transmitted power    

Consider a downlink NOMA network system, shown in Fig. 
1, with the source represented by the base station (𝐵𝑆), and 
three users: the near user (𝑈5), the middle user (𝑈6), and the 
far user (𝑈7). Assuming the near user has very good channel 
conditions with the base station, and there is no direct 
channel between them and the other two users due to a barrier 
between them, assume that each node in the system has a 
single antenna (the base station and each user has one 
antenna). Also, consider the model with a fixed power 
allocation has a power control circuit in the base station to 
divide the transmit power among the three users and give the 
signals a power weight. 

 
Fig. 1: NOMA technique has two of three users out of 

services. 
From Eq. (3), the achievable rate of the three users is: 
 𝑅89:;
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|>()|*?+@)

A*
	)   (4) 

 𝑅89:;
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(7) = log<(	1 +
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Where: 
𝒉𝒔𝒏 : The Rayleigh fading coefficient between the 𝑩𝑺 and 
the 𝑼𝒏. 
𝒉𝒏𝒎 : The Rayleigh fading coefficient between the 𝑼𝒏 and 
the 𝑼𝒎. 
𝒉𝒏𝒇 : The Rayleigh fading coefficient between the 𝑼𝒏 and 
the 𝑼𝒇. 

This model is employed to assess the data rates for the 
three users with a barrier among them. Figure 2 shows the 
average achievable rates (bps/Hz), it’s clear that, because of 
no channel links among the middle and far users with the 
base station, therefore, the achievable rate for them is zero, 
the near user achieves data rate ranging from 13.14 bps/Hz 
to 23.11 bps/Hz at a transmitting power ranging from 0 to 30 
dBm. This justified with the outage probability for the three 
users, it can be seen in Fig. 3, the second and third users are 
out of service. 

III. COOPERATIVE NOMA DOWNLINK SYSTEM. 

       Sometimes there are users located at the cell edge or 
out of coverage, in that case their signal can be relayed by a 
relay to improve the reliability for those users under poor 
channel conditions [22], Figure 4 illustrates the BS 
communicates with them via the near user by acting as a 
decode-and-forward relay [23]. 
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Fig. 2: Average achievable rates vs transmit power without 

cooperative relay. 

 
Fig. 3: Outage probability of near user NOMA without 

cooperative relay. 

 
Fig 4: System model-1 of cooperative NOMA- Near User is 

a Relay to the other two Users. 
 
The achievable rate of the near user is, 
 𝑅F99?5 = G

<
log<(1 +

|>()|*?+@)
A*

)   (7) 
 

Now, the near user (relay) will send the signals to both the 
middle and far users through a special channel between the 
relay and the middle user and another one between the relay 
and the farthest user. 
 𝑅F99?6 = G

<
log<(1 +

|>),|*?+@,
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)    (8) 
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MATLAB is used to simulate the model. Table I shows 
the values of the simulation values that are used in the model. 
values that are used in the model. 

 

TABLE I 

VALUES OF PARAMETERS USED IN THE SIMULATION. 

Simulation Factors 

𝑅𝑇 1𝑏𝑝𝑠 𝐻𝑧⁄  

𝛽5 0.04 

𝛽6 0.16 

𝛽7 0.8 

𝑑H5 5𝑚 

𝑑56 5𝑚 

𝑑57 10𝑚 

𝜂 4 

Band Width 1𝐺𝐻𝑧 

Thermal noise density −174	𝑑𝐵𝑚/𝐻𝑧 

 
where, 
𝑑H5 : the distance between the 𝐵𝑆 and the 𝑈5. 
𝑑56 : the distance between the 𝑈5 and the 𝑈6. 
𝑑57 : the distance between the 𝑈5 and the 𝑈7. 
𝜂 : Path loss exponent. 
     Based on Eqs. (7), (8) and (9) to simulate the rates that 
can be achieved with the transmitted power shown in Fig. 
(5). It’s clear that the achievable data rate increases linearly 
for both near and middle users due to using the SIC 
technology to remove co-channel interference of larger 
unwanted powers, resulting in higher signal-to-noise ratio 
and high data rates that can be achieved with increased 
transmitted power Pt. The results show that an improvement 
in data rates for the second and third users, with a value 
ranging from 7.57 bps/Hz to 12.55 bps/Hz for the second 
user and a near-constant value of 1,292 bps/Hz for the third 
user at the transmitting power ranging from zero to 30 dBm, 
the first user’s achievable data rate is reduced by a half due 
to the relying (a new value ranging from 6.56 bps/Hz to 11.55 
bps/Hz). 

 
Fig. 5: Average achievable rates vs transmit power with 

cooperative Un relay. 
        Figure 6 illustrates variation of the outage probability to 
the transmitted power. It shows that, all users are safe from 
the outage by contribution of the near user and using it as a 
relay to extend the coverage network to the other users. 



60   | Msayer, Swadi, & AlSabbagh 
   

 
Fig. 6: Outage probability of 3 users – Near User is a 

cooperative Relay. 
 

      It’s clear that in Fig. 7 the fluctuation of the instantaneous 
values of the near and middle users’ achievable rate. It is 
always higher than the target rate, as well as the stability of 
the value of the far user’s achievable rate above the threshold 
target rate despite its low value, which gives the continuity 
working of the three users without outage. The middle user 
outperforms the far user in terms of throughputs due to the 
channel's strength, proximity to the relay, and absence of 
interference. 

 
Fig. 7: Instantaneous Achievable Rates bit/s/Hz with 

NOMA cooperative Un relay. 

IV. CONCLUSION 

      In this paper, a framework has been proposed to increase 
the area of the spectrum while increasing energy efficiency, 
based on the principle of the power allocation between users 
by using the NOMA technology, as well as relying on the 
principle of cooperation and increasing energy using one of 
the green energy methods. The system's performance is 
analyzed using the achievable data rates and the outage 
probability. 
      A model has a barrier between the second and third users 
with absence of a link between them and the base station. 
The first user acts as a signal relay for the other users, they 
will be entered into the work and the cooperation will 
increase the achievable data rate values from zero to (a value 
ranging 7.57 bps/Hz to 12.55 bps/Hz) and (1,292 bps/Hz), 
respectively, at transmitting power ranging from zero to 30 
dBm. The first user’s achievable data rate has been reduced 
by half due to the relying, these values make all users 
working without outage, thus increasing the throughput, 

spectrum efficiency, and reliability of all users of the 
proposed system. 
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