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Abstract: NOMA is one of the methods seen to be a good way to solve performance issues and an additional way to grant multi-user 

access. NOMA should be integrated with cooperative reliance on to significantly improve the performance parameter for NOMA 

wireless networks, such as outage probability and attainable rate, In order to overcome the deep fading of wireless propagation and 

reduce the outage probability In this paper,  a fixed power allocation for an AF/DF cooperative NOMA scheme for downlink 

transmission with two users is presented, in which more power was allocated to the distant user and less to the close user at the base 

station. When the AF and DF protocols are used at the relay node, the signals are superimposed and sent to the relay. Simulation results 

confirm the analytic findings and show that the proposed method outperforms orthogonal multiple access (OMA), conventional NOMA, 

and cooperative NOMA in terms of throughput, sum rate, and outage probability. This paper demonstrates the advantages of a fixed 

power allocation of NOMA over an OMA scheme for the cooperative AF/DF NOMA protocols. Contrast with previous work , all 

performance metrics was investigated such  System Outage Probability (SOP), BER, and throughput for both AF and DF relaying, along 

with the  impact of  the fixed power allocation in a cooperative NOMA system under AF and DF relaying protocol.  

Keywords: Cooperative NOMA, amplify-and-forward, decode-and-forward,  outage probability, BER, throughput, fixed power 

allocation.  

1. Introduction 

The rapid expansion of mobile data traffic via 

progressively constrained bandwidth and spectrum has 

recently been explored and has sparked much study and 

intense development work on fifth generation (5G) 

networks [1]. the massive growth in data mobile traffic 

through gradually limited bandwidth and spectrum has 

been discussed and gives rise to profound research and 

intensive development efforts on the fifth generation 

(5G)networks[2]. In 5G wireless networks, non-

orthogonal multiple access (NOMA), a spectrally 

efficient multiple access technology, has the potential to 

relieve huge connection for billions of devices and to 

fulfill the traffic demand that is growing 

exponentially[3].Non- Orthogonal multiple access is in 

contrast with (OMA), For users with a variety of channel 

conditions, NOMA offers a more favorable trade-off 

between system throughput and fairness[4].To 

implement cooperative communication, the fixed 

relaying and adaptive relaying techniques have been 

suggested[5]. In [6], the full-duplex and relaying 

network are examined . Two well-known cooperative 

relaying algorithms, amplify forward (AF) and decode 

forward (DF), are examined for the relaying networks in 

[7, 8]. Whereas the received signal in DF protocols must 

first be decoded, then re-encoded and forwarded to the 

destination, where’s the received signal in AF protocols 

is amplified and forwarded  to the users [9]. In 

comparison to previous OMA the appropriate selection 

of user data rates and power allotments can have a 

significant impact on NOMA performance [10]. 

techniques, even higher spectral efficiency may be 

attained. Even more encouraging, NOMA systems are 

combined with cooperative strategies to improve 

performance[11]. In [12], The strong channel user selects 

a cooperative relay for the weak channel users. The 

outage performance in a downlink cooperative NOMA 

was examined in [13] with the aid of an AF relay. In 

[14], In terms of each NOMA user's outage behavior in 

downlink NOMA, only the feedback of one bit of its 

Channel State Information (CSI) to a Base Station (BS) 

is taken into consideration. When employing half-

duplex, the strong users in NOMA can forward signals to 

the weak users' messages in the second time slot by using 

the energy that was harvested in the first time slot (HD) 

scheme [15]. Recent works demonstrate the system 

performance with fixed power allocations, including 

ergodic rate and power efficiency, such as [16]. Several 

studies have examined how outage performance in 

relaying networks with higher coverage might be paired 

with NOMA , such as in [17-18]. . This work differs 

from earlier work in that it uses the AF/DF protocol to 

check all metrics represented by BER, Outage 

probability, and channel capacity using fixed power 
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allocation method to allocate the power to the users . The 

remainder of the paper can be arranged using fallows .In 

section 2,discussed the proposed system. Section 3, 

conclude our discussion with the results.  

3. System Model 

We take into account a downlink cooperative NOMA 

situation with a single base station, designated as BS. 

two users and one relay (i.e., the nearby user U1,far user 

U2).  

• Stage I → implementation of transmitter. 

 The power is allocated to the signals by fixed power 

allocation scheme ,the signals is superposed and transmit 

to near (strong user),which works as a relay and 

impalement AF/DF protocols and send the signals to the 

destination.  

• Stage II → implementation of receiver 

The receiver receives the superposed signal and try to 

decode the signals and eliminate the interference by 

using successful interference cancellation (SIC) 

• Stage III → Performance metrics 

To measure the performance of outage probability , BER 

and throughput  and compere the results  with the 

previous papers that dealing with fixed power allocation 

of cooperative AF/DF NOMA systems techniques  . 

 

Fig1.  Downlink CNOMA for 2user 

In downlink NOMA for N users the transmitted signal 

from the BS can be written as   

X(t)=∑ √𝛼𝑛𝑃𝑇
𝑁
𝑛=1  𝑥(𝑡) 

Where is  

𝛼𝑛 is power allocation coefficient for each  user  

𝑃𝑇  is the total power at the base station  

𝑥(𝑡) is the individual  information of each user  

So the power allocated to each user becomes 𝑃𝑛=𝛼𝑛𝑝𝑇 

According to the distance between the base station and 

users, the power is distributed, with the closest user 

receiving the least power and the farthest user receiving 

the most power .The received signal at the user n 

is اكتب المعادلة هنا. 

𝑌𝑛 (𝑡) = 𝑔𝑛∗𝑥(𝑡)+𝑤𝑛(𝑡) 

Where the 𝑔𝑛 is the channel gain factor between the BS 

and the users. With a mean of zero and a density of 𝑊𝑂, 

the 𝑊𝑛 is the additive Wight Gaussian noise at the user. 

Each user's power is distributed using a predetermined 

power allocation. According to this system, users are 

given fixed power based on channel gain. Users with bad 

channel gain are given more power (0.7P/0.6P), whereas 

users with strong channel gain are given less power 

(0.4P/0.3), which is straightforward and has less singling 

overhead but lacks a set formula to determine power 

allocation[19]. 

Bit Error rate BER  

 The most widely used performance statistic in a 

communication system is bit error rate (BER). In a 

communication system, information is conveyed as bits. 

During the communication procedure, bit mistakes 

happen. The average rate at which these bit mistakes take 

place during communication is known as BER: 

    

BER=   
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑒𝑟𝑟𝑜𝑟 𝑏𝑖𝑡𝑠

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑡𝑟𝑎𝑛𝑠𝑚𝑖𝑡𝑡𝑒𝑑 𝑏𝑖𝑡𝑠
 

Outage Performance(OP) 

The threshold value at which the receiver power value 

drops below is known as the outage probability. (where 

power value relates to the minimum signal to the noise 

ratio (SNR)). 

*For DF protocol   
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𝐶max 𝐷𝐹 =     
1

2
 log2(1 +

𝑃𝑡

𝑁
  )       *channel capacity  

Throughput  for user1  

𝑅1,1=  log2(1 +  
𝑃1,1|ℎ1,1|

2

𝑝1,1|ℎ1,1|
2

+𝑁𝑜1

) 

𝑅2,1= log2(1 +
𝑃1,1|ℎ1,1|

2

𝑃1,2|ℎ1,1|
2

+𝑁𝑜1

+
𝑝2,1|ℎ2,1|

2

𝑝2,2|ℎ2,1|
2

+𝑁𝑜2

) 

Throughput  for user2  

 𝑅2= log2(1 +
𝑃2|ℎ2|2

𝑁𝑂2
) 

* Achievable  rate for general   

𝑅𝐾 =   log2(1 +  
|ℎ𝑘|2𝑝𝑘

1+ 𝑁𝑜𝑘
)                    

*Outage probability for user1 occurs when SNR1< R1  

R1 = 
𝜌1

𝜌2
  unity without  noise  

*outage probability 

𝑂𝑃1=  1- exp (- 
𝑅1

(𝜌1−𝜌2𝑅1)𝜌2𝛿1
2)    ,    𝛿1 = 𝐸|ℎ1|2 

*Outage probability of user2 occurs when 𝑆𝑁𝑅2 < 𝑅1 

When 𝑅2 = 
𝜌2

𝜌1
 

𝑂𝑃2 =1- exp (-
1

𝛿2
2  max ( 

𝑅1

(𝜌1−𝜌2𝑅1
 .

1

𝜌𝑠
), (

𝑅2

𝜌2𝜌𝑠
)            ,𝛿2 = 

E |ℎ2|2 

*AF NOMA 

𝑅𝑟𝑒𝑙𝑎𝑦=h(√𝑎1. 𝑝𝑇𝑥1+√𝑎2 . 𝑝𝑇 𝑥2 +𝑤𝑟)                        

(first time slot) 

𝑎1 + 𝑎2 = 1              ,  𝑎1 > 𝑎2 

Amplify factor  β = 
1

√𝑝𝑟|ℎ𝑟|2+𝜎2
 = 

*In second time slots after relay amplify the signal and 

forward it to the destination .The received signal at user1 

D1 

𝑌1 = 𝛽 √𝑃𝑔1 [ℎ1(√𝛼1𝑝𝑇   𝑥1+√𝛼2𝑝𝑇   𝑥2+𝑤𝑟 )]+𝑤𝑑1 

The received signal at user2 D2 

𝑌𝐷2 =β√𝑃𝑔2[h(√𝛼1𝑝𝑇  𝑥1+√𝛼2𝑝𝑇  𝑥2) +𝛽 √𝑝 

𝑔2 𝑤𝑟]+𝑤𝑑2 

SNR threshold   𝜀1= 22𝑅1 − 1    ,𝜀2 =22𝑅2 − 1 

*Outage probability of 𝐷1 when 𝛾1 <𝜀1 

𝑂𝑃1 = 𝑃𝑟 (𝛾1 <  𝜀1) 

𝑂𝑝1 = 𝑝𝑟 [
𝛼1𝜌2|ℎ1|2|𝑔1|2

𝛼1𝜌2|ℎ1|2 |𝑔1|2+𝜌|ℎ1|2+𝜌|𝑔1|2+1
 < 𝜀1] 

*outage probability of 𝐷2  

𝑂𝑃2 = 1- 𝑃𝑟 (𝐽1, 𝐽2) 

𝐽1  =
𝛼1𝜌2|ℎ1|2|𝑔2|2

𝛼2𝜌2|ℎ2|2|𝑔2|2+𝜌|ℎ2|2+𝜌|𝑔2|2+1
 ≥ 𝜀1 

𝐽2=  
𝛼1𝜌2|ℎ2|2|𝑔2|2

𝜌|ℎ2|2+𝜌|𝑔2|2+1
 ≥ 𝜀2 

The total equation is  

𝑂𝑃2=1-𝑃𝑟 (
𝛼1𝜌2|ℎ1|2|𝑔2|2

𝛼2𝜌2|ℎ2|2|𝑔2|2+𝜌|ℎ2|2+𝜌|𝑔2|2+1
 ≥

𝜀1 ,
𝛼1𝜌2|ℎ2|2|𝑔2|2

𝜌|ℎ2|2+𝜌|𝑔2|2+1
 ≥ 𝜀2) 

At high SNR , the outage probability at 𝐷1 will become  

𝑂𝑃𝐷1
 = exp(- 

2𝜀1

𝜌(𝛼1−𝛼2𝜀1)
 ) 

At high SNR , the outage probability at 𝐷2 will become  

𝑂𝑃𝐷2 = exp (- 
2𝜀2

𝜌𝛼2
 ) 

4. Numerical Results 

This section examines the downlink AF/DF NOMA 

systems' throughput, BER, and outage probability under 

Rayleigh fading channels. In addition to evaluating 

NOMA, fixed power allocation was used. I set the fixed 

power allocation factors for NOMA users in the 

simulations that follow 

 

Fig 2. AF/DF cooperative system             Fig3. Outage performance comparison in C-NOM 
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 In Fig 2 Several threshold SNR parameters for the 

outage probability versus system SNR are shown. The 

analytical results can be seen in the high SNR region. 

performance that the better than AF.  

In fig 3. Several thresholds and SNR parameters are 

given in a plot of system outage probability vs SNR. The 

findings indicate that the likelihood of an outage lowers 

as system SNR rises. Another finding is that the 

likelihood of an outage is lower for distant users who 

cooperate than for far users who don't.. 

*THE RESULT OF AF FIXED POWER 

ALLOCATION 

 

Fig 4.   BER Vs SNR(AF)                                                    Fig 5. Achievable capacity(AF) 

Fig 4. Plot system BER versus SNR is presented in 

different thresholds SNR parameters. The results shows 

that as the system SNR increases, the BER increases . 

Fig 5. The results showed that the whenever we increase 

the power of the remote user by 0.65 and near user 0.35. 

The greater capacity in far user and the relationship 

between them is direct proportional. 

Fig 6. The plot of outage probability shows the 

increasing in power supply to the far user (0,65 ) leads to 

decreasing the outage probability of far user. 

 

Fig 6. Outage probability (AF) 

 

*The Results of DF Fixed Power Allocation . 
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Fig 7. BER Vs SNR 

Fig7. BER Vs SNR(DF) .applied DF protocol in 

different SNR thresholds and the results showed 

enhancement in BER over AF protocol when supplied 

the near user with 0.35 power and far user 0.65 power 

 

Fig.8 outage probability(DF)                                                   Fig.9 achievable capacity(DF) 

In Fig[ 8,9] the results showed that the outage probability 

is decreased  and achievable rate increased when the 

power increasing . 

 

Fig 10. Outage probability (AF/DF)                           Fig 11. Achievable  capacity (AF/DF) 

These results in Figs [10,11] showed that when 

comparison  AF /DF , it appears that DF is better than 

AF. 
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5. Conclusion 

 In this research, we suggested a cooperative NOMA 

scheme for downlink transmission with two users, 

examined the outage probability, throughput, and BER 

for the system under AF and DF protocols, and provided 

a fixed power allocation for DF/AF of the scheme .The 

simulation findings supported the performance study by 

showing that the DF protocol performs better than the 

AF protocol and that performance metrics for both 

protocols have increased, the system's throughput and 

BER for the AF and DF protocols. The performance 

analysis was corroborated by simulation results, which 

demonstrated that the DF protocol outperforms the AF 

protocol and that performance measures for both 

protocols have improved.   
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