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Abstract 

 To improve spectrum and energy efficiency in the fifth generation (5G) wireless channels, intelligent 
reflecting surface (IRS) transmissions have been envisioned, possibly towards the sixth generation (6G) 
networks. In this paper, we analyze the bit-error rate (BER) performance of intelligent reflecting surface (IRS) 
assisted non-orthogonal multiple access (NOMA) systems. First, we derive a closed-form expression of the 
BER in terms of Q functions. Then we analyze the BER improvement of the IRS NOMA system over the 
conventional NOMA system with respect to the power allocation. Furthermore, we also demonstrate 
numerically the BER improvement of the IRS NOMA network over the conventional NOMA network in respect 
of the number of reflecting devices.  
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1. Introduction  

Nowadays the most of mobile networks have been exploiting the fifth-generation (5G) communications [1]. 
Non-orthogonal multiple access (NOMA) has been one of the key technologies in 5G [2-4]. However, the 
spectral efficiency and power efficiency have been more important in the sixth-generation (6G) 
communications [5]. The intelligent reflecting surface (IRS) technology has been proposed to solve such 
demands [6-8]. Therefore, this low-cost antenna array can be applied to NOMA, i.e., IRS-NOMA, so that the 
connectivity and spectral efficiency would be improved by IRS-NOMA. The BER of the weaker channel gain 
user was analyzed for non-uniform source SSC NOMA [9]. A bit-to-symbol (BTS) mapping for NOMA with 
a non-uniform source and symmetric superposition coding (SSC) has been proposed [10]. In this paper, we 
investigate the bit-error rate (BER) performance of IRS assisted NOMA networks. First, we derive an 
analytical expression of the BER in terms of Q functions. Then we demonstrate numerically the BER 
improvement of the IRS NOMA system over the conventional NOMA system with respect to the power 
allocation. Furthermore, we also show numerically the BER improvement of the IRS NOMA network over the 
conventional NOMA network in respect of the number of reflecting devices.  

The remainder of this paper is organized as follows. In Section 2, the system and channel model are 
described. An exact analytical expression for the average BER of IRS-NOMA over the Rayleigh fading 
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channel of the direct link is derived in Section 3. The results of simulations are presented in Section 4. Finally, 
the conclusions are presented in Section 5. 

The main contributions of this paper are summarized as follows:  

• We derive an exact average closed-form expression for the BER of the IRS NOMA network in 
terms of Q functions.   

• Then, we analyze the BER improvement of the IRS NOMA system over the conventional NOMA 
system with respect to the power allocation.    

• Moreover, we also demonstrate numerically the BER improvement of the IRS NOMA network over 
the conventional NOMA network in respect of the number of reflecting devices. 

 

2. System and Channel Model 
We consider an IRS-NOMA transmission system from a single-antenna base station to two single-antenna 

users, namely a near user and a cell-edge user. Assume that there is a direct link between the base station and 

the cell-edge user, which is Rayleigh distributed, denoted by 2h  with the second moment 2
2 2Σ h     . We 

assume that there is no direct link between the IRS and the near user. The base station broadcasts the 
superimposed signal  1 21x P s P s    , where the average total transmitted power is P , ms  is the 
signal with the average unit power for the mth user, 1, 2m  , and   is the power allocation coefficient. The 
signal 2r  received by the cell-edge user is expressed by 
 

 2 2 ,r h x n   (1) 
 
where 2 h ΘhT

br ruh h   and 2 0~ (0, / 2)n N N  is additive white Gaussian noise (AWGN). For a given number 

N  of reflecting devices, hbr  denotes the 1N  deterministic flat-fading channel from the base station to the 

IRS and hru  denotes the 1N  deterministic flat-fading channel from the IRS to the cell-edge user. The IRS 

is represented by the diagonal matrix  1diag , , ,Njje e   , where (0,1]   is the fixed amplitude 

reflection coefficient and 1, , N   are the phase-shift variables that can be optimized by the IRS. The IRS 
selects the phase-shifts to obtain the maximum channel gain, as follows: 

     

    max 2 2
1

h h ,
N

br run n
n

ξ

h h ω h ξ


   


 (2) 

 

where    
1

h h
N

br run n
n

ξ ω


  .   

 
3. Derivation of Exact Average BER Expression for IRS-NOMA  

We now derive an exact analytical expression for the average BER of IRS-NOMA over the Rayleigh fading 
channel of the direct link. Based on the previous work in [11], we start the following conditional BER given 
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the channel realization 2h :  
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  . Then we average 

2
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2| hP  over the Rayleigh fading distribution,  
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We integrate the first term 1T  in the integrand as follows: 
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where we define the SNR as 
 2

,norm
0
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  with 2 ,normΣb bγ γ , norm

2Σ
ξξ  , and we change 

the variables 2 2 2Σ g h  and 2 ,normx g ξ  . Now we perform the integration by parts 
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By changing the variable 
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, we have   
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Again by changing the variable  2 1 bγ y x  , we have   
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Similarly, by integrating the second term 2T  in the integrand in (4), finally (IRS-NOMA)

2P  is expressed as    
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where  2
2 0Σ (1 ) /cγ P α α N   . Although it is difficult to obtain a generalized equation currently, the 

extension to a network for more than two users can be achieved by algebraic manipulations. 
 

4. Numerical Results and Discussions 
In this section, numerical results are presented to validate the theoretical results; for this, 1  , 2Σ 0.2 , 

 h 0.01br n   and  h 0.01ru n  . In Figure 1, first, we depict the normalized ξ , i.e. normξ , versus the number 

of devices, to analyze numerically the impact of the number of devices on the normalized ξ . Remark that we 
consider the exact BER for deterministic flat-fading channels hbr  and hru , so that we present numerical 

results only for large-scale fading channels hbr  and hru , with small-scale fading 2h .   
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Figure 1. Normalized ξ  versus the number of reflecting devices  

 
As shown in Figure 1, we observe the intuitive result that the normalized ξ  increases monotonically with the 
number of reflecting elements N; hence, when we calculate the BER, we choose the number of devices 100N  . 

Second, to investigate the BER improvement, we depict the BERs versus the power allocation, 0 0.5   
(dB), with 100N  , in Figure 2. 
 

   

Figure 2. Comparison of BERs of IRS-NOMA and NOMA systems, (0 0.5  ) 
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As shown in Figure 2, the BER of the IRS-NOMA system improves over the entire power allocation range, 
i.e., 0 0.5  , compared to that of the NOMA system. Note that in NOMA, the channels are shared by users, 
so that the user-fairness should be established among users. In this case, the power allocation coefficient should 
be at least less than 0.5. 

Third, to investigate the BER improvement in term of reflecting elements N, we depict the BERs versus N, 
with 0.1 , in Figure 3. 
 

   

Figure 3. Comparison of BERs of IRS-NOMA and NOMA systems, (0 100N  ) 

 
As shown in Figure 3, we observe that the BER improvement increases significantly with the number of 
reflecting elements N.   

 
5. Conclusion  

In the paper, we analyzed the BER performance of IRS assisted NOMA systems. First, we derived an exact 
closed-form expression for the BER in terms of Q functions. Then we demonstrated numerically the BER 
improvement of the IRS NOMA system over the conventional NOMA system with respect to the whole power 
allocation range less than 0.5. Furthermore, we also showed numerically the BER improvement of the IRS 
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NOMA network over the conventional NOMA network in respect of the number of reflecting devices. 

As a result, the IRS transmission could be a promising technology for 5G NOMA networks possibly 
towards 6G mobile communications.  
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