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요 약

5G 이동통신 네트워크에서, 비직교 다 속은 채  용량을 높일 수 있는 기술로 각 받고 있다. 비직교 다

속에서는, 다수 사용자가 채  자원을 공유하여 신호를 동시에 송 가능하다. 최근, 강 채 에 해, 상호

작용 이동통신 사용자의 성능이 비상호작용 이동통신 사용자 비해, 하되는 연구가 보고되었다. 본 논문에서

는, 이러한 문제를 해결하기 해 ML 수신기를 제안한다. 먼 , ML 수신기의 BER의 폐쇄형 표 식을 유도

하고, 이상 인 완벽한 SIC 수신기의 BER과 비교하여, ML 수신기의 BER이 향상되었음을 보여 다. 한, 

이론 인 분석에 기 한 모의실험을 진행하고 ML 수신기의 성능 우수성을 입증한다.  

ABSTRACT

In the fifth generation (5G) mobile networks, non-orthogonal multiple access (: NOMA) has been considered as a 

promising technology, to increase the channel capacity. In NOMA, the multiple users share the channel resources and 

multiplex simultaneously. Recently, for the stronger channel user, it was reported that the bit-error rate (: BER) 

performance with interactive mobile users is degraded, compared to the BER of non-interactive users. In this paper, in 

order to improve such degraded BER performance, we propose the maximum-likelihood (: ML) receiver. First, the 

closed-form expression for the BER of the ML receiver is derived, and then it is shown that the BER of the ML 

receiver is improved, compared with the BER of the ideal perfect successive interference cancellation (: SIC) receiver. 

Additionally, based on the analytical expression, Monte Carlo simulations validates the above-mentioned results. 
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Ⅰ. Introduction

Non-orthogonal multiple access (: NOMA) has 

received significant attention as a promising 

technique for future fifth-generation (: 5G) radio 

multiple access (MA), owing to its superior spectral 

efficiency and low latency [1, 2], compared to 

orthogonal multiple access (: OMA) [3-5]. The key 
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idea of NOMA is that signals from several users 

can share and multiplex the same channel resources 

and the power is allocated based on their channel 

conditions [6, 7]. At the receiving end, users with 

weaker channel gains treat other user's messages 

as interference when they decode their own 

messages, whereas users with better channel gains 

can eliminate other users' messages by applying 

successive interference cancellation (: SIC) before 

decoding their own messages [8]. Also, NOMA was 

combined with underwater visible light 

communication [9]. A modified NOMA scheme for 

a multi-antenna base station was considered, based 

on the absolute correlation coefficient between the  

channels [10]. The bit-error rate (: BER) 

performance for NOMA networks was investigated 

in [11]. The impact of local oscillator imperfection 

for NOMA was considered in [12]. 

Recently, the authors of this paper analyzed the 

BER performance for NOMA with correlated 

information sources (: CIS), and showed that for 

the weaker channel user, the BER of CIS is better 

than that of independent information sources (: IIS), 

whereas for the stonger channel user, the BER of 

CIS is worse than that of IIS [13]. Thus we try to 

improve the BER of the stronger channel user with 

CIS. In this paper, we propose the 

maximum-likelihood (: ML) receiver, instead of the 

ideal perfect SIC receiver. First, we derive the 

analytical expression for the BER of the ML 

receiver, and we show that the BER of the 

stronger channel user is improved. Additionally, 

Monte Carlo simulations validates the results.  

The remainder of this paper is organized as 

follows.  In Section II, the system and channel 

model are described. The analytical expression of 

the BER for NOMA with CIS is derived  in 

Section III. The  results are presented and 

discussed in Section IV. Finally, the conclusions are 

presented in Section V.

Ⅱ. System and Channel Model

We consider a cellular downlink NOMA 

transmission system, in which two users are paired 

from a base station within the cell. The Rayleigh 

fading channel between the mth user and the base 

station is denoted by  ∼ , , 

where   represents the distribution of 

circularly-symmetric complex Gaussian (: CSCG) 

random variable (: RV) with mean   and variance 

. The channels are sorted as    . The base 

station transmits the superimposed signal  

   ,  where   is the 

message for the mth user with unit power,  


  

   , where   represents the 

expectation of RV ,  is the power allocation 

factor,  with ≤≤, and   is the total 

allocated power. The correlation coefficient is 

 
 . Owing to correlation, the power of the 

superimposed signal   is larger than  .  

Therefore, for the constant total transmitted power 

  at the base station,   is effectively scaled 

down [14]

 


                  (1) 

where  is the real part of a complex number 

  . It should be noted that for IIS,  . The 

observation at the mth user is given by

                                 (2) 

where  ∼  is additive white Gaussian 

noise (: AWGN). The notaion   represents 

the distribution of Gaussian RV with mean   and 

variance . For the interactive mobile users, a  

joint probability mass function (PMF) for CIS is 

given by [13]
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Then, the correlation coefficient is calculated as 

[13]

 
                            (4) 

In this paper, we assume the positive correlation, 

 , and the binary phase shift keying (: BPSK) 

modulation, ∈, and to ensure the user 
fairness, we consider the power allocation range, 

≤. Then, if the perfect SIC is assumed, the 

received signal is given by 

 ∣∣                        (5) 

Thus, the perfect SIC BER performance of the first 

user with CIS is simply that of the BPSK 

modulation, which is given by [13] 


      

            (6)

And for second user, the optimal ML BER 

performance with CIS is given by [13] 
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where 
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For comparison, we include the BER for IIS, which, 

for the first user, is given by [13] 


      

            (9)

and for second user, is given by [13] 


    




 
 







 
 





                (10)

It shoud be noted that


     ≤

        

                                             (11)

whereas 


    ≤

       (12)

Thus, in this paper, we attempt to improve further 

the BER for the first user. 

Ⅲ. BER Derivation for ML Receiver

Based on the observation in the previous section, 

we propose the ML receiver, instead of the ideal 

perfect SIC receiver, for the first user. The 

likelihood for the first user is expressed as

  

∣∣
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Based on the ML, the optimum detection is  

expressed as 
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argmax
∈ ∣∣                    (14)

Then we solve the equal likelihood equation

∣∣  ∣∣            (15)

which is given by

 








    


  








    




  








    


  






    

(16)

It should be noted that at    ,

 








    


≃   

                                             (17)

and 

 








    


≃   

                                             (18)

Then, the one exact decision boundary and the two 

approximate decision boundaries are given by

   ±                (19)

where 

 
 




log






          (20)

Then, the decision regions are given by 









    

 
   

     
 

    


(21)

Thus, the average BER expression can be obtained 

by


    ∣ 

      (22)

However, there is no analytical expression for the 

integration of the following form




                                    (23)

Therefore, we approximate   as the average value 

 ≃ 



log






            (24)

Then, the approximate average BER can be 

expressed as


   ≃
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Fig. 1 Comparison of BER for IIS and CIS for 
first user. Fig. 2 Comparison of BER for ideal perfect SIC 

receiver and proposed ML receiver for first user.

The above-mentioned approximation is validated by 

the BER obtained by Monte Carlo simulations in 

the next section.

Ⅳ. Results and Discussions

It is assumed that     and   , and 

  


, (  


). First, we consider the 

constant total transmitted signal power to noise 

power ratio (: SNR)     dB.  In Fig. 1, we 

depict the BER of the ideal perfect SIC receiver 

with IIS and CIS, to confirm the previous research 

results. As shown in Fig. 1, for the ideal perfect 

SIC receiver, the BER performance with CIS is 

worse than that with IIS. Therefore, in this paper, 

we improve the BER with CIS, by the ML 

receiver. 

Second, the improved BER performance of the 

ML receiver is shown in fig. 2, compared to that of 

the ideal perfect SIC receiver, over the power 

allocation range, about . It should be 

noted that for the power allocation range, about 

, the ML receiver’s BER is worse than the 

ideal perfect SIC receiver’s BER, owing to the inter 

user interference. However, to ensure the user 

fairness in NOMA, the power allocation factor 

should be much less than about . In that 

case, the ML receiver outperforms the ideal perfect 

SIC receiver.

Third, to investigate the superiority of the ML 

receiver over the ideal perfect SIC receiver, we plot 

the BER versus the SNR, ≤ ≤  (dB), with 

the fixed power allocation, , in Fig. 3. As 

shown in Fig. 3, we observe the SNR gain of 3 dB 

at the BER of   . 

Lastly, we validate the approximated BER 

expression of the ML receiver by Monte Carlo 

simulations, in Fig. 4. As shown in Fig. 4, the 

Monte Carlo simulation results are well agreed with 

the approximate BER performance, except the low 

SNR,     dB.
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Fig. 3 Comparison of BER for ideal perfect SIC 
receiver and proposed ML receiver for first user.

Fig. 4 Comparison of BER for analytical expression and 
Monte Carlo simulation for first user.

Ⅴ. Conclusion

In this paper, we proposed the ML receiver for 

the stronger channel user in NOMA with CIS. 

First, the analytical expression for the BER of the 

ML receiver was derived, and then it was is 

shown that the BER of the ML receiver is 

improved, compared with that of the ideal perfect 

SIC receiver. Additionally, based on the analytical 

expression, Monte Carlo simulations validated the 

improved BER performance.
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