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5G 시스템에서 상  정보원의 비직교 다 속을 한 
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요 약

본 논문에서는, 상호작용 이동통신 사용자의 비직교 다 속에서 강채  사용자의 하된 BER 성능을 향

상하기 해 음수의 상 계 계수 B2S 사상을 제안한다. 먼 , 음수의 상 계 계수 B2S 사상 수신기의 

BER의 폐쇄형 표 식을 유도하고, 이상 인 완벽한 SIC 수신기와 양수의 상 계 계수 수신기의 BER과 비

교하여, B2S 수신기의 BER이 향상되었음을 보여 다. 한, 이론 인 분석에 기 하여 SNR 이득을 구하여 

음수의 상 계 계수 B2S 사상 수신기의 성능 우수성을 입증한다. 

ABSTRACT

In this paper, in order to improve the degraded BER performance of the stronger channel user in non-orthogonal 

multiple access(: NOMA) with interactive mobile users, we propose the negative correlation bit-to-symbol(: B2S) 

mapping. First, the closed-form expression for the BER of the negative correlation B2S mapping receiver is derived, 

and then it is shown that the BER of the negative correlation B2S mapping receiver is improved, compared with those 

of the ideal perfect successive interference cancellation(: SIC) receiver and positive correlation receiver. Additionally, 

based on the analytical expression, signal-to-noise(: SNR) gain is calculated, and the superiority of the negative 

correlation B2S mapping receiver is validated. 
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Ⅰ. Introduction

Non-orthogonal multiple access(: NOMA) has 

been considered as a promising multiple access for 

future fifth-generation(: 5G) wireless mobile 

networks, owing to its superior spectral efficiency 

and higher system capacity [1, 2], compared to 

orthogonal multiple access(: OMA) [3-5]. The key 

idea of NOMA is that successive interference 

cancellation(: SIC) is performed for separating the 

signals in amplitude domain, and after cancellation, 

the signals with lower power levels will be 
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considered as noise [6, 7]. The users with better 

channel conditions can eliminate other users' 

messages by applying SIC before decoding their 

own messages [8]. Recently, the bit-error rate(: 

BER) performance of NOMA was analyzed in [9]. 

The impacts of local oscillator imperfection for 

NOMA were studied in [10]. In addition, the BER 

expression with randomly generated signals was 

derived [11]. In [12], the BER expression for the 

two and three-user cases was studied. The  

average symbol error rate(: SER) expressions for 

the two-user case were considered in [13]. 

As the state-of-the-art advances in NOMA, the 

optimal power control was investigated based on 

individual QoS constraints in [14], whereas the 

energy harvesting in NOMA was studied for 

machine-to-machine(: M2M) communications in 

[15].

Both the broadcast channels and NOMA use 

superposition coding(: SC) and SIC, and they have 

many similar aspects. However, originally, the 

broadcast channels were proposed, based on the 

different noise variance levels, whereas NOMA is 

based on the different channel gains, which are 

related with the distances of the users from the 

base station. 

In NOMA, independent information sources(: IIS) 

are normally assumed. However, in 5G mobile 

networks, the mobile users are very often 

interactive each other, though internet of thing(: 

IoT) and interactive mobile games. In this case, we 

should consider correlated information sources(: 

CIS). Recently, for the stronger channel user, it 

was reported that the BER performance with 

interactive mobile users is degraded, compared to 

the BER of non-interactive users [16].

In this paper, we propose the bit-to-symbol(: 

B2S) mapping, which introduces the negative 

correlation for the given input information of the 

positive correlation. Then it is shown that the BER 

of the stronger channel user with the proposed 

negative correlation B2S is improved compared to 

those with both the positive correlation and IIS, 

without the BER loss of the weaker channel user, 

over the power allocation range of the user 

fairness. 

The remainder of this paper is organized as 

follows.  In Section II, the system and channel 

model are described. The negative correlation B2S 

mapping is proposed and the BER for NOMA with 

the negative correlation B2S mapping 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 sends 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 not equal to  .  

Therefore, for the constant total transmitted power 

  at the base station,   is effectively scaled by 

[17] 

 


                  (1) 
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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 notation   represents 

the distribution of Gaussian RV with mean   and 

variance . Two uniform sources are given by 

            

            


                     (3) 

For IIS, the joint probability mass function (PMF) 

is given by 
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For CIS, the joint PMF is given by









      

        



        



        

                (5) 

In this paper, we assume that CIS has the positive 

correlation,  , which corresponds to 




  


. Then the correlation coefficient is 

calculated as [16]


 

                         (6) 

In this paper, we consider 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 

 ∣∣                         (7) 

Thus, the perfect SIC BER performance of the first 

user with CIS is simply that of the BPSK 

modulation, which is given by [16]


     


         (8)

where 
  corresponds the positive correlation 

 . 

And for second user, the optimal ML BER 

performance with CIS is given by [16]


     

  


 


  
  





 


  

         (9)

where 

  
 




                        (10)

Ⅲ. Negative Correlation B2S Mapping

In this section, we propose the novel way to 

convert the given positive correlation in to the 

negative correlation, by B2S mapping. First, 

consider the conventional B2S mapping:
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            (11) 

Then, we propose the following B2S mapping: 

         
           (12) 

It should be noted that for the second user, the 

proposed B2S is the same as the conventional B2S 

mapping. Then, for the given 

  


, we 

calculate the correlation coefficient 
  as follows, 


 

 

  ×  ×  
  ×  ×  
  ×  ×  
  ×  ×  

  ××

 

××

 

××

  ××

 

               (13) 

It should be noted that with the proposed B2S, the 

correlation coefficient is negative,


                               (14) 

because we assume 

  


.

Now, we present the BER performance for the 

proposed B2S mapping. In this derivation, to ensure 

the user fairness, we consider the power allocation 

range, ≤. First, if the perfect SIC is assumed, 

then the received signal is given by 

 ∣∣                        (15) 

where 
  corresponds the negative correlation 

 .  

The one exact decision boundary is given by

                                        (16)

Then, the decision regions are given by 

          
                             (17)

Then, the perfect SIC BER performance of the first 

user, conditioned on the channel gain, is simply 

that of the BPSK modulation, which is given by 

∣  
      






     (18)

where 




∞





 


                      (19)

Then we can use the well-known Rayleigh fading 

integration formula 




∞





 



 

 




        (20)

where   is exponentially distributed with mean . 

Thus, we have the average BER performance 


     


         (21)

Similarly, now, we derive the BER of the optimal 

receiver for the second user 
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Fig. 2 BER for IIS and CIS with positive/negative 
correlation B2S for second user

Fig. 1 BER for IIS and CIS with positive/negative 
correlation B2S for first user
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Ⅳ. Results and Discussions

It is assumed that     and   . We 

consider the constant total transmitted signal power 

to noise power ratio (SNR)     dB. For 

comparison, we include the BER for IIS, which, for 

the first user, is given by [16]


      

          (23)

and for second user, is given by [16]


    




 
 







 
 





                  (24)

First, we depict the BER performance of the first 

user for IIS, positive correlation and negative 

correlation, in Fig. 1, over the  power allocation 

range ≤  of the user fariness. As shown in 

Fig. 1, when we introduce the negative correlation 

by the proposed B2S mapping for the same input 

joint PMF used in positive correlation, the BER 

performance of the first user of the proposed B2S 

mapping receiver is improved, compared to that of 

the positive correlation. We also observe that the 

BER of the negative correlation is even better than 

that of IIS, for the same ideal perfect SIC receiver.

Second, in Fig. 2, the BER of the second user is 

depicted for IIS, positive correlation and negative 

correlation, over the power allocation range ≤. 

It should be noted that the BER of the positive 

correlation is already better than the BER of IIS. 
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Fig. 4 BER for IIS and CIS with positive/negative 
correlation B2S for second user

Fig. 3 BER for IIS and CIS with positive/negative 
correlation B2S for first user

Thus, we expected the BER of the negative 

correlation would be worse than the BER of IIS. 

However, it is shown in Fig. 2 that the BER of the 

negative correlation is almost the same as the BER 

of the positive correlation, except the vicinity of 

. Note that to ensure the user fairness, the 

power allocation coefficient should be much less 

than . Therefore, the BER degradation of the 

negative correlation over the positive correlation at 

the vicinity of   is tolerable.

Third, for the first user, we depict the BER 

versus    with the fixed power allocation, i.e., 

, in Fig. 3. As shown in Fig. 3, we observe 

the SNR gain of the negative correlation by 6 dB 

and 9 dB, compared to the IIS receiver and positive 

correlation receiver, respectively, at the BER of 

  .     

Forth, for the second user, we depict the BER 

versus    with the fixed power allocation, i.e., 

, in Fig. 4. As shown in Fig. 4, we observe 

the SNR gain of the negative correlation by about 

4 dB, compared to the IIS receiver, as in the 

positive correlation receiver, at the BER of   .  

Ⅴ. Conclusion

In this paper, we proposed the negative 

correlation B2S mapping for the stronger channel 

user in NOMA with CIS. 

First, the closed-form expression for the BER of 

the negative correlation B2S mapping receiver was 

derived, and then it was shown that for the 

stronger channel user, the BER of the negative 

correlation B2S mapping is improved, compared 

with those of IIS and the positive correlation.
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On the other hand, for the weaker channel user, 

the BER of the negative correlation B2S mapping 

is improved and comparable, compared with that of 

IIS and positive correlation, respectively.

Additionally, based on the derived expression, 

SNR gain was calculated, and the superiority of the 

negative correlation B2S mapping receiver was 

validated.
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