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요 약

본 논문은 3명의 사용자의 상  정보원에 한 non-SIC 비직교 다  속의 송률 용 을 고찰한다. 먼

, non-SIC 3명의 사용자의 상  정보원의 비직교 다  속의 송률 용 의 폐쇄형 표  식을 유도한다. 

다음, 수치  결과를 통해, 큰 상  계 계수에 해서, non-SIC 3명의 사용자의 상  정보원의 비직교 다  

속의 송률 용 이 SIC 3명의 사용자의 독립 정보원의 비직교 다  속의 송률 용 보다 크다는 것을 

보여 다. 한, 다양한 비교를 통하여, 약 채  사용자들의 상  계 계수들이 강 채  사용자들의 상  

계 계수들보다 송률 용 에 미치는 향이 더 크다는 것을 입증한다. 

ABSTRACT

This paper investigates the achievable rate volumes for non-successive interference cancellation(SIC) non-orthogonal 

multiple access(NOMA) schemes, especially for 3-user correlated information sources(CIS). First, the closed-form 

expressions for the achievable rate volumes of non-SIC 3-user CIS NOMA are derived. Then it is numerically shown  

that the large correlation coefficients, as the achievable rate volumes of non-SIC 3-user CIS NOMA is larger than that 

of conventional SIC 3-user independent information sources(IIS) NOMA. We also demonstrate by various comparisons 

that the impact of the correlation coefficients of weaker channel gain users on achievable rate volume is more 

significant than those of stronger channel gain users.    
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Ⅰ. Introduction

Non-orthogonal multiple access(NOMA) has 

recently has been considered promissing multiple 

access(MA)  technology in fifth-generation(5G) 

wireless mobile networks[1, 2] in comparison with 

orthogonal multiple access(OMA)[3-5]. By sharing 

channel resources, a larger 2-user achievable rate 
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region can be obtained in comparison to OMA[6, 7]. 

Higher system capacity and lower transmission latency 

are advantages of NOMA over OMA[8]. 

Lately, the bit-error rate(BER) for NOMA was 

studied[9]. The impacts of phase noise for NOMA were 

investigated[10]. In addition, the BER expression under 

Nakagami-m fading channels was derived[11], and the 

exact BER expression was studied[12]. The  average 

symbol error rate(SER) expressions were considered 

in Rayleigh fading channels [13]. State-of-the-art 

advances in NOMA include studies of optimal power 

control based on individual QoS constraints[14] and an 

investigation of energy harvesting in NOMA[15].

In addition, single-user decoding has been 

considered for discrete-input lattice-based NOMA, and 

a single-user decoder, which treats other users’ signals 

as interference, was proposed, instead of the 

conventional SIC decoder[16-19]. 

In the above-mentioned NOMA literatures,  

information sources are assumed to be independent, i.e., 

independent information sources(IIS). However, 

sometimes a common rate needs to be transmitted. For 

example, many mobile users are enjoying the mobile 

game, in a 5G network cell. In this case, game 

companies need to broadcast common information, for 

example, the screen of live players. Then such data can 

be considered as correlated information 

sources(CIS)[20]. For CIS, BER performance was 

improved by maximum likelihood (ML) detection[21]. 

In addition, negative correlation bit-to-symbol(B2S) 

mapping for NOMA was studied[22]. By contrast, 

achievable data rate under binary phase shift 

keying(BPSK) modulation was investigated for CIS 

NOMA[23], and single-user decoding receiver was 

proposed for NOMA with CIS[24]. In [25], the 2-user 

achievable rate region was investigated for NOMA 

with CIS.  

In this paper, we investigate the achievable data rate 

of NOMA for CIS, especially for 3-user cases., in 

contrast to 2-user CIS NOMA. First, we derive the 

analytical expression for non-SIC 3-user CIS NOMA. 

Second, it is shown that for large correlation 

coefficients, the achievable rate volume of non-SIC 

3-user CIS NOMA is larger than that of conventional 

SIC 3-user IIS NOMA. Additionally, we then 

demonstrate by various numerical results that the 

impact of the correlation coefficiants of weaker channel 

gain users on achievable rate volume is more 

significant than that of stronger channel gain users.

Ⅱ. System and Channel Model

In a cellular downlink NOMA network, three users 

are assumed to experience block fading. A base station 

and three users are within the cell. The complex 

channel coefficient between the mth user and the base 

station is denoted by  , . The channels are 

sorted as  ∣∣≥∣∣≥∣∣. The base station 
sends the superimposed signal   

  



  ,  

where   is the message for the mth user with average 

unit power,  ∣∣   , where   represents the 
expectation of the random variable(RV) ,   is the 

power allocation coefficient for CIS (we use   for IIS),  

with 
 



  , and   is the average total allocated 

power. The correlation coefficient between the ith and 

jth users is denoted by  
 . Hence for a 

average total transmitted power   at the base station, 

  is scaled as 

         







 



 


               (1) 

The observation at the mth user is given by

                                   (2) 

where  ∼  is additive white Gaussian 

noise(AWGN) at the mth user. It should be noted that 
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purely-real complex correlation coefficients (i.e., 

  ) are assumed in the rest of this paper. 

Ⅲ. Derivation of non-SIC Achievable Rate Volume 

In this section, we derive the non-SIC achievable 

data rates for three users. Particularly, by using the 

symmetricity of the achievable data rates for the three 

users, we derive one among 
    , 


    , and 

    . Then the rest of 

them can be simply re-written. We choose 


     for the third user who is supposed not 

to perform SIC in the conventional NOMA scheme. 

Based on mutual information, the achievable data rate 


     is derived as 


       

 ∣ 
 log∣∣∣ 

    (3) 

Here, the conditional differential entropy ∣   is 
derived by 

∣ 
 ∣∣  ∣∣  ∣∣  ∣
 ∣∣  ∣∣  ∣

(4)

where ∣∣   is removed, because of the 
conditional  . Then, by the conditional variance of the 

sum ∣∣  ∣∣    given  , we have
  

∣ 
 log



∣∣




 

 
  
  









 log∣∣


 
 

   


   (5)

where we use the symmetric properties of purely-real 

complex correlation coefficients, i.e.,    , 

   , and    . 

Finally, by plugging equation (5) into equation (3), 

the achievable data rate 
     is given as


   

 log




∣∣
 

 
   


∣∣ 





  (6)

Now, by the symmetricity, 
     and 


     can be simply re-written as 


   

 log




∣∣
 

 
   


∣∣ 





 (7)

and   


   

 log




∣∣
 

 
   


∣∣ 





 (8)

Ⅳ. Results and Discussions

We compare the rate volume of non-SIC 3-user CIS 

NOMA


   

   
      (9)

to that of conventional SIC 3-user IIS NOMA


 

 
            (10)

where 
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Fig. 1 Comparison of achievable rate volumes of 
non-SIC 3-user IIS NOMA and conventional SIC 
3-user IIS NOMA (IIS:       ) 

Fig. 2 Comparison of achievable rate volumes of 
non-SIC 3-user CIS NOMA and conventional SIC 

3-user IIS NOMA (CIS:      
 , 

IIS:       ) 


  log

∣∣              (11)


   log∣∣ 

∣∣           (12)

and 

Fig. 3 Comparison of achievable rate volumes of 
non-SIC 3-user CIS NOMA and conventional SIC 

3-user IIS NOMA (CIS:      
 , IIS: 

      ) 


   log∣∣ ∣∣ 

∣∣   (13)

For this, the channel gains ∣∣, ∣∣, and ∣∣ 
are assumed to be  , , and , respectively, and 

the average total transmitted signal-to-noise power 

ratio (SNR) is   . First, we investigate the rate 

volume of non-SIC 3-user IIS NOMA, i.e., the 

correlation coefficients are       , in Fig. 

1. As shown in Fig. 1, the rate volume of non-SIC 

3-user IIS NOMA is generally inferior to that of 

conventional SIC 3-user IIS NOMA. However, when 

     
 , the rate volume of non-SIC 

3-user CIS NOMA is slightly larger than that of 

conventional SIC 3-user IIS NOMA, as shown in Fig. 

2.. Furthermore, as the correlation coefficients increase 

sufficiently, i.e.,      
 , the rate volume 

of non-SIC 3-user CIS NOMA is larger than that of 

conventional SIC 3-user IIS NOMA over the entire 

power allocation ranges, as shown in Fig. 3. Therefore, 

we can conjecture that if the correlation coefficients are 

sufficiently large, the rate volume of non-SIC 3-user 

CIS NOMA can be larger than 
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Fig. 4 Comparison of achievable rate volumes of 
non-SIC 3-user CIS NOMA and conventional SIC 

3-user IIS NOMA (CIS:       
 , 

IIS:       ) 

Fig. 5 Comparison of achievable rate volumes of 
non-SIC 3-user CIS NOMA and conventional SIC 

3-user IIS NOMA (CIS:       
 , 

IIS:       ) 

that of conventional SIC 3-user IIS NOMA. We now 

discuss the undermentioned numerical results in detail, 

as follow; one is that the non-SIC decoding scheme 

does not cancel common information, which is removed 

by SIC. The other is that for large correlation 

coefficients, i.e., relatively large common information, 

the non-SIC NOMA scheme is efficient, whereas for 

small correlation 

Fig. 6 Comparison of achievable rate volumes of 
non-SIC 3-user CIS NOMA and conventional SIC 

3-user IIS NOMA (CIS:       
 , 

IIS:       ) 

coefficients, i.e., almost IIS, the SIC NOMA scheme is 

preferred. 

Up to now, we consider the case of the equal 

correlation coefficents, , i.e.,      . We now 

consider the case of the unequal correlation coefficients 

to investigate which correlation coefficient among three 

correlation coefficients has the stronger impact on the 

rate volume. For the first case of 

      
 , as shown in Fig. 4, the rate 

volume of non-SIC 3-user CIS NOMA is larger than 

that of conventional SIC 3-user IIS NOMA in the 

directions of   and  . For the second case of 

      
 , as shown in Fig. 5, the 

impact of  
  on the rate volume of non-SIC 

3-user CIS NOMA is not significant, i.e., the rate 

volume of non-SIC 3-user CIS NOMA does not enlarge 

significantly except the end of the direction of  . For 

the third case of       
 , as shown 

in Fig. 6, we observe the similar results to those in Fig. 

5, i.e.,   the impact of  
  on the rate volume 

of non-SIC 3-user CIS NOMA is not significant except 

the end of the direction of  . Therefore, based on the 

numerical results in Fig. 4, Fig. 5, and Fig. 6, we can 
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conjecture that the correlation coefficient   has the 

stronger impact on the rate volume than   and  . 

The reason for such observations is that we use the 

reference rate volume as that of conventional SIC 

3-user IIS NOMA. In this case, the achievable data 

rates 
   and 

   for the user-1 and user-2 

are based on the ideal perfect SIC. Thus, the reference 

rate volume is already very large in the directions of 

  and  , so that it is very hard to have the larger 

rate volume although   and   are very large.   

Ⅴ. Conclusion

This paper investigated the achievable rate volumes 

for non-SIC 3-user NOMA schemes, with CIS. First, 

the closed-form expressions for the rate volumes of 

non-SIC 3-user CIS NOMA were derived. Then it was 

shown numerically that for a large correlation 

coefficient, the achievable rate volume of non-SIC 

3-user CIS NOMA is larger than that of conventional 

SIC 3-user IIS NOMA. We also demonstrated by 

numerical results that the impact of the correlation 

coefficiant of weaker channel gain users on the rate 

volume is more significant than those of stronger 

channel gain users.

As a direction of the future research, it would be 

interesting to derive the exact conditions for the rate 

volume of non-SIC 3-user CIS NOMA to be larger than 

that of conventional SIC 3-user IIS NOMA.   
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