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요 약

본 논문은 상  계 첩 코딩/non-SIC 비직교 다  속의 향상된 outage 확률을 고찰한다. 먼 , 기존의 

독립 첩 코딩/SIC 비직교 다  속의 outage 확률을 고찰한다. 다음, 모의실험을 통하여, 상  계 첩 

코딩/non-SIC 비직교 다  속의 outage 확률이 독립 첩 코딩/SIC 비직교 다  속의 outage 확률에 비

하여 크게 향상되는 것을 입증한다. 결론으로, 이러한 향상된 outage 확률로 인하여, 상  계 첩 코딩

/non-SIC 비직교 다  속 기술은  5G 시스템의 유망한 기술이 될 수도 있다.  

ABSTRACT

This paper investigates the improved outage probability of correlated superposition coding(CSC)/non-successive 

interference cancellation(SIC) non-orthogonal multiple access(NOMA) scheme. For this, first, we calculate the outage 

probability of the conventional independent superposition coding(ISC)/SIC NOMA scheme. Then, simulations demonstrate 

that the outage probability of CSC/non-SIC NOMA improves greatly, with respect to that of conventional ISC/SIC 

NOMA. As a result, CSC/non-SIC NOMA schemes could be a promising technique in 5G networks, especially with 

such improved outage probability.    
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Ⅰ. Introduction

Due to its superior spectral efficiency, non-orthogonal 

multiple access(NOMA) is considered as the promising 

scheme for the fifth-generation(5G) and future 

communication standards[1, 2], compared to orthogonal 

multiple access(OMA)[3-5]. NOMA systems share 

channel resources, for example, time or frequency[6, 7]. 

High spectral efficiency and low latency are 

characterized as superiorities of NOMA[8]. The NOMA 

network was investigated in terms of the bit-error 

rate(BER)[9], and the outage probability was considered 

in NOMA-based multi-carrier wireless systems[10]. 

The symbol error rate(SER) expression was 
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investigated under Rayleigh fading channels[11]. On the 

other hand, correlated information sources were 

investigated in NOMA[12, 13]. In addition, negative 

correlation between information sources for NOMA was 

studied[14], and the achievable data rate of binary phase 

shift keying modulation(BPSK) NOMA was derived[15]. 

Single-user decoders were proposed for NOMA with 

correlated information sources[16]. In [17], the achievable 

rate region was derived for NOMA with correlated 

information sources.  

Recently, lossless 2-user NOMA implementation 

without successive interference cancellation (SIC) has 

been demonstrated via correlated superposition coding 

(CSC)[18]. However, the outage probability was not 

investigated for CSC/non-SIC NOMA schemes[18]. 

Thus, this paper studies the outage probability of the 

CSC/non-SIC NOMA scheme. Specifically, we first 

calculate the outage probability of the conventional 

independent superposition coding (ISC)/SIC NOMA 

scheme, and then compare the outage probability of the 

conventional ISC/SIC NOMA to that of CSC/non-SIC 

NOMA. We show that the outage probability of the 

CSC/non-SIC NOMA scheme is greatly improved, in 

contrast to that of the conventional ISC/SIC NOMA 

scheme. 

The remainder of this paper is organized as follows. 

In Section II, the system model is described. Achievable 

sum rates for conventional ISC/SIC NOMA, CSC/SIC 

NOMA, and CSC/non-SIC NOMA are presented in 

Section III. The CSC/non-SIC NOMA scheme is briefly 

reviewed in Section IV. The outage probabilities are 

calculated in Section V. The results are presented and 

discussed in Section VI. Finally, the conclusions are 

presented in Section VII.

Fig. 1 System model. 

Ⅱ. System and Channel Model

As shown in Fig.1, in a cellular downlink NOMA 

network, two users are assumed to experience block 

fading. A base station and two users are within a cell. 

The Rayleigh fading channel gain between the mth user 

and the base station is denoted by   with 

 ∣∣ , where   represents the 

expectation of a random variable(RV) , . The 

channels are sorted as   ≥ . The base station sends 

the superimposed signal    
  



  ,  where   

is the message’s signal for the mth user with average 

unit power, ∣∣   ,   is the power allocation 
coefficient for CSC (we use   for ISC),  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 
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The observation at the mth user is given by

                                   (2) 

where  ∼
   is additive white Gaussian 

noise(AWGN) at the mth user.  

Ⅲ. Preliminaries of Achievable Sum Rates 

In this section, we present achievable sum rates for 

conventional ISC/SIC NOMA, CSC/SIC NOMA, and 

CSC/non-SIC NOMA, to motivate our technique[18].  

3.1 Conventional ISC/SIC NOMA

First, in this subsection, the achievable sum rate for 

the conventional ISC/SIC NOMA scheme is given by  

    ∣ ∣∣  ∣∣
 ISC SIC  ∣ ∣∣

 ISC SIC  ∣ ∣∣
 ISC SIC        (3) 

where

         ∣ ∣∣
 ISC SIC   log

∣∣         (4) 

and

        ∣ ∣∣
 ISC SIC   log∣∣ 

∣∣       (5) 

3.2 CSC/SIC NOMA

In this subsection, the achievable sum rate for the 

CSC/SIC NOMA scheme is given by

    ∣ ∣∣  ∣∣
CSC SIC  ∣ ∣∣

CSC SIC ∣ ∣∣
CSC SIC      (6) 

where

     ∣∣∣
CSC SIC 

 log
∣∣  

            (7) 

and

 

          ∣∣∣
CSC SIC 

 log∣∣ 
∣∣ 

       (8) 

3.3 CSC/non-SIC NOMA

In this subsection, the achievable sum rate for the 

conventional CSC/non-SIC NOMA scheme is given by

          

∣ ∣∣  ∣∣
CSC non  SIC  ∣ ∣∣

CSC non  SIC ∣ ∣∣
CSC non  SIC  (9) 

where

          ∣∣∣
CSC non  SIC 

 log∣∣ 
∣∣ 

      (10) 

and

 

      ∣∣∣
CSC non  SIC 

 log∣∣ 
∣∣ 

       (11) 

Ⅳ. Brief Review of CSC/non-SIC NOMA

It is observed in [18] that 

          ∣ ∣∣
CSC SIC  ∣ ∣∣

 ISC SIC               (12) 
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and

 

               ∣ ∣∣
CSC SIC  ∣ ∣∣

 ISC SIC             (13) 

where the equalities hold over

             ≤ 
              (14) 

Then when CSC is designed properly, we have

             ∣ ∣∣
CSC non  SIC  ∣ ∣∣

CSC SIC         (15) 

and

             ∣ ∣∣
CSC non  SIC  ∣ ∣∣

CSC SIC         (16) 

Notably, the CSC/non-SIC NOMA scheme achieves 

∣ ∣∣  ∣∣
 ISC SIC  , with probability one, even though 

CSC/non-SIC NOMA does not perform SIC at all.

Ⅴ. Outage Probability

When SIC fails, i.e., ∣∣∣∣, the sum rate of 
the conventional ISC/SIC NOMA scheme degrades 

severely, as shown in Fig. 2. This outage probability 

that the conventional ISC/SIC NOMA scheme achieves 

a lower sum rate than ideal ISC/SIC NOMA schemes, 

which is given by

ou t ∣ ∣∣ ∣ ∣∣ ∣ ∣∣
 ISC SIC  ∣ ∣∣

 ISC SIC   

(17)

Here we need the joint probability density function

Fig. 2 Comparison of rate regions of conventional 
ISC/SIC NOMA for SIC success or failure. 

∣∣ ∣∣  ∣∣ ∣∣∣         (18)

where we use the channel gains, ∣∣  and ∣∣ , 
are independent. Thus, the outage probability that the 

conventional ISC/SIC NOMA scheme achieves a lower 

sum rate than the ideal ISC/SIC NOMA scheme, i.e., 

always SIC success, is derived as

         

ou t ∣ ∣∣ ∣ ∣∣ ∣ ∣∣
 ISC SIC  ∣ ∣∣

 ISC SIC  
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   (19)

Note that the ideal ISC/SIC NOMA scheme is 

assumed to perform SIC successfully always, whereas 

the CSC/non-SIC NOMA scheme does not perform SIC 

all the time.
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Fig. 3 PDFs ∣∣   and ∣∣   of channel 
gains squared ∣∣  and ∣∣ , (  ).

Ⅵ. Results and Discussions

First, we start numerical results with a simple 

example, and then generalize these results. As shown 

in Fig. 3, consider the channel gains     and 

  , that is, the strong channel gain is three times 

stronger than the weak channel gain,   . Then 

based on the derived outage probability, we obtain 

ou t . Therefore, the improvement of the outage 
probability of the CSC/non-SIC NOMA scheme with 

respect to that of the conventional ISC/SIC NOMA 

scheme is , because the outage probability of the 

CSC/non-SIC NOMA scheme is zero.    

Now, we present the generalized numerical results 

in Fig. 4, with varing channel gain ratio  . As the 

channel gain ratio   becomes smaller, the outage 

probability ou t  becomes larger, as shown in Fig. 4. 
Therefore, as the channel gain ratio   becomes 

smaller, the improvement of the outage probability of 

the CSC/non-SIC NOMA scheme becomes larger 

compared to that of the conventional ISC/SIC NOMA 

scheme.

Fig. 4 Comparison of outage probabilities of 
conventional ISC/SIC NOMA and CSC/non-SIC 

NOMA. 

Notably, the equal or similar channel gains’ problem 

in the existing ISC/SIC NOMA scheme has been a big 

problem; thus the CSC/non-SIC NOMA scheme might 

solve such severe problem in the conventional ISC/SIC 

NOMA scheme.

Ⅶ. Conclusion

This paper investigated the improved outage 

probability of the CSC/non-SIC NOMA scheme. First, 

we derived the outage probability of the conventional 

ISC/SIC NOMA scheme, under block Rayleigh fading 

channels. Then, simulations demonstrated that the 

outage probability of CSC/non-SIC NOMA improves 

greatly, in contrast to that of conventional ISC/SIC 

NOMA. As a result, the CSC/non-SIC NOMA scheme 

could be one of promising techniques in 5G networks, 

especially with the improved outage probability.  
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