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and Capacity Region for NOMA
with Gaussian Mixture Interference
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Abstract

Non-orthogonal multiple access (NOMA) has been considered for the fifth generation (5G) mobile networks to
provide high system capacity and low latency. We calculate the channel capacity for the weak channel user in
NOMA and the channel capacity region for NOMA. In this paper, Gaussian mixture channel is compared to the
additive white Gaussian noise (AWGN) channel. Gaussian mixture channel is modeled when we assume the
practical signal modulation for the inter user interference, such as the binary phase shift keying (BPSK)
modulation. It is shown that the channel capacity with BPSK inter user interference is better than that with
Gaussian inter user interference. We also show that the channel capacity region with BPSK inter user interference
is larger than that with Gaussian inter user interference. As a result, NOMA could perform better in the practical
environments.

Key words：Non-orthogonal multiple access, successive interference cancellation, power allocation, channel
capacity, binary phase shift keying

Ⅰ. Introduction

Ⅱ. System and Channel Model

Recently, non-orthogonal multiple access (NOMA)

Assume that the channel gains are  and 

has received significant attention for the fifth

with     and for the total transmit power 

generation (5G) mobile networks due to high

and the power allocation factor  with  ≤  ≤ ,

system capacity and low latency [1-4]. In this

 is allocated to the user-1 signal   and   

paper, the inter user interference is modeled as

 is allocated to the user-2 signal   , with

Gaussian mixture noise, instead of Gaussian

          . The superimposed signal is

noise in the standard NOMA. Section II defines

expressed by

the system and channel model. In Section III, the
channel capacity for the NOMA weak channel

    
  
   

user and the capacity region for NOMA are
calculated. In Section IV, we present and discuss

(1)

Then the received signals of the user-1 and

the results. The paper is concluded in Section V.

the user-2 are represented as
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Ⅲ. Channel Capacity for NOMA Weak
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Channel User and Channel Capacity Region

 
       
   

for NOMA

   
 
     
    

The channel capacity is defined as [5]
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where  and  ~     are additive white

where   is the input PDF, the entropy of 

Gaussian noise (AWGN) and   is one-sided

is      log    ,      and  is

power spectral density. The notation μΣ 

AWGN. For Gaussian noise, the channel capacities

denotes the normal distribution with mean μ and

in bit/s/Hz for the user-1 and the user-2 are

variance Σ. In addition,  is defined as

simply calculated as [5]
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For the binary phase shift keying (BPSK)
density function (PDF) of  is given by
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and

modulation, with  ∈   , the probability
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However, for the Gaussian mixture noise model,
the channel capacity calculation for the user-2 is

   
 





  
 


different from the equation (9). Now we start
with the fact that the sum of independent Gaussian
random variables (RVs) is still Gaussian, i.e.,

Note that if the inter user-2 interference   is
modeled as the BPSK modulation, then  is no
more Gaussian noise, but Gaussian mixture

  
        
  


noise. On the other hand, in the standard NOMA,

sum of independent Gaussian RVs

the inter user-2 interference   is modeled as

with

Gaussian modulation. In this case,  is simply
Gaussian with the normal distribution, which is


        ~       (11)

given by
Then the channel capacity for the user-2 is
 ~  

(5)

calculated as

In the standard NOMA, the successive interference
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cancellation (SIC) is performed only on the user-1.


Then the received signals are given by
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Fig. 1. Channel capacities of Gaussian mixture noise and
Gaussian noise for the NOMA weal channel user.

Fig. 2. Channel capacity regions of Gaussian mixture
noise and Gaussian noise for NOMA.

where    is calculated as    

2. As shown in Fig. 2, the capacity region of
Gaussian mixture noise is larger than that of



  
 






   


  
 


       


     
 

   
  

Gaussian noise.

(13)

Ⅴ. Conclusion


    
 

  
    



We calculated the capacity for the NOMA
weak channel user and the capacity region for

and     is already defined in the previous

NOMA

section for Gaussian mixture noise model.

under Gaussian

mixture

interference

model. It was shown that the capacity for the
NOMA weak channel user became better and the

Ⅳ. Results and Discussions

capacity region was enlarged with such assumption.
Consequently, there could be a possibility that

Assume that the channel gains are    

NOMA could perform better in the practical

and     . The total transmit signal power to

surroundings.

one-sided power spectral density ratio is   
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