International Journal of Advanced Smart Convergence Vol.9 No.4 34-41 (2020)
http://dx.doi.org/10.7236/IJASC.2020.9.4.34

IJASC 20-4-5

Analysis on Achievable Data Rate of Asymmetric 2PAM for NOMA
Kyuhyuk Chung
Professor, Department of Software Science, Dankook University, Korea
khchung@dankook.ac.kr
Abstract
Nowadays, the advanced smart convergences of the artificial intelligence (AI) and the internet of things
(IoT) have been more and more important, in the fifth generation (5G) and beyond 5G (B5G) mobile
communication. In 5G and B5G mobile networks, non-orthogonal multiple access (NOMA) has been
extensively investigated as one of the most promising multiple access (MA) technologies.
In this paper, we investigate the achievable data rate for the asymmetric binary pulse amplitude modulation
(2PAM), in non-orthogonal multiple access (NOMA). First, we derive the closed-form expression for the
achievable data rate of the asymmetric 2PAM NOMA. Then it is shown that the achievable data rate of the
asymmetric 2PAM NOMA reduces for the stronger channel user over the entire range of power allocation,
whereas the achievable data rate of the asymmetric 2PAM NOMA increases for the weaker channel user
improves over the power allocation range less than 50%. We also show that the sum rate of the asymmetric
2PAM NOMA is larger than that of the conventional standard 2PAM NOMA, over the power allocation range
larger than 25%. In result, the asymmetric 2PAM could be a promising modulation scheme for NOMA of 5G
systems, with the proper power allocation.
Keywords: NOMA, Superposition coding, User-fairness, Successive interference cancellation, Power allocation.

1. Introduction
Recently, the state-of-the-art technologies, such as the internet of things (IoT) and the fifth generation (5G)
mobile communications have been converged, in the advanced smart ways [1]. As one of the promising
multiple access (MA) in 5G mobile networks, non-orthogonal multiple access (NOMA) has been intensively
investigated [2-4]. In NOMA, the channel resources are shared by many users, so that the spectral efficiency
can be improved, contrast to orthogonal multiple access (OMA) in the fourth generation (4G) mobile
communications, such as long term evolution advanced (LTE-A) [5-7]. Such superiority was studied in
optimization perspective [8]. Meanwhile, cooperative NOMA was investigated with full-duplex relaying [9].
Also, NOMA was combined with underwater visible light communication (VLC) [10]. A power-outage
tradeoff was considered in NOMA [11]. The bit-error rate (BER) was derived for NOMA [12], while the
impact of local oscillator imperfection was considered for NOMA [13]. Recently, the BER performance for
the asymmetric binary pulse amplitude modulation (2PAM) NOMA was analyzed [14].
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In this paper, we investigate the achievable data rate of the asymmetric 2PAM NOMA. First, we derive the
analytical expression for the asymmetric PAM NOMA for both users. Then, it is shown that the sum rate of
the asymmetric 2PAM NOMA is larger than that of the conventional standard 2PAM NOMA, over the power
allocation range greater than about 25%.
The remainder of this paper is organized as follows. In Section 2, the system and channel model are
described. The achievable data rate for the asymmetric 2PAM is derived in Section 3. The results are presented
and discussed in Section 4. Finally, the conclusions are presented in Section 5.
1.1 Our Contribution Summary
The main contributions of this paper is summarized as follows: 1. We derive the achievable data rate for the
asymmetric 2PAM NOMA. 2. We validate that for the stronger channel user, the achievable data rate of the
asymmetric 2PAM NOMA degrades, over the entire power allocation range. 3. Furthermore, we also show
that for the weaker channel user, the achievable data rate of the asymmetric 2PAM NOMA improves, up to
the power allocation factor less than 50%. 4. It is shown that he sum rate of both users for the extremely
asymmetric 2PAM NOMA is larger than that of the conventional 2PAM NOMA, over the power allocation
range larger than 25%.

2. System and Channel Model
In block fading channels, the complex channel coefficient between the mth user and the base station is
denoted by h1 and h2 with
x   mM1 m PA sm ,

h1  h2 . The base station will transmit the superimposed signal

where sm is the message for the mth user with unit power, m is the power allocation

coefficient, with  mM1m  1 , M  2 , P is the constant total transmitted power at the base station, and
PA is the total allocated power. The observation at the mth user is given by
rm  hm x  nm ,

(1)

where nm ～ 0, N 0 / 2 is additive white Gaussian noise (AWGN). It should be noted that at the receiver
of the mth user, the channel coefficient hm should be estimated, so that the absolute value hm

of the

channel coefficient hm is only available at each receiver. In this letter we assume that the standard 2PAM,
s2  {1, 1} , and the asymmetric 2PAM s1  { 2  v ,  v } , are used, for the weaker and stronger channel users,

respectively, where v is the asymmetric factor, 0  v  1 . Remark that in the conventional NOMA, the
standard 2PAM, s1, s2  {1, 1} , are used for both users. It is assumed that for the given information bits
b1, b2  0,1 , the bit-to-symbol mapping of the standard 2PAM with v  1 is given by
s1 (b1  0)  1

s1 (b1  1)  1

s2 (b2  0)  1
,

s2 (b2  1)  1

whereas the bit-to-symbol mapping of the asymmetric 2PAM with v  1 is given by

(2)
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s (b  0 | b  0)   2  v
1 1
2
,

s (b  1| b  0)   v
2
 1 1

s2 (b2  0)  1
,

s2 (b2  1)  1
(3)

s (b  0 | b  1)   2  v
1 1
2

s (b  1| b  1)   v .
2
 1 1

For the constant total transmitted power P at the base station, PA is given by

PA 

P
1 v  v
1 2
 1  
2

.

(4)

3. Derivation of Achievable Data Rate
We start our derivation from the definition of Shannon capacity, which is given as the mutual information
I  y; x  h  y   h  y | x , where h  y    log 2 pY  y  is the differential entropy, and pY  y  is the probability

density function (PDF). First, for the first user, If the perfect SIC is assumed, the achievable data rate R1 is
given by
R1  I r1; b1 | b2 
 h r1 | b2   h r1 | b1, b2 .

(5)

Now, we need two terms, h r1 | b2  and h r1 | b1, b2  , for calculating R1 . The conditional differential entropy
h r1 | b1, b2  is calculated by
1
h r1 | b1, b2   log 2 2eN 0 / 2.
2

(6)

where e  2.718 is the natural number. And the conditional differential entropy h r1 | b2  is calculated by
h r1 | b2   h  h1  PA s1 b1   h1 1   PA s2 b2   n1 | b2 
 h  h1  PA s1 b1   n1 | b2 
 h  y1 | b2 ,

(7)

where the conditioned variable b2 is removed at the second line, and y1  h1  PA s1 b1   n1 is the observation
after SIC is performed on r1 . Then, the PDF of pY |B  y1 | b2  is represented by
1

2
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pY1|B2  y1 | b2  

1
1
e
2 2 N 0 / 2
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2

 y1 h1

 PA s1b1 0|b2 



2 N 0 /2



1
1
e
2 2 N 0 / 2

 y1 h1



2

 PA s1b1 1|b2 
2 N 0 /2

.

(8)

Thus the differential entropy is calculated by
h  y1 | b2    log 2 pY1|B2  y1 | b2 


1

   P b2  



b2 0

 







pY1|B2  y1 | b2  log 2 pY1|B2  y1 | b2  dy1

(9)

pY1|B2  y1 | b2  0 log 2 pY1|B2  y1 | b2  0 dy1.

Hence, we derive the achievable data rate R1 as follows
R1  h r1 | b2   h r1 | b1, b2 
1
pY1|B2  y1 | b2  0 log 2 pY1|B2  y1 | b2  0 dy1  log 2 2eN 0 / 2.

2

 



(10)

Similarly, for the second user, the achievable data rate R2 is expressed by
R2  





pY2 | B2  y2 | b2  0 log 2

pY2 | B2  y2 | b2  0
pY2 |  y2 

(11)

dy1 ,

where the PDF pY2 |  y2  of y2 is represented by

pY2 |  y2  







y  h

2

1
1
e
4 2πN 0 / 2

y  h



1
1
e
4 2πN 0 / 2

2

2



PA  αs1 b1 0|b2 0 1α s2 b2 0
2 N 0 /2

2



PA  αs1 b1 1|b2 0 1α s2 b2 0
2 N 0 /2

2

2

2



PA  αs1 b1 0|b2 1 1α s2 b2 1
2 N 0 /2

y  h



1
1
e
4 2πN 0 / 2

2

y  h



1
1
e
4 2πN 0 / 2

2

2

2

(12)
2



PA  αs1 b1 1|b2 1 1α s2 b2 1
2 N 0 /2

.

and the conditional PDF pY2 |B2  y2 | b2  of y2 conditioned on b2 is represented by
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pY2 | B2  y2 | b2  0 



y  h

1
1
e
2 2πN 0 / 2

2



2



PA  αs1 b1 0|b2 0 1α s2 b2 0
2 N 0 /2

y  h



1
1
e
2 2πN 0 / 2

2

2

2

2



PA  αs1 b1 1|b2 0 1α s2 b2 0
2 N 0 /2

.

(13)

4. Numerical Results and Discussions
It is assumed that h1  1.5 and h2  0.5 . We consider the constant total transmitted signal power to
noise power ratio (SNR) P / N 0  15 . For the first user, the achievable data rate of the asymmetric 2PAM
and the standard 2PAM are shown in Fig. 1, for the various asymmetric factor, v  1, 0.5, 9.25, 0.1, 0 .

Figure 1. Comparison of achievable data rate for standard/asymmetric 2PAM NOMA for first user.
As shown in Fig. 1, It is observed that for the first user, the achievable data rate degrades, as the asymmetricity
increases, i.e., the asymmetric factor v decreases.
Then, for the second user, the achievable data rate of the asymmetric 2PAM and the standard 2PAM are
shown in Fig. 2.
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Figure 2. Comparison of achievable data rate for standard/asymmetric 2PAM NOMA for second user.
As shown in Fig. 2, however, for the second user, as the asymmetric factor v decreases, i.e., the
asymmetricity of the 2PAM increases, the achievable data rate increases, up to the power allocation factor less
than α  0.5 .
In order to investigate the total impact of the asymmetric 2PAM on the achievable data rate, we depict the
sum rate of two users in Fig. 3.
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Figure 3. Comparison of sum rate for standard/asymmetric 2PAM NOMA.
As shown in Fig. 3, the sum rate of v  0 , i.e., the extremely asymmetric 2PAM, is larger than that of v  1 ,
i.e., the standard 2PAM, except the power allocation range of about α  0.25 . For the power allocation range
of about α  0.25 , the superiority of the extremely asymmetric 2PAM over the standard 2PAM is significant.

5. Conclusion
In this paper, we calculated the achievable data rate for the asymmetric 2PAM NOMA. First, we derived
the analytical expressions for the achievable data rates of both users. Then it was shown that for the stronger
channel user, the achievable data rate of the asymmetric 2PAM NOMA degrades, over the entire power
allocation range. We also showed that for the weaker channel user, the achievable data rate of the asymmetric
2PAM NOMA improves, up to the power allocation factor less than 50%. In addition, the sum rate of both
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users for the extremely asymmetric 2PAM NOMA is larger than that of the conventional 2PAM NOMA, over
the power allocation range larger than 25%. As a consequence, the asymmetric 2PAM could be a promising
modulation scheme for NOMA of 5G systems, with the appropriate power allocation.
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