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Non-SIC NOMA: Gaussian Mixture
Channel Capacity under BPSK and
QPSK Modulations

Kyuhyuk Chung’
ABSTRACT

We propose non-orthogonal multiple access
(NOMA) without the successive interference
cancelation (SIC). This paper compares the channel
capacity of the non-SIC NOMA to that of the
standard NOMA. It is shown that the channel
capacity of the non-SIC NOMA is almost the same
as that of the standard NOMA for the operating
range of the power allocation factor less than 20 %
or greater than 80 %. In result, the non-SIC NOMA
could be one of promising schemes, without the SIC

complexity.
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I. Introduction

Non-orthogonal multiple access (NOMA) is one
of promising technologies, which provides high
system capacity and low latency, to become a new
paradigm for fifth generation (5G) mobile networks
51 1n NOMA, the user with the better channel
condition employs the successive interference
cancelation (SIC) to remove the signals of users
with the worse channel conditions. In this paper,
NOMA without the SIC is proposed and the channel
capacity of the non-SIC NOMA is compared to that
of the standard NOMA. The paper is organized as
follows. Section II defines the system and channel
model. In Section III, the channel capacity for the
non SIC NOMA is calculated. In Section IV, the

results are presented and discussed. The paper is
concluded in Section V.

II. System and Channel Model

Assume that the total transmit power is P, the

power allocation factor is & with 0 < @ <1 ang

the channel gains are hl and hz with |hl‘ > |h2 |

Then P is allocated to the user-1 signal %1 and

(1—a)P is allocated to the user-2 signal 2, with
2 2
|31| |32|

is expressed by

z =~aPs + /(1 —a)Ps,. )

E =E

. The superimposed signal

If no SIC is performed on the user-1 with the
better channel condition, the received signals of the
user-1 and the user-2 are represented as

n o= |h1|\/ﬁsl +(|h1|\l(1—a)]’82 + "1) = |h1|\/581 +ny
T, = |h2|q(l—cy)Ps2 +(|h2‘\/551 +n2)
= |h2|d(1—oz)Ps2 +ny
@

where ™ and Mo ~ N (0,Ny /2) are additive
white Gaussian noise (AWGN) and N, is one-sided
power spectral density. The notation N (M,E)
denotes the normal distribution with mean (& and

variance Y. In addition, ™3 and "4 are defined as

n. :|hQ|\lozPs1 + ny
’ 3)
n, = |h1|\/(1 — a)Ps, + n,.

If we assume the binary phase shift keying
(BPSK) modulation, with s,8, € {+1,—1} then the
probability density functions (PDFs) of '3 and "4

are given by
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) ) 7(7137‘}1“2 ‘«/E)z
_ 2N, /2
Py (1) = e M
227N, /2
™o / AN C)
7(7z3+‘h2‘«@)
4 1;€ 2N, /2
2 22N, /2
and
) ) 7(71,,‘7‘/1,1 ‘J(lfa)P)z
_ 2N, /2
Py () = e 2
227N, /2 s
7(n1+‘h1 N(lfu')P)-
1 . 2N, /2 .

1
+_—
227N, /2

In the standard NOMA, the SIC is performed
only on the user-1. Then the received signals are

given by

Y = |h,l|\/047Ps1 +n,

Yo =75

(6)

II. Non-SIC NOMA Channel Capacity

We calculate the channel capacity for the non
SIC NOMA. Note that if we use the channel
capacity with the ideal Gaussian modulation for both
the signal and the inter user interference, the
non-SIC NOMA looks not working[ﬂ. However,
when we use the channel capacity with the practical
modulations, such as the BPSK and quadrature
phase shift keying (QPSK) modulations, for both the
signal and the inter user interference, the non-SIC
NOMA is now unveiled and looks working[7’8]. In
this paper, the channel capacity is defined as the
maximum mutual information, maximized with an
input PDF, without the shaping, (often called as the
mutual information with equiprobable M-ary

constellations'™).

The capacity of equiprobable
M-ary constellations asymptotically approaches a
straight line parallel to the capacity of the ideal
Gaussian modulation, shifted right by 7€ /6 (1.53

dB), which is the shaping loss'®”. The capacity of

equiprobable M-ary constellations saturates because
information cannot be sent at a rate higher than
10g2 M | Tn Table I, we give the modulations for
the capacities. For the standard NOMA, the channel
capacities in bit/s/Hz for the user-1 and the user-2

are calculated as, with the ideal Gaussian

modulation,
2
aP
C, =log, |1+ M
0
mPaap]
-«
€, = log, |1+ 2l =P |

|h2|2aP+N0

For the non-SIC NOMA, the channel capacities
with the ideal Gaussian modulation for the user-1

and the user-2 are calculated as

CYLonfSIC) _ 1Og2 1+

non—SIC
c! I =q,.
(®)

Note that the channel capacities 02 and

,—SIC
C;mm ) for the user-2 are the same for both the

standard NOMA and the non-SIC NOMA. We
summarize the channel capacity with the practical
modulation for both the signal and the inter user
interference of the standard NOMA, which is

Table 1. Modulations for Capacities

NOMA capacity user-1 user-2
L ondard C Gaussian
standar C, Gaussian | Gaussian
SIC C{’"’"*Sm) Gaussian | Gaussian
Hom C; ....................... Gaussian | Gaussian
cY QPSK
standard
cw QPSK QPSK
onSIC Clton=sIO | QpSK | QPSK
cw QPSK | QPSK
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presented for the BPSK modulation in [5]. The
channel capacity for the user-1 is given by

A (P) = [ by w)log, ()

1 (C))
- 5log2 (2meN, / 2)
where
(4| NaP)
1 1 TN, )2
Py ) = s e N

T2 fonn, 2 10

(yﬁ\}ﬁ\«/fp)z

1 e W2

N

b
Note that 01( )( ) is the capacity of
(71

equiprobable M-ary constellations'”. The channel
capacity for the user-2 is given by

Céb) (P> = _fj:opYZ (yQ)IOgQ (py2 (yQ)) dyQ
+ 7 ) 108, (py, ()
(11))

where

(y2 7‘h2 ‘\/ﬁf‘h_) H(lfa)P )Z

2N, /2

1 1

Py, (9) = ~——=c¢

B4 forN, /2
(4 {1 NP~ |, JT—a)P )

1 2N, /2

1
——c
427N, /2

+

(y2 7‘%2 ‘«/aiPJr‘hz ‘\/(lfa)P)z

1 1 2N, /2
. — g
427N, /2
(4 {1 NP+, =) P )
1 1 N, /2
" v
4\J2xN, /2

12)

Note that Ny is not Gaussian, but Gaussian

mixture. So, Céb) is capacity for Gaussian mixture
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channel, not for AWGN channel. This observation is
not clearly presented in [8]. The results in [8] can
be easily extended to the non-SIC user-1 as

Cnon=SIC) (P) = _ff;pRl (r)log, (pfia (7’1)) dny

+ fj; Py, (n,)log, (pN4 (n4)) dn,
13)

where

(|1 NaP |1 [J—)P)

2N, /2

= ——¢

1
Py (1) =~
B4 farn, ) 2
(T]+‘hl‘\/an‘h]‘\)(lfry)P)z

(1 +m VP +|n )P |

2N, /2

1

1
J1 1 2N, /2
4 2rN, /2
(1~ | NaP + Na—a)P)
Ll
4\2rN, /2
+ e

1
4.JaxN, /2

14)

Since the QPSK modulation amounts to two
BPSK constellations in quadrature with the power
evenly divided between them, we calculate the
capacity for the QPSK modulation with the
following equation,

¢ (p)=20" [5]. (15)

IV. Results and Discussions

Assume that the channel gains are |h1| =12

and |h2| = 0.6. The total transmit signal power to

one-sided power spectral density ratio is
P /N, =15, (11.76 dB = 10log,,(15) ). This
total power ratio is chosen to guarantee that two
users transmit their information almost at the
maximum rate of the QPSK modulation, i.e., at the

rate of 2 bit/s. The channel capacities of the ideal
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Gaussian  modulation and the BPSK/QPSK
modulations for the standard NOMA and the
non-SIC NOMA are shown in Fig. 1, with different
power allocations, 0 < @ < 1. As shown in Fig.
1, for the BPSK/QPSK modulations, the channel
capacity of the non-SIC NOMA is almost the same
as that of the standard NOMA for the operating
range of the power allocation factor less than 20 %
or greater than 80 %. Note that if we use the
channel capacity with the ideal Gaussian modulation
for both the signal and the inter user interference,
the non-SIC NOMA looks not working. However,
when we use the channel capacity with the practical
modulation for both the signal and the inter user
interference, the non-SIC NOMA is now unveiled
and looks working. In addition, the non-SIC NOMA
with the BPSK/QPSK modulations suffers the
capacity loss for 20 % < o« < 80 %, as shown in
Fig. 1, due to the non-SIC.
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Fig. 1. Channel capacities of the ideal Gaussian
modulation and the BPSK/QPSK modulations for the
standard NOMA and the non-SIC NOMA with various
power allocations.

V. Conclusion

We proposed the non-SIC NOMA. This paper
compares the channel capacity of the non-SIC
NOMA to that of the standard NOMA. It was
shown that the channel capacity of the non-SIC
NOMA is almost the same as that of the standard
NOMA for the operating range of the power

allocation factor less than 20 % or greater than 80
%. In result, the non-SIC NOMA could be one of
promising schemes, without the SIC complexity.
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