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Abstract

Recently, the symmetric superposition coding (SSC) [3] is proposed for a solution for the error propagation (EP)
due to the non-perfect successive interference cancelation (SIC) in non-orthogonal multiple access (NOMA). We
analyze the performance of NOMA with the SSC. It is shown that the performance of the SSC NOMA is the same
as that of NOMA with the normal superposition coding (NSC) for the power allocation factor less than 20%, the
SSC NOMA performance is better than the NSC NOMA performance up to the power allocation factor 80%, and the
SSC NOMA performs worse than the NSC NOMA for the power allocation factor greater than 80%. As a result, the
SSC should be used with consideration of the power allocation.
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| . Introduction

Non-orthogonal multiple access (NOMA) is the
superposition based multi-user access technique
for the fifth generation (5G) mobile networks, to
provide high system capacity and low latency
[1], [2]. In NOMA, the performance is greatly
dependent on the successive interference cancelation
(SIC). Recently, the symmetric superposition coding
(SSC) [3] is proposed for a solution for the
error propagation (EP). However, in [3], only the
simulation results are presented without the
derivation of analytical expressions. In this paper,
the SSC NOMA is compared to NOMA with the
normal superposition coding (NSC). The paper is
organized as follows. Section II defines the
system model. In Section III, the performance of
the SSC NOMA is derived. In Section IV, the

results are presented and discussed. The paper is

concluded in Section V.

[I. System and Channel Model

Assume that the total transmit power is P, the
power allocation factor is a with 0 < o < 1, and

the channel gains are h; and h, with |hy| > |h,l.
Then aP and (1—a)P are allocated to the user—1

signal s, and the user-2 signal s,, with unit

power. The superimposed signal is expressed by
r=+aPs ++/(1—a)Ps, (1)

Before the 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

7'1=|h1|\/ﬁsl+(|h1|\/(1*a)P52+n1) 2)
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7y = lhol V(1 —a) Psy + (Iho) VP s, +n,)

where n; and n,~N(0,N,,2) are additive white
Gaussian noise (AWGN) with zero mean and
variance N2 and NV, is one-sided power spectral
density. In the standard NOMA, the SIC is
performed only on the user-1. Let the information
bits for the user-1 and the user-2 be b, b,&
{0,1} with the binary phase shift keying (BPSK)
modulation s; s,& {4+ 1,—1}. Normal superposition

coding (NSC) is given by
3

However, symmetric superposition coding (SSC)

is represented as

1. SSC NOMA Performance

In the SSC NOMA, it is interesting that if no
power is allocated to the user-2 (o= 1), then the
user—1 cannot receive any information from the
base station. However, if there exists the inter
user—1 interference, the user-1 can receive the
information for a < 0.5. In effect, the perfect SIC
is achieved for a < 0.5. This effective perfect
SIC is achieved by the maximum likelihood (ML)
decoding of the user—1, not by decoding of the
inter user-1 interference and subtracting the
inter user-1 interference signal from the received
signal, ie., not by the standard SIC. So the ML
decoding of the user-1 is required. Now, we
derive the ML receiver for the SSC NOMA. The
likelihoods are expressed as

1
Prp, (rlo, =0) = EpRl‘Bl.Bz(rlle =0,b,=0) B)

1
+5Prs, 5, (rlb,=1,b, =0)

(315)
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and

1
Pryp, (rfb, =1) = EpRl\Bl.Bz(rlle =0b,=1) 6)

1
+ 5 PrB B, (ryfb, =1,b; =1)
(ry +1hy| VaP—|h| VA=) P)*
1 1 Ny
+— e
2 TNy
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where py(z) is the probability density function
(PDF). The ML detection is made as

7

b=argmaz ppp (r,lb,)
b,€1{0,1}

The equal likelihood equation is given by

pl?l\B1 (7‘1|b1 = O) :p]?l\B1 (rllbl = 1) (8)

For o < 0.5, the equal likelihood equation has
the two decision boundaries as follows; The first
approximate decision boundary, r, = |h,|v(1—a)P,
is obtained from

B (ry +1hy| VaP—|h| VI =a)P)?

1 1 ]
1 . N _ )
2 N
(ry — || VaP— ] VI—a)P)?
l 1 67 Ny
2 N
where we use the following observation, at r,=
|yl V(1 —a)P, for a<0.5,
(=l VaP+ In| VT=@)P)*
l 1 . N, ~ 0 (10)
2 N
(ry +1] VaP+ ] VI—a)P)?
1 1 B N,
2 /1N,
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Similarly, the second approximate decision L1 o (Ih [VP(VI—a)+Va) )
boundary, r, = — |h,| v/(1— )P, is obtained. The 2 VN,/2
decision region for s, =+1 is given by 1 h)vVP(V1—a)+Va)
-—=Q
2 N, /2
<—lh/vV(1—=a)P, In|vV1—a)P < (11) 1 b VP2 VI=a)+ Va)
if <05 5@ N2
.. . .. h 24/ (1— +
For a> 0.5, we similarly derive the decision +%Q (l VA 5\7/2&) \/a_))

region for s; =+1, as

7|h1| Vv O[P, |h1| Vv aP < T lf a <0.5 (12)

Then the probability of errors for the user-1
with the SSC ML decoding is given by, for
Ih,| vVaP

a < 0.5,
¢ ( N )
VP2V —a)+vVa)
VN,/2
lhvP(2V/(1—a)—
Q N2
and for a > 0.5,
d

1
ol

P(l; SSC ML) ~

e
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For comparison, we present the probability of
errors for the user-1 with the NSC ML decoding

in [4] as follows, for a > 0.5,

| =

(1 Nso ) L VP (Va—V(1—a)
1, VP (Va+V(1—a))
2 VN2
and for a < 0.5,
. hy|VaP
(1; NSC ML) __ 1
ST

(316)

V. Results and Discussions

Assume that the channel gain is || = 2.5. The
total transmit signal power to one-sided power
spectral density ratio is P/N, = 20. The probabilities
of errors with the NSC ML and SSC ML for the
user—1 are shown in Fig. 1, with different power
allocations, 0 < o« < 1. As shown in Fig. 1, the
performance of the SSC NOMA is the same as
that of NOMA with the NSC for the power
allocation factor less than 20%, the SSC NOMA
is better than the NSC NOMA
performance up to the power allocation factor 80%s,
and the SSC NOMA performs worse than the
NSC NOMA for the power allocation factor
greater than 80%6. Note that effectively, the perfect
SIC in the SSC NOMA is achieved for a < 0.5.

performance
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Fig. 1. Probabilities of errors with the NSC ML and SSC
ML for the user—1.
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V. Conclusion

We analyzed the performance of NOMA with
the SSC. It was shown that the performance of
the SSC NOMA is better or worse than that of
NOMA with the NSC, according to the power
allocation factor. In result, the SSC should be

used with consideration of the power allocation.
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