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Abstract

In the Internet-of-Things (loT) and artificial intelligence (Al), complete implementations are dependent
largely on the speed of the fifth generation (5G) networks. However, successive interference cancellation (SIC) in
non-orthogonal multiple access (NOMA) of the 5G mobile networks can be still decoding latency and receiver complexity
in the conventional SIC NOMA scheme.

Thus, in order to reduce latency and complexity of inherent SIC in conventional SIC NOMA schemes, we propose a
rate-lossless non-SIC NOMA scheme. First, we derive the closed-form expression for the achievable data rate of
the asymmetric 2PAM non-SIC NOMA, i.e., without SIC. Second, the exact achievable power allocation
interval of this rate-lossless non-SIC NOMA scheme is also derived. Then it is shown that over the derived
achievable power allocation interval of user-fairness, rate-lossless non-SIC NOMA can be implemented. As a
result, the asymmetric 2PAM could be a promising modulation scheme for rate-lossless non-SIC NOMA of 5G
networks, under user-fairness.
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1. Introduction

The Key feature for the convergence technologies, such as the Internet-of-Things (IoT) and artificial
intelligence (Al), is fast mobile networks [1]. In such future mobile networks, non-orthogonal multiple access
(NOMA) has been considered as promising technology [2-4]. High spectral efficiency and massive
connectivity can be superiorities of NOMA, compared with existing orthogonal multiple access (OMA) in 4G
mobile communications [5-7]. Such superiority was optimized in NOMA [8]. Cooperative NOMA was
considered for full-duplex relaying [9]. Underwater visible light communication (VLC) was investigated in
NOMA [10]. A power-outage tradeoff was studied for NOMA [11]. The bit-error rate (BER) performances
were derived for NOMA [12], whereas local oscillator imperfection was studied for NOMA [13]. The power
splitting was investigated for correlated superposition coding NOMA [14]. Also, in M-user NOMA systems,
power allocation was investigated for first and second strongest channel users [15]. In addition, the achievable
data rate for the asymmetric binary pulse amplitude modulation (2PAM) NOMA was derived [16]. In [16], the
asymmetric 2PAM is a modulation technique which reduces inter-user interference owing to channel-sharing
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in NOMA. Recently, the NOMA schemes were studied for correlated information sources (CIS) [17]. In
addition, negatively-CIS was investigated in [18].

Thus, in this study, in order to reduce existing latency and complexity in conventional SIC NOMA, we
propose a rate-lossless non-SIC NOMA scheme for asymmetric 2PAM. First, we derive the closed-form
expression for the achievable data rate of the asymmetric 2PAM non-SIC NOMA, i.e., without SIC. Second,
based on numerical equivalence between asymmetric 2PAM SIC NOMA and asymmetric 2PAM non-SIC
NOMA, the exact achievable power allocation interval of this rate-lossless non-SIC NOMA scheme is also
derived. Then it is shown that over the derived achievable power allocation interval of user-fairness, rate-
lossless non-SIC NOMA can be implemented.

The remainder of this paper is organized as follows. In Section 2, the system and channel model are
described. The review of the related previous works is presented in Section 3. Achievable data rates for the
non-SIC NOMA scheme with asymmetric 2PAM is derived in Section 4. In Section 5, Achievable power
allocation interval of this non-SIC NOMA scheme is also derived. The results are presented and discussed in
Section 6. Finally, this paper is concluded in Section 7.

The main contributions of this paper can be summarized as follows:
e We derive achievable data rates for the non-SIC NOMA scheme with asymmetric 2PAM.

e Based on such achievable data rates, we show numerically that for stronger channel user, the
achievable data rate of the non-SIC NOMA scheme is almost same as that of the SIC NOMA scheme,
especially with perfectly-asymmetric 2PAM.

e From such numerical equality, we derive the achievable power allocation interval of the non-SIC
NOMA scheme.

e We demonstrate in numerical results that the achievable data rates of the SIC NOMA scheme can
be achieved by the non-SIC NOMA scheme, over the achievable power allocation interval of user-
fairness.

2. System and Channel Model

In block fading channels, the complex channel coefficient between the mth user and the base station is

denoted by h, and h, with |h1| > |h2 | . In this work, each receiver of all users is assumed to be equipped
with a single antenna. The base station will transmit the superimposed signal x = fo;l,/ﬂmPAsm , where s,
is the message for the mth user with unit power, 3, is the power allocation coefficient (we use «,, for

standard 2PAM NOMA), with fozl B8,=1, M =2, P isthe constant total transmitted power at the base

station, and P, is the total allocated power. The observation at the mth user is given by

h

m

ym = T+ nm’ (1)

where n, ~AN(0,N,/2) is additive white Gaussian noise (AWGN). In this letter we assume that the

standard 2PAM, s, €{+1,—1}, and the asymmetric 2PAM s e 2y, 1) , are used, for the weaker and

stronger channel users, respectively, where v is the asymmetric factor, 0<v<Il . Remark that in the
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conventional NOMA, the standard 2PAM, s,,s, € {+1,—1}, are used for both users, i.e., v=1. It is assumed that

for the given information bits b;,b, €{0.1}, the bit-to-symbol mapping of the standard 2PAM with v=1 is
given by

sy(b,=1) =1’ )

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

5,(b = 0] by =0)=+2—v ‘sz(b2 =0)=+1
5B =1]b,=0) ==y sy =1) ==1

3)
s;(by=0]b,=1)=—2—v
50 =11k, =1) =+,
For the constant total transmitted power P at the base station, P, is given by
“)

P
P,= .
1+2W¢E\/(1—a)

Remark that to have the maximum interval, we only consider the asymmetric 2PAM with v=0, in the rest of
this paper

3. Review of Achievable Data Rate for SIC NOMA

In this section, we first present achievable data rates for asymmetric 2PAM SIC NOMA, to obtain those
for asymmetric 2PAM non-SIC NOMA, although they can be found in the existing work [33]; for the first user,

when perfect SIC is assumed, i.e., SIC NOMA with n =y, —|hl|«/Oé2PA82 = |hl|11041PAs1 +n, , the

. tric 2PAM SIC NOMA) - :
achievable data rate R{f(sgg;*e He SIC NOMA) s given as

ic 2PAM SIC NOMA]
Rl = h(ri| )= (s y.b,)

x 1 5
—- f_oo Py, (11 1By = 0)logy pg 5 (13 |5, = 0)dy, —Elogz(ZweNO /2). %)

where
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(71"/11‘ aPAxl(bI:0|bz))2

| | | 7(“"}’1‘ aPAsl(bl:”bZ))z
N2 W, 12
Prip (1 1by)) = ————=c 0 — 0 .
w 1102)=3 27N, /2 227N, /2 ©)
And for the second user, the achievable data rate P;T?ﬁm;fg)c SPAMESIC NOMAY {5 given as
ic 2PAM SIC NOMA 0 Dy, (J’2 b, = O)
s = [ g, s 1y = Otog, D20 ™
0 Pm(yz)
where
(v, /P; Vo, (b =06,=0)+ (1—a)sz(b2=0)))2 (1P, N, (b =1, =0)+ (1—0)32(172:0)))2
L . 2N, 2 te 2,2
)=t z | .
2aNg 12| (il Vas, (b =08, =1)+(1=a)s, (b, 1)) (o /P; Vs, (b =1, =1)+- (1=, (5, 1)
e 2,2 L N, 2
and
(P, (Vs (5 =008, =01, (5,=0)
11 2N, 12
Prys, (01, =0)=———c !
1is, (2162 =0) 227N, /2
(v 1 P (Vs (5, =16 =0)+ 1=, b, :o)))Z ©)
+l 1 . W, 12
2N, 12
It should be noted that for v=1, we have
dard 2PAM SIC NOMA ic 2PAM SIC NOMA
i = g s o, (10
and
(standard 2PAM SIC NOMA) __ p ric 2PAM SIC NOMA)
R3] (non-SIC) = P (hon-SIC) : (11)

In addition, to clarify our contributions, we depict the rate loss owing to non-SIC, i.e., without SIC, in Fig. 1,
as follows:
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Figure 1. lllustrations for severe rate-loss of standard 2PAM SIC NOMA for first user, owing to non-

SIC.

As shown in Fig. 1, the severe rate loss is observed when SIC is not perform in the standard 2PAM NOMA
scheme. It should be noted that such severe rate loss is due to inter-user-interference in the non-SIC NOMA

scheme. In the rest of the paper, we demonstrate rate-lossless non-SIC NOMA for asymmetric 2PAM and

derive the achievable power allocation interval of this rate-lossless non-SIC NOMA.

4. Derivation of Achievable Data Rate for non-SIC NOMA

In this section, we formally derive achievable data rates for asymmetric 2PAM non-SIC NOMA; because

P(asymmetric 2PAM non-SIC NOMA) __ P(asymmetric 2PAM SIC NOMA)
2 [(non-SIC) ~ 2| (non-SIC) ’

. (asymmetric 2PAM non-SIC NOMA) . PO
we derive only Ry onsic) , which is given as

(asymmetric 2PAM non-SIC NOMA) __ .
R | (non-SIC) =1 (M’bl)

=h(y)=h(nb)-

The PDF  py, (n) is represented by

(3~ P, (Vorey (,=0)+ (1—a)c2(b2:0\b1:0)))2 (3|2, (Vore, (5,=0)+ (1—a)cz(bz:ub,:o)))2

2N,/2 2N,/2
» (y )_l 1 e 0 +e 0
T 4 2zN,y /2 (7~ P, (Vore, (B =1)+ (lf(x)cz(bZ:O\b,:I)))z (P, (Vore, (8 =1)+ (17(;c)c2(bz:1\b,:1)))z
te 2N,/2 " 2N,/2

Then, the differential entropy is calculated by

h(n)= —E[log2 Py, (J’l)]

- _ffocpm (yl)logz p}ﬂ(}ﬁ)dyl.

(12)

(13)

(14)

(15)
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And the conditional differential entropy is calculated by

h()’l |b1): —E{logQ Dyjs, (Jﬁ ‘bl)]

= ’Z P(bl)f_%l’ylw, (Jﬁ |b1)10g2 DPyyp, ()’1 | b1>dJ’1~ (16)

b=0

1

where the conditional PDF is given by

| [ (v~ VB, (Vae, (8,)+ (170[)cz(bz:0\bl)))2 (5~ VB, (Vae, (5)+ (17a>c2(172:1|b,)))2

2N, /2 2N,/2 . (17)

1
Py (7 |b1)25m e +e
0

Hence the final expression can be given as

Rl(??non—se}g()) 2PAME non-SIC NOMA) — _LOCPYJ(J’l)logz Pm(y1>dy+ Zp(b1>f7xpn\3, (y] \b1>10g2 Py, ()’1 |b1)dJ’1~ (18)
b,=0

5. Derivation of Achievable Power Allocation Interval

To derive the achievable power allocation interval, we observe the following numerical result;
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Figure 2. Comparison of achievable data rates for asymmetric 2PAM SIC/non-SIC NOMA for first user.

As shown in Fig. 2, the numerical results show that they are almost the same, although the analytical

: i : ic 2PAM -SI MA . . .
expressions for R{[eye e 2PAM SICNOMA iy g piiats 2PAM nonSICROMA i are quite different,

R(standard 2PAM SIC NOMA)

Therefore, since it is difficult to have the achievable power allocation interval from Ry,

(asymmetric 2PAM non-SIC NOMA) : . (standard 2PAM SIC NOMA) (asymmetric 2PAM SIC NOMA)
and Ry Gonsic) , we obtain it from Ry g and Ry

instead; we start our derivation from such equation
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(standard 2PAM SIC NOMA) _ p(asymmetric 2PAM SIC NOMA)
Rl | (SIC) - Rl | (SIC) : (19)

After some algebraic manipulations, we obtain the following closed-form equation:

Ja=1 1
’ 1+2W\/ﬁ(l—ﬁ)

B2—v+ By . 20)

1
1+2W\/ﬂ(l—ﬂ)

Notably, when 3=1, we have a=0.5; hence, the achievable power allocation interval is 0<a <0.5, which is

calculated by, with =1,
1
/[—]NE +0
140

6. Numerical Results and Discussions

1
Sa=—=05. (21)

1
izl
73

, Ja:;ﬁ):

S
[N

We assumed that || =15 and |h|=0.5. The average total transmitted signal power to noise power

ratio (SNR) is P / N, = 15. For the first user, the achievable data rates of the asymmetric 2PAM non-SIC
NOMA scheme and the standard 2PAM SIC NOMA scheme are shown in Fig. 1.
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Figure 3. Achievable power allocation interval of asymmetric 2PAM non-SIC NOMA for first user.

As shown in Fig. 3, It is observed that for the first user, the achievable data rate of the asymmetric 2PAM non-
SIC NOMA scheme is almost the same as that of the standard 2PAM SIC NOMA, especially without SIC.
Notably, the achievable power allocation interval, i.e., 0<a <05, is consistent with that of user-fairness in the
NOMA literature.

Then, for the second user, the achievable data rates of the asymmetric 2PAM non-SIC NOMA scheme and
the standard 2PAM SIC NOMA scheme are shown in Fig,. 2.
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Figure 4. Achievable power allocation interval of asymmetric 2PAM non-SIC NOMA for second user.

As shown in Fig. 2, although rate-loss is not observed for the first user, the achievable data rate of the second
user in the asymmetric 2PAM non-SIC NOMA scheme is also the same as that in the standard 2PAM SIC
NOMA scheme. Notably, the achievable power allocation interval of 0<a <05 includes most of the typical
values of the power allocation, so that it is sufficient to implement the practical NOMA system, under user-
fairness.

7. Conclusion

In this paper, to reduce existing latency and decoding complexity in conventional SIC NOMA schemes, we
proposed the non-SIC NOMA scheme for asymmetric 2PAM.

First, we derived achievable data rates for the non-SIC NOMA scheme with asymmetric 2PAM. Second,
based on such achievable data rates, we showed numerically that for stronger channel user, the achievable data
rate of the non-SIC NOMA scheme is almost same as that of the SIC NOMA scheme, especially with perfectly-
asymmetric 2PAM. We then from such numerical equality, derived the achievable power allocation interval
of the non-SIC NOMA scheme. Finally, we demonstrated in numerical results that the achievable data rates of
the SIC NOMA scheme can be achieved by the non-SIC NOMA scheme, over the achievable power allocation
interval of user-fairness, with asymmetric 2PAM. As a result, the existing latency and complexity of a
conventional SIC NOMA scheme can reduced with the proposed non-SIC NOMA scheme, under the main
NOMA principle of user-fairness.

As a direction of future researches, it would be significant to improve the BER performance of the weaker
channel gain user with the proposed modulation scheme and non-SIC decoding.
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