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Abstract Since a sufficient condition on the larger rate volume of 3-user correlated information
sources (CIS)/non-successive interference cancellation (SIC) non-orthogonal multiple access
(NOMA) over independent information sources (IIS)/SIC NOMA has not been investigated, this paper
analyzes such a sufficient condition. First, we demonstrates that the rate volume of 3-user CIS/SIC
NOMA is the same as a portion of the rate volume of 3-user IIS/SIC NOMA. Then, by identifying
a dominant rate region, we calculate the sufficient condition on the larger rate volume of 3-user
CIS/non-SIC NOMA over 3-user IIS/SIC NOMA. We also show that with such condition, the rate
volume of 3-user CIS/non-SIC NOMA can be larger than that of 3-user IIS/SIC NOMA.
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1. Introduction

Non-orthogonal multiple access (NOMA) in
the fifth-generation (5G) mobile network is
considered as a promising technology, owing to
efficiency and lower

its large spectral

latency[1,2]. NOMA allows superposition coding

(SC) and successive interference cancellation
(SIC)[3,4]. Also NOMA can increase spectral
efficiency by sharing channel resources[5]. In
addition, the bit-error rate (BER) of NOMA
networks was derived in [6]. Local oscillator
imperfection was investigated [7]. The BER with
randomly generated signals was studied [8]. The
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exact BER expression was investigated for the
two or three-user cases[9]. The average symbol
error rate (SER) expression was derived in [10].
The importance of SIC of NOMA was
considered [11]. The secure NOMA-enabled
mobile network was investigated [12]. In [13],
the physical layer security was also considered.
The intelligent reflecting surface (IRS) NOMA
was presented in [14]. The mutual-aid NOMA
scheme was studied [15]. The higher order
visible  light

communication (VLC) systems were investigated

modulation ~ schemes  in
[16]. Various receivers structures for NOMA
were investigated [17]. Impacts of channel
estimation errors were studied [18]. Asymmetric
binary pulse amplitude modulation NOMA was
proposed in [19]. Total power for achieving 1+1
capacity region was calculated in NOMA[20].
Correlated information sources (CIS) have been
studied for NOMA[21]. Correlated
proposed for lossless NOMA implementation
without SIC[22].

In this paper, we calculates a sufficient

SC was

condition on the larger rate volume of 3-user
CIS/non-SIC NOMA with respect to 3-user
sources(IIS)/SIC
NOMA, especially the values of correlation

independent  information
coefficients of CIS, based on the achievable
data rates in [21]. First, we demonstrates
numerically that the rate volume of 3-user
CIS/SIC NOMA is the same as a portion of the
rate volume of 3-user 1IS/SIC NOMA. Then, by
identifying a dominant rate region, we calculate
the sufficient condition on the larger rate
volume of 3-user CIS/non-SIC NOMA over
3-user IIS/SIC NOMA. We also show that with
such condition, the rate volume of 3-user
CIS/non-SIC NOMA can be larger than that of
3-user IIS/SIC NOMA.

The remainder of this paper is organized as

follows. In Section 2, the system and channel

model are described. The achievable rate
volumes for 3-user NOMA are presented in
Section 3. A sufficient condition on larger rate
volume of 3-user CIS/non-SIC NOMA over
3-user IIS/SIC NOMA is calculated in Section 4.
The numerical results are presented and
discussed in Section 5. Finally, the conclusions

are presented in Section 6.

2. System and Channel Model

In a cellular downlink NOMA network, three
users are assumed to experience block fading. A
base station and three users are within a cell.
The complex channel coefficient between the
mth user and tbase station is denoted by &,
m=1,2,3. The channels are
lhy | = I hy| = Ihy|. The base station sends

sorted as

3
the superimposed signal == Y] V3,P,c,,

m=1
where ¢, is the message for the mth user with
average unit power, Ellc, |’]=1, where Elu]
represents the expectation of the random
variable(RV) u, B, is the power allocation

coefficient for CIS (we use «, for IIS), with
3

N1 3, =1, and P, is the average total allocated
m=1

power. The correlation coefficient between the
ith and jth users is denoted by s, ; = Elec;]. For
a average total transmitted power P at the base
station, P, is scaled ashe base station is

denoted by

P

i

P, =

1)

The observation at the mth user is given by
Ym = hm‘r_'_nm’ (2)

where n,, ~N(0,N,/2) is additive white Gaussian
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noise(AWGN) at the mth wuser. Note that
purely-real complex correlation coefficients

(i.e., p ;= Relp, ;1) are assumed in the rest of this

paper.

3. Achievable Rate Volume for 3-User NOMA In
this section, we summarize the rate volumes
for three different 3—user NOMA schemes.

3.1 3-User 1IS/SIC NOMA

In this subsection, the achievable rate volume
of IIS NOMA is given by [1]

. | hy |2 Poy
R,l(Hé/HF) — 10g2 1+ T s (3)
. | hy | 2Poy
RUIS/SIC) —jog |y 4 72 7T | 4
2 2 | hy | *Poy +0° @
and
o | hy | 2P,
R;(HA/AJ(‘):Ing 1+ . 3 32 =
: [ hy | “Poy + | hy | “Poy, +0

©)

3.2 3-User CIS/SIC NOMA

In this subsection, the achievable rate volume
of CIS/SIC NOMA is expressed as [21]

Rﬁ((”IS/S](‘) _ logz 1+ | hl | QPAﬂZ(l*pf 2_3) )’
o
©
R{C1S/SIC)
Lhy | 2PA(*@1<17/’?.3)"'52(17/’5.3) +o?
_ +2\/ﬂ—1 \/ﬂ—z(/’lz —pi3)
= log, 2 2 2 ’
Lhy | PAﬂ1<17p1 2.3>+‘7
7

and

R;( C1S5/SIC)

| | hy | 2P 40"
= 10g; p p P 5
N hy | ZPA(H1<17/’§.3>+52<17/’5.3) +o*

+2 \/ﬂ—l \/ﬂ—z(plz 7/’13)

®

where the conditional correlation coefficient

P95 is defined by

pf by = (Pu 7/’13)2 +72P52P13(17ﬂz3) ) (9)
1= pig

3.3 3-User CIS/non-SIC NOMA

In this subsection, the achievable rate volume
of CIS/non-SIC NOMA is expressed as [21]

Ri( CIS/non — SIC) (10)

| | hy | 2P+0
=log, i a i .
? hy | ZPA(ﬂ2<17/‘5.1)"'»6:;(17/4.1) +o*

+2\/E\/ﬂ—3(ﬁ2_3 7102.1101.3)

R}(F]S/non*é‘]ﬁ) (11)
| | hy | 2P+0
= log P S S
Yy ZPA(*%(l7/’5.2)"'53(17/4.2) +o?
+2\/E\/ﬁ—3([’1_3 7/’1.2/’2.3)
and
R(;((W]S/non*é‘](j) (12)

| | hy | 2P+0
=log, : ; ;
Y1y | ZPA(*%(l7/’5.:;)"'52(17/’5.3) +o

+2\/E\/ﬂ—2([’1_2 ~P1Ps.2)

4, Calculation for Sufficient Condition on Larger
Rate Volume of 3-User CIS/non-SIC NOMA
over 3-User 1IS/SIC NOMA
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Fig. 2. Comparison of rate volumes of 3-user
CIS/non-SIC NOMA and conventional
3-user 1IS/SIC NOMA

First, we note that the rate volume of 3-user
[IS/non-SIC NOMA is generally smaller than
that of 3-user IIS/SIC NOMA, as shown n Fig. 1.
It should be noted that

corresponds IS, i.e., all information sources are

Pro =P =p3 =00

independent. However, for large correlations, it
is observed in Fig. 2 that the rate volume of
3-user CIS/non-SIC NOMA can be larger than
that of 3-user IIS/SIC NOMA. (Note that for Fig.
2, we choose sufficiently large
Pra =P 3 =p 3 =08.) Thus, we want to calculate
a sufficient condition on larger rate volume of
3-user CIS/non-SIC NOMA over 3-user 1IS/SIC

NOMA. The problem can be expressed as

—

RI((W]S/H(W*SI(W) > Rl(]]Ag/AQIF)’ (13)

RQ((US/nmL — SIC) > R;IIA?/AQ]F), (14)
and

R(;((W]S/nonfﬁ'](j) > R(;(HS/S](W)~ (15)
However, the closed-form expression for

such condition looks intractable. Thus, we need

a intermediate step for this condition, as

follows:
Rl( CIS/SIC) — Rl(HS/ SIC), (16)
Rz( CIS/SIC) — RQ(HS/ SIC), 17)
and
R;( CI8/SIC) — R;(HS/ SIC) a 8)

11S/SIC NOMA
CIS/SIC NOMA Equal
£ / rate volumns

P12 = p13 = p23 =08, CIS

//«//7 6
< 4
R, bpsHz ® " —
0 R,, bps/Hz

Fig. 3. Comparison of rate volumes of 3-user
CIS/SIC NOMA and conventional 3-user
lIS/SIC NOMA

Note that for a portion of power allocation
ranges, the rate volume of 3-user CIS/SIC
NOMA is equal to that of 3-user IIS/non-SIC
NOMA, as shown in Fig. 3. (Note that for Fig. 3,

we use the same values of p, =p, 3 =p,; =0.8 as
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Although  with the

afore-mentioned intermediate step, for 2-user

those in Fig. 2.)

NOMA case, the closed-form expression has been
derived, the condition for 3-user case looks still
intractable. Thus, we try to analyze the condition
numerically, instead of the analytical expression.

With the intermediate step, we try to have

R’l( CIS/non — SIC) - R’l( CIS/SIC) , (1 9)

RZ((US/ non = SIC) ~ RCIS/SIC) (20)
and

R;( CIS/non — SIC) - R;( CI8/ SIC) (21)

Then we obtain the target in equation (13),

(14), and (15).

0.8 CIS/SIC NOMA
CIS/non-SIC NOMA!
0

W
\

4 pr2 = p13 = p23 = 0.52, CIS
6 ,//7 ‘6
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o
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B =

Dominant
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Fig. 4. Comparison of rate volumes of 3-user CIS/
SIC NOMA and 3-user CIS/non-SIC NOMA

5. Numerical Results and Discussions

In this section, we present a numerical
calculation for the approach in the previous
section. For this calculation, we assume that the
channel gains are & | =+2, Ik | =1, and
| hy | =0.1. In addition, the average total
transmitted signal-to-noise power ratio (SNR) is
P/o* =50,

——CIS/SIC NOMA
——CIS/non-SIC NOMA|

4
=)

Closely larger
rate region

o
o

R3, bps/Hz
I

oo

R1, bps/Hz R2, bps/Hz
Fig. 5. Comparison of dominant rate regions of 3—user
CIS/SIC NOMA and 3-user CIS/non-SIC NOMA
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) 3= P23 B
4
6 — 2
R,, bps/H
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Fig. 6. Comparison of dominant rate regions of
3-user CIS/SIC NOMA and 3-user CIS/
non-SIC NOMA.

First, in order to achieve the the target in
equation (13), (14), and (15), we need to have
the larger rate volume of 3-user CIS/non-SIC
NOMA than that of 3-user CIS/SIC NOMA,
especially for the entire power allocation
ranges. For this, we have to identify the
dominant rate region in the corresponding rate
volume, as shown in Fig. 4. (Remark that we
choose the values of p,=p,=p =052 to
highlight dominant rate regions.) In addition,
for large correlation information, the non-SIC
NOMA scheme is recommended, while for small
correlation information, the SIC NOMA scheme

is preferred.
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Fig. 7. Comparison of rate volumes of 3-user
CIS/non-SIC NOMA and conventional
3-user 1IS/SIC NOMA.

Now, we try to obtain a sufficient condition
as close as possible, i.e., p,, =p 5 =py 5 =050, as
shown in  Fig. 5.  However, when
Pra =Py =p; =049, we observe the smaller
dominant rate region of 3-user CIS/non-SIC
NOMA than that of 3-user CIS/SIC NOMA, as
shown in Fig. 6. Therefore, we have the tight
sufficient condition p,, =p, 3 =p 5 =0.50. With
such condition, we depict the rate volumes of
3-user IIS/SIC NOMA and 3-user CIS/non-SIC
NOMA, as shown in Fig. 7. Note that when
Pro=pr3=pyy =050, we have the larger rate
volume of 3-user CIS/non-SIC NOMA than that
of 3-user IIS/SIC NOMA. One comment on our
experiments is that when the sufficient
condition is satisfied, CIS/non-SIC NOMA is
IIS/SIC NOMA for

transmitting information, especially without SIC,

more efficient than

which results in reduced receiver's complexity
and low latency.

It is worth mentioning that although a
tractable closed-form equation is currently
difficult to obtain, the extension of the results
to cases with M>=4 users could be achieved by

heavy algebraic manipulation.

6. Conclusion

This paper calculated a sufficient condition

on the larger achievable rate volume of 3-user
CIS/non-SIC NOMA over IIS/SIC NOMA. First,
we demonstrated that the rate volume of 3-user
CIS/SIC NOMA is the same as a part of the rate
volume of 3-user IIS/SIC NOMA. Then, based on
a dominant rate region, we calculated the
sufficient condition on the larger rate volume of
3-user CIS/non-SIC NOMA over 3-user 1IS/SIC
NOMA. We also showed that with this
condition, the rate volume of 3-user
CIS/non-SIC NOMA can be larger than that of
3-user IIS/SIC NOMA.

As a direction of future researches, it would
be significant to investigate the achievable rates
for CIS NOMA with the number of users more
than three.

As a result, CIS could be more efficient than
IIS in transmitting information of NOMA
5G  mobile
especially without SIC complexity.

systems in communications,
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