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Analyses on Achievable Data Rate for Single-User Decoding(SUD) Receiver: with
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Kyu-Hyuk Chung’

o OoF
I 5

2 =12 1T SIC NOMA9KE x4 o 2 SICE 334 &+ SUD /\]7]9] A AFES LFgTh
WA, 7 A AREARel tial A AR SUD NOMASK o AEH g9 #A4d Fd4E Fregrh
&, 4 AE AREARl disld =, =3 FEe] SIC NOMAS FHdf A .t‘?:'r?% HlaLsto], gk AR e SUD
NOMA?| Hdj HEE2> ‘”HWOE Fashs As Boenh 14, OP & g ARtz
H grgde] SIC NOMAS A AFE3} vaLste], gy Jre] SUD NOMA®] o) dEF&2

st e QEdth 7be, 4 4ude] SUD #4718 Al A48 A 9e 125 96
ka4 7 A%l o3, SUD NOMA®] o) 2483} SIC NOMA®] o) 4452 ZyA vlagh

ABSTRACT

This paper investigates the achievable data rate for the single-user decoding(SUD) receiver, which does not
perform successive interference cancellation(SIC), in contrast to the conventional SIC non-orthogonal multiple
access(NOMA) scheme. First, the closed—form expression for the achievable data rate of SUD NOMA with correlated
information sources(CIS) is derived, for the stronger channel user. Then it is shown that for the stronger channel user,
the achievable data rate of SUD NOMA with independent information sources(IIS) is generally inferior to that of
conventional SIC NOMA with IIS. However, for especially highly CIS, we show that the achievable data rate of SUD
NOMA is greatly superior to that of conventional SIC NOMA. In addition, to verify the impact of CIS on the
achievable data rate of SUD, the extensive comparisons of the achievable data rates for the SUD receiver and the SIC
receiver are compared for various correlation coefficients.
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| . Introduction

In the fifth-generation(5G) wireless mobile
communications,

access(NOMA) has
access(MA),

efficiency and

non-orthogonal multiple

emerged as a promising
to high spectral
latency[1, 2],
compared to orthogonal multiple access(OMA)[3-5].
The power-domain NOMA has studied

extensively[6, 7]. The users with better channel

multiple owing

low transmission
been
conditions can remove other users’ signals by
successive interference cancellation(SIC)[8].

Lately, the bit-error rate(BER) performance of
NOMA was investigated[9]. The impacts of local
oscillator imperfection were studied in NOMA[10].
The
signals was derived[11]. The BER expression was
studied for Nakagami-m fading channels[12]. The
average symbol error rate(SER) expressions were

BER expression with randomly generated

derived[13]. The optimal power control was
investigated based on individual QoS
constraints[14], whereas the energy harvesting
NOMA was proposed for

machine-to-machine(M2M) communications[15].

In addition, single-user decoding(SUD) has been
studied for discrete-input Lattice-based NOMA, and
a single-user decoder, which treats other users’
signals as interference, was proposed, instead of the
conventional SIC decoder[16-19].

The most of the above-mentioned literature in
NOMA
sources(IIS). Recently, the BER performance has

assume independent information

been investigated for correlated information
sources(CIS)[20].

In this paper, we investigate the achievable data
rate of the stronger channel user in NOMA for
CIS, especially under the SUD receiver, in contrast
to most of the existing NOMA using the SIC
receiver. Fist, we derive the analytical expression
for the achievable data rate of the stronger channel

user with the SUD receiver for CIS NOMA. Then

1004

it is shown that the achievable data rate of the
SUD than that of the
conventional SIC receiver, for highly CIS.

receiver 1s larger

The remainder of this paper is organized as
follows. In Section II, the system and channel
model are described. The analytical expression for
the achievable data rate of the SUD receiver is
derived in Section HI. The results are presented
IV. Finally, the
conclusions are presented in Section V.

and discussed in Section

Il. System and Channel Model

In a celluar downlink NOMA transmission

system, all the wusers are assumed to be
experiencing block fading, in a narrow band of
systems, orthogonal
multiplexing(OFDM)  can

transform a frequency-selective channel into slow

frequencies. For wideband

frequency  division
fading ones. A base station and paired users are
within the cell. The complex channel coefficient
between the mth user and the base station is

denoted by &, m=1,2. The channels are sorted as

m?

lh, | > 1hy|. The base station sends the
superimposed  signal z=y/aP,s +/(1-a)P,s,,

where s, is the message for the mth user with
Ells,P1= Ells,1 =1, Elu]

expectation of a random

unit  power, where
represents  the
variable(RV) wu, o is the power allocation factor,
with 0<a <1, and P, is the total allocated power.
The correlation coefficient is p, , = Els;s,]. Owing
to correlation, the power of the superimposed signal
z is not equal to P,. Therefore, for the constant
total transmitted power P at the base station, P,

is effectively scaled by [21].

P

Fa= 1+2Ref{p,,} VavVi—a M

where Re{z} is the real part of a complex number



z. It should be noted that for IIS, P, =P. The

observation at the mth user is given by

/,,VI = ‘ hVVL ‘ :I;+n"1, (2)

=1lh, | JaP;s;+ | h, | 1/(17(1)PA sy Fn,,

where n,, ~N(0,N,/2) is additive white Gaussian
noise(AWGN). The notation N, X) represents the
distribution of Gaussian RV with mean p and
variance Y. Two uniform sources are given by
{P(bl =0)=p, =1/2 3)
P, =1)=1-p =1/2
{P(b,_, =0)=p,=1/2
Pb,=1)=1-p,=1/2 °

For IIS, the joint probability mass function (PMF)
is given by

1.1 1
Ploy =0.b, =0)= X 5=—=
1.1 1
Pb, =0,b,=1)=—X—=—
272 4

111 (4)
= = =X —-=—
P, =1,b,=0) 5X 5=
1.1 1
= = = —X —=—,
Pb, =1,b,=1) 5% 5= 1

For CIS, the joint PMF is given by

P(bl =0,b, =0)= D.0

P(bl =0,b, = 1) %1 T 5 %o
1

—_

P(b, =1,b,=0) = tho =5 Do
P(bl =1b, = 1)= .1~ .0

In this paper, we assume that CIS has the positive

correlation, which  corresponds  to
1 1
Z< Q.0 < o

calculated as[20]

P12 >0,

Then the correlation coefficient is

P12 :E[%S‘Z] =dq— 1 (6)

In this paper, we consider the BPSK modulation,

s, €{+1,—1}. It is also assumed that the
conventional bit-to-symbol mapping:
51(by =0)=+1 [s,(b, =0)=+1
— 1= e (7)
s (b =1)==1 |s,(b, =1)=—1.

Additionally, to ensure the user fairness, the power
usually assumed.
to have the
perspective and understanding,

allocation range, a<0.5, Iis

However, in this paper, broader
we consider the

entire power allocation range, 0 < a < 1.

Ill. Derivation for Achievable Data Rate of
SUD Receiver

We consider mainly the first user, ie. the
stronger channel user. It should be noted that SUD
is already used for the weakest channel gain user
in the conventional SIC NOMA, because in the
SIC NOMA, with  the
weakest channel gain dose not perform SIC

conventional the user

generally.

Shannon Capacity is defined as the mutual
information Ly;x)=h(y)—h(y | x), where
h(y)=— Ellog,p,(y)] is the differential entropy, and
py{y) is the probability density function(PDF). For
the SUD receiver, since SIC is not performed, we
have the received signal

e ®)

Based on the definition of the mutual information,
the achievable data rate R““?) is given by

RL(SUU) :1(y1 ?bl) 9)
:h(y1)*h(yl \ b1).

Now, the PDF of y, is represented by
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Fig. 1 Achievable data rates R““” and R''® for
Pra =0
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0
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Then, the differential entropy is calculated by
h(y, )= Ellog, Py, (v,)] 11

+ oo
— / Py lom,Py )y,

And the conditional differential entropy is calculated
by

h(y1 I bl)
:7E[10g2PY, [ Bl(yl ‘ bl)}
1 oo
:7bzggp<bl)\/, Py B,(yl ‘ bl)log2py1 [ B,(yl ‘ bl)di‘/r
12)

where the conditional PDF is given by
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Aby) 2rN,/2
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1 1 - 2N,/2

- Ab) \2rN,/2 ‘
(13)

Then we derive the achievable data rate R'"”

with the SUD receiver for the first user

B =h(y)=h(y | b)
1 foo
:h(y1)+bgop(b1)\/l PY\ [ B,(yl | bl)logZPYl [ B,(yl | bl)dyl

+ oo

=h(y,)+ B Py o 1 b =0)logyPy | g (v | by =0)dy;,
(14)

where the translation property of the differential

entropy is used. Now, we simplify R*“”) more by

the total probability theorem

Py, (n)=

Py B,(yl | b, =0)Ab, ZO)JFPYJ [ u,(?h |0, =1)Ab, =1)-
15)

Then RSYP) is simplified as
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where we use again the translation property of the
differential entropy. Finally R®“”) is derived as
R = (16)
+ o0
—J_. Py Bl(yl I'b, :O)P(bl :0) 10g2PY1(y1)dyl T oo Py Bl(yl | b, =0)
+inm@1‘hzlﬂﬂﬁ:1) R = Pml&@lHﬁzmm&———7;——————@r
+oo —o Y,(yl)
+ B PY1 | Bl<y1 I'b :0)10g2PY, | Bl(yl Ib, :O)dyv 17
+oo

I Py Bl<y1 I'b :0)10g2py1(?/1)dy1

+ oo

+ . Py Bl<yl I'b, :O)Ingpy, [ Bl(yl
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IV. Results and Discussions

We compare the achievable data rate R of
the SUD receiver to the achievable date rate )
of the ideal perfect SIC receiver, which is given by

Rl(SI(')
:](TJ b | by)

=h(ry | b)—h(r | b,by)

+ co
:7/7 PYI\B2<y1‘b2:

0)log,” Y| 32(?/1 | b, =0)dy,

1
fglogZ(QTre]V“/Q)‘
(18)
where
Py gl 1 by)= (19)
r—|h, Hz
9.5, 1 ’%
Hb,) \rN,/2
ri+[hy ﬁg
n 4 p, 1 ei%
Ab) \orNy /2
It is assumed that l'h, | =v15  and
I hy, | =+0.5. We consider the constant total
transmitted signal power to noise power ratio

(SNR) P/N, =15.

In Fig. 1, for IS, ie, p,,=0, we depict the
achievable data rate R°””, compared to the
achievable date rate R"“/®, over the entire power
allocation range 0 <a <1, for better understanding.

As shown in Figl, for IS, R"" is generally

inferior to R“?), especially at the vicinity of
a=0.5. And in Fig. 2, we plot only R*®) for the
various correlation coefficient, p, , =0, %%% and
%, which correspond to %‘“:%’%’%’% and
i—s, respectively. As shown in Fig. 2 when the
correlation  coefficient  p,,  increases,  R'¢)

1008

decreases severely.
SUD
coefficient  p, ,

However, for the receiver, as the

SUD
Rl( )

increases greatly, as shown in Fig. 3, 4, 5, and 6.

correlation increases,

. R 1
First, as shown in Fig. 3, for p,, =3 except the

vicinity of a=05, RSY? is superior to R,

L 2 -
Second, as shown in Fig. 4, for Pa=g RSUP)

R (S1C)

1S superior to , over the entire power

allocation range 0 <« <1. Third, as shown in Fig.

R (SUD) R (S1C)

5 and 6, the superiority of over

4
g andﬁ

Lastly, we should mention that the results for

increases more and more, for p, , =

the SIC receiver and the SUD receiver are
different. First, for the SIC receiver, the reason for
the reduced achievable rate is that the correlated
sources reduce the entropy, because the maximum
entropy is obtained by the uniform sources. Now,
the same reasoning is also applied to the SUD
for the SUD recever, the
reduction of the entropy due to the correlation is

receiver. However,

applied to noise, not signal. Therefore, the
achievable rate of the SUD receiver increases, as

the correlation of sources increases.

V. Conclusion

This paper investigated the achievable data rate
of the SUD receiver for NOMA with CIS. First,
the analytical expression for the achievable data
rate of SUD NOMA with CIS, for the stronger
channel user. Then it was shown that for the
stronger channel user, the achievable data rate of
SUD NOMA with IIS is generally inferior to that
of conventional SIC NOMA with IIS, whereas for
especially highly CIS, the achievable data rate of
SUD NOMA is greatly superior to that of
conventional SIC NOMA. In addition, to verify the

superiority of the SUD receiver over the SIC
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receiver, the extensive comparisons of the
achievable data rates for the SUD receiver and the
SIC receiver were presented for various correlation
coefficients.

As a direction of the future research, it would
be interesting to investigate the criterion of the
correlation coefficient, for which the SUD receiver
is generally superior to the SIC receiver over the

entire operating power allocation range.
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