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Abstract: In non-orthogonal multiple access (NOMA), the degraded performance of the weaker
channel gain user is a problem. In this paper, we propose the asymmetric binary pulse amplitude
modulation (2PAM), to improve the bit-error rate (BER) performance of the weaker channel user
in NOMA with the tolerable BER loss of the stronger channel user. First, we design the asymmetric
2PAM, calculate the total allocated power, and derive the closed-form expression for the BER of
the proposed scheme. Then it is shown that the BER of the weaker channel user improves, with
the small BER loss of the stronger channel user. The superiority of the proposed scheme is also
validated by demonstating that the signal-to-noise ratio (SNR) gain of the weaker channel user is
about 10 dB, with the SNR loss of 3 dB of the stronger channel user. In result, the asymmetric
2PAM could be considered in NOMA of 5G systems. As a direction of the future research, it would
be meaningful to analyze the achievable data rate for the propsed scheme.
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1. Introduction multiple access (NOMA) is an efficient multiple

access (MA) technique, which is considered as a

In the fifth-generation (5G) network, non-orthogonal promising candidate. owing to its higher
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spectral efficiency and low latency [1, 2I,
compared to orthogonal multiple access (OMA).
NOMA is based on well-known schemes such as
superposition coding (SC) and successive
interference cancellation (SIC) [3, 4]. NOMA can
improve the spectral efficiency by sharing the
transmission resources simultaneously [5]. In
addition, the bit-error rate (BER) NOMA
performance was analyzed for M-user in [6].
The effect of local oscillator imperfection was
studied for NOMA [7]. In [8], the BER expression
was analyzed with randomly generated signals.
In [9], the exact BER expression was presented
for the two and three-user cases. The exact
average symbol error rate (SER) expressions
were presented in [10]. Recently, it was reported
that SIC is crucial for the performance of
NOMA [11]. The performance of a secure
NOMA-enabled mobile network is investigated
in [12]. In [13], the authors investigated the
physical layer security in NOMA. The intelligent
reflecting surface (IRS) assisted NOMA was
proposed in [14]. In [15], the authors attempted
to reduce further the complexity of the
near-end wusers, with a mutual-aid NOMA
strategy. The higher order modulation schemes
in downlink power domain NOMA-based visible
light communication (VLC) systems was studied
in [16].

Meanwhile, a problem in NOMA is that the
worse performance of the weaker channel gain
user. Even though the more power is allocated
to the weaker channel gain user, there is still a
problem for the performance of the weaker
channel gain user.

In this paper, we propose the asymmetric
binary pulse amplitude modulation (2PAM),
which improves the BER of the weaker channel
gain user, with the tolerable loss of the BER
performance of the stronger channel user.

Specifically, first, we design the asymmetric

PAM, and then the total allocated power of the
asymmetric PAM is derived. In addition, the
analytical expression of the BER is derived. We
show that the BER of the weaker channel user
improves, at the cost of the tolerable BER loss
of the stronger channel user.

A comment on the asymmetric 2PAM is that
the asymmetric 2PAM is proposed for the first
time in this paper, because the performance of
the asymmetric 2PAM is inferior to that of the
symmetric 2PAM in OMA. However, in NOMA,
the multiple signals are superimposed, so that
the asymmetric 2PAM affects the performances
of the multiple users, differently. Such gain and
loss is investigated intensively in this paper.

The remainder of this paper is organized as
follows. In Section 2, the system and channel
model are described. The design and the
performance analysis are presented in Section
3. The results are presented and discussed in
Section 4. Finally, the conclusions are presented

in Section 5.

2. System and Channel Model

We consider a cellular downlink NOMA
transmission system, in which two users are paired
from a base station within the cell. The Rayleigh
fading channel between the mth user and the base
station is denoted by &k, ~CN(0.X,), m=1.2,
where CN(u,X) represents the distribution of
circularly-symmetric complex Gaussian (CSCG)
random variable (RV) with mean x and variance
Y. The channels are sorted as X, >X,. At the
base station, the superimposed signal

z=+vaPs, ++(1—a)Ps, is transmitted, where s,,

is the message for the mth user with unit
power, ElsPl=Els,’]=1, « is the power
allocation factor, with 0<a <1, and P, is
the total allocated power. The observation at

the mth user is given by
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=lh, lz+n,, @)
where n,, ~ N(0,N,/2) is additive white Gaussian
noise (AWGN). The notation N(u %) represents
the distribution of Gaussian RV with mean pu
and variance X, and N, is one-sided power

spectral density.

3. Design and BER Derivation of Asymmetric
2PAM

First, in subsection 3.1, we design the
asymmeric 2PAM. Then, in subsection 3.2, the
total allocated power is calculated. In
subsection 3.3, an analytical expression for the
BER is derived. In addition, to ensure the user
fairness, we consider the power allocation

range, a <0.5,

3.1 Asymmetric 2PAM Design

In this paper, we assume that the standard
2PAM, s,E{+1,—1}, and the asysmetric 2PAM
s;ie{£v2—v.+ vV}, are used, for the weaker
and stronger channel users, respectively, where
v is the asymmetric factor, 0<v<1. It is
assumed that for the given information bits
b,0,£{0,1}, the bit-to-symbol mapping of the
standard 2PAM with v=1 is given by

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

Normalized Signal Constellation

- (

—(P4/P)(‘/ —a); v=025
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Fg. 1 Normalized Signal Constellation for Asymmetric 2PAM

s (by =0 1 b,=0)=tv2—v [s,(h, =0)=+1
[Sl(bl =118,=0=+v {SZ(bZ =1)=-1 0
s;(b, =0 1 by=1)=—+v2—v

si(by =11 b, =1)=+ v

The normalized signal constellations are depicted

in Fig. 1.

3.2 Total Allocated Power Calculation

We assume that the base station can transmit
only the power of P. Thus, the constant total
transmitted power P is represented as the

power of the superimposed signal,

P=E[|z]?] 4
[|\/_Sl+ (1— a)P Sy 2}.

First, for the standard 2PAM of both users, the
total allocated power P, is calculate by
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Fig. 2 Comparison of BER for standard/asymmetric 2PAM for
second user.
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However, for the asymmetric 2PAM of the first

user, the total allocated power P, is calculate

by

Py=P, (6)
« E[ | \/(;:;1 |2]+E[ | \/(l—a)s2 | 2 Jr21~?e{E[\/gs1 (l—a)s; }
E | Vas, IP]+E[ | VUi—a)s, | )| +2Re{H Vas, V1 —a) s, }
E[ | JaP, s + (1—01)PAS2 | 2]
o)}

T H 1 Vas, 1 E | Vi-a)s, |2+ 2Re (B[ Vas, V-
P

T 14 2Re (B[ Vas, i

_ P

T 1+2Va VI —a) Re{E[s,s,] }
P

T1v2vav

where Re{z} is the real part of a complex
number 2. It should be noted that for v=1,

P, =P.

pe o P(l SIC NOMA: standard ZPAM) v=1
\
P(l SIC NOMA: asymmetric 2PAN 1)1 =05
A P(l SIC NOMA: asymmetric 2PA\I)1 v =025
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N
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Bit error rate
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Fig. 3 Comparison of BER for standard/asymmetric 2PAM
for first user.

3.3 BER Derivation
For the first user, if the perfect SIC is

assumed, ie. b, is given, the interference is

substracted,

ylzvrlh“(\/m \/2—1) x/_) o
=1 A(s(b e ‘/2—” Vo bg)

@)
The likelihood for the first user is expressed as

PRII Bl<y1 | bl’bZ): ®)
(3/1* [ B \/W(sl(bl | by)— M Ub"))Q

2N,/2

1
\/27TN/

Based on the maximum likelihood (ML),

optimum detection is expressed as
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Fig. 4. Comparison of BER for standard/asymmetric
2PAM for second user.

B= I, o o). ©)

Then we solve the equal likelihood equation
PRII Bl<y1 I, :O’bZ):PRlI Bl<y1 I'b, = 17b2)’ (10)
which is given by

(ylf [ 7] \/PA(Y (sl(bl =01 b)—
2N,/2

1
I —
\2mN,/2

(L‘/l’ “’1‘ \/PA“ (51(}’1 =110b)—
2N,/2

1
\2mN,/2 ‘
1n

Bit error rate
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Fig. 5 Comparison of BER for standard/asymmetric
2PAM for first user.

Thus, the one exact decision boundary is
given by
4 =0 (12)

Then, the decision regions are given by

by=0: 0<y _

{51:1- y, <0 » for b, =0, (13)
by=0: y <0 _

{b1:1 0<y = lrk=l

Here, the perfect SIC BER performance of the
first user, conditioned on the channel gain, is

given by
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Table 1. SNR gain of asymmetric PAM over standard

PAM
v=0.5 +7 dB
v=0.25 +9 dB
v=0.1 +10 dB
v=0 +11 dB
R( 1 A“Jh(:‘NOMA sasymmetric 2PAM) 14)
[|M@(LLE¥EPJ
1 A 2
¢ N2
where
= 1 -F
o= [ o (15)

Then we can use the well-known Rayleigh

fading integration formula

(16)

S = e [
0 R 2

1+,

where v is exponentially distributed with mean

. Thus, the BER expression can be expressed

by

plISIC NOMAsasymmetric2PAM) 17)
2
Va—u+
[leA (Ui\/;) a]
=F 2
N
where
1 M
F =—|1—4/— |.
(’Y},) 2 ( 14n, (18)

Similarly, for second user, the optimal ML BER

performance is given by

z ML NOMA; asymmetric 2PAM) _ (19)
+1F( \/1 a+\/2 v\/_)

2

1 (ZIPA \% 1 04 \/';\/E)z)
+5F .

1 (21PA V- a+\/2 v\/_))
+ZF

1 (ZIPA \% 1 04 \/';\/E)z)
+ZF

1 (leA V- a — V2w \/5)2)
+—F

4 Ny
+iF(21PA Vi=a)+v~

4. Numerical Results and Discussions

It is assumed that >, =15 and X,=05. It
should be noted that we compare the BER of
the asymmetric 2PAM (v=1) to that of the
standard symmetric 2PAM (v=1), in NOMA. We
also mention that the BER of the asymmetric
2PAM (v=1) is genenrally inferior to the
standard symmetric 2PAM (v=1), in OMA.

4.1 BER of Second Uer for Fixed SNR

First, we consider the constant total
transmitted signal power to noise power ratio
(SNR) P/N,=40 dB.
user, we depict the BER of the asmmetric 2PAM,
compared to that of the standard PAM, for the

v=1, 0.5, 0.25, 0.1, 0.

In Fig. 2, for the second

various asymmetric factor,
As the asymmetric factor v increases, i.e., the
asymmetricity of the 2PAM increases, the BER

performance improvement increases.

4.2 BER of First Uer for Fixed SNR

Second, for the first wuser, the BER
performances of the asmmetric 2PAM and the
standard PAM are shown in Fig. 3, for the
various asymmetric factor, v=1, 0.5, 0.25, 0.1, 0. It
is observed that for the first user, the BER

performance is degraded.
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It should be noted that based on the results
in Fig. 1 and 2, we should allocate the more
power to the first user, because the BER of the
first user degrades, whereas the BER of the
second user improves. Thus, the power
allocation a=0.4>0.2 is chosen for the results

of the varying SNR, 0 < P/N, <50 (dB).

4.3 BER of Second Uer for Varyng SNR

Third, in Fig. 4, for the second user, we depict
the BER of the asmmetric 2PAM, compared to
that of the standard PAM, for varying SNR. As
shown in Fig. 4, we observe the SNR gain of 10
dB for the asymmetric 2PAM of wv=01,
compared to that of the standard 2PAM. We also
show the SNR gain for the various asymmetric
factor, v=1,0.5,0.25,0.1, 0, in Table 1.

4.4 BER of First Uer for Varyng SNR

Fourth, in Fig. 5, for the first user, we plot
the BER of the asmmetric 2PAM, compared to
that of the standard PAM, for varying SNR. As
shown in Fig. 5, it is observed that the SNR loss
of 3 dB for the asymmetric 2PAM of v=01,
compared to that of the standard 2PAM. Note
that the 3 dB loss of the first user might be
tolerable, owing to the 10 dB gain of the second
user. For comparison, we also show the SNR
various factor,
v=1,0.5,0.25, 0.1, 0, in Table 2.

loss for the asymmetric

5. Conclusion

In this paper, we proposed the asymmetric
2PAM, in order for the BER of the weaker

Table 2. SNR loss of asymmetric PAM over standard PAM

v=0.5 -1 dB
v=0.25 -2 dB
v=0.1 -3 dB

v=0 -5 dB

channel user in NOMA to be improved, with the

tolerable BER loss of the stronger channe user.
First, we derived the analytical expressions for
the BERs of both users. Then it was shown that
the BER of the weaker channel user improves,
with the small BER loss of the stronger channel
user. We also validated that the SNR gain of the
weaker channel user is about 10 dB, with the
SNR loss of 3 dB of the stronger channel user,
for the fixed power allocation, a=04. As a
consequence, the asymmetric 2PAM could be a
promising scheme in NOMA of 5G systems.

In addition, the proposed NOMA could promote
the convergence of artificial intelligence (Al) and
internet of things (IoT) by the improved 5G
networks.
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