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Abstract In the fifth generation (5G) networks, the mobile services require much faster connections
than in the fourth generation (4G) mobile networks. Recently, as one of the promising 5G
technologies, non-orthogonal multiple access (NOMA) has been drawing attention. In NOMA, the
users share the frequency and time, so that the more users can be served simultaneously. NOMA
has several superiorites over orthogonal multiple access (OMA) of long term evolution (LTE), such
as higher system capacity and low transmission latency. In this paper, we investigate impact of
channel estimation errors on successive interference cancellation (SIC) performance of NOMA. First,
the closed-form expression of the bit-error rate (BER) with channel estimation errors is derived, And
then the BER with channel estimation errors is compared to that with the perfect channel
estimation. In addition, the signal-to-noise (SNR) loss due to channel estimation errors is analyzed.
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1. Introduction of high spectral efficiency, massive connectivity,

and low latency [1-2]. With the state-of-the-art

Non-orthogonal multiple access (NOMA) has technologies such as millimeter wave (mmWave),

recently emerged as a key radio multiple access massive multiple-input multiple-output (MIMO),

MA) technolo to meet the tremendous , ,
(MA) &Y NOMA has attracted great attention to achieve

requirements of future mobile fifth generation higher system capacity (3. In particular, NOMA

G) networks, owing to its inherent advantages , , . ,
66) & 8 is considered as a promising MA of 5G mobile
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communications. The key idea of NOMA is that
when the siginal with wusing superposition
coding (SC) is transmitted at the base station,
successive interference cancellation (SIC) is
performed for separating the signals in power
domain, and after cancellation, the signals with
lower power levels will be considered as noise
[4]. In the NOMA scheme, many users signals
are superimposed at the base station, while SIC
is applied to separate the transmitted signals at
each receiver [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 addition, the state-of-the-art
advances in NOMA can be found in [14-17],
NOMA performances are investigated by the
achievable rate, the outage probability, and the
BER. In this paper, the BER performance is
evaluated for the imperfect channel state
information (CSI). Specifically, we define the
percentage channel estimation, and derive the
closed-form expression of the BER for NOMA
with imperfect CSL. In addition, we investigate
the signal-to-noise (SNR) loss for imperfect CSIL
The remainder of this paper is organized as
follows. In Section 2, the system and channel
model are described. The analytical expression
of the BER for NOMA with imperfect CSI is
derived in Section 3. The results are presented
and discussed in Section 4. Finally, the
conclusions are presented in Section 5.

Our contributions are summarized as follows;

1. An analytical expression for the BER of
NOMA with channel estimation errors is
derived. 2. The impact of channel estimation
errors on the BER is investigated. Especially, we
oberve that the BER degradation is severe, for
the power allocation range, about « <0.2, and
the SNR loss due to imperfect CSI is about 6 dB.

Base Station

\ h User 1 User 2
/1 h i
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Fig. 1 System and Channel Model.

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. For
the number of users more than two, the results
can be generalized with more complex
derivations. The block diagram for the system
and channel model is illustrated in Fig. 1. We
investigate the Rayleigh fading channels,
because this channel model is mostly used in
cellular mobile communications. The Rayleigh
fading channel between the mth user and the
base station is denoted by h, ~ CN(0,%,,), m=1,2,
where CN(1,X) represents the distribution of
circularly-symmetric complex Gaussian (CSCG)
random variable (RV) with mean p and variance
Y. The channels are sorted as X, >%,. The base
station will send the superimposed signal

xr= \/Q_Psl + \/(I*OL)PSz,

for the mth user with unit power,

where s, is the

message
Els,’1=Ells,1=1, « is the power allocation
factor, with 0<a <1, ie, the percentage

power allocation of the first user, and P is the
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total transmitted power at the base station. The

observation at the mth user is given by

',)TH. = ‘h

m

lx+n, , (1)

where n, ~N(0.N,/2) is additive white
Gaussian noise (AWGN). The notation N(u,X)
represents the distribution of Gaussian RV with
mean p and variance X, and N, is one-sided
power spectral density. We assume the binary
phase shift keying (BPSK) modulation with
s, €{+1,—1}. We consider the BPSK modulation,
because BPSK is one of the common

modulation techniques.

Table 1. Two causes for imperfect SIC

SIC decoding channel estimation

perfect SIC perfect perfect

imperfect SIC #1 in [13] imperfect | perfect

imperfect SIC #2 in this paper |perfect imperfect

3. BER Derivation with Imperfect CSI

We consider the power allocation range,
0 < a < 0.5, to ensure the user fairness. Then, we

define the percentage channel estimation error,

Lhy | — I hy, |

A A )

< 1. Such definition may be

where 0<e,, <
viewed as the simplified version of more
complex and realistic channel estimation errors,
such as minimum mean squared estimation
(MMSE) errors and least squares (LS) estimation
errors. The causes of the imperfect SIC are
mainly two: one thing is the decoding error of
the weaker channel user’s signal, and the other
is the channel estimation error. In this paper,
we only consider the impact of the channel

estimation error, assuming that the decoding of

the weaker channel user’s signal is perfect. Such

cases are summarized in Table 1.

Normalized Signal Constellation

[e]

Fig. 2 Normalized signal constellation for perfect SIC.
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Fig. 3. Normalized signal constellation for imperfect SIC.

Before preceeding, we should mention that
the impacts of the imperfect SIC due to
imperfect decoding errors with perfect CSI was
analyzed in [13].

Then without loss generality, we assume that
the perfectly decoded signal of the second user
is s,, =+1. In this case, for the perfect channel

state information (CSI), the decision boundary
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for the first user is given by

r =0, (3)

whereas for the imperfect CSI, the decision

boundary of the first user is given by

r=1h | VPA—a)— [ h, | VPI—a)
(1h | = Thy, | )VPI—a)
=1lhle,vP(1-a).

4

Then, the BER performance of the first user
with imperfect CSI is given by

P( 1; NOMA; imper fect CSI) _ (5)

e

_F(EIP(\/EHI\/W)ZJ

1

2 N,
1 (ElP(\/Eelx/(la)>2j
+5F ,

Ny
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Table 2. BER loss for varying power allocation

BER loss compared to perfect SIC
a=01 3x107*
a=02 3x107°
a=05 5x10°6

4. Numerical Results and Discussions

It is assumed that X, =15 and X, =0.5, for
the numerical results. In addition, we assume
e, =02, i.e., 20% channel estimation error.

For comparison, the BER performance of the

first user with perfect CSI is given by

@)

P NOMA;per fect CSI) — F( L\Pa )

Ny

First, in order to investigate the impact of
perfect CSI on the signal, we depict the signal
constellation, in Fig. 2. As shown in Fig. 2, when
the perfect CSI is available at the receiver of
the first user, the interference is perfectly
removed. However, when CSI is imperfect, the
interference remains at the first user’s receiver,
as shown in Fig. 3. Therefore, the imperfect CSI
degrades the BER performance of the first user.
Such degradation is depicted in Fig. 4, with the
fixded SNR P/N,=40dB, over the power
allocation range 0 < « < 0.5. As shown in Fig.
4, the BER degradation due to imperfect CSI is
severe up to the power allocation less than
a=02. As the power allocation
a=0.5, the BER degradation

becomes negligible. Such BER losses are

about
approaches

summarized in Table 2. In addition, to analyze
the SNR loss owing to the channel estimation,
in Fig. 5, we depict the BER performance for
the fixed power allocation, « =0.1, with varying
SNR 0<P/N, <50 (dB). As shown Fig. 4, we
observe the SNR loss of 6 dB, at the BER of
1071,

) ,
- pt NOMA: imperfect CS1)
1; NOMA: perfect CSI)

- P!
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Fig. 4 Comparison of BERs for perfect/imperfect
SIC, for varying power allocation.
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Fig. 5 Comparison of BERs for perfect/imperfect
SIC, for fixed power allocation.

5. Conclusion

We derived an analytical expression for the
BER of NOMA with channel estimation errors.
Then the impact of channel estimation errors on
the BER was investigated. It was shown that the
BER degradation is severe, less than the power
allocation, about «=0.2, and the SNR loss due
to imperfect CSI is about 6 dB, at the BER of
10°*. In result, the channel estimation error
NOMA

systems, especially for the stronger channel user.

should be considered in design of

As a direction for future research, it would be
significant to optimize the channel estimation
errors with algorithm, in more realistic channel
models’ surroundings,. In addition, it would be
interesting to investigate the impacts of MMSE
errors and LS estimation errors on the BER

performance.

(11
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