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ct

per studies a FD cooperative non-orthogonal multiple access (NOMA) system in te

e error probability (PEP) while considering imperfect successive interference cance

. Exact closed-form expressions of the PEP performance for the system users are d

P expressions are derived under both ideal condition and in the presence of self-inter

the FD relaying. Moreover, we derive asymptotic PEP expressions to evaluate an eff

y order for the considered system. Through the derived (asymptotic) expressio

ion results, we demonstrate that self-interference due to FD relaying has a great in

performance of the full-deplex relay.

ds: Non-orthogonal multiple access, cooperative relay, pairwise error probability,

y gain

oduction

-orthogonal multiple access (NOMA) is one of the key-enablers of fifth-generation (5G

munication systems. NOMA can effectively improve spectrum efficiency by using

to serve multiple users on the same resource block (in time domain, frequency dom

main) [1] [2]. The basic feature behind NOMA is to equip a receiver with some prio
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of the expected messages from other transmitters for successive interference cance

ior information can be utilized to further improve the system performance.

perative diversity, mostly used in infrastructure-less networks, emerged in the past

mising approach to increase the spectral and power efficiencies, broaden network co

uce the outage probability [3]. Cooperative relaying is introduced to NOMA to

diversity gain [4]. In cooperative NOMA, a user with good channel condition

d as a relay to forward signal to another user with a relatively worse channel condit

g so, the challenged (or far-away) user can achieve a spatial diversity gain. There

o kind of cooperative methods: half-duplex (HD) mode and full-duplex (FD) mode

], the authors investigate a relay selection scheme in half-duplex (HD)-based Decod

(DF) relaying to enhance the outage performance. In [7], the authors propose coop

with HD relay selection. To further improve the bandwidth efficiency, Full-duplex

chnology is a promising solution which can simultaneously receive and transmit sig

e frequency band although it suffers from residual loop self-interference (SI) [8]. T

[9] investigate the outage performance of secondary users in underlay cognitive radio

ogonal multiple access networks, in which the near user is used as the full-duplex d

ward (DF) relay for delivering the message to the far-user. Besides, an optimal lo

FD relay node is investigated for the purpose of minimizing the outage probability

[10] [11], the authors investigate two-stage transmission scheme and the ergodic su

age probability of a cooperative NOMA system have been evaluated. In [12], the a

he impact of relay selection on the performance of FD cooperative NOMA. In NOM

s use successive interference cancellation (SIC) to avoid co-channel interference and

sired signals. Most of the current research assumed SIC with perfect inteference ca

owever, this assumption is impractical due to the inaccurate power allocation and im

decoding [13]. Several results have been reported on the effect of imperfect SIC (

performance of NOMA systems [14]. However, all existing works focus on evaluati

ance of NOMA systems in terms of outage probability, ergodic sum rate, individu

d spectral efficiency.

r rate performance can offer a useful insight into the quality of service of all users [1

2
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r, accurate bit error rate (BER) analysis of NOMA systems with ipSIC is intra

otivates the evaluation of the PEP as an upper bound of BER [17]. As far as the a

that only the references [18–21] studied the system performance of NOMA in te

literature [18], the authors derived the closed PEP expressions of non-cooperative N

under Nakagami-m channel, and analyzed the effective diversity gain of the syste

re [19], the authors studied the impact of residual hardware impairment on the PEP

nal multiple access by taking into account the effect of imperfect successive inter

tion (ipSIC). In literature [20], the authors derived the PEP asymptotic expres

rative NOMA system with RHI and analyzed the diversity gain. In literature [2

studied the PEP performance of secondary users under CR-NOMA network and con

blem of optimal relay selection. However, the work in existing literature did not a

er bound of error rate performance analysis in NOMA system with full-duplex coop

by taking into account the ipSIC implementation.

rest of this paper is organized as follows: Section 2 shows the considered system

manuscript. Section 3 derives an exact closed-form PEP expression characterizi

ance of FD cooperative NOMA with ipSIC. In Section 4, an asymptotic PEP exp

to investigate the achievable diversity gains of the NOMA users under both ide

al cases. Section 5 gives numerical results to verify analytical expressions. Finally, S

some conclusions.

tem model

erent from the existing AF cooperative NOMA system, a downlink FD cooperative N

is depicted in Figure 1, which consists of a base station (BS) and two users, U1 a

re located in near and far away from the BS, respectively. Due to physical obsta

hadowing, we asume that there is no direct link from the BS to U2 [4]. Therefore,

e data delivery from the BS to U2, U1 acts as a full-duplex relay.

channels from the BS to U1, and U1 to U2 are denoted by h1 and h2, respectively

s are modeled as independent and identically distributed (i.i.d.) Rayleigh flat fading

., hi ∼ CN (0, δ2
i ) , i ∈ {1, 2}, where CN (0, δ2

i ) denotes the distribution of the co

3
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BS
SIC of U2 signal

U2 signal detection

h1

hs
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U1 U2

Figure 1: The downlink NOMA system model

n random variable with zero mean and variance δ2
i .

x1(t) and x2(t) be the messages intended from the BS to U1 and U2, respectively. T

poses both messages as NOMA signal as follows,

x(t) =
√
α1px1 (t) +

√
α2px2 (t) ,

is the BS transmit power, α1 and α2 are the power allocation parameters for U

pectively, with α1 + α2 = 1, α1 < α2 , and E[|x (t)|2] = 1. When the BS broa

signals over the network, the relay user U1 receives x(t), and attempts to decode the

x2 (t) using successive interference cancellation (SIC). Specially, we consider the pr

., perfect SIC can not be realized, so U1 can not fully decode the signal of x2, we

mated signal of x2(t) at U1 by x′2(t). Correspondingly, U1 forwards s (t) = x′2 (t− τ),

processing delay at U1 due to decoding x(t). To this end, two signals will be co

imultaneously, namely the NOMA composite signal from the BS, and the self-inter

rom the U1’s full-duplex mode. The received signal at U1 can be expressed as

y1 (t) =
√
α1ph1 (t)x1 (t) +

√
α2ph1 (t) ∆2︸ ︷︷ ︸

ipSIC

+hs (t)
√
kp1s (t)︸ ︷︷ ︸

Self−interference

+n1 (t)︸ ︷︷ ︸
Noise

,

1 is the transmit power at U1, k ∈ [0, 1] denotes the self-interference factor, hs ∼ CN

4
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elf-interference channel; n1 ∼ CN (0, σ2
n) is a complex Gaussian noise; and ∆2=x

eived signal at U2 is given by

y2 (t) = h2 (t)
√
p1s (t) + n2 (t) ,

2 ∼ CN (0, σ2
n) is a complex Gaussian noise at U2.

Analysis

P Analysis for U1

PEP is defined as the probability of detecting message x̂ given that message x was

For U1, it is necessary to extract signal x2 using SIC before decoding its own sig

re, the PEP for U1 can be expressed as

P (x1, x̂1) = P (x1, x̂1|Ω) Pr(Ω) + P (x1, x̂1|Ω̄) Pr(Ω̄),

(
Ω̄
)

denotes U1 can decode the signal x2 successfully (unsuccessfully). We can obt

nal PEP as follows:

P (x1, x̂1|Ω, |h1|) = Pr(|y1 −√α1ph1x̂1|2 ≤ |y1 −√α1ph1x1|2), x̂1 6= x1.

stituting (2) into (5) with some further modifications, we obtain

1|Ω, |h1|) = Pr
(
2<{h1∆1n

∗
1} ≤ −|h1|2

√
α1p|∆1|2 − 2|h1|2<{∆1

√
α2p∆

∗
2} − 2<{h1∆1

1 = x1 − x̂1 and 2<{h1∆1n
∗
1} ∼ N (0, 2σ2

n|h1|2|∆1|2), <{Z} represents the real part

number Z.

following [18], (6) can be further expressed as

P (x1, x̂1|Ω, |h1|) = Q(
|h1|ψ1 +

√
k|hs|ψs

ς1
),

5
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ψ1 =
√
α1p|∆1|2 + 2<{∆1

√
α2p∆

∗
2}, ψs = 2<{∆1

√
p1s
∗} , ς1 =

√
2σn|∆1|, and

ussian Q-function [18]. In this paper, we consider that the channel experienced b

ence in full-duplex relay forwarding is Rayleigh fading, i.e.,f|hx| (ω) = ωx

δ2x
exp

(
− ω2

x

2δ2x

)
,

|hx|2]. According to the principle of NOMA, the SINR of U1 to detect x2 from (2)

γ1,2 =
α2p|h1|2

α1p|h1|2 + kp1|hs|2 + σ2
n

.

γ2 is the threshold for U1 detect x2, using [22, eq. 365.3.462.5] we obtain the prob

ssful decoding of x2 at U1 as

Pr(Ω) = Pr(γ1,2 > γ2) = 2τ2υ−
√

2πυτ1
τ2δ2s

exp(
τ21−γ22σ4

nδ
2
sτ2

2δ21δ
2
sp

2β2τ2
)Q(

√
υγ22kp1σ

2
n

(δ1pβ)2
),

= α2 − γ2α1, τ1 = δ2
sγ

2
2kp1σ

2
n, τ2 = (δsγ2kp1)2 + (δ1pβ)2, and υ = (δ1δspβ)2

(δsγ2kp1)2+(δ1pβ)2
.

e that, when the self-interference is completely eliminated (i.e., k = 0), (9) can be r

Pr(Ω) = exp(− γ2
2σ

4
n

2δ2
1p

2β2
).

urther simplify (7), we consider two scenarios: ideal and non-ideal self-interference

deal self-interference cancellation

k = 0, the PEP of U1 under successful decoding of x2 is

Pi(x1, x̂1|Ω) =

∫ ∞

0

ω1

δ2
1

exp(− ω
2
1

2δ2
1

)Q(
ω1ψ1

ς1
)dω1.

g [22, eqs. (646.6.287.2-887.8.250.1)], we obtain

Pi(x1, x̂1|Ω) =
1

2
(1− ψ1δ1√

ς2
1 + ψ2

1δ
2
1

).

assume that the error probability for U1 to decode x1 is no more than 1/2, here we co

6
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st case. After substituting (10) and (12) into (4), the PEP of U1 can be rewritten a

Pi(x1, x̂1) =
1

2
(1− ψ1δ1√

ς2
1 + ψ2

1δ
2
1

) exp(− γ2
2σ

4
n

2δ2
1p

2β2
) +

1

2
(1− exp(− γ2

2σ
4
n

2δ2
1p

2β2
)).

on-ideal self-interference cancellation

an arbitrary k, the PEP of U1 conditioned on successfully decoding x2 is derived b

) over |h1| and |hs|. Using the Chernoff bound for the Q-function, Q(x) ≤ e−
x2

2 , an

athematical manipulations, we obtain

x̂1|Ω) ≤ 1

δ2
sδ

2
1

∫ ∞

0

ωs exp(−ω2
s

ς2
1 + kψ2

sδ
2
s

2δ2
sς

2
1

)

∫ ∞

0

ω1 exp(−ω2
1

ψ2
1δ

2
1 + ς2

1

2ς2
1δ

2
1

− ω1

√
kψ1ψsωs
ς2
1

)

g [22, eq. 365.3.462.5], [22, eq. 337.3.326.2.10]. and [22, eq. 647.6.292], (14) is

ed as

Pni (x1, x̂1 |Ω) ≤ ς2
1

δ2
s (ψ2

1δ
2
1 + 2ς2

1 )
I1 −

ϕ1

δ2
sδ

2
1

I2,

1 and I2 can be obtained as

I1 =
ς2
1δ

2
s

ς2
1 + kψ2

sδ
2
s

,

I2 =
1

2
√
πϕ3

s

[
arctanµ1

µ3
1

− 1

µ2
1 (µ2

1 + 1)

]
,

1 =
√

kψ2
sδ

2
s+ς21

2δ2s ς
2
1ϕ

2
s
− 1, ϕ1 =

√
kψ1ψsδ21

2(ψ2
1δ

2
1+ς21)

√
2πς21δ

2
1

ψ2
1δ

2
1+ς21

and ϕ2 =
√
kψ1ψsδ1√

2ς1
√
ψ2
1δ

2
1+ς21

. The PEP of U1

al self-interference scenario can be also obtained by substituting (9) and (15) into (

P Analysis for U2

or the relay work, U1 forwards x2 (i.e.,the successfully decoded message of U2). Y

U2 can occur due to the propagation error of the wireless channel. Therefore, w

7
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y decode message x2, the PEP of U2 can be expressed as

P (x2, x̂2||h2|) = Pr(2<{h2∆′2n
∗
2} ≤ −|h2|2|∆′2|2

√
p1),

′
2 = x2(t− τ)− x̂2(t− τ). According to [18] , (17) can be calculated as

P (x2, x̂2||h2|) = Q(
|h2|ψ2

ς2
),

2 =
√
p1|∆′2|2 and ς2 =

√
2σn|∆′2|.

n, the exact expression of PEP of U2 is

P (x2, x̂2) =
1

2
(1− ψ2δ2√

ς2
2 + ψ2

2δ
2
2

).

R union bound

worth noting that the PEP depends on the transmitted and detected symbols of the

t should be averaged over all possible symbols of users. Given that xl is transmitted s

s the erroneously detected symbol, the BER union bound of the l-th user can be eva

Pe ≤ 1
b

∑
xl

Pr (xl)
∑

xl 6= x̂l, l 6= p,

p ∈ {1, 2, ..., L}

q (xl → x̂l) Pr (xl → x̂l)

is number of transmitted bits in xl, Pr (xl) is the probability of transmitting sym

l → x̂l) is the number of bit error when choosing x̂l instead of xl.

mptotic Analysis

his section, we study the diversity gain based on the derived PEP. The diversity g

ed as the magnitude of the PEP slope for Ul when the signal-to-noise ratio (SNR

infinity.

8
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Pi( (24)
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after so 2, eq.

Journal Pre-proof
ymptotic Analysis for U1

deal self-interference cancellation

g the chernoff bound for the Q-function, under ideal self-interference cancellatio

nal PEP expression in (7) can be bounded above by

Pi(x1, x̂1|Ω, |h1|) ≤ exp(− γ1ψ
2
1

4|∆1|2
).

1 = |h1|2
σ2
n

is the instantaneous SNR, which is modeled as exponential random variab

(γx) = 1
γ̄

exp
(
−γx

γ̄

)
. At high SNR values, we have exp(−γ1

γ̄
) ≈ 1 − γ1

γ̄
. Therefore

e use binomial expansion and identity in [22, eq. 337.3.326.2.10] to obtain

x1, x̂1|Ω) ≤ 1
γ̄

∫∞
0

exp(−γ1
γ̄

) exp(
−γ1ψ2

1

4|∆1|2 )dγ =
∑1

k=0(−1)1−kγ̄−2+kΓ(2− k)(4|∆1|2
ψ2
1

)2−k.

en self-interference is completely eliminated, the probability that U1 can successfully

mes

Pr(Ω) = exp(− γ2

γ̄pβ
).

refore, under ideal conditions, the asymptotic unconditional PEP of U1 can be eva

x1, x̂1) ≤
1∑

k=0

(−1)1−kγ̄−2+kΓ(2− k)(
4|∆1|2
ψ2

1

)2−k exp(− γ2

γ̄pβ
) +

1

2
(1− exp(− γ2

γ̄pβ
)).

on-ideal self-interference cancellation

conditional PEP in (7), under ideal self-interference cancellation, can be bounded

Pni(x1, x̂1||h1|,Ω) ≤ exp
(
−ψ2

1γ1+2
√
kψ1ψs

√
γ1
√
γs+kψ2

sγs

4|∆1|2
)
,

s = |hs|2
σ2
n

.

averaging (25) on h1 and make variable substitute, γ1 = x2, γs = y2, we can g

me manipulations using [22, eq. 365.3.462.5.11], [22, eq. 346.3.381.9.∗], and [2

9
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Pn (26)

whe

(27)

By u

Pn (28)

Wh hat U1

success

(29)
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ated as

Pni (
γ2
pβ

)

(30)

4.2. As

Acc

(31)
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6.2.10].

i(x1, x̂1) ≤ 16|∆1|4

(ψ2
1 γ̄+4|∆1|2)(kψ2

s γ̄+4|∆1|2)
− 32

√
π|∆1|4

kψ2
1ψ

2
s γ̄

∫∞
0
x2 exp (−ξ2

2x
2) [1− Φ (x)]dx .

re

ξ2 =

√
(ψ2

1 γ̄ + 4|∆1|2)(kψsγ̄ + 4|∆1|2)

kψ2
1ψsγ̄

2
− 1.

sing the equation [22, eq. 647.6.292], inequality (26) can be further calculated as

i(x1, x̂1) ≤ 16|∆1|4
(ψ2

1 γ̄ + 4|∆1|2)(kψ2
s γ̄ + 4|∆1|2)

− 16|∆|4
kψ2

1ψ
2
s γ̄

2

[
arctan(ξ2)

ξ3
2

− 1

ξ2
2(ξ2

2 − 1)

]
.

en self-interference is not completely eliminated, based on (9), the probability t

fully decodes x2 can be expressed as

Pr(Ω) =
pβ

γ2kp1 + pβ
exp(− γ2

γ̄pβ
).

refore, under non-ideal conditions, the asymptotic unconditional PEP of U1 can be

(30), which is at the top of the this page.

x1, x̂1) ≤
(

16|∆1|4

(ψ2
1 γ̄+4|∆1|2)(kψ2

s γ̄+4|∆1|2)
− 16|∆1|4

kψ2
1ψ

2
s γ̄

2

(
arctan ξ2

ξ32
− 1

ξ22(ξ22−1)

))
pβ

R2kp1+pβ
exp

(
−
γ̄

+ 1
2

(
1− pβ

R2kp1+pβ
exp

(
− γ2
γ̄pβ

))
.

ymptotic Analysis for U2

ording to (22), the asymptotic unconditional PEP of U2 can be evaluated as (31),

P (x2, x̂2) ≤
1∑

k=0

(−1)1−k(γ̄)−2+kΓ (2− k)

(
4
∣∣∣∆′

2

∣∣∣
2

ψ2
2

)2−k

.
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1: From (24) and (31), we can easily obtain that the effective diversity orders for

r ideal case are both 1.

erical And Simulation Results

section follows the aformentioned system model. We assume that the transmitted

domly selected from the binary phase shift keying (BPSK) constellation. Unless oth

d, the simulation parameters are set as follows: power allocation coefficients α1

.7, and when α1 6= 0.3, α2 = 1 − α1. Unless mentioned otherwise, the relay forw

1 = p, the threshold γ2 is 1, the variance of the Rayleigh channel gain δi and δs is 0 d

e variance σ2
n is 0 dB. It is noted that xi, x̂i can be either +1 or −1 in BPSK modu

g in |∆i| = 2.
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ure 2: Analysis and simulated PEP for the 2 users under both ideal and non-ideal case with ipSI

2 shows the comparison of PEP of U1 and U2 in the FD cooperative relay downlink N

where k = 0 represents the ideal relay forwarding signal, k = 1 represents the in

nterference in the relay forwarding signal. It can be seen that the PEP of the tw

e as the SNR increases. Also, the PEP for U1 has nearly a stable value under the no

e also show that the PEP of U1 under ideal conditions is greatly lower than th

e of self-interference, thereby indicating that self-interference has a great influence

U1, especially at high SNR slope.
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3 shows the BER union bound of U1 under the ideal case and the non-ideal case. It

at the BER of U1 decreases as the SNR increase, and the PEP is always the upper

ER, it’s because the PEP is averaged over all possible codewords of all users. More

noticed from the figure that the PEP can provide an indication about the diversity

he slope of the union bound matches the slope of the BER at high SNR.
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Figure 4: PEP for U1 over different self-interference cofficient.

4 plots the PEP for U1 versus self-interference coefficient k. It can be seen that th

creases as k increases, which further verifies the observation that the PEP of U1 is

ed by self-interference. The PEP of relay user U1 increases with the increase of p1, t
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that PEP performance of U1 degrade as the transmit power p1 increases due t

ence.

5 plots the PEP for both U1 and U2 versus power allocation parameter α1. It can b

e PEP of U1 increase with the increase of α1, which is due to the fact that the suc

g probability to detect U2 at U1 will decrease with the increase of α1. Moreov

ance gap between ideal case and non-ideal case for U1 is nearly the same when α1

r, the power allocation parameter has negligible impact on the PEP of U2.
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6 shows the effective diversity order of the considered system. At high SNR, the di

13

Jo
ur

na
l P

re
-p

ro
of



order fo of U1

under n perfect

FD has

6. Con

In t system

in term ipSIC.

Conside EP are

derived SI has

differen om the

reporte reased

in non-

Ackno

This a (No.

6200132 search

Project aduate

Educat

Declar

The ship or

the pub

Refere

[1] M. Wang,

Eff , IEEE

Ac

Journal Pre-proof
r both U1 under ideal conditions and U2 converges to 1, while the diversity order

on-ideal conditions converges to zero, which illustrates that the SI induced by im

great impact on the effective diversity order of the relay node (i.e. U1).

clusion

his paper, the BER performance of downlink full-duplex cooperative relay NOMA

s of PEP is studied by taking into account the impact of SI under the assumption of

ring the two-user NOMA scheme, The closed-form and asymptotic expressions of P

for both ideal and non ideal scenarios. Numerical and analytical results show that

t effects on the near user and far-away user’s PEP performance, which is different fr

d results on the outage performance. In addition, the diversity order is sharply dec

ideal case compared with ideal case for the far-away user.

wledgment

work was supported in part by the National Natural Science Foundation of Chin

0), the Key Research and Development Program of Shanxi (No. 201903D121117), Re

Supported by Shanxi Scholarship Council of China (No. 2021-133 and 2020-126), Gr

ion Innovation Project of Shanxi (No. 2019SY250 and 2020SY419).

ation of competing interest

authors declared that they had no conflicts of interest with respect to their author

lication of this article.

nces

Li, B. Selim, S. Muhaidat, P. C. Sofotasios, M. Dianati, P. D. Yoo, J. Liang, A.

ects of residual hardware impairments on secure NOMA-Based cooperative systems

cess 8 (2020) 2526–2534.

14

Jo
ur

na
l P

re
-p

ro
of



[2] X. noma

rel , IEEE

IoT

[3] J. Cache-

Ai . Com-

mu

[4] X. elaying

sys (2020)

17–

[5] M. y relay

no

[6] Z. mmun.

Le

[7] J. A with

op

[8] Z. works:

sel . 53 (5)

(20

[9] S. erative

ful

[10] W ion for

coo

[11] Y. erative

NO

Journal Pre-proof
Li, Q. Wang, L. Meng, J. li, H. Peng, J. P. Md, L. Li, Cooperative wireless-powered

aying for b5g iot networks with hardware impairments and channel estimation errors

Journal. 8 (7) (2021) 5453–5467.

Xia, L. Fan, W. Xu, X. Lei, X. Chen, G. K. Karagiannidis, A. Nallanathan, Secure

ded Multi-Relay Networks in the Presence of Multiple Eavesdroppers, IEEE Trans

n. 67 (11) (2019) 7672–7685.

Li, M. Liu, C. Deng, P. Takis, Z. Ding, Y. Liu, Full-duplex cooperative NOMA r

tems with i/q imbalance and imperfect SIC, IEEE Wireless Commun. Lett. 9 (1)

20.

K. Shukla, H. H. Nguyen, O. J. Pandey, Secrecy performance analysis of two-wa

n-orthogonal multiple access systems, IEEE Access 8 (2020) 39502–39512.

Ding, H. Dai, H. V. Poor, Relay selection for cooperative NOMA, IEEE Wireless Co

tt. 5 (4) (2016) 416–419.

Ju, W. Duan, Q. Sun, S. Gao, G. Zhang, Performance analysis for cooperative NOM

portunistic relay selection, IEEE Access 7 (2019) 131488–131500.

Zhang, X. Chai, K. Long, A. V. Vasilakos, L. Hanzo, Full duplex techniques for 5G net

f-interference cancellation, protocol design, and relay selection, IEEE Commun. Mag

19) 128–137.

Bisen, A. V. Babu, Outage analysis of underlay cognitive NOMA system with coop

l duplex relaying, Trans. Emerg. Telecommun. Technol. 30 (12) (2019).

. Duan, X. Q. Jiang, M. Wen, J. Wang, G. Zhang, Two-stage superposed transmiss

perative noma systems, IEEE Access 6 (2018) 3920–3931.

Li, Y. Li, X. Chu, Y. Ye, H. Zhang, Performance analysis of relay selection in coop

MA networks, IEEE Commun. Lett. 23 (4) (2019) 760–763.

15

Jo
ur

na
l P

re
-p

ro
of



[12] X. lection

for 3294–

330

[13] X. ogonal

mu

[14] L. is and

op J. Sel.

Ar

[15] F. esence

of

[16] K. Signal

De 69 (5)

(20

[17] L. access

sys ansas

Cit

[18] L. ultiple

Ac –1599.

[19] M. ysis of

No . Lett.

(20

[20] S. proba-

bil rdware

im

Journal Pre-proof
W. Yue, Y. W. Liu, S. L. Kang, A. Nallanatha, Z. G. Ding, Spatially random relay se

full/half-duplex cooperative NOMA networks, IEEE Trans. Commun. 66 (8) (2018)

8.

W. Yue, Z. J. Qin, Y. W. Liu, S. L. Kang, Y. Chen, A unified framework for non-orth

ltiple access, IEEE Trans. Commun. 66 (11) (2018) 5346–5359.

Zhang, J. Q. Liu, M. Xiao, G. Wu, Y. C. Liang, S. Q. Li, Performance analys

timization in downlink NOMA systems with cooperative full-duplex relaying, IEEE

eas Commun. 35 (10) (2017) 2398–2412.

Kara, H. Kaya, On the BER performances of downlink and uplink NOMA in the pr

SIC errors over fading channels, IET Commun. 12 (15) (2018) 1834–1844.

He, L. He, L. Fan, Y. Deng, G. K. Karagiannidis, A. Nallanathan, Learning-Based

tection for MIMO Systems With Unknown Noise Statistics, IEEE Trans. Commun.

21) 3025–3038.

Bariah, A. Al-Dweik, S. Muhaidat, On the performance of non-orthogonal multiple

tems with imperfect successive interference cancellation, in: ICC Workshops 2018, K

y, MO, USA, 2018, pp. 1–6.

Bariah, S. Muhaidat, A. Al-Dweik, Error Probability Analysis of Non-Orthogonal M

cess Over Nakagami- m Fading Channels, IEEE Trans. Commun. 67 (2) (2019) 1586

Li, F. E. Bouanani, L. Tian, W. Chen, Z. Han, S. Muhaidat, Error Rate Anal

n-Orthogonal Multiple Access with Residual Hardware Impairments, IEEE Commun

21) 1–1.

Mohjazi, L. Bariah, S. Muhaidat, P. C. Sofotasios, O. Onireti, M. A. Imran, Error

ity analysis of non-orthogonal multiple access for relaying networks with residual ha

pairments, in: Proc. IEEE PIMRC 2019, Istanbul, Turkey, 2019, pp. 1–6.

16

Jo
ur

na
l P

re
-p

ro
of



[21] L. Radio

Ne Trans.

Co

[22] I. S York,

NY

Journal Pre-proof
Bariah, S. Muhaidat, A. Al-Dweik, Error Performance of NOMA-Based Cognitive

tworks With Partial Relay Selection and Interference Power Constraints, IEEE

mmun. 68 (2) (2020) 765–777.

. Gradshteyn, I. M. Ryzhik, Table of Integrals, Series, and Products, 6th ed, New

, USA: Academic, 2000.

17

Jo
ur

na
l P

re
-p

ro
of



Meiling Li

Journal Pre-proof
Shuaibo Huang

Lili Tian

Omar Alhussein

Sami Muhaidat

Jo
ur

na
l P

re
-p

ro
of



Author Biography

A

M

B

p

a

W

o

A

S

d

T

a

A

L

S

(

a

A

O

K

e

w

U

R

M

F

n

A

S

E

w

U

E

U

w

I

L

Journal Pre-proof
uthor 1:

EILING LI received the M.S. and Ph.D. degrees in Signal and Information Processing from the

eijing University of Posts and Telecommunications, Beijing, in 2007 and 2012. She is now a

rofessor in the School of Electronics Information Engineering, Taiyuan University of Science

nd Technology (TYUST), China. She has been a visiting research scholar at the University of

arwick, UK. Her research interests include cognitive radio, cooperative communications, non-

rthogonal multiple access and physical layer security technology.

uthor 2:

HUAIBO HUANG was born in Hejin, Shanxi, China in 1997. He is currently pursuing the M.Sc.

egree in the School of Electronics Information Engineering, Taiyuan University of Science and

echnology  (TYUST),  China.  His  current  research  interests  include  non-orthogonal  multiple

ccess (NOMA) and cooperative communication.

uthor 3:

ILI TIAN was born in Shuozhou, Shanxi, China in 1992. He received the M.Sc. degree in the

chool of Electronics Information Engineering, Taiyuan University of Science and Technology

TYUST), China. His current research interests include non-orthogonal multiple access (NOMA)

nd simultaneous wireless information.

uthor 4:

MAR ALHUSSEIN (S’14)  received  the  B.Sc.  degree  in  communications  engineering  from

halifa  University,  AbuDhabi,  United  Arab  Emirates,  in  2013  and  the  M.A.  Sc.  degree  in

ngineering science from Simon Fraser University, Burnaby, BC, Canada, in 2015. He is currently

orking  towards  the  Ph.D.  degree  in  the  Broadband  Communications  Research  Laboratory,

niversity  of  Waterloo,  Waterloo,  ON,  Canada.  From January  2014 to  May 2014,  he was  a

esearch Assistant with the Etisalat BT Innovation Centre (EBTIC), Khalifa University. From

ay 2014 to September 2015, he was with the Multimedia Communications Laboratory, Simon

raser  University.  His  research  interests  are  in  areas  spanning  software  defined  networking,

etwork virtualization, wireless communications, and machine learning.

uthor 5:

AMI MUHAIDAT (S’01-M’07-SM’ 11) received the Ph.D. degree in Electrical and Computer

ngineering from the University of Waterloo, Waterloo, Ontario, in 2006. From 2007 to 2008, he

as an NSERC postdoctoral fellow in the Department of Electrical and Computer Engineering,

niversity of Toronto, Canada. From 2008-2012, he was an Assistant Professor in the School of

ngineering Science, Simon Fraser University, BC, Canada. He is currently a Professor at Khalifa

niversity. Sami’s research focuses on wireless communications,  optical  communications, IoT

ith emphasis on battery-less devices, and machine learning. Sami is currently an Area Editor for

EEE Transactions on Communications. He served as a Senior Editor for IEEE Communications

etters, an Editor for IEEE Transactions on Communications, and an Associate Editor for IEEE

Jo
ur

na
l P

re
-p

ro
of



Transactions on Vehicular Technology. He is also a member of Mohammed Bin Rashid Academy

of scientists.

Journal Pre-proof
Jo
ur

na
l P

re
-p

ro
of



AUTHOR STATEMENT 

 
M

S

O

A

a

A

 

 

Journal Pre-proof
eiling Li and Sami Muhaidat: Conceptualization, Methodology. Meiling Li, 

huaibo Huang and Lili Tian: Investigation, Software, Data curation and Writing 

riginal draft preparation; Meiling Li and Shuaibo Huang: Supervision; Omar 

lhussein: Visualization. Meiling Li, Shuaibo Huang, Lili Tian, Omar Alhussein 

nd Sami Muhaidat: Writing-Reviewing and Editing; Meiling Li, Shuaibo Huang: 

ddress comments. 

Jo
ur

na
l P

re
-p

ro
of



Decla

☒ Th ips 
that 

☐Th ed 
as po

Journal Pre-proof
ratio if ioterettt

e authors declare that they have no known competng fnancial interests or personal relatonsh
could have appeared to infuence the work reported in this paper.

e authors declare the following fnancial interestsppersonal relatonships which may be consider
tental competng interests: 

Jo
ur

na
l P

re
-p

ro
of


	Error rate performance of NOMA system with full-duplex cooperative relaying
	CRediT authorship contribution statement


