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Abstract—This letter investigates the performance of intelligent
reflecting surface (IRS) aided downlink power-domain non-
orthogonal multiple access (NOMA) in Nakagami-m fading
channels with cochannel interference (CCI). Using the Gamma
approximation, we derive closed-form expressions for the ergodic
capacity and outage probability, while taking CCI into account.
The analytical results, validated through Monte Carlo simulation,
show that IRS-aided NOMA is superior to the IRS-OMA coun-
terpart, and that the Gamma distribution closely approximates
the cascaded Nakagami-m distribution. The results are presented
for various number of users and reflecting elements.

Index Terms—Intelligent reflecting surface, non-orthogonal
multiple access, Ergodic capacity, outage probability,
Nakagami-m fading, Gamma approximation, co-channel
interference.

I. INTRODUCTION

INTELLIGENT reflecting surfaces (IRSs) have been
identified as a potential solution to manipulate the radio

propagation environment in mobile communication networks
beyond the fifth generation (B5G) [1], [2]. Generally, an
IRS panel consists of an array of reflecting elements that
can dynamically alter the phases and amplitudes of the
incoming signals to coherently combine and forward them
to the receiver [3], [4]. An IRS panel can be mounted on
a tall building or an unmanned aerial vehicle (UAV) and
hence can provide a means to create a virtual line-of-sight
(LOS) link between a basestation (BS) and the users, enabling
smart radio environments where blockages can be readily
overcome. Likewise, Non-orthogonal multiple access (NOMA)
has been widely considered as a key enabler to meet the
extraordinary quality of service (QoS) requirements of future
mobile communication networks. This is because NOMA
can provide several important features, such as improving
spectrum efficiency, supporting massive user connections, and
facilitating fairness among users [5], [6].
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Several articles have recently investigated the integration of
IRS and NOMA. For example, the authors in [7] have exam-
ined the performance of IRS-assisted NOMA and IRS-OMA
networks in terms of ergodic capacity and outage probability.
In [8], moment matching is adopted to derive the distribution
of the end-to-end channel gains, and showed that they follow
the Gamma distribution, to evaluate the average block error
rate (BLER) of IRS-NOMA for short packet communications.
The authors in [9] analyzed the outage probability and ergodic
capacity of IRS-assisted UAV networks using NOMA. In
addition, the authors in [10] studied the impact of coherent
phase shift and random discrete shift on the outage probability
of an IRS-NOMA network, while in [11], the authors investi-
gated the outage probability of an IRS-assisted cognitive radio
network. Furthermore, a novel IRS design is proposed in [12]
to improve the physical layer security aspect of IRS-aided
NOMA. In [13], the outage probability and ergodic capacity of
IRS-NOMA is studied where perfect and imperfect successive
interference cancelation (SIC) are considered. Unlike [13],
which evaluates the performance under residual interference,
this letter focuses on the impact of cochannel interference
(CCI). Furthermore, unlike [8] where only Rayleigh fading
is assumed, this letter considers a Nakagami-m fading, which
includes Rayleigh fading as a special case.

Motivated by the potential benefits of IRS and NOMA, we
investigate the impact of integrating these two technologies in
scenarios where blockages between BS and users exist, and
evaluate the performance by deriving closed-form expressions
for the ergodic capacity and outage probability for Nakagami
fading channels with CCI. In particular, we adopt the Gamma
approximation to represent the cascaded Nakagami-m distribu-
tion with the assumption that all users suffer from independent
and identically distributed (i.i.d) CCI. The accuracy of the
derived expressions is confirmed by matching Monte Carlo
simulation.

The remainder of this letter is structured as follows.
Section II presents the proposed IRS-NOMA system configu-
ration. Section III presents the derived analytical closed-form
expressions for the ergodic capacity and outage probability.
Section IV presents the numerical results and validates the
derived expressions using Monte Carlo simulation, and finally
Section V concludes this letter.

II. SYSTEM MODEL

The considered IRS-aided downlink NOMA communication
network is shown in Fig. 1, where a BS communicates
simultaneously with K users, U1,U2, . . . ,UK via an IRS that
has N elements. The BS and user terminals are considered
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Fig. 1. IRS-aided downlink NOMA system.

to be equipped with a single antenna. Using NOMA, the BS
transmits the superposition-coded signal s =

∑K
k=1

√
βkPsk

to all users, where P indicates the total transmission power,
which is normalized to unity, sk is the information-bearing
signal of Uk and βk is the power allocation coefficient,∑K

k=1 βk = 1. In IRS-based networks, it is typically assumed
that the direct link between the BS and users is severely
attenuated. In addition, we consider a heterogeneous network
where all users are affected by i.i.d CCI from a neighboring
indoor femtocell [14]. The fading channel between the BS

and the ith reflecting element is denoted as hi = d
−λ
2

s h̃i ,
i = {1, 2, . . . ,N }, where h̃i denotes the small scale fading
and ds is the distance between BS and IRS. Similarly, the
channel between the IRS and the user terminal is represented

as gi ,k = d
−λ
2

Uk
g̃i ,k where g̃i ,k denotes the small-scale fading

and dUk
is the distance between the IRS and the kth user.

Without loss of generality, all channels are assumed to
undergo Nakagami-m and large-scale fading with path loss
exponent λ. Under the assumption of perfect knowledge of
the channel phases, θhi , and θgi,k , the adjustable phase shift
induced by the ith reflecting element is chosen such that
θi = −(θhi + θgi,1). This leads to achieving the maximum
instantaneous SNR for the cell-edge user, i.e., U1. The channel
coefficient for the interference link between users and the

lth interfering signal is denoted as ql ,k = d
−λ
2

Ll
q̃l ,k , where

dLl
is the distance between lth interferer and end-users, and

q̃l ,k denotes the small scale fading and is assumed to follow
Nakagami-m fading as it closely represents many distributions
by varying the shape parameter m in the range of 0.5 ≤ m ≤
∞.

Therefore, the received signal reflected by the IRS at the
kth user is given by

yk =
∑N

i=1
higi ,kαie

jθi s
︸ ︷︷ ︸

Desired signal

+
√

PI

∑L

l=1
ql ,kxl

︸ ︷︷ ︸
CCI Signal

+wk (1)

where xl and PI represent the information symbol and power
of the CCI, respectively. Furthermore, αk represents the atten-
uation factor of the reflecting element, which is normalized
to unity. The variable wk denotes the additive white Gaussian
noise (AWGN), wk ∼ CN (0, σ2k ).

For NOMA with perfect SIC, assuming that the noise
remains Gaussain after SIC [15], the signal-to-interference-
plus-noise ratio (SINR) at the kth user to decode the jth user
information, (k ≥ j) is written as

ϑk→j =
ρβjχ1,k

ρχ1,k
∑K

i=j+1 βi + ρIχ2,k + 1
(2)

where ρ = P
σ2 is the transmit signal power to noise ratio

(SNR), ρI = PI
σ2 , and the noise power is assumed to be

normalized to unity, χ1,k � (
∑N

i=1 |hi ||gi ,k |)2, and χ2,k �
∑L

l=1 |ql ,k |2. Furthermore, the effective cascaded channel
gains are ordered as χ1,1 ≤ χ1,2 ≤ · · · ≤ χ1,K and dU1

>
dU2

> dUK
. After invoking SIC and canceling K − 1 user’s

signals, the received SINR at the kth user is written as

ϑK =
ρβKχ1,K
ρIχ2,K + 1

. (3)

III. PERFORMANCE ANALYSIS

A. Ergodic Capacity

In this section we derive the closed-form expression for
the ergodic capacity of the considered IRS-NOMA system.
Although the closed-form expression of the probability distri-
bution function (PDF) for the cascaded Nakagami-m |hi ||gi ,k |
can be obtained, it is intractable to derive the PDF for the sum
of N cascaded Nakagami-m distribution χ1,k . Therefore, the
random variable χ1,k is approximated as a gamma distribution,
denoted as Γ(μ, η) and its corresponding PDF and cumulative
distribution function (CDF) are given by [16], [17], [18],

fχ1,k

(
χ1,k

) ≈
ημχμ−1

1,k

Γ(μ)
e−ηχ1,k (4)

Fχ1,k

(
χ1,k

)
=
γ
(
μ, ηχ1,k

)

Γ(μ)
= 1− Γ

(
μ, ηχ1,k

)

Γ(μ)
(5)

where μ = Nπ2

16−π2 and η = 16−π2

4π , denote the shape and
scale parameters, respectively. Furthermore, the CCI fading
coefficients for all users χ2,k are mutually independent and
identically Gamma-distributed random variables. Therefore,
the corresponding PDF and CDF are given by

fχ2,k

(
χ2,k

)
=

mm

γmΓ(m)
χm−1
2,k e

−mχ2,k
γ (6)

Fχ2,k

(
χ2,k

)
=
γ
(
m, mγ̄ χ2,k

)

Γ(m)
= 1−

Γ
(
m, mγ̄ χ2,k

)

Γ(m)
(7)

where m is the Nakagami fading parameter. Γ(·) = Γ(·, 0)
is the gamma function [19, eq. (8.3.10)], γ(·, ·) is the lower
incomplete gamma function [19, eq. (8.350.1)], Γ(·, ·) is the
upper incomplete gamma function [19, eq. (8.350.2)] and γ =
E[χ2,k ], where E[ · ] denotes the statistical expectation.

Using [20, eq. (3)], the ergodic capacity of the kth user can
be expressed as

Ck = E

[

log2

(

1 +
ρβkχ1,k

ρβ̃kχ1,k + ρIχ2,k + 1

)]

= E

⎡

⎣ 1

ln 2

∫ ∞

0

1

τ

⎛

⎝1− e
−τ

ρβkχ1,k

ρχ1,k β̃k+ρI χ2,k+1

⎞

⎠ e−τ d τ

⎤

⎦ (8)
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where β̃k =
∑K

i=k+1 βi for k �= K and β̃k = 0 for k = K.
By using interchange of variables z = τ

ρχ1,k β̃k+ρIχ2,k+1
and

some algebraic manipulations, (8) can be written as

Ck = E

[ ∫ ∞

0

1

z ln 2
(1− e−zρβkχ1,k )

× e−z (ρχ1,k β̃k+ρIχ2,k+1) d z

]

. (9)

Using Fubini’s theorem [21, p. 200], the expectation and
integral can be swapped, hence (9) can be written as

Ck =

∫ ∞

0

e−z

z ln 2

(
1− E

[
e−zρβkχ1,k

]

︸ ︷︷ ︸
K1 (z )

)

× E

[
e−z(ρβ̃kχ1,k+ρIχ2,k)

]

︸ ︷︷ ︸
K2 (z )

d z (10)

where K1(z ) and K2(z ) are the moment generating function
(MGF) of χ1,k and the joint MGF of χ1,k and χ2,k respec-
tively. Using [19, eq. (6.451.2)] K1(z ), can be evaluated as

K1(z ) =
ημ

Γ(μ)

∫ ∞

0
χ
μ−1
1,k eχ1,k (−zρβj+η) dχ1,k

=

(

1 +
ρβk z

η

)−μ
(11)

where the integral in (11) is expanded using [19, eq. (6.451.2)].
Similarly, using the PDFs shown in (4) and (6), we obtain the
joint MGF of χ1,k and χ2,k which is given as

K2(z ) =

(

1 +
ρβ̃k z

η

)−μ(
1 +

ρI γz

m

)−m

. (12)

By substituting (11) and (12) into (10), Ck evaluates to

Ck =
1

ln 2

∫ ∞

0

e−z

z

(

1−
(

1 +
ρβk z

η

)−μ)

×
(

1 +
ρβ̃k z

η

)−μ(
1 +

ρI γz

m

)−m

d z . (13)

It is worth noting that (13) be evaluated numerically.
Furthermore, by applying Laguerre orthogonal polyno-
mial expansion, a closed-form expression for (13) can be
expressed as

Ck =
F∑

f=1

Wf

Zf ln 2

[(

1− (1 +
ρβkZf

η
)−μ

)

× (1 +
ρβ̃kZf

η
)−μ(1 +

ρI γZf

m
)−m

]

+RF (14)

where Wf , Zf and RF are the weight coefficients, sample
points and remainder of the Lagurre polynomial which are
tabulated in [22, Table 25.9]

Proposition 1: The Ergodic capacity of the kth user, for
1 < k ≤ (K − 1) saturates to a ceiling at the high SNR

region. Thus, when ρ→ ∞, and using [7, eq. (31)], the ergodic
capacity in (8) can be approximated as

C∞
k = log2

(

1 + lim
ρ→∞

ρβkχ1,k

ρβ̃kχ1,k + ρIχ2,k + 1

)

= log2

(

1 +
βk

β̃k

)

. (15)

From (15), it can be noted that the capacity ceiling or the
maximum achievable rate is only affected by the power
allocation coefficients, and it is independent of the fading
channel conditions.

B. Outage Probability

This section presents the derived closed-form expressions
for the outage probability performance. In the considered
system, the outage event occurs when the kth user is unable to
decode the jth user’s signal correctly, that is defined as Ok ,j �
{Rj→k < R}, 1 ≤ j ≤ k, and Oc

k ,j is the complementary event
of Ok ,j . Therefore, the outage probability at the kth user can
be written as

Pout
k = 1− Pr

(
Oc
k ,1 ∩ · · · ∩Oc

k ,k

)
(16)

The outage event Oc
K ,K =

ρχ1,KβK
1+χ2,K

> ψK , and the other
outage event, Oc

k ,j , for 1 ≤ j ≤ k can be expressed as

Oc
k ,j =

{
ρχ1,kβj

1 + χ2,k + ρχ1,k
∑K

i=j+1 βi
> ψj

}

=

⎧
⎨

⎩
χ2,k <

ρ
(
βj − ψj

∑K
i=j+1 βi

)
− ψj

ψj

⎫
⎬

⎭
(17)

where ψj = 2Rj −1, with Rj being the predefined target data
rate. It should be noted that the kth user decodes the jth user
signal when the following condition holds:

βj > ψj
∑K

i=j+1
βi . (18)

Furthermore, denote φj � ψj

ρ(βj−ψj
∑K

i=j+1 βi )
for j < K,

φK � ψK
ρβK

, and φ∗k = max{ψ1, . . . , ψk}. Consequently, the
outage probability can now be expressed as

Pout
k = Pr

(
χ2,k <

(
φ∗kχ1,k − 1

))
. (19)

Since χ1,k is a random variable (RV), we cannot take the CDF
directly. Therefore, we need to evaluate based on the condi-
tional CDF of χ2,k . Hence, by using (5) and (6), the outage
probability at the kth user can be expressed as follows

Pout
k =

∫ ∞

0
Fχ2,k

(
φ∗kχ1,k − 1

) · fχ1,k

(
χ1,k

)
dχ1,k

=
ημ

Γ(m)Γ(μ)

∫ ∞

0
γ

(

m,
m

γ

(
φ∗kχ1,k − 1

)
)

︸ ︷︷ ︸
Ξ

× χμ−1
1,k e−ηχ1,k dχ1,k . (20)
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By applying [19, eq. (8.3.52.6)], the lower incomplete gamma
function in (20) and for integer values of m can be transformed
into binomial expansion form as

Ξ = 1− Γ(m)e
−m
γ (φ∗kχ1,k−1)

m−1∑

b=0

(
m

γ

)b
(
φ∗kχ1,k − 1

)b

b!
.

(21)

The power of multinomial in (21) can be tackled by invoking
[23, eq. (42)]

m−1∑

b=0

(
m

γ

)b
(
φ∗kχ1,k − 1

)b

b!
= Υ

(
m

γ

)P P∑

i=0

(P
i

)

χi1,k (22)

where

Υ =

p0∑

p1=0

p1∑

p2=0

· · ·
pm−2∑

pm−1=0

p0!

pm−1!

m−1∏

j=1

[
(j !)pj+1−pj
(
pj−1 − pj

)
!

]

(23)

with p0 = 1, pm = 0, and P = p0 + p1 + · · ·+ pm−1.
By substituting (21) and (22) into (20), Pout

k is expressed as

Pout
k =

ημ

Γ(μ)

∫ ∞

0
χ
μ−1
1,k e−ηχ1,k dχ1,k − ημΥ

(
m

γ

)P

×
P∑

i=0

(P
i

)∫ ∞

0
χμ+i−1
1,k e

−mφ∗kχ1,k
γ dχ1,k . (24)

The integrals in (24) can be evaluated using [19, eq. (3.326.2)],
and Pout

k can now be expressed as

Pout
k =

ημ

Γ(μ)
− ημe

−m
γ

×Υ
P∑

i=0

(P
i

)(
mφ∗k + η

γ

)−(μ+i)

Γ(μ+ i). (25)

IV. NUMERICAL AND SIMULATION RESULTS

This section provides the performance of the considered
IRS-aided NOMA system in terms of ergodic capacity and
outage probability. Fixed power allocation technique is used
in the simulations, and the parameters used to produce the
results are ds = 2 m, dU1

= 3 m, dU2
= 2 m, dU3

= 1 m,
dLl

= 10 m, λ = 3, m = 2, L = 3 and PI = 10 dBW. Monte
Carlo simulations are incorporated to verify the accuracy of
the derived analytical expressions and gain some insights into
the system’s performance. In each simulation run, 106 channel
realizations are generated. In particular, all users are ordered
by their distance from the IRS such that U1 is the cell-edge
user and U2 and UK are near users. We also investigate the
impact of reflecting elements on the performance of IRS-
aided NOMA and bench-mark it with that of IRS-aided OMA
system. Furthermore, the impact of CCI on user performance
is demonstrated.

Fig. 2 shows the ergodic capacity versus SNR. It should be
noted that the power allocation used are β1 = 0.7, β2 = 0.25
and β3 = 0.05. The analytical results depicted in the figure are
based on (13) and it is clear that they are in a good agreement
with the simulated results. In addition, this further illustrates
that the Gamma approximation closely matches the cascaded

Fig. 2. Ergodic capacity.

Fig. 3. Ergodic sum capacity.

Nakagami-m distribution. As can be seen from the figure, the
ergodic capacity of U1 and U2 saturates to a capacity ceiling as
the SNR value increases, which is confirmed in Proposition 1.
The reason for this behavior is due to the fact that the user
experiences inter-symbol interference from U2 and U3 when
decoding its own signal. Another reason is the presence of
the CCI in the network that substantially limits its achievable
capacity. It is worth pointing out that the performance of U1,
does not improve with varying N, particularly for ρ ≥ 20 dB.
However, it is only affected by the power allocation coefficient
as demonstrated in Proposition 1. The difference in users’
performance is due to the effect of inter-pair interference.

Fig. 3 depicts the ergodic sum capacity of the IRS-aided
NOMA versus SNR. The proposed system results are bench-
marked with conventional IRS-aided OMA and are produced
by setting, K = 2, N = 64, β1 = 0.8, β2 = 0.2, dU1

= 3 m
and dU2

= 2 m. The figure provides a comparison for both
systems with and without CCI. It is clear that the performance
of IRS-NOMA significantly outperforms IRS-OMA system
for all SNR regions. For instance, when ρ = 15 dB the
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Fig. 4. Outage probability.

performance gain of IRS-aided NOMA for the interference-
free case is 2.34 bps/Hz compared to its counterpart. This is
due to the fact that NOMA enables efficient spectrum sharing
by multiplexing users’ signals within the same resource block.
On the other hand, the presence of CCI limits the achievable
rate to just 8.68 bps/Hz for IRS-NOMA and 6.62 bps/Hz
for IRS-OMA. Furthermore, the achievable ergodic capacity
of IRS-aided networks increases linearly as ρ approaches infin-
ity. IRS can help facilitate ultra-reliable and efficient wireless
communication links. Therefore, it is worth highlighting that
IRS-NOMA can provide substantial performance gain even at
extreme harsh conditions and interfering networks.

Finally, Fig. 4 shows the simulated and analytical outage
probability versus SNR. The approximated outage probability
curves are plotted according to (25) and they match well with
the Monte simulation results. The results are produced by
setting β1 = 0.75, β2 = 0.18 and β3 = 0.05 and β4 =
0.02. In this figure and for fair comparison, the predefined
target data rate is set to 1 bps/Hz for all users. As can be
seen from the figure, as N increases, lower outage probability
are achieved for all K users. This is due to the fact that
employing IRS to NOMA networks can provides a new means
to improving the wireless link performance and enhancing the
coverage.

V. CONCLUSION

This letter has studied an integrated IRS-NOMA system
in Nakagami-m fading channels when taking into account
cochannel interference. It derived the performance in terms of
ergodic capacity and outage probability and demonstrated the
validity of these expressions through comparisons with Monte
Carlo simulations. It was shown that Gamma approxima-
tion closely represents the cascaded Nakagami-m distribution
hence provides a powerful means to achieving closed-form
expressions in complex scenarios. The results demonstrated
the benefit of IRS in NOMA systems, and the relation between
the number of reflecting elements and achievable rates.

REFERENCES

[1] G. Yang, X. Xu, and Y.-C. Liang, “Intelligent reflecting surface assisted
non-orthogonal multiple access,” in Proc. IEEE WCNC, 2020, pp. 1–6.

[2] Y. Liu et al., “Reconfigurable intelligent surfaces: Principles and oppor-
tunities,” IEEE Commun. Surveys Tuts., vol. 23, no. 3, pp. 1546–1577,
3rd Quart., 2021.

[3] M. Al-Jarrah, A. Al-Dweik, E. Alsusa, Y. Iraqi, and M.-S. Alouini, “On
the performance of IRS-assisted multi-layer UAV communications with
imperfect phase compensation,” IEEE Trans. Commun., vol. 69, no. 12,
pp. 8551–8568, Dec. 2021.

[4] Q. Wu and R. Zhang, “Towards smart and reconfigurable environment:
Intelligent reflecting surface aided wireless network,” IEEE Commun.
Mag., vol. 58, no. 1, pp. 106–112, Jan. 2020.

[5] Z. Ding et al., “On the performance of non-orthogonal multiple access
in 5G systems with randomly deployed users,” IEEE Signal Process.
Lett., vol. 21, no. 12, pp. 1501–1505, Dec. 2014.

[6] A. Alqahtani, E. Alsusa, A. Al-Dweik, and M. Al-Jarrah, “Performance
analysis for downlink NOMA over α–μ generalized fading channels,”
IEEE Trans. Veh. Technol., vol. 70, no. 7, pp. 6814–6825, Jul. 2021.

[7] Y. Cheng, K. H. Li, Y. Liu, K. C. Teh, and H. V. Poor, “Downlink and
uplink intelligent reflecting surface aided networks: NOMA and OMA,”
IEEE Trans. Wireless Commun., vol. 20, no. 6, pp. 3988–4000, Jun.
2021.

[8] L. Yuan, Q. Du, N. Yang, F. Fang, and N. Yang, “Performance analysis
of IRS-aided short-packet NOMA systems over Nakagami-m fading
channels,” IEEE Trans. Veh. Technol., vol. 72, no. 6, pp. 8228–8233,
Jun. 2023.

[9] S. Solanki, J. Park, and I. Lee, “On the performance of IRS-aided
UAV networks with NOMA,” IEEE Trans. Veh. Technol., vol. 71, no. 8,
pp. 9038–9043, Aug. 2022.

[10] Z. Ding, R. Schober, and H. V. Poor, “On the impact of phase shifting
designs on IRS-NOMA,” IEEE Wireless Commun. Lett., vol. 9, no. 10,
pp. 1596–1600, Oct. 2020.

[11] P. Yang, L. Yang, W. Kuang, and S. Wang, “Outage performance
of cognitive radio networks with a coverage-limited RIS for
interference elimination,” IEEE Wireless Commun. Lett., vol. 11, no. 8,
pp. 1694–1698, Aug. 2022.

[12] Z. Tang, T. Hou, Y. Liu, J. Zhang, and C. Zhong, “A novel design
of RIS for enhancing the physical layer security for RIS-aided
NOMA networks,” IEEE Wireless Commun. Lett., vol. 10, no. 11,
pp. 2398–2401, Nov. 2021.

[13] X. Yue, J. Xie, Y. Liu, Z. Han, R. Liu, and Z. Ding, “Simultaneously
transmitting and reflecting reconfigurable intelligent surface assisted
NOMA networks,” IEEE Trans. Wireless Commun., vol. 22, no. 1,
pp. 189–204, Jan. 2023.

[14] M. Mirahmadi, A. Al-Dweik, and A. Shami, “Interference modeling
and performance evaluation of heterogeneous cellular networks,” IEEE
Trans. Commun., vol. 62, no. 6, pp. 2132–2144, Jun. 2014.

[15] A. Al-Dweik, A. Bedoui, and Y. Iraqi. “On the BER analysis of
NOMA systems.” Sep. 2023. [Online]. Available: https://www.techrxiv.
org/articles/preprint/Comment_On_the_BER_Analysis_of_NOMA_
Systems/24161586

[16] Z. Yang, P. Xu, G. Chen, Y. Wu, and Z. Ding, “Performance analysis
of IRS-assisted NOMA networks with randomly deployed users,” IEEE
Syst. J., vol. 17, no. 2, pp. 1853–1864, Jun. 2023.

[17] A.-A. Boulogeorgos and A. Alexiou, “Performance analysis of reconfig-
urable intelligent surface-assisted wireless systems and comparison with
relaying,” IEEE Access, vol. 8, pp. 94463–94483, 2020.

[18] B. Tahir, S. Schwarz, and M. Rupp, “Analysis of uplink IRS-assisted
NOMA under Nakagami-m fading via moments matching,” IEEE
Wireless Commun. Lett., vol. 10, no. 3, pp. 624–628, Mar. 2021.

[19] I. S. Gradshteyn and I. M. Ryzhik, Table of Integrals, Series, and
Products. Cambridge, MA, USA: Academic Press, 2014.

[20] K. A. Hamdi, “A useful lemma for capacity analysis of fading
interference channels,” IEEE Trans. Commun., vol. 58, no. 2,
pp. 411–416, Feb. 2010.

[21] P. Billingsley, Probability and Measure. Hoboken, NJ, USA: Wiley,
2008.

[22] M. Abramowitz and I. A. Stegun, Handbook of Mathematical Functions
With Formulas, Graphs, and Mathematical Tables, vol. 55. Washington,
DC, USA: U.S. Govt. Print. Office, 1968.

[23] N. Yang, M. Elkashlan, and J. Yuan, “Outage probability of multiuser
relay networks in Nakagami-m fading channels,” IEEE Trans. Veh.
Technol., vol. 59, no. 5, pp. 2120–2132, Jun. 2010.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Helvetica
    /Helvetica-Bold
    /HelveticaBolditalic-BoldOblique
    /Helvetica-BoldOblique
    /Helvetica-Condensed-Bold
    /Helvetica-LightOblique
    /HelveticaNeue-Bold
    /HelveticaNeue-BoldItalic
    /HelveticaNeue-Condensed
    /HelveticaNeue-CondensedObl
    /HelveticaNeue-Italic
    /HelveticaNeueLightcon-LightCond
    /HelveticaNeue-MediumCond
    /HelveticaNeue-MediumCondObl
    /HelveticaNeue-Roman
    /HelveticaNeue-ThinCond
    /Helvetica-Oblique
    /HelvetisADF-Bold
    /HelvetisADF-BoldItalic
    /HelvetisADFCd-Bold
    /HelvetisADFCd-BoldItalic
    /HelvetisADFCd-Italic
    /HelvetisADFCd-Regular
    /HelvetisADFEx-Bold
    /HelvetisADFEx-BoldItalic
    /HelvetisADFEx-Italic
    /HelvetisADFEx-Regular
    /HelvetisADF-Italic
    /HelvetisADF-Regular
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryITCbyBT-MediumItal
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Recommended"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


