
Ergodic Performance Analysis of Reconfigurable
Intelligent Surface Enabled Bidirectional NOMA

Ashish Rauniyar∗, Olav N. Østerbø†, Jan Erik Håkegård∗, Paal E. Engelstad‡
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Abstract—This paper proposes and investigates a recon-
figurable intelligent surface (RIS) enabled bidirectional non-
orthogonal multiple access (NOMA) network termed as NOMA-
RIS. Here, RIS allows multiple NOMA users in one group to
communicate with or share information with multiple NOMA
users in another group. Specifically, the two NOMA user
groups send the data intended for exchange to the RIS. RIS
reflects the NOMA signals allowing bidirectional communication
between two NOMA user groups. In particular, under the
Rician fading environment, we pay close attention to how well
RIS-enabled bidirectional NOMA networks operate. Analytical
expressions for tight upper bounds for the ergodic capacity
are mathematically derived and verified with the simulation
results. Comprehensive performance comparisons are presented,
showing that our proposed bidirectional NOMA-RIS system can
achieve enhanced capacity gains than RIS-enabled traditional or-
thogonal multiple access schemes. These comparisons also offer
practical insights into the impact of various system parameters
on the overall network performance.

Index Terms—Bidirectional, reconfigurable intelligent surface,
non-orthogonal multiple access (NOMA), ergodic capacity, rician
fading.

I. INTRODUCTION

The advent of reconfigurable intelligent surfaces (RISs)
has caused a profound revolution in the realm of wireless
communication. It emerges as a promising technology to
meet the ever-growing demands of the forthcoming sixth-
generation (6G) wireless communication networks [1], [2].
The RIS is a cost-effective device comprising numerous elec-
tromagnetic elements designed to reflect signals and enhance
the communication environment by optimizing the network’s
signal-to-interference-plus-noise ratio (SINR) and realize the
smart radio environment [3]. More precisely, each individual
element within the RIS can be programmed and electronically
controlled by the RIS controller to adjust its phase shift
independently. This enables the RIS to strategically steer
impinging waves towards a desired direction.

In contrast to conventional relaying and multi-antenna
systems like massive multiple-input multiple-output (MIMO),
RIS offer an advantage by eliminating the need for intricate
decoding, encoding processes, and expensive radio frequency
(RF) equipment chains [4]. Hence, RISs are considered a
more cost-effective solution [5]. In addition, one of the main
advantages of RIS is that it offers seamless integration into
building interiors and the surfaces of large vehicles, requiring

minimal or no modifications to existing equipment and device
software. This streamlined integration greatly reduces the
costs associated with enhancing performance aspects such as
energy efficiency [6], connectivity, and coverage extension for
next-generation wireless communication networks [7], [8].

In addition to RIS, non-orthogonal multiple access
(NOMA), which facilitates massive Internet of Things (IoT)
connectivity and boosts the spectrum efficiency of the com-
munication networks, has been identified as a key candi-
date for 6G [9]. In contrast to orthogonal multiple access
(OMA) methods like orthogonal frequency-division multiple
access (OFDMA) and time-division multiple access (TDMA),
NOMA adopts a distinctive approach to user separation. More
precisely, power-domain NOMA allows multiple users to uti-
lize the same orthogonal resources and employs superposition
coding to concurrently transmit distinct signals to different
users by assigning varying power levels. Subsequently, it uti-
lizes successive interference cancellation (SIC) at the receiver
side to separate and decode these signals [10], [11].

Recognizing the significant potential of both RIS and
NOMA as pivotal candidates for the development of 6G
networks, recent endeavors have sought to integrate RIS with
NOMA to enhance spectral and energy efficiency. In a study
conducted by Liu et al. [12], a comprehensive exploration
of RIS-empowered NOMA networks was undertaken, en-
compassing investigations into information-theoretic capacity
limits and optimal RIS deployment strategies, both in static
and dynamic RIS configurations. To tackle the challenge of
mitigating mutual user interference, Khaleel et al. [13] delved
into a downlink NOMA solution that incorporates RIS parti-
tioning, examining the ergodic rates and outage probabilities
for all users. Cheng et al. [14] explored the utilization of
RIS to enable interaction between cell-edge user devices
(UD) and the base station (BS) in the context of both one-
way transmission scenarios and downlink and uplink NOMA
networks. Their analysis delved into the outage and ergodic
capacities of the BS-RIS-UD link under Nakagami-m fading
conditions, shedding light on the quantification of system
performance. It is noteworthy that these studies primarily
focused on scenarios involving one-way transmission, where
information flows from the BS to the RIS and is subsequently
relayed to user terminals.

The combination of RIS-enabled networks with bidirec-
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tional communication can further improve the spectral effi-
ciency of 6G networks. As shown in previous studies [15],
[16], certain approaches have effectively implemented bidi-
rectional communication in RIS-enabled communication net-
works. In the study conducted by Wang et al. [15], they
investigated a two-way relay system that benefited from the
assistance of RIS. Their research centered around formulating
a joint beamforming and RIS design problem with the aim of
maximizing the minimum signal-to-noise ratio (SNR) while
adhering to a transmit power constraint at the base station
(BS). It’s worth noting that their study did not incorporate
NOMA techniques. In contrast, Liu et al. [16] delved into
the performance evaluation of a two-way NOMA network
that leveraged RIS assistance. Their research specifically
focused on assessing approximated expressions for outage
probability and ergodic capacity, effectively integrating the
NOMA paradigm into their study for improved wireless
communication performance. It is important to note that the
authors considered a system model with a single-user scenario
and conducted their evaluations under Rayleigh fading. How-
ever, modelling communication links in RIS-based systems
using Rayleigh distributions is imprecise. This is because
there are considerable losses in the non-line-of-sight (NLoS)
components, and strong line-of-sight (LoS) components are
present. It is important to remember that RIS is typically
utilized as a reflector, where the LoS component tends to
be dominant [17]. Therefore, in this paper, we investigate a
RIS-enabled bidirectional NOMA network termed as NOMA-
RIS under Rician fading environment. In this context, the
RIS enables multiple users belonging to one NOMA group
to establish communication or exchange information with
multiple users from another NOMA group.

The major contributions of this paper can be outlined as
follows.

• We propose NOMA-RIS, a bidirectional NOMA network
using RIS in a Rician fading environment. NOMA-
RIS enables multiple users in one NOMA group to
communicate with multiple users in another group.

• Our research focuses on investigating the ergodic per-
formance of the NOMA-RIS system. Specifically, we
derive tight upper bounds for the achievable rates under
Rician fading. Our results demonstrate a close match
between these derived bounds and the simulation results,
highlighting the accuracy of our analysis.

• We present a comprehensive performance analysis show-
casing the superiority of our proposed bidirectional
NOMA-RIS system. Our results demonstrate significant
capacity gains compared to traditional OMA-enabled
RIS schemes.

II. RIS-ENABLED BIDIRECTIONAL NOMA (NOMA-RIS)

A. NOMA-RIS Channel Model

We have examined a bidirectional NOMA-RIS system,
illustrated in Fig. 1. This system comprises multiple NOMA
users in two groups: S (with users S1, S2, S3, ..., SN ) and D

Fig. 1. Bidirectional NOMA-RIS system model.

(with users D1, D2, D3, ..., DN ). These groups communicate
and share information exclusively through the RIS. Notably,
the direct link between groups S and D is assumed to be
absent due to severe shadowing or obstruction. Therefore, the
RIS, equipped with M reflecting elements, serves as the sole
medium for information exchange between the two groups.

In both groups S and D, each node operates as a full-duplex
transceiver system with two antennas. Our assumptions align
with those in a prior study by Liu et al. [16], where we also
consider the availability of perfect channel status information
(CSI) at the users. Specifically, we model the fading channel
for the S−RIS−D link as Rician. Additionally, we order the
users within groups S and D based on their respective channel
qualities, i.e. |h1|2 > |h2|2 > |h3|2 > .....|hN |2 in the group
S and |g1|2 < |g2|2 < |g3|2 < .....|gN |2 in the group D. Here,
hi = [h1

1, h2
2, . . .hm

n . . .hM
N ]H ∈ CM , i ∈ 1, . . . N are denoted

as channel coefficients of the links S1 ↔ RIS, S2 ↔ RIS,
. . . , Sn ↔ RIS, . . . ,SN ↔ RIS, respectively, in group S,
where hm

i =
√
αm
i

(√
K

K+1 +
√

1
K+1 ĥi

m)
, αi = d−α

i , di

is the distance between ith user in group S to RIS and α
is the path-loss exponent, ĥi

m
∼ CN (0, 1), K is a Rician

factor. Setting K to zero in the Rician fading channel results
in a transformation to Rayleigh fading channels. On the other
hand, as K approaches infinity, the channel predominantly
consists of a fixed LoS component. Similarly, gj = [g11 ,
g22 , . . . gmn . . . gMN ]H ∈ CM , j ∈ 1, . . . N are denoted as
channel coefficients of the links, D1 ↔ RIS, D2 ↔ RIS,
. . . , Dn ↔ RIS, . . . ,DN ↔ RIS, respectively, in group
D, where gmj =

√
αm
j

(√
K

K+1 +
√

1
K+1 ĝj

m
)
, αj = d−α

j ,
dj is the distance between jth user in group D to RIS and
ĝj

m ∼ CN (0, 1). The effective cascade channel gains are
represented as hH

i Φgj , where Φ = diag(β1e
jθ1 , · · ·βMejθM )

forms an M × M diagonal phase-shifting matrix. In this
matrix, the M main diagonal elements correspond to the
reflecting elements of the RIS, where βm ∈ [0, 1] and
θm ∈ [0, 2π] denote the reflection coefficient and phase-shift
for the mth reflecting element, respectively.

B. NOMA-RIS System Model

To simplify our analysis without sacrificing generality, we
consider a system model with 2N NOMA users distributed



equally into two groups of N users each. Multiple pairs
of users are formed within each group to create NOMA
groups. Each NOMA group consists of users scheduled on
the same channel, which is orthogonal to the channels used
by the other group. In our NOMA-RIS system model, we
designate the bandwidth for group S as BS = τB and for
group D as BD = (1 − τ)B, where B signifies the total
available bandwidth in our system, with 0 < τ ≤ 1. To
ensure equitable bandwidth distribution, we evenly divide the
total bandwidth B between group S and group D, resulting
in BS = BD = B

2 . This allocation approach adheres to
the principle of proportional bandwidth fairness, as outlined
in [18].

As per our system model, each NOMA user in group S,
namely S1 and S2, and each user in group D, specifically D1

and D2, non-orthogonally transmit their information signals
for exchange with the RIS. The signals transmitted by groups
S and D at time t can be expressed as follows:

yS(t) =
√
a1PTh1xS1

+
√
a2PTh2xS2

, (1)

yD(t) =
√
b1PT g1xD1 +

√
b2PT g2xD2 , (2)

where PT is the transmission power of the users in Group S
and D, xS1 , and xS2 are the information signal of users S1 and
S2 in Group S, and xD1

, and xD2
are the information signal

of users D1 and D2 in Group D respectively. Also, a1, and
a2 with a1 + a2 = 1 and a1 < a2, are the NOMA power
allocation coefficients of S1 and S2 respectively, whereas
b1,and b2 with b1 + b2 = 1 and b1 > b2, are the power
allocation coefficients of D1 and D2, respectively.

The reflected signals received from RIS at Group S are
given by:

yS = hH
i Φ
[√

b1PT g1xD1
+
√
b2PT g2xD2

]
+xIS +nS (3)

where xIS is the residual self-interfering signal with distribu-
tion CN (0, σ2

IS
) and nS is Additive White Gaussian Noise

(AWGN) at group S with mean power σ2
IS

.
Similarly, the reflected signals from RIS at Group D are

given by:

yD = gHi Φ
[√

a1PTh1xS1
+
√
a2PTh2xS2

]
+xID +nD (4)

where xID is the residual self-interfering signal with distri-
bution CN (0, σ2

ID
) and nD is AWGN at group D with mean

power σ2
ID

.

C. Bidirectional NOMA-RIS Signals Decoding

Adhering to the NOMA principle, the received signal-to-
interference-plus-noise ratio (SINR) values at users S1 and
S2 within group S are expressed as:

γS1→D2
=

b2PT |
∑M

i=1 βie
jθi [h1]

i[g1]
i|2

b1PT |
∑M

i=1 βiejθi [h1]i[g1]i|2 + σ2
IS1

+ 1
(5)

γS1→D1
=

b1PT |
∑M

i=1 βie
jθi [h1]

i[g1]
i|2

σ2
IS1

+ 1
(6)

γS2→D2
=

b2PT |
∑M

i=1 βie
jθi [h2]

i[g2]
i|2

b1PT |
∑M

i=1 βiejθi [h2]i[g2]i|2 + σ2
IS2

+ 1
(7)

Similarly, the received SINR values at users D1 and D2 in
group D are given by:

γD2→S1
=

a1PT |
∑M

i=1 βie
jθi [g2]

i[h2]
i|2

a2PT |
∑M

i=1 βiejθi [g2]i[h2]i|2 + σ2
ID2

+ 1
(8)

γD2→S2 =
a2PT |

∑M
i=1 βie

jθi [g2]
i[h2]

i|2

σ2
ID2

+ 1
(9)

γD1→S1 =
a1PT |

∑M
i=1 βie

jθi [g1]
i[h1]

i|2

a2PT |
∑M

i=1 βiejθi [g1]i[h1]i|2 + σ2
ID1

+ 1
(10)

III. ERGODIC PERFORMANCE ANALYSIS OF
BIDIRECTIONAL NOMA-RIS

A. Achievable Rate of S1

The achievable rate of S1 node associated with symbol xS1

can be given as:

RS1
= E[log2(1 + γS1→D1

)]

= E

[
log2

(
1 +

b1PT |
∑M

i=1 βie
jθi [h1]

i[g1]
i|2

σ2
IS1

+ 1

)]
(11)

where E[·] denotes the statistical expectation operator.

B. Achievable Rate of S2

The achievable rate of S2 node associated with symbol xS2

can be given as:

RS2 = E[log2
(
1 + min

{
γS1→D2 , γS2→D2

})
]

= E

[
log2

(
1 + min

{
b2PT |

∑M
i=1 βie

jθi [h1]
i[g1]

i|2

b1PT |
∑M

i=1 βiejθi [h1]i[g1]i|2 + σ2
IS1

+ 1
,

b2PT |
∑M

i=1 βie
jθi [h2]

i[g2]
i|2

b1PT |
∑M

i=1 βiejθi [h2]i[g2]i|2 + σ2
IS2

+ 1

})]
(12)

C. Achievable Rate of D1

The achievable rate of D1 node associated with symbol
xD1

can be given as:

RD1 = E[log2
(
1 + min

{
γD2→S1 , γD1→S1

})
]

= E

[
log2

(
1 + min

{
a1PT |

∑M
i=1 βie

jθi [g2]
i[h2]

i|2

a2PT |
∑M

i=1 βiejθi [g2]i[h2]i|2 + σ2
ID2

+ 1
,

a1PT |
∑M

i=1 βie
jθi [g1]

i[h1]
i|2

a2PT |
∑M

i=1 βiejθi [g1]i[h1]i|2 + σ2
ID1

+ 1

})]
(13)



D. Achievable Rate of D2

The achievable rate of D2 node associated with symbol
xD2

can be given as:

RD2
= E[log2(1 + γD2→S2

)]

= E

[
log2

(
1 +

a2PT |
∑M

i=1 βie
jθi [g2]

i[h2]
i|2

σ2
ID2

+ 1

)]
(14)

Theorem 1: Let X ≜
∑M

i=1 UiVi, where Ui and Vi are both
Rician distributed with parameters k1, Ω1 = d−α

1 and k2,
Ω2 = d−α

2 respectively. For Rician fading, the expected value
of effective cascade channel gain E[X2] can be given as:

E[X2] = MΩ1Ω2

(
1 +

(M − 1)π2

16(k1 + 1)(k2 + 1)

(
L 1

2
(−k1)L 1

2
(−k2)

)2
)

(15)
where L 1

2
(.) is the Laguerre polynomial of order 1

2 , M is the
total number of RIS elements.
proof: The probability density function (PDF) of a Rician
distributed variable Z can be given as:

fZ(x; k,Ω) =
2(k + 1)x

Ωek
e−

(k+1)
Ω x2

I0

(
2x

√
k(k + 1)

Ω

)
where I0(.) is the modified Bessel function of the first kind
with order zero. The Rician random variable Z moments are
found by using MATHEMATICA©.

E[ZK ] =

(√
Ω

k + 1

)K

Γ(1 +
K

2
)LK

2
(−k)

where Γ(.) is incomplete Gamma function.
Since Xi = UiVi is the product of two independent Rician
random variables, the moments can be found as:

E[XK
i ] = E[(UiVi)

K ] = E[UK
i ]E[V K

i ]

=

(√
Ω1

k1 + 1

Ω2

k2 + 1

)K(
Γ(1 +

K

2
)

)2

LK
2
(−k1)LK

2
(−k2)

Therefore,

E[Xi] =
π

4

√
Ω1

k1 + 1

Ω2

k2 + 1
L 1

2
(−k1)L 1

2
(−k2)

σ2
X1

= E[X2
i ]− (E[Xi])

2

= Ω1Ω2

(
1− π2

16(k1 + 1)(k2 + 1)

(
L 1

2
(−k1)L 1

2
(−k2)

)2)

Since, X ≜
∑M

i=1 UiVi, then the mean and variance are ob-
tained by multiplying by M of the mean and variance for the
individual variables Xi, and hence we have: E[X] = ME[Xi]
and σ2

X = Mσ2
X1

.
Moreover, by applying the definition of the variance, we then
also find the expectation of X2 to be:
E[X2] = σ2

X + (E[M ])2 = Mσ2
X1

+M2(E[Xi])
2

Now, inserting the mean and variance of Xi from above, we
finally find E[X2] as in Eq. (15). ■.

TABLE I
SIMULATION PARAMETERS.

Parameter Symbol Values

Distance between S1 and RIS dS1−R 10 m
Distance between S2 and RIS dS2−R 40 m
Distance between RIS and D1 dR−D1 40 m
Distance between RIS and D2 dR−D2

10 m
Path Loss Exponent α 2.5
Rician Factor K 10, 2, 0
Reflection Coefficients βi 0.8
Power Allocation Factor for NOMA a1 0.2
Power Allocation Factor for NOMA a2 0.8
Power Allocation Factor for NOMA b1 0.8
Power Allocation Factor for NOMA b2 0.2

E. Tight Upper Bound for the Achievable Rate for Bidirec-
tional NOMA-RIS

For ideal passive beamforming, we have βi = β, ∀i. By
setting up the optimal phase-shift matrix for each of the
reflecting elements of RIS, the achievable rate of S1 from
Eq. (11) can be rewritten as:

R̂S1 =
1

ln 2
E

[
ln

(
1 +

b1PTβ
2X2

σ2
IS1

+ 1

)]
(16)

where X =
∑M

i=1[h1]
i[g1]

i.
Now, an upper bound of the achievable rate of S1 is found
using Jensen’s inequality.

RUpper
S1

=
1

ln 2
E

[
ln

(
1 +

b1PTβ
2X2

σ2
IS1

+ 1

)]
≤ 1

ln 2
ln

(
1 +

b1PTβ
2E[X2]

σ2
IS1

+ 1

)
(17)

Substituting the value of E[X2] as derived in Theorem 1,
Eq. (15) above, we finally get the tight upper bound for the
achievable rate of S1.

By following similar steps, it is straightforward to derive
the tight upper bounds for the achievable rates of S2, D1, and
D2. Combining these tight upper bounds for the achievable
rates of S1, S2, D1, and D2 provides the tight upper bound
for the achievable sum rate of the bidirectional NOMA-RIS
system.

IV. RESULTS & DISCUSSION

In this section, we validate our analytically derived results
for the ergodic capacity of the proposed NOMA-RIS system
by comparing them with Monte-Carlo simulation results.
The simulation experiments were conducted using MATLAB,
averaging over 104 random realizations of Rician fading
channels. σ2

IS1
, σ2

IS2
, σ2

ID1
, and σ2

ID2
were set to 1. The

phase of each link was randomly generated between 0 and 2π.
Unless mentioned otherwise, the simulation parameters used
for the experiments are provided in Table I. For comparison,
we devised a bidirectional OMA-RIS system in which the data
transmission and exchange of information occur in four-time
slots.

In Fig. 2, and Fig. 3, we present the achievable rate of
S1 and S2 as a function of the number of RIS reflecting
elements. The plots are obtained for different transmit SNR
values and varying Rician K factors. It should be noted
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that the achievable rate performance for D1 and D2 is not
shown since it is expected to be the same due to bidirectional
communication. From Fig. 2 and Fig. 3, we observe that the
achievable rate of S1 is notably higher compared to S2, and it
increases with the number of RIS reflecting elements. These
results align with our expectations. Additionally, the upper
bounds derived in Section III closely match the simulation
results, validating the accuracy of our analysis. Furthermore,
we examine the achievable rate performance for S1 and S2

at higher transmit SNRs, such as 30 dB, and observe that the
achievable rate increases with the Rician K factor value. It
is worth noting that when K = 0, the system undergoes a
transformation to Rayleigh fading channels, which represents
the worst-case scenario for our NOMA-RIS system.

In Fig. 4, we compare the achievable sum rate of our
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proposed bidirectional NOMA-RIS system with the bidirec-
tional OMA-RIS system. The results clearly demonstrate that
our NOMA-RIS system outperforms the OMA-RIS system
across all values of RIS reflecting elements. This significant
difference in performance can be attributed to the fact that in
OMA-RIS, the exchange of information occurs over four-time
slots, while our NOMA-RIS system achieves the message
exchange within a single time slot.

In Fig. 5, we investigate the impact of RIS placement on the
achievable sum rate, considering different Rician K factors.
The RIS location is varied between S1 and D1, ranging from
10 m to 100 m, with the constraint that the RIS is positioned
at least 10 m above S1 and D1. From the results presented in
Fig. 5, we observe that the achievable sum rate of the NOMA-
RIS system is influenced by the proximity of the RIS to either
S1 or D1. Specifically, the NOMA-RIS system achieves better
performance when the RIS is positioned closer to either S1 or
D1. Interestingly, minimal performance is achieved when the
RIS is positioned equidistantly in the middle between S1 and
D1. This behaviour can be explained by the far-field channel
modelling of the NOMA-RIS system, where the path loss of
the NOMA-RIS link is inversely proportional to the product
of the distances of the incoming and outgoing channels.

In practical real-world scenarios, achieving ideal passive
beamforming or continuous phase shifts can pose signifi-
cant challenges and introduce complexity to the system. To
address these challenges, the use of discrete phase shifts
has emerged as a viable alternative. In this approach, each
reflecting element of the RIS can only take on values from a
predefined set of discrete phase-shift values, offering a more
feasible implementation. However, it’s crucial to account for
the impact of imperfections in CSI on the performance of the
NOMA-RIS system. In Fig 6, we investigate how discrete
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Fig. 6. Effect of discrete phase shifts (L = 4) and imperfect CSI (ϵ = 0.3).

phase shifts and imperfect CSI affect the achievable sum
rate of the bidirectional NOMA-RIS system. We specifically
employ four uniformly quantized phase-shift levels (L = 4)
and assume an imperfection level of ϵ = 0.3 for the CSI.
The results illustrate that both scenarios significantly impact
the achievable sum rate, particularly at higher transmit signal-
to-noise ratios (SNR) exceeding 25 dB. While increasing the
number of RIS reflecting elements improves the achievable
sum rate; it becomes evident that imperfect CSI has a more
pronounced detrimental effect compared to discrete phase
shifts. This highlights the crucial role of accurate CSI estima-
tion in the NOMA-RIS system’s performance. Imperfect CSI
leads to inaccuracies in the phase-shift settings, resulting in
a degradation of the achievable sum rate. As a result, careful
consideration and improvement of CSI estimation techniques
are essential to mitigate performance degradation in practical
NOMA-RIS deployments.

V. CONCLUSIONS AND FUTURE WORKS

This paper focused on proposing and investigating a bidi-
rectional NOMA-RIS system operating in a Rician fading
environment. By leveraging the RIS, we enabled efficient bidi-
rectional communication between two NOMA user groups.
Through extensive simulations, we validated the performance
of the proposed system by deriving tight upper bounds for
the achievable rate and achievable sum rate. The results
demonstrated the superiority of the bidirectional NOMA-RIS
system over the benchmark bidirectional OMA-RIS approach
in terms of achievable rate performance. Furthermore, we
examined the impact of various factors on the performance
of the bidirectional NOMA-RIS system. Our investigation
revealed that RIS placement, discrete phase shift implementa-
tion, and imperfect CSI could potentially degrade the achiev-
able rate performance. These findings emphasize the need
for careful consideration and optimization of these factors in
practical NOMA-RIS deployments.

In future, we will focus on studying the statistical character-
istics of the RIS channel under various fading environments,
allowing us to analyze metrics like outage probability and bit
error rate and conduct comprehensive performance compar-

isons with relaying techniques. Additionally, we will explore
the presence of direct links in the bidirectional NOMA-RIS
system to further enhance its performance.
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