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Performance Analysis of RIS/STAR-IOS-aided V2V
NOMA/OMA Communications over Composite Fading

Channels
Farshad Rostami Ghadi, Masoud Kaveh, and Diego Martı́n

Abstract—In this paper, we explore the communication perfor-
mance of vehicle-to-vehicle (V2V) networks assisted by a reconfig-
urable intelligent surface (RIS) and a simultaneous transmitting
and reflecting intelligent omni-surface (STAR-IOS) under non-
orthogonal multiple access (NOMA) and orthogonal multiple
access (OMA) schemes. In particular, we consider that the RIS is
close to the transmitter vehicle while the STAR-IOS is near the
receiver vehicles. In addition, it is assumed that the STAR-IOS
exploits the energy-splitting (ES) protocol for communication and
the fading channels between the RIS and STAR-IOS follow com-
posite Fisher-Snedecor F distribution. Under such assumptions,
we first use the central limit theorem (CLT) to derive the PDF
and the CDF of equivalent channels at receiver vehicles, and
then, we derive the closed-form expression of outage probability
(OP) under NOMA/OMA scenarios. Additionally, by exploiting
Jensen’s inequality, we propose an upper bound of the ergodic
capacity (EC) and subsequently develop an analytical expression
of the energy efficiency (EE) for both NOMA and OMA cases.
Further, our analytical results, which are double-checked with the
Monte-Carlo simulation, reveal that applying RIS/STAR-RIS in
V2V communications significantly enhances the communication
performance of intelligent transportation systems (ITS). Besides,
the results indicate that considering the NOMA scheme provides
better performance in terms of the OP, EC, and EE as compared
with the OMA case for the considered V2V communication
system.

Index Terms—V2V communications, RIS, STAR-IOS, NOMA,
Fisher-Snedecor F fading, ergodic capacity, outage probability,
energy efficiency.

I. INTRODUCTION

Developments in the context of intelligent transportation
systems (ITSs) have led to significant attention being paid
to vehicular communication in recent years [1]. Vehicular
communications, often referred to as vehicle-to-everything
(V2X) communications, hold significant potential for enabling
advanced applications, including self-driving cars which will
be provided by the sixth-generation (6G) wireless technologies
[2]. Moreover, V2X communications, e.g., vehicle-to-vehicle
(V2V) communications, will provide remarkable advantages
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such as enhancing the quality-of-service (QoS) requirements
of the vehicle user equipment, improving road safety and air
quality, and increasing the collective awareness of all vehicles
within the immediate driving surroundings [3]. However, to
achieve the above-mentioned ambitious goals in future wire-
less technologies such as 6G, it will be needed the incorpo-
ration of a variety of technologies, encompassing unmanned
aerial vehicles (UAVs), Reconfigurable intelligent surfaces
(RISs), visible light communication (VLC), edge caching,
non-orthogonal multiple access (NOMA), etc. Therefore, by
combining such key technologies, future 6G-V2X networks
will be able to provide a smart, self-sufficient, user-controlled
platform for connectivity and services in ITSs.

RIS has been recently introduced as a compelling innovation
due to its ability to expand coverage range and offer excep-
tional spectral and energy effectiveness for 6G communica-
tions [4]. Generally speaking, RIS is an artificial metasurface
with a multitude of cost-effective passive reflective compo-
nents that can intelligently and adaptively enable a smart radio
environment (SRE) and maximize the desired signal quality at
receivers. However, one of the key limitations of RIS is that
the transmitter and receiver must both be positioned on a single
side of the RIS, meaning that the RIS can only support the
half-space of the SRE. To address this challenge, an innovative
idea of simultaneous transmitting and reflecting intelligent
omni-surface (STAR-IOS) has been intriduced which is able to
enable a 360◦ coverage region of SREs [5]. By exploiting this
unique feature of STAR-IOS, separate reflection and refraction
passive beamforming can be designed for the various serving
regions.

Moreover, given the advantage of STAR-IOS in delivering
comprehensive coverage across all spatial dimensions, there
has been recently a growing interest in integrating these
devices with NOMA techniques. Generally, in the NOMA
approach, numerous signals are overlaid in the power di-
mension and concurrently transmitted within the identical
frequency/time channel. Following this, the receiver employs
successive interference elimination (SIC) to mitigate the in-
terference induced by the superimposed coding. [6]. In this
context, the pivotal element for realizing the complete benefits
of NOMA systems lies in the optimal power allocation, which
fulfills a critical function among users in improving the system
performance. Following the power allocation guideline of
the NOMA scheme, less power is assigned to users with
favorable channel conditions, whereas users experiencing sub-
optimal channel conditions are allocated greater power. By
doing so, NOMA can provide better performance compared
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with orthogonal multiple access (OMA) regarding substantial
spectral effectiveness, extensive connectivity, and maintaining
equitable user treatment [7].

A. Related Works
Great efforts have been recently carried out to study the per-

formance of RIS/STAR-IOS-assisted V2X communications. In
[8], the authors studied the power allocation problem for RIS-
aided V2V communication systems based on slowly varying
large-scale fading channel information. By considering an
analytical framework grounded in the principles of stochastic
geometry, the authors in [9] analyzed the performance of
RIS-aided V2V communication networks regarding outage
probability (OP), throughput, and delay outage rate (DOR).
Considering the occurrence of obstacles and the density of
vehicles in real-world road scenarios, the authors in [10]
derived a series-form expression of the OP for a RIS-aided
vehicular communication network, using the central limit
theorem (CLT). By considering the low-latency and high-
reliability requirements of V2V links, the authors in [11]
evaluated the ergodic capacity (EC) optimization problem and
derived a closed-form expression of optimal phase shifts in
vehicle-to-infrastructure (V2I) communications with the help
of RIS.

The authors in [12] also optimized the achievable sum-
rate for a RIS-aided V2X communication system under full-
duplex (FD) mode. The achievable rate for a RIS-assisted high-
mobility vehicular communication system was investigated
in [13], proposing a flexible two-step transmission protocol.
Aiming to provide reliable and energy-efficient connectiv-
ity for autonomous vehicles, the authors in [14] optimized
the placement problem of RISs over a V2X communication
system. Inspired by the promise of RIS in vehicular net-
works, the secrecy performance metrics for RIS-aided V2V
communication under Rayleigh fading channels were also
analyzed in [15]. By considering an opportunistic terrestrial
selection scheme over V2V communications, the authors in
[16] derived the closed-form expression of the secrecy outage
probability (SOP) for the integrated satellite multiple two-
way terrestrial relay networks. In addition, by considering the
multiple vehicle eavesdroppers, the authors in [17] analyzed
the secrecy performance of the RIS-based integrated satellite
UAV relay networks.

By considering a dual RIS-aided V2I communication sys-
tem, the authors in [18] derived closed-form expressions of
the OP, upper/lower bounds of spectral efficiency (SE), and
energy efficiency (EE) under Nakagami-m fading channels.
Only recently, the authors in [19] formulated an optimization
problem to optimize the attainable data rate for users in a
STAR-RIS-aided V2X communication system. By comparing
the NOMA and OMA schemes, the OP for a STAR-RIS-aided
vehicular communication was derived in [20]. In addition to
aforesaid scientific efforts, several contributions have been also
done to analyze the various performance metrics of STAR-
RIS-aided NOMA communications in recent years [21]–[26].
However, previous works did not consider RIS and STAR-IOS
in vehicular networks simultaneously to analyze the system
important performance metrics.

B. Motivation and Contributions

Motivated by the aforesaid advantages of RIS and STAR-
IOS techniques in intelligent practical applications of future
wireless networks, e.g., 6G, as well as the inherent potential
of the NOMA scheme in providing higher SE over vari-
ous communication systems, in this paper, we integrate the
emerging RIS and STAR-IOS technologies to analyze the
performance of vehicular networks, e.g., V2V communication
systems, under OMA and NOMA schemes. To the best of
the author’s knowledge, there has been no previous work that
exploits the RIS and STAR-RIS simultaneously to evaluate
V2X communications under composite fading channels. Most
previous contributions considered the RIS, STAR-IOS, or dual
RIS separately in their proposed system model, however, the
impact of the cooperation between RIS and STAR-IOS on the
system performance remains unanswered so far.

To this end, in particular, we consider a V2V communi-
cation, where a transmitter vehicle wants to send an inde-
pendent message to vehicle receivers with the help of RIS
and STAR-IOS which are located close to the transmitter and
receivers, respectively. Besides, in order to accurately model
the statistical characteristics of fading channel coefficients,
we assume that the channels between the RIS and STAR-
IOS undergo Fisher-Snedecor F distribution. Moreover, af-
ter determining the marginal distributions of the equivalent
channel at the receivers by exploiting the CLT, we derive
analytical expressions of important performance metrics in
wireless communications, and then, we evaluate the efficiency
of the proposed system model in terms of derived metrics.
Thus, the main contributions of our work are summarized as
follows

• By utilizing the CLT, we first obtain analytical expressions
of the cumulative distribution function (CDF) and probability
density function (PDF) for the signal-to-noise ratio (SNR) at
the receiver vehicles.

• Then, by exploiting the provided CDF and PDF, we derive
the closed-form expression of the OP, a tight upper bound of
ergodic capacity (EC), and the analytical expression of EE
for both OMA and NOMA schemes under Fisher-Snedecor F
fading channels.

• Eventually, we assess the performance of the analyzed
RIS/STAR-IOS system with a focus on the OP, EC, and EE.
To do so, we double-check the accuracy of our analytical
expressions with Monte-Carlo simulation, where the numer-
ical results confirm that considering RIS/STAR-IOS in V2V
communications is quite beneficial for the system performance
and that the use of NOMA provides better performance in
comparison with the OMA counterpart.

II. SYSTEM MODEL

A. Channel Model

We consider a wireless V2V NOMA communication sce-
nario as shown in Fig. 1, wherein a transmitter vehicle us aims
to communicate information with other receiver vehicles uw,
w ∈ {r, t} which are located in the reflection and refraction
regions. We assume that the direct links between the vehicle
transmitter us and the vehicle receivers uw are blocked due to
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obstacles. Hence, we consider a RIS with N1 elements and a
STAR-IOS with N2 elements to support this transmission, one
each placed near the transmitter vehicle us and the receiver
vehicles uw, respectively. In addition, it is assumed that the
distance between the transmitter vehicle and the RIS, dsR,
along with the distance between the STAR-IOS and receiver
vehicles, dSw, are small, thereby, the corresponding channels
can be properly modeled as deterministic line-of-sight (LoS)
channels. However, by considering a large distance between
the RIS and the STAR-IOS, dRS, it is presumed the quasi-static
fading channels between the k-th element of RIS and the l-th
element of STAR-IOS follow Fisher-Snedecor F distribution,
i.e., hk,l ∼ F (m1,m2), where m1 and m2 are degrees of
freedom which can denote the amount of shadowing of the
root-mean-square (rms) signal power and the fading severity
parameter, respectively. Therefore, the received signal at uw
can be respectively expressed as

Yw =
√
P

(
N1∑
k=1

N2∑
l=1

Φkhk,lΨw,l

)
(
√
ptXt +

√
prXr) + Zw,

(1)

in which P denotes the total transmit power, Xw defines the
symbol transmitted to uw with unit power (i.e., E[|Xw|2]),
pw is the power allocation factor for uw, so that pt + pr =
1, and Zw is the additive white Gaussian noise (AWGN)
with zero mean and variance σ2

n at uw. The term hk,l =
ηk,ld

−κ
R,Se

−jζk,l denotes the fading channel between the RIS
and the STAR-IOS, in which κ > 2, ηk,l, and ζk,l are the
path-loss exponent, the amplitude of hk,l, and the phase of
hk,l, respectively. Additionally, the term Φk = ejϕk contains
ϕk which indicates the modifiable phase caused by the k-
th reflecting element of the RIS. By assuming the energy-
splitting protocol for the considered STAR-IOS model, all
elements of the STAR-IOS simultaneously operate refraction
and reflection modes, while the total radiation energy is split
into two parts, i.e., Ψw,l = βw,le

jψw,l , where ψw,l denotes the
adjustable phases induced by the l-th element of the STAR-
IOS during refraction and reflection, whereas βw,l denote the
adjustable refraction/reflection coefficients of the STAR-IOS,
with β2

r,l + β2
t,l ≤ 1. To simplify the system and reduce

complexity, we assume throughout the following analysis
that all elements possess identical amplitude coefficients, i.e.,
βw,l = βw, ∀l = 1, . . . , N2. Moreover, we consider the term
D as the distance-dependent path-loss for LoS which can be
defined, for a link distance d, at the carrier frequency of 3
GHz as follows [27]

D (d) [dB] = −37.5− 22 log10 (d/1m) . (2)

B. Multiple Access Schemes

1) NOMA: As per the principles of NOMA, the transmitter
vehicle us sends the signals of both receiver vehicles using the
same time and frequency resources by superposition coding.
Besides, the NOMA vehicle with a better channel condition
conducts successive interference cancellation (SIC), while
another vehicle decodes its signal directly treating interference
as noise. Without loss of generality, as the STAR-IOS can

Fig. 1. Illustration of RIS/STAR-IOS-aided V2V communications.

adapt the energy allocation coefficients βw,l using the ES
protocol, we designate a higher energy allocation for reflecting
links, and thus, the strong receiver vehicle ur operates the SIC
process. This implies in turn that the receiver vehicle in the
refraction zone ut is allocated more power by the transmitter
vehicle (i.e., pr < pt). Therefore, the signal-to-interference-
plus-noise ratio (SINR) of the SIC process for ur can be
expressed as

γsic =
γ̄ptβ

2
rDd−κRS

∣∣∣∑N1

k=1

∑N2

l=1 ηk,le
j(ϕk+ψr,l−ζk,l)

∣∣∣2
γ̄prβ2

rDd−κRS

∣∣∣∑N1

k=1

∑N2

l=1 ηk,le
j(ϕk+ψr,l−ζk,l)

∣∣∣2 + 1
,

(3)

where γ̄ = P
σ2
n

is the transmit SNR. Then, with the aid of
SIC, ur removes the message of ut from its received signal
and decodes its required information with the following SNR

γnr = γ̄prβ
2
rDd−κRS

∣∣∣∣∣
N1∑
k=1

N2∑
l=1

ηk,le
j(ϕk+ψr,l−ζk,l)

∣∣∣∣∣
2

. (4)

Simultaneously, ut directly decodes its signal by considering
the signal of ur as interference. Thus, the SINR at ut can be
expressed as

γnt =
γ̄ptβ

2
tDd−κRS

∣∣∣∑N1

k=1

∑N2

l=1 ηk,le
j(ϕk+ψt,l−ζk,l)

∣∣∣2
γ̄prβ2

tDd−κRS

∣∣∣∑N1

k=1

∑N2

l=1 ηk,le
j(ϕk+ψt,l−ζk,l)

∣∣∣2 + 1
.

(5)

2) OMA: Conversely, the SNR at user uw in OMA, such
as time division multiple access (TDMA), can be defined as

γow = γ̄Dd−κRSβ
2
w

∣∣∣∣∣
N1∑
k=1

N2∑
l=1

ηk,le
j(ϕk+ψw,l−ζk,l)

∣∣∣∣∣
2

. (6)

3) Phase adjustment: Here, by adjusting the phase at the
RIS-to-STAR-IOS channel to cancel the resultant phase, i.e.,
ζk,l = ϕk + ψw,l, the SNR at receiver vehicles uw can be
maximized. Therefor, by defining the random variable (RV)
V =

∣∣∣∑N1

k=1

∑N2

l=1 ηk,l

∣∣∣, the maximum SNR at uw can be
obtained under an ideal phase shift for both NOMA and OMA
schemes.
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III. PERFORMANCE ANALYSIS

Here, we first introduce the marginal distributions of the
SNRs at each users, and then, we derive the closed-form
expressions of the OP, EC, and EE under Fisher-Snedecor F
fading channels.

A. Statistical Characterization

By exploiting the CLT when N1, N2 ≫ 1, the RV V can
be accurately estimated by a Gaussian distribution with the
following marginal PDF and CDF, respectively

fV (v) =
1√
2πσ2

V

exp

(
− (v − µV )

2

2σ2
V

)
, v > 0 (7)

FV (v) = 1−Q

(
v − µV
σ2
V

)
, v > 0 (8)

where Q(.) denotes the Q-function. The terms σ2
V =∑N1

k=1

∑N2

l=1 σ
2
k,l and µV =

∑N1

k=1

∑N2

l=1 µk,l are the mean and
variance of the RV V , respectively. Moreover, µk,l = m2

m2−1

and σ2
k,l =

m2
2(m1+m2−1)

m1(m2−1)2(m2−2)
are the mean and variance of the

RV ηk,l for all k = {1, . . . , N1} and l = {1, . . . , N2}, respec-
tively, which undergoes the Fisher-Snedecor F distribution.

B. Outage Probability

OP serves as a suitable metric for assessing the effectiveness
of wireless communication systems and is defined as the
probability that the random SNR γ is less than an SNR
threshold γth, i.e.,

Pout = Pr (γ ≤ γth) . (9)

Proposition 1. The OP over the considered dual RIS/STAR-
IOS-aided V2V NOMA communications for the receiver vehi-
cles ut and ur can be respectively given by

P n
t,out = 1−Q

 γ̆t −N1N2
m2

m2−1

N1N2
m2

2(m1+m2−1)

m1(m2−1)2(m2−2)

 , (10)

P n
r,out =

1−Q

 γ̂sic −N1N2
m2

m2−1

N1N2
m2

2(m1+m2−1)

m1(m2−1)2(m2−2)


×

1−Q

 γ̌r −N1N2
m2

m2−1

N1N2
m2

2(m1+m2−1)

m1(m2−1)2(m2−2)

 , (11)

where γ̆t =
√

γ̄n
t

γ̄β2
t Dd

−κ
RS (pt−prγ̄n

t )
, γ̂sic =√

γ̄sic
γ̄β2

r Dd
−κ
RS (pr−ptγ̄sic)

, and γ̌r =
√

γ̄n
r

β2
r γ̄prDd

−κ
RS

. Besides,
γ̆t, γ̂sic, and γ̌r are the SNR thresholds of γt, γsic, and γr,
respectively.

Proof. Regarding the principle of NOMA, the outage occurs
at ur when it cannot decode the signal of ut or its own signal,
or both. Hence, the OP of ur is defined as

P n
r,out = Pr (γsic ≤ γ̄sic, γ

n
r ≤ γ̄nr ) , (12)

where γ̄sic and γ̄nr are the corresponding SINR/SNR thresh-
olds. In this case, it should be noted that the OP highly depends
on the relation between power allocation factors pr and pt.
Hence, when pt ≤ γ̄sicpr, we will have P n

r,out = 1; Otherwise,
when pt > γ̄sicpr, by considering the ideal phase shift to reach
the maximum received signal, and then, inserting (3) and (4)
into (12), the OP of ur can be given by

P n
r,out

(a)
= Pr

(
γ̄prDd−κRSβ

2
r V

2

γ̄ptDd−κRSβ
2
r V

2 + 1
≤ γ̄sic

)
× Pr

(
γ̄prDd−κRSβ

2
r V

2 ≤ γ̄nr
)

(13)

= Pr

(
V ≤

√
γ̄sic

γ̄β2
rDd−κRS (pr − ptγ̄sic)

)

× Pr

(
V ≤

√
γ̄nr

γ̄prDd−κRSβ
2
r

)
(14)

= FV (γ̂sic)FV (γ̌r) (15)

=

[
1−Q

(
γ̂sic − µV

σ2
V

)][
1−Q

(
γ̌r − µV
σ2
V

)]
, (16)

where (a) is obtained from the independence of the events.
Next, by substituting the values of µV and σ2

V that previously
obtained, the proof of P n

r,out is accomplished.
As for the proof of P n

t,out, the outage is said to happen for
ut when its received SINR γnt drops below a certain SINR
threshold γ̄nt , i.e.,

P n
t,out = Pr (γnt ≤ γ̄nt ) . (17)

Now, using analogous procedures as in the analysis of ur,
under the case of pt ≤ γ̄nt pr, we will have P n

t,out = 1.
However, when pt > γ̄nt pr, by inserting (5) into (17), the
OP of ut can be given by

P n
t,out = Pr

(
γ̄ptDd−κRSβ

2
t V

2

γ̄prDd−κRSβ
2
t V

2 + 1
≤ γ̄nt

)
(18)

= Pr

(
V ≤

√
γ̄nt

γ̄β2
tDd−κRS (pt − prγ̄nt )

)
(19)

= FV (γ̆t) = 1−Q

(
γ̆w − µV
σ2
V

)
, (20)

now, by substituting the values of µV and σ2
V that previously

obtained, the proof of P n
t,out is completed.

Proposition 2. The OP over the considered dual RIS/STAR-
IOS-aided V2V OMA communications for the receiver vehicles
uw can be given by

P o
w,out = 1−Q

 γ̃w −N1N2
m2

m2−1

N1N2
m2

2(m1+m2−1)

m1(m2−1)2(m2−2)

 , (21)

where γ̃w =
√

γ̄o
w

γ̄Dd−κ
RS β

2
w

and γ̄ow denotes the SNR threshold
of uw.

Proof. As for the OMA scheme, the OP of receiver vehicles
uw can be characterized as the likelihood that γow less than the
SNR threshold γ̄ow, i.e.,

P o
w,out = Pr (γw ≤ γ̄ow) . (22)
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C̄n
r,U = log2

(
1 + γ̄prDd−κRSβ

2
rN1N2

[
m2

m2 − 1
+

m2
2 (m1 +m2 − 1)

m1 (m2 − 1)
2
(m2 − 2)

])
. (26)

C̄n
t,U = log2

1 +
γ̄ptDd−κRSβ

2
tN1N2

[
m2

m2−1 +
m2

2(m1+m2−1)

m1(m2−1)2(m2−2)

]
γ̄prDd−κRSβ

2
tN1N2

[
m2

m2−1 +
m2

2(m1+m2−1)

m1(m2−1)2(m2−2)

]
+ 1

 . (27)

Next, by plugging (6) into (22) and considering the ideal phase
shift, we have

P o
w,out = Pr

(
V ≤

√
γ̄ow

γ̄Dd−κRSβ
2
w

)
(23)

= FV (γ̃w) = 1−Q

(
γ̃w − µV
σ2
V

)
. (24)

Now, by substituting the values of µV and σ2
V that previously

obtained, the proof of P o
w,out is completed.

C. Ergodic Capacity

The EC for the considered system model under
NOMA/OMA schemes with the instantaneous SNR γzw,
z ∈ {n, o}, can be defined as

C̄z
w = E [log2 (1 + γzw)] =

∫ ∞

0

log2 (1 + γzw) fV (v) dv.

(25)

In general, it is mathematically intractable to derive the closed-
form expression of C̄z

w. Hence, by exploiting the Jensen’s
inequality, we derive tight upper bound C̄z

w,U for the EC, i.e.,
C̄z

w ≤ C̄z
w,U.

Proposition 3. The upper bound EC over the considered
dual RIS/STAR-IOS-aided V2V NOMA communications for the
receiver vehicles ur and ut can be respectively given by (26)
and (27).

Proof. By inserting (4) and (7) into (25) and applying the
Jensen’s inequality, the upper bound EC of ur under NOMA
scheme can be defined as

C̄n
r,U = log2

(
1 + γ̄prDd−κRSβ

2
rE
[
V 2
])
, (28)

in which E
[
V 2
]

can be determined as

E
[
V 2
]
= Var [V ] + E2 [V ] = σ2

V + µ2
V . (29)

= N1N2

[
m2

m2 − 1
+

m2
2 (m1 +m2 − 1)

m1 (m2 − 1)
2
(m2 − 2)

]
. (30)

Now, by substituting the value of E
[
V 2
]

into (28), C̄o
r,U is

derived as (26).
Similarly, by plugging (5) and (7) into (25) and considering

the Jensen’s inequality, the upper bound EC of ut under
NOMA case can be expressed as

C̄n
t,U = log2

(
1 +

γ̄ptDd−κRSβ
2
tE
[
V 2
]

γ̄prDd−κRSβ
2
tE [V 2] + 1

)
, (31)

in which by inserting the values of E
[
V 2
]

from (30) into (31),
the proof is completed.

Proposition 4. The upper bound EC over the considered
dual RIS/STAR-IOS-aided V2V OMA communications for the
receiver vehicles uw can be given by (32).

Proof. By inserting (6) and (7) into (25) and applying the
Jensen’s inequality, the upper bound EC of uw under OMA
scheme can be defined as

C̄o
w,U = log2

(
1 + γ̄Dd−κRSβ

2
wE
[
V 2
])
. (33)

Now, by substituting (30) into (33) the proof is accomplished.

D. Energy Efficiency

EE is a vital performance metric due to limited resources
in wireless communication networks. In this regard, the EE
for the considered dual RIS/STAR-IOS-aided NOMA/OMA
communications is defined as the ratio of the sum of ergodic
capacity at uw to the corresponding total power consumption
Ptot, i.e.,

Ez =
C̄z

t + C̄z
r

Ptot
(34)

=
C̄z

t + C̄z
r

P/α+N1PR +N2PS + Pt + Pr
, (35)

where P/α is the dynamic power consumption at transmitter
vehicle us in which α indicates the drain efficiency of high-
power amplifier (HPA). The terms PR and PS denote the
power consumed by each element of the RIS and STAR-
IOS, respectively. Besides, Pt and Pr are the circuit power
consumption at receiver vehicles ut and ur, respectively.

Here, by applying the obtained ergodic capacity of NOMA
and OMA schemes to (35), the corresponding EE can be
determined.

IV. NUMERICAL RESULTS

In this section, we provide numerical results to confirm the
theoretical expressions derived earlier, and we further validate
them using Monte Carlo (MC) simulations in all cases. We set
the simulation parameters as P = 30dBm, βr = 0.8, βt = 0.6,
pr = 0.4, pt = 0.6, ds,R = dS,t = dS,r = 10m, κ = 4,
dRS = 100m, σ2 = −90dBm, α = 1.2, PR = PS = Pt =
Pr = 10dBm, and (m1,m2) = (1, 3). In addition, for the
simulation purpose, we assume that N1 = N2 = N .
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C̄o
w,U = log2

(
1 + γ̄Dd−κRSβ

2
wN1N2

[
m2

m2 − 1
+

m2
2 (m1 +m2 − 1)

m1 (m2 − 1)
2
(m2 − 2)

])
. (32)
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Fig. 2. OP versus transmit power P for different values of RIS/STAR-IOS
elements N .

Fig. 2 depicts the performance of the OP in terms of the
transmit power P for different numbers of RIS/STAR-IOS
reflecting elements N in the considered OMA/NOMA scenario
where the channels fading model follows the Fisher-Snedecor
F distribution. It is evident that with the growth in transmit
power, the OP decreases for both receiver vehicles uw under
NOMA and OMA scenarios, which is reasonable since the
channel conditions become better. We can also observe that
the NOMA scheme can provide better OP performance for
receiver vehicle ur compared with the OMA case since ur
exploits the SIC in the NOMA scenario. However, it can be
observed that the OP behavior for the receiver vehicle ut
improves under OMA scheme compared with the NOMA case.
Moreover, it is evident that a noticeable enhancement in the
OP performance of uw is achieved with the increase in the
number of RIS/STAR-IOS elements N under both OMA and
NOMA case since such increment can remarkably enhance the
corresponding spatial diversity.

The behavior of EC in terms of the transmit power P for
a selected number of RIS/STAR-IOS elements N = 50 in
the considered V2V OMA/NOMA communication system is
illustrated in Fig. 3. In the NOMA case, we can see that
the EC performance for the receiver vehicle ur is better than
that of receiver vehicle ut across the same transmit power P ,
where this superiority becomes more noticeable in the high
transmit power area. This behavior indicates that the EC for
ut increases linearly with P , while for ut it converges to a
constant as P increases. The main reason for these behaviors is
that in the NOMA scheme ur benefits from SIC, thereby, it has
a larger SINR value compared with ut. It can be also seen that
under the OMA scenario, the EC value increases continuously
for both receiver vehicles ur and ut as the P grows. Moreover,
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Fig. 3. EC versus transmit power P for a given value of RIS/STAR-IOS
elements N = 50.
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Fig. 4. EC versus the distance between RIS and STAR-IOS dRS for a given
value of RIS/STAR-IOS elements N = 50 and the transmit SNR γ̄ = 10dB.

we can notice an enhancement in the EC performance only
for ur while it deteriorates for ut compared with the NOMA
case. However, by comparing OMA and NOMA schemes, it
can be seen that the NOMA case delivers a higher total system
EC, highlighting its significant advantage for the considered
RIS/STAR-IOS communication.

The impact of the location of RIS and STAR-IOS on the
behavior of EC for a given transmit SNR γ̄ is illustrated in
Fig. 4. As expected, by increasing the distance between the
RIS and STAR-IOS, the EC performance weakens so that for
fixed values of N and γ̄, the EC becomes negligible on the
distance of dRS = 160m. Fig. 5 presents more insights into the
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Fig. 6. EE versus the transmit power P for selected values of RIS/STAR-IOS
elements N .

effect of the number of RIS/STAR-IOS elements on the EC
performance for the considered OMA/NOMA communication
system. For both OMA and NOMA schemes, it can be clearly
seen that the EC performance for vehicles uw enhances as the
number of RIS/STAR-RIS elements is raised. As expected,
increasing the number of RIS/STAR-IOS leads to an improve-
ment in spatial diversity, thus, enhancing the receiver vehicles’
performance. It can be also seen that increasing the average
SNR γ̄ provides a higher EC for the vehicles uw under both
OMA and NOMA cases. Additionally, under NOMA scheme,
we can observe that γ̄ exerts a more pronounced influence on
the EC performance of vehicle receiver ut when N is small,
however, when N increases to a certain value, γ̄ does not
affect the EC performance of ut anymore. The reason for this
behavior is that when N grows, the SINR of ut reaches to a
constant value, i.e., N → ∞, γnt → pt/pr.

Fig. 6 shows the performance of EE in terms of the transmit
power P for selected values of the number of RIS/STAR-IOS
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Fig. 7. EE versus the transmit power P for selected values of RIS/STAR-IOS
elements N .

elements N under OMA and NOMA scenarios. We can see
that by increasing the transmit power P , EE initially increases
and reaches its highest point at approximately the value of
P = 5dB, and then drops. This is because the EC is more
dominant than power consumption before reaching the extreme
point, however, this effect will reverse as P grows after
reaching the extreme point. It is also observed that a higher
value of EE can be provided as the number of RIS/STAR-IOS
elements increases which is reasonable since the EC improves
under such conditions. Furthermore, it can be obtained that
the NOMA case provides a better performance in terms of
EE for the considered RIS/STAR-IOS communication system
compared with the OMA scheme. Moreover, Fig. 7 provides
more insights into the impact of the number of reflecting
elements N on the performance of the EE, where it can be
observed that the EE performance conterminously improves as
the number of RIS/STAR-IOS elements grows. We can also
see that as the transmit SNR γ̄ increases, the EE behavior
for NOMA and OMA cases becomes more similar for a fixed
value of N .

V. CONCLUSION

In this paper, we integrated the RIS/STAR-IOS into vehic-
ular networks to evaluate the performance of V2V commu-
nications. To this end, by considering the OMA and NOMA
scenarios, we assumed that a transmitter vehicle wants to send
an independent message with the help of RIS and STAR-
IOS to receiver vehicles which are located in transmission
and reflection areas. In addition, we supposed that the fad-
ing channels between RIS and STAR-IOS followed Fisher-
Snedecor F distribution. For the considered system model, we
first introduced marginal distributions for the received SNR at
receiver vehicles, and then, we obtained the closed-form ex-
pression of the OP, the upper bound of EC, and EE. Eventually,
our numerical results showed that considering the RIS/STAR-
IOS is beneficial for vehicular communications and it can
remarkably improve the performance of ITS. Additionally, the
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results revealed that the NOMA scheme can provide a lower
OP and higher values of EC and EE compared with the OMA
scenario.
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