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Abstract—In reconfigurable intelligent surface (RIS)-assisted
systems where the line-of-sight (LoS) path is entirely obstructed,
there are the same number of RIS elements as pilot signals. This
makes RIS implementation challenging and incurs signaling costs.
In addition, there is power consumption due to multiplicative
fading resulting from the fact that each RIS element induces two
sub-channels. Therefore, a permanent use of the RIS module when
not needed can be seen as resource mismanagement. A solution to
reduce this cost and power consumption is the use of the RIS tech-
nology on-demand (OnD). This offers resource management, cost,
and energy efficiency advantages. Reflecting on this situation, in
this paper, we analyze a free space optical (FSO) system aided by the
OnD RIS technology. We consider that the LoS link can be severely
obstructed and its channel significantly degraded. This degradation
affects the signal-to-noise ratio (SNR) of the LoS path,γo. We set its
threshold value, γth, which corresponds to the system’s triggering
point. The analysis considers three main scenarios, namely γo >
γth, γo ≤ γth with total interruption of the LoS link, and γo ≤
γth with gradual degradation of the LoS link. For these three sce-
narios, we define the sub-channel SNRs, derive the end-to-end (e2e)
channel statistics, including the probability density functions, cu-
mulative distribution functions, and moment-generating functions,
for the LoS link alone, the non-LoS path through the RIS module
alone, and the combined LoS and non-LoS paths. Furthermore, we
derive, analyze, and evaluate the e2e ergodic channel capacity and
average bit error rate, and provide results. We demonstrate that
when the LoS link experiences high disturbances, a RIS module
can restore the LoS system’s performance for a specific time slot.
Finally, we show that the RIS can be solicited in an OnD manner
to prevent FSO degradation when the weather condition worsens.

Index Terms—On-demand reconfigurable intelligent surfaces
(OnD RIS), RIS-assisted free space optical (FSO) systems.

I. INTRODUCTION

O PTICAL wireless communications such as visible light
communication (VLC) and free space optical (FSO)
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communication are playing an increasingly significant role in the
deployment of the next generation of mobile systems [1], [2], [3],
[4], [5], [6], [7], [8], [9], [10]. VLC is remarkably useful indoors
to assist with meeting the required transmission rate in envi-
ronments hostile to the radio frequency (RF) signal or sensitive
environments where the RF signal may cause major interference
problems. On the other hand and due to its directional beams,
the FSO technology is highly recommended for access systems.
Its utilization becomes progressively imperative in the fifth
generation (5G), beyond 5G (B5G), and sixth generation (6G)
networks [6], [7], [8], [11]. Another reason for this is its ability to
offer higher transmission rates and unregulated bandwidths. This
higher transmission rate is needed in the deployment of B5G and
6G systems for multiple reasons. An example of 6G systems
requiring FSO technology can be described as follows: Imagine
a cloud radio access network (C-RAN), where the base stations
contain radio units, central processing units, and broadband
processing units that need to be interconnected [12], [13]. Due to
the amount of data transmitted between these units and C-RAN,
a high data transmission link is necessary. FSO is seen as one
of the most suitable technologies to connect these units, given
that it will offer the required high data transmission link without
creating inter-channel interference between the links.

FSO systems are characterized by the absence of non-line-of-
sight (NLoS) links between transmitters and receivers [14]. This
exposes FSO systems to signal loss if the LoS path is obstructed
and represents a major problem for the access system given that
users are not willing to accept service disruptions or link discon-
nections when browsing on their terminals. An efficient solution
to this dilemma is the implementation of reconfigurable intelli-
gent surfaces (RISs), which allows the system to meet the perfor-
mance obtained under normal circumstances, i.e., when the LoS
link is not disrupted [11], [14], [15], [16]. Taking the above ex-
ample, i.e., C-RAN, its associated units, and the RIS technology,
the cost of implementation and operation may be higher for the
next generation of mobile systems, including 6G. Solutions that
can minimize this cost and power consumption are welcome. To
this end, we propose in this paper the analysis of an on-demand
(OnD) RIS-assisted FSO access system for 6G networks.

Several sources of impairment may affect the LoS signal
in FSO systems. They include newly constructed buildings,
clouds, rain, fog, and adverse weather. When compared to newly
constructed buildings, degradation due to cloud, rain, fog, and
other weather conditions is not permanent. For example, clouds
move, and even if their speed is noticeably low, they will free up
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the transmission environment. Their speed depends on a variety
of factors, including cloud type, wind speed, and direction. It
is reported that the average cloud moves at a speed lower than
10 km per hour. This implies that, depending on the cloud size,
the LoS link can be interrupted for an hour or more. Also, adverse
weather conditions can last from an hour to days, weeks, or
months. During this time, the LoS link can be totally disrupted
or degraded, and therefore, needs assistance. However, when
the obstacle disappears, this assistance is no longer required.
The RIS technology can be efficiently used to restore the LoS
conditions of the FSO system during degradation. The use of
the RIS technology as a permanent solution to this type of LoS
FSO link blockage may be considered resource misuse. The RIS
module may induce cost and consume energy. It is well-known
that signaling overhead is required for channel estimation and
beamforming in real-time. Nevertheless, in a RIS-assisted FSO
system, the number of pilot signals equals the number of RIS
elements. This results in high overhead signaling that will make
the application of RIS with a large number of passive elements
significantly challenging due to multiplicative fading caused
by the RIS module [17]. This high overhead signaling incurs
cost [18], while multiplicative fading, which is solved using
RIS with active elements [11], [19], induces power consumption.
Consequently, it will be beneficial to disconnect the RIS module
when the obstacle on the LoS link disappears, leading to the use
of the OnD RIS technology. In addition to the above motivation,
a number of scenarios favor the use of the RIS technology in an
OnD manner. For instance, (i) the RIS module can be attached
to a drone, an unmanned aerial vehicle, or to equipment on
high-altitude platforms; (ii) The environment to be reinforced
is infrequently used, and the RIS module may be unnecessarily
connected for a long time; (iii) In many situations, the RIS
module is required to improve transmission when the LoS link
is weak or not available due to channel conditions or obstacles.
When the LoS link becomes available to ensure that the targeted
service level is met, the RIS module can be turned off.

A plethora of research outputs can be found in the literature
on RIS-assisted FSO systems [6], [7], [11], [14], [20], [21],
[22], [23], [24], [25]. Below, we provide a quick overview of
these works. In [14], the authors tackle the skip zone dilemma
in the FSO environment using the RIS technology. They consider
turbulence and pointing errors in a near-terrestrial environment
following the Gamma-Gamma (GG) distribution. The authors
of [20] evaluate the system and channel models and present
the RIS-based FSO system geometry. They propose conditional
geometric and misalignment losses (GML) vs. misalignment for
different RIS sizes. This work shows how to derive the proba-
bility density function (PDF) of the GML for the RIS-based
FSO link. As in [14], [20] also considers the GG distribution
with several levels of turbulence and pointing errors. In [22],
the authors exploit the Huygens-Fresnel principle to forge an
analytical end-to-end (e2e) channel model for RIS-assisted
FSO systems. The results show the pointing displacement in
terms of the lens xy coordinates. The paper also provides the
average bit-error rate (BER) versus the RIS-receiver distance
and geometric far-field approximation. In [21], [23], [24], [25],

the authors deal with an RIS-based FSO system using an un-
manned aerial vehicle (UAV). An intelligent reflecting surface
carried by an unmanned aerial vehicle is proposed by the authors
of [21] to provide laser path controllable FSO communication.
To quantify the physical impacts of the system, generalized
atmospheric turbulence, modeled as the GG distribution, has
been used, and the Hoyt distribution has been used to model
specified pointing error loss. A secure transmission design for a
RIS-assisted UAV network is explored in [23] in the presence of
an eavesdropper. A combined optimization of the UAV trajec-
tory, the transmitted beamforming, and the phase shift of the RIS
is used to maximize the average secrecy rate. The authors of [24]
use the RIS technology to enhance the performance of UAV-
assisted air-ground networks. They also present an overview
of the combination of UAV and RIS by introducing a variety
of applications for RIS as well as the attractive advantages of
UAV and highlighting the advantages of combining the two
technologies. [25] presents a scheme for integrating RIS and
UAV communication, in which the RIS is mounted on the UAV
to provide a connection between the base station and the ground
station. Two schemes have been developed to maximize the
spectrum efficiency and the energy efficiency of the system by
optimizing active beamforming, passive beamforming, and UAV
trajectory simultaneously. Some studies focus on the practical
implementation of RIS-based FSO systems. For example, in [6],
the authors investigate the suitability of FSO links for 6G ap-
plications using a field-programmable gate array. They study
how to develop a prototype, considering various transmission
scenarios over the FSO channel. In this work, the authors employ
the Mach-Zehnder modulator to model the two-dimensional
atmospheric channel. The above works show that research on
RIS-aided systems is advancing rapidly, and prototyping and
mass production will follow. Another example of works related
to prototyping is provided in [7], where the authors propose
the concept of modular FSO transceivers to facilitate modules’
customization. In most of these works, the RIS technology is
introduced to solve dead zones in the system or recover the LoS
system performance when the LoS link is obstructed. Another
reason for studying RIS-assisted systems is to reinforce the
NLoS link to ameliorate the signal-to-noise ratio (SNR), enhance
spectral efficiency and receive signal power [11], [25].

The above brief review shows that the RIS technology is
generally used in FSO to create an NLoS link that can mimic
the LoS system’s performance. It also shows that the use of the
RIS module is not permanently required in some cases. It can
therefore be used in an OnD manner in those cases. To the best
of the authors’ knowledge, an analysis of FSO systems assisted
by the RIS technology where the RIS module is enabled for a
specific time slot has not been presented in the open literature,
even in [26], where the concept of OnD RIS was coined for the
first time. This represents an open research gap. In this paper,
we fill up the gap and provide an analysis of an OnD RIS-assisted
FSO system. To this end, we summarize our contributions as
follows:
� We consider FSO systems modeled using theGG distribu-

tion, where a temporary obstacle may cause the LoS link
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to lose connection or its channel to degrade for a short
period. We analyze the OnD RIS technology to assist this
transmission, solve the effects of temporary obstacles, and
mimic the LoS performance obtained when the LoS link is
not obstructed or does not degrade. Such an environment
is affected by a cloud, wind, rain, and any other types
of obstacles or impairment sources that can temporarily
impede the LoS path.

� We study the proposed OnD RIS-assisted FSO system
considering three main scenarios: (i) The LoS link alone;
(ii) The NLoS path through the OnD RIS module alone;
(iii) Both links combined using the maximum ratio com-
bining (MRC) technique. For these three scenarios, we
study the e2e channel SNR and derive the correspond-
ing statistics, including the PDF, cumulative distribution
function (CDF), and moment-generating function (MGF).
Afterward, we obtain the corresponding e2e performance
metrics, namely the ergodic channel capacity, Ce2e, and
the average BER, P e2e. To evaluate the average BER, we
consider the coherent binary phase shift keying (CBPSK)
modulation scheme, taken as an example.

� We assess the ergodic channel capacity and average BER
concerning average e2e SNR, taking into account multiple
turbulence effects and pointing errors to show the switching
episodes between the considered scenarios (LoS, NLoS,
and combined LoS and NLoS links).

� Finally, we discuss how to optimize the system to show that
the OnD RIS can be used to anticipate LoS link degradation
by setting a higher threshold value to the e2e SNR.

A. Notation and Theorems

Selected notations are presented in Table I. In the sequel, the
term “unified” means including both turbulence and pointing
error parameters in one expression. Below are the theorems,
concepts, and relationships used in the paper.

Theorem 1: The PDF, fY1,Y2,...,YN
(y1, y2, . . . , yN ), of N

jointly continuous and independent random variables y1, y2,...,
yN can be expressed as a multiplicative condition as [27]

fY1,Y2,...,YN
(y1, y2, . . . , yN ) =

N∏
n=1

fYn
(yn). (1)

Theorem 2: Let x be a continuous random variable with
PDF fX(x) and g: R =⇒ R, a strictly continuous monotonic
differentiable function such that Y = g(X). The PDF of Y can
be given by [28]

fY (y) = fX
(
g−1(y)

) ∣∣∣∣∂g−1(y)

dy

∣∣∣∣ . (2)

Theorem 3: The CDF, FY (y), of a random variable y can be
evaluated as FY (y) =

∫∞
0 fY (y)dy [14]. A change of variable

of the type

FY (y) =

∫ y

0
fY (t)dt, (3)

can be used, and the integral can be readily solved with the help
of [29, Eq. (07.34.21.0084.01)].

TABLE I
SELECTED NOTATION

Theorem 4: The MGF, ΩX(s), of a random variable x can
be evaluated as ΩX(s) = E[e−xs]. This expression can be rep-
resented in integral form as [14], [30]

ΩX(s) = s

∫ ∞

0
exp[−xs]FX(x)dx. (4)

The integral in this equation is readily solved with the help of
[31, Eq. (7.813.1)].

Theorem 5: The ergodic channel capacity, Ci, of a transmis-
sion system can be evaluated using the PDF of the transmission
SNR asCi = [W/ log(2)]

∫∞
0 log[1 + eγi/(2π)]fγi

(γi)dγi. By
exploiting the Meijer-G expression of log[1 + eγo/(2π)]
[29, Eq. (07.34.03.0456.01)], this expression can be reformu-
lated as [32]

Ci =
W

log(2)

∫ ∞

0
G1,2

2,2

[
eγi
2π

∣∣∣∣1, 11, 0

]
fγi

(γi)dγi, (5)

and the integral can be solved with the help of [29, Eq.
(07.34.21.0013.01)].

Theorem 6: The average BER of a communication system
using binary schemes can be evaluated using [32, Eq. (13)]

P i =
ba

2Γ(a)

∫ ∞

0
e−bγγa−1Fγi

(γi)dγi, (6)

where the pair (a, b) denotes the binary modulation schemes [30].
The values of a and b for selected modulation schemes, namely
coherent binary frequency shift keying, non-coherent binary
frequency-shift keying, CBPSK, and differential phase shift
keying, are respectively given by the pairs (0.5, 0.5), (1, 0.5),
(0.5, 1), and (1, 1) [32].
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Fig. 1. A generalized model of OnD RIS-assisted FSO systems.

II. SYSTEM AND CHANNEL DESCRIPTION

A. System Model

Consider the FSO link between two city buildings, where
S and D are situated at a known distance from each other, as
depicted in Fig. 1. Three main factors affect data transmission in
this type of FSO environment. These include attenuation, point-
ing errors, and turbulence. Attenuation is generally given by the
Beer-Lambert law. In this analysis, it is considered constant for
a given weather condition and link distance [30]. Turbulence is
characterized by its α-β parameters and the pointing error by
the pointing displacement, ξ.

Due to bad weather, the LoS link between the two buildings
is interrupted. During the interruption time, an RIS module is
activated and inserted into the transmission system to ensure
the continuation of data transfer between the sender and des-
tination. The RIS module is located over a third building at
specific distances from S and D. The sender generates many
light rays, which are all reflected by the RIS module, made
of M elements, toward a single receiver. To ensure that all
reflected light rays are smoothly directed to the unique receiver,
the RIS elements have variable refractive indices. This provides
the advantage of electrically controlling light passing through
the RIS module, without a micromechanism. The receiver is
made of a single photodetector. The overall environment follows
the GG distribution and is governed by the same pointing error
expression. However, the characteristics and parameters of the
S-D and S-RIS-D links differ. The S-D link is subject to signal
outages, while the S-RIS-D link is not.

B. Channel Model

We assume that the noise at D is additive, and its components
are independent and identically distributed, and defined by n ∼
CN(0, I). The signal, y, observed at D can be given by y =
He2ex+ n, where x is the data symbol at S [33], [34]. The matrix
He2e may contain the transmit SNR and the active beamforming

vector [34]. It is characterized by the state of the link between
S and D, which is subject to attenuation, pointing errors, and
turbulence. Depending of the state of the S-D link, He2e can
bear three different expressions.

He2e =

⎧⎪⎨
⎪⎩
Ho for LoS link alone, (a)

Hd = HhΦHg for OnD RIS alone, (b)

Hc for combined S − D and S − RIS − D.(c)
(7)

The matrix in (7)–(a),Ho, is a single-input single-output channel
matrix between S and D in the scenario where the S-D SNR, γo,
is greater than γth, while in (7)–(b) and (7)–(c), Hd and Hc

relate to the scenarios where γo ≤ γth with total interruption of
the S-D link and γo ≤ γth with slow degradation of the S-D link.
HhΦHg is defined in the R

M×M
+ space and its entries are the

channel gains between the transmitter and receiver through the
M OnD RIS elements. The corresponding phase shift matrix,
Φ, is diagonal and defined in the R

M
+ space, and given by Φ =

diag(φ1, φ2,..., φM ), where φm = λme
jαm , with αm ∈ [−π, π]

[33], [34]. Note that λm ∈ ]0, 1] for conventional OnD RIS
modules and λm > 1 for amplifying OnD RIS modules. The
entries Hh and Hg of the components Hh and Hg are channel
gains, respectively R

1×M
+ for the S-RIS link and R

M×1
+ for the

RIS-D link, which, as the S-D link, follow the GG distribution.
In the sequel, we consider single S-D and S-RIS-D beams.

Since heterodyne detection offers better performance than in-
tensity modulation and direct detection, we consider a sys-
tem in which the transmitted light intensity is modulated and
heterodyne detection is employed. Let Ia, Ip, and It be the
received intensities affected by attenuation, pointing error, and
turbulence, respectively. The received intensity can be expressed
as I = IaIpIt [30]. As attenuation is constant for a given weather
condition and link distance, it is assumed that it does not influ-
ence the link SNR PDF. The PDF of the pointing error can be
expressed as [14], [30]

fp,i(Ip,i) =
ξ2
i

A
ξ2
i

o,i

I
ξ2
i−1

p,i , 0 ≤ Ip,i ≤ Ao,i, (8)

where i ∈ {S-D, S-RIS, RIS-D}. ξi denotes the ratio of the
equivalent beam radius to the pointing displacement standard
deviation at the RIS and D, withAo,i = [erf(vi)]2, where erf() is
the error function at RIS and D, and vi = di

√
π/

√
2Wz,i. Wz,i

and di are the beam waist and the radius of the receiver aperture,
respectively. ξi is generally expressed as [14]

ξi =
Weq,i

2ρi
, (9)

where ρi is the jitter variance at the RIS and D, and Weq,i is
given by [14]

Weq,i =
Wz,i

√
πerf(vi)

2vie−v2
i

, (10)

withWz,i as the beam waist at the RIS and D, and di representing
the aperture at the RIS and D. The atmospheric turbulence, which
follows the GG distribution in the proposed system, is mainly
characterized by strong and moderate turbulence levels. Its PDF
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Fig. 2. Scenarios of OnD RIS commissioning in OnD RIS-assisted FSO
systems.

can be given by [14]

fIa,i
(Ia,i) =

2(αiβi)
αi+βi

2

Γ(αi)Γ(βi)
I

αi+βi
2 −1

a.i Kαi−βi

(
2
√
αiβiIa,i

)
,

(11)

where Kj denotes a second kind modified Bessel function of
order j. In practice, the values of αi and βi are based on
the Ritov variance given by σ2

i = 0.492C2
i η

7/6L11/6. C2
i is

the altitude-dependent index that characterizes the transmission
environment. η = 2π/λ is the angular wave number, while Li,
αi, and βi are defined in [30].

III. STATISTICAL ANALYSIS

As shown in Fig. 2, the three scenarios analyzed are (i) γth <
γo (S-D link alone); (ii) γo ≤ γth (S-RIS-D link alone); and
(iii) γo ≤ γth (S-D and S-RIS-D links combined). These are
used to develop the OnD RIS commissioning algorithm (see
Algorithm 1), which provides conditions and steps to enable the
OnD RIS module.

The outage probability can be defined as the likelihood that
a certain transmission rate will not be sustained due to channel
variations. In an optical wireless channel, this definition can
be materialized by the analysis of its ergodic channel capacity
Ci. The probability that the transmission rate goes below the
threshold value, Ri, can be defined by pr(Ci < Ri), where
pr() is the probability operator. In our case, if the LoS link
fails, the OnD RIS module is connected to create an NLoS link
that ensures service continuity. The RIS activation is based on
Algorithm 1, and considers the three main scenarios enumer-
ated above. For a better understanding of such a system, we
successively provide statistical and performance analyses for
each scenario separately.

A. Sub-Channels’ SNR

1) γth < γo, S-D Link Alone (LoS): In this scenario, the RIS
module is in hibernation. Its elements do not participate in the
communication operation. The message is carried through to the
user via the S-D link. The e2e SNR is defined by γo = γoh

2
o =

Eb,oh
2
o/N0,o, with γo as the average SNR given by Eb,o/N0,o,

Algorithm 1: OnD RIS Commissioning Algorithm.

where ho is the channel gain, Eb,o denotes the bit energy, and
N0,o stands for the PSD of the noise at D.

2) γo ≤ γth, S-RIS-D Link Alone (NLoS): In this scenario,
the S-D link is obstructed. The transmitted signal transits through
the RIS module to reach the receiver. The e2e SNR can be defined
as γd = γd(Hhλme

jαmHg)
2, whereHh andHg are the channel

fading coefficient over the S-RIS and RIS-D links, respectively,
while Es,d is the bit energy considering the S-RIS-D path, and
γd = Es,d/N0,d is the corresponding e2e average SNR.

3) γo ≤ γth, S-D and S-RIS-D Links Combined Using the
MRC Technique: The scenario where γo ≤ γth with continu-
ous degradation of the S-D link considers both the S-D and
S-RIS-D links. This corresponds to the situation where the S-D
link is considerably affected, but not completely obstructed.
A combining technique is used to recover the transmitted bit.
In this scenario, we discuss only the MRC technique because
it is sufficient to describe the situation. Considering that the
SNRs γo and γd over S-D and S-RIS-D links, respectively, are
independent, Theorem 1 applies. The combined SNR, γc, can
be given by [38, Eq. (4)]

γc =
1√

L1−p+q

(
Es

N0

)[
L∑
l=1

γpl

]q

, (12)

where Es/N0 is the transmitted SNR per symbol and (p, q) =
(2, 1) for MRC [38, Eq. (5)], withL =M + 1. For a normalized
transmitted SNR per symbol in an MRC combination, Es/
N0 = 1 [38], the combined SNR, γmrc, can be expressed as

γmrc = γ2
o + γ2

d. (13)

B. Sub-Channels’ Statistics

1) γth < γo, S-D Link Alone (LoS): When the SNR of the S-
D link, γo, is above the threshold value, its unified PDF, fγo

(γo),
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can be formulated using the Meijer-G function as [14], [30]

fγo
(γo) =

φo
γo

G3,0
1,3

[
ψoγo
γo

∣∣∣∣∣ ξ2
o + 1

ξ2
o, αo, βo

]
, (14)

where φo = ξ2
o/(Γ[αo]Γ[βo]), ψo = ξ2

oαoβo/(ξ
2
o + 1) [14],

[30], and Gm,n
p,q

[
z
∣∣∣ap
bq

]
is the Meijer-G function [39]. We

respectively apply Theorems 3 and 4 to (14). With a few
mathematical operations, and respectively exploiting [29, Eq.
(07.34.21.0084.01)] and [31, Eq. (7.813.1)], we obtain the cor-
responding unified CDF, Fγo

(γo), and MGF, Ωγo
, as

Fγo
(γo) = φoG

3,1
2,4

[
ψoγo
γo

∣∣∣∣∣ 1, ξ2
o + 1

ξ2
o, αo, βo, 0

]
, (15)

and

Ωγo
(s) = φoG

3,2
3,4

[
ψo

sγo

∣∣∣∣∣ 0, 1, ξ2
o + 1

ξ2
o, αo, βo, 0

]
. (16)

Note that the CDF and MGF in (15) and (16) correspond to
those of an FSO link found in the literature, [30] for example.
In the sequel, the proposed expressions of PDF, CDF, and MGF
are unified.

2) γo ≤ γth, S-RIS-D Link Alone (NLoS): In this scenario,
the e2e channel is a concatenation of two parts, denoted by
the indexes h and g, respectively, for the S-RIS and RIS-D
link (of the S-RIS-D path). Three sections are involved in this
transmission path, namely the S-RIS link, the RIS-D link, and
the OnD RIS module. The RIS parameters are deterministic
and independent of the transmission environment. Therefore,
the SNR’s PDF, which is that of a multiplicative convolution of
the S-RIS and RIS-D sub-channels, considers the S-RIS and
RIS-D sections. In the sequel, it is assumed that the PDFs
fγh

(γh) and fγg
(γg) of these respective sub-channels reside

in the same space. Their multiplicative convolution, fγd
(γd), is

readily evaluated by the product of their Mellin transforms as

fγd
(γd) = f̃γh

(γh)f̃γg
(γg), (17)

where f̃γh
(γh) and f̃γg

(γg) are the Mellin’s transforms of
the PDFs fγh

(γh) and fγg
(γg), respectively. The product

f̃γh
(γh)f̃γg

(γg) can be obtained from the table of Mellin trans-
forms provided in [40]. Based on (17), the exact PDF of the
S-RIS-D link, fγd

(γd), can be given by [14]

fγd
(γd) =

φd
γd

G6,0
2,6

[
ψdγd
γd

∣∣∣∣∣ξ
2
h + 1, ξ2

g + 1
Δd

]
, (18)

where φd = φhφg , ψd = ψhψg , γd = γhγg , and Δd = ξ2
g , αg ,

βg , ξ2
h, αh, βh. To obtain the corresponding CDF and MGF,

we successively utilize Theorems 3 and 4 to (18), respectively
exploiting [29, Eq. (07.34.21.0084.01)] and [31, Eq. (7.813.1)],
and obtain [14]

Fγd
(γd) = φdG

6,1
3,7

[
ψdγd
γd

∣∣∣∣∣1, ξ
2
h + 1, ξ2

g + 1
Δd, 0

]
, (19)

and

Ωγd
(s) = φdG

6,2
4,7

[
ψd

sγd

∣∣∣∣∣0, 1, ξ
2
h + 1, ξ2

g + 1
Δd, 0

]
. (20)

3) γo ≤ γth, S-D and S-RIS-D Links Combined Using the
MRC Technique: In the MRC combining method, the com-
bined SNR is given by (13). To obtain the PDF of the com-
bined SNR, we apply Theorem 2 to change variables from γo
and γd to γ2

o and γ2
d, respectively. We redefine the combined

SNR as γmrc = Γo + Γd, with Γo as γ2
o and Γd as γ2

d. The
PDF of γmrc, fγmrc(γmrc) for γmrc = γ2

o + γ2
d, is the con-

volution of the PDFs, fΓo
(Γo) by fΓd

(Γd) [40], [41], which
can be evaluated using the Marichev’s method, which is based
on the Mellin convolution [14, Eq. (17)], [40], [41]. With the
knowledge that SNRs are defined between 0 and +∞, fΓo

(Γo)
and fΓd

(Γd) can be found as follows: The expressions of
fγo

(γo) and fΓd
(Γd) respectively given in (14) and (18), are

valid for 0 ≤ γo ≤ +∞ and 0 ≤ γd ≤ +∞. Hence, let t: and u:
R =⇒ R be two strictly continuous, monotonic, and differen-
tiable functions, Γo = γ2

o =⇒ t(γo) = γ2
o =⇒ t−1(Γo) =

√
Γo

andΓd = γ2
d =⇒ u(γd) = γ2

d =⇒ u−1(Γd) =
√
Γd. We exploit

Theorem 2 and obtain

fΓo
(Γo) =

φo
2Γo

G3,0
1,3

[
ψo

√
Γo

γo

∣∣∣∣∣ ξ2
o + 1

ξ2
o, αo, βo

]
(21)

and

fΓd
(Γd) =

φd
2Γd

G6,0
2,6

[
ψd

√
Γd

γd

∣∣∣∣∣ ξ2
h + 1, ξ2

g + 1
ξ2
g, αg, βg, ξ

2
h, αh, βh

]
, (22)

respectively. Next, we implement the Mellin convolution in the
expressions in (21) and (22). With a change of variable of the
type A =

√
B =⇒ B = A2 =⇒ dB = 2AdA. Exploiting [29,

Eq. (07.34.21.0011.01)], and a few mathematical operations,
we obtain the PDF of the MRC combiner considering S-D and
S-RIS-D links, fγmrc(γmrc) as

fγmrc(γmrc) =
φoφd

2γ
G9,0

3,9

[
ψoψd

√
γ

γoγd

∣∣∣∣∣Φ1

Φ2

]
, (23)

where Φ1 = ξ2
o + 1, ξ2

h + 1, ξ2
g + 1 and Φ2 = ξ2

g , αg , βg , ξ2
h, αh,

βh, ξ2
o, αo, βo. To obtain the corresponding CDF, Fγmrc(γmrc),

we follow the steps in Theorem 3, which lead us to

Fγmrc(γmrc) =
φoφd2εm

16π3
G18,1

7,19

[
ψoψdγ

212γoγd

∣∣∣∣∣1,Δ1

Δ2, 0

]
, (24)

where εm = αg + βg + αh + βh + αo + βo − 5, Δ1 = (ξ2
o +

1)/2, (ξ2
o + 2)/2, (ξ2

h + 1)/2, (ξ2
h + 2)/2, (ξ2

g + 1)/2, (ξ2
g +

2)/2, and Δ2 = ξ2
g/2, (ξ2

g + 1)/2, αg/2, (αg + 1)/2, βg/2,
(βg + 1)/2, ξ2

h/2, (ξ2
h + 1)/2, αh/2, (αh + 1)/2, βh/2, (βh +

1)/2, ξ2
o/2, (ξ2

o + 1)/2, αo/2, (αo + 1)/2, βo/2, (βo + 1)/2.
Accordingly, we follow Theorem 4 to derive the corresponding
MGF, Ωγmrc(s), expressed as

Ωγmrc(s) =
φoφd2εm

16π3
G18,2

8,19

[
ψoψd

212sγoγd

∣∣∣∣∣0, 1,Δ1

Δ2, 0

]
. (25)

Authorized licensed use limited to: University of Witwatersrand. Downloaded on June 26,2025 at 18:34:50 UTC from IEEE Xplore.  Restrictions apply. 



NDJIONGUE et al.: ON-DEMAND RIS-ASSISTED FREE SPACE OPTICAL ACCESS SYSTEM FOR 6G NETWORKS 9065

IV. PERFORMANCE ANALYSIS

In this section, we examine both ergodic channel capacity and
average BER for the three scenarios γth ≤ γo, S-D link alone
(LoS), γo ≤ γth, S-RIS-D link alone (NLoS), and γo ≤ γth, S-D
and S-RIS-D links combined.

A. Analysis

1) γth < γo, S-D Link Alone (LoS): The PDF and CDF of the
e2e SNR corresponding to this scenario, fγo

(γo) and Fγo
(γo),

respectively given in (14) and (15), are exploited to derive
the channel capacity and average BER. We sequentially utilize
Theorems 5 and 6 and obtain

Co =
Wφo
log(2)

G5,1
3,5

[
2πψo

eγo

∣∣∣∣∣ 0, 1, ξ2
o + 1

ξ2
o, αo, βo, 0, 0

]
(26)

and

P o =
φo

2Γ(p)
G3,2

3,4

[
ψo

qγo

∣∣∣∣∣1 − p, 1, ξ2
o + 1

ξ2
o, αo, βo, 0

]
, (27)

respectively.
2) γo ≤ γth, S-RIS-D Link Alone (NLoS): In the case of a

total interruption of the S-D link, the system relies solely on
the NLoS path through the RIS module to connect the user.
The SNR’s PDF and CDF, fγd

(γd) and Fγd
(γd) derived in

(18) and (19), are exploited to find the ergodic channel ca-
pacity and average BER, respectively. We consecutively follow
Theorems 5 and 6, which lead to

Cd =
Wφd
log(2)

G8,1
4,8

[
2πψd

eγd

∣∣∣∣∣0, 1, ξ
2
h + 1, ξ2

g + 1
Δd, 0, 0

]
(28)

and

P d =
φd

2Γ(p)
G6,2

4,7

[
ψd

qγd

∣∣∣∣∣1 − p, 1, ξ2
h + 1, ξ2

g + 1
Δd, 0

]
. (29)

3) γo ≤ γth, S-D and S-RIS-D Links Combined Using the
MRC Technique: In this scenario, there is no total interruption
of the S-D link; the system relies on both the LoS and NLoS
paths to connect the user. The PDF and CDF of the e2e SNR,
fγmrc(γmrc) and Fγmrc(γmrc), given in (23) and (24), are
used to find the ergodic channel capacity and average BER,
respectively. We successively follow Theorems 5 and 6 and get

C
mrc

=
Wφoφd2εm

16π3 log(2)
G20,1

8,20

[
2π (ψoψd)

2

212e (γoγd)
2

∣∣∣∣∣0, 1,Δ1

Δ2, 0, 0

]
(30)

and

P
mrc

=
φoφd2εb

32π3Γ(p)
G18,2

8,19

[
ψoψd

212qγoγd

∣∣∣∣∣1 − p, 1,Δ1

Δ2, 0

]
. (31)

B. Summary of the Analysis

Let γe2e be the e2e SNR of the entire system, including both
S-D and S-RIS-D paths. The PDF,fγe2e(γe2e), CDF,Fγe2e(γe2e),
and MGF, Ωγe2e(s), of γe2e, are respectively expressed with
respect to the three defined scenarios (see Sections II and III, and

Fig. 2). This is also the case for the ergodic channel capacity,
Ce2e, and average BER, P e2e. In Table II, the expressions for
fγe2e(γe2e),Fγe2e(γe2e),Ωγe2e(s),Ce2e, andP e2e for these three
studied scenarios are summarized. Under normal conditions,
there is no need to use the RIS module; the LoS link is enough to
provide the required quality of service. γe2e = γo, fγe2e(γe2e) =
fγo

(γo), Fγe2e(γe2e) = Fγo
(γo), Ce2e = Co, and P e2e = P o.

When γo ≤ γth with full LoS link interruption, the system
relies on the S-RIS-D link alone to light the user, γe2e = γd,
fγe2e(γe2e) = fγd

(γd),Fγe2e(γe2e) = Fγd
(γd),Ce2e = Cd, and

P e2e = P d. Finally, when γo ≤ γth with a continuous degra-
dation of the LoS link, the system exploits both the S-D and
S-RIS-D links to connect the user, γ = γmrc, fγe2e(γe2e) =

fγmrc(γmrc), Fγe2e(γe2e) = Fγmrc(γmrc), Ce2e = C
mrc

, and
P e2e = P

mrc
.

V. NUMERICAL RESULTS

A. Results

We consider an environment where the receiver is situated
1 km from the transmitter and follows the GG distribution. It
is assumed that the receiver field-of-view is large enough to
allow light from both the S-D and S-RIS-D links to reach the
photodetector. The atmospheric turbulence, which is not the
unique cause of signal degradation at D, is different between
the two links, S-D and S-RIS-D, depending on whether or not
the cloud is large enough to also cover the S-RIS-D link. The
S-D link is characterized by the parameters obtained from [30],
while the S-RIS-D link considers parameters from both [30]
and [14], respectively. The transmission signal is character-
ized by a light of wavelength λ = 785 nm and wave number
η = 2π/λ. The S-D link is affected by the refractive structure pa-
rameterC2

n = 10−11 m−2/3, 1.2 × 10−13 m−2/3, and 2.8 × 10−13

m−2/3, leading to atmospheric effects obtained from the Ritov
variance (σ2

R = 1.23 × C2
nk

7/6
w L11/6) as α = 4.2, 2.296, 8 and

βo = 3, 2, 4, respectively for the values of refractive structure
enumerated above. The pointing error over the S-D link varies
between 1 and 1.6. These values are used to evaluate the FSO
link in [30]. The S-RIS-D link is characterized by the refractive
structure parameter over the two sections S-RIS and RIS-D given
byC2

n = 2 × 10−13 m−2/3, which leads to values of atmospheric
effects evaluated as αh = 2.49 and 4.92, αg = 2.11 and 4.2,
βh = 3.90 and 4.04, βg = 4.37 and 3, respectively. The pointing
error bears values 1, 1.1, 1.52, and 1.6. These values are practical
values used to evaluate RIS-assisted FSO links in [14].

We evaluate the S-D and S-RIS-D links individually and both
S-D and S-RIS-D links based on the MRC combining technique.
We consider situations where γe2e > γth (no need to use the
OnD RIS module), γe2e ≤ γth and total interruption of the S-D
link, where the user is illuminated through the OnD RIS module,
and finally, γe2e ≤ γth with a continuous degradation of the
S-D link. Here, the user is connected through both S-D and
S-RIS-D links. We evaluate the average channel capacity, Ce2e,
and the average BER, P e2e, considering these three scenar-
ios and several sets of values for the atmospheric effects and
pointing errors. When the weather conditions over the S-D link
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TABLE II
SUMMARY OF THE PROPOSED OND FSO SYSTEM

Fig. 3. Average BER of an OnD RIS-assisted FSO system:
(αo = 4.2, βo = 3, ξo = 1), (αh = 2.49, βh = 3.90, ξh = 1.1), and
(αg = 2.11, βg = 4.37, ξg = 1.52).

worsen, the atmospheric effects, αo and βo drastically change.
Consequently, the SNR decreases. If this condition persists, then
the SNR continues to decrease until γo = γth. If the condition
of the S-D link continuously worsens, γo drops below γth. As
explained in Algorithm 1, this condition triggers the activation of
the OnD RIS module. Part of the power generated by S reaches
D through the OnD RIS module. The results of this evaluation
are given in Figs. 3 to 8.

Figs. 3 and 4 depict P e2e and Ce2e for (αo =
4.2, βo = 3, ξo = 1), (αh = 2.49, βh = 3.90, ξh = 1.1), and
(αg = 2.11, βg = 4.37, ξg = 1.52), Figs. 5 and 6 depict P e2e

and Ce2e for (αo = 2.29, βo = 2, ξo = 1.6), (αh = 2.49, βh =
3.90, ξh = 1.1), and (αg = 2.11, βg = 4.37, ξg = 1.52), and
Figs. 7 and 8 depictP e2e andCe2e for (αo = 8, βo = 4, ξo = 1),
(αh = 4.92, βh = 4.04, ξh = 1), and (αg = 4.2, βg = 3, ξg =
1.6). In these evaluations, we consider the CBPSK scheme (a=
0.5 and b=1). In all these figures, the horizontal axes are inverted
to show the e2e SNR reduction (from 100 dB to 0 dB). The
threshold e2e SNR, γth, is set to 40 dB. In all cases, the figures
highlight the switch between links to improve the connection
between S and D when the SNR drops below its threshold value.
To ensure there is no signal interruption between S and D, when
the e2e SNR drops below γth, the control unit enables the OnD

Fig. 4. Average ergodic channel capacity of an OnD RIS-assisted FSO
system: (αo = 4.2, βo = 3, ξo = 1), (αh = 2.49, βh = 3.90, ξh = 1.1), and
(αg = 2.11, βg = 4.37, ξg = 1.52).

RIS module so that it can contribute to connecting the user. This
can be performed in two main situations: by using solely the
S-RIS-D link or both links. This is materialized in all figures
by the shift from the S-D link performance to that of either the
S-RIS-D link or both the S-D and S-RIS-D links, depending on
the situation.

In Fig. 3 (αo = 4.2, βo = 3, ξo = 1, αh = 2.49, βh =
3.90, ξh = 1.1, and αg = 2.11, βg = 4.37, ξg = 1.52), when
the weather condition provokes the e2e SNR to drop below
the threshold SNR, which corresponds to an average BER of
2.46 × 10−5, the system switches to the S-RIS-D link at 2.46
× 10−5 average BER, and the system relies solely on the S-
RIS-D path to connect the user. If the S-D link is not totally
interrupted, the transmission switches from the S-D link to
combined S-D and S-RIS-D links with an average BER of 5.72×
10−6. In Fig. 5 (αo = 2.29, βo = 2, ξo = 1.6, αh = 2.49, βh =
3.90, ξh = 1.1, and αg = 2.11, βg = 4.37, ξg = 1), the same
pattern governs the transmission. When the e2e SNR drops
below 40 dB, at a BER of 1.78 × 10−7, the transmission shifts to
the S-RIS-D link for a total interruption of the S-D path. The av-
erage BER at the switching point for the S-RIS-D link is 8.51 ×
10−5. However, if the S-D path can still transmit, then both links

Authorized licensed use limited to: University of Witwatersrand. Downloaded on June 26,2025 at 18:34:50 UTC from IEEE Xplore.  Restrictions apply. 



NDJIONGUE et al.: ON-DEMAND RIS-ASSISTED FREE SPACE OPTICAL ACCESS SYSTEM FOR 6G NETWORKS 9067

Fig. 5. Average BER of an OnD RIS-assisted FSO system:
(αo = 2.29, βo = 2, ξo = 1.6), (αh = 2.49, βh = 3.90, ξh = 1.1), and
(αg = 2.11, βg = 4.37, ξg = 1).

Fig. 6. Average ergodic channel capacity of an OnD RIS-assisted FSO sys-
tem: (αo = 2.29, βo = 2, ξo = 1.6), (αh = 2.49, βh = 3.90, ξh = 1.1), and
(αg = 2.11, βg = 4.37, ξg = 1).

Fig. 7. Average BER of an OnD RIS-assisted FSO system: (αo = 8, βo =
4, ξo = 1), (αh = 4.92, βh = 4.04, ξh = 1), and (αg = 4.2, βg = 3, ξg =
1.6).

Fig. 8. Average ergodic channel capacity of an OnD RIS-assisted FSO sys-
tem: (αo = 8, βo = 4, ξo = 1), (αh = 4.92, βh = 4.04, ξh = 1), and (αg =
4.2, βg = 3, ξg = 1.6).

operate for an average BER of 2.94 × 10−5. The same pattern
is observed in Fig. 7 (αo = 8, βo = 4, ξo = 1, αh = 4.92, βh =
4.04, ξh = 1, andαg = 4.2, βg = 3, ξg = 1.6), where switching
happens at an average BER of 1.91 × 10−5. When there is total
interruption of the S-D path, the S-RIS-D link takes over with
an average BER of 5.85 × 10−5. With both links, when there is
no total interruption of the S-D link, we obtain a switch to the
combined S-D and S-RIS-D links with an average BER of 4.52
× 10−7.

These results and switching scenarios can also be observed in
Figs. 4, 6, and 8, where the e2e ergodic channel capacity switches
between that of the S-D link and those of the S-RIS-D and both S-
D and S-RIS-D links depending on the case. As shown in Fig. 4,
for αo = 4.2, βo = 3, ξo = 1, αh = 2.49, βh = 3.90, ξh = 1.1,
and αg = 2.11, βg = 4.37, ξg = 1.52, the e2e capacity can
switch from 10.92 Mbps (S-D link) to 10.61 Mbps (S-RIS-D
link) for a total interruption or to 13.55 Mbps (S-D and S-RIS-D
links) when the S-D link is degraded, but still transmits data.
Figure 6 shows results for αo = 2.29, βo = 2, ξo = 1.6, αh =
2.49, βh = 3.90, ξh = 1.1, and αg = 2.11, βg = 4.37, ξg = 1.
The e2e capacity can switch from 11.27 Mbps (S-D link)
to 10.28 Mbps (S-RIS-D link) for a total interruption or to
12.48 Mbps (S-D and S-RIS-D links) when the S-D is degraded
and still transfers information. In Fig. 8 forαo = 8, βo = 4, ξo =
1, αh = 4.92, βh = 4.04, ξh = 1, and αg = 4.2, βg = 3, ξg =
1.6, we obtain switching of the e2e ergodic channel capacity
from 11.36 Mbps (S-D link) to 10.67 Mbps (S-RIS-D link) for
a total interruption or to 16.42 Mbps (S-D and S-RIS-D links)
when the S-D is degraded and still transfer information.

Figs. 3 to 8 illustrate the impact of OnD RIS technology
on the e2e channel capacity and average BER of the system.
Based on these numerical results, it can be concluded that the
amount of energy required to manage the RIS module will be
significantly reduced, and the excess energy can be exploited
when the module is connected to the network. Regarding the
duration of on and off times of the RIS module connection,
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the proposed solution is developed for compensating the power
consumption associated with multiplicative fading and the cost
of pilot signals. In this way, the overall cost related to the RIS
infrastructure will be substantially reduced.

B. Optimal Use of the OnD RIS Technology to Prevent FSO
Link’s Failure

To maintain higher transmission performance and quality-of-
service, and comply with the requirements of 6G networks, it is
imperative to ensure that the e2e SNR, or e2e channel capacity,
does not fall below specific values. This implies that finding
the system’s parameters that optimize data transmission can
be based on optimizing the e2e SNR, channel capacity, and/or
minimizing the probability of error. If these values cannot remain
constant, then the system should ensure that they are above
a certain e2e channel capacity, e2e SNR, or below a certain
probability of error. This will allow us to engage the OnD RIS
infrastructure sooner and prevent the system from falling into
an outage situation. This can be summarized as⎧⎪⎪⎨

⎪⎪⎩
γe2e ≥ γΔ (i)

Ce2e ≥ CΔ (ii)

P e2e ≤ PΔ (iii)

, (32)

where γΔ, CΔ, and PΔ are set to ensure outages are avoided.
Meeting these conditions will allow the system to anticipate
channel behaviors by enabling the OnD RIS module sooner or
before the system falls, i.e., before the SNR degradation reaches
γth. Equation (32)–(i) can be solved using a mixed integer
programming method [42], [43]. On the other side, (32)–(ii)
and (32)–(ii), which contain the Meijer-G function, are of the
form

Gm,n
p,q

[
Z
∣∣∣ap
bq

]
≥ y(Z), (33)

which can be explored through the analysis of Gm,n
p,q

[
Z
∣∣∣ap
bq

]
=

y(Z), satisfying the linear ordinary differential equation of the
generalized hypergeometric type [44].

Figs. 9 and 10 depict the behavior of the ergodic channel
capacity and average BER in an anticipated scenario of an OnD
RIS-assisted FSO system for a set of selected turbulence and
pointing error parameters. Both figures show that it is possible
to anticipate the degradation of the transmission environment
by enabling the OnD RIS earlier. In Fig. 9, when the average
BER increases due to the degradation of the transmission envi-
ronment, which is characterized by the decrease of the average
SNR, anticipation occurs at γΔ = 60 dB to switch the error
probability from 1.9× 10−7 to 6.40× 10−9, by inserting the RIS
module into the channel. This is also observed in Fig. 10, where,
for the same γΔ = 40 dB, the average ergodic channel capacity
switches from 18.00 Mbps to 24.54 Mbps by the insertion of
the OnD RIS module. If the transmission conditions continue
to worsen, it is seen that the average BER continues to increase
and will reach the critical value of 1.91 × 10−5 at 20 dB instead
of 40 dB. Similarly, the threshold ergodic channel capacity is

Fig. 9. Anticipated behavior of the average BER of an OnD RIS-assisted
FSO system: (αo = 8, βo = 4, ξo = 1), (αh = 4.92, βh = 4.04, ξh = 1), and
(αg = 4.2, βg = 3, ξg = 1.6).

Fig. 10. Anticipated behavior of the ergodic channel capacity of an
OnD RIS-assisted FSO system: (αo = 8, βo = 4, ξo = 1), (αh = 4.92, βh =
4.04, ξh = 1), and (αg = 4.2, βg = 3, ξg = 1.6).

reached at about 30 dB instead of 40 dB, which corresponds to
the scenario where the S-D is solely considered.

C. Practical Considerations

The proposed OnD RIS module is composed of liquid crystals
(LCs)-based elements with electronically controlled extinction
coefficients. LCs possess the advantage of being well-known
materials that can be easily deployed at a relatively low cost. It is
important to note that the OnD RIS module is constructed from
the same material throughout to ensure adequate hibernation
when necessary. LC substance used has a coefficient of extinc-
tion greater than zero when the external field used to power the
module is null. As a result, the module will not consume power
while it is in hibernation mode.

VI. FUTURE RESEARCH DIRECTIONS AND CONCLUSION

In this paper, we analyzed OnD RIS-assisted FSO systems
for improved resource management. After defining the threshold
and e2e SNR, we considered the scenario where the e2e SNR
is greater than the threshold SNR. We also considered two

Authorized licensed use limited to: University of Witwatersrand. Downloaded on June 26,2025 at 18:34:50 UTC from IEEE Xplore.  Restrictions apply. 



NDJIONGUE et al.: ON-DEMAND RIS-ASSISTED FREE SPACE OPTICAL ACCESS SYSTEM FOR 6G NETWORKS 9069

situations where the e2e SNR is lower than the threshold value.
These two scenarios are respectively characterized by a total
interruption of the S-D link and its degradation with substantial
data transmission. For these three scenarios, we defined sub-
channel SNRs. Afterward, we derived the e2e channel statistics,
including the PDF, CDF, and MGF of the S-D link alone,
the S-RIS-D link alone, and the combined S-D and S-RIS-D
link based on the MRC combining technique. Exploiting these
statistics, we derived, analyzed, and evaluated the e2e ergodic
channel capacity and average BER, considering the CBPSK
modulation scheme chosen as an example. We showed that in
the FSO environment, the RIS module could be enabled just
when needed. Moreover, we demonstrated through the MRC
technique that when the S-D link is not totally disrupted, an
optimal system performance can be recovered by introducing
an RIS module into the environment. In addition, we showed
that the RIS can be solicited in an OnD manner to prevent FSO
link degradation when the weather conditions worsen.

The analysis presented in this paper is the first step of a
pilot project on OnD RIS-assisted FSO systems, which provide
several advantages, including resource and energy management.
In accordance with the OnD RIS concept, it is essential to opti-
mize the management of resources and energy in FSO systems.
Recognizing that this is a requirement for the upcoming 6G,
it is therefore important to use the RIS module precisely when
needed. When the RIS module is not enabled, it hibernates. It will
be inserted into the system exactly when the main transmission
link is compromised. An optimization algorithm for such a sys-
tem can be provided to prevent the channel from dropping below
a threshold state or getting worse. This can be based on a mixed
integer programming method [42], [43], or through the linear
ordinary differential equation of the generalized hypergeometric
function given that the Meijer-G function has generally been
used in FSO systems analysis [44]. Such optimization can also
reduce the use or solicitation of the RIS module. Overall, the
system can be optimized to prevent degradation of the trans-
mission environment from affecting data transmission. To do
this, the RIS module can be introduced earlier into the system.
This is an exciting research area that may be challenging and
requires careful examination. The analysis and optimization of
the OnD RIS phase shift, as well as its impact on the system’s
behavior and management of energy efficiency, is another crit-
ical aspect requiring careful attention. Furthermore, combining
OnD RIS with artificial intelligence-based spectrum sensing, as
discussed in [45] and [46], will maximize the benefits of both
technologies in the 6G context. This area has the potential to be
further investigated.
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