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Abstract—Visible light communication (VLC) has been
emerged as a technology that can increase the channel capacity
in the next generations of wireless technologies by exploiting
the largely unutilized, licence-free and huge visible light portion
of the electromagnetic spectrum. In order to enable high-
speed short-range wireless communications, VLC utilizes the
installed high-switching rate light emitting diodes (LEDs) in the
ceilings of indoor environments, which are primarily used for
illumination, to modulate the signals into visible light intensity.
However, VLC suffers from several limitations, such as the
limited modulation bandwidth and the coverage area of LEDs
that degrade the overall system spectral efficiency (SE). In this
respect, the present contribution proposes rate splitting multiple
access (RSMA) for multi-cell indoor VLC systems as a mean to
enhance the overall system SE and energy efficiency (EE) as well
as to provide ubiquitous indoor coverage and to address user
mobility issues. Moreover, we utilize coordinated beamforming
to design the precoders of the common and the private streams
in each cell aiming to enhance the performance of cell-edge
users. Finally, the formulated sum of the mean squared error
optimization problem is solved sub-optimally using an alternating
optimization approach. Extensive computer simulations demon-
strate that RSMA improves the overall system performance in
terms of the SE and EE compared to the recently used multiple
access techniques, such as space division multiple access with
coordinated beamforming which constitutes a special case of it.

I. INTRODUCTION

Wireless spectrum resources are particularly scarce since
most of the frequency bands are already occupied. However,
the visible light portion of the electromagnetic spectrum is
still not exploited and can be used without any licensing. This
has motivated the emergence of visible light communication
(VLC) to complement the congested RF-based wireless sys-
tems [1]. It is recalled that VLC is realized by using light
emitting diodes (LEDs) in recent infrastructures, which are
primarily used for illumination, to modulate the signals into
the light intensity, which is known as intensity modulation
(IM). On the contrary, at the receiver side a photo-detector
(PD) is used to convert light into an electrical signal for
detection, a process known as direct detection (DD) [2]–[11].

Compared to RF, VLC systems are characterized by high
security, high degree of spatial reuse, and immunity to electro-
magnetic interference. However, their performance is highly
affected by several factors, such as the limited modulation
bandwidth of LEDs as well as the restrictions imposed by
IM/DD, which require signals to be positive and real-valued

[12]. Motivated by this, several efficient optical-based mod-
ulation and coding schemes, multiple-input multiple-output
(MIMO) schemes, VLC cooperative communications, and
multiple access (MA) schemes have been proposed in the open
technical literature, aiming to enhance the achievable spectral
efficiency (SE) of VLC systems [13]–[15].

Typically, the channel of a VLC link is considered to be line-
of-sight (LoS), with the non-line-of-sight components typically
neglected. Therefore, ensuring that a link is available at all
times as well as the provision of wider coverage area and the
support of users mobility are of paramount importance [3]. In
recent large rooms/offices, uniform illumination is guaranteed
though the deployment of multiple wide-beam illuminating
devices, which introduced the concept of optical attocells.
In each attocell, an LED array acts as a VLC access point
(VLC-AP) that is capable of handling multiple user equipment
(UE) devices located in its coverage area. In such multi-cell
systems, the received signals at cell-edge users are corrupted
by interference from signals of the users within the same cell,
known as intra-cell interference i.e., inter-user interference
(IUI), and from signals of users in the adjacent cells known
as inter-cell interference (ICI).

In general, it is difficult to handle the interference at UEs
side due to lack of coordination among them. As a result,
interference mitigation should be performed before transmis-
sion at the transmitters side. Hence, in order to improve the
performance of the cell-edge users, different time, frequency,
or power allocation coordination schemes across the involved
attocells have been investigated [16]–[18]. Examples of theses
schemes include: multi-color schemes [19], multicarrier-based
cell partitioning [20], optimized angle diversity receivers [21],
and differential optical detection. Yet, even though the afore-
mentioned techniques have showed an improvement on the
achievable SE compared to the single cell case, they typically
require dedicated receiver/transmitter architectures [22].

In large-scale VLC networks, it is common that a VLC-AP
has multiple LED arrays that are connected through backbone
links to mimic a MIMO configuration. Therefore, precoding
techniques are efficient in mitigating or eliminating ICI by
appropriately weighing the messages for different users at the
LEDs input. In the context of multi-cell MIMO VLC systems,
different VLC-APs are interconnected through backbone links
in order to provide a certain level of coordination/cooperation



among them [23]. Coordinated beamforming (CB) (one kind
of coordinated multi-point techniques) has been recently pro-
posed as a compromise solution in terms of complexity
and performance compared to joint transmission and per-cell
coordination. In CB, only channel state information (CSI) is
shared between cells, and the precoders design at different
cells is performed in a coordinated way [24].

It is recalled that power-domain non-orthogonal multiple ac-
cess (NOMA) has been also studied in the context of multi-cell
VLC. To this end, despite the SE gain offered by NOMA, its
performance is highly degraded due the channel correlation in
VLC systems. Additionally, the complexity and the error prop-
agation issues become more severe as the number of users in
the system is very large, which is attributed to increased num-
ber of the required successive interference cancellation (SIC)
layers at the receivers. In order to alleviate these limitations
in the multi-cell VLC context, different approaches have been
explored in the literature. In [25], [26], the authors proposed
location-based user grouping and communications scheduling
in order to reduce ICI. Even though this method is interesting,
it in turn resulted in a high data overhead. Alternatively, [27]
combined offset quadrature-amplitude-modulation/orthogonal
frequency division multiplexing (QAM/OFDM) with NOMA
for asynchronous multi-cell communications. It was shown
that this technique outperforms the benchmark “combined
OFDM and NOMA” in terms of capacity and flexibility. More-
over, [28] proposed a hybrid NOMA-zero-forcing (NOMA-
ZF) approach, where the VLC-AP serves cell-centered UEs
using NOMA, but communicates with cell-edge UEs through
ZF. Finally, authors of [29] proposed a hybrid time scheduling-
NOMA, where location-based grouped UEs within a cell are
served in different time slots, in order to reduce ICI.

Recently, Rate Splitting Multiple Access (RSMA) emerged
as a robust and generalized MA scheme for future wireless sys-
tems, able to accommodate different users in a heterogeneous
environment [30]–[32]. It has been shown in MIMO-based RF
systems that RSMA outperforms and generalizes other MA
schemes such as NOMA and space division multiple access
(SDMA), in terms of both SE and energy efficiency (EE) [33],
[34]. To achieve this, messages of all users are divided into
one or several common parts, and a private part. Subsequently,
all common parts are multiplexed and encoded into a single
(or several) common streams intended for all (or to a subset
of) users. Also, the private parts are encoded separately into
multiple private streams, which are then superimposed with
the common stream(s). The resulted super-symbol is then
transmitted to all users over the VLC downlink channel. Then,
at each user, the common streams are decoded first in order to
obtain the common parts of the intended user, utilizing iterative
SIC. Subsequently, the private part is decoded while treating
the other users’ private parts as noise.

In multi-cell VLC systems, RSMA is deemed to bring
several advantages. Through its precoding flexibility, it can
mitigate efficiently the incurred interference, hence achiev-
ing higher SE performances. Moreover, unlike NOMA VLC
networks that require multi-layer SIC receivers, single-layer

RSMA with only one common message is expected to achieve
better SE using only one SIC layer at the receivers. Hence, the
RSMA VLC framework is less complex compared to NOMA
based frameworks. Of note, the splitting of the messages into
common and private parts enables RSMA to provide robust
services for different network loads and users’ deployments.
With this motivation, this contribution proposes one-layer
RSMA for indoor multi-cell VLC systems. Additionally, we
exploit CB to design the precoders for the common and private
streams, aiming to minimize the sum of the mean squared
error (MSE) across all users. The proposed system model is
expected to provide useful insights on the use of RSMA in
VLC systems. Specifically, it is shown that it can efficiently
mitigate the ICI at cell-edge users, enhance the overall system
SE and EE, and adapt to different UEs’ deployment scenarios.

To the best of the authors’ knowledge, such a study has
not been previously reported in the open technical literature.
The remainder of the paper is organized as follows: In section
II, preliminary information about single-cell configuration is
presented and two special cases for RSMA are explained.
Then, section III presents the main contribution which is
RSMA in multi-cell VLC system. Section IV illustrates and
discusses the simulation results. Finally, Section V concludes
the paper with some useful remarks.

Notations: Throughout the paper, boldface uppercase and
lowercase represent matrices and vectors, respectively. (·)T
denotes the transpose operation. E(·) is the statistical expec-
tation, || · || is the Euclidean norm, and | · | is the absolute
value. Also, assuming a vector z = [z1, · · · , zZ ] with length
Z, L1(z) =

∑Z
i=1 |zi| denotes the L1 norm. Finally, 1N×1 is

the all-ones vector of size N × 1 and I is the identity matrix.

II. RSMA FOR VLC

In this section we firstly consider preliminary information
about the implementation of RSMA in single-cell VLC sys-
tems for a simple two-user model. Then, we illustrate how
SDMA and NOMA can be considered special cases of RSMA.

A. RSMA in single-cell configurations

For simplicity, we consider a simple case in Fig.1, where we
assume that two transmitting LEDs are connected to a central
processing unit and send messages to two single-PD users in a
single cell scenario [14]. The principle of RSMA is described
as follows: messages of all users are divided into two different
parts, one common between all users and one private which is
intended only for the associated user. In our two-user model,
U1 is divided into the private part U1

1 and the common part
U12

1 . Similarly, U2 is divided into the private part U2
2 and

the common part U12
2 . Then, the two private messages, U1

1

and U2
2 , are encoded into distinct private streams s1 and s2,

respectively. Then, from a common codebook, U12
1 and U12

2

are multiplexed and encoded into a common stream s12 that
will be decoded by both users, which are equipped with SIC
for interference mitigation. Furthermore, we assume that si
(i ∈ {1, 2, 12}) is randomly selected from a pulse amplitude
modulation constellation also with zero mean and normalized



Fig. 1. System model for single-cell two RSMA users

range {−1, 1}. Therefore, the vector of the transmitted streams
is denoted by s = [s1, s2, s12]

T , where E(ssT ) = I. To reduce
multi-user interference (MUI), a linear precoding matrix P =
[p1,p2,p12] is considered, where pi = [pi,1 pi,2]T ∈ R2×1 is
the precoding vector for the ith stream. A direct current (DC)
bias IDC ∈ R2×1 is added in order to ensure positive signals
at the LEDs input. Hence, the transmitted signal, x ∈ R+

2×1,
can be written as [14]

x = [x1, x2]
T

= Ps + IDC =
∑

i∈{1,2,12}

pisi + IDC (1)

and the received signal at the kth PD, after optical-to-electrical
conversion, is expressed as

yk = ςζhT
k x + nk, ∀k ∈ {1, 2} (2)

where ς is the conversion factor of any LED chip in the LED
array (consists of Nb LED chips), ζ is the responsivity of any
PD, hk = [hk,1, hk,2]T is the DC channel gain vector between
the kth PD and the transmitting LEDs, where each element is
expressed as follows [14]

h =

{
ANb

r2 Ro(ϕ)Ts(φ)g(φ) cos(φ), 0 6 φ 6 φc
0, otherwise,

(3)

where A denotes the UE’s PD area, Nb is the number of LED
chips per LED array, and r is the distance between a LED
array and a UE. Moreover, ϕ is the transmission angle from
a LED to a UE, φ denotes the incident angle with respect
to the receiver, and φc is the field of view (FoV) of the PD.
Finally, Ts(φ) is the gain of the optical filter, and g(φ) is
the gain of the optical concentrator which can be calculated
based on [2]. Moreover, nk ∼ N (0, σ2

k) is the additive white

Gaussian noise, representing the thermal and shot noises, with
zero-mean and variance σ2

k, which can be calculated based on
[35]. Due to the low mobility of indoor users, we assume
that the channel gains are constant during the transmission,
and that perfect CSI is available at the transmitter. In order
to accurately design the precoding matrix P, the following
constraints need to be satisfied to ensure that the LEDs work
in their dynamic range:

L1(pl) =
∑

i∈1,2,12

|pl,i| (4)

= min (IDC − Imin, Imax − IDC) , ∀l ∈ {1, 2}

where pl is the lth row of the precoding matrix P. Initially,
the DC term is removed using an AC coupler; then, minimum
mean squared error (MMSE) equalizers are used to detect all
different streams. The decoding process for RSMA users is
described as follows: at the kth user, the common stream s12

is decoded assuming that the private streams are noise. Hence,
the received signal-to-interference-plus-noise ratio (SINR) at
the kth user for the common stream is expressed as

γ12
k =

(
hT
k p12

)2(
hT
k p1

)2
+
(
hT
k p2

)2
+ σ̂2

k

, ∀k ∈ {1, 2} (5)

where σ̂2
k = σ2

k/ (ςζ)
2 is the normalized received noise power.

For the sake of simplicity, we assume that ς, ζ are unity and
thus σ̂2

k = σ2
k. The kth user extracts its intended information

from the decoded common stream, and then the effect of the
common stream is removed from the original received signal
using SIC. This allows an improvement of the detection of the
private streams. So, each user attempts to decode its private
stream sk, while treating the private stream of the other user
as noise. Consequently, the received SINR at the kth user, for
its private stream, can be written as

γkk =

(
hT
k pk

)2(
hT
k pk̄

)2
+ σ2

k

, ∀(k, k̄) ∈ {(1, 2), (2, 1)} (6)

and the achieved data rate at user k is expressed by [33],

R12
k = log2(1 + γ12

k ), (7)

and
Rk

k = log2(1 + γkk ), ∀k ∈ {1, 2} (8)

where R12
k and Rk

k are the data rates for the common and
private signals, respectively. In order to ensure successful
decoding of the common stream s12 at both users, the common
rate shall not exceed R12 = min(R12

1 , R
12
2 ). It is also noted

that the targeted common rate for each user can be achieved
if R12 is adequately shared between the two users, i.e.,
R12 =

∑2
k=1Rk,com, where Rk,com is the kth user portion of

the common rate. Consequently, the total achievable data rate
of user k, denoted Rk,ov, can be expressed by [33], namely

Rk,ov = Rk,com +Rk
k, ∀k ∈ {1, 2}. (9)

Finally, to design the precoders for the common and the
private streams, a formulation of an optimization problem



that maximizes a certain objective function, e.g., sum rate,
weighted sum rate (WSR), proportional fairness, or max-min
fairness is required. In [14], the maximization of the WSR was
adopted as an objective, which is defined as follows assuming
that the weights vector for the users w = [w1, w2] are:

max
P,Rcom

R(w) =

2∑
k=1

wk Rk,ov (P1)

s.t. L1(pl) ≤ ε, ∀l ∈ {1, 2} (P1.a)
2∑

k=1

Rk,com ≤ R12 (P1.b)

Rcom ≥ 0 (P1.d)

where Rcom = [R1,com, R2,com] is the common rate vector.
Furthermore, P1.a accounts for the optical power constraints
associated with the transmitting LEDs. Additionally, to guar-
antee that the common stream is successfully decoded by
both users, constraints P1.b and P1.c were added. To this
effect, in [14], it has been shown that (P1) is non-convex
due to the presence of variables pk (k ∈ {1, 2}) in the
denominator of the SINR expressions (5)-(15). Thus, its
solution is not straightforward. Yet, it has been shown in
[36] that, WSR maximization problem can be reformulated
to an easier problem that minimizes the weighted sum MMSE
(WSMMSE). The new reformulated problem jointly optimizes
the WMMSE precoding vectors and MSE equalizer weights.
Although WSMMSE problem is still non-convex in terms
of all the optimization variables, it was shown in [36] that
by fixing the values of the precoders, the problem becomes
convex in terms of the WMMSE weights and the equalizers
gain and vice versa. Thus, a local optimum is guaranteed
by utilizing alternating optimization (AO) algorithm. In order
to converge to a maximum WSR, the algorithm alternates
between updating WMMSE precoding design and MSE equal-
izer weights design. Further details on the AO procedure are
available in Section V.b of [14].

B. Special cases of RSMA

The capability of RSMA to decode part of the interference
impeded in the common stream and treat the other users’
private messages as a noise allows it to encompass NOMA
and SDMA as special cases. It is recalled that in NOMA,
users with weak channel conditions are allocated high power
coefficients. On the contrary, users with strong channel gains
are assigned low power coefficients. Based on this, the weaker
user can directly decode its signal while treating the signal of
the other users as noise. On the contrary, other users have to
remove the interference by decoding the weaker users’ signals
with the aid of SIC, before detecting its own signal. Thus,
NOMA is based on decoding the whole interference from other
users’ messages, and then cancel it using SIC. Therefore, to
obtain NOMA from RSMA, one of the users’ messages is
encoded into a private stream, i.e., the user with the strongest
channel, and the message of the second user is encoded as

a common stream. Assuming that user 1 has the strongest
channel gain, the transmitted signal can be written as

x = Ps + dDC =
∑

i∈{1,12}

pisi + dDC (11)

and the associated SINRs of the first and second users are

γ1
1 =

(hT
1 p1)2

σ2
1

(12)

and

γ12
2 = min

(
(hT

1 p12)2

(hT
1 p1)2 + σ2

1

,
(hT

2 p12)2

(hT
2 p1)2 + σ2

2

)
. (13)

On the contrary, SDMA is based on treating any interference
from other users’ messages as noise. Thus, it can be obtained
from RSMA by simply allocating zero power to the common
stream. Then, each user’s message is encoded only as a private
stream. Hence, the transmitted signal in this case is

x = Ps + dDC =
∑

i∈{1,2}

pisi + dDC (14)

and the received SINR at each user simplifies to

γkk =

(
hT
k pk

)2(
hT
k pk̄

)2
+ σ2

k

, ∀(k, k̄) ∈ {(1, 2), (2, 1)}. (15)

It was shown in [14] for simple two-user model that RSMA-
VLC in single-cell configurations outperforms both NOMA
and SDMA in terms of achievable WSR. Also, the effect
of channels correlation through considering different users’
locations was investigated. It was observed that, NOMA is
favored at low signal-to-noise ratio (SNR) for low separa-
tion between users, whilst SDMA performs better at high
SNRs. On the contrary, RSMA outperformed both NOMA and
SDMA and exhibited a robust performance against different
users’ locations and hence channels correlation. Therefore,
RSMA is considered as a particularly suitable MA candidate
scheme for VLC in beyond 5G wireless networks.

In the next section, we address the implementation of
RSMA in mutli-cell configurations as an efficient way to boost
the system SE as well as to provide ubiquitous access in
indoor VLC environments, which has not been explored in
prior studies. Additionally, the use of CB for the design of
the common and private streams is proposed as an effective
means for enhancing the performance of cell-edge users.

III. RSMA IN MULTI-CELL CONFIGURATIONS

The single-cell system model in the previous section can be
extended to multi-cell configuration for any number of users.
To the best of the authors’ knowledge, this set up has not
been previously investigated in the open literature. Thus, in
this section we consider multi-user multi-cell VLC system,
composed of Nc attocells, wherein the ith cell is composed of
Nl LED arrays and N i

u single PD users, ∀i = 1, . . . , Nc. The
LED arrays in different attocells are interconnected through
band-limited backbone links in order to allow designing the



Fig. 2. RSMA in simple multi-cell VLC configuration for Nc = 2 and
N i
u = 2.

precoders in a coordinated way. A simplified model for Nc = 2
and N i

u = 2 is illustrated in Fig. 2. Initially, users are asso-
ciated to each attocell, hence, we denote by Uik the intended
message for the kth user in the ith attocell, ∀i = 1, . . . , Nc,
∀k = 1, . . . , N i

u. Similar to the single cell scenario, message
Uik is divided into a common part, U c

ik, and a private part,
Uk
ik. The common messages of all users in the ith attocell

are combined and encoded as a common stream denoted by
sci , decodable by all users in the ith attocell, whereas Uk

ik is
encoded as a private stream ski to be decoded only by the kth

user. Then, the linear precoder Pi = [pc
i ,p1

i ,p2
i , . . . ,p

Ni
u

i ] ∈
RNl×(Ni

u+1) is designed at each attocell and multiplied by
the streams vector si = [sci , s

1
i , . . . , s

Ni
u

i ]T . Finally, a DC bias
vector IDC

i = IDC × 1Nl×1 ∈ RNl×1 is added to the signal.
Thus, the transmitted signal by the ith attocell is expressed as

xi = Pisi + IDC

i , ∀i = 1, . . . , Nc. (16)

The received signal by the kth user in the ith attocell will be
the collection of all the transmitted signals from all attocells,
which is given by

yik = ςζ
[ (

hi
ik

)T
Pi si+

Nc∑
j=1
j 6=i

(
hj
ik

)T
Pj sj

]
+ςζ

Nc∑
j=1

IDC

j +nik.

(17)
In this section, we design the precoders of different attocells
based on MMSE linear precoding, which has superior per-
formance, especially at low SNR regimes. Hence, the MSE
associated with decoding the common and private streams at
the kth user in the ith attocell is represented, respectively, as

Ec
ik = E

(
‖ŝcik − sci‖

2
)
, (18)

and
Ek

i = E
(∥∥ŝki − ski ∥∥2

)
. (19)

It is recalled that the detection process at each user in the
ith attocell begins by decoding the common stream in the ith

attocell and extracting the intended information from it; then,

TABLE I
SIMULATION PARAMETERS.

Parameter Symbol Value

Number of LED chips per
array

Nb 3600 (60× 60)

LED semi-angle at half
power

ϕ1/2 70o

PD area A 1 cm2

Refractive index of PD n 1.5

Gain of optical filter Ts(φ) 1

FoV of PD φc 60o

Maximum allowable cur-
rent

Imax 600 mA

Minimum allowable cur-
rent

Imin 400 mA

DC current IDC 500 mA

Bandwidth B 20 MHz

TABLE II
USERS’ LOCATIONS (N i

u=2).

Cell 1 Cell 2

Scenario I
User 1: [2.5,1.25,0.85] User 3: [-2.5,1.25,0.85]

User 2: [2.5,-1.25,0.85] User 4: [-2.5,-1.25,0.85]

Scenario II
User 1: [1,2,0.85] User 3: [-1,2,0.85]

User 2: [1,-2,0.85] User 4: [-1,-2,0.85]

Scenario III
User 1: [0.25,1.25,0.85] User 3: [-0.25,1.25,0.85]

User 2: [0.25,-1.25,0.85] User 4: [-0.25,-1.25,0.85]

each user decodes its intended private stream. Therefore, in
order to mitigate ICI, we assume that there is a certain level
of coordination between the attocells to design their precoders.
In this work, we opt to use CB technique for the precoders
design of the common and private streams aiming to minimize
the sum-MSE across all attocells. Hence, we formulate the
sum-MSE minimization problem for the RSMA with CB as

min
Pi,E

c
i ,

αk
i ,α

c
ik

SMSE =

Nc∑
i=1

Ec
i +

Nc∑
i=1

Ni
u∑

k=1

Ek
i (P2)

s.t. Ec
ik ≤ Ec

i , ∀k ∈ {1, 2..., N i
u},∀i ∈ 1, ..., Nc (P2.a)

L1(p`
i) 6 min

(
IDC − Imin, Imax − IDC

)
1Nl×1,

(P2.b)

where αk
i , α

c
ik are the equalizers used for the detection of the

private and common streams, respectively. Moreover, Ec
i is the

MSE of the common stream in the ith attocell, which is set to
the worst case according to constraints (P2.a). The objective
function in (P2) is non-convex in terms of all optimization
variables, so its solution is not straightforward. Thus, similar to
the previous section, we opt to use AO algorithm to converge
to a local sum-MSE solution, where the algorithm iterates
between updating the precoders and the equalizer gains in
order to converge. Next, we analyze the performance of the



TABLE III
LED ARRAYS LOCATIONS FOR MULTI-CELL CONFIGURATION.

Cell 1 Cell 2

LED array 1: [2.5,1.25,3] LED array 3: [-2.5,1.25,3]

LED array 2: [2.5,-1.25,3] LED array 4: [-2.5,-1.25,3]

proposed system model in terms of the overall SE and EE,
which are defined as [26]

ηSE =
1

B

Nc∑
i=1

Ni
u∑

k=1

Rik (21)

and

ηEE =
1

BPT

Nc∑
i=1

Ni
u∑

k=1

Rik, (22)

where PT = N2
b

∑Nc

i=1 E
(
‖xi‖2

)
denotes the total power

consumption of the system [37].

IV. SIMULATION RESULTS

In this section we investigate the performance of the pro-
posed RSMA with CB in terms of the SE and EE for a simple
multi-cell configuration. In this context, we consider a room
of size 10×5×3 m3 consisting of two attocells, each serving
two users located within its coverage area. Based on this, we
then compare its performance with that of the CB SDMA
counterpart. To this end, we assume that the LED arrays
in different cells are connected through backbone links in
order to provide a certain level of coordination between them.
Also, without loss of generality, we assume that ς = 1 W/A,
ζ = 1 A/W. Furthermore, we assume the same optical devices
characteristics as in [14]. For convenience, all parameters used
are depicted in Table I.
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Fig. 3. SE versus DC current for different considered scenarios in multi-cell
configuration.

To study the impact of different users’ locations within an
indoor space, we consider different scenarios, summarized in
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Fig. 4. EE versus DC current for different considered scenarios in multi-cell
configuration.

Table II, whereas the locations of the LED arrays in each
attocell are depicted in Table III.

Fig. 3 illustrates the SE performance of RSMA and SDMA
for different scenarios. Specifically, in “scenario I” all users
are located in the cells centers, whereas in “scenario II”, all
users are close to the boundary of the overlapped area between
the two considered cells. Finally, in “scenario III” all users are
located inside the overlapped area. It is evident that as IDC

increases, SE improves rapidly up to IDC = 420 mA; then,
it reached gradually its maximum value at IDC = 500 mA.
However, for scenarios where users experience high ICI, the
SE saturates quickly. Finally, CB RSMA outperforms CB
SDMA in terms of average SE. Additionally, Fig. 4 illustrates
the EE performance of the proposed system model and SDMA
with CB as a function of the DC bias. For all considered
scenarios, as IDC increases up-to 420 mA, the EE is enhanced
due to the achieved high SE compared to power consumption.
As the DC current exceeds 420 mA, the EE begins to
decrease because more power is consumed in this region; yet,
a small additional SE gain is still achieved. Moreover, it is
evident that RSMA with CB exhibits a more prominent EE
performance compared to SDMA with CB across all scenarios.
Thus, RSMA proves more spectrally and energy-efficient than
SDMA with CB in multi-cell VLC configurations due to its
interference mitigation capabilities.

V. CONCLUSION

In the present work, we investigated rate-splitting multiple
access for multiple-input single-output (MISO) VLC systems,
taking into consideration the per-LED power constraints. We
first presented background information about RSMA in single-
cell MISO VLC systems, wherein the SINR and WSR expres-
sions were explained for a two-user scenario. Subsequently,
WSR optimization problem was discussed in order to design
the precoders for the common and private streams. Then, in
order to provide ubiquitous indoor coverage and to address
user mobility issues in large indoor environments, we proposed
RSMA in multi-cell VLC environments. Also, in order to
enhance the performance of cell-edge VLC users, we utilized



coordinated beamforming for the precoders design, aiming to
reduce the sum-MSE of the system. Through extensive simula-
tions, we demonstrated the efficiency of our proposed RSMA
models compared to the conventional SDMA technique with
coordinated beamforming in terms of the achievable spectral
and the energy efficiency for simple two-cell configuration.
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