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Abstract—An optimal fair resource allocation (OFRA) scheme
is proposed to mitigate both inter-symbol and inter-user interfer-
ences in uplink multi-user VLC/IR networks. The scheme aims
to improve the fairness among the users in terms of their received
signal-to-interference-plus-noise-ratios (SINRs) by implementing
the angle diversity technology.

Index Terms—Visible light communication, Angular diversity

I. INTRODUCTION

Visible light communication (VLC) technology is regarded
as an attractive key for 5G indoor wireless communication
networks [1]. It provides safe, power efficiency and high
data rate communications needed for tomorrow’s applications.
A hybrid multi-user VLC/IR system can be implemented to
enable the full-duplex transmission in indoor VLC networks
[2]. Such systems utilize a visible light emitting diode (V-
LED) for downlink transmission while an IR-LED is em-
ployed for the uplink one. In MU-VLC/IR networks, both
inter-user interference (IUI) coming from neighboring users
and inter-symbol interference (ISI) resulting from reflected
signals could significantly degrade the system performance.

In this paper, an optimal fair resource allocation (OFRA)
scheme is realized by using angle diversity technology in the
uplink hybrid MU-VLC/IR networks. The proposed OFRA
scheme aims to enhance fairness between all users in terms of
their received signal to interference plus noise ratios (SINRs)
by switching on the most suitable LED of each angle diver-
sity transmitter (ADT). Additionally, multiple angle diversity
receivers (ADRs) are used to receive the transmitted signals
in a way that maximizes the minimum SINR for all users.

II. OPTIMAL FAIR RESOURCE ALLOCATION SCHEME

Recently, in the downlink VLC systems, ADR has been
used to mitigate the effects of ambient noise and ISI from
multi-path reflections [3]. The basic idea of ADR is to use
multiple photodetectors (PDs) that point in different direc-
tions with different normal unit vectors and incident angles,
resulting in less correlated channel gain matrix between all
LEDs and PDs [4]. Also, the ADT which contains multiple
numbers of narrow beam IR-LEDs with different orientations,
is used to improve the performance of VLC systems [5]. In
this paper, as shown in Fig. 1, the angle diversity technology
is used at both transmitter and receiver sides in uplink VLC/IR
channel to reduce both ISI and IUI interferences. Clearly, this
reduction is obtained by selecting and allocating the optimal
LED and PD pairs of all ADTs and ADRs.

The considered uplink MU-VLC/IR network consists of M
users and N PDs. Each user has an ADT with L IR-LEDs.

Fig. 1. Multi-user uplink VLC/IR system using angle diversity technology.

However, to reduce the optimization dimensions and decrease
amount of transmitted power of each ADT, only one of the
ADTs’ LEDs is assumed to be ON (active) at a time and
the remaining (L−1) LEDs are OFF. Moreover, the operating
LEDs are assumed to transmit the same average optical power
Pt , i.e. the transmitted power of LED l at user j, Pjl = Pt .
The allocation (assignment) of operating LEDs for different
users is made to reduce the IUI and enhance the performance
of the overall network. Generally, the ON/OFF states of all
LEDs associated with different users are summarized in the
(M × L) allocation matrix A which can be given by
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where ajl is a binary allocation variable associated with lth
LED of user j. The value of this variable is equal to 1 when
the LED is ON and 0, otherwise. Also, as only one of the
ADT’s LEDs is ON at a time, the sum of the allocation
variables associated with each user is equal to one, i.e.
(
∑L

l=1 ajl = 1), ∀ j ∈ {1, 2, · · · , M}. Clearly, there exists many
feasible allocation matrices that obey this constraint. Among
these matrices, there is an optimal allocation matrix that
achieves the highest fairness between all users by maximizing
their minimum SINR. At an allocation matrix A, we can
define a vector ā = [a∗1, a

∗
2, ..., a

∗
M ] which represents the active

LED index of each user where, a∗j ∈ {1, 2, ..., L} is the
index of active LED for j th user at allocation vector ā and
j ∈ {1, 2, · · · , M}. The SINR between j th user and ith PD at
ā, γi j(ā) including both IUI and ISI is calculated by [4]
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where Hlos
iml

and Hnlos
iml

are the LOS and NLOS DC chan-
nel gains for the link between l th LED of j th user and
ith PD, respectively. Also, η and σ2

n are the PD re-
sponsivity and the noise variance, respectively. Clearly, at
an allocation vector ā, ith PD is assigned to the user
that has highest SINR using assignment variable Ui(ā) as
Ui(ā) = arg max

j∈{1,2, · · · ,M }
γi j(ā), ∀i ∈{1, 2, · · · , N}. Therefore,

the received SINR of user j at a given allocation vector ā,
γj(ā) can be given by

γj (ā) =

{
max
i∈N

γi j (ā), ∀ i : j = Ui(ā)

0, ∀ i : j , Ui(ā)
∀ j ∈ {1, 2, · · · , M} (3)

Clearly, (3) states that user j has a SINR value when it
achieves the highest gain of at least one PD, otherwise its
SINR is set to zero. In other words, when the user is not
being received (hasn’t the highest received power) with any
PD, its SINR value is considered zero. Moreover, when the
user is assigned to more than one PD, its SINR value is
the maximum one received by these PDs, i.e. the selection
combining (SC) is implemented. The main objective is to find
the optimal allocation matrix A? that maximizes the lowest
SINR for all users under certain defined constraints. In other
words, we aim to find the optimal vector āopt which defines
the indices of active LEDs for all users in away to achieve
the highest fairness among the users. Therefore, The max-min
optimization is used to formulate this problem as [6]:

max
ā

min
j
γj (ā)

s.t. ajl =

{
1, l = a∗j
0, otherwise

∀ j, l

L∑
l=1

ajl = 1, ∀ j

Pjl = Pt ∀ j, l
j ∈ {1, 2, ..., M}, l ∈ {1, 2, ..., L}
i ∈ {1, 2, ..., N}, a∗j ∈ {1, 2, ..., L}.

(4)

In the above model, the first constraint indicates that the
optimal LED of a user is switched on while the other
LEDs are turned off at an allocation vector ā. The second
constraint ensures that a user can be served by only one LED
which achieves a fair comparison to the system with single
transmitter (ST) for each user. The third constraint is imposed
to guarantee that each LED of any user has the same average
optical power, Pt .

III. SIMULATION RESULTS

The considered room dimensions are 5 m×5 m×3 m. Four
ADRs are used to receive data signals from all users. Each
ADR has five PDs pointed in different directions. Also, each
user has an ADT with five LED transmitters (L = 5). The
performance of the proposed OFRA scheme is compared with
the conventional single transmitter (ST) one in terms of their
received SINRs and Jain’s fairness index as shown in Fig. 2.

It can be readily verified from Fig. 2.a that proposed OFRA
scheme achieves higher average and minimum SINR values
compared to the ST scheme. Fig. 2.b shows the Jain’s fairness
achieved using OFRA and ST schemes versus number of users
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Fig. 2. Performance comparison between proposed OFRA scheme and ST
one in terms of (a) Average and minimum SINR (b) The fairness index.

at LED’s semi-angle of 45◦. The fairness is plotted for two
PD’s FOV angles which are 45◦ and 60◦. The OFRA scheme
has noticeable higher bit-rate fairness than ST scheme at any
number of users.

IV. CONCLUSION

We proposed a new resource allocation scheme named
OFRA in the uplink multi-user hybrid VLC/IR network.
OFRA scheme deployed the angle diversity technology in
both transmitter and receiver sides. We obtained the optimal
resource allocation matrix which maximizes the bit-rate fair-
ness of the users. Simulation results reveals that the proposed
OFRA scheme outperforms the conventional ST one.
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