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Abstract—In this paper, an efficient resource allocation scheme
in multi-user LiFi networks is proposed using the angle oriented
(AO) technology at the receiver and transmitter sides. To cope
with the inter-symbol and inter-user interferences and to further
enhance the fairness between the users, we efficiently allocate
the resources by choosing the most suitable LED for each AO
transmitter (i.e., user) to be ON. The none-selected LEDs are
switched OFF to maximize the received signal-to-interference-
plus-noise-ratios (SINRs). The resource allocation problem under
consideration is a discrete non-convex one with multi-objective
optimizations. To obtain the optimal solution, the exhaustive-
search (ES) method is used while to reduce the complexity, a sub-
optimal method is proposed using genetic algorithm (GA) scheme.
Our results confirm the accuracy of the proposed sub-optimal
solution where less than 0.5 dB difference in the SINR value
is noticed. Also, the proposed LiFi system with AO technology
shows a superior performance compared to the conventional
systems with single transmitter (ST) scheme.

I. INTRODUCTION

Light fidelity (LiFi) communication technology has been
captured much interest to be considered in 5G/6G indoor wire-
less communication applications [1], [2]. Such technology can
be designed by utilizing visible light (VL) and/or infrared (IR)
spectrum. Usually, VL-LED is used to offload the downlink
traffic [3] while the near-IR-LED can be deployed in the uplink
one [4], [5] to achieve the full-duplex wireless connectivity.

LiFi systems provide high data rate and power efficient
communication networks when single-user scenarios are con-
sidered. In multi-user scenarios, however, the resulting inter-
symbol interferences (ISI) and inter-user interferences (IUI)
degrade the system performance and limit the achievable data
rates. To reduce the ISI resulting from the multi-path reflec-
tions, the angle oriented (AO) receiver can be used [6], [7].
The AO receiver (AORx) consists of multiple photodetectors
(PDs) oriented in different directions with different normal
unit vectors and incident angles. As a result, the correlation
in the channel gain matrix between the transmitters and PDs
is much reduced particularly when the field-of-view angle of
these PDs is optimized as in [8], [9].
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To tackle with IUI problem, multiple access and/or resource
allocation schemes were used, see the survey in [10], [11] and
the references therein. The high peak-to-average-power-ratio,
and longer delays were their limitations. Recently, in [12], a
new resource allocation scheme based on AO technology has
been proposed. However, the time complexity was a bottleneck
as it mainly depends on the exhaustive search (ES) method to
assign the resources.

In this paper, we propose an efficient resource allocation
scheme in multi-user uplink LiFi system utilizing the AO tech-
nology. Multiple AO receivers (AORx) and AO transmitters
(AOTx) are used at the Rx and Tx sides, respectively. To
cope with ISI and IUI problems, and to enhance the fairness
between the users, we efficiently allocate the resources by
choosing most suitable LED per user (i.e., AOTx) to be ON.
The none-selected LEDs are switched OFF to maximize the
received signal-to-interference-plus-noise-ratios (SINRs). The
formulated resource allocation problem is discrete non-convex
optimization one with multi-objective optimizations. To obtain
the optimal solution, the ES method is used while to reduce
the complexity, a sub-optimal fair resource allocation (SFRA)
method is proposed using genetic algorithm (GA) scheme. The
results reveal that the proposed SFRA has a very good match
with the optimal solution.

II. SYSTEM AND CHANNEL MODEL

We consider the uplink Multi-user LiFi system indicated in
Fig. 1. We have U users, each uses an AOTx with L IR-LEDs
to send his/her data. On the other side, a number of R AORx
are used to receive the data, each has P PDs. The channel
gain for the link between the [** LED and p!* PD is the sum
of line of sight (LoS) and non-LoS (NLoS) gains which are
given respectively as the following:

(mi + 1) A cos™ (01) cos(¢up)
. <
h%;b — 27r(dlp)2 G(¢lp)a¢lp = 1/17 (1)
07 ¢ZP > d)
and
dhig® =
(my + 1)pA cos™ (Bipk) cos(aupk) cos(Bipk ) cos(Pipk)
27r2d12kdﬁp 2)
XG(ipk)d Ak, Pipk <,
07 ¢lpk > 7/}



Fig. 1. Multi-user LiFi system deploying the angle oriented technology at
the transmitter and receiver sides.

where A is the PD’s area and m,; represents the Lambertian
order of the LED transmitter. 6, ¢ and d are the angle of
irradiance, the angle of incidence, and the propagation distance
between the LED and the PD, respectively. In (1), (2), G(¢)
and dAj denote the gain of optical concentrator and the area
of the k'" reflecting element, respectively.

III. PROPOSED RESOURCE ALLOCATION SCHEME IN
MULTI-USER LIFI NETWORKS

As indicated in Fig. 1, the LiFi system under consider-
ation has a dimension of (U x L x R x P). To decrease
the dimensions of the optimization problem and reduce the
transmitted power amount of each Tx, we choose only one of
the AOTx’ LEDs to be ON at a time while the remaining other
LEDs are switched OFF. Each active LED transmits an average
optical power of P,. The allocation matrix which defines the
operating LED for each user is made to maximize the SINR
of each user u, I',,. At an allocation matrix A, we can define a
vector & = [af, a3, - -, a;;] which represents the index of the
operating LED for each user, i.e., a) € [1,---, L] denotes the
index of ON LED of u*" user at the allocation vector of a.
The SINR between the u!" user and p'* PD, T, (@) including
both TUTI and ISI is calculated by [12]
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where 7 and o2 denote the PD responsivity and system noise
variance, respectively. Firstly, for an allocation vector a, the
PD p is assigned to the u!” user that has highest I',,,(a@) using
assignment variable U, (a) given as:

Up(a) = argue{max I'pu(a), Vpe{1,2,--- ,(PxR)}. (4
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The received SINR of user u at a given allocation vector a
can be therefore given by

max  Ypu(a), Vp: u = Up(a)
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Algorithm 1 Proposed Sub-optimal Fair-Resource-Allocation
(SFRA) Algorithm
1: Inputs:

R,UP L
Set maximum iterations 71,,,z
Set the index of the iteration 7' = 0
Generate the initial random solution for a
repeat
forp=1to R x P do

for u=1to U do

for [=1to L do

Obtain (3) from the pilot signals
Update a with constraint 1 < aj, <L
: Solve problem (6) obtaining Gop:
12T+ T+1,
13: end for
14: end for
15: end for
16: until convergence to optimal solution or 1" > T}, 4,

R A A A R o

—_
—_ o

After that, the objective is to determine the allocation
matrix A in a way that maximizes the SINR of each user
u. Obviously, there are different feasible allocation matrices
that achieve this constraint. From these matrices, there is a one
that achieves the highest fairness between all users. Therefore,
the problem under consideration is formulated as a max-min
optimization problem as

maxminT', (&)
a u
s.t.
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we{l,2,-- U}, 1e{1,2,--- L},
pe{l,2,---,(PxR)}, aX €{1,2,--- L} .

To obtain the optimal solution for this problem, we use the
ES method while to reduce the complexity, a sub-optimal fair-
resource-allocation (SFRA) solution is proposed deploying the
genetic algorithm (GA) scheme as shown as Algorithm 1.

IV. PERFORMANCE RESULTS AND DISCUSSION

To compare the results of the two methods and investigate
the system performance, we consider two scenarios of user
distribution, i.e., Sc 1 and Sc 2 in a room with dimensions of
5m x 5m X 3 m as indicated in Fig. 2. Each AORx and
AOTX has five PDs and five LEDs, respectively. We assume
the total transmit power of each AOTx is 1 W, i.e., P, = 1 and
each PD has a responsivity of n = 0.53 A/W. All simulation
parameters are included in Table. I. In Fig. 3(a), we present the
SINR results obtained from the proposed SFRA method and
the optimal results obtained using ES method. It is observed
from Fig. 3(a) that proposed sub-optimal solution (GA) has a
very good match with the optimal solution, only a very small
difference less than 0.5 dB is existing.
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Fig. 2. Multi-user LiFi scenarios under consideration.

TABLE I

SIMULATION PARAMETERS
Parameters Values
Room size Smx5mx3m
Reflection ratio (p) 0.7
Reflective element area (dA) 1 cm?
AOTx height 1 m
Number of users (U) 5
Number of LEDs/user (L) 5
Power per LED (FP;) 1w
Number of AORx (R) 4
Number of PDs/AORx (P) 5
PD Responsivity (1) 0.53 A/W
PD Area (A) 1 cm?
System bandwidth 25 MHz
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Fig. 3. Performance results (a) Comparison between ES and proposed SFRA
methods (b) Comparison between proposed LiFi system with AO technology
and the conventional ST one.

In Fig. 3(b), we compare the obtained results using proposed
SFRA scheme using the AO technology with the results
obtained using the conventional ST scheme. It is obvious that
proposed SFRA scheme has a superior performance comparing
with ST one. It is obvious in ST scheme a significant SINR
reduction for some users (2"¢ and 5" users in Scl and 37¢
and 4" users in Sc2) due to the increased interference levels.

V. CONCLUSION

In this work, we first investigated the performance of multi-
user LiFi systems when a ST is used for each user. The
resultant SINR performance was significantly degraded due
to the effect of both ISI and IUI. Therefore, we utilized
the AO technology at both the Tx and Rx sides in order to
reduce such interference effect. We further proposed a new
resource allocation scheme named SFRA in the uplink multi-
user LiFi system to improve the fairness and the reliability of
the uplink channel. A sup-optimal solution has been proposed
based on the GA which has been compared with the optimal
solution obtained via the ES method. The results revealed
that the proposed SFRA is in a good agreement with the
optimal one avoiding the complexity of the ES method. Results
demonstrated also that proposed SFRA scheme outperforms
the conventional ST one achieving the highest fairness between
the users. In order to further increase the data rate, more LEDs
per user can be used which increases the optimization problem
dimensions to be considered as a future work.
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