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ABSTRACT

In this paper, we investigate the impact of user distribution on resallmcation in visible light communication
(VLC) systems, using a wavelength division multiple access (WD&tAgme. Two different room layouts are
examined in this study. Three 10-user scenarios are consideredawlifgical angle diversity receiver (ADR)
with four faces is used. A mixed-integer linear programming @JImodel is utilized to identify the optimum
wavelengths and access point (AP) allocaitioeach scenarid he results show that a change in user distribution
can affect the level of channel bandwidth and SINR. However, a omidgtribution of users in the room can
provide a higher channel bandwidth as well as high SINR above the thresh6ldB) for all users compared to
clustered users, which is a scenario that has the lowest SINR with supjaigedte abové.2 Gbps.

Keywords: VLC, ADR, MILP, WDM, SINR, multi-users.

1.INTRODUCTION

At present, there is a massive increase in connected devices simultanedusiyragid increase in the use of
Information and Communication Technology (ICT) systemdeed, Cisco has estimated that the number of
connected devices will be in the billions 2021A¢cordingly, wireless communication network (WCN) need to
fulfill user demands, such as the need to realize high data ratesvétohigh data ratamay become a challenge
when employing the radio frequency (RF) spectrum which has atiraftannel capacity and thus limited
transmission rates. Optical wireless communication (OWC) systems are a poterti@h $sodd can support and
meet the enormous growing demand for high data rates due to its pagtitgaln addition to these features,
OWC systems have highlevels of security compared to radio frequency wireless systems as oigicds s
cannot penetrate walls and therefore remain in the environment in whyotriti@ate. Therefore, OWC systems
have gained increased interest{8], and are being considered in sixth generation communication (6G) system
Furthermore, many demonstrations have shthanVisible Light Communication (VLC) systems, as a type of
OWC system, can achieve capacities up to 20 GbpELE]]

Moreover, many studies attempted to improve the communication linksnploying a variety of adaptation
techniques such as beam power adaptation, beam angle adaptation, and beadagtdtign [3], [14][20]. In
addition to the beam adaptation techniques, diversity techniques haveititieed, such as angle diversity
receivers, to overcome directed and undirected interferencg22].]Uplink OWC systems have been discussed
and evaluated in [25]26]; however, further investigations are needed for energy effici@¥dy In multi-use
OWC systems, many multiple access schemes have been proposedemtigated, such as code division
multiple access (CDMA) schemes whevery user haaspecial code for simultaneous communications, and to
mitigate interference between users [28) tackle interference different schemes have been proposed based on
different orthogonal resources such as time, wavelength, andx3Jdg29}-{33]. Wavelength division multiple
access (WDMA) is promising solution that uses multiple-colours to support nuskir access in VLC systems
and to reduce interference.

This paper studies the impact of user distribution on wavelengths eesksgmint (AP) allocation. Laser Diodes
(LDs) with four colures red, yellow, green, and blue (RYGB) are usélde optical access point. The latter is
used as indoor white illumination in addition to providing high datac@temunication [34]This work examined
three users in different room layouts, namely a conference tabkoakthil party table layouts. In addition, a 4
branch angle diversity receiver was utilized as an optical recdikieroptimum allocation of resource in terms
of access points (APs) and wavelengths is identified based on maximezioggttallusers’ SINRs through Mixed
Integer Linear Programming (MILP). The rest of this paper is dazgdras followsSection 2 describes the system
configuration including the roomuysers’ locations, transmitters and receiver configuration, while the simulation
results are shown and discussed in Section 3 and the conclusions aria Satsibn 4.

2.SYSTEM CONFIGURATION

In this work, we consided an empty room that has dimensions (length x width x heigl@)no x 4 m x 3 m.
The room has no dooy windows and has eight lighting units as shown in Figuréot the communication
context the channel bandwidth can be evaluated by emplayrag tracing algorithm following [35]36]. Only
the line of sight, first and second order reflections were included inrhigagion due to the insignificant impact
of higher order reflections on the received power. Thergfm@n surfaces (ceiling, walls and floor) were
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subdividedinto small identical area that serve as secondary transmitters that reflect theybghtthe form of a
Lambertian pattern as shown[5]. The element’s size in each surface has a significant role in the resolution of
the simulation results. When smaller element sizes are adaigher resolutions achieved however, this
increases the computation time required for the simulation [36]. All tiencmication links in the two different
room layouts operated above the communication floor (CF) as shown e Eigu

An angle diversity receiver (ADR) that consists of four faces sinulf29] is usedEach branch in the ADR has

a photodetector with a narrow Field of View (FOV) and two angles: Azimithdnd ElevationKl) to collect
signals from different sectors of the room and reduce thgf@nénceThe usels distribution around a conference
table 850 length x 120 width) is selected based @standard in [37]. Tablé shows the overall simulation

parameters of the room, transmitter and receiver.
Z
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Figure 1: Room Configuration

Table 1. System Parameters

Parameters Configurations
Walls and ceiling reflection coefficient 0.8
Floor reflection coefficient 0.3
Number of reflections 1 2
Area of reflection element 5cmx5cm 20 cm x 20 cm
Order of Lambertian pattern, walls, floor and ceiling | 1
Semi-angle of reflection element at half power 60°
Number of RYGB LDs per unit 12
Transmitted optical power of Red LD 0.8W
Transmitted optical power of Yellow LD 05w
Transmitted optical power of Green LD 0.3wW
Transmitted optical power of Blue LD 0.3wW
Total transmitted power of RYGB LD 19W
Room
Width x Length x Height (x, y, z) Amx8mx3m
Number of transmitters’ units 8

Transmitters locations (x, y, z)

@m,1m,3m),(Im,3m,3m),(Im,5m,3m), (1 m,7m,33mh, 1 m,
3m),B3m,3m,3m),(3m,5m,3m)and 3m, 7m, 3 m)

Receiver
Responsivity Red 0.4 AW
Responsivity Yellow 0.35 AW
Responsivity Green 0.3 AW
Responsivity Blue 0.2 AW
Number of photodetectors 4
Area of the photodetector 20 mnt
Photodetector 1 2 3 4
Azimuth angles 0° 90° 180° 270°
Elevation angles 60° 60° 60° 60°
Field of view (FOV) 25° 25° 25° 25°
Conferencetable
Receiver noise current spectral density 4.47 pA/NHz
Receiver bandwidth 5 GHz
Cocktail Party #1
Receiver noise current spectral density 447 pA/NHz
Receiver bandwidth 5 GHz
Cocktail Party #2
Receiver noise current spectral density 4.47 pANHz
Receiver bandwidth 2.5 GHz




3.SIMULATION SETUP AND RESULTS:

In this paper, we considered three different scenarios that represendiffierent user distributions in the same
room configuration. In every scenario, a set of 10 users wagbdied to produce a different setufhe first
scenarias for users sitting aroural(conference table) wheasthe next two scenarios represent users distribution
at (cocktail party#1) and (cocktail party#®¥)e considered two groups at every (cocktail party), and the distance
between usens one group is 0. Every group in (cocktail par#l) consists of 5 users, while the distribution
of users in (cocktail part§2) among the two groups is 7 and 3 us&te 7-users group was placed at the room
corner, wherasthe 3-users group was placed in the middle of the room. licdinéerence table) scenario, users
were distributed around a conference table in the middle of the room whelistémee between users is around
0.8 m as suggested in [37]. For each scepanwavelength division multiple access (WDMA) scheme is used to
provide multiple access and a MILP modgUtili zed to optimize the resource allocation which maximizes the
sum of all users’ SINRs . Table 2 showshe userslocations and their resource allocation for every scenario.
Moreover, the controller is placed on the ceiling of the room. The dlenthas prior knowledge afie users’
locations (See Figure 1). Figure 2 shows an illustration of how the WBdh&me works in VLC based on a
scenario that consists of three APs, three users and two wavel@Rgthand Blue). The solid lines refer to links
that hare modulated data between a user and its assigned AP and wavelengthhevtidstied lines refer to the
interference between users using the same wavelength but differemofBd lines indicate unmodulated
wavelengthsused for illumination only which is considered as background noise. Abeaeen from Figure 2,
User 1, who is the only one allocated to AP1 using the blue watk|éngffected onlyby the background noise,
while Users 2 and 3, who are allocated to AP2 and AP3 respectively ussantie wavelength (Red), are affected
by interference as well as background noise.
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Figure 2: WDMA Example

Table 2.Scenarios with the optimized resource allocation.

Conference table Cocktail Party #1 Cocktail Party #2

[
EE Location AP B h Wavelength Location AP | B h Wavelength Location AP | B h Wavelength

v, 2) ranc aveleng * v, 2) ranc| aveleng v, 2) ranc| aveleng
1 (15251 1 4 Red (0.5,0.5,1) 1 1 Green (0.5,0.5,1) 1 1 Blue
2 (15351 2 3 Red (0.5,10,1) 1 1 Yellow (0.5,10,1) 1 1 Yellow
3 (1.5551): 4 2 Red (0.5,1.5,1) 2 2 Yellow (0.5,1.5,1) 1 4 Green
4 1 (15451): 3 3 Red (1.0,0.75,1) 5 1 Red (0.5,20,1) 2 2 Yellow
5 | (20251) i 2 3 Yellow (1.0,1.25,1) 1 4 Red (1.0,0.75,1) 5 1 Red
6 (20551 : 3 3 Yellow (1.75,3.251) | 2 3 Red (1.0,1.25,1) 1 4 Red
7 (2.5,2.5,1) 6 1 Red (1.75,3.75,1): 6 1 Yellow (1.0,1.75,1) 2 2 Red
8  (25351): 6 1 Yellow (1.75,4.251) | 3 2 Red (1.753.751) | 6 1 Red
9 1 (25551) 7 1 Red (2.25,3.5,1) 6 1 Red (1.75,4.251); 3 2 Red
10 (25451) 7 1 Yellow (2.25,40,1) 7 2 Red (2.25,40,1) 7 2 Red

The optimisation of the resource allocation (APs and wavelengths) tousachn every distribution in both
rooms layout is optimized by using the MILP model. As a further stkp optical channel bandwidth and the
SINR were verified at a fixed data rate for each user in every distributibatinroom layoutsas shown in
Figures 3, 4.
The simulation results in Figure 3 present the optical channel bandwiditie fdifferent user distributions in both
rooms’ layout. The results vary due to the difference in the user distribution aatido. The channel bandwidth
in the conference table distribution is approximately between 5.5 GHz50GHz, and the highest values of
optical bandwidth are subject to the user location. Therefore, users wilosar¢o the corner have the benefit of
the channel reflections with lower delay spread.
In Figures 4 and 5, the SINR was evaluated at a fixed data ratk®@bfs for each user in the first two scenarios
(conference table, cocktail party#1) except user 5 in (cocktail party#l)abat tata rate.4 Gbps due to the



limited channel bandwidth associated with its locatialso, this exception includes users 1, 3, and 7 in (cocktalil
party#1) since they have SINRs lower than the threshold (15.6edBired for bit error rate of fowhen using

On Off Keying (OOK) modulation. Thus, forward error correction (FE@) be usedo provide the same
performance of (15.6 dB), similar to [29]. The last case appliaseanl in (cocktail party#2), where its data rate
decrease to 3.2 Gbps.
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Figure 3: Channel bandwidth, (a) Conference table, (b) Cocktayl #B (c) Cocktail Party #2
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4.CONCLUSIONS

This paper investigated the impact of user distributiomesource allocatiom VLC systems using a proposed
wavelength division multiple access (WDMA) scheme. Two differesdr(rs layout)and three different user
clustering schemes were studied in this work. The setud®aders equipped with 4-branch ADR. A mixed-
integer linear programming (MILP) model was utilized to identify tp&noum resource allocation (AP and
wavelength) where every AP consists of four wavelengths (redngyellow and blue). The results show that the
optical channel bandwidth and SINR change when the user distributiageshand this affects the optimum
allocation of wavelengths and APs to each user. All users in thedeaario (conference table) achieve a high
SINR above the threshold (15.6 dB) compared to some users in theéatarigs (cocktail party#1 and cocktail
party#2) that achieve an SINR less than the threshold, however ddems@wns can support high data rates above
3.2 Gbps.
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