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I. Introduction
As technology consumes more and more of our ac-
tivities, numerous researchers and engineers work 
to develop old technologies especially in the field 
of telecommunication. Nowadays, Light Fidelity 
has become the main and the most popular topic 
when it comes to the newest telecom technologies. 
Li-Fi is a new application of VLC, with advanced 
techniques used to guarantee the highest speed 
and optimum coverage in several fields. Internet, 
smart cities, vehicles, hospitals, transportation 
and many other domains will be linked to this 
technology in the future. With this study we aim 
to present, via illustrated simulation results, an 
improved version of Li-Fi and increase its perfor-
mance. The remainder of this paper is structured 
as follows: in the next section, an overview of Li-
Fi and VLC is presented; a formulation and some 
equations used in Li-Fi technology are provided in 
Section Three; Section Four introduces a series of 
simulation results and discussions; Section Five is 
dedicated to the analysis of said results; and final-
ly, we conclude this paper (in Section Six) with a 

general conclusion and an overview of our future 
works.

II. Literature Review
    In 2011, professor Harald Hass from the Univer-
sity of Edinburgh, UK, suggested an idea called 
“Data through illumination”. He used fiber op-
tics to send data through Light Emitting Diodes 
(LEDs) light bulbs. Over the past three years, 
some research papers have been published on this 
proposed technique of Li-Fi, as shown in [1-7].
The increasing number of multi-media mobile 
devices and the extensive use of data-demanding 
mobile applications mean that current mobile 
networks have reached their maximum capacity 
due to the limited availability of the Radio Fre-
quency (RF) spectrum [1]. Light Fidelity (Li-Fi) 
is the term some have used to label this fast and 
cheap wireless-communication system, which is 
the optical version of Wireless Fidelity (Wi-Fi). 
Haas first used the term in this context in his 
TED Global talk on Visible Light Communication 
(VLC) [2]. Figure 1 illustrates the history of Li-Fi.
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ulating sunlight. Light amplification by stimu-
lated emission of radiation (LASER) and LEDs 
were invented in the 1960s and marked the first 
step towards optical communication. Later, in 
2003, some work began on VLC technology. Na-
tagawa Laboratory, in Keio University, in Japan, 
used LEDs to transmit data. In 2006, the center 
for Information Communication Technology Re-
search (CICTR) in Penn State, USA, proposed 
the first combination of Power Line Communi-
cations (PLC) and white LED to provide broad-
band access for indoor applications. Since then, 
there have been numerous research activities on 
VLC [3]. The dual functionality provided by VLC 
lighting and data communication from the same 
high-brightness LEDs has created a whole range 
of interesting applications, including, but not 
limited to, home networking, high-speed data 
communication via lighting infrastructures in 
offices, car-to-car communication, in-trains data 
communication, and traffic lights management. 
Recent research in VLC has successfully demon-
strated data transmission at over 500 Mbps over 
short links in office and home environments. Fur-
ther research and developments will open up new 
possibilities to partly resolve some of the issues as-
sociated with the present-day infra-red and radio/
microwave communication systems and lighting 
technologies [4].
VLC uses LEDs to transmit data wirelessly by us-
ing Intensity Modulation (IM). At the receiver, 
the signal is detected by a photodiode (PD) and 
by using the principle of Direct Detection (DD). 
VLC has been conceived as a point-to-point data 
communication technique; essentially, it acts as a 
cable replacement. This has led to early VLC stan-
dardization activities. This standard, however, is 
currently being revised to include Li-Fi. Li-Fi, in 
contrast, describes a complete wire-less network-
ing system. This includes bi-directional multius-
er communication, i.e. point-to-multipoint and 
multipoint-to-point communication. Li-Fi also 
involves multiple access points that form a wire-
less network of very small optical attocells with 
seamless handover. This means that Li-Fi enables 
full user mobility, and therefore forms a new layer 
within the existing heterogeneous wireless net-
works [5]. 
In the paper published by M. S ISLIM et al., as cit-
ed in [6], VLC is proven to be a promising solution 
to the increasing demands for wireless connectiv-

 
    Fig. 1. History of Li-Fi.

New generation of electronics components as high 
emitting diodes are considered the core of Li-Wi 
technology. Put simply, when the LED is on, you 
transmit a digital 1, when it is off, you transmit a 
digital 0. Accordingly, they can be switched on and 
off very quickly which gives nice opportunities for 
transmitted data. By changing the rate at which 
the LEDs flicker (on and off), we can encode data 
in the light, resulting in different strings of 1s and 
0s. The LED intensity is modulated so rapidly that 
the human eye cannot notice it, so the output ap-
pears uninterrupted. In October 2011, a number of 
companies and industry groups founded the Li-Fi 
consortium to promote high-speed optical wire-
less systems and to overcome the limited amount 
of radio-based wireless spectrum available by ex-
ploiting a completely different part of the electro-
magnetic spectrum as demonstrated in Fig 2. The 
consortium believes that it is theoretically possi-
ble to achieve more than 10 Gbps, allowing a high 
-definition film to be downloaded in 30 seconds 
[2].

Fig. 2. Part of the electromagnetic spectrum indi-
cated a visible light.

VLC is a short-range communication technolo-
gy for which the visible spectrum is modulated 
to transmit data along the propagation distance 
of LEDs. VLC technology has been around for a 
while. Its story takes off in 1880, when Alexander 
Graham Bell invented the photo-phone. This in-
strument was used to transmit speech by mod-
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and ith is the threshold current. Concerning Free 
Space Optical (FSO) links, when the receiver has 
an aperture diameter of D, the received optical 
power is defined as:

                Pr = ((πD^2)/8) I(0,L)                                (2)

Conventional modulation techniques applied in 
RF channels cannot be freely executed in optical 
channels. Nonetheless, OOK remains the most 
reported modulation technique for IM/DD in op-
tical communication [4]. The block diagram of an 
OOK system is illustrated in Fig. 3 below:

 Fig. 3. Block diagram of an OOK system.

The envelop for OOK-NRZ can be described as:
     P(t) = f(x)={2Pr,for t ∈ [0,T) x,eleswhere           (3)

B. Bit Error Rate

The probability of an error is given as:

                        (4)

where Q( ) is Marcum’s Q-function, which is the 
area under the Gaussian curve, given by:

ity. Gallium nitride micro-sized light emitting di-
odes (micro-LEDs) are strong candidates for VLC, 
due to their high bandwidths. Segmented violet 
micro-LEDs are reported in this work with electri-
cal-to-optical bandwidths up to 655 MHz An or-
thogonal frequency division multiplexing-based 
VLC system with adaptive bit and energy loading 
is demonstrated, and a data transmission rate of 
11.95 GB/s is achieved with a violet micro-LED, 
when the nonlinear distortion of the micro-LED 
is the dominant noise source of the VLC system. A 
record 7.91 GB/s data transmission rate is reported 
below the forward error correction threshold us-
ing a single pixel of the segmented array when all 
the noise sources of the VLC system are present.

Free Space Optical (FSO) communication is a line-
of-sight technology that uses lasers to provide op-
tical bandwidth connections. In other words, FSO 
is an optical communication technique that prop-
agates light in free space (air, outer space, vacuum, 
or something similar) to wirelessly transmit data 
for telecommunication and computer network-
ing. There are three FSO components associat-
ed to three stages: a transmitter to send laser or 
light radiation through the atmosphere, all while 
obeying Beer-Lambert’s law, a free space trans-
mission channel where turbulent eddies (cloud, 
rain, smoke, gases, temperature variations, fog 
and aerosol) exist and a receiver to process the re-
ceived signal. Typical links are between 300 m and 
5 km, although longer distances can be deployed 
in particular cases, such as 8 – 11 km [7].

III. Formulation
 In this section, mathematical formulations of 
digital modulation techniques generally used for 
LiFi are described briefly, and some channel mod-
eling formulas are discussed.

3.1  Modulation techniques

 Power Distribution
The average transmitted optical power in terms of 
IM signal x(t) can be described as [4]:

    Pt = P0(1+x(t)) = P0(1 + mcoswm t)             (1)

where P0 is the DC power; m is the modulation 
index
 m = (ip/Ib− ith); ip is the peak laser diode current, 
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Modulation (PAM) as stated in [5]. When com-
pared to OOK, PPM is more power-efficient, but 
has a lower spectral efficiency. There are other 
digital modulation techniques that can be used 
for any visible light communication system.
For the sake of this example, the modulation 
scheme used is OOK-NRZ, which is the common 
and easiest modulation to be demodulated. In this 
analysis, path loss factor and no multipath disper-
sion are not taken into consideration. The noise 
is assumed as a white Gaussian, an assumption 
we have made to focus on the probability curve 
of OOK in order to compare simulations and the-
oretical results. However, the major effect on the 
BER curve is a block diagram, as presented in Fig. 
3.

    Fig. 4. Block diagram for BER calculation.

Table 1
Parameters in OOK modulation.

Table 1 introduces the main parameters used in 
this simulation, which are standard values for 
most VLC systems.

(5)

3.2 Channel modeling

 A. LOS channel model

The optical wireless channel has been shown to 
be a linear, time-invariant, memory-less system 
with an impulse response of a finite duration [4]. 
In short-distance LOS links, a multipath disper-
sion is seldom a problem and LOS links channels 
are often modeled as a linear attenuation and de-
lay. The optical channel gain in indoor scenarios 
consists of the line of sight (LoS) component and 
the multipath reflections. The LoS channel gain is 
expressed as [8]: 

B. Shannon Capacity          

Shannon capacity is used for calculating the 
achievable data rate between user μ and Li-Fi AP 
α. Since only half of the bandwidth can be used for 
data transmission in a DCO-OFDM system, the 
achievable data rate is expressed as [1]:

    R(n)µ = Blog log 2 (1+SINR(n)µ)                   (7)

In multiusers access case, the Shannon limit on 
spectral efficiency for each user, denoted by τk , 
can be found as [5]:    

IV. SIMULATION RESULTS AND DISCUS-
SION 

4.1 Bit Error Ratio 

Bit Error Ratio (BER) refers to the number of bit 
errors divided by the total number of transferred 
bits. Widely used modulation techniques in Li-Fi 
technology include on-off keying (OOK), Pulse 
Position Modulation (PPM), and Pulse Amplitude 
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multiplexing, the super positioned signal is given 
as a summation of signals, with each multiplied 
by a weighing factor [5].

 
Fig. 6. Illustration of NOMA principle (two users 
example).

     Figure 6 shows the Successive Interference 
Cancellations (SIC) used at the receiver’s end to 
cancel the inter-user interference. 

Fig 7. Shannon spectral effciency for NOMA & 
FDMA,
 a) Same channel conditions; b) Distinctive chan-
nel conditions. 

     Figure 7 shows a comparison between FDMA 
and NOMA in a Li-Fi attocell (two users exam-
ple). Based on Shannon spectral efficiency and 
the results presented in Fig. 7, the performance of 
NOMA is much better when compared to the sum 
of throughput inside a Li-Fi cell.

The difference between the published results in 
[5] and our obtained results is that the former 
simulation and evaluation was between TDMA 
and NOMA, whereas ours concerned FDMA. 
However, both present the same results as TDMA 

Fig. 5. Bit error curve for OKK modulation.

    To illustrate the impact of our proposed ap-
proach, we plotted the response of BER, as ex-
plored in Fig. 5. For Additive White Gaussian 
Noise (AWGN), ambient light with double sided 
power spectral density No/2, zero mean and vari-
ant of σ2.An analysis of the BER as a function of 
SNR (the ratio Eb/N0 is usually referred to as the 
SNR per bit) with theoretical and simulation re-
sults is shown in Fig.5. All parameters used for this 
simulation are mentioned in Table 1. In this case, 
we used a filter for the transmitted signal and a 
matched filter on the receiver’s end. Due to these 
principles, a transmitted signal, which was gener-
ated randomly, is matched to the receiver. More-
over, a rectangular pulse shaping is added to the 
signal in both sides in order to make a convolu-
tion for the received pulses. At the end, a digital 
symbol ‘1’ is assumed to have been received if the 
received signal is above the threshold level, and ‘0’ 
if otherwise. 

4.2 Multiuser Access in Li-Fi

    Being a wireless broadband technology, Li-Fi 
provides multiple users with simultaneous net-
work access. In this part, we have done four simu-
lations on this topic using four techniques: FDMA, 
TDMA, NOMA, and SDMA:

A. Multiuser Access in a LiFi Attocell:

    The basic principle of downlink NOMA is 
shown in Fig. 6, where the LED broadcasts a super 
positioned version of the messages intended for a 
group of users of interest. Based on power domain 
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The results obtained in Fig. 9a and 9b demon-
strate a comparison between TDMA and hybrid 
SDMA/NOMA in a Li-Fi network with two users, 
of which one is in the intersection area. As a re-
sult, we found that, based on Shannon spectral ef-
ficiency, NOMA/SDMA can enhance and increase 
total Li-Fi throughput in an interference area bet-
ter than TDMA or FDMA.

4.3 Hybrid Li-Fi & Wi-Fi system

    Due to the increasing demand for wireless data 
communication, and the decreasing availability 
of the spectrum, we expect, in the coming four 
years, a rise in the use of this hybrid system that 
may launch the start of the Li-Fi future.

1- Hybrid Li-Fi and Wi-Fi System with One 
Li-Fi Cell

   This simulation focuses on SNR inside a Li-Fi 
cell as well as its distribution. It is important to 
note that the size of blue circles changes with SNR 
inside a Li-Fi cell.

and FDMA use appropriate user-scheduling tech-
niques to ensure that fairness in the allocation of 
resources (subcarriers) is maintained.
The advantage of the proposed results in this paper 
is the production of a maximum Li-Fi throughput 
even if there are multiple users, and this can be 
done using NOMA rather than FDMA or TDMA 
techniques.

B. Multiuser Access in LiFi Attocell Networks:
    In this part, the application of TDMA, NOMA, 
and SDMA in a LiFi network will be discussed 
due to the overlapping coverage area of adjacent 
LiFi Access Points (Aps) as introduced in Fig. 8. 
According to [5], directly using NOMA in a LiFi 
network cannot efficiently mitigate interference 
transmitted from adjacent attocells. One promis-
ing and effective solution to enhance the perfor-
mance of cell edge users in a LiFi network is the 
combination of NOMA and SDMA.

Fig. 8. Illustration of the combined use of NOMA 
and SDMA in a two-cell Li-Fi network. 

Fig. 9. Shannon spectral efficiency comparison be-
tween hybrid NOMA/SDMA and TDMA in a LiFi 
network. A) user  1 and user 2 are both near the cell 
edge; B) user 1 is near the cell edge while user 2 is 
near the cell center.
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Fig. 12. Users’ dstribution in non-CCi case
            with Wi-Fi throughput 120Mbps.

    As aforementioned, these results reveal the ef-
fect of Wi-Fi throughput in a non-CCI case with 
4 Li-Fi AP.  The result obtained in Figs. 11 and 12 
correspond with what we predicted based on the 
SNR distribution results in Fig. 9. Since SNR for 
each cell is zero at their edges, we have observed 
some users served by a Wi-Fi signal. Moreover, as 
we increase the Wi-Fi throughput, more users lo-
cated at the circle’s edge will receive Wi-Fi until 
it reaches the same Li-Fi throughput. Increasing 
Wi-Fi throughput, as is the case in Fig. 12, leads 
to more Wi-Fi users being served in the Li-Fi cell 
edge, because Li-Fi SNR in the edge will be low-
er than the Wi-Fi signal, which has a maximum 
throughput equal to 1 Gbps.

3- Hybrid Li-Fi and Wi-Fi System with Two Li-Fi 
Cells in CCI Case 

  Here, we demonstrate what will happen in a 
CCI-channel case (two intersect cells), when tak-
ing into consideration: 
1- the distribution of SNR in Li-Fi cells (dis-
cussed above); 
2- the WiFi throughput effect (explored 
above); 
3- the signal to interference noise ratio.  
These three parameters will determine the num-
ber of users served by each Li-Fi AP.
First, we will analyze the effects of having an in-
tersecting area between the two cells in case of 
a CCI-channel with a new major variable called 
“Signal to Interference Noise Ratio” (SINR). 

Fig. 10. SNR distribtion in a Li-Fi cell.
      Figure 10 shows the distribution of SNR in-
side a Li-Fi cell, a concept that will be discussed 
in greater details in the coming section. Following 
the Shannon capacity law concerning the effect of 
the distance between each user and the Li-Fi AP, 
we can detect that in small r, near the center, high 
SNR is obtained. As r is increased, the SNR de-
creases until it reaches SNR=0dB outside the cell. 
At this point, users will have to use Wi-Fi.

2-Hybrid Li-Fi and Wi-Fi System with Four Li-Fi 
Cells in non-CCI Case 
    For the sake of this example, we shall consider 
4 Li-Fi cells in a non-co-channel interference or 
non-CCI case (no intersect cells) to study the ef-
fect of Wi-Fi throughput in each Li-Fi cell.   
In Fig. 11, Wi-Fi throughput is set to 120Mbps, 
whereas in Fig. 12 Wi-Fi throughput becomes 
1Gbps (the effect of each value in non-CCI case is 
illustrated in this approach).  

Fig. 11. Users’ dstribution in non-CCi case
 with Wi-Fi throughput 120Mbps.
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Fig. 14. The results obtained are as follows:    
1- Users in the intersecting area will receive 
Wi-Fi. 
2- Li-Fi users are located where there is no in-
tersection effect because of SINR.  
3- Increasing Wi-Fi throughput decreases the 
number of Li-Fi users because of the SNR effect.

5-Frequency Reuse Techniques in Hybrid Li-Fi 
and Wi-Fi system
    In previous simulations regarding a hybrid Li-
Fi/Wi-Fi network, we considered a Wi-Fi stan-
dard, which can almost guarantee a maximum 
throughput within 12 m to simplify the simulation 
steps. Now we consider a more practical situation 
where there is a poor Wi-Fi signal with four Li-Fi 
cells in the CCI-channel. In this scenario we want 
to increase the number of users that will use Li-Fi 
inside the cells, thus, we applied frequency plane 
techniques and avoided any interference between 
the cells.

Fig. 15. Users’ distribution with frequency reuse 
plan.
     Figure 15 illustrates the application of frequen-
cy reuse techniques in a Li-Fi system. The band-
width for a white LED is 20 MHz and the band-
width will be divided into two since we have four 
intersecting cells as shown in Fig 14. The results 
state that the number of Li-Fi users has increased 
comparatively to the number in Fig. 13. Howev-
er, Li-Fi throughput will decrease with the de-
creasing of its bandwidth, but since we are using 
square cells, we can ensure that there is no Wi-Fi 
user inside the Li-Fi coverage and that no interfer-
ence occurred. 

4.4 Power Distribution

    In a LOS path (ignoring the reflection of walls), 
the optical power distribution for a receiver plane 

Fig. 13. Users’ distribution in CCI-case.

    Figure 13 illustrates the distribution of users in-
side and outside the two cells and the effect of the 
intersection on the distribution. The results found 
have shown that users inside the intersecting area 
will receive Wi-Fi because it has higher SNR and 
throughput.  

  4-Hybrid Li-Fi and Wi-Fi System with Four Li-Fi 
Cells in CCI-channel Case

We will summarize all the situations and main 
points mentioned in the previous sections to cre-
ate a real Li-Fi scenario involving SNR, SINR, and 
Wi-Fi throughput in CCI-channel. 

Fig. 14. Users’ distribution in CCI-case with Wi-Fi 
throughput 1Gbps.

    Wi-Fi and Li-Fi throughput is set to be 1 Gbps, 
and the effect of SNR & SINR is demonstrated in 
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(c)

(d) Figs. 16. Optical power distribution in a typical 
room (5x5m): a) power distribution for one trans-
mitter; b) LOS channel gain for one transmitter; 
c) power distribution for four transmitters with 
a sensitive angle of 70 ; d) power distribution for 
four transmitters with a sensitive angle of 12.5. 

As a result, the advantage of these simulations is 
to build a good coverage plane for Li-Fi APs in typ-
ical areas. Therefore, we have applied these results 
and techniques in a real office, with dimensions 
of 7x7m using the standard Li-Fi AP specifica-
tions mentioned in [4]. Figure 17 shows a coverage 
plane in an office with dimensions (7x7m).

is demonstrated in Fig. 16a for one transmitter 
and Fig. 16b for the optical channel gain. Figures 
16c and 16d present four transmitters, each with a 
unique sensitive half angle.  
Figure 16 shows the total optical power distribu-
tion in a room with dimensions of 5x5m, as seen 
below. 

Results obtained in this section are shown in Fig. 
16 and we found that the optical power received is 
distributed throughout the room with four trans-
mitters in a more efficient manner than by only 
using one transmitter, as illustrated in Figs. 16a 
and 16c. However, when the sensitive half angle 
is 12.5 degrees, as is the case in Fig. 16d, users re-
ceive greater power comparatively to 70 degrees, 
as shown in Fig. 16c.

(a)

(b)
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in a hybrid Li-Fi/Wi-Fi system. The results proved 
that the number of users served by Li-Fi can in-
crease using frequency reuse factors and this can 
be useful when we cannot guarantee maximum 
Wi-Fi throughput. 
Our last simulation focuses on how we can  create 
a good plan for Li-Fi APs in a typical room. The 
results obtained are almost identical to those pre-
sented in [9] with the exception of the last one, as 
we used our previous results and applied them in 
an office with specific dimensions.
Finally, we achieved good results and enhanced 
certain areas in the previous sections. Consider-
ing the positive results obtained, we optimistical-
ly aim to continue this study on the proposed top-
ics in this chapter as we believe that this concerns 
the future of Li-Fi, which is essentially the future 
of the Internet of Things (IOT).

VI. CONCLUSION AND FUTURE WORKS
    In this paper, a Li-Fi technology with several 
techniques and scenarios is discussed. All infor-
mation about Li-Fi technology and its formu-
lations are presented with brief explanations. 
Moreover, this paper also presents and discusses 
the key research areas that are required to man-
age Li-Fi attocells. BER and the multiusers access 
scheme are presented with our simulation results. 
Hybrid Li-Fi/Wi-Fi networks with load balancing 
techniques are proposed to mitigate the handover 
effects before and after the frequency reuse factor. 
 Throughout our study, we explored many im-
provements needed to guarantee an optimal Li-
Fi future, especially in the field of simulations. 
This work marks the conclusion of our bache-
lor’s degree project and the beginning of a mas-
ter’s project aiming for greater improvements in 
simulation results. Hybrid Wi-Fi or RF with Li-Fi 
systems and multiplexing techniques used in Li-
Fi or uplink scenarios will be in our scope in the 
coming work. On the other side, many projects 
and studies can be done based on our results. Al-
though we have improved our simulation results, 
there is still more room for improvement. First-
ly, in hybrid Li-Fi/Wi-Fi network simulations, we 
increased users’ throughput via a load-balancing 
algorithm and we incorporated a frequency reuse 
plan in order to increase the user’s access to Li-Fi 
APs. Future improvements must focus on hybrid 
Li-Fi/Wi-Fi systems and how they can increase Li-
Fi throughput inside a Li-Fi cell using a frequency 

        
(a)     (b)
Fig. 17. Li-Fi coverage plane for an office (7x7m), a) 
Optical Power Distribution,  in 3D view;  b) Top 
view for Li-Fi Aps

V. ANALYZING
    In this paper, we study the four main aspects 
relating to Li-Fi technology that are still being en-
hanced. Firstly, there is BER theoretical and sim-
ulation calculations designed for OOK-NRZ mod-
ulations. The results are almost identical to those 
presented in [4]. In addition to the BER curve in 
reference [5], they used OFDMA techniques with 
OOK and it differs from our curve.
Secondly, we evaluated the newest multiplexing 
techniques, NOMA, which have been used recent-
ly in 5G. The obtained results show that NOMA 
is more optimal than FDMA techniques when we 
compare total user throughput. In [5], they have 
comparatively evaluated TDMA and NOMA and 
found that Li-Fi throughput can be efficient-
ly enhanced with the application of NOMA. We 
also made the same comparison between hybrid 
NOMA/SDMA and TDMA in a case of interfering 
channels. Our results were identical to those found 
in [5]: hybrid SDMA and NOMA can enhance and 
increase Li-Fi throughput in the network when in-
terference is occurring. SIC in NOMA techniques 
is used to illuminate the interference using a TCP 
vector and SDMA.
Hybrid Li-Fi/Wi-Fi network is demonstrated in 
the third section as follows: 
We start by studying SNR with only one cell, and 
then we add the Wi-Fi throughput effect in a non-
CCI channel. We then proceed to study SINR with 
two cells. Finally, we applied these scenarios in 
four CCI-channels. Our final results correspond 
exactly with those stated in [1] & [5]. After achiev-
ing the results relating to the load balancing al-
gorithm, we aimed to apply frequency reuse tech-
niques and document the differences. Thus, we 
created a new simulation with square Li-Fi cells 
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reuse plan. Secondly, since our multi-users’ access 
results concerned four types of multiplexing tech-
niques, future works can be done to increase Li-Fi 
throughput by using new multiplexing techniques 
considering new scenarios.
Lastly, we must continue to explore Li-Fi/RF sys-
tems using the same principles we followed in hy-
brid Li-Fi/Wi-Fi networks. This topic remains rel-
atively new, having been introduced only in 2016. 
We achieved all our desired objectives and en-
hanced this new technology for future use. 
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