
 

 

 

Abstract—The abundant usage of mobile devices and 

applications consumes heavy radio spectrum. This has led the current 

world to use an alternative method of wireless radio communication. 

Hence, a new technology Light-Fidelity (Li-Fi) has been introduced 

recently for this purpose. In this paper, we have proposed an 

architecture which uses Li-Fi technology for communication without 

having much effort for replacing the existing communication 

infrastructure. The performance of the proposed architecture is 

analyzed by carrying out the simulation work consolidating our claim 

that the use of Li-Fi technology in the data communication increases 

the data transfer rate. 

 

Keywords—Wireless communication, radio spectrum, Li-Fi 
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I. INTRODUCTION 

HE usage of mobile communication devices is increased 

day by day. In other words, the wireless systems and 

internet applications are heavily used by people and the 

bandwidth requirements are increased with the digitization of 

many non-computer based systems. These bandwidth 

requirements cause a threat to the world; because the radio 

frequency bands are predefined for specific applications [1], 

see the Table 1. The use of one frequency band for another 

application area is not permitted.  One of the best solutions to 

solve the radio bandwidth problem is to use the cognitive 

radio networks, where the unused spectrum holes are 

effectively used. The cognitive radio networks were first 

introduced in [2][3]. However, due to many reasons such as 

migration constraints, this method does not solve many 

problems. In the line of exploring these problems, the 

researchers have invented a new alternative method for 

wireless communication using Li-Fi technology [4][5], where 

the data is transferred through visible light instead of radio. 

Fortunately, the Li-Fi provides high data rates, which solves 

many problems of the bandwidth requirements of the modern 

world. Even though the Li-Fi has high data rates, it has its own 
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limitations, and a careful network design is required to get the 

benefits of it. In other words, replacing the entire existing 

communication infrastructure and deploying a new one using 

Li-Fi costs heavy. In this paper, we consider this as a problem 

and propose a new communication infrastructure which uses 

the existing heavy public infrastructure and simultaneously 

attaining the high bandwidth facility using Li-Fi technology. 

This new architecture uses two levels of communication. At 

core level, the existing communication infrastructure is used, 

whereas, at the terminal level the Li-Fi system is used. This 

type of architecture has many advantages that include low 

cost, high bandwidth facility. On the other hand, the usage of 

Li-Fi systems reduces the scarcity of radio spectrum, which is 

very important in the present communication system.  

    The next section describes the related work and literature 

review. The Section III describes the details about the proposed 

architecture. The Section IV describes the simulation work 

followed by the conclusion in Section V.  

II.  RELATED WORK 

In this section, we present the information related to 

wireless communication using visible light. Currently, there is 

a need to find an alternative way for radio communication as 
 

TABLE I 
 BANDS 

Band Range Propagation Application 

VLF(Very Low 
Frequency) 

3-30kHz Ground 
Long-range radio 
navigation 

LF(low 

Frequency) 
30-300kHz Ground 

Radio beacons 

and navigational 
locators 

MF(Middle 
Frequency) 

300kHz-
3MHz 

Sky AM Radio 

HF(High 

Frequency) 
3-30MHz Sky 

Citizens band 

(CB), ship/aircraft 

communication 

VHF(Very 

High 

Frequency) 

30-300MHz 
Sky and Light-
of-Sight 

VHF TV, FM 
Radio 

UHF(Ultra 

High 

Frequency) 

300MHz-
3GHz 

Light-of-Sight 

UHF TV, cellular 

phones, paging, 

satellite 

SHF(Super 
High 

Frequency) 

3-30GHz Light-of-Sight 
Satellite 

communication 

EHF(Extremely 
High 

Frequency) 

30-300GHz Light-of-Sight Radar, satellite 

the radio spectrum is exhausted by the usage of large number 
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of internet applications. Moreover, the network speed also 

decreases with the increase of these applications.  

     To solve this problem, the researchers have invented 

wireless communication method using visible light 

communication (VLC) [6][7]. A researcher Harald et al. 

described Light Fidelity (Li-Fi) which provides much higher 

data rates than radio communication [4][5][8][9]. The physical 

and MAC communication standard for the Li-Fi is IEEE 

802.15.17[6]. However, there is a lot of work needed to be 

done at network, transport and application levels.  

 The Li-Fi architecture contains various devices such as 

LED bulbs, mobile devices and the photo detector which 

receives the binary data over light. The binary data is captured 

by few light receptors which are installed on all types of 

connecting devices such as computer tablets, phones, 

televisions, or appliances. The experts say the light pulses are 

imperceptible to human eye and does not cause any damage or 

discomfort to eye. The working principle of Li-Fi is as 

follows. There is a LED at one end and the photo detector 

(light sensor) at another end. The LED is ON if the user wants 

to send binary one. The similar procedure follows for the 

binary zero, see the Fig. 1. 

     The IEEE 802.15.7 standard defines physical layer and 

MAC layer properties for Li-Fi communications [6]. The 

standard can provide high data rates useful for audio, video 

and streaming communication services [7][12][13]. The MAC 

layer can provide services to TCP/IP protocol at transport and 

network layers. The physical layer provides three different 

data rates at different contexts. The PHY I have been made for 

outdoor communications with the data rate from 11.67kbps to 

267.6 kbps. The PHY II layer allows the communication with 

1.25 Mbps to 96Mbps, whereas PHY III is used for high data 

rates from 12Mbps to 96 Mbps. 

     An efficient method for a downlink of multiuser access in 

single Li-Fi attocell is described in [23], where the optical AP 

is located in the ceiling and k mobile users that are not 

uniformly scattered within a disc underneath. The spectral 

efficiency for each user denoted by Tk can be found in 

equation (1). 
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whereh1…..hk…….hk. hkrepresents the channel gain of the 

K
th

 user, ak represents the power partition parameter of the K
th

 

user, a1…..ak…….ak and p represents the transmit SNR.  

     The single carrier modulation methods for Li-Fi can be 

same for wireless infrared communication systems [16]. These 

methods include On-Off-Keying (OOK), Pulse Position 

Modulation (PPM) and Pulse Amplitude Modulation (PAM). 

The PPM method is better in power saving than OOK. A 

variant of PPM called Variable Pulse Position Modulation 

(VPPM) [17]. A creative approach for a single carrier and 

modulation scheme named as Optical Spatial Modulation[18] 

which is both power efficient and bandwidth efficient for 

indoor optical wireless communication. To increase the speed  

 
Fig. 1 The binary data transmission using LED and photo detector 

 

of the optical wireless communication, the multicarrier 

modulation (MCM) is used. The most common MCM scheme 

is OFDM [19][20], where parallel data streams are transmitted 

simultaneously. The variations of OFDM are Asynchronous 

Metrically Clipped Optical OFDM (ACO-OFDM) [21] and 

Asymmetrically clipped Direct current biasing OFDM (ADO-

OFDM) [22].    

     The Maxwell has defined the light propagation phenomena 

[10].  In other words, the equation (2), (3), (4) and (5) describe 

how the light signal is converted to electricity. The magnetic 

and electric fields are constrained to the z and y directions 

respectively and they both are functions of only x and t, see 

the Fig. 2. From the Maxwell’s equation, the wave equations 

in the free space are  
 

                                                                                      (2) 

                                                                                      (3) 
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where 

 

 

 

 

 

 

From the above equations, the speed of the light has been 

derived. 

    The OLEDCOMM [11] is the first ever commercial product 

available in the market that uses the Li-Fi technology. In other 

words, from the LED, the user can listen to music, pay video 

and easily connect to the internet. It has been showed at the 

Fudan University that the communication using Li-Fi is done 

at the data rate of 15Mbps by using few LEDs. However the 

speed could be increased up to 3.5Gbps. The researchers are 

actively exploring the different solutions for various problems 

of the Li-Fi, before the products are arrived to the market. 

     

 is the divergence, 

x is the curl equation, 

E is Electric field, 

B is Magnetic field, 
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Fig. 2 Electric and Magnetic Fields       

III. THE PROPOSED ARCHITECTURE 

      The world is being transformed into digital society where 

many traditional paper based systems are changed to computer 

based network systems or internet based systems. In other 

words, the mobile applications need radio spectrum which is 

exhausted by the exponential increase of wireless 

communication users. Note that the radio spectrum bandwidth 

is predefined, see the Table 1. 

Radio wave and Microwave Infrared Light wave 

 

 
 

Fig. 3 Electromagnetic spectrum for wireless communication 

 

To solve the radio spectrum problem, one of the alternative 

solutions is to use the cognitive radio networks [2][3], where 

the unused spectrum is effectively used by migrating from one 

frequency band to another frequency band or within the same 

frequency band. The CRN detects the spectrum holes and 

allocates them to the CRN users who wait for the channels. 

However, the CRN does not generate radio spectrum, but the 

channels are migrated from one band to another band. Another 

best alternative solution is to use visible light as the 

communication medium. Please note that the light wave has 

frequency band from 400THz to 900THz, which is not pre-

allocated, see the Fig. 3. The Li-Fi uses visible light 

communication (VLC) technology rather than using radio 

spectrum [4][5][8][9]. However, in cities the backbone network 

is well established and it is difficult to replace the entire 

infrastructure by Li-Fi systems. In other words, the Li-Fi has its 

own limitation such as the Li-Fi uses Line-of-sight propagation 

model and the light wave into objects such as building walls. 

Hence, a careful design of communication infrastructure is 

required using Li-Fi technology. In this paper, we propose an 

architecture which uses two levels of communication. In the 

level 1, Li-Fi is used for communication and in level 2, the 

existing public infrastructure is used for communication.  

The house and the building communication are done 

though the Li-Fi and the outside communication is maintained 

with the existing communication infrastructure. Each building 

has a Li-Fi access point (AP) which converts the light signals 

to radio signals or electrical signals. These Li-Fi access point 

(AP) connect to the existing public network. On the other 

hand, the mobile devices in the home or office are connected 

to Li-Fi AP through either point-to-point communication or 

through relay devices. The building communication system is 

created using Li-Fi technology. However, as the light does not 

penetrate the walls or hard objects, the light signals need to be 

reached to the mobile devices in multiple hops using relay 

devices. For example, in one house, the light signal can be 

transmitted to different mobile devices/computers either in a 

single hop or in multiple hops, see the Fig. 4. 

      The Li-Fi AP’s are connected to the traditional backbone 

network by using either radio or wired networks, see the Fig. 

5. We assume that the AP has a special hardware to convert 

the light signals to either radio signals or electrical signals. 

The proposed architecture assumes that Li-Fi uses DAC based 

LED transmitter. The chip has four separate device channels 

[14]. Each channel is capable of driving up to two LEDs 

allowing CSK with multiple input and multiple output 

(MIMO) systems. In addition, on the receiving end, an 

avalanche photo detector (APD) based receiver is placed. The 

Li-Fi receiver chip composed of 49 APD detectors based on 

180 m CMOS technology [15]. The public network may be 

fiber optical network or radio wireless network or wired 

network or the mixture of them. In addition, we assume that 

the relay/amplifier devices are available. This kind of 

architecture has many advantages. The data rate of the 

network is high for this kind of architectures as the data rate of 

Li-Fi is much higher than radio communication [7][12].   

       

 
 

Fig. 4 Data Communication between Li-Fi AP and mobile devices. 
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Fig. 5 Data Communication between Li-Fi APs and Public network 

 

    The second advantage of using this architecture is that the 

large number of radio channels can be saved because of the 

number of wireless applications or the use of wireless devices 

are more in homes and offices. The third advantage is the 

adaptability, that is deploying the Li-Fi communication system 

in home is easy. However, replacing building communication 

system by Li-Fi takes considerably less effort compared to the 

effort of replacing public network. 

 

 
 

Fig. 6 Network Topology for simulation 

IV. SIMULATION 

    The simulation work uses the network topology as shown in 

Fig. 6. In this topology, it uses Li-Fi communication system 

for communication at the terminal area and the public network 

exists in between these end points. The data transfer rate for 

the Li-Fi is taken as 3Gbps and the public networks as 

100Mbps. For the purpose of comparison, we have taken the 

same network topology and data transfer rates except that the 

Li-Fi is replaced with WLAN (IEEE 802.11b) for which the 

data rate is 11Mbps.  

    We have done the simulation by sending the data from ten 

randomly chosen nodes with the data rates of 2, 4, 6, 8, 10, 12, 

14, 16, 18, and 20Mbps. We have calculated the end-to-end 

packet delay for the two network topologies where one has Li-

Fi and the other has 802.11b WLAN. The graph has been 

plotted for the delay, see the Fig. 7. The results show that the 

delay for Li-Fi based topology is significantly less compared 

to the WLAN based topology. This could happen because the 

data transfer rate for Li-Fi is much higher than the data rate of 

WLAN. 

V.  CONCLUSION 

    The radio spectrum is exhausted due to the heavy usage of 

wireless applications and there is a need for an alternative of 

wireless communication. The Li-Fi is a visible light 

communication technology which can provide high data rates 

to satisfy the current needs. In this paper, we have proposed a 

new architecture which is suitable to the current systems 

without many modifications in the existing communication 

infrastructure. The simulation work shows that the data rates 

are much improved in case the Li-Fi is used in the network.   

 

 
 

Fig. 7 Packet delay of Li-Fi and Wi-Fi 
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