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In the extreme frequency band, after THz communications, Fig. 1 also shows the spectrum of light, 
including infrared as well as visible light. Visible light communications (VLC) have been proposed 
soon after white light emitting diodes (LEDs) where developed, about two decades ago. Since then, 
VLC have received extensive attention, mostly by the research community. Today, VLC is a rather 
mature wireless communications technology, and a highly qualified technology to be used in 5G and 
6G.  

 

Figure 1Spectrum usage throughout past, present and future mobile generations. 

Optical components have been widely available for decades, and they are typically low-cost. In general 
terms, propagation in optical wireless communications is quite like that in THz bands, with very short 
reach and signals being easily blocked by objects.  Based on H2020 European project IoRL(IoRL.5G-
ppp.eu)[lina2020], ISEP proposes a PhD project on “Design of Energy efficient Visible Light 
Communication system for Indoor massive connected sensing network in future IoT network”.  

The future Internet of Things (IoT) system, which is slowly but surely connecting the world way beyond 
people, vehicles and machines, aims at connecting virtually anything. Meanwhile, In the future, trillions 
of objects could be, among others, identified, controlled and localized remotely. Connection density has 
been identified by 3GPP as a key performance indicator (KPI) for mMTC use cases with an expected 
increase in connection density to 1,000,000 connected devices per km2 [3GPP2018]. To reponse Masstive 
connection requirement, one of the challenges of IoT is that nodes need energy to operate, and while this 
is not a big issue in many cases (vehicles, home/office appliances, etc.), it is a key restriction in many 
objects, as internal batteries need to used. The scientific problematic of this PhD project is centered on 
the energy efficient design in Visible light communication for future Massive communication IoT 
network.   

Power efficiency in VLC system will targeted in this project. to design and develop a novel LED driver 
and amplifier architecture that significantly reduces power loss to no detriment of the spectrum 
efficiency of the existing solutions. A novel VLC system model   should be studied firstly which is not 
only considers the VLC channel link information but also VLC transmitter (LED driver, pre-
equalization and amplifier architecture) and VLC receiver (Photodiode, post-equalization  and ) device 
nois.  The design will also include a reconfiguration strategy which could be implmented on FPGA.  A 
number of prototypes and development cycles will be required to achieve the ideal combination of 
modulation bandwidth, current capacity, and power efficiency.  Objective is to improve of at least one 
order of magnitude in power efficiency in VLC transmitter. 
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Abstract—This paper discusses the opportunities for visible 
light communications (VLC) in the future 6G. VLC is a highly 
attractive optical communication approach for short-range 
communications, which complements radio. The use of 
reconfigurable optical-radio networks creates a high 
performance, highly flexible communication system that can be 
used in the most stringent environments of 6G. The paper 
presents and discusses other novel VLC concepts, such as 
interactive VLC, light-based IoT, living surfaces and optical 
communications through bio-tissues. These very promising 
concepts can be used in the identified 6G verticals, opening new 
areas of research for 6G. 
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I. INTRODUCTION  
Currently, at the same time that 5G is globally introduced, 

research efforts are increasingly focusing on the definition and 
further development of its successor, 6G. An international 
group of experts recently published the first 6G white paper, a 
work intended to be updated yearly [1]. At this point, 
promising concepts and technologies are identified and       
evaluated. As suggested by the 6G Flagship Programme [2], 
the development of 6G considers not only novel 
communications technologies, but also highly related areas, 
such as new materials and components, signal processing, 
advanced specific applications and others. In principle, 6G 
integrates short-range, cellular and satellite communications, 
clearly three different approaches supported by different 
industries, and defined by different standards. In this paper, 
the focus is on short-range communications.  

Although we are in a very early stage of 6G development, 
there are certain general trends expected to have a huge 
influence on the development of future communications 
systems. The most notable one is the gradual shift towards 
higher and higher frequencies. This move is motivated by 
multiple facts, including the spectral congestion in lower 
frequency bands (up to 5GHz), the need for support of 
extremely high data rates and others. Fig. 1 summarizes the 
evolution of spectrum usage for mobile communications, from 
1G to 5G, including some frequency bands likely to be used 
in 6G. Both, mm-wave as well as THz bands are currently the 
focus of intense research by academy and industry 
communities. The use of these very high frequencies will have 
a profound impact on system architecture, as at these 
frequencies the supported range is very small, resulting in cell 
sizes of reduced dimensions. Components for these radio 
frequencies need to be carefully designed as their physical size 

is of the order, or considerably larger than the employed 
wavelengths. New semiconductors and other materials need to 
be developed for these operating frequencies. It is expected 
thus that components for mm-wave and THz operation will be 
expensive. In the extreme frequency band, after THz 
communications, Fig. 1 also shows the spectrum of light, 
including infrared as well as visible light. Visible light 
communications (VLC) have been proposed soon after white 
light emitting diodes (LEDs) where developed, about two 
decades ago. Since then, VLC have received extensive 
attention, mostly by the research community. Today, VLC is 
a rather mature wireless communications technology, and a 
highly qualified technology to be used in 5G and 6G. Optical 
components have been widely available for decades, and they 
are typically low-cost. In general terms, propagation in optical 
wireless communications is quite like that in THz bands, with 
very short reach and signals being easily blocked by objects. 
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Fig. 1. Spectrum usage throughout past, present and future mobile 

generations. 

The advantages and drawbacks of VLC compared to radio 
have been discussed widely in the VLC literature. Here we 
quickly highlight the unique characteristics of VLC, making it 
a strong technology for 6G: security, privacy, safety, large 
amount of unlicensed spectrum, cost and in many cases 
implementation simplicity. VLC has been proposed and 
studied widely in the literature, being its main scenario 
indoors and underwater communications, though vehicular 
and outdoor scenarios are also quite attractive use cases. In 
this paper, we position VLC as a key technology for the future 
6G by proposing and number of novel uses and concepts. We 
include also a literature review considering latest VLC 
applications. 

This paper is organized as follows. Section II presents an 
overview of advanced VLC usage, beyond conventional 
indoor applications. Section III introduces a number of novel 
VLC concepts highly promising for 6G, Section IV discusses 
briefly the challenges of VLC and Section V concludes the 
paper. 

II. ADVANCED USES OF VLC 
The development of a new cellular generation has always 
aimed at creating faster and more reliable solutions, with an 



 

 
 
The candidate will be PhD student in Sorbonne University and be a member of LISITE laboratory in 
ISEP engineering school, he/she will do research on the study of energy efficient modeling and 
implementation of VLC system in future IoT network. In this context, this subject address three main 
objectives: 
 
• The definition of an power consumption model of VLC  electronic system based on VLC link budget 

• A number of prototypes and development cycles will be required to achieve the ideal combination of 
modulation bandwidth, current capacity, and power efficiency.  Objective is to improve of at least one 
order of magnitude in power efficiency in VLC system. 
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