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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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AbVWUacW²This paper discusses the opportunities for Yisible 
light communications (VLC) in the future 6G. VLC is a highl\ 
attractiYe optical communication approach for short-range 
communications, Zhich complements radio. The use of 
reconfigurable optical-radio netZorks creates a high 
performance, highl\ fle[ible communication s\stem that can be 
used in the most stringent enYironments of 6G. The paper 
presents and discusses other noYel VLC concepts, such as 
interactiYe VLC, light-based IoT, liYing surfaces and optical 
communications through bio-tissues. These Yer\ promising 
concepts can be used in the identified 6G Yerticals, opening neZ 
areas of research for 6G. 

Ke\ZRUdV²RSWLcaO ZLUeOeVV cRPPXQLcaWLRQV, LQWeUacWLYe 
YLVLbOe OLghW cRPPXQLcaWLRQV, RSWLcaO-UadLR QeWZRUNV, h\bULd 
QeWZRUNV, WhURXgh-Whe-WLVVXe RSWLcaO cRPPXQLcaWLRQV, OLghW-baVed 
IRT, OLYLQg VXUfaceV. 

I. INTRODUCTION  
CXUUeQWl\, aW Whe VaPe WiPe WhaW 5G iV glRball\ iQWURdXced, 

UeVeaUch effRUWV aUe iQcUeaViQgl\ fRcXViQg RQ Whe defiQiWiRQ aQd 
fXUWheU deYelRSPeQW Rf iWV VXcceVVRU, 6G. AQ iQWeUQaWiRQal 
gURXS Rf e[SeUWV UeceQWl\ SXbliVhed Whe fiUVW 6G ZhiWe SaSeU, a 
ZRUk iQWeQded WR be XSdaWed \eaUl\ [1]. AW WhiV SRiQW, 
SURPiViQg cRQceSWV aQd WechQRlRgieV aUe ideQWified aQd       
eYalXaWed. AV VXggeVWed b\ Whe 6G FlagVhiS PURgUaPPe [2], 
Whe deYelRSPeQW Rf 6G cRQVideUV QRW RQl\ QRYel 
cRPPXQicaWiRQV WechQRlRgieV, bXW alVR highl\ UelaWed aUeaV, 
VXch aV QeZ PaWeUialV aQd cRPSRQeQWV, VigQal SURceVViQg, 
adYaQced VSecific aSSlicaWiRQV aQd RWheUV. IQ SUiQciSle, 6G 
iQWegUaWeV VhRUW-UaQge, cellXlaU aQd VaWelliWe cRPPXQicaWiRQV, 
cleaUl\ WhUee diffeUeQW aSSURacheV VXSSRUWed b\ diffeUeQW 
iQdXVWUieV, aQd defiQed b\ diffeUeQW VWaQdaUdV. IQ WhiV SaSeU, 
Whe fRcXV iV RQ VhRUW-UaQge cRPPXQicaWiRQV.  

AlWhRXgh Ze aUe iQ a YeU\ eaUl\ VWage Rf 6G deYelRSPeQW, 
WheUe aUe ceUWaiQ geQeUal WUeQdV e[SecWed WR haYe a hXge 
iQflXeQce RQ Whe deYelRSPeQW Rf fXWXUe cRPPXQicaWiRQV 
V\VWePV. The PRVW QRWable RQe iV Whe gUadXal VhifW WRZaUdV 
higheU aQd higheU fUeTXeQcieV. ThiV PRYe iV PRWiYaWed b\ 
PXlWiSle facWV, iQclXdiQg Whe VSecWUal cRQgeVWiRQ iQ lRZeU 
fUeTXeQc\ baQdV (XS WR 5GH]), Whe Qeed fRU VXSSRUW Rf 
e[WUePel\ high daWa UaWeV aQd RWheUV. Fig. 1 VXPPaUi]eV Whe 
eYRlXWiRQ Rf VSecWUXP XVage fRU PRbile cRPPXQicaWiRQV, fURP 
1G WR 5G, iQclXdiQg VRPe fUeTXeQc\ baQdV likel\ WR be XVed 
iQ 6G. BRWh, PP-ZaYe aV Zell aV TH] baQdV aUe cXUUeQWl\ Whe 
fRcXV Rf iQWeQVe UeVeaUch b\ acadeP\ aQd iQdXVWU\ 
cRPPXQiWieV. The XVe Rf WheVe YeU\ high fUeTXeQcieV Zill haYe 
a SURfRXQd iPSacW RQ V\VWeP aUchiWecWXUe, aV aW WheVe 
fUeTXeQcieV Whe VXSSRUWed UaQge iV YeU\ VPall, UeVXlWiQg iQ cell 
Vi]eV Rf UedXced diPeQViRQV. CRPSRQeQWV fRU WheVe UadiR 
fUeTXeQcieV Qeed WR be caUefXll\ deVigQed aV WheiU Sh\Vical Vi]e 

iV Rf Whe RUdeU, RU cRQVideUabl\ laUgeU WhaQ Whe ePSlR\ed 
ZaYeleQgWhV. NeZ VePicRQdXcWRUV aQd RWheU PaWeUialV Qeed WR 
be deYelRSed fRU WheVe RSeUaWiQg fUeTXeQcieV. IW iV e[SecWed 
WhXV WhaW cRPSRQeQWV fRU PP-ZaYe aQd TH] RSeUaWiRQ Zill be 
e[SeQViYe. IQ Whe e[WUePe fUeTXeQc\ baQd, afWeU TH] 
cRPPXQicaWiRQV, Fig. 1 alVR VhRZV Whe VSecWUXP Rf lighW, 
iQclXdiQg iQfUaUed aV Zell aV YiVible lighW. ViVible lighW 
cRPPXQicaWiRQV (VLC) haYe beeQ SURSRVed VRRQ afWeU ZhiWe 
lighW ePiWWiQg diRdeV (LEDV) ZheUe deYelRSed, abRXW WZR 
decadeV agR. SiQce WheQ, VLC haYe UeceiYed e[WeQViYe 
aWWeQWiRQ, PRVWl\ b\ Whe UeVeaUch cRPPXQiW\. TRda\, VLC iV 
a UaWheU PaWXUe ZiUeleVV cRPPXQicaWiRQV WechQRlRg\, aQd a 
highl\ TXalified WechQRlRg\ WR be XVed iQ 5G aQd 6G. OSWical 
cRPSRQeQWV haYe beeQ Zidel\ aYailable fRU decadeV, aQd Whe\ 
aUe W\Sicall\ lRZ-cRVW. IQ geQeUal WeUPV, SURSagaWiRQ iQ RSWical 
ZiUeleVV cRPPXQicaWiRQV iV TXiWe like WhaW iQ TH] baQdV, ZiWh 
YeU\ VhRUW Ueach aQd VigQalV beiQg eaVil\ blRcked b\ RbjecWV. 
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Fig. 1. SSecWUXP XVage WhURXghRXW SaVW, SUeVeQW aQd fXWXUe PRbile 

geQeUaWiRQV. 

The adYaQWageV aQd dUaZbackV Rf VLC cRPSaUed WR UadiR 
haYe beeQ diVcXVVed Zidel\ iQ Whe VLC liWeUaWXUe. HeUe Ze 
TXickl\ highlighW Whe XQiTXe chaUacWeUiVWicV Rf VLC, PakiQg iW 
a VWURQg WechQRlRg\ fRU 6G: VecXUiW\, SUiYac\, VafeW\, laUge 
aPRXQW Rf XQliceQVed VSecWUXP, cRVW aQd iQ PaQ\ caVeV 
iPSlePeQWaWiRQ ViPSliciW\. VLC haV beeQ SURSRVed aQd 
VWXdied Zidel\ iQ Whe liWeUaWXUe, beiQg iWV PaiQ VceQaUiR 
iQdRRUV aQd XQdeUZaWeU cRPPXQicaWiRQV, WhRXgh YehicXlaU 
aQd RXWdRRU VceQaUiRV aUe alVR TXiWe aWWUacWiYe XVe caVeV. IQ 
WhiV SaSeU, Ze SRViWiRQ VLC aV a ke\ WechQRlRg\ fRU Whe fXWXUe 
6G b\ SURSRViQg aQd QXPbeU Rf QRYel XVeV aQd cRQceSWV. We 
iQclXde alVR a liWeUaWXUe UeYieZ cRQVideUiQg laWeVW VLC 
aSSlicaWiRQV. 

ThiV SaSeU iV RUgaQi]ed aV fRllRZV. SecWiRQ II SUeVeQWV aQ 
RYeUYieZ Rf adYaQced VLC XVage, be\RQd cRQYeQWiRQal 
iQdRRU aSSlicaWiRQV. SecWiRQ III iQWURdXceV a QXPbeU Rf QRYel 
VLC cRQceSWV highl\ SURPiViQg fRU 6G, SecWiRQ IV diVcXVVeV 
bUiefl\ Whe challeQgeV Rf VLC aQd SecWiRQ V cRQclXdeV Whe 
SaSeU. 

II. ADVANCED USES OF VLC 
The deYelRSPeQW Rf a QeZ cellXlaU geQeUaWiRQ haV alZa\V 
aiPed aW cUeaWiQg faVWeU aQd PRUe Ueliable VRlXWiRQV, ZiWh aQ 



 

 
 
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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