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Light Communications Technologies (1)

Free Space Optics (FSO) — point-to-point communication systems that are
typically deployed in outdoor environments as a replacement for cabling.

FSO is today used for the backhauling, in outdoor applications, to:
— Reduce the cost of installation

— Increase the security (the beams are pointing a direction and are enough small to minimize the
risk of any interception)

FSO is today envisaged for in-door applications, to offer higher bit rates for
highly secured data transmissions



Light Communications Technologies (I1)
OCC is a reality today

* Optical Camera Communications (OCC) — a broadcast technology that uses a modified
LED lighting driver to modulate the light emitted from the luminaire to transmit data that
can be demodulated through the use of a smartphone camera.

* Main characteristic; Unidirectional

* Use cases: i Tramsmi ot |
— V2X communication e FEFE : | rl_l_I?_l’l
— Indoor positioning Il_l_'l_ﬂ"' i [ 6110t
— Digital Signage onror HEEA "4»5::.-'33:, ==
— Drone to drone communication BE st ettt R — —

Ambient poise

o

— Augmented Reality/Virtual reality _
— Motion detection and recognition \

\
- Data Sharlng Image sensor
https://www.rfwireless-world.com/Terminology/Advantages-and-

Disadvantages-of-OCC-Optical-Camera-Communication.html



Light Communications Technologies (I11) LCA

 LiFi — high-speed, bidirectional and networked wireless communication
technology using light, offering a substantially similar user experiences as Wi-
Fi except using light instead of RF.

Light &5 o Wi-Fi hotspot
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Enabler: Massive LED deployment LCA

LED penetration by 2020 [1] Market volume in Billion per sector [2]

T0% 619

o L 10 15 ZD_ 25 ] 35
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 Market Volume in Billion Furos

®2016 w2020

[1] https://www.statista.com/statistics/246030/estimatedled-penetration-of-the-global-lighting-market/
[2] https://www.statista.com/statistics/216387/generallighting-market-trend-by-application/

Evidence: LEDs replacing Classical Lamps creates opportunities for optical wireless communications



https://www.statista.com/statistics/246030/estimatedled-penetration-of-the-global-lighting-market/
https://www.statista.com/statistics/216387/generallighting-market-trend-by-application/
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Light Communication Alliance in a nutshell
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http://lightcommunications.org/

Light Communications Alliance (LCA)
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Motivations: Delivering the benefits of ubiquitous
Light Communications to serve people &
technologies, requires a far-reaching & coherent
ecosystem working at a determined pace.

Missions: Driving a consistent, focused & concise
approach to market education that will highlight the
benefits, use cases & timelines for Light
Communications.

How? Aligning leaders across every industry to
develop or envisage business models using Light
Communication systems & technologies by defining
a standard of education in an efficient
communication & co-operation frame.
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LCA Members

LiFi key players
Applications
Operators
Equipment vendors
Networking and
security
University/Research
institute

LiFi/OCC key players

Lucibel
NavTech
OLEDCOMM
PureliFi
Signify
Velmenni
Zero 1

Equipement vendors

BKS Digital Connectivity
Solutions

GETAC

Nokia

Signify

Applications Operators

Crantec Emirates Integrated

OLEDCOMM Telecommunications

Signify Company (EITC)

Zerol Liberty Global
Orange

Networking and security University/Research
Institute

BKS

Crantec CEA

Nokia University of Edinburg

QRCrypto University of Strathclyde
Institut Mines Telecom

LCA



LCA eco-system

Light Communications
Alliance

MoU (LCA-EA)
established in 2020

MoU (LCA-EA)
established in 2019

Eth. Backbone - %

ethernet alliance

HlILH » In-building

ABA backbones

Continental Automated
Buildings Association

Interactions on AT
_ _ I[EEE 802.11bb
Standardisation @ = IEEE 802.15.13

groups Ve anc®
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Use cases and associated added values of LC
technologies



Some uses cases (not exhaustive) LCA

Hospitals:
§ - Complementarysolution

Smart Lighting/buildings: ' - >8K applications compliant

~ Energy efficiency - Adapted to EM sensitive equipments

- Less maintenance
- Increased security

Industry 4.0.:

- LiFi/FSO perfectly adapted to the use
case

Home alica_ti_ons.: A Y =R b \ - Energy efficient
- Energy efficiency N :
- Adapted for Children (less EM)
- Data security increased

- Increased security
- Key technology for flexibility/agility

Smart cities: ,/
- Easy communicationwith terminals - Exploitation of existing masts
- Sanitary advantages - Security increased

- Fast connection, small latency
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Market perspectives
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STRATEGYANALYTICS

nCthers

u Smart Offices/Buildings

m Industrial

® Exhibition Industry
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m Educaton

m Govemment (e.g. Defense, Secunty Operabons)
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LiFi market: several market segments and significant growth identified
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Added values of Light Communication technologies @

« Complement the Wi-Fi technology to guarantee a stable connection, e.g. automatically
select the most appropriate access point (Wi-Fi or LiFi) to offer the required bandwidth for
the user.

« Guarantee data communication continuity for some sensitive applications.
« Offer a wireless data communication system with no EM perturbations

« Improve the security of communications between two points because of the limited
beam dimension, in particular with FSO technologies

« Complementary capability to a 5G IoT deployment to address critical KPIs.
 Solution for specific low latency end-to-end solutions.

« Offer very simple and centimetric precisions for indoor positioning systems.
« Green potential: energy efficiency and energy savings potential gains

16



Added values in few words

Security

No EM sensitivity

Continuity of data
transmission

Energy savings

Centimetric positioning

17
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Standardization aspects



Standardization aspects
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ITU-T G.9991 aka G.vic

Light Communication PHY amendment to
G.9960/9961 aka G.hn — home networking.

MAC designed for fixed in-home networks with
very limited mobile terminal support.

Most advanced 200 MHz DCO-OFDM PHY with
adaptive bit-loading for up to 2 Gbps.

IEEE P802.11bb

Aimed for mass market through adaptation of
mainstream Wi-Fi chips for light communication.

Allows for several different LC PHYs, mainstream
solution closely aligned to 802.11ax (Wi-Fi 6).

Comprehensive support of mobile terminals and
0T requirements.

R15 R16 56 RT7+
5G WORK ITEMS 5G WORK ITEMS 5G EVOLUTION

5G NRR15 5G NR R16
LAUNCHES* LAUNCHES

IEEE 802.11bb ﬂerc'ﬁ

CONTINUE TO EVOLVE LTE IN PARALLEL TO BECOME A CRITICAL PART OF THE 5G PLATFORM

© 0 0 o0 o o

SYNC — LiFi and 5G

3GPP Rev. 15 and Rev. 16 timeline (Qualcomm)



Integration in 5G deployment scenarios and
perspectives for 6G



5G deployment use cases

Smart Buildings/  Enterprise Broadband
Indoor positioning Solution

Under sea and air com.

V2X Communication Hospital Nuclear power plant Defense & Government Banking

21



European projects studying LC in 5G scenarios LCA

YEARLY BUDGET (M€)

10,0
m Vision
In the European Union, a %0 I mEnlight'em
growing budget has been 6,0 - it
W Wortecs

Eliot

Almm
W 5G Clarity

2017 2018 2019 2020 2021 2022 2022

communications, up to 9
M€ in 2020.

allocated to projects -
involving light 4,0 I
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6G perspectives through some examples

* New challenges are in front of us to find
solutions for new use cases like:

— High resolution mapping, requiring dynamic 3D
mapping, 100Mbps per car, highly accurate
movement prediction, real-time analytic using Al.

— Mixed reality telepresence requiring multiple
streams of data, spatial computing,
synchronisation.

— Mixed reality co-design, for remote collaboration
requiring high resolution, precision, low latency
interaction, and experience before prototyping.

— Automatic security for a 6G creating a sixth
sense, requiring thousands of cameras, real-time
analytics using Al and preserving privacy.

2 « Communications in the 6G era », Harish Viswanathan, Nokia Bell Labs



6G new requirements

Throughput & Capacity

> 100 Gbps
5 Gbps @edge Latency & Reliability
Zero Energy oo

Sub-network (~10)

Intuitive interfaces

Device

Nine 9s

Scale & Flexibility

Adaptability Response time Global coverage
10 Million devices/Sg Km

1 sec
Platform & services approach

Zero touch

Precision & Accuracy

Cm
< 1% Missed detection/False Alarm

« Communications in the 6G era », Harish Viswanathan, Nokia Bell Labs




New directions to explore to reach these new requirements

Al/ML Air-Interface New Spectrum Technologies Network as a sensor

RAN-'CQre Convergence & Extreme Connectivity Security and Trust
Specialization

?

(G N\
oy

oo
& Y

« Communications in the 6G era », Harish Viswanathan, Nokia Bell Labs




Light Communications technologies for 6G

Light communications technologies could play an important to reach the KPIs of
the 6G to reach.

— Zero energy

— High bit rates

— Very small latencies
— Higher security

By exploiting a new spectrum: the light (visible light and Infra Red light)

26



Some examples of products deployed or envisaged



Towars a new generation of Terminals

Comparison chart

/l
‘ y Features Li-Fi

' Ll

(9 .

Operation 10 e
SyStEIm COmponents Lamp drver, LED bulb and photo detect
|
’
Tl ol Features Wi-Fi
“ i name EEE (rstitute of electrcal and electronic engineenng) 802 11y
Work of cperator Transmession of data
g Techrology WLIAN (Wireless Local A & i "
& ™ e L
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Army interests (Il)

pureLiFiis awarded a multi-million-deollar deal with the U5 Army Europe to
deliver secure wireless communications system.

=%4.2 million invested in the first-ever large-soale deployment of LiFi

ulLiFi embarks on a journey from esrly adoption in Defense to the consumer space

Edinburgh, United Kingdam - The plobal keader in LiFi

° o ™
Klte I n technology, pureLiFi has announced & new deal to supply

tefin™, & next genenation aptical

. -4 = - N - - . . -
Klte In wireless communication system wsing LiF

transmizsicn without redio frequencies.

forsecuns dats

The cuttirg-sdes deoloyment, by United States Ay
- - 4 - a

Eurppe and Africs is baced on pureLiFi's winsless

techrology thet uses lipht rather than radic freguencias
to transmit dats. By hamessing the lipht spactrum, LiFi
can unleash more relisble wireless communications with
unparall=lad security, compared to corwentional

techrologies, such s cellular, WiFi and Blustooth.

The deal with USAREUR-AF is the world's first large scale
deploymentof LiFi. The deployment consists of
viranmenzs. Kitefin™ is & newly developed

thousands of certified office and field-deployable LiFi units in real tactical and serategic

Em with unigue festures for defense uoe cazes,

The use of Radic Freguencies (RF] in securs and Defense ervironments causes many challenges; mainly, as AF is o technology that

can be detectad and targetad. Kitefin™ eliminatas this risk s it cannot be detacted cutside of its defined cone of coversga. The

Kitefin™ systam also allows for rapid sebup and paositive logistical impact seving time, money and lives.on each deployment.

Aninitial pilotof pureliFi’s technology with the US ARMY Europe and Africa took place in 2043, cominding key Army stakeholders
that LiFi woukd play s key role in the future of Defense communications which resulted in the largest &ver purchase of LiFi.

CWS Andrew Foreman, USAREUR-AF Chief Tachnclogy Officer said
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Airplane are adopting LiFi LCA

Airbus, Latécoére bring LiFi IFE to the
busmess jet market

Y SETHMILLER — LEAVE A COMMENT

30 LiFi transceivers mounted into the overhead PSU on an Air France A321 in 2019. Similar technology
will soon be available to Airbus Corporate Jet customers.



Undersea applications

31

LUMA™ Optical Modems

LUMA™ - High-speed through-water wireless communication from Hydromea.
Our optical modems are compact, power efficient, and operate from the splash
zones down to 6'000m depth. Now boasting data transfer rates up to 10 Mbit/s
over distances up to 50 m!

Plug & Play

LUMA is designed with flexibility in mind. In its base configurationitis a
transparent link between your legacy systems, making it very easy to integrate.
Plug&Play is not just marketing language when it comes to LUMA.

Versatile

LUMA will wirelessly transfer high volume of data in a variety of subsea
anblications during constniction. inspection. monitoring and repairs in the
ofisnore energy sector. in {iie science & research sector it will serve as a regular
cavivonrnerdal dzta uplink fromn an ADCP, a carneia ¢ utner sensors on the sea
fionr. With the smezil 522, a4 power consumption and high data rates, LUMA
telemetry opens up connectivity possibilities underwater in many industries
where submerged assets need to be monitored or inspected in real time.

Fast

Luma modems are lightning fast. They can send data at up to 10 Mbit/s
bandwidth enabling truly HD-quality video transfer wirelessly through water in
real time.

From the splash zone to 6°000m depth

With LUMA, splash zone communication is now affordable and safe. As a result,
LUMA offers unparalleled connectivity and can be a vital agent for real-time
monitoring of structures in digital twin systems.

Watch on {E3VouTube

D
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Conclusion

LCA



Conclusion @

The Light communication technologies could:

provide new added values in different segments.
become key technologies to reduce the energy consumption since:

» The critical energy consumption is mainly generated at the periphery of the network
* The LC technologies are energy efficient when increasing the bit rate

The complementarity wr to 5G or Wi-Fi seems relevant for different use cases. This
technology could then a catalyst for the 5G deployment in some sensitive use cases:

Hospitals to have a wireless technology when a RF technology is not possible,
In planes to avoid interferences with sensitive equipments or to find some weight gains,
At home to reinforce the security and minimize the power consumption,

In the Industry 4.0 to guarantee a data communication continuity or to offer ultra high bit rates with a
reinforced security,

In commercial centres to take advantage of already existing LEDs in the ceiling.

« LC has also a strong potential to reach the 6G requirements

33
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Thank you



