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La 5G, au carrefour des enjeux industriels
Des investissements attendus de 56 milliards € en Europe
(Commission européenne, 2016)

Un enjeu pour les opérateurs : investissement et
diversification de revenus

Enjeu de I'émergence d’un écosysteme de nouveaux services
Innovants

Enjeu pour la compétitivité des filieres industrielles




Quelques attentes des acteurs économiques

~J

Besoin de visibilité sur la disponibilité des fréquences

J

Besoin de réaliser des expérimentations d’usages

J

Fort enjeu de compétences industrielles

J

Enjeu de I'exposition du public

DIRECTION GENERALE DES ENTREPRISES




Les roles des pouvoirs publics

Mettre a disposition les fréquences :
libérer et attribuer

Accompagner le déploiement des infrastructures :
simplifier, mutualiser...

Favoriser le développement de nouveaux usages,
expérimenter

Permettre |la confiance du public :
informer et surveiller
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Les deux nécessitent une coopération globale

Les deux nécessitent une harmonisation globale




Processus des CMR
Attributions de spectre au
mobile et identifications IMT
ITU membership, Commissions
d’Etude de I'IlTU-R Groupes
régionaux, Organisations
internationales

Conduit par les Etats Membres

Processus des Commissions
d’Etude de I'lTU-R et de I'lTU-T
Vision IMT-2020, performances
générales, spécifications interface
radio

Membres de I'lITU, organisations
internationales, autres organismes
de normalisation,

Conduit par « I'industrie »



L’ambition de la 5G

e L’ambition de la 5G est la fourniture d’une solution complete pour un
monde interconnecté

* En remplacant des réseaux physiques et des ressources de spectre
dédiés a des applications différentes par un seul réseau des réseaux.

* Le découpage du réseau et la logiciellisation représentent les
principaux vecteurs de ce changement. lls permettent de nouvelles
architectures de réseaux, construites par logiciel afin de fournir des
solutions sur mesure et évolutives pour toutes les applications.



Implications sur les politiques et |la
réglementation du spectre

* La 5G est un projet sur le long terme, qui implique
* Des investissements importants et des mises a niveau des réseaux

* Des ressources spectrales supplémentaires, au-dela de ce qui a été attribué
pour 2G, 3G et 4G, et donc des compromis difficiles, aux CMR-19/23 et au-
dela, avec les autres services utilisant ces ressources (liaisons fixes,
satellitaires, de radiodiffusion et d’urgence)

* Des attributions de fréquence et des normes globales pour assurer les
économies d’échelle, 'itinérance mondiale et I'interopérabilité.
* En attendant, |a priorité devra continuer a étre donnée a la réduction
de la fracture numérique en connectant les zones rurales a un prix
abordable.



Thank You for your attention
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European
Commission

5G — Where
Is Europe?

IREST, 7 June 2018, Issy-Les-Moulineaux

Peter Stuckmann

Head of Unit, Future Connectivity Systems
DG CONNECT

European Commission
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5G opportunities

ENERGY

- T =R
O Grid access . )
’

FACTORIES OF THE FUTURE @

© Timo-critical procass control
© Non tima-critical factory automation

© Gnd backhaul
© Grid backbone

© Assats and interventions

ool (8 hG en powering
vertical industries

© Remota control

O Intra/Intar-anterprisa
communication © Robotics
© Connacted goods © Romota monitoring

© Smartor madication ) | _A\

56 VERTICAL
SECTORS

MEDIA &
ENTERTAINMENT

© Ultra High Fidality Madia
© On-sita Liva Evont Expariance
© Usor/Machina Genaratod Contant

© Immarsive and Intogratad Madia

© Cooparativa Madia Production

AUTOMOTIVE

_— e

© Collaborativa Gaming

© Bird's Eyn View
© Automated driving © Digitalization of Transport and Logistics
© Shara My View

Use-cases crignating from verti ments
© Information Sociaty on tha road from tha onsatwith high priceity and coverod in the sarly phasss of the standsrdisation pracess




——

* ¥
* *
* *
* *

* 4k

European

Commission
I

5G Action Plan: European strategy for 5G introduction

Early 5G
launch in
selected
areas

Commercial

launch
of 5G services
in at least
one major city
in all MS

Coordinated launch
throughout single market

5Gin
all urban areas
and along 2025
main transport
paths

2020

Comprehensive roll-out
with geographical and sectorial focus




European
Commission

EU 5G 'Pioneer' Frequency Bands

Hot spots coverage (up to 10 Gb/s)
ot Spot data speeds 6 GHz e g. fixed wireless access, railway stations,
sport events, smart factories,

Urban coverage with dense small cells

Urban mobile data speeds 3.6 GHz (1-3 Gb/s) e.g. mobile Gb/s society,
smart cities, option for connected highways

5G
4G + Wi-Fi

Universal coverage

eliable coverage 00 MHz (10’s of Mb/s) of
reliable connectivity

pr Source: 5G-PPP




European
Commission

European Electronic Communications Code

The Code promotes investment and timely deployment of 5G networks and
services*

« Harmonised principles and criteria for authorisation regimes and sharing
conditions

« A reference framework on conditions and fees for tights of use and design of
assignment processes

« A peer review to achieve internal market consistency on spectrum authorisation by
building best practice

« Promotion of spectrum trading and leasing
« Coordinated timing of 5G spectrum assignment
« Common assignment deadline for 5G Pioneer Bands: December 2020

« Sufficiently long duration of rights for 5G harmonised spectrum: 20 years of
regulatory predictability

« Facilitation of small cells deployment and RLAN access: removal of administrative
obstacles and undue restrictions

* The information provided is based on the provisional agreement between the European
Parliament and the Council as of 1 March 2018
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5G PPP Phase 3>
€ 200 million for trials

1
5G R&I for "Long Term Evolution

Phase 3 b) Large-scale trials with

User needs, partnerships focus on verticals

with vertical industries

5G Connected Cars in EU
cross-border corridors

Phase 3a) Verification
Demo/Trial Platform

— o
Phase 1 Core Phase 2 - Demos Proof
Technologies of Concept Core
° A Techs/Components
Y2015 2016 2017 2018 2019 2020 2021 2022
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European 5G Observatory

 Announced in Feb. 2018 by Commissioner Gabriel at MWC

« Monitor, in the context of 5G roll-out:
e Main 5G market developments;
e 5G pre-commercial trials;
e National strategies and plans by EU MS;
e Spectrum assignments by public authorities
« First reporting available on https://ec.europa.eu/digital-single-
market/en/european-5g-observatory

« Comprehensive reports and publicly accessible online platform
available In September 2018



https://ec.europa.eu/digital-single-market/en/european-5g-observatory

5G trials

* More than 80 pre-commercial 5G trials and pilots launched in
Europe as part of the industry's 5G trial roadmap

» Seventeen Trial Cities appointed: Amsterdam, Barcelona,
Bari, Berlin, Espoo, L’Aquila, London, Madrid, Malaga, Matera,
Milan, Oulu, Patras, Prato, Stockholm, Tallinn and Turin

* Five "digital cross-border corridors" established inter alia
accommodating live tests of 5G for Cooperative Connected
and Automated Mobility

5G Spectrum plans

* 5G pioneer bands identified in Europe (700 MHz, 3.6 GHz and
26 GHz)

« Common roadmap for the availability of spectrum adopted
by Member States

* Consultations on spectrum assignments launched by a first
set of Member States (e.g. Austria, Denmark, Italy, Germany,
France, Finland, Portugal, Sweden, UK)

European
Commission

European 5G Observatory (from DESI 15 May)

5G Roadmaps

Three Member States have published national 5G roadmaps
(Germany, Sweden, and the UK) and 3 have launched a public
consultation (France, Poland, Spain):

* National calendars for key milestones set by the government,

* Measures to stimulate investments in 5G infrastructures such as:
reducing the cost of deploying small cells; wide-ranging support to
5G trials,

* Promoting partnerships between the telecom sector and vertical
industries,

* Foster public services as a lead user for early 5G deployment

More information is available on the European 5G Observatory, which
has been set up by the Commission to provide qualitative and
quantitative information on

* Actual and expected market developments,

* Initiatives and preparatory actions taken by private and public
actors in the area of 5G



https://5g-ppp.eu/5g-trials-roadmap
https://ec.europa.eu/digital-single-market/en/cooperative-connected-and-automated-mobility-europe
https://www.mkm.ee/sites/default/files/8.a_b_aob_5g_roadmap_final.pdf
https://ec.europa.eu/digital-single-market/en/european-5g-observatory

By way of conclusion

 5G opportunities for digital transformation

« Consistent EU framework conditions unlocking 5G
investment (spectrum, small cells, investment
incentives)

 Need for industry commitment

* Trials and partnerships are key to develop 5G
ecosystems at early stage
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Transformer les promess!s

de la 5G en réalité

orange’




5G, un réseau nativement multi-service

débits
50Mbps - 10Gbps

latence 1 ms

loT massif fiabilité 99,999%



Du concept a la réalité

o gere

A GLOBAL INITIATIVE

Sy tests g

R15

sl tests I
standardisation atras déploiement

T tests ; A :
recherche standardisation RS pilotes déploiement Service




Du concept a la réalite

tests

standardisation s
unitaires

déploiement

A

Services mobiles Complément au Services spécialisés
ameliorés FTTH (Fixed wireless oartonariaf UTAC
artenariat avec =
2018-2019 access) CERAM et Ericsson
Lille-Douai 2018, | 2018-2019
Roumanie)

@

4 Conférence IREST 7 juin 2018



5G et voiture connectée

Tests sur une piste équipée d’un réseau
expérimental 4G, 5G et C-V2X

Video Stream

Communications —— o
ERICSSON GHONPE orange




Pour utilisation par nos clients a partir de 2020

3GPP

5G early drop -

1 ville dans chaque
pays de I'UE

Pilotes 5G Premiers
smartphones

Lille Douai Fixed Wireless Access
5G eMBB Déploiement des a 26GHz selon

disf nibi[it des
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Connectivité et Véehicule Autonome

C-ITS & 5G

GGGGGG

RECHERCHE & DEVELOPPEMENT A. Servel



CONNECTIVITE & VEHICULE AUTONOME

4 Performances 2020 - 2025 Utilisation du Car2X
Robustesse

b Q Utilisation
‘ de la cartographie

Capteurs d’environnement ‘

- Proches

Communication
L

avec l’infra et entre véh.

Navigation connectée (systemes cooperatifs,

(positionnement, technos Car2X G5, LTE-V,
bases de données HD) 5G...)
Enrichie par les véhicules

Capteurs ADAS
(radars, caméras...)

Level 2 Level 3 Level 4,5

RECHERCHE & DEVELOPPEMENT




CONNECTIVITE & VEHICULE AUTONOME

ITS Day 1: ITS-G5 et/ou Cellulaire -> SCOOP@F-2

Network L 2 2
Traffic
CAM-UL, DENM1 -DL Management
. \l NN- GEO - SERV Center
orange’
7rs))) CAM, DENM1-UL =S
> Road
3G/LTE-IPV6 3GTEAPV6 ITS-G5 SCH1-IPy§A PpErater
ITS-G5 CCH BTP ITS-G5 CCHBTP
Out of coverage In coverage

m RECHERCHE & DEVELOPPEMENT




CONNECTIVITE & VEHICULE AUTONOME
ITS Day 2: 5G + Autonomous Driving

Core A - N Core B /_

Network 3 Trans-op slice Network .‘I.
\ management Traffic
Management
NN- GEO - SERV Center
MEC
OE ,,,,, Is SLICE: OTA, C-ITS, Infotam;__ ent Road
CAM, DENI\/H O erator
— 5GBU ITS-G5 SCH1-IPV6 RgU
[0 L 1
PC5- Mode 3 PC5 — Mode 3/4 PC5 — Mode 4

In coverage In coverage Out of coverage

I& RECHERCHE & DEVELOPPEMENT




CONNECTIVITE & VEHICULE AUTONOME
ITS Day 1.5: Cellulaire V2N2V -> TOWARDS 5G 2017

Cas d’usages: Core
- See-Through o K?
4 4
g ERICSSON
« Emergency Vehicle ERICSSON
. / MEC: Geo Server |
Latences : 15ms orange

Débits 40 Mbits/s e CAM- UL\DENM1 A

LTE-IPV6 LTE} PV6

i .

GGGGGG

RECHERCHE & DEVELOPPEMENT




CONNECTIVITE & VEHICULE AUTONOME
ITS Day 1.5: Cellulaire V2V -> TOWARDS 5G 03/2018

Cas d’'usages:

- Stationary Vehicle

«  Emergency Braking

CAM, DENM-SL

PC5 — Mode 4 PC5 - Mode 4
QUALCOva

I%A RECHERCHE & DEVELOPPEMENT




CONNECTIVITE & VEHICULE AUTONOME

VISSORA CHALMERS () Z nowa

5GCAR ) BOSCH
» From June 2017 to xS

May 201 9 LONDO]
« 30 full-time equivalents
https://5gcar.eu/ -
5G PPP Phase 2 =5
Projects
https://5g-ppp.eu/Sg-ppp- , o
phase-2-projects/ PN

I& RECHERCHE & DEVELOPPEMENT



CONNECTIVITE & VEHICULE AUTONOME
Evaluation du LTE-V avant la 5G (3GPP R15 & R16)

L

ro—————x

PC5 + Uu + MEC

Lane merge

PCS5 /Uu+ MEC

See-through Remote driving

High definition local
map acquisition

I& RECHERCHE & DEVELOPPEMENT




C
CONNECTIVITE & VEHICULE AUTONOME %H
Performances attendues en C-V2X

Lane See Through | Pedestrian Remote
Merging position Driving

Latency (ms) <30 <50 <60 =30 <30
Avail. / Rel. (%) 99,99 99 99.99 99.99 99.999
Data rate (Mb/s) 6 29 0.128 <19 <29
Relevance (m) =350 < 500 70 =250 > 1000
Mobility (km/h) <150 < 200 <100 < 250 <30
Accuracy (m) <4 <10 =I5 <05 <05

m RECHERCHE & DEVELOPPEMENT
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the 5G era




What challenges are we facing?
New applications redefine network requirements

Seemingly infinite capacity Imperceptible latency
GB/user/Mo

f Rl 360 Video |

K &

ULTRA HD| - ~ 100Mbps @
p - | -§ 1
c 3 2

. & s ° -

- 4 S 1Mb

m ps

QUEEY  People & @ System
‘ Things : Control
2020

2025 10s 1s 100ms 10ms 1ms  100us
Latency
==AK == Moderate VR == Ubiquitous VR

Core Cloud _ - Edge Cloud

~100x more capacity in < 10 years and ms latency for networks & ‘human’ services



Nokia’s vision
for the 5G era
— driven by
“Future-X”
architecture

Dynamic
Data Security

« New trust framework
« Ecosystem sharing
* Mass edge monitoring

Digital Value
Platforms

-
=== ANP,CSP,ICP,

fix Vertical apps

External data sources

Augmented . —
Cognition Systems @ Analytics @ learning

Open APls
Dynamic Managerent & Dynamic Multi-operator
Programmable CL‘]/stomer Orchestration nétwork ;{})\ federation
Network OS services SDN NEV optimization

@ G % = E] = @ Common data layer

Access agnostic Modular, decomposed
converged core network functions

Universal
Adaptive Core

\ e

Self-optimized : Smart Network e —
coverage \ H -2 waves
& capa%ity C?)? v Fabric = o & wires
\ Long
= ; fibers
Smart & Dumb 0 Massive-Scale Converged Software-defined, Access
Devices Access Edge Cloud end-end Remote



High level Industry Roadmap Vision of 5G

Standards roadmap

5GTF / KT SIG 3GPP 5G Phase 1 3GPP 5G Phase 2 3GPP 5G Rel 17 Optimized standard
Industry specs Mobile Broadband, Massive loT completing full

Low latency & high reliability [ Shared and un-licensed

Future-X-like new core spectrum 5G vision

NSA (%) SA (%)
2016 2017 2018 2019 2020 2021 2022
Industry roadmap Pre-standards First standard based Standards-based
5G start 5G deployments 5G mass rollout
Spectrum milestones - - @
. s B— 7S i
@, il e @, EU @ Global
us Korea us EU/CN Japan Korea  700MHz us availability
28, 39 GHz 28GHz 600MHz 35GHz 4.5 35GHz 26GHz  25GHz <g GHz > 24 GHz

GHz
*) NSA: Non standalone; SA: Standalone



Main industry forces driving
the 5G New Radio (5G NR)
standards ecosystem

Early deployments

+ Consumer/people-centric

» Pre-standard (Regional use case specific)
« 3GPP Non-Standalone (NSA)

Revolutionary leap
* Industrial & Infrastructure loT-centric

+ 3GPP Standalone (SA) & Unlicensed/
Shared Spectrum




Pan-EU Trials Roadmap Version 3.0
ertical Pilots (Highlights)

5G Vertical Strategy — Verticals Sectors and Associations

56 Alliance for Connected Industries and Autcmation

EATA ic”‘é”&%%;’ﬁ? i
| . ~ Industry P
S&8 .o Automotive Health
ACEA SG_IA

Verticals Trials Roadmap

Energy . Public ‘
Media Safety _€urope

Communication €ure

, !
EDSO (mem ECS®
EBU

Additional interactions with ngmn_ eTno
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Internet of Radio Light
in Buildings

Xun ZHANG
xun.zhang@isep.fr

The SG Infrastructure Public Private Partnership




» Background and motivation

> Overview of IoRL architecture

» Applications




European Horizon 2020 5G 2-Phase projet

5G Pan-EU Trials

2014 2015 2016 2017 [2018 [2019 [ 2020

| 2021

EU 5G Pjoneer Award
Y 5G (UEFA) |

| 2022 | 2023 | 2024
Note: The 5G Pan-EU Trials will
benefit from and leverage the
multiplier effect from 5G EC,
national, multi-national and domain
specific initiatives (e.g. ESA satellite
5G initiative)

I

Ll | |

EC FP7 [__ECFP7 Pre-56 § EURO zozo L
1 r L ¢1: Specifica
EC5GPPP [ sceeesetup | 56 PPP o1 saPpPe2 | S6PPPe3| /| T3l DCveiopment/Tests
I[‘Rel = N RiNSA T iB‘r r:lld-ls Experimentation/Pilots
3GPP Rel-15 ! — |
Rel16 | iyrther releases...
J |WRC 15 [J |WRC 19
: i
ITU Vision Requirements / Method Wkp Proposals Evaluation
-----L”‘cmm
SDN/NFV
Ecosystem I BBF. CPRI Forum. NGMN. GSMA_ GSA. 5GAA C-V2X_ ESOA ESA SGTE. Other Fora.
& Fora
* w#“:;w:‘? é::?::u’:::a Note: Othelr Regions events under elaboration
| | % Summer Olympics in Japan | |
.
5G Networks ", Trials 5G Deployment and Commeﬂ:ialintion>

| | |

Figure 2: 5G Pan-EU Trials Roadmap — Time Plan

@ 5G Trials Roadmap version 3.0: https://5g-ppp.eu/newsflash-may-2018/




S5 PPP

The 5G Infrastructure Public Private Partnership

European H2020 prOJec:'r IoRL
Internet of Radio-Light in Buildings

A joint project: with 9 Countries in the world
* Future network based on visible light and
micrometer waves
* Widely use in publicand private spaces
. ngh data rate >10 Gblts/second

Convol
Plane

i-’bu'\(.cmmler ﬁ sow/row

Ty
] S'g\i Ammsmo-\ ong)

TVE and
e | g

——— et |
i W [ tenee

02¢0¢-210¢

study the link budget for VLC system design (2017)

Optical wireless channel Localization application and algorithm

5G beam OFDMA schema 5G-VLC PHY layer definition

museum scenario (2018 -2020)
Partners: Issy medi

design an active matrlx LI(E:DTglsplay Driver SoC 5G/LiFi demonstration

Designa VLC TX SoC with access option for 5G and
a fully integrated high-sensitivity VLC RX

Call: H2020-ICT-2016-2
Type of Action: RIA

Topic: ICT-07-2017: 5G PPP Research and
Validation of critical technologies and systems



Partners

FURESCOM Bﬁi“v'éféity‘ cosHAm |S€P ™~

London Ecole d'ingénieurs du numérique
MostlyTek < . =
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11710 2171130 1D
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innovacion de

<
infraestructuras
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LEADPCOM BUERSER
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Software Defined Home Network Architecture

Management
Application

NFV
Plane Applications

Applications
Control

Plane

Software Defined
____________ Home Network

Data Intelligent
Light
Plane ooos

SDN Enabled
Intelligent

=

|
Cloud rilome
Data Center
Server |

Home IP =
Gatewa ==
4 SDN Controller o] SGW/P-GW
Multifunctional = ((2))
> MIMO VLC u geGNV?/ AMacro Station (eNB)
PoE or PoF or POF TVs and
T ——===___ Visible Light Coms Computers
——=e..  MmWave duplex E3 g
Celular WA duplix ‘ [, Handsets
i V¥ Network
|S e p ‘ l Internet of Radio-Light in Buildings




Growth in In-door Mobile Data Traffic

« CISCO forecasts a compound annual growth rate (CAGR) of 57% for mobile data
traffic with forecasts of 24.3 Exabytes mobile data traffic by 2019;

+ 80% of this growth is generated indoors, which is growing 20% faster each year than
outdoor wireless traffic;

* Increasing capacity demand for data traffic from Smartphones, mobile PCs and
Tablets with voice traffic occupying only a fraction of the total capacity;

« Fewer than 2% of commercial and public buildings are currently covered by

dedicated wireless indoor solutions.

57% CAGR 2014-2019 o Global Mobile Traffic (Monthly Exabytes)

25 243 EB
i @ Data: mobile PCs, tablets
and mobile routers

20 25 . \Ijata: smartphones
16.1 EB o
Exabytes g =
per Month 10.7 EB
10 15
6 8 EB
. 2.5 EB L
2014 2015 2016 2017 2018 2019 ’
Source: Cisco VNI Mobile, 2015 o

2014 2017 2020
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Applications

Public Spaces Shopping Malls (CHINA
Homes (UK) eSS A ( )
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Home and Museum Verticals

Building Reserch Establishment Home

Internet of Radio-Light Office

AV Streaming to UHDTV

360° AV Streaming to VR Headsets

< 10cm Location accuracy of UE

Intra Building and Inter gNB Handover
Home Video Security Monitoring

DoS and Rogue Tx Network Security

Ise p I eftes iy

Musée de la Carte a Jouer

< 10cm Location accuracy of UE

Location Based Data Access Applications

Monitoring of UE Locations Applications

Guiding of UE Applications

Interaction with Internal/External Database Applications
360° AV Streaming to VR Headsets

Museum Video Security Monitoring

DoS and Rogue Tx Network Security Monitoring

© 2017 loRL consortium. All rights reserved 9




Train Station and Supermarket Verticals

Nuevos Ministerios Station Platform & Tunnel

isep ™

Monitoring of UE Locations Applications
Location Based Data Access Applications
AV Streaming to UHDTV

Video Conferencing

DoS and Rogue Tx Network Security
Monitoring

Eavesdropping Network Security Monitoring

5GPPP Arch WG

© 2017 loRL consortium. All rights reserved

Chinese Supermarket

* Interaction with Internal/External Database Apps
* Location Based Data Access Applications

*  Monitoring of UE Locations Applications

*  Guiding of UE Applications

* AV Streaming to UHDTV

* Video Security Monitoring

* Video Conferencing

* DoS and Rogue Tx Network Security Monitoring
* Eavesdropping Network Security Monitoring




Thank you for your attention

Xun.zhang@isep.fr and loRL-contact@5q-ppp.eu

https://iorl.5g-ppp.eu/
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