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® The European economy has to “maintain” but also to “fortify” both its
role and influence within the global international environment,
strongly influenced by the fast Internet penetration.

m [t is important to realize innovative actions and to expand knowledge so
that “to keep a strong position in a strategically important market such
as the one of the ICT sector”.

®» The diversity of new (personal and professional) usages,
leads to new network requirements on

availability, latency, reliability, trustworthiness and security.

+ Appearance of new trends, with the related features/functionalities much more
closely “embedded” within the network applications.

+ Users gradually become more and more “demanding” in terms of contents and
service requirements.

+ Privacy and sustainability issues become of prime importance, thus implying for
resilient constraints on networks and service platforms.
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®» Appearance of a variety of major challenges:

“Handling” of the increased network traffic together with the provision of all necessary capacity
and/or spectrum availability, so that to serve/fulfil all relevant requests coming from different
services, devices and users.

= Accommodation of novel classes of services/facilities (e.g., covering attributes coming from the
loT, M2M communications or content-based applications, or by any other future “complex”
environment that may potentially appear), while preserving a “low” -or a kind of “reasonable”-
CAPEX and OPEX features, supporting economies of scale and avoidance of unnecessary
investments.

= Strengthening Internet’s penetration in all sectors of our lives and economies, by making it an
“indispensable means” for realizing an explicit, ubiquitous and dependable infrastructure in
mobile, wireless and fixed communications.
Internet “drivers” are all kind of services/applications from low (sensor and IoT) to high throughput rates
(e.g. high quality video streaming) and from low to high latency.

= Supporting of all actions for providing a guaranteed level of Quality of Service/Quality of
Experience (QoS/QoE) together with enhancement of privacy and security over the Internet,
especially for professional uses and with the aim of offering optimal performance.

= Making the communication critical infrastructures “as resilient as required” by consumers of
interconnected critical infrastructures (such as smart grid).

= Supporting measures for realizing reduced energy consumption.
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The forthcoming novel 5G infrastructure “faces” most of the
identified challenges and will offer reliable solutions!

5G will be much more that the next step beyond 4G: it is expected to
be the “core functional system of our modern digital society and
economy”, thus generating a truly converged and tremendously “dense”

communication infrastructure, integrating IT systems (e.g., processing and
storage) with plentiful network resources.

5G is to become a sort of universal, highly flexible and
ultra-low latency virtualized infrastructure, |
= capable of serving immense numbers of smart terminals,
machines, things, sensors, cars, drones, etc.,
= with significant processing and storage capabilities that may be
exponentially increased, via relevant Cloud-based applications .
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5G networks will not only be based on transport and routing/switching
technologies but will be more “flexible and open”.

5G networks are expected to evolve more easily than today’s networks
and also to embed sensing, computing and storage resources in a
converged and unified infrastructure,
able to “orchestrate” the delivery of services in a secure manner.

5G networks will provide a significantly higher system capacity than
today and solve any anticipated spectrum scarce.

5G networks should also promote -to the extent possible- a common

network management for mobile and wireless, in terms of

- constant performance optimisation,

- fast failure recovery,

- fast adaptations to changes in network loads, architecture, infrastructure
and technology.
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and fully connected and converged society

FASTER ACCESS
MORE CAPACITY (Mbps>Cbps)
(1000 X?)
MORE SOFTWARE
VIRTUALISED UP(?I?:E?BLE
F":ﬂg%‘i:‘s WHAT IS THE 5G
INFRASTRUCTURE _
SUPPORT VERY UBIQUITOUS
IMMERSIVE
WIDE RANGE
APLICATIONS CONNECTIVITY P ; :
New capabilities of 5G dimensions
= - - * Flexibility, lower energy requirements
* improved energy efficiency
» greater capacity, bandwidth, security,
reliability and data rates
Source: 5G-PPP (https://5g-ppp.eu/about-us/)  enhanced indoor coverage
% * lower latency and device costs
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=» Within the 5G-PPP framework, the following KPIs have been identified:

% Possibility for the provision of 1000 times higher wireless area capacity and of more
varied service capabilities, if compared to those of 2010.

< Saving up to 90% of energy per service provided. (Here, the main focus should be in mobile
communication networks, where the dominating energy consumption comes from the radio access
network).

< Reduction of the average service creation time cycle from 90 hours to 90 minutes.

* Creation of a sufficiently secure, reliable and dependable Internet, with a “zero perceived”
downtime for services provision.

s Facilitating future very “dense” deployments of wireless communication links to connect

over 7 trillion wireless devices serving over 7 billion people, thus realizing the option of
“connecting everything or everyone at any time at any place”.

< Enabling advanced user controlled privacy, to guarantee a proper level of protection of the
facilities offered.
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The development of the forthcoming 5G systems will be based

on an ecosystem of close cooperation
between industry, SMEs and the research community

with the aim of:

% developing innovative -but also applicable/viable- solutions;

& guaranteeing the exploitation of such in global standards &
markets;

& ensuring interoperability and economies of scale, with affordable
cost for system deployment and the end-users.
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®» The development of the 5G ecosystem involves numerous groups of industry
stakeholders, research institutions, standard developing organizations, certification
bodies and other institutions and/or legal entities.

®» |n particular, 5G-PPP is a “joint” initiative between the European Commission and
the European ICT industry, intending to further reinforce the European presence in
this field, at the global level.

®» The main objective is to design and deliver appropriate solutions, architectures,
technologies and standards for the next generation communication infrastructure.

®» Since 2015, the European Union (EU) funds several projects under the 5G-PPP
program, covering three subsequent Phases.
These projects work together to deliver the critical 5G technology building block.
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The European Policy Approach to 5G_(7/12)

Standards developing organizations (SDO)
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5G-PPP IA general objectives:

@ Conduct research and innovation work that will form the “basis” of the 5G infrastructure for the Future Internet (Fl)
for a wide range of applications from loT (Internet of Things) to very high throughput services;

@ develop the next generation of network technologies taking into account key societal challenges and their
networking requirements;

@ reinforce the European industrial capability in communication network technologies;

@ serve as a consensus-based platform for effective collaboration of players from industry, academia, research
organizations and SMEs from both the terrestrial and the satellite communities;

@ “pave the way” towards successful introduction of innovative business models based on more powerful and open
networks;

@ support the emergence of global standards;
@ help addressing non-technological barriers such as regulatory issues and spectrum availability;
@ validate technologies from a technical and business perspective through early trials and reference deployments;

@ develop skilled personnel, which is needed to research, develop and operate advanced communication networks as
well as use of new systems in vertical markets, and,;

@ provide a reliable and trustworthy communications infrastructure, which secures critical infrastructures.
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5G IA WGs & Activities

(" Pre-standardization WG

Develop a roadmap of relevant
standardization and regulatory topics

for 5G.
Evaluate existingroadmaps at
international level.
& J
- Spectrum WG N\

Identify research advancements,
establish and promote a comprehensive
and coherent view from 5G-PPP Projects
and WGs on 5G spectrum. Support the

\ 5G IA on 5G spectrum issues /
/~  Vision and Societal
Challenges WG

Identify societal, economic,
environmental, business and
technological benefits associated with

\ 5G development Y
f 5G International cooperation
Activity

Support harmonisation activities on
5G vision, requirements, concepts,
architectures and solutions in order

K to build global consensuson 5G

4
\

(" 5G-PPP Contractual
Arrangement, KPIs Activity

Assess the contribution of each
project to KPls and ensure efficient
collaboration among 5G-PPP projects

\ to reach KPIstargets J
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Trials WG

Develop the 5G Pan-EU Trials
Roadmap, expanding the work
initiated by Industry and EC inthe
context of the 5G Manifestoand of
the 5G Action Plan (SGAP).

I Security WG )

Foster development of 5G Security

(Content and Community wise) the

way itshould be for 5G to generate
the necessarytrustand confidenceto
\ release its full potential 4

/" ITU-R IMT2020 Evaluation

WG
Support ITU-R RITs evaluation process.
Perform independent evaluation of IMT-
2020RIT proposals.
Prepare complete evaluation report.
\._ Focus on 3GPP Rel i5and 16.

& Community building and

Public Relations Activity
To ensure coherence and maximum

impact of 5G-PPP through
coordinated communicationand
public relation activities on program

level.

Trials WG membership is open (approval is required).
Verticals are welcome to join the WG.

D WGs on specific Verticals
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5G-PPP Governance:
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© Time-critical process control O Grid access

© Non time-critical factory automation ® Grid backhaul

© Assets and interventions . 5G em |]0W6H ng

© Remote control © Grid backbone ¢ { management in Hospital
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communication

© Connected goods © Remote monitoring F /A pr—
O Smarter medication “_,_J
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© Ultra High Fidelity Media

® On-site Live Event Experience

© User/Machine Generated Content

© Immersive and Integrated Media

2 ! : i © Cooperative Media Production I st fun o considrnd a divers of 56 quiments
AUTOMUTIVE 'Y ‘ © Callaborative Gaming ot onstwithhigh iy and covd i e sy phes o e stk dstion s
2 © Bird's Eye View :
© Automated driving O Digitalization of Transport and Logistics
© Share My View © Information Society on the road
European Approach within the 5G-PPP Framework
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The Vision for the 5G-oriented future
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5G Development and
Validation Platform for global
Industry-specific Network
Services and Apps

= WATILDA MATILDA 55 )(CAST 3G Xcast

" Broadcast and Multicast
Communication Enablers for
Fifth Generation of Wireless

Optical networks and
technology

A holistic, innovative framewaork for the design, development
and orchestration of 5G-ready applications and network

services over sliced programmable infrastructures Network automation
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5G-PPP Projects — Phase 2

Key Achievements
5G System,
/ Performance Functional, Logical
Evolumon & Physical
Architectures
| 5G Multi-Domains 2 ., Technology
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@ Main Facility that offers Services to 1CT-19 with well defined SLAs
\J Experimentation Facility for advanced Experimentation and Testing

@ Moving Experimentation Facility Site

5G-Vinni
5G-EVE
5Genesis

Rapid response vehicle
{anvy eaciiity / socation)

SG-VINNI : https://www.Ss-vinni.eu /facility-site
SG-EVE: https://www.5z-eve eu/end-to-end-facili
SGENESIS: www.Ssenesiseu

Aveiro J

Vesselwith on-board hotspot

' 5G Infrastructure PPP Phase 3 Platforms Projects - Geographlc Cartography

Source: 5G-PPP, https://5q-ppp.eu/5g-ppp-phase-3-projects/
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5G-PPP Projects — Phase 3
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Measurement and Validation of different KPIs for a great variety
of applications, in controlled (lab) environment but also in large

scale demos.

will drive the future networked society
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Among the actual priorities of the European Commission (interactively with Member
States (MSs) and industrial stakeholders/market actors) is the voluntary
establishment of a common timetable for the launch of early 5G networks (initially
scheduled to be operational by the end of 2018) and followed by the launch of fully
commercial 5G services in Europe by the end of 2020.

According to the 5G Action Plan (5GAP), the relevant EU timetable is actually driven

by the following key objectives:

(i) Promoting preliminary trials, under the 5G-PPP arrangement to take place from
2017 onwards, and pre-commercial trials with a clear EU cross-border dimension
from 2018;

(ii) supporting of commercial launch of 5G services in at least one major city in all
MSs in 2020, and;

(iii) encouraging MSs to develop national 5G deployment roadmaps as part of the
national broadband plans, with uninterrupted coverage in all urban areas and
along main transport paths in 2025.
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2014 2015 2016 |2017 [2018 |2019 | 2020 2021 2022 | 2023 ‘ 2024
/ N Note: Draft figure under
5G Pan-EU > EU 5G Vertical Pilots (incl. s satelite Intiative for 5G Piots) > ?an::\Ilﬁlc(l)epdmiﬁrLth. ng]glp\;enr_Sé%n.Fga?:

Roadmap Version 2.0 to be
released in November 2017

Trials

Y 5G (UEFA)

EURO 2020
EC FP7 Pre-5G
EC FP7 | i - I | . I ! ¢1: Specification
EC5GPPP | 5GePPSetup | \ 5GPPP g1 | 5G PPP 92 l 5G PPP ¢3 /| ¢2: Development/Tests
= T s ¢3: Experimentation/Pilots
| Rel-14 1 | 15t Drop NR
e -
3GPP Rel-15 :
Rel-16
(]| WRC 15 WRC 19
ITU 0 Requireme ethod p | Proposals Evaluation

IMT-2020
Specifications

SDN/NFV ONF, Open Daylight, OPNFV, Open Stack..

% Winter Olympics in South Korea Note: Other Regions events under elaboration
% FIFA World Cup in Russia |

| * Summer Olympics in Japan

N
5G Networks S First Exp;riments 3 Trialsx 5G Deployment and Commerqallzatlon>

v

Pan-European Trials Roadmap

Source: 5G-PPP, https://5q-ppp.eu/
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Full alignment with current standardisation initiatives and the EU
policy

N

market

<4 wrc15 <4 Workshop < WRC-19

Pre-standard research Technical requirements and Proposal \> Evaluation and
[Vision, tech, trend, spectrum) evaluation methodology submission % specification
m‘ > Rel-13 Rel-14 \ Rel-15 Rel-16
- G > (AG Fnh ) (5G SI) (SG SI/WI) (5G Enh.)

Time plan for 5G

Source: “The 5G Infrastructure Public-Private Partnership” — NET Features 2015 — 5G PPP Vision — 25.03.2015. [Presentation by
Jean-Sebastien Bedo]. Available at: https://5g-ppp.eu/wp-content/uploads/2015/07/BEDO-25Mar2015.pdf
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Standardisation
Organisations

Business
Verticals

5G-related
Organisations

(Europe &
International)

Others

Strong Interactions with the 5G Stakeholders

Source: 5G-PPP, https://5q-ppp.eu/
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S5eee  5G PPP Target Stakeholders S5 rree)

February 2020 — Revision Stage 1

IT consulting,

IT system and network

integration, Software and

programming, 1T . . .

management of network Financing Bodies | :C.t:\-lap::c_nal, R:gl:nal_and Local Public
and software, M2M uthorities and Agencies

compenent providers,
Other equipment provider | IT providers PO"C? Standardisation
System integrators

Service enablers

Digital service providers

CEPT, EC, ECC, ECC PT1, ITU, OFCOM, WPSD; vertical
policy makers e.g_ healthcare, energy, transport
agencies

Policy Makers

3IGPP, ASTM, CEN CEMELEC, ETSI (OSM],
GUTMA, IDSA, |EEE, IET, IETFARTF,
150//IEC, ITU{-T], MulteFire, , MEF, ORAN,
organisations ™ Forum

Cloud Mative Computing Foundation,
Open Source Cloudify, E;DO, OCCI, ONAP, ONF, ONOS,
. . OpenBaton, OpenDayLight, OpenRoadh
organisations Multi-Source Agreement, Openstack,
Openvswitch, OPMNFY, OSM

makers and

Financing
Bodies

Standards
Agriculture and Farming e.g. agriculture,
and Open fiood, aguacufture (fish farms), etc.
Source Automotive e g car manufacturers, car

5G

(Mobile) Netwaork
operators, Small cells

operators, Hotspot Ind ustry"‘

Complementary

¥ ; A A technology providers, services (insurance,
prC\.-'ICIEI'E., Cloud/ ed.ge orgar“satlons driver assistance, security on content
providers, Service delivery)...

providers, OTT providers, Connedl:wny
Apps & solution providers providers

Broadcasting & Media e.g. studios,
broadcasters, content providers, satellite and
cable providers, media service providers...
CONsSUumMers e g. citizens....

Energy e.g. power companies, utilities, large
users (manufacturers, cities, data centres_..],
smart grid operators...

Factories of the Future =.g. manufacturers,
IoT technology providers, robotics_._

Health e.g. health companies/ industry,
eMmergency Senices, insurance companies,
medical research facdilities, state health
providers, private health providers, supphy
chain partners...

Public Safety e_g. police, rescus and fire
departments, emergency medical,
professionals, army, hospital, ambulance,

Device & SW, Chipset and | Technology
compenent makers, Providers
Equipment manufacturers, and
Developers, Application
Service Providers Developers

S5 PrP
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SMIEs, start-ups, spin-offs,
niche players | SMEs

Telecom: ESA, ETMNO, drone industry (e_g. u-space info providers,
Automotive: 5GAA, ERTICO FSAMN, GSMA, NGMN manufacturers, drone-based service providers,
Industry/Manufacturing: SGACIA, IIC Vertical 5G-related International: 5G UTM]...

Smart Cities e.g. city transport, smart ports,
street lighting, tourism, smart economy,
mobility, governance, living, people and
environment, venue and stadium owners/sites
{video production & distribution at
sportsfcultural and other events), drone

Health: ECHalliance, PCHAlliance
Energy: EUTC

Media: EBLU, NEM

Public Safety: ECS0, PSC Europe

Americas, 5GBrazil,
SGForum, SGMF,
ENCOOR, IMT-2020,
TsDS!
Complementary
domains: AIOTI,

Associations Organisations

industry...
BDWVA, NESSI, Transport and Logistics (rail, maritime,
Photonics21 aviation, road) e.g. air carrier companies,
\_ * SMEs and large companies are stokeholders of this category and in all its sub-groups - railway companies, road operators... _/

Source: 5G-PPP, https://5q-ppp.eu/
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Dr. loannis P. Chochliouros

Head of Fixed Network R&D Programs Section
SESAME Project Coordinator
5G ESSENCE Project Coordinator

Hellenic Telecommunications Organization S.A. (OTE)
(Member of the DT Group of Companies)

Core Network DevOps & Technology Strategy Division, Fixed & Mobile
Research and Development Department, Fixed & Mobile
Fixed Network R&D Programs Section

1, Pelika & Spartis Street
15122 Maroussi-Athens
Greece

Tel.: +30-210-6114651
Fax: +30-210-6114650
E-Mail: ichochliouros@oteresearch.gr; ic152369@ote.qr:;
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