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1 Introduction

Future European society and economy will strongly on 5G infrastructure. The impact will go far
beyond existing wireless access networks with the #or communication services, reachable
everywhere, all the time, and faster. 5G is an dppdy for the European ICT sector which is alngad
well positioned in the global R&D race. 5G techmgyés will be adopted and deployed globally in
alignment with developed and emerging markets’ aeed

The aim of this first edition of the European 5Gn&al Journal is to highlight and disseminate the
European achievements in the context of globalnessgin the 5G PPP domain. It presents an analysis
of the 5G ecosystem evolution over the past year.

1.1 Editorial

Werner Mohr, Chair of the Board, 5G PPP

The 5G Public-Private Partnership (5G PPP) withiea Horizon 2020 programme of the European
Union is the biggest research program in the wand 5G, which will be the future global
communication network. 5G will provide a common eoumication infrastructure, which will be used
for as many use cases in society and economy apalriitular vertical industry sectors as possible i
order to support interoperability, economy of scaled end-to end security for mission critical
applications. 5G research in Europe is buildingresearch projects, which started already in the
previous Framework Programme of the EU (FramewadgfRmme 7); they already paved the way
towards the vision and basic concepts of 5G. Rebker the 5G PPP has a very wide scope far
beyond classical telecommunication. The contrad®® instrument allows the close cooperation of
5G PPP projects on areas of common interest aadanes between different network entities. This is
facilitated by a Collaboration Agreement acrossoalyjoing 5G PPP projects. The current 5G PPP
vision and technical requirements are describel5& vision document, which was first published at
the Mobile World Congress 2015 in Barcelona in Ma26153.

5G PPP has established links to vertical sectdées Factories of the Future, Healthcare, Energy,
Media and Automotive. Details on such use casestecithical requirements were published in a
white paper at Mobile World Congress 2818his is an important precondition to understane t
needs and technical requirements of vertical se@nod to take this into account in system desigh an
standardisation.

In December 2013, the 5G PPP Contractual Arrangemas signed by the EU Commission, which is
representing the public side, and the 5G InfrafitirecAssociation, which is representing the private
side in the PPP. The 5G PPP Contractual Arrangenhefiies key performance indicators (KPIs),
which also measure the impact of 5G PPP on theayl6& development. The 5G Infrastructure
Association is supporting these activities by meafrdedicated working groups and activities.

Public Private Partnerships in Horizon 2020 arerided to be industry driven, to strengthen the
European economy and the impact on future glomidsirds based on research in Europe. The
Association is bringing together many differentketaolders from the manufacturing industry,
network operators, SMEs, R&D centers and univesitiin the current governance model the
Association is built on elected members by the Mei2020 European Technology Platform in order
to support criteria on openness, transparency epmesentativeness by the huge membership of more

2 Available for download atttps://5g-ppp.eu/wp-content/uploads/2015/02/5GevisBrochure-v1.pdf

3 Available for download atttps://5g-ppp.eu/wp-content/uploads/2016/02/BROCHUREPR BAT2 PL.pdf
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than 1170 member organisations in Networld202®efsectdt

Networld2020 is developing on a regular basis that&gic Research and Innovation Agenda (SRIA)
for the communication networks sector and — in eoation with the Association — also the respective
SRIA for 5G. This takes the interests of the widemmunity in the communication networks sector
and market driven requirements into account.

From that perspective, the Assaociation is représgrtnd addressing the interests of its members and
associate members as well as Networld2020’s mentberards the European Commission, other
public authorities and stakeholders. The Assoagiai® cooperating with the EU Commission to
develop the 5G work program in Horizon 2020, thtow dedicated “Partnership Board” which
discusses the work program and other activitiesoaimon interests to promote 5G PPP and its results
globally.

The overall objective of the 5G Infrastructure Agation is to promote R&D in the networks industry
in order to strengthen the networks industry in Ehgopean Union, to foster technology skills in
Europe by attracting students, and to increasectmpetitiveness of the European industry by
providing new tools and capabilities for manufaictgrin Europe. In addition, the Association is
working to mobilise the community and in particul@MEs in European collaborative research
projects. It is the facilitator of the 5G PPP reskgrogram on the private side.

In addition, the 5G Infrastructure Association &gding to address policy-oriented topics, which are
not directly related to technical issues. The dewelent of future networks also requires contrilmtin
to topics like standardisation, frequency spectrother regulatory issues, how to address vertical
sectors and international cooperation to suppertdigvelopment of globally accepted standards. The
association has already established Memoranda d@énigtanding (MoUs) with counterparts in China,
Korea, Japan and North America and signed a meitdhMoU with these counterparts for a series of
Global 5G Event$or information exchange and consensus buildingr@paration of future standards.

The 19 first call projects started on July 1, 2Gi&l are generating significant research results.
Projects are present at international conferenndsaativities and impact the global development. In
addition, the projects have established technotoignted working groups and cooperation means
across projects and are developing joint white mape

The 5G Infrastructure Association is looking ford/dor a further successful cooperation with 5G PPP
projects, the EU Commission, Networld2020 and osit@keholders globally.

4 Information on the NetWorld2020 European TechnglBtatform is available dtttp://www.networld2020.org/
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1.2 Executive summary

Future European society and economy will strongly on 5G infrastructure. The impact will go far
beyond existing wireless access networks with the for communication services, reachable
everywhere, all the time, and faster. 5G is an dppdy for the European ICT sector which is alngad
well positioned in the global R&D race. 5G techmgis will be adopted and deployed globally in
alignment with developed and emerging markets’ aeed

The aim of this first edition of the European 5Gn&al Journal is to highlight and disseminate the
European achievements in the context of globalnessyin the 5G PPP domain. It presents an analysis
of the 5G ecosystem evolution over the past year.

5G PPP: an innovative initiative to foster R&D

The 5G Infrastructure PPP is a unique opporturatytifie European ICT industry to compete on the
global market for 5G infrastructure deployment,ragien and services.

The 5G Infrastructure PPP, in short 5G PPP, idrd joitiative between the European Commission
and the European ICT industry. The Commission ¥&gting 700 million € and the industry will
leverage this investment by a factor of 5, bringimg total investment into the 5G PPP to more than
billion €, to rethink the infrastructure and to ate the next generation of communication networks
and services. The 5G PPP is aiming at securingdeisdeadership in the areas where Europe is
strong or where there is potential for creating mearkets such as smart cities, e-health, inteltigen
transport, education or entertainment & media. Bk PPP initiative will reinforce the European
industry to successfully compete on global marketd open new innovation opportunities. The 5G
PPP will deliver solutions, architectures, techgas and standards for the ubiquitous next gererati
communication infrastructures of the coming decade.

5G PPP goal is to maintain and enhance the conveei#ss of the European ICT industry and to
ensure that European society can enjoy the econangicsocietal benefits these future networks will
bring.

H2020 projects phase 1

The 5G PPP is planned to be organised in threeurghases, encompassing research (current stage),
optimisation (2016-2017) and large scale trialst@@020). It aims to deploy 5G as from 2020, which
will require before 2020 to develop a series ofugibbreaking technologies, global standards and to
agree on relevant spectrum bands. On thefluly 2015, the projects from thé& fhase of the 5G
PPP started with a joint meeting in Paris, Frandeis was a major milestone to get research
investment focused in a very coherent way on tladleringes associated with having a communications
infrastructure capable of coping with all futuremdnds by 2020. The first call for projects has
resulted in 19 projects being selected addressiighaross section of the research challengesrigad

to a 5G infrastructure by 2020. The shared befighat the vast majority of future communications
will use wireless access technologies. This pméndous requirements on these projects to find
ways to maximize the efficiency of the wireles®ifdice, optimize the use of scarce resources — such
as spectrum and energy — and dramatically incribasthroughput capability of the infrastructureeTh
5G Infrastructure will have to cope with everythifigm billions of small devices in the Internet of
Things domain to billions of heavy data consumettsaacing their lives and activities with real-time
multimedia content. The new approach must be ftdigvergent as well as there will be no arbitrary
distinction between fixed and mobile — there wih Bimply a seamless infrastructure satisfying
everyone’s communications needs in and invisible tdxally dependable, way.

Verticals
While many technical activities around 5G are segplup globally, requirements analysis of key
vertical sectors is rapidly progressing. The emeecgeand deployment of 5G technology is likely to

© 2015 - 2017 EURO-5G Consortium Parties Page 9 of 61



5G Annual Journal — July 2016 EURO-5G

trigger innovation in this industry, thus leveragsustainable societal change. There is a visioB®

to become a stakeholder driven, holistic ecosygtantechnical and business innovation integrating
networking, computing and storage resources in® mrogrammable and unified infrastructure. In
addition, thanks to real time and larger traffidwoe capabilities, 5G is expected to enable the
transport of software to the datal rather tharother way round, i.e. executing software on theaev
where the data is produced instead of sendingatdl th a centralised data centre; therefore patiag
way for new opportunities in the cloud computingrked, where European companies may gain
significant market share2. In the long run, it wibt be sufficient to explore the requirementshef t
vertical industries but also conduct a proper aialgf market trends in order to sense new, upcpmin
technology especially through companies outsideitid@strial mainstream. Potentially disruptive
technologies typically grow widely undetected bg #stablished industry but certainly have a large
potential to become drivers for significant tectmhichange and innovation3. Unanticipated 5G
features are likely to emerge from future techniglaly legal, societal and socio-economic
considerations.

Standardisation

The 5G standardisation framework will be defined2idl6. Use-cases originating from verticals
should be considered as drivers of 5G requiremfeats the onset with high priority and covered in
the early phases of the standardisation processvib@lso integrate different enabling technolagie
(e.g. mobile, fixed, satellite and optical), speotr regulatory frameworks (e.g. licensed and
unlicensed) and enabling capabilities (e.g. Interé Things — loT). The corresponding
standardisation bodies need to work closely togetineluding with key vertical sectors, with an
aligned roadmap. In the context of radio standaelgelopment, vertical use cases should be duly
considered when identifying spectrum priorities.

Timeline

Phase 1 of the 5GPPP started on J&f)y2015 and most projects will end by mid-2017. @bations
to 3GPP standardization will be important inputsimyithe three phases of the 5G Infrastructure PPP
as shown in the figure below:

| 2006 | 200 | 2008 | 2019 | 2020

ITU ’

I

3GPP
« RAN SI: CM > 6 GHz
Sl: 56 req.

| 0 wac1g

56 PPP Phase 2 projects 56 PPP Phase 3 projects
!

Sl: 56 enhancements Sl: self-evaluation

WI: 56 Phase 1 WI: 5G Phase 2 WI: 56 evolution
| 1 1
LTE evolution LTE evolution LTE evolution

LTE evolution

| 0 Rer14 0 Reis Bl Rel-16

LT\ SA1SMARTER S| SA1 SMARTER WI

1
SA2 NG Arch 8| SA1NG Arch Wl
T 1

ETSI NFV Phase 2

Figure 1: 5G PPP projects timeline
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2 Context

2.1 Challenges of the industry

In order to fulfil the promises the 5G infrastrugcan bring, there are many challenges which teeed
be overcome and that are thus being tackled bg@rPP initiative.

The most important of these challenges is of cothieerollout of the infrastructure itself, the tatg
already set for the year 2020. The real challenge lwill be to deploy a 5G communications
infrastructure which meets industry expectatiomsl #aus it must be capable of coping with all fatur
demands which are expected to be in place as weagp2020. To deal with such high demands, it
is imperative that that all technical targets ag# through expected technical innovations, desdribe
more detail at the end of this chapter. It is ndiydechnical challenges which wait, however; agoth
key challenge it to maintain price points of chigsend handsets at a reasonable level. Economies of
scale can be expected to drive prices down indhg fun, but initial prices are required to be atet
realistic levels for initial implementation of tf&5 infrastructure. Another important challengeads t
fulfil all of the unique requirements set out byetharious verticals, such as automotive, energy,
factories and e-health; such verticals containrtbein specific challenges, the details of which are
laid out in more details in the following chapters.

2.2 Ten key results and topics covered in the past year

We identified ten key topics concerning 5G develeptrin Europe during the past year, as outlined
below. We believe it is important to recognize thaspics, and to build on them going into the fatur

1) Launch of phase 1 5GPPP projects
Phase 1 of the 5GPPP projects was launched ir20dly, with a meeting in Paris.
2) Cooperation agreements / MoU (Memorandum of Undstanding)

Partnerships in Asia, Russia and North Americdugting MoU with associations such as 5G Mobile
Communications Promotion Forum Japan (5GMF), theFa®@m (South Korea), IMT-2020 (5G)
Promotion Group (China) and 5G Americas

3) First Global 5G event

The inaugural Global 5G event, took place in JubE62n China. The second event will take place in
November 2016 in Rome. A third Global 5G eventisesluled for Spring 2017 in Japan. South Korea
is expected to host th& Global G event fall 2017.

4) 5G vertical workshops

Two 5G workshops focusing verticals were organiseithe second half 2015. The first one was held
on June 18 2015 in Brussels. A second one took place in Ndem?2015. A Media and Analyst
Briefing was held in February at the MWC 2016 toneh the 5G PPP whitepaper entitled “5G
empowering Vertical Industries”.

5) World Radiocommunication Conference 2015 (WRC15)

First discussions on frequencies to be used foinb@structure took place at WRC15 in November
2015 in Geneva. Final decisions following technstaidies will be made during the next conference
in 2019.
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6) Mobile World Congress 2016 (MWC16)

A media and industry analyst briefing on the laune¢hhe 5G PPP White Paper “5G Empowering
Verticals” was held at MWC16 in February 2016, apdcial sessions were also held.

7) Standardisation

With the standardisation framework to be defined@16, workshops are being organised e.g. by
ETSI in Sophia Antipolis in May 2016.

8) Cooperation between 5GPPP projects: workshops

Various workshops took place involving the cooperabf 5GPPP projects, such as the “5G, From
Myth to Reality” workshop in April 2016, RAN desigmorkshop in December 2015.

9) Trials
Early trials of 5G communications commencing frodi@
10) Launch of phase 2 5GPPP projects

Phase 2 of the 5G PPP projects, the pre-structuningdgel, was released in March 2016, presented and
discussed at EC Info Days in Bologna (March 20¥&rsaw (May 2016) and Athens (July 2016).

2.3 Significant past milestones — timeline

As already mentioned previously, the final target to roll out commercially available 5G
communication infrastructure by 2020. To achievis tjoal, various milestones have been set, as
pictured in the table below:

Date ‘ Milestones

2014-2015| Exploratory phase to understand detadeplirements on 5G future systems and
identify most promising functional architecturesdatechnology options which will
meet the requirements. These activities will boidprevious research work in industry
and research framework programmes as well as gktialities in other regions and
standard bodies.

2015-2017 | Detailed system research and developfoerall access means, backbone and ¢ore
networks (including SDN, NFV, cloud systems, undatkd programmabl
hardware...) by taking into account economic condgitor future deployment.

¢

2016-2018 | Detailed system optimisation by takingp iaccount all identified requirements and
constraints.

Identification and analysis of frequency bands saged for all 5G communications
and final system definition and optimisation by meaf simulations, validation of
concepts and early trials. Contributions to inijadbal standardisation activities e.g.|in
3GPP. Preparation of WRC 19. Support of regulabadies for the allocation of newly
identified frequency bands for the deployment olvreystems. New frequency bands
should be available around 2020.

2017-2018 | Investigation, prototypes, technology aerand pilots of network management and
operation, cloud-based distributed computing angl déta for network operation.
Extension of pilots and trial to non ICT stakehotdt® evaluate the technical solutigns
and the impact in the real economy. Detailed statiskion process based on validated
system concepts by means of simulations and ctossat world trials.
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2018-2020 | Demonstrations, trials and scalabilitstitg of different complexity depending on
standard readiness and component availability

2020 New frequency bands available for trial nekwdeployment and initial commercia
deployment of new systems. Commercial systems ge@ot under real world
conditions with selected customers to prepare enamexploitation on global basis.

Table 1: From 5G exploration to 5G deployment

In addition to the overall milestones leading up2@20, another important aspect to consider is
standardisation. It is clearly expected that theecof the 5G standardization related to mobile
technologies will happen in the context of 3GPB, BGPP RAN, CT and SA groups. However the
5G Infrastructure PPP members will also contritot@ wide range of other standardization bodies
(IETF, ETSI, ONF, Open Daylight, OPNFV, Open Stadk.A high-level overview of the 5G
roadmap, as seen from 5G Infrastructure PPP, istéepbelow:

3 2020 2020 2022 2023 2024

2014 205 206 207 2018 20

B wreis B wci
UL Vision Evaluation
(W1-2020
maificatin:
ECFPT ECFP7Pre-56

ogeee  ( S6PPPserip ) S6PPPAee @) 5GPPPRue @) S6PPPR @)

SON/NFY

Winner Dympics in South area Hate: Other Region evets Lndar elaboration
FIFAWorld Cupin Russia Surrmer Dlympics in Japan

£ N i " P f AT
'-0- ZYEAR]- (@) 2 YEARS- Detallpd research and optimizstion (@) 2 VEARS -
\ Exploratory phase and specification o ktailed res optimization o 36 - Experimentation and frials

Figure 2: 5G roadmap

Combining the two timelines above, standardisedcb@mercial launches are expected from 2020
onwards, but some players have proclaimed comnés@daunch dates prior to this. For example,
Ericsson and TeliaSonera announced they expectiBecollaboration to begin providing services to
customers as soon as 2018, while South Korea akinlpto become the world’s first such provider
especially with the PyeongChang 2018 Winter Olym@ames in mind, and have stated that they
expect a test network running by 2017. Verizonhe tUUS have even stated that "some level of
commercial deployment” is expected to begin by 2@tith field tests to start in 2016. Elsewhere,
Japan have committed to 5G rollout in time for 2020 Olympic games, while other countries such as
Australia, China and Qatar are also eyeing 2028wasch dates.
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2.4 Major expected innovations

In order to achieve 5G expectations much innovasomecessary, not only in technology but also in
terms business models within vertical integration.

Concerning the technological innovations, thesetnallew for the use of contiguous and wide
spectrum bandwidth; flexible resource allocation aharing schemes; flexible air interfaces; new
waveforms; agile access techniques; advanced amtkirna beam-forming and beam-tracking and
MIMO techniques; new radio resource managementrighgas, to name just a few. Further, SDN
(Software Defined Network) and NFV (Network Funatidirtualization) will be at the core of this 5G
architecture and the main enabler for this requiledbility and tighter integration with infrastcture
layers. Both fronthaul and backhaul is also expgktiebe integrated into a common transport network
under an SDN-based and NFV-enabled common control.

Such 5G capabilities, backed by technological imtion, will then lead to innovation in business
models. The requirements from 5G differs greatbnfrvertical to vertical, yet higher throughput,
lower energy and lower latency are traffic profisich can help the digitalisation and beyond of an
vertical. Examples of such innovations in verticals laid out later in this document.
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3 H2020 5G projects

3.1 5G Norma

5G NORMA: A NOvel Radio Multiservice adaptive netwak Architecture for the 5G era based
on Network Slicing

5G NORMA is an EU-funded project within the 5G PiR@ative with focus on adaptive and future-
proof 5G mobile network architecture. In the follagy, some initial considerations on 5G NORMA's
architecture framework are presented.

Mobile networks are becoming an important enalbettie ongoing digitization of business and daily
life enabling the transition towards a connectetietp. The increasing adoption of smartphones and
tablets is driving the use of high volume consus®wices such as video streaming, resulting irse fa
growth of mobile broadband traffic. In parallelygees in high priority areas for our society swh
education, health, and government, as well as catrtbusiness areas such as smart grids,
transportation, and automation increasingly relyaomobile communication infrastructure. In these
areas, autonomously communicating devices will aasingly create mobile traffic, but with
significantly different characteristics from todagfominant human-to-human traffic. Hence, future 5G
networks have to combine high performance withstingport for business-specific functionality.

A new 5G radio interface will be only one elemehaiaolution. 5G NORMA is going to propose an
end-to-end architecture based on network slicingtwdrk slices are mutually isolated, dedicated
networks designed along business-specific funclitgndemands. Executing multiple such slices on a
common infra-structure yields a multi-service andltitenancy architecture that will allow for
optimising resource utilisation and exploiting ecomes of scale.
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~ Mobile Network Multi-tenancy to
~ N

support on-demand allocation of RAN and

~

CN resources in a fully multi-tenant

contro"er environment
2 R\ [
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* \
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{ of network ions to N

‘,—; support a variety of services and

/ P e ing QoE/QoS req

Vehicular m
N
! N 3
Tactile +
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DCN c-plane
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Figure 3: Multi-service and multi-tenancy architers

The key ideas behind 5G NORMA's architecture fonieging high degree of flexibility are (i) to
decompose the mobile network functions (includirggess and core functions) and adaptively
allocating them to the access network or a cemi@ld, and (ii) to control this allocation by a
Software-Defined Network Controller based on serndemands and resource availability. This leads
to an architectural concept where the functionadigecuted in the cloud is designed following a
software-defined approach: It relies on well-definprogrammable’ interfaces towards radio access
node that allow for flexibly adapting the mobilenwerk behaviour.
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The design of the 5G NORMA architecture is accomgzhrby a socio-economic analysis of the
benefits of 5G NORMA innovations to determine tfaue both to the telecommunication industry
and to the society. The result of this work willabie 5G NORMA to identify the relative value of
each planned 5G NORMA innovation, and to direct tekehnical work to focus on the innovations
with the highest potential for creating additiomalue.

© 2015 - 2017 EURO-5G Consortium Parties Page 16 of 61



5G Annual Journal — July 2016 EURO-5G

3.2 METIS-II

METIS-II develops the overall 5G radio access nekwaesign and provides the technical enablers
needed for an efficient integration and use ofwheous 5G technologies and components currently
developed. The innovation pillars that allows METISo achieve this goal are: a holistic spectrum
management architecture addressing the spectrunctgran air interface harmonization framework
enabling an efficient integration of new and legady interfaces, an agile Resource Management
(RM) framework providing the dynamics required fficiently adapt and utilize the integrated 5G air
interfaces and radio concepts according to theimgriraffic demand and service requirements, a
cross-layer and cross-air-interface system accedsnaobility framework ensuring an ubiquitous
access continuum, and a common control and usee dlamework providing the means for an
efficient support of the broad versatility of sees expected for 5G as well as a future-proof astt c
efficient implementation of the 5G integration.

In the first phase of its activity, METIS-Il hasreddy reached some consensus and achieved some
important milestones. It has described the keyireqents on the 5G RAN architecture that have
been identified and derived from the diverse serdnd use case needs, and explicitly elaborated on
the requirements posed by the notion of Networlkiigli in 5G. On spectrum topics, METIS-II
considers that the 5G system will build upon a afespectrum usage forms such as the use of
dedicated licensed spectrum, horizontal sharindpasfds with differentiation according to limited
spectrum pools, mutual renting and unlicensed aseyell as vertical sharing of bands. Due to this
wide range of spectrum usage forms, and also a ramge of bands from 0—100 GHz and the required
service diversity, METIS-II envisions the overa &ir interface (Al) to comprise multiple so-called
air interface variants (AlVs), including the evoart of existing radio such as Long Term Evolution
Advanced (LTE-A) and novel AlVs introduced in 5Ghiesh may be tailored towards specific bands,
cell types or services.

A key question regarding the overall RAN designtas which extent different AlVs can be
harmonized towards a single Al protocol stack dpetion in order to reduce implementation and
standards complexity and improve cost-efficiency devices having to implement multiple AlVs.
Finally, METIS-II is considering various changesti@ compared to legacy systems that will impact
the design of system access and mobility manageprenedures. For instance, the introduction of a
novel RRC “Connected Inactive” state is being diseudl.

In the first phase of its activity, METIS-II hasreddy described the key requirements posed by the
diverse service and use case needs on the 5G Rethtemture, and explicitly elaborated on the
requirements posed by the notion of Network Sliam$G. The requirements have been identified
and derived from the diverse service and use cesdsn The project has also published a white paper
stating the early consensus reached among theepautn key 5G RAN design aspects outlining the
important design questions for the RAN and iniéiatwers to these questions.

A further distinctive feature of the project is thealization of a visualization platform where the
innovations studied in the different Work Package®l also in other 5G PPP projects) are represented
in an interactive way. A first version of the ptath was shown in the EU booth at MWC16. An
example of such visualization capabilities is giueithe figure below.
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SPEED x 1.000 ee—

Figure 4: METIS-II Visualisation Platform
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3.3 5G-Crosshaul

The goal of the 5G-Crosshaul project is to desi§aransport network solution that can address the
anticipated challenges of cost, efficiency and audity. Such solution envisions a seamless
integration of existing and emerging fronthaul &adkhaul technologies into a converged SDN/NFV-
based framework capable of supporting 5G systehitaotures and performance requirements.

The architecture framework targeted by the 5G-Cragk project (cf. Figure 5) aligns with the
architecture in ETSI NFV ISG and embraces the SBNcept with 1) decoupled data and control
planes, 2) logically centralized control and 3) @syre of abstract resources and state to appinsatio
The SDN framework considered aligns with open-seymjects ONOS and OpenDayLight. Data
switching for fronthaul and backhaul traffic is parily packet-based through the Crosshaul packet
forwarding elements (XPFE), but for some partictitanthaul traffic requiring extremely low latency
circuit-switching is provided through Crosshaul dbit Switching Elements (XCSE). The 5G-
Crosshaul project also advances in the definitiwh iategration of link layer technologies, capadile
accommodating the bandwidth requirements of 5G.

Multi-tenancy App Eneray Mamt. Appll CON App l Mobility App lBroadcasting App

5G Crosshaul
NEV MANO
orchestrator (Xcry
VNF Manager(s) |

Virtual Infrastructure
Manager (VIM)

v v

SDN ctrl Storage ctrl Computing ctrl
g g g

Legacy ctrl
(e.g. MPLS/GMPLS)

< Non-XFE/XPU Crosshaul Crosshaul
Network Crosshaul Nodes Forwarding Processor
Core (switch, BBU, mmwave... Element (XFE) Unit (XPU)

INFVI/ VNFs ! 2 Y
Virtualization layer | | T
rdware

Access Nodes
(RRH, BS, ...)

Non-Crosshaul interface
Crosshaulinterface

External interface PHY / Link layer PHY / Link layer

Figure 5: Architecture of 5G-Crosshaul

Applications running on top of the Crosshaul Cohinérastructure (XCI) are also being developed,
with focus on aspects related to network re-coméiian, energy efficiency, media distribution, and
mobility management. Examples of these applicatiméude: 1) Resource Manager Application
(RMA) for dynamic network reconfiguration, 2) Engriylanagement and Monitoring Application
(EMMA) for optimisation of energy consumption byti@ating and deactivating network elements
depending on the context, 3) CDN Management Apptina(CDNMA) and the TV Broadcasting
Application (TVBA) for media distribution, and 4) ability Management Application (MMA) for
mobility management optimization even in the mdstlienging scenarios (e.g. high-speed trains).

The validation of the project design will be thrbugroof of concept components integrated together
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and demonstrated in four testbeds in Berlin, Bartal 5TONIC/Madrid, and Taiwan, respectively.
Together, all trials will be carried out to verifiye accomplishment of the required Key Performance
Indicators (KPIs), as well as the challenging otiyes described in the proposal.

3.4 5G-XHaul

To meet the requirements of next generation mobéavorks, several radio access technologies
(RATSs), such as millimetre wave communications, shas MIMO, etc., are being proposed. For
supporting these RATs with different degrees oftredisation, as well as novel use cases at a
reasonable cost, a more flexible, dynamically gpntable transport network is required. Centralized
radio access network (RAN) architectures, such @AM, are considered instrumental to fully
exploit the capabilities of future 5G RANs. HowevedRAN centralisation imposes stringent
requirements on the transport network. To relasehequirements, the approach of evaluating the so-
called functional split (c.f. 6) is currently plag a key role. The design of 5G faces the challeige
finding the optimal balance between the RAN gaipigimed through centralized architectures, and the
associated costs of the transport network. As altres single transport network must be able to
simultaneously service multiple RAN implementatiois 5G-XHaul, we have investigated 5G
transport network capacity provisioning based cal-weorld 4G traffic traces and their projected
values for 5G urban scenarios (Figure 7a). Ouryarsl for three 5G representative RATs (more
details in 0[2]), shows that the combination ofisdition-dependent functional splits and statistica
multiplexing, can reduce aggregated transportitraff up to two orders of magnitude when compared
to today’s CPRI-based networks (c.f. Figure 7bpniithis study, and in order to enable the required
degree of flexibility while keeping the network nageable, we propose in Table 2 an initial set of
four transport classes. Building on these prinaip&G-XHaul proposes a converged, packet-based,
and SDN-enabled transport network that is a keplendor future 5G services.
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Figure 6: Functional Split Options Figure 7: a) Measured MCS distribution and

maximum and average resource utilisation
b)Provisioned transport capacity versus
number of cells
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Use case Transport Synchronization Typical data
latency rate
(round trip) per access
point
TC O | Synchronization Very low Enabler 10 Mbps
variance
TC1 | Split AFH traffic <200 us Synchronous, time aligned 100 Gbps
Split B FH traffic without relaxed
HARQ

Tactile user traffic
Failover signaling
SDN in-band control signaling
TC 2 | Split B traffic with relaxed HARQ | <2 ms Synchronous, time aligned 50 Gbhps

Split C traffic with coordinated
beamforming

Relaxed tactile user traffic

TC 3| Split C traffic without coordinated < 20 ms Asynchronous, not timel0 Gbps
beamforming aligned
Conventional BH/ fixed access
traffic

Control signaling

Table 2: Basic transport classes for a packet-bamsdl SDN-enabled transport network.

[1] J. Bartelt et al., "The Impact of 5G Radio AsseTechnologies on a Converged Fronthaul and
Backhaul Network,” submitted to IEEE Comm. Magazifeb. 2016.

[2] 5G-XHaul Project, Deliverable D2.1 "Requireme8pecification and KPIs Document”, submitted
on March 1 2016.
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3.5 5G-ENSURE

5G Enablers for Network & System Security & Resili@ce

The 5G-ENSURE projecthitp://www.5gensure.eubrings to the 5G PPP a consortium of telecom
and network operators, IT providers and cyber sgcakperts addressing priorities for security and
resilience. The overall goal of the 5G-ENSURE projés to deliver strategic impact across
technology, business enablement and standardisagioralising a vision for a secure, resilient and
viable 5G network. To achieve this overall ambitsonumber of specific objectives are targeted:

» 5G Security Architecture to expand the mobile estmy & enable entirely new business
opportunities.

* An initial set of non-intrusive security enableos the core of the 5G Reference Architecture.
» 5G Security test bed to demonstrate the securéplers.

« Contributions to standards bodies with a focusGRB and ETSI.

The general framework defining 5G-ENSURE and italgiés shown in Figure 8.

Management/Usability Trust & Privacy
Make security solution usable, Ensure all user and stakeoholders feel
extensible/scalable and not intrusive comfortable with 5G services

el Security Enablers A
l Technical solution for infrastructure and services ‘

(assurance, protection, detection..)

Security Architecture Foundations

Standards

Regulation Legislation

Figure 8: The pillars of 5G-ENSURE

In order to pave the way for security architectdedinition and implementable enablers, the first
technical studies have focused on use cases andtg@nablers’ road map.

As the basis for all other research activitiesG¥BENSURE, 31 use cases have been defined [1] (with
others expected from the 5G PPP Working groups sdaddards bodies) to improve security and
privacy & implement new 5G functionalities acrossale variety of deployments: 10T, SDN &
virtualisation, ultra-reliable and standalone opers. The use cases can be clustered into: 1)
Identities, Authentication, Authorisation and Pdya2) Software Defined Networks, Virtualisation
and Monitoring; 3) Availability, Reliability and tegrity and 4) Lawful Interception.

The security enablers represent the major secbutiding blocks for the 5G system. The initial
enablers’ road map identifies the following classé€nablers: AAA (Support for 0T and satellite
systems; Trust and liability levels), Privacy (leased assurance and confidence), Security Morgtorin
(Security by operation), Trust (Trustworthy dynansiG multi-stakeholder system with new trust
models) and Network Management & Virtualisationlasion (Mitigating security threats in SDN).
For each 5G-ENSURE security enabler, an open s$patbifn will be published and for most of the
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enablers also a software release will be providdte first set of implemented enablers will be
validated in the test bed already by the end 2016.

Standardisation is a common theme running throdgtEBISURE, with many of the partners already
contributing to relevant standards and securityifcEtion schemes to generate confidence and trust
in future networks. Specifically, the 3GPP studymton Next generation/5G security will be one of
the main goals for standardisation activities dy2016.

[1] 5G-ENSURE, "D2.1 Use cases,” 2016. [Online]. vaflable:
http://www.5gensure.eu/sites/default/files/Delivees/5SG-ENSURE_D2.1-UseCases.pdf

[2] 5G-ENSURE, "D3.1 5G-PPP Security enablers roadp (early vision),” 2016. [Online].
Available: http://www.5gensure.eu/sites/default/files/Delivdes/5SG-ENSURE_D3.1-5G-
PPPSecurityEnablersTechnicalRoadmap_early visibn.pd
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3.6 CHARISMA-5G

CHARISMA: Hierarchical architecture for 5G open access networks

CHARISMA'’s objective is the development of an optess, converged 5G network architecture,
based on virtualised slicing of network resourcespaked to different service providers (SPs),
supporting network intelligence distributed out svds end-users. Such an approach offers a means to
achieve important 5G key performance indicatorsi¢iKPelated to low latency, high and scalable
bandwidths, energy efficiency and virtualised sigufv-security). CHARISMA integrates such
diverse technologies into a single architecturdnaitendant software-defined networking (SDN) and
network functions virtualisation (NFV) amongst atlportant technology trends. This architecture
presents key technology challenges, while makisgds such as security, energy efficiency, and
scalability ever more critical.

A key architectural innovation of CHARISMA is thal@ption of a hierarchical approach, with
intermediate active nodes between the central efficO) and end-users (Figure 10). Each node
corresponds to a CHARISMA Aggregation Level (CAb)a hierarchy of levels. The CHARISMA
architecture includes 4 levels of aggregation (QAf®m the Customer Premises Equipment (CPE)
at CALO (degenerating if necessary to User Equigniék)) to the Optical Line Termination (OLT)

at CAL3. Intermediate CALs host the (micro-, macete.) Base Stations (BS). Each active node has
its own scalable intelligent management unit (IMi¢yforming data storage/caching, data processing
and routing functionalities. The IMU models compgtiand storage resources that are either spare
within the access network nodes (e.g., BSs), aodiiced with commercial off-the-shelf (COTS)
servers. Overall, the CHARISMA architecture is muunbre distributed in nature, as compared to
more centralized 5G architectures, and followingent trends for more distributed C-RAN.

The CHARISMA control and management is based onamagckd virtualization techniques and
software-defined network (SDN) programmability toaximize efficient utilization of network
resources, achieve quicker operational/functionadiifications, and manage the network over a faster
service provisioning time cycle. The designed dedhiural framework is aligned with the reference
points proposed by the ETSI NFV MANO WG for the ragement and orchestration of the VNFs and
provides control, management and services orchiestran top of the open access network (Figure 2).
The main functionalities to be implemented will baulti-tenancy, network slicing, end-to-end
virtualised security, VNF orchestration, servidedi/cle management, content caching, hierarchical
routing and data-path offloading in smart NIC.

CAL: CHARISMA Aggregation Level IMU: Intelligent Management Unit  FSO: Free Space Optics
OFDM-PON: Orthogonal Frequency
Division Multiplexing Passive Optical Network

CAL2

CAL3 CAL1 CALO
E.g. Eg. ) . E.g. E.g.
CO: Central Office Mac.ro-Bs. Base Station WUBS: Micro Base Station ~ HGW: Home (or Hub)
DC: Data Centre ARN: Acpve Remote Node SC: Small Cell Gateway
uDC: Micro Data Centre
IMU IMU IMU IMU
_router, _router, _router, [router,
mwi'Jcache muﬁchache s«\"‘ﬂ)cache s“‘"‘ﬂl’cache
l l [ 1
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Figure 9: CHARISMA hierarchical architecture
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Figure 10: CHARISMA control and management plane
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3.7 mMmMAGIC

The mmMAGIC project first public deliverable (D1.bjh use cases, KPIs and suitable frequency
bandswas released in November 2015, stressing some d&&y5& use cases and services with the
potential of changing societal life and opening rmginess perspectives. Some use cases leverage on
entertainment, organisation of data and connegtitot provide immersive 5G experience, cloud
service, media on demand or moving hotspots.

Chanel Measurement and Modelling In support of accelerated 5G standardisationvidess,
mmMAGIC has unleashed its highly ambitious measergncampaigns across 5 European countries
aiming at developing a unified channel model fa fitequencies in the 6-100 GHz range. Along those
campaigns, mmMAGIC's initial channel model was asked in March 2016 with deliverable (D2.1) in
line with the 3GPP-3D channel model methodologyerelithe QuaDRiGa channel generator was used
as the reference implementation.

fchannel Measurements and\ ﬁ del Development and Refi \ / Implementation \
Simulations

Frequency Large 4
; extension (up bandwidth
Propagation Frequenc
SH ; . v to 100 GHz) support 4
scenarios bands ‘ ’
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100 GHz temporal .
consistency qn upcgmlng measurement and
simulation results

Figure 11: Propagation scenarios, frequency bandd ehannel model development

Q

RAN Functions and Architecture Integration: Initial concepts on mm-wave 5G architecture and
system integration were published in deliverabl8.{pin March 2016, to enable an enhanced future
5G RAN. Here the focus was on the upcoming cha#ierand related solutions, mainly from the RAN
architecture perspective. In particular, to providghly efficient mobility management and to lirtie
core network signalling, solutions for mm-wave agllstering and also utilising lower-bands support
were proposed.
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Figure 12: mmwave system with low band supportyéag specific control or system information
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Radio Interface and Multi-Antenna Multi-Node Design mmMAGIC proposed a number of
waveform candidates that were initially evaluatedoading to the KPIs identified as relevant by the
project. A high-level comparison between such cdatgis was made. The general principles of
numerology/frame structure design were identifi@tlpwed by several concrete preliminary design
examples taking into account the mm-wave specéguirements. Furthermore, the initial concepts
and proposed solutions on multi-antenna and molfientransceiver schemes in mm-wave spectrum
were also provided as part of deliverable (D5.1March 2016. Another important contribution is the
modelling of the hardware impairments in mm-wawansceivers and the analysis of their impact on
system performance.
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3.8 VirtuWind

Virtual and programmable industrial network profydeployed in operation@ind park
3.8.1 Abstract

Green, renewable Energy is fundamental to Eurogeawnth. A large portion of this will come from

wind energy. Reducing the production costs of WHmrgy will accelerate this technology and its
adoption. VirtuWind proposes innovative applicatioh Software-Defined Networking (SDN) and
Network Functions Virtualization (NFV) in wind pakThis will reduceing capital invest (CAPEX) in
turbine control components and will reduceing openal & Maintenance (OPEX) costs over the
lifetime of the turbines.

The EU-H2020 project Virtuwind will demonstrate thechnical and economic benefits of
introducing SDN and NFV technologies which are corduture 5G networks for the wind energy
industry. VirtuwWind solution aims at network progmaability, re-configurability and multi-tenant
capability with an open, modular and secure cornitrfshstructure to be deployed in an operational
windpark.

3.8.2 Project objectives:

Following are the 5 key objectives of VirtuWinddepicted in Figure 1:

1. Realize industrial-grade Quality of Service (&8 intra-domain SDN solutiorVirtuwind aims
to extend SDN and NFV with industrial-grade QoS atalities and to validate the intra-domain
solution through prototyping and lab testing.

2. Guarantee inter-domain QoS for SDN based mukirator ecosystenVirtuwind will develop
mechanisms that allow access to SDN-enabled netwofilastructure in different operator
environments to enforce a QoS path through mubrajer domains.

3. Reduce time and cost for service provisioning aatwork maintenance&/irtuWind will specify
and develop a suitable SDN northbound interfacewatly applications to easily request
communication services. Centralized control systemasSDN will take much less time to install,
commission and maintain. This will bring programiiligbto the industrial network, thus increasing
the velocity of service provisioning and reconfigtion.

4. Assure security-by-design for the SDN and NFRySystem Introducing concepts like SDN and
NFV for critical infrastructures requires carefaol/estigation of the new security risks, as newatse

may arise which never before existed in legacyesgyst VirtuwWind will establish a comprehensive
threat and risk framework for industry-grade SDNnwegks.

5. Field trial of intra- and inter-domain SDN andFM prototype The developed SDN and NFV
solution will be set up and demonstrated at a ftell in the "Floe" windpark located in Brande,
Denmark.

© 2015 - 2017 EURO-5G Consortium Parties Page 28 of 61



5G Annual Journal — July 2016 EURO-5G
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Figure 13: Windpark network as representative iridasnetwork
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Figure 14: VirtuWind proposed solution

The wind power industry has been selected as @&seprtative example of industrial networks with
strict performance, security, and reliability ragments (Figure 13). As such, the corresponding
solutions for VirtuWind will be applicable to othardustries such as automotive, smart grid, as well
as to the mission critical applications of the ngemeration mobile networks, i.e., 5G networks.

3.8.3 Project timeline and results so far

Virtuwind started in July 2015 and will run for 36ionths. Focus in year one is on the requirements
analysis and the architecture design. In year implementation of required functionalities and medu
will start, and lab testing of the prototypes vefisure to meet the project objectives. In yeawethte
project will work on setting up and conducting fied trials of three scenarios in a real wind park
Denmark. Evaluation of the field trials and projexsults will be available in late June 2018.
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In the first ten project months, VirtuWind achievesults in terms of requirements collection ad wel
as architecture design.

Requirements collection was not only based on egitins in wind power industry and the envisaged
trial scenarios. VirtuWind consortium partners istigated twelve use cases from different industrial
domains, such as energy, smart grids, telecommtionsa security, critical infrastructures, trandpor
and emergencies, and wide area communication netwand collected requirements for using SDN
and NFV based networks in these domains. Colleggqdirements were consolidated and mapped to
the VirtuWind use case. The results of the use aaadysis and the requirements were documented in
the first technical project deliverable in projeebnth three and form the basis for future VirtuWind
work.

Before creating the high level architecture a diediannalysis of the requirements from previous
deliverable was done and validation against thetuWind demonstration scenarios ensured
completeness of collected requirements.

VirtuwWind’'s work on the architecture design is motly based on the project internal requirements
analysis, but takes also into account inputs frioenarchitecture definitions of ONF and ETSI NFV in
order to be compliant with existing design paradigm

Currently Virtuwind is starting the detailed defions of functionalities and interfaces and wilbso
start implementation. In autumn 2016 the final Mikind architecture will be released.
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3.9 SONATA

SONATA: Agile Service Development and Orchestrationin 5G Virtualised Networks

Software Defined Networking (SDN) and Network FumetVirtualization (NFV) are emerging as
major transformational technologies towards Sofemsietworks, evolving the telecom sector with
new network capabilities and business opportuni®3NATA addresses the significant challenges
associated with both the development and deployroénbhe complex services envisioned for 5G
networks and empowered by these technologies.

SONATA is developing a NFV framework that providesprogramming model and development
toolchain for virtualized services, fully integrdtaith a DevOps-enabled NFV service management
and orchestration platform (NFV MANO). The devetgpresults include:

* Programming model and SDK to facilitate networkvgsx development for third-party
developers.

» Service platform with modular NFV orchestratiomfi@vork (NFVO) for network operators.

+ DevOps model for software networks that integrétese stakeholders together for an agile
service lifecycle.

SONATA SDK SONATA Service Platform
§ NFVO (Network Service Management) VNFM+ (VNF Management & Control)
Packaging Tool £ ” = "
8 i H 1 E
Debugging & Testing £ 4 = S 5 i B
Tools 8 { } E E 5 4 B
o . 212 2 <l s
Monitoring Data Analysis = I Message Broker I I Message Broker | B | Message Broker | [ Message Broker | & B
Tools B K 4 K
H E H H E
Catalogue Access S S =
Gk-cat >3
Pril I i
ooy <
t —
P
i Infrastructure Abstraction Infrastructure Adaptor
Public Catalogues A—— [
la-vi

Service Users

Figure 15: SONATA NFV Service Platform and SDK Aeclture

The NFV MANO landscape is growing greatly, with igwannounced commercial and open source
solutions developing in late 2015 and early 20T#e full transformation to Software Networks by

operators is a grand undertaking, and far from idiate. Operator SDN/NFV roadmaps are long-
term, working now in proof of concept trials witendors as they look to integrate with OSS, andl firs
incremental NFV adoption on their networks. NFV M@Nsolutions and facilitated network service

development are recognized as a foreseen need WR¥nbecomes state of the art and deployed
heavily in production.

© 2015 - 2017 EURO-5G Consortium Parties Page 31 of 61



5G Annual Journal — July 2016 EURO-5G

SONATA is including the following features and irvabion beyond the ETSI-specified NFV resource
and service orchestration (NFVO) and Virtual NetwbBunction Management (VNFM) of the MANO
layer:

Modular and Customisable MANO Plug-in Architecture:

e Providing NFV MANO flexibility to network operatorswith customisable platform
functionality and ability to add new features viagins

« Empowering operators and third-party service depai® with control over specific
orchestration and management functionalities pdrtgi to their own service, through
function- and service-specific managers (“FSM/SSiMarchitecture)

+ Advanced conflict resolution for resource allocatiotroduces auction-based mechanism to
establish priorities among services

Interoperable and Vendor Agnostic Framework:
e Multi-VIM, multi-vendor, multi-site support
* Underlying ETSI-based architecture and compliance

» SDN/NFV integration and for better interoperabiligtween NFV MANO layer and SDN
controller

Efficient Network Service Development and DevOps:

« Providing service developers with a SDK for effitiereation, deployment and management
of VNF-based network services on the platform

* Unique NFV DevOps workflow and platform/SDK suppdwidges collaboration between
operators and service developers

5G Slicing and Recursion Support:

« Slicing support delivers performance isolation ardpoke network configuration for industry
verticals foreseen in 5G networks

« Recursion support allows stacked tenant and whelelggloyments in new software networks
business models

SONATA is a highly collaborative effort, with 15 mbaers representing telecom operators,
manufacturers, system integrators, service prosjd&ME developers, research institutes and
universities. The project is preparing its firsegmsource release for this summer 2016.

In the meantime, please vigitvw.sonata-nfv.euand Twitter @sonataNFV for more information, our
uses cases and architecture deliverables.
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3.10 Fantastic 5G

Flexible air interface for scalable service deljveithin wireless communication networks of tH& 5
generation (FANTASTIC-5G)

Frank Schaich (Nokia-Bell Labs), Salah El Ayoubird@ge), Berna Sayrac (Orange), Martin Shubert
(Huawei ERC), Hao Lin (Orange), Klaus Pedersen (&ldBell Labs), Musbah Shaat (CTTC),
Gerhard Wunder (HHI)

3.10.1 Our ambition: A flexible 5G air interface for efficient service coexistence

While 5G networks are expected to offer extremeghtuser throughputs and to extend the mobile
network coverage to almost everywhere on Eartly, éine especially awaited on another challenging
front; that of Machine Type Communications. Fronis tperspective, 5G is expected to mark a
disruptive change with respect to previous genamati covering the needs of the Internet of Things
and of vertical industries. In addition tdobile BroadBand (MBB) and Broadcast/Multicast
Services (BMS) 5G has thus to meet the requirements of thevidlig “new” core services:

e Massive Machine Communications (MMC), where a massive amount of
sensors/meters/actuators are deployed anywherbeirlandscape and need to access the
wireless network, sending in most of the casesivelst small packets per connection,

» Mission Critical Communications (MCC), where messages need to be transmitted between
machines with very low delays, very high relialyiénd/or very high availability.

* Vehicle-to-vehicle and vehicle-to-infrastructure cenmunications (V2X), with typical
examples from road safety combining V2X with MCQdainfotainment which is the
combination of V2X with BMS and/or MBB.

FANTASTIC-5G’s ambition is to develop a single aiterface for 5G on spectrum bands below 6
GHZ. Our air interface is intended to be flexiblersatile, scalable and efficient in order to addre
the requirements of all these above-mentioned cesyvi

3.10.2 The road towards the 5G flexible air interface

FANTASTIC-5G  evaluates the technica soron | spron  spron  spron | soros

B MMC MCC BMS Vax

components and then integrates them within o m

single air interface. The design starts by the <¢;
! )

called Service Integrated Drivers (SIDs), each
them tailored towards one of the 5 core servici g¢
SIDs constitute a structure connecting tt
different tasks of the Project, and their design ’
optimized onboth link and system levels Once
individual SIDs are optimized, they will be
harmonized in the “Overall SID” which will
adapt the optimal link and system leve.
components to service co-existence, withouFigure 16: Fantastic 5G Service Integrated Drivers
having an overly complicated system.
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3.10.3  First project results

Nine months after the project launch, the overalirdgerface picture is getting clearer. On theklin
level, the landscape of waveform proposals andhahoel coding techniques has been thoroughly
analyzed, and the pros and cons of the differelitiens with respect to the different services are
identified. On the system level, enhanced MIMO teghes, efficient Radio Resource Management
(RRM) and scalable channel access protocols hage Heveloped and optimized for the different
services.

FANTASTIC-5G started working on the selection amtiegration of these technical components
within the overall air interface and on their exalan by the means of system level simulations and
hardware demonstrators. “Fantastic” challengesyarg ahead...

3.11 Flex5Gware

It is expected that 5G devices will have to copthwai heterogeneous environment, which includes the
support of multiple RATs and operational modes naggfrom device-to-device (D2D)
communications to mmWave technologies, and even by area networks (wearable devices). In
addition, a very important aspect related to 5Giasvis that they are expected to integrate and
interact with a multiplicity of sensors (e.g., teolated to location and positioning, environmenta
conditions, image processing etc.). In this contddex5Gware researchers participated in the
Microsoft indoor localization competition at IEEEIM IPSN 2016 in the category of positioning
solutions based on commercial devices. An averager ®f 3.17 m was achieved in a very
challenging environment for radio propagation witietal structures and two floors. This kind of
indoor positioning solutions in 5G platforms willrqvide additional context awareness to the
communication and the deployed RAT, allowing immments in the efficiency of existing services
and in the allocation of network resources, ang tprbvide better user-centric and personalized
services.

A similar heterogeneous situation to that of 5Gickew is also valid for 5G network elements. Since
cost and flexibility of deployment will be key facs, a shift toward SW-based implementations and
virtualization technologies will be required. InishSW domain, FlexSGware researchers have
proposed a context-aware, cognitive and dynamic $W/partitioning algorithm for 5G network
elements. This algorithm exploits knowledge (eigdjrtion of a hotspot) derived by network and
sensor measurements and decides upon the HW orx8utsn of functions in order to fulfil and
maintain the application goals. The algorithm le&dshigh flexibility, performance and energy
efficiency.

In the HW domain of network elements, FlexsGwareagch focuses on incorporating solutions for
increased operating bandwidth, multiband functibiesl and key component implementation for
mmWave transceivers, which will enable the effitiatilization of spectral resources at frequencies
below 6 GHz and also at mmWave ranges. In particii@x5Gware researchers have proposed an
architecture design for the transceiver of mediamge base stations that supports three radio bands
together with a design of a multiband (6x20 MHzrieasrconfiguration) high-power amplifier with an
output power of 53 dBm. The presented three-baartbtreiver solution considers radio bands defined
for mobile communication (E-UTRA band 7 and 38 & &@Hz and band 22 and 42 at 3.5 GHz) and
one band between 2.7 and 2.9 GHz, which is in dsoun to become available during the next years.

Another important aspect related to the HW domainetwork elements for mmWave ranges is the
on-chip frequency generation via a local oscill{tdD), which is a key part of all high performance
transceivers. The quality of the LO signal provitlesdamental limitations to the achievable datagat
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and receiver selectivity. In the Flex5Gware prqgjét GHz voltage-controlled oscillators (VCO) have
been designed in 28 nm SOl CMOS, fabricated andsuned to evaluate their performance. In
particular, the fabricated VCO shows superior penBnce with respect to the state of the art in sgerm
of power consumption (3.15 mW), phase noise (-181B&Hz) and device footprint (0.016 mm2).

Other relevant hardware improvements for netwoekneints that are being researched in Flex5Gware
are active envelope tracking and PA pre-distorf@rwideband power amplifiers, and the addition of
new features and capabilities that are not yetparational use, such as full duplex operation or
implementations of massive MIMO technologies.
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4 5G Initiatives

The European Commission strongly supports Intesnati cooperation and seeks for a global

consensus on 5G for the development of globallyepier standards and spectrum requirements.
Agreements have already been signed with all regiorthe world. In 2015, the 5G Infrastructure

Public Private Partnership, 5G PPP, establisheth@ahips with similar 5G programs outside

Europe.

e Early March 2015, a MoU was signed between 5G PR &G Americas
(www.4gamericas.org/en/Both organisations will share information on B@hcepts and on
spectrum.

e Also in March 2015, the 5G PPP and the 5GMifa(//5gmf.jp/eny signed a Memorandum of
Understanding (MoU) for 5G in which both organigas stated they will collaborate in road
mapping and developing 5G.

* At the end of September 2015, the 5G PPP and IMB2(BGG) Promotion Group
(http://www.imt-2020.cn/en/in China signed a MoU.

¢ In October 2015, 5G Americas, (Americas), ThehF@#eneration Mobile Communications
Promotion Forum (5GMF) (Japan), 5G Forum (Repuldfc Korea), IMT-2020 (5G)
Promotion Group (non-profit organization, Chinadabhe 5G Infrastructure Association —
Public Private Partnership (5G PPP) (Europe), edtémto a MoU for the organization of
“Global 5G Eventstwice a year.

« In February 2016, the EU and Brazil signed a jdettlaration at the Mobile World Congress
in Barcelona. They committed to developing globefidtion of 5G and to identifying the
services which should be the first delivered byrisBwvorks. The two partners will also work
to define common standards in order to have a géroposition on the global stage. They will
cooperate in identifying the most promising radieqgfiencies to meet the additional spectrum
requirements for 5G, especially in the frameworktlod International Telecommunication
Union (ITU). In addition, they will promote the depment of 5G in fields like smart cities,
agro-food, education, health, transport or enemgywall as possibilities for joint research
projects in this area.

Earlier in June 2014, the European Commission hadsbuth Korean Ministry of Science signed an
agreement to "deepen discussions in the area ofFidates”. They agreed to work together towards a
global definition for 5G. They also decided to cemgie on R&D for 5G. A cooperation framework
was settled by a Memorandum of Understanding signedune 2014 by the 5G Infrastructure
Association. The MoU for the 5G vision defines riegoments, concept, frequency and global
standards preparation.

Alongside with major regional/national 5G initiadls, a number of European universities have
launched research programs on 5G in the last coaplgears. They all tightened up strong
partnerships with industrial partners. Two UK umgrges are well positioned and the Technische
Universitat Dresden (TUD) is very active.

* The Center for Telecommunications Research (CTR)eaKing's College (UK)

* Established in the early 1990s, the CTR was deeplglved in 3G and 4G systems and
started to consider 5G early 2014. CTR is contifguto 5G NORMA (the 5G Novel Radio
Multiservice adaptive network Architecture) represgy academia alongside with the
University of Carlos Il of Madrid and the UnivergiKaiserslautern in Germany. Previously,
the CTR worked within the EU funded ICT-SELFNET jpeiat which aimed to design a self-
autonomous network in context of future Internet.
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* The 5GIC (5G Innovation Center) at the Universitysarrey (UK)
Officially launched in September 2015, the 5G Inmtgan Centre at the University of Surrey
in Guildford is 5G equipped with a live outdoor a@ndoor test bed to test technologies in real
situations. On top of that, the 5GIC is participgtito the Euro-5G project in charge of
dissemination actions.

* The 5G Lab at Technische Universitat Dresden (TGBrmany)
The 5G Lab of TUD was created in September 2014 partnership between Vodafone and
TU Dresden. The 5G Lab participates in the 5G P&search project 5G-XHaul. TU
Dresden’s Vodafone Chair Mobile Communications &yst contributes in 5G-XHaul by
providing its expertise on 5G access technologres lzow these impact the design of the
future transport network.

4.1 A conclusion on future actions and some first inf@dvertisement
for the European “global 5G “ event in Q3/Q4

The European Commission’s goal for a global consens 5G is progressing well. The 5GPPP plays
an essential role on federating the European iffhut. European Commission has established joint
declarations on 5G with major countries in the woso far. Work continues and cooperation
agreements are also being discussed with IndiarendSA. Parties in the USA (5G Americas), Japan
(The Fifth Generation Mobile Communications PromwotForum, 5GMF), Korea (5G Forum), and
China (IMT-2020 (5G) Promotion Group) and the 5SGPPRr Europe, decided to organiz@ltbal

5G Events twice a year to globally promote 5G. Thé&lobal 5G Eventsintend to support
multilateral collaboration on 5G systems acrosginents and countries. Basic areas of interesthier
“Global 5G Eventsinclude, but are not limited to:

» Vision and requirements of 5G systems and networks
¢ Basic system concepts

* Spectrum bands to support the global regulatorggs®
* Future 5G global standards

* Promotion of 5G ecosystem growth

The first two ‘Global 5G Eventsare scheduled for May 31-June 1 in Beijing (Chinmder the
responsibility of IMT-2020 (5G) Promotion Group aftdt November 9-10 in Rome (ltaly) under the
responsibility of the 5G Infrastructure Association
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5 5G Thematic chapter

51 5G and the Factories of the Future

The European manufacturing sector has suffered incneased competition of BRIC (Brazil, Rusisa,

India and China) countries and the effects of fai@ncrisis, which in 2012 triggered the European
Commission to call for immediate action to implemanFactories-of-the-Future (FoF) PPP (Public
Private Partnership) to increase Industry’s shir@@P (Gross Domestic Product) to 20% by 2020.
While the introduction of steam power, the assenlibly and early automation characterized the first
three industrial revolutions, a fourth revolutian ongoing and fuelled by Cyber-Physical-Systems
(CPS) as the basis of intelligently connected pectidn information systems that operate well beyond
the physical boundaries of the factory premises.

51.1 Socio-economic drivers for Horizon 2020

Two main trends in manufacturing are driving thansformation and will influence the future
competitiveness: (1) the increasing role of sesvicemanufacturing and (2) the growing importance
of global value chains. It is estimated that by 2@2anufacturers will get more revenue from services
than from products. This is a consequence of adtreslled “servicization of manufacturing”,
indicating a shift from solely selling produced dsdo providing added value services together with
either connected (smart) or non-connected goods.gftwing importance of global value chains is a
second trend that drives the demand for truly cot@@emanufacturing eco-systems.

5.1.2 How 5G can be a catalyst

5G promises to be a key enabler for Factories efRiture. It will not only deliver an evolution of
mobile broadband networks, it will provide the igdf communication platform needed to disrupt with
new business models and to overcome the shortcenaihgurrent communication technologies. As
such, 5G technologies have the potential to amplify accelerate the ongoing transformation, and to
unlock a next level of efficiency gains in manutactg even for the vast community of European
manufacturing SME. Five use case families have heentified: time-critical, reliable process
optimization inside digital factory; non time-co#l communication inside the digital factory;
remotely controlling digital factories; Seamlesgar/inter-enterprise eco-system communication; and
connected goods — incorporating product lifetime.

5.1.3 Business and policy aspects

The huge amount of data collected before, during) @fter the production of finished goods have
enormous potential for usage to support decisitawslitate collaborative manufacturing or to drive
next-generation innovations.

5.1.3.1 New business models leveraging data collection withthe manufacturing context

The connection with the suppliers, supply chairgiegering and manufacturing services and other
manufacturers promotes the growth of new data-driugsiness models either by service providers or
by manufacturers. While the manufacturer can haviengortant role on the product improvement and
product oriented models, other service providers lwa more efficient in the data oriented business
models due to their expertise in ICT solutionseathan in manufacturing products.
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5.1.3.2 New business models leveraging data collection oigts the manufacturing context

In general, the manufacturer loses connection with product as soon as the product leaves the
factory; thus the knowledge of the behavior of pheduct along the whole lifecycle has the potential
to lead to significant improvement of the produesidn, and to introduce new data-driven business
services. The need to improve the product desidindwie the need to collect more product-related
data. The services focused on product performarea aew business topic as well. In this case, the
product is at the customer with performance datek#y aspect, and the goal is to improve the prioduc
behavior on site reducing its maintenance, consiompstops, and more.

Small, efficient workshops
Collaborative robots

Wearables

Connected Machines

Increasing efficiency, safety and worker satisfaction

Figure 17: Use case family 1 — Time-critical proseptimization inside factory
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5.2 5G and the Automotive Vision

The automotive industry is currently undergoing keghnological transformations, as more and more
vehicles are connected to the Internet and to e, and advance toward higher automation levels.
In order to deal with increasingly complex roadiaitons, automated vehicles will have to rely not
only on their own sensors, but also on those oérotiehicles, and will need to cooperate with each
other, rather than make decisions on their own.

521 Socio-economic drivers for Horizon 2020

Vehicles can exchange information with other vedgqV2V), with the roadside infrastructure (V2I),
with a backend server (e.g., from a vehicle martufac or other mobility service providers) or with
the Internet (V2N), with a pedestrian (V2P), etco Tefer to all these types of vehicular
communication, the term Vehicle-to-Everything (V2x3s been proposed.

In the global context of road transport, connettiwill be a critical enabler to support the takéaf

new business opportunities relating to vehiclesthedEU and Member states’ policies in the context
of transport. The Internet of Things (IoT) will dobute to collect additional data, complementihg t
data already collected by vehicles and traffic ng@naent centers. This data, exchanged along the
roads and on the Internet, will be useful to depatew services for vehicle users. The automobile
industry sees two main trends with relevance feri% automotive vision: (1) automated driving and
(2) road safety and traffic efficiency services. tifities from various stakeholders, including
governments, in Europe and the USA, are suppodirgyen advocating vehicle communication.

5.2.2 How 5G can be a catalyst

Connected driving already started with 2G more th@ryears ago and has been improving over the
years together with the deployment of 3G and 4G ilmatbommunication networks. However, the
current IEEE 802.11-based V2X communication teabgwlis a short-range ad hoc broadcast system
developed for the exchange of object informatiod aot for the exchange of sensor data; as vehicles
advance toward higher automation levels and neefkab with increasingly complex road situations,
there will be limitations and therefore a needdaromplementary communication technology for the
exchange of cooperative information with higher dwitth and improved reliability. Another
fundamental reason is the cost; setting up alE®iE 802.11-based infrastructure and cover all the
necessary areas could cost in the order of 4000Z/But utilizing the current cellular infrastruotu-

with appropriate software upgrades — the goal eaadhieved in a fraction of that cost.

5.2.3 Business and policy aspects

New connected cars business models have alreadygedheind these will be spurred by the
availability of eCall in Europe and with the ragidowth and penetration of 4G, enabling a host of
telematics and security applications. This wilhgBrm the relationships between car manufacturers,
network and technology providers and services, saghnsurance, driver assistance, security or
content delivery. 5G will benefit from this trendidcasee a multiplication of new partnerships, also
enabled by concomitant enhanced safety, mobiliyenrvironmental stewardship of 5G networks.

Regarding the automotive sector, in order to capthe value of new opportunity areas like the
creation of a service platform for Business-to-Bask (B2B) or Business-to-Government (B2G), with
an estimated potential of 30 USD/vehicle/year, ppgint manufacturers need to connect in a secure
and trusted way, vertically and horizontally, theafue chain with wireless service providers, ptén
clients, fleet management companies, car rental @arasharing services, infotainment content
providers and developers of location-based serviogportunities generated by 5G ecosystems for
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the automotive industry range from savings in pubkfety through a reduction in the number and
severity of accidents (with both costs in terméives and property damage), savings in infrastmactu
planning and maintenance, to reduction in CO2 eariss Assuming complete penetration of V2X
applications, annual economic damage from accideigbt be reduced by up to EUR 6.5 billion in
Europe alone. Furthermore, up to EUR 4.9 billioneabnomic losses might be avoided due to
improved traffic efficiency and reduction of envirmmental damage (simTD Project, June 2013).
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5.3 5G and Energy

The energy vertical has some very specific requergson the supporting communication solutions
going beyond what can be provided by current gertefecoms’ solutions. In this industry longevity
of 20 years is normal, plug and play, deploy onu# @perate “forever” is assumed to be given. On the
performance side concerning latencies the requinerisenot about the best case, not even average
case, but concerns the worst case, since theddaitudeliver a single message within its guaranteed
delivery time can have a severe impact on the gsottet is controlled.

531 Socio-economic drivers for Horizon 2020

Where historically predictable end user profilesuldoallow scheduling of appropriate levels of
generation to meet demand via large central theamalhydro generation stations, we are now faced
with unpredictable small generation stations (sokind, etc. in their thousands) combining with
changing end-user energy use patterns (such adenmlalme demand/storage units such as Electric
Vehicles). Further, the concept of “prosumers” ¢wrcers + consumers) for the future energy grid
means that the users themselves can become enexpcprs as well as consumers. Due to changes
in the social, commercial, technical and markedsmape, the European energy industry needs to
adapt to the changing nature of both supply sidedemand side requirements. Individual users, local
communities and regions will be able to take tlmin decisions regarding power generation and
usage independently from the incumbent strategies.

5.3.2 How 5G can be a catalyst

The demand for efficient and reliable communicatsmiutions is expected to grow due to the
emergence of smart grids, and a lion share of theity will take place in the medium-voltage and

low-voltage domain towards secondary substations$ distributed energy resources as well as
between secondary substations and primary subst&torage e.g. with EV batteries will also be part
of this economic system. 5G then has the potetatiptovide economically viable wireless solutions,
decentralising the energy networks with increassilience compared to LTE. This way, future smart
grids can be provided with an increased usage ofeption, control and monitoring leading to

improved power quality, fewer power outages, smaf@wer outage areas, and easier grid
deployments with less environmental impact in urbeeas.

5.3.3 Business and policy aspects

The traditional electricity business model in Ewqgpoviding stable income for utilities and stable
supply for customers at predictable and affordg@biees is undergoing a paradigm shift. In particula
there are three main key aspects, as follows.

Firstly, 5G Technology is to enable new Smart Gnidginess models. The smart grid becomes more
flexible and efficient but critically depends onetlavailability of high-quality data collection,
transmission and analysis for operations and miakeThis results in a customer-centered industry,
possibly a shared economy for electric power. 5@uies are expected to contribute to the smart grid
new business models enablement.

Secondly, there will be various quality levels &ectricity supply (traditional supply, low-costdk-

up only, environmentally-friendly supply, etc.),daalso various levels of associated services atal da
management (bundling pricing schemes; data motietiga This then leads to more flexible pricing

schemes, integrating the value of customer prodatsddricity, such as pay-as-you-go, barteringl-rea

time peak pricing etc. New business models wilb @merge in the value chain linking the traditional
utilities and the myriad of services providershi ecosystem: market places, innovative revenite spl
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schemes, incentive schemes, etc. All these wightpdored by the proponent actors.

Finally, demand response will affect the businesglets. Electricity supply and prices may vary
considerably over time and space, with customeossihg the quality level they require or can afford
depending on available supply. Also, additionalviees will be offered, based on the data
accumulated through smart metering and customerrtsimame applications: optimization of
consumption, predictive maintenance, home surveilaetc.

- Today's communications,
control, and data frameworks
were not conceived for such
multiple applications

Not only will ‘outstations’
increase in number, but so
will data volumes and service
requirements

A power system, based on a
centralised architecture,
centred on DNO and TSO
control centres, will need
rethinking

DR=Distributed Resources, ANM=Active Network Mamagat, HP=Heat Pumps, DG=Distributed Generation
Figure 20: New requirements for the power grid
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Figure 21: The energy uses cases highlighting tharsassets use cases and the energy distributiercase
from smart grids
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54 5G and e-health

The e-Health sector is identified as a prioritytihe European Digital Agenda and subsequently in
many national digital agendas for the following megasons: the rise in healthcare costs as pegeenta
of GDP continues to outperform the average econognmwvth (GDP); and digitalization and
virtualization of care have been considered a madjwer towards the transition of healthcare from a
hospital based, specialist driven system towardsstibuted, patient centered care model with the
point of care shifting to the periphery.

541 Socio-economic drivers for Horizon 2020

In most European countries direct healthcare «tatsd for more than 10% of the GDP with a strong
annual increase. According to OECD data the anavatage growth rate in health expenditure per
capita in the period 2000-2009 was around 4%, wdhtl¢he same time the corresponding average
increase of the GDP was only 1.6%. These indicatoggest that the cost of healthcare delivery is no
sustainable and that measures have to be takeitigate this risk.

5.4.2 How 5G can be a catalyst

Four main groups of possible scenarios have bestiféd in which the rollout of 5G would act as a
catalyst: Assets and interventions management ispitids (Assets tracking and management,
Intervention planning and follow up); Robotics (R&msurgery, Cloud Service Robotics for Assisted
Living); Remote monitoring of health or wellnessaléAgeing well, Life style and prevention, Follow
up after acute events and assisted living in cleragenarios); And smarter medication (applying
medication to the patient on a remote basis, SRfsatmaceuticals, Algorithm supported theory-based
health behavior change).

5.4.3 Business and policy aspects

Future business models and value chains shouliekibleé and adaptable to allow each stakeholder
group to focus on its core competencies, such hgede of care, sector application development,
platform, infrastructure or network service prowising. Specifics to the health vertical are reguiat
and liability concerns, as detailed below.

5.4.3.1 Regulation

Regulation is a particularly important challenge tbe full deployment of m-Health solutions in
Europe. Currently, new m-Health devices are oftereped by two regulatory frameworks; the Radio
Equipment and Telecommunications Terminal Equipm@RTTE) and EU Medical Devices

Directives (MDD). This raises questions regardirgpleation and coordination between these
different regulations.

Software is considered an integral part of a prtddegice in the context of the EU MDD. In the

context of “softwaretized” networks with concepteISDN and NFV, any 5G network applying these
concepts and used for e-Health may also be comsidategral part of the product/service. A legal
framework for data protection must also be considerincluding practices and processes for
conditions and agreements to share private infeomaand obtaining consent from user/patient.

5.4.3.2 Liability

Traditionally product liability is limited to “pragcts” in the form of tangible personal propertyt bu
since the network is an inherent part of the sefpioduct, liability issues are introduced. It skldoe
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noted that smart (connected) devices will have raréaching impact on manufacturers, service
companies, insurers and consumers, and that agrodsgervice may become defective due to either
network and/or service failure (even temporal),dore to security vulnerabilities (in the device
software, the “softwaretized” network, or the seevin the cloud infrastructure).
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5.5 Energy efficiency brought about by 5G PPP

To meet the 5G PPP objective of 10 times lower ggneonsumption, the system must be energy
efficient both when transmitting data and when tnabsmitting data. The latter may seem trivial, but
the network nodes in today’s networks are idle nabghe time and the cost of overhead in the form
of transmission of control signals even when nadedffic is transmitted is totally dominating the
network energy consumption. Improvements in eneffjgiency can be achieved by e.g. new, lean
signalling procedures, novel air interface desigms] network node activation/deactivation. Lean
signalling only transmits the minimum necessannaig continuously in idle mode, such as paging
and random access since users/devices must béoatkdtect the network, and the network must be
able to locate the users/devices. Energy efficientsy has impact on operational expenditure (OPEX)
and capital expenditure (CAPEX). The energy condiomps a significant part of the network OPEX,
and hence the OPEX is reduced by improving the gsnefficiency. CAPEX is also reduced by
improved energy efficiency, since reduced powesipetion allows more cost-efficient solutions in,
e.g. battery backup and cooling systems.

55.1 Lean System Control Plane (LSCP)

In terms of energy consumption, traditionally timergy consumption and battery life of the terminals
did not raise problems. In the mMTC (Massive MaehkItype Communication) service case however,
terminals will be deployed on the long term with¢lue possibility of periodical charging. Therefore
power consumption is vital to the mMTC devices may to fulfil the 5G PPP goal of x10 longer
battery life. In general, reduced energy consumptior the terminals is achieved by shorter
transmission times and lower output power for @&gipayload. mMMTC requires optimized sleep mode
solutions for battery operated devices, and mgbpitocedures with a minimum of signalling and
measurements. The increasing number of network shagguires lean signalling for energy
performance boost, which LSCP can provide.

55.2 Dynamic RAN: activation/deactivation mechanisms wll enable significant
energy saving

Dynamic Radio Access Network (Dynamic RAN) is a ngavadigm of wireless networking which
integrates Ultra-Dense Networks (UDNs), nomadic espdmoving relays, beamforming, D2D
(Device-to-Device) communication and device dualitya dynamic manner for multi-RAT (Radio
Access Technology) environments. Network densificabffers a fast way to increase the network
capacity. Networks have been densified from tradé@l macro-cellular networks to small cells, and
the densification will continue to UDNs for both tdaors and indoors deployments. In some
deployments the inter-site distance will be as bamtens of meters. The large number of UDN nodes
prohibits cell planning in the traditional sensertRermore, to avoid unnecessary interference and
power consumption, UDN nodes not serving any uséfde turned off. Hence, although stationary
in a physical sense, a UDN network will hence exhébdynamic behaviour in a communication
sense. With the rise of connected cars in the oudecade, the cars will not be only communicating
with each other and the network, they can alsoesas/flexible means of wireless access points for
both in-car and out-car users, e.g. nomadic noddsraving relays. Such access points on the move
can be utilized to enable temporal network dersdifbn to tackle the varying traffic demand overdim
and space on-demand. Within the framework of DyeaRAN, the network deployment becomes
flexible to cover the inhomogeneous distributiontrafffic demand over time and space in an agile
way. The network needs to react quickly and dynalyido fulfil the service requirements, which
may unpredictably change in a certain region duanglatively short time period. An example of a
Dynamic RAN is given in the figure below. To minzeithe total energy consumption of the network
and controlling the interference environment, thgn&mic RAN uses activation/deactivation
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mechanisms to select which nodes/beams should theatad at which times and locations. UDN
nodes are densely deployed at fixed locations, @dsethe availability of the nomadic nodes depends
on battery constraints and parking behaviour ofdheers, which in turn depends on, e.g. day time

and region.

Figure 24: lllustration of a Dynamic RAN includidPN nodes, nomadic nodes, and beamforming lobdisl So
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Figure 25: Activation and deactivation of smalllseh UD
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5.6 5G and security
5.6.1 Why is security so important

With 2G, 3G and 4G, security was mainly introdutegbrotect the system and be able to earn trust
from customers and possible new users as well gsrdtect the ecosystem balance with fraud
prevention and correct charging. These two imporw@injectives were reached by incremental
measures taken when developing new radio technoRigyhus leveraged on 1G analogical failure to
build a system capable of preventing eavesdroppimgugh encrypted radio interface. Fraud
prevention was secured thanks to strong autheiticaystem based on a SIM card. Overall, although
not perfect, security measures helped protect whatat the core of the system, basic voice and data
connectivity.

With more and more people, objects, machines arsdtakée devices connected in the future, some of
which with a critical role, security is more tharee a key requirement for 5G. Not only will people
connected but also machines and industries. Ablbviha new architecture and flexibility brought by
5G will cause a host of new players to work, call@ie and compete using the same infrastructures.
With virtualization present everywhere in the 5Gteyn, new players will thus interact on the same
network. In addition to traditional MNOs and MVNQ®%;ivate Virtual Network Operators will use the
same resources instantiated in network slices.nggsicustomers will also be able to deploy theim ow
application servers and will constitute an addgidayer on top of the network. In addition, pafrtiee
network may also be operated by different play8mme small cell specialists could operate Small
Cell as a Service, some equipment manufacturersaopayate some network functions and devices
themselves and may actively collaborate with thievaegk. This makes more than ever security a key
requirement in the building and developing of 5G.

5.6.2 How to implement security procedures within 5G?

But in order to be effective, security has to bétha such a way that it is mostly transparenthie
user and easy to implement at all the differenedayof the network. Rather than completely
redesigning security within 5G, it is thus neceggaridentify all the shortcomings of the systend an
all the players that are going to interact with gystem and at which point. This is all the more
important as security comes at a price tag so ggcueasures should be studied carefully to prevent
any unnecessary measures.

Below are the new security challenges raised by 5G:

* Decoupling of software and hardware: previouslydicted hardware with dedicated
(internal) security process was used but with aiiation, telecom software do not benefit
anymore from this dedicated security. With opesafmssibly hosting™party application in
their cloud, the software will have to be corredsiglated.

* More devices, more people, more business modelsmamnd value associated to connectivity
will make it even more appealing and impactful taek the network with more possible
points of attacks.

« With the advent of big data and the emergence afcamomy based on crowd-sourced data
analytics, user privacy will have to be more thamreprotected, requiring anonymization
process built within the system.

e Some industries have specific security requiremdd&s it mean that 5G has to be certified
against one of those standards in addition to atbhguirements? As security comes with a
price tag, how should it be implemented in the ay&t
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* How can the battery life of specific devices bespreed while not building easy-to-attack
security holes in the network?

In order to solve these challenges, flexibility e required and network slicing will be critical
managing these different security requirementswiiek slicing will have to provide high-insurance
isolation mechanism to each slice. This will enatalecontain security costs on the infrastructure
virtualization/isolation layer. A limited number standardized and interoperable security measures
could be implemented in every slice while additicarad use case specific security measures would be
deployed only in slices that require it.

L7: Application
L6: Presentation

L5: Session

L4: Transport
L3: Network

L2: Data Link

Figure 26: Identifying the security threats and u@@ment at each layer — Source: Nokia
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5.7 Technical aspects: RAN design & network slicing
5.7.1 5G RAN architecture

With the objective of providing 1000 times highapacity per area, 10-100 times higher data rate per
user, serve 10-100 times more devices per are@xatohger battery lifetime, and provide 5 times
lower end-to-end latency than today’$ generation cellular technology, 5G will have tmpida
completely new architecture. This architecture Wwile to be flexible enough to maintain some level
of compatibility with other Radio Access Technologiyd still enable completely new concepts and
technology to be supported and notably but not oy air interfaces. This will be all the more
important as 5G will be developed in multiple ptsagdere the first phase will focus on operation on
frequency bands below 6 GHz. Because the secorskphidl necessarily bring new air interface to
support mmWave operations, 5G architecture wilr¢fare have to support the addition of new
technologies from the outset.

57.2 SDN and NFV at the core of 5G

This required flexibility of 5G will be supportedy multiple concepts and technologies. Software
Defined Network (split of user and control planefiahe Network Function Virtualization will be at
the core of this architecture and the main endbolethis flexibility. Instead of relying on dedicat
hardware for each network functions, virtual maekiwill run them on normal IT servers, which will
notably enable to pool resources and distributedhmore effectively in different parts of the netkvo
from the core network to the edge of the networikgaohrough the aggregation point.

The infrastructure layer, which will encompassthi physical resources such as RF units, storage
resources and transport networks, will be suppléeaewith two other layers. It will be completed by

a business enablement layer where network functiolhde deployed and the business application
layer with Application Programming Interfaces (APl enable the easy development and
deployment of new business services. Possiblygetlesvices will be deployed by third party players
outside of the network of the operator.

5.7.3 Network slicing, an enabler for new business oppounities

» The three layers will be orchestrated by an ener-management and orchestration entity
whose responsibility will be to create slices. Thel be aimed at fulfilling specific use cases
with own requirements in terms of latency, througihand energy consumption and so on. A
slice could be created for instance to provide imassachine type communication when
another one will provide enhanced mobile broadbseices. A slice could use network
functions deployed in the core network while apgiiens requiring the shortest latency
possible would see (some) network functions demlogte the edge to reduce latency and
possibly offload the backhaul network. Those sliggh be run in parallel on the same
infrastructure. The E2E management and orchestratdity will thus allocate resources from
the three layers to the different slices, notakaydivare and software parts including transport
networks, computing and storage resources, RF gRadiquency) units, including antennas
and cables.

* From a user perspective, this slice will be seearagdependent network but will really run
on the same network infrastructure to the otheesli One slice will possibly have multiple
instances also meaning that the concept of viparator will change slightly in the future
since third party players will be capable of depétg their own services.

* The concept of network slicing will be completed dijper mechanisms as a support for the
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expected flexibility. Since multiple air interfacesll be developed to support multiple and

diverging needs, a mechanism will have to be dgezldo enable those multiple air interfaces
to coexist on the field. This is what the adaptieinterface is for. It will also leverage on

adaptive frame structure to provide much more figixy in the development of air interface.
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5.8 Standardisation
5.8.1 5G standardisation and specifications

Many different players are involved in the reseadgwvelopment and proposal of technologies aimed
at fulfilling the key criteria that have been definfor 5G. These players are involved in various
initiatives around the world that bring together bi® network operators, mobile device and
infrastructure equipment vendors, regulation auties; universities and so on. Such initiatives are
meant to foster innovation and make consensus enwmrdhow each piece of technology should be
standardized. This standardization process wilihagithin 3GPP at first, keeping in mind the final
objective of being selected as an IMT-2020 techgwlby the International Telecommunication
Union. The final deadline for standard submissgof®ctober 2020.

Within 3GPP, 5G standardization efforts really Imsgivith the Release 14 of LTE in the first half of
2016 but also leverages on study items startedanmiqus releases. It will probably last until LTE
release 17 due to start around the end of 201%eThil be two phases of development. The first
phase, which would last between the end of 201 Atamend of 2018, will focus on developing 5G for
frequency bands below 6 GHz, which should not resndyg require a new air interface. The second
phase would address the whole frequency rangeiengt, i.e. from 1 GHz to 100 GHz as well as
new air interfaces that are mandatory to operat¢thin mmWave frequency bands where path
attenuation is much more important and therefogrires specific air interface. This second phase
would start at the beginning of 2018 and would anthe end of 2019.

This streamlined approach is aimed at securing iekgdevelopment and making the technology
available for early deployment, namely by Southdéar players, which have already stated that they
wanted to showcase the technology with pre-comrakdgployment at the winter Olympic games of
Seoul in 2018. The ability to use higher frequermands will further improve capacity and
throughputs but will also require, from a regulatgtandpoint, that new frequency bands for mobile
broadband are adopted globally, something thatuss W happen with World Radio Conference
(WRC) 2019. By 2020 deployment in the mmWave bastatsild be very limited.

5.8.2 Contribution of Europe to 5G development

Ultimately, the goal of research and developmeitiitives such as the 5G PPP projects is to come up
with technologies/concepts propositions that withge 5G standardization. Being part of this process
is strategic to secure leadership in areas wherepels strong and enable to build a technology tha
will answer the need of the European society wigigsing space for innovation. In the end, patents
and the positive economic impact resulting from énabling of new markets such as smart cities, e-
health, intelligent transport, education or eniarteent & media is also strategic.

In total, 19 projects have been funded as pati@bG PPP, of which 12 were launched in July 2015.
Contributions of these projects are various and déh various concepts and technology proposals.
The aim of 5G is to provide 1000 times higher cétgguer area, 10-100 times higher data rate per
user, serve 10-100 times more devices per are@xatohger battery lifetime, and provide 5 times
lower end-to-end latency than today™ deneration cellular technology, while having tlams cost
and energy dissipation per area as today.

To fulfill this vision, 5G will need to be flexiblenough to support multiple use cases while engblin
significant cost and energy saving. Most of 5G RIBRtributions will bring flexibility to mobile
network operators, device manufacturers and thieususers (consumers, vertical industries, smart
cities and transportation...) in various areas. Tiehitecture itself of 5G will need to be flexibletiv
concepts such as network slicing, adaptive airfiste, the possibility to select the most adeqpath

to reach a user and deliver content. Some innavatith enable to bring mobility to the provision of
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content for example by dynamically selecting whetheshould be delivered from the core network,
the aggregation point or at the edge of the netwdhen, it will be possible to select whether this
content should be delivered directly from the meameb site, a small cell, closer to the user orreve
through another device that would turn to collab®raith the network. In order to accomplish such
actions, a certain number of KPIs will have to benitored and technigues such as machine learning
and cognitive technologies will be leveraged toaiyitally adapt to varying network conditions.
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Figure 28: 5G roadmap — Source: 5G PPP

FIGURE 4. 56 ROADMAP

Mabile Netwarks

Not only the Radio Access Network will benefit frahbse innovations but other parts of the network,
namely the fronthaul and the backhaul network. @/thle concept of heterogeneous network has for
the moment been mainly applied to the RAN, it w&lo cover the multiple technologies available for
the backhaul and fronthaul, which will be strategienaking possible the efficient operation of adtr
dense-networks.

FIGURE 3. 56 networks and services vision

D20+MN+URC

Figure 29: 5G networks and service vision — Soubse:PPP
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5.9 Latency reduction with 5G

59.1 How to reduce latency?

While latency radically improved between 3G and #4Qs still critical for several applications to
further reduce latency in order to enable new usse€ to emerge. Applications where latency
reduction is critical include all the applicatiorhere real-time operations are critical such adidraf
safety control, transportation, autonomous drivimigleo games, finance, etc., With 5G, a targeted
latency of 1ms is expected.

In order to bring the end-to-end latency to sudéval, the whole chain has to be optimized from the
device to the server, going through the base staiackhaul network and so on. Therefore, several
efforts can be undertaken to reduce latency as rasigossible.

To begin with, efforts can be carried on shortertmg Transmission Time Interval (TTI), something
that is currently a study item within LTE Releas ITI is basically the length of time required to
transmit one block of data. It is only after a folbck has been received that the receiver camati
the Bit Error Rate (BER) and possibly request fdrl@ck of data to be resent if an error is detected
through a Hybrid Automatic Retransmission Requé$ARQ). In order to adapt quickly to the
changing radio conditions, a shorter TTI is requiin@/hile LTE has a TTI as low as 1ms, TTI within
5G could be as low as 0.2ms.

Shortening this TTI will improve the feeling of aveness especially for the transfer of smallsfile
such as typically those used for web browsing. eable to do so, however, requires reduced
processing time on both the device and the recéiverder to handle frames more quickly. Also, this
TTI shortening can be completed with a new framecstire that would adapt to the changing radio
conditions. In situations with a good link qualithe efforts to control the frame structure coudd b
reduced and adapted in the case of degrading cadititions.

This work around the frame however will only impactsmall portion of the end-to-end latency.
Indeed, most of the latency observed in a netwarkes from the time that is taken to transport
information from the antenna to a server on therirgt, passing through the fronthaul, backhauk cor
network up to the Internet. That is why the backheatwork is so important and has such impact on
the overall Round Trip Time. If latency can be ioyed in this part of the network, overall latency
can be also reduced by deploying required netwanktfons and content (through caching servers) at
the edge of the network. This will be notably eedbby further network virtualization with network
slicing resources being selectively deployed akthge of the network.

5.9.2 How would usages evolve?

There has been much discussion on the kind of ashge could be enabled from latency reduction.
Some people have argued based on neurologicaksttitht reaching sub 1ms latency made no sense,
because the time that it takes for the human togpex sound or images is longer than this 1 ms
objective. The European Broadcasting Union foranse recommend a lip synch delay between 40
ms and 60 ms, which means that humans would notheedifference in latency between video and
audio reduced to 1 ms. However, for machine to m&chommunication, this kind of latency will
easily come with an advantage. Besides, with bifliof objects and devices to be connected on the
network, reduced latency will benefit the most dediag applications.

Among the applications that require very shortrlayeare all the real time applications which inéud
autonomous driving, remote surgery, virtual andnaeigted reality, vehicle control systems and so on.
Outside real time applications, the developmentlofid usage will also benefit from a reduced
latency and will enable more powerful applicatibmbée proposed as a service.
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It is to be noted that since some applicationsszgport much longer latency, such as monitoring of
some remote assets, there are also researches daeimgd out to leverage those inferior latency
requirement and improve the battery life of thoseicks.
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5.10 Backhaul /Fronthaul developments

5.10.1 Improvement in the RAN requires rethought backhauland fronthaul

Backhaul is critical to support the increasing flofvdata stemming from more and more users in
densely populated and highly equipped areas. Winitktay LTE commonly support maximum
throughputs of hundreds of megabytes per sitesyiiGave to support far higher throughputs (in the
tens of gigabyte range). While fiber was long sasrthe only possible backhaul technology for 5G
(and even for 4G), wireless could also have itsdnorsay with new technologies that compress data
traffic much more effectively and enable stronguggiolatency rates. This is all the more true that
wireless technologies in the mmWave band enabla swwller latency than fiber. The possibility to
use wireless technologies will bring a lot of fleiity in the further deployments of network
infrastructure. This is especially true as fibendd available everywhere and is very costly tolaep
when not already available. On the contrary, wagldackhaul are much easier to deploy and
sometimes less costly.

But backhaul is not only important because of thedt has to transport to the core network, keg

in enabling collaboration between the many smadlkdbat will be deployed to densify the network
and increase both capacity (through frequency jearsé coverage. However the proximity of these
cells as well as their density will create both appnities and challenges. The challenges pertain t
the mitigation of interferences between nearby (Brells as well as with the overlying macro cell.
In order to mitigate interferences, cells will haeecommunicate and coordinate themselves. This is
why latency will be so important. Depending on tredfic in a given area and the position of each
user, small cells will be able to decide which ssewuld be served by which cell. A user will thus
possibly be served, either by the (small) cell whte user is located, or by a nearby cell if ther us

at the edge of the cell, or (and not least) by idveells at the same time, through coordinated
multipoint. To better secure the mobility withirigmetwork of small cells, the control plane andrus
plane will be split with the control plane managgdthe macro network and the user plane going
through the small cell. Here again, backhaul wi britical to improve the performance of
heterogeneous networks, all the more since smadliés also mean more signalling traffic to handle.
In the end, this will significantly improve the p@mance.

5.10.2 Toward an integrated back- and front-haul network

This more complex network will require heavy optzations and Self Organizing Network features
will be developed for the backhaul itself to impeosignificantly the time to deploy small cells.
Backhaul links will be automatically configured @egling on the options available. Throughout the
day depending on the evolution of traffic, backhaill be leveraged to adjust the level of emission,
trigger energy savings mechanism and enable tHargpof contents at the edge of the network. At
some time of the day, some small cells will be gileg, while some UE may also come to relay some
part of the user or control plane, requiring foranhestration that will be eased by the splithaf t
antennas and the baseband units, which will beextied by the fronthaul network. Baseband units
will possibly be virtualized on standard IT servargl pooled in aggregation points where processing
resources will be allocated to each cell dependimghe needs. This will save both costs and energy.
Like for the backhaul network, wireless technolsgiwill also possibly be used bringing more
flexibility for operators to cover remote or diftilt to reach areas.

In the end, 5G will both face and leverage a muchenieterogeneous network, not only in the radio
access network but also between the RAN and theroatwork. Some research is being carried out to
integrate the backhaul and the fronthaul togethibis is notably the case as part of the European
project Cross-haul. The aim of this project isrtegrate “the fronthaul and backhaul networks with
all their wire and wireless technologies in a commacket based transport network under an SDN-
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based and NFV-enabled common control.” To this emdabstraction layer will be created that will
possibly provide back and front haul as a service.
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Figure 31: lllustration of a heterogeneous backhaetwork — Source: Ceragon
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5.11  Spectrum aspects for 5G

In the early preparation of 5G network visions iflis clear that access to spectrum will become key
to achieve the expected results of 5G PPP. Sewgecps in 5G PPP address in some way spectrum
topics. These projects are listed in Table 3.

Project ‘ Contribution to the 5G spectrum topics

5G-Crosshaul Integrated fronthaul/backhaul wireleptions in frequency bands up to 100
GHz, with particular attention to the 50-90 GHzgan

5G-Xhaul Focus on the 60 GHz band for backhaultfraul

COHERENT Management schemes for shared spectrum

FANTASTIC 5G | Access to spectrum below 6 GHz

METIS-II Spectrum rationale and technical aspe€spectrum

mMmMAGIC Spectrum above 6 GHz, including mm-waves, 3G mobile communications
access and self-backhaul

Speed-5G Smart management of multiple radio adeessiologies resources and dynaimic
spectrum access r‘n

Table 3: 5G PPP projects addressing spectrum tofuic§G
5.11.1 Expected spectrum demand

An overall amount of new spectrum to several huth@elz will be necessary for 5G services. Several
5G PPP projects describe expected scenarios ofebfcass to get a clearer view on requirements
including needed spectrum in the future.

The projects METIS-II and mmMAGIC published thetudies in May 2016 and December 2015
respectively. Both project reports address the batdve 6 GHz. The most demanding requirements
are derived from providing 4k video. It will nee8l 125 Mbit/s leading to about 60 - 70 Gbit/s per k
for a typical city population density. In spectrtenms this leads to 600-700 MHz per operator.

Table 4 provides requirements to spectrum for theideo as Media on Demand and nine other use
cases as estimated by mmMAGIC [2].

Use case BW-DL (MHz) BW-UL (MH2z)
Media on Demand 500 10
Cloud services (pico cell environment) 300 50
Dense urban society with distributed crowds 1175 35@
Smart office 1000 270
5G immersive experience 1640 820
50+ Mbps everywhere 588 294
Moving Hotspots (Relay/cell in-vehicle) 100 50
Moving Hotspots (Not in-vehicle cell/relay) 50 000 25000
Remote surgery/robotic control 500 10
Tactile internet 10 10

Table 4: Bandwidth requirements for the use casatied by mmMAGIC, Table 6-2 [2] Bandwidth (BW),
downlink (DL), uplink (UL)
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512 Possible candidate bands

A number of frequency bands below 6 GHz are alkxtai mobile service and identified for
International Mobile Telecommunications (IMT) in dRa Regulations [3]. The last World Radio
Conference in 2015 (WRC-15) identified some newdsdior IMT. All these bands are below 6 GHz,
and will clearly become available for 5G (as idiéadi for IMT 2020 in the ITU-R terminology).
Decisions were taken in favour of the 700 MHz ba7-1518 MHz, and 3.4 - 3.6 GHz, identified
for IMT.

Resolution 238 (WRC-15) [4] lists the bands whicwvén become the candidate bands for 5G, as
detailed in Table 5.

Bands that have allocations to the mobile | Candidate bands for additional allocations to

service on a primary basis the mobile service on a primary basis

24.25-27.5 GHz 31.8-33.4 GHz
37-40.5 GHz 40.5-42.5 GHz
42.5-43.5 GHz 47-47.2 GHz
45.5-47 GHz
47.2-50.2 GHz
50.4-52.6 GHz
66-76 GHz
81-86 GHz

Table 5: Bands for sharing and compatibility stugdie

The decision is to perform sharing and compatibiltudies and allocate in 2019, including
identification for IMT, at the next WRC. 5G PPP jecis will contribute to these studies.

5.13  Spectrum licensing and sharing

Mobile network operators need security for long¥ténvestments in building and operating networks.
Traditionally, and perhaps still the case, theygrexclusive licence rights to spectrum. Howetlee,
most important aspect is a stable and predict&igjelatory regime.

Projects are analysing spectrum sharing aspects asdicenses shared access (LSA) or authorised
shared access (ASA) and aim at trials in some rterkdso studies of game theory and graph theory
are investigated by COHERENT, but more for labasatests and simulations. This work is still in an
early phase.
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6 5G chronicle

A number of actions have been pursued since thelaaf the 5G PPP projects (most of them started
on the T of July, 2015). The past year has been rich imi&svand promotional activities. This section
provides a global overview and reports in particolamajor past events.

In particular, Memorandum of Understandings (Molayed the way to a global harmonised 5G
promotion and workshops allowing close and smootiperation among the various 5G PPP projects
and effective dissemination actions to be orchtdra#G Americas (Americas), The Fifth Generation
Mobile Communications Promotion Forum (5GMF) (Jgp&® Forum (Republic of Korea), IMT-
2020 Promotion Group (5G) (non-profit organisati@hina) and obviously the 5G Infrastructure
Association Public Private Partnership (5G PPPYdge) all acknowledged the need of a global and
common 5G promotion as 2020 approaches.

The parties have agreed to jointly organise t@obal 5G Eventsper year in the coming years to

focus their efforts and leadership. The first tvigldbal 5G Eventsare scheduled for May 31-June 1

in Beijing (China) under the responsibility of IMAB20 (5G) Promotion Group and for November 9-
10 in Rome (Italy) under the responsibility of @ Infrastructure Association.

6.1 Verticals workshops

Digitalisation of verticals is a key topic. Two vkshops on vertical industries were co-organised by
the European Commission and the 5G PPP.

+ The first one took place at the EUCNC 2015 in Parighe 1 of July 2015. The state of the
art of vertical industries digitalisation was clgaexplained. Requirements for 5G and
potential benefits from 5G for verticals rank amalng hottest issues.

« The second workshop was held on tfleaid 18' of November 2015 in Brussels. It focused
on the five white papers released by the 5G PPRditals (eHealth, Factories of the Future,
Energy, Automotive, specialised services/Networkhagement). A large panel of companies
and institutions in each vertical industry conttdulito this first-of-this-kind of workshop with
many valuable insights. Disruption of current eabsyns and emergence of new data-driven
business models were debated. The key role of aggaland policy was also mentioned.
Above all, use cases and related technical regemé&nin each vertical industry as well as
pre-standards work attracted much attention.

6.2 5G Multilateral Workshop on Regional Initiatives on 5G Spectrum

The first 5G Multilateral Workshop between Regionallnitiatives on 5G Spectrumand Standards
was held on October $02015 in conjunction with ICT 2015. Some open ipniglary issues for 5G
standardisation were discussed. They highlightegnirneed for collaborative work and inevitable
network convergence.

6.3 ICT 2015 in Lisbon (10-22 October 2015)

At the ICT 2015 in Lisbon strong cooperation betwess PPP projects was demonstrated and
intensively disseminated through many channels. @emere shown and early outputs and

innovations were highlighted. The brochure presenthe 5G PPP phase 1 projects was distributed.
The 5G vision brochure and flyers have also bessedhinated in Lisbon.
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6.4  MWC'16 (22-25 February 2016)

During the MWC’16 in February, 5G PPP projects preed an overview of the PPP and its activities
at the EC booth. In addition, the 5G PPP whitepaeitied “5G empowering Vertical Industries”
was launched in a special media and analyst eueMVHC. The paper which outlines how 5G
network infrastructures will enable the digitalisat of society and economy (especially in the
automotive, transportation, healthcare, energy, ufgamuring as well as media and entertainment
sectors) was warmly welcomed.

6.5 EuCNC 2016

A number of 5G PPP projects contributed to the sse®f the EUCNC 2016 conference through
dedicated workshops, oral sessions and/or papsemiions in the main conference.

Notably, FANTASTIC-5G, mmMAGIC and FLEX5GWare heddworkshop on 5G Physical Layer
Design and Hardware Aspects Below and Above 6 G@&=Crosshaul organised a Workshop on
“Next Generation fronthaul/backhaul integrated $ort networks. CogNet held a workshop on
Network Management, QoS and Security on June 2&.pfbjects CogNet, SelfNet, SONATA, 5G-
ENSURE and 5G-NORMA all presented papers at thisksfmp. METIS-II also organised an
international workshop on 5G Architecture.

6.6 5G PPP projects jointly organised a number of worklops

5G PPP projects jointly organised a number of joumrkshops highlighting strong cooperation
between projects:

e The METIS-II chaired workshop in Stockholm (SwedanBeptember 2015 gathered eleven
5G PPP projects (out of 19) and focused on radieas for future communications. The
IEEE ICC 2016 held at the end of May 2016 in Kudalampur (Malaysia) gave the
opportunity to METIS-II, mmMAGIC, 5G NORMA and FANNSTIC-5G to focus on 5G
architecture and specifically on RAN design. THeGLEEN workshop at the end of May
2016 was a jointly initiative between three 5G RiPgjects (FLEXWARE, 5G NORMA and
SPEED-5G).

» EuCNC 2016 gathered many 5G PPP projects contnipits success.

» Other joint initiatives will follow in the secondalf 2016. The second 5G workshop on 5G
RAN design is co-located with GLOBECOM 2016 (Wasjtan DC, USA). It will be jointly
organized by five 5G PPP projects (METIS-Il, FANTRAS 5G, mmMAGIC, 5G-Crosshaul
and Flex5Gware), the highest number of projectshred so far reported.
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