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Abstract

The5GDRIVE project is the first international collaboratproject in 5Gapplicationsbetweenthe

EU and Gha. The present Deliverable D2i8 a largely extended as well as a more detailed
composition of the previously submitted a { ridilestone £) report, aiming to provide a more

detailed summary of the work performed in the scope of WIPBe work mainly fousesupon the
2NAIAYyLEfe aStSOGSR dzasS OFasSa GKFG KI @S 06SSy
scenarios of the 5®RIVE projedi.e.eMBB and V2X communications) structured on a per WP basis
(following to dedicated requirements as these havemeset in WP3 and WPdorrespondingly The

work reassesses the role of 5G @y | 6t SNE F2NJ Ayy20I G4A2y YR ARSY
within the 5GPPP framework, where the HQRIVE project is also included. Then we discuss and
evaluate the oveall 5GDRIVE concept and we further arsglyjthe challenges appearing from the
promoted eMBB and V2X applications, especially by correlating our effort to other -pricatill

ongoing EUfunded projects, especially those belonging to the-B&P context. @ work also
focuses on the essential technological enablers that support the progress of our project and of 5G
System in a more generalised approach. The deliverable discusses the proposed useveiisates

their essential conceptual background by pding a wider descriptive framework aridentifies

their potential opportunities for growth in the global 5G environment and/or market, in parallel with
supportive technologies or other means. In addition, the work takes account the progress
performed in the scope of the corresponding trials for each selected use aadepresents the
proposed architectural framework for each selected implementation.
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Executive Summary

The present work ign extended and a more detailed composition of the previously suladitt
da{né oOdaaAhft S aindgfcorovide @ mdietiledlsummary of the work perfornfed

the ongoing implementation of both original SBRVE scenarios by taking into account the progress

of the use cases selected for both WP3 and WP4. Our work mainly focuses upon the originally
aSt SOGSR dzaS OlasSa GKIG KIGS 0SSy RSaA3aySR YR
5GDRIVE projecti.e.. enhanced Mobile BroadbandeNBB and Vehide-to-Everything V2X
communications)lt isstructured on a per WP basis (following to dedicated requirements set in WP3

and WP4correspondingly ¢ KS ¢2NJ] NBFaasSaasSa GKS nNmtoban@ T pD
identifies specific actions promoted within the &P framework, where the SORIVE project is
Ffa2 AyOf dZRSR® ¢ K d2RIVE ort auitkith d3he Oréagley’ 3G Eardpean pdiicy for
growth and development, challenging a multiplicity apportunities. Then we discuss and evaluate

the overall 5GDRIVE concept and we further arslythe benefits appearing from the promoted

eMBB and V2X applications, especially by correlating our effort to other joricstill ongoing EU

funded projectsgespecially those belonging to the 58P context. Specific emphasis is provided on

the ongoing joint European actions for 5G trials, aiming to the validation of the related cases. In
parallel, we discuss the various technological enablers acting as dsappofor the 5G
implementation and realetion, especially within the context of the 5G System (5GS).

The work takes into account the progress performed in the scope of the corresponding trials for each
selected use casdurthermore it extends the relagd background by providing a wider descriptive
framework via the inclusion of suitable information so that to elucidate the corresponding
conceptual background, th@sertionof supportive technologies and/or other mearighe work also
discusseghe actualimplementation taking placeby assessing outcomes originating from the trials
performed in the selected European sites/tdsds and/or the joint collaborative actions with the
GioAyé | KAySasS LINR2SOG® Ly GKAa aroedudappedify I f a2
YFENLSG LWL AOFIoAfAGeE 2F (GKS LINPBLRAaSR dzasS OF asSs
SylLot SNEET Ay FlLOGX GKA&a Aa SELSOGSR G2 o8S |
effort towards promoting feasible 58asal solutions that will support growth and development.
Meanwhile, reference is also made to the corresponding KiRls, per use case basa&s these have

been identified and considered for the intended evaluation/assessment of the project technical
progres. For the proposed use cases we also present the corresponding architectural framework

that enables their implementation and further evaluation.

All these areéncluded within a more generaéigl conceptual framework in order to strongly correlate
our actwal effort to the much promising 56ased framework, in particular to the one appearing via
the consideration of trials. Our work is around the following use cases developed around the two
fundamental scenarigsthat is: (i) eMBB applications on the 3.5 GHmd (ii) Internet of Vehicles
(loV) applications based on LVEX using the 5.9 GHz band for Vehtol&/ehicle (V2V) and the 3.5
GHz band for Vehiclm-Network (V2N). The overall goal is to evaluate in reaugeinnovative end
to-end 5G systems buittn the outcomes of the previous phases of the 5G R&l.

The related use cases that are briefly described are as follows:

9 Cloudassisted 3D Augmented Reality (ARE opposed to conventional gaming consoles or
personal computers (which are highly dependenttbe signal processing capabilities of the
GPU), cloudhssisted AR enables users to stream video games or virtual contents from cloud
servers like other streaming media. This new type of services offers an opportunity for more
varied and interactive contégs and makes user devices lighter and cheaper.

1 Indoor Positioningsupports navigation within building premises. However, this location
information is also a valuable asset for providing and maintaining high quality eMBB services
to end user devices. Posihing offers means to utilize location information to improve
network communication reliability, reduce latency, and balance data loads. Since most of the
network control components are fixed at specific locaipeMBB services to mobile end

© 2018¢ 2021 5GDRIVE Consortium Parties Page8 of 212
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user devicesequire also support for mobility.

1 GLOSA (Green Light Optimal Speed Advisasyp Day1l signageCooperative Intelligent
Transport Systems {TS) service aimed at informing end users about the speed that needs
to be sustained within applicable legal limmto reach an upcoming traffic light in green
status. GLOSA provides end users with sterh information on upcoming traffic light
status to optimiseand smoothentraffic flows, help prevent speed limits violations, improve
fuel efficiency and reducegtiution.

1 Thelntelligent Intersectionuse case deals with user safety on road intersections, focusing on
infrastructure detection of situations that are difficult to perceive by the vehicles themselves.
A good example is a situation where a vehicle waotsnake a right turn while parallel
vulnerable road users also have a green phase and right of way (permissive green for
motorized traffic). When a pedestrian is detected iristtsensitive area, a Decentralis
Environmental Notification Message (DENM)risadcasted by the RSU, while the badfice
ogeocasts this message to all vehicles in the vicinity.

Section lof the documentserves as an extended introduction, discussing the fundamental role of 5G
for the growth of the market. In this context wesal discuss specific actions taken place in the 5G
PPP collaborative framework together with the respective initiative forPatopean trials.

{ SOGA2Y H 4 LIDRIYH grafeyt anéthe brisaBler p@arendisTdiscusses the overall
concept together wh the two fundamental scenarios covering eMBB and V2X communications. For
each scenario we discuss past or ongoingpEijects relevant to our approach. In addition, we
provide the modern techeial background for the 5G reali®on via dedicated and disict
technologies, by discussing their basics. We also include some generalised KPIs, able to assess
progress, in a broader scope.

Section 3 is purely dedicated to the eMBB scenario. We introduce the two corresponding use cases
(cloudassisted AR and indogositioning) and we discuss thaonceptual background, in parallel

with actual implementation status. Based on the progress performed we introduce suitable KPIs for
assessment, conformant to the related trials. We also present and discuss the rekdedtial
architecture, selected to serve each one among the use cases.

Section 4 follows a similar structuring, as the previous one. Howeveatiscusses the more
generalised V2X framework as a part of the 5G evolution and then focuses upon the twedeleet

cases (GLOSA and intelligent intersectidig also include an update of recent progress in radio
frequency spectrum policy for-@S, as performed in thBJ, China and the B. Furthermore, we

analyse the main concept of each use case as well asattieal implementation status. Once again

we propose selected KPIs for assessment. Last but not least we discuss the related essential

F NOKAGSOGdzZNBa a ¢Sttt Fa | a22Aydé | NOKAGSOG dzNT

The work finalizes wh an extended set of bibliographical referencesming from various sources.
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1 Introduction

1.1 Framework of Reference: Towards 5G Implementation

The socigechnical evolutioninthé | &40 FSg RSOIFIRS&a KFa 0SSy airdayairs
of mobile communications and has contributed to the economic andaka@evelopment of both
developed and developing countrielglobile communicatiorhas becomeclosely integrated in the
REFAt& fATS 2F (%iSs edpec@d tBaiithe scckeéhnidal trénés2afd3he evolution

of mobile communications systesywill remain tightly coupled together and will form a foundation

for society in 2020 and beyofﬁdn the future, however, it is foreseen that new demands, such as

more traffic volume, many more devices with diverse service requirements, better qualitser)
experiencé (QoE) and better affordability by further reducing costs, will require an increasing
number of innovative solutions.

In the same scope, obile devices play various, continuously evolving roles in our everyday life.
Future IMT systems shtd support emerging new use cases, including applications requiring very
high data rate communications, a large number of connected devices, andatriatency and high
reliability applicationsUser devices will get enhanced media consumption cagabilisuch as Ultra
High Definition (UHD) display, mwiew High Definition (HD) display, mobile 3D projections,
immersive video conferencingnd Auigmented RealitfAR)and mixed realitydisplay and interface
This will all lead to a demand for sigrdfintly higher data rates. Media delivery will be both to
individuals and to groups of users.

A connected society in the years beyond 2020 will imply to accommodate a comparable user
experience for endisers on the move and when they are static (e.g. at hama the office) To

offer the best experiencéo highly mobile users and communicating machine devices, robust and
reliable connectivity solutions are needed as well as the ability to efficiently maintain service quality
with mobility. Maintaining highquality at high mobilitywill enable successful deployment of
applications on user equipment located within a moving platform such as cars osjagll trains.
Connectivity on mobile platforms may be provided via IMT, Radio Local Area Network (RLAN) or
another network on that platform using suitable backhaul.

¢C2RFe3X LYOGSNYySG YR O2YYdzyAOlF GA2y ySGg2N]l & I+ NB
modern societies and economies as they are transforming our world; actually, these networks
constitute ¥ dzy Rl YSy G I f GLATEFNRE F2NJ Fye S@2fdziA2yl NI
development. According to recent market trends as well as to actual European policy measures
and/or related initiatives, it is assessed that the communication networksthadwider modern
services/facilities environment of the year 2020 and beyond wilbb8y 2 N 2 dzaf & NA OK S N.
Y2NB O2YLX SE (GKIy GKFIG 2F (2RlI&é¢o

Almost 16 years after the initial edition, it is still interesting to assess the context proposed in: International
Telecommunication Uniog Radiocommunications Sector (FR):Recommendation M1645 O ncKHAn00Y & CNJI
and overall objectives of the future development of HA000 and of systems beyond IMiTn n n € ®

See: International Telecommunication UniapRadiocommunications Sector (FR):Report ITUR M.2243 (11/2011):

O0Assessment of the globa mobile broadband deployments and forecasts for International Mobile
¢StSO2YYdzyAOlI lA2yaséd ¢KAA wSLRNI aasSaasSa (KS LISNRLSOGACL
during the decade 2012022. It also presents mobile traffic forecasteyided by a number of industry sources for the

forecast up to 2015 and one source for the forecast between 2015 and 2020 taking into account the new market trends

and market drivers.

Quality of experience (QoE) measures total system performance usifjectue and objective measures of customer
satisfaction. It differs from quality of service (QoS), which assesses the performance of hardware and software services
delivered by a vendor under the terms of a contract.
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Within the forthcoming years it is also expected that the underlying (usually heterogeneous) network
infrasNHzO G dzNB  6Atf 68 Fotd 2F aO02yysSOGAy3 SOSNBGK
applicationspecific requirements (thus including users, things, goods, computing centres, content,
knowledge, information and processes), in a purely flexible, mohiid quite powerful way Living
GAGKAY | TFdzte O2y@SNHASR SYGBANRBYYSyYyi(iz (GKS ydzYo
including sensors and actuators) attached to current networks is growing exponentially and soon it

will be possible to connectna operate an immense diversity of new forms of equipment (e.g. smart

home gadgets, vehicles, drones and even robots) as well; this extends ebad€d abilities and

concepts far beyond our curreeperience of tablet and smartphone connectivity. IN®mJ G2 & FI OF
these major challenges, such innovative aspects not only necessitate but also imply for the proper
establishment and the effective operation of a relevant novel kind of infrastruttatge to provide

network features and performance charagsgics to assure progress and growth in all corresponding
domains (i.e. technical, business, financial, regulatory, social, etc.). In this scope, the simultaneous
6200FaArz2ylrftfte FLIISENARY3I & &d3aNF Rdzk £ € 0iomdahdoOf dzi A 2
software-based network functionalities) in communications infrastructures is expected to support

the corresponding transitional process via further strengthening network flexibility and reattivity

Market actors intend to be strongly involved such processes, whilst creating new opportunities for
y2@Stiae IyR Ay@SailiySyldad ¢KSaS OKIyOSa fHifkB &2 &
3 Sy S NX dr 5Gx, yféelecoms systems, that will be the maBtNRA G A OF £ 0 dzA figkal y 3 0 f ;
society in the next decade5G will not only be an evolution of mobile broadband netw8ikst will

bring new unique network and service capabilities, creating a sustainable and scalable technology

but also a proper ecosystem for technical and businiesovationl. 5G represents a significant shift

for the industry where mobility and computing converge and become indistinguishable. Wireless
networks must transform to become more powerful, agile and intelligent to realize the potential for

the loT and mable richer experiences throughout daily life. Th&& encompasses multiple
application needs with different EAg-End (E2E) requirements (latency, throughput, security,
mobility, etc.). It is not practical to implement separate networks for differenSQequirements

hence 5G networks need to be flexible, scalable and reliable.

Among the above, reliability is a critical conceuirrently communicationsystems beyond 2020 will
need to be flexible enough to accommodate all the diverse use cases withorgasing the
complexity of management. Another reason that flexibility is the first key design principle of 5G is
that any new technology or system weslign for 5G needs to be futumroof and last at least until
2030. This means that it is unlikely thae can currently foresee all future use cases. However, we
will need to design all new components of 5G in a way that makes it easy to extend them to
accommodate these unknowable scenarios.

In fact, as &ey design principle for 5G, reliabilitysgongy related to flexibility; with the flexible
integration of different technology components, we will see a step away from best effort mobile

Andrews, J.G., Buzzi, S., Choi, W.,ak (2014): What Will 5G Be®EEE JSAC, Special issue on 5G Wireless
Communications Systen82(6), 10651082.

European Commission (201%G:Challenges, Research Priorities, and Recommendatidmiat White PaperEuropean
Commission, Strategic Reseh and Innovation Agenda.

Chochliouros, I.P., Sfakianakis, E., Belesioti, M., Spiliopoulou, A.S., Dardamanis, ACzilis)ges for Defining
Opportunities for Growth in the 5G Era: The SESAME Conceptual Mdtelceedings of the EuCIREL6 Intenational
Conference, pp-b. Athens, Greece, June-30, 2016.

In fact, 5G is not conceived as a technology replacing 4G, but rather enhancing it and complementing it with new
service capabilities. Based on this context, it is considered that the usagf@ will continue for several years, before
eventually 5G takes over completelyG will be designed to eexist with 4G, and it is so expected to support the
advent of multitechnology operations, with terminals having the capability to connect to the aeailable network, as

a function of the service requirements of the application.

5G PubliePrivate Partnership (58PP): 5G Vision (02/2015}tps://50-ppp.eu/roadmaps}
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broadband towards truly reliable communication. Reliability is not only about equipmetitngy it

also relates tahe perception of infinite capacity and coverage that future mobile networks need to
deliver. This in principle means that for all the use cases and the vast majority of the users, the
required data will be received in the required time and will not b@etedent on the technology

used. Furthermore, reliability is becoming more critical as we start to relay on mobile
communications for control and safety. A reliable connection can be defined as the probability of a
certain data package being decoded corhgctvithin a certain timeframe. This means that
retransmission may be needed to ensure reception of a correct data package, which will inevitably
delay the transmission. Therefore, even to obtain LTE latency numbers with higher reliability, a lower
system @lay will be required. Putting reliability as a key design principle for 5G means thatal(i)
concepts of system design focus should be put on fairness; (ii) the requirement is expressed in % of
the users and not the locations/coverage, because even reliable network needs to be cest
effective for the service providers; (iii) the mechanisms for traffebetween link reliability (so low
packet error rate) and throughput and/or latency are introduced in a simple and efficientamaly

(iv) multiple retwork layers and radio access technologies are used to provide the most reliable link
0FlaSR 2y (KS dzaASNR& I LILX AOFGA2Yy ySSRaxX f20FGA2Y

5G is actually a commercial reality with approaching one hundred and fifty network deployments
worldwide™. It is a force central to the development of the Fourth Industrial Revolution. 5G
technologies are a major driver for a dizzying array of grenedking digital services and changes

that will sweep across the world over the next decade. The transitiorGtis3ransforming our lives,

our economy, our jobs, and our industries as evidence emerges each day. For instance, wearables,
such as cellular smart watches or conneceybglasses, are evolving to become smihtained

mobile computing devices. Autonomousehicles’, one of the most highly anticipated 5G
technologies, are expected to help us reclaim commute time for new activities in our lives.
Healthcare is changing as services like remote monitoring and telemedicine provide new
opportunities for care. Dnoes will be used for transportation, surveillance, and rescue operations.
Robots and Atrtificial Intelligence (Al) will create new dynamics for both humans and machines.
Cellular Vehiculato-Everything (6/2X) connectivity is expected to save lives andremse
transportation efficiency. Automated enA-end (E2E)manufacturing processes enabled by 5G
O2yySOGAGAGE gAff OKFy3S (KS adzZli & OKFAY LINBOS
impact is expected to be staggering. One glance at indastajyst forecasts$ provides us with some
insight:

1 5 Billion people forecast to be accessing the internet via mobile by 2025.

1 Ericsson (2019Ericsson Report: This is.5xailable at:
https// www.ericson.coni49df43 assetslocal newsroomimediakits/ 5g/dod ericsson _thigs-5g_pdf 2019.pdf

1 A selfdriving car also known as eobot car, autonomous caror driverless caris a vehicle that is capable of sensing its
environment and moving with little oramhuman input.

Also see: Thrun, S. (2010): Toward Robotic Carsimunications of the AG8E3(4), 99106.

Autonomous cars combine a variety of sensors to perceive their surroundings, such as radar, computer vision, Lidar
sonar, GPS, odometry and inertimleasurement units. Advanced control systems interpret sensory information to
identify appropriate navigation paths, as well as obstacles and relevant signage. Potential benefits include reduced
costs, increased safety, increased mobility, increased custeatésfaction and reduced crime. Safety benefits include a
reduction in traffic collisions, resulting injuries and related costs. Automated cars are predicted to increase traffic flow;
provide enhanced mobility for children, the elderly, disabled andaber; relieve travélers from driving and navigation
chores; lower fuel consumption; significantly reduce needs for parking space; reduce crime, and facilitate business
models for transportation as a service, especially via the sharing ecofsobiems iclude safety, technology, liability,

desire by individuals to control their cars, legal framework and government regulations; risk of loss of privacy and
security concerns, such as hackers or terrorism; concern about the resulting loss of-ariated pbs in the road
transport industry; and risk of increased sutbanisation as travel becomes more convenient.

5GAmericas  (01/2021): 3GPP Release 16, 17 and Beyond White Paper Available at:
https://www.5gamericas.org/3gppeleasesl6-17-beyond/

12
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1 5G coverage will roll out rapidly to cover 37 percent of the global population by 2025.
1 5G will account for Z&of all connectins by 2025.

1 10.3 Billion mobile connections are forecast by 2025.

1

25 Billion Internet of Things (IoT) devices globally in 2025. (11.4 Billion Consumer loT; 13.7
Billion Industrial 10T)

1 5G will add $2.2 Trillion to the global economy over the next aksye

These are clearly enormous numbers. While the promise of 5G is high, analysts believe the expected
results from 5G technology commercial deployments are in the initial development stages and will

take time to evolve. The 5G architecture is standd@dkz F2NJ G2RIF& FyR (2Y2)N
evolution. The wireless industry is transformational using technology enablers like-étive,

Software Defined Radi¢SDR) Network Function Virtuadation™ (NFV)and Mult-Access Edge
Computing (MEG) The megaetworks of billions of connected things and people of the future will

require a major shift in network operations and managem@riese changes are enabled through

the LongTerm Evolution (LTE) and 5G specifications created by the Third Generation Partnership
Project (3GPP).

Multi-access Edge Computing (previously known as Mobile Edge Conmpetimgology is also being

f SGSNI ISR Ay pD® a9/ aeadsSvya aoNRy3IéE¢ GKS aSNIBAC
RSOAOSQa LIRAYy(d 2 ¥Fcontainsthe @iplicBighs and avicthaiisionSnfrastkudtdre

which provides compute, storage, and network resources, and also the functions ndsded
applications.

MEC has recently emerged as a promising techrifqee9 & €ore idea is to move computation
closer to enedusers, whereby small servers or miatata centesthat can host cloud applications are
distributed across the network and connected directly to entities, such as cellular base stations, at
the mobile network edge. MEC is also expected torfoge robust than traditional centralesd Cloud
computing system$, because it is distributed and is thus less arted by failures at a centradid

B pct Aa I LINIRAIY &AKATG Ay K2e (KS ySidsaNla G(KIFG dzy RSN
operated, and how the services they deliver are managed. New degreesedbfn are introduced to the network and
its management as resources now may be added, changed, and removed dynamically. This change opens up a wave of
new business opportunities. However, a new and highly agile operational approach is needed to tatheafuthge of
these opportunities.

" Multi-access Edge Computing (MEC) makes no assumptions on the underlying radio infrastructure, which makes it a

highly flexible element in the communications networks. As the delivery technology, together with the yingerl
hardware of the MEC platform, remains open, this enables new levels of adaptability to the chosen deployment
scenario. Therefore, service providers (SPs) can use MEC as a revenue generator and applichgdn(iredtiding
service producing applicains) without being forced to wait for full ratification of the 5G standard and the associated
capital investment. This approach enables SPs to offer third parties a cost effective way to trial their applications. Due
to the virtualsed characteristics dfIEC, it is easy to monitor performance and resource needs of an application, which,

in turn, enables more accurate pricing for operators towards application providers for hosting the applications, as well
as dimensioning the edge equipment exactly as neglifor the application set proposed. Thus, MEC allows content,
ASNBAOSaAa YR FLIWX AOFGAR2ya G2 o6S | OOStSNIXGSRE AyONBlIaiy
experience can be enriched through efficient network and service operations, lmsedsight into the radio and
network conditions.

For the fundamental technical scope, see more details in the scope of the discussion provided in section 1.2 of the
present document.

5 Taleb, T., Dutta, S., Ksentini, A., Igbal, M., and Flinck, H. (03/2@obile edge computing potential in making cities

smarter.|lEEE Communications Magazib§(3), 3843.

16 Satyanarayanan, M., Lewis, G., Morris, E., Simanta, S., Boleng, J., and Ha, K. (10/2013): The role of cloudlets in hostile

environmentsIEEE Peasive Computingl2(4), 4649.
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point. The idea of distributing cloud servers at the mobile network edge is also known as ciBudlets
edge computing® and fog computiny. In all thesetechniques, each set of servers or each micro
data cente is responsible for a small geographical area, although seemeers/micredata cente

may not be directly connected to thiease station.The distinguishig feature of MEC, unlike other
concepts, is the tight integration with RAN and the exchange of contextual information (radio
conditions, user location and presence, etc.) and control of selective local breakout of user data flow
to hosted applicationsThe MEC paradigm permits offering environmentharacterized by low
latency, high bandwidth and locatioawarenessthat can be leveraged by applicatignthis also
pavesthe way for the development of several new applicatioftsis generally agreed that theG
mobile system willlargely benefit from MEC in order to enable novel servifesn vertical
industries, particularly those covering automotimelustry(as the lattethave several constraints that
cannot be accommodatebly the currentdG/4G+ mobile networks).

MEC helps to satisfy the demanding requirements for the 5G era in terms of expected throughput,
latency, scalability and automation. By offering clawmputing capabilities and an IT service
environment at the edge of the network, MEC allows faradlow latency and high bandwidth.
Furthermore, it can provide access to réiale network and context information. MEC also offers
additional privacy and security and ensures significant cost efficiency. The integration of MEC into
the 5G architecture Wliresult h addedvalue, ensuring highly efficient network operation, service
delivery and the ultimate personal experiend¢EC and NFV are two different concepts and they can
be implemented independently. That means they may share the same \gatiati infrastructure, or

they may have independent ones, depending on the deployment option (MEC standalone or MEC in
NFV environment). In any case, from a standardization point of view, MBGotegy reuses the NFV
virtualisation infrastructure and the NFYifrastructure management to the largest extent possible.

At of the end of October 2020, there were 9.4 billion mobile connections globally, 61% of which were
LTE. With 5.82 billion LTE connections, it vastly surpasses previous technologies of HSH&n}1.8 bil
and GSM (1.4 billion) as the leader in global technologies. 5G network connection numbers are
surging with 229 million 5G subscriptions and 236 million projected for the end of the year. This
number is expected to increase to 1 billion by 2022 aner @ billion at the end of 2024 which
NBLINSASYGa dzlJ (G2 om: 2F (GKS 62NIXI RQA LJ2LJzt | GA2
December 2018 to coincide with the launch of 5G networks in South Korea which was the beginning
of the initial device wave. Ehvolumedevice wave currently has 100 5G device models that use
varied combinations of Highand, Midband or Lowband spectrum. Performanceptimised 5G
devices should be available in 2021. All of this will contribute to rapid adoption and rapid grbwth o
the 5G networks.

5G has the potential to deliver substantial performance and capacity improvements for personal,
public and enterprise communications. It has the potential to provide a suitable communication
solution basis for many vertical applicatioas, well as to offer new architectural concepts and value
chains to efficiently support innovation and future ne&gf. 5G is about the seamless interworking

7 bid.

8 Davy, S., Famaey, J., Serrat, J., Gorricho, J.L., Miron, A., DramitiretsalM01/2014): Challenges to support edgs

a-servicelEEE Communications Magazi&#(1), 132139.

1’ Bonomi, F., Milito, R., ZhdJ,, and Addepalli, S. (201Fog computing and its role in the internet of thinds

Proceedings of th&1CC 2012 Workshop on Mobile Cloud Computing,1316. August 2012.

% Global System for Mobile Communications (GSM) Associa@GBMA) (2020)GSMA Intelligence; Mobile World
Congress Dall

2 E| Hattachi, R., and Erfanian, J. (027208t Generation Mobile Networks (NGMN): NGMN 5G White PaperNéx0
Generation Mobile Networks Ltd. Available at:
http://www.ngmn.org/fileadmin/ngmn/content/images/news/ngmn_news/NGMN_5G_White Paper V1 0.pdf

© 2018¢ 2021 5GDRIVE Consortium Parties Page32o0f 212



‘?U'UR"““
D2.3: Final Report of Architecture and W&&se Implementation

of different network technologies, mobile, fixed as well as satellite, and theexizience witin a
common infrastructure of standardised and customer specific networks or IT functionalities,
designed to fit vertical industries as well as consumers to broaden digital inclusiveness. It is expected
that the development of 5G systems will be based oreaosystem of a close cooperation between
industry, SMEs and the research community to develop innovative solutions and to ensure the
acceptance and exploitation of these solutions in global standards and m&rkets

As the industry builds upon the great owhich3GPP has accomplished with defining New Radio
(NR) and Service Based Architecture (SBBA¥easpects and others of 5@ill simultaneously evolve

in 3GPP Release?and beyond5G preserves the economy of scale benefits of a common network
infrastructure and unified radio interface for various, even completely different applications,
avoiding technology fragmentation, preventing energy and spectrum wastage and facilitating cross
sector innovation, thus improving the competitiveness of the ecopo Thus, 5G can therefore
facilitate connectivity, network access and service security of different vertical sectors and be
instrumental to the management and automation of business assets and processes.

[ NG [ e
I Wkp [Proposals | Evaluation
EC5GPPP 56 PPP set-up 56PPPrvase @) 56PPPRrase @) 5GPPPRtase @)
Note: Other Regn eents uder elaboraton
Summer Olympics in Japan
0
o - Exploratory phase and specification e - Detailed research and optimization o - Eyperimentation and trials

Figurel: 5G padmap ewlution towards 2020 and beyo2é

The aboveHgure 1 indicates the overlapping activities and timelines of organizations working on 5G
at a number of layers, and in reality, many more could be added to that list, from Internet standards
bodies like the IET® evolutions in IT and cloud platforms.

The next figureas below,illustrates the latency and bandwidth/data rate requirements of the
various use cases (as proposed by GSMA Intelligéndaich have been discussed in the context of
5G to date.

22 Warren, D., and Dewar, C. (12/201¥Wnderstanding 5G: Perspectives on future technological advancements in mobile.

GSM Association (GSMA) Intelligence. Available Hatps://www.gsmaintelligence.com/research/?file=141208
5g.pdf&download

Seefor examplethe wider context discussed withihttps://5g-ppp.eu/

23

% Holma, H., Toskala, An&Nakamura, T. (12/2019): 5G technology: 3GPP new radio. Wiley.

% For further information also sedttps://www.3gpp.org/releasel?

% { 2 dzNJn® BG Infrastructure PubfRrivate Partnership ¢ NET Featws 2015¢ 5G PPP Visiog 25.03.2015.

[Presentation by JeaBebastien Bedo]. Available athttps://5g-ppp.eu/wpcontent/uploads/2015/07/BEDO
25Mar2015.pdf

Global System foMobile Communications (GSM) AssociatidBSMA) (2020)GSMA Intelligence; Mobile World
Congress Daily

27
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Figure2: Bandwidth anddtency requirements of potential 5G use c&&es
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richer and more complex than today. The user experience will not onindre involving but also

more immersive, supporting all aspects of social interaction, work communication, health
monitoring, device and environment management, and even assisting our economic weltbeing

The challenge is to provide an appropriate S@rastructure that has the inherent capacity,
capability, reliability, availability and security to provide this seamless life support in a timely and
sustainable way. This new network infrastructure must be capable of connecting people, processes,
compute centres, content, knowledge, information, goods, and other things at high speed according

to a multiplicity of application specific requirements. And while tisdume of communication each

person does is expected to increase dramatically,rtbmber of connected things communicating is
expected to be 10 times higher than the number of connected human users by then. 5G is not just an
evolution; it is a revolution and must be designed to handle this dramatic increase in
communications from the starBecaus of the recession and intense competition around the world,

GKS 9dz2NRPLISHY !yA2y A& O2YYAGAGSR G2 1SSL) adNBy3d
develop more Europeahuilt Internet infrastructure and services.

If history is any indicator, techramjy will likely continue to progress into another IRE FTA Y SR dalL a ¢
AyiG2 GKS Hnon GAYSTFNIYSP® ¢KAA AL {itwillNRaVG,86,8 0 S
and so on each following a 4@ar cycle). As of November 2020, there was no induatmeed

definition or timeline for the successor to IMD20orvK | GG At € f A1+ @n HB2 Xl ¢ D ¢
| 26 SOSNE 2dziiLddzi FNRBY (GKS 62N)] 2y GKA& ySEG dLatc
expected to show progress within the next fg@ars, as there are already projects underwagich

impact technology evolution into the late 2020s and 2G30&/hile 6G is expected to revolutionize

radio, network technologies and architecture potentially based on new IMT requirefigitts not

5 Source:Warren, D., and Dewar, GJnderstanding 5G: Perspectives on future technological advancements in mobile.

GSM Association (GSMA) Intellige(t2/2014).

% 5G Americas (12/2020Mobile Communications Beyond 2020 he Evolution of 5G Towards the NextABailable at:

https://www.5gamericas.org/mobilecommunicationsdeyond2020--the-evolutionof-5g-towards-nextq/

% Alsharif, M.H., Kelechi, A.H., Albreem, M.A., Chaudhry, S.Al, @020): Sixth Generation (6G) Wireless Networks:
Vision, Research Activities, Challenges and PatleBtilutionsSymmetry12(4), 676697.

s Akyldiz, I.F., Kak, A., and Nie, S. (07/2020): 6G and Beyond: The Future of Wireless CommunicationdEBStems.
Access8, 133995134030.
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likely this work will appear in a 3GPP release until after Release 19 or 20, nor be ready for
commercial deployment until around 20%0

1.2 pD & a9yl ofSNE 2F GKS 9dzNRLISIY | yF

Currentmarket growth via the development and exploitation of copenading 5G networks and of
NBfIFGSR AYFTNI aGdNHzOGdzNBa aRSEAYySIEF{iSaég || LlzNBft @
economies and societies. In any case, the concept of very high performance 5G networks results
from a combination of different faots and by assessing a variety of features. Thus, we can
distinguish several potential approaches among which important is the one proposed from the
service and business perspective that is summarised as below:

1 A significant growth in mobile video consurigst will create a new framework that is
assessed to requinmuchhigher traffic volumes per device in Europe after 2020, if compared
to actual corresponding figurds**. Usage of videmn-demand (VoD) services will continue
to grow and resolution of theseideos will continue to increase. It is expected that people
will want to watch higkresolutionaudiovisualcontent (HD/UHD)regardless of the way the
contentis delivered.The popularization of cloudelivered Media and Social Media content
to smart dewtes implicates for supplementary limitations on the intermediate
communication links, while ever richer content calls for significant capacity increase. Any
relevant Virtual Reality (VR) applications are expected to require Gdgability, whilst the
genaalisation of 8K° Ultra High Definition Television (UHDTV) and of corresponding
streaming should necessitate capacities of more than 100 Mbps for a single user. From the
pD LISNRERLISOGADGS: (GKS O2NNBaLRyRAYy3d aSHEDAOSa |
referred to as eMBB in the following text, and target applications with aggregated speeds
higher than 10 Gbps.

1 The expansion of MachiA®-Machine (M2M) communicatiorwith great numbers of
connected devices (massive f§Tused in professional and insimial applications and/or in
smart cities with the deployment of large populations of sensors, implicates for highly
efficient radio networks and very low energy consumption. From the 5G perspective, the
O2NNBaALRYyRAY3I &SNIAOSAE neltodaR OBIATYTSSRH 2IV& dzgf X D& & A
referred to asmassive Machindype Communicatioh (nMTQ in the following text, and
target applications with millions of devices per krar future wireless systems, the design

¥ NTT DOCOMO Inc. (01/2020}hite Paper: 5G Evolution and .6G

% International Telecommunication UnionRadiocommunications Sector (FR): Report ITLR M.2370 (07/2015% L a ¢

NI FTFAO SaidAaYldSa ¥F.2Ms Rekdt contSins Nbbal WM Hraffic @stimatesieyoid 2020 from
several sources. These estimatedicpate that global IMT traffic will grow in the range of-100 times from 2020 to
2030).

CiscoCisco Annual Internet Report (262823) White Papefupdate: 09032020)
http://www.cisco.com/c/en/us/solutions/collateral/servieprovider/visualnetworkingindexvni/
white paper ¢13520862.html

GyYé NBFSNE (2 (GKS ydzZyYo SN 27T deltdk hoBzbridiat andbviedfic8l iefmitiBn o6dnS Y Sy G &
image compared to traditional High Definition TV standards (2K pixels for horizontal definition).

¥ Ly GKS 6ySENL TFdzidzZNBE SOSNE 202800 (KEdG OFy oWWI&FAG TNR
Internet technologies. Therefore, the number of connected devices will grow rapidly and it is expected to exceed the
YdzZYo SNJ 2F KdzYly dzaSNJ RSPOA OS & ¢ -phdaésasénsoB2aftya®i®, ic8nerasovigtficles/ 34 ¢ C
etc., ranging fom low-complexity devices to highly complex and advanced devices. A significant number of connected
devices are expected to use IMT systems.

34
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87 For further information seefor example Pratas, N.K., Wunder, G., Saur, S., Navarro, M., Gregoratti, &. (2018):

TowardsMassive Connectivity Support for Scalable mMMTC Communications in 5G NetiE@&rEsAccess, 28969
28992.
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of new applicationss envisaged based oM2M communication with realime constraints.
Driverless carsenhanced mobile cloud servicesgaktime traffic control optimization,
emergency and disaster responsepart grid, ehealth or efficient industrial communications

are examples olvherelow latency and high reliability can improve quality of liRelated use
cases areharacterized by requirements on very low device cost and very long device battery
life, often also associated with a requirement on verngle-area coverage.

1 New timedemanding aplicationsrequiringimmediate reaction (i.e. very low latency in the
order of 1 ms), cannot be served by to@agxisting technology with the required guarantee

2F LISNF2NXIYyOS O06KSNB I GeLAOFE [¢9 fFGSyCcC

applicatons comprise of remote surgery, connected cars (mainly for safety services and fast
prediction of surrounding conditions), smart factories and robotics, or detection of faults in
energy grids.These applications are typically associated with requiremeotsvéry high
communication reliability and the possibility for very low lateneymost of the considered
cases, these timeritical applications have to combine 5G connectivity with distributed
(mobile) cloud technology so that to satisfy the required¢m-end (E2E) response times.

CNREY (KS FO(GdZdt pD LISNELSOGAGS:E GKS O2NNBalL
2 |
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applications with very low latency requirements.

From a technological perspectiveeveral innovative and higttisruptive technologies are also

SELISOGSR G2 | O FPan thaXdidviyigi gattstwe briéfly HistissS federal among
them, per case

I Thevision of economic fibrke radio acceswith data rates beyond 10 Gbps is within reach,

notably through the usage of higher frequency bands above 6 GHz and related technologies.

Today, spectrum allocations for wireless broadband are situated below 6 GHz. Higher
frequency bands will offer largeapacities for disruptive capabilities, such as a large number
of simultaneous communications with users/devices, and open the prospect for user data
rates meeting the International Telecommunication Union (ITU) requirements for 5G (i.e.
mainly for exceding the rate of 10 Gbps). A multiplicity of realised industrial trials have led

to speeds higher than 10 Gbps and up to 70 Gbps, achievable when using spectrum above 6

GHZ°".

Network Function Virtualisation (NEF\Qpen platforms offer better flexibilitand scalability

than the purposebased hardware used in existing networks, so the 5G network is moving
away from the traditional speciaksl hardware used in previous network generations and
towards open platforms. Open platforms consist of COTS (Commestfithe-Shelf)
hardware, where applications are installed, forming what is called a Virtual Network Function
(VNF). Network functions can be executed in any physical hardware, and therefore the
physical location can dynamically change based on currentade and also the service

% International Telecommunication Union Radiocommunications Sector (FR): Report ITLR M.2320 (11/2014):

GCdzil dzZNB (i SYR¥ 22 F3& S UNS & Tihkkbode Reépaptovides s hifoGdded of future technical
aspects of terrestrial IMT systems considering the timeframe and beyond. It also provides information on
technical and operational characteristics of IByBtems, including the evolution of IMT through advances in technology
and spectrallyefficient techniques and their deployment.

¥ To this aim, a huge majority of vendors and operators aim at using spectrum around 30 G32zGP&) for early 5G

trials athigh speeds, where commercial implementation may be feasible in the short term.

“0" International Telecommunication Union Radiocommunications Sector (FR): Report ITLR M.2376 (07/2015):

G¢SOKYyAOLt FTSFHaAoAftAGeE 2F La¢ Ay olyR&a 0205 ¢ DITE
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requirements such as latency. This also enables cloud comfitivigere the network nodes
share compute, storage and network resources, dynamically and independently of their
physical location. Th&FV procesgrovides the possibty of realising and implementing
specific network functions (such dsr example Content Delivery Network (CDN), Customer
Premises Equipment (CPE) management, etc.) in software running on generic hardware,
without the need for costly hardwarspecific machines. NFV enables the ordemand
instantiation of functions in a format easier to loédlance, scale up/down, and allow for the
movement of functions dynamically across distributed hardware resources in the néfwork
The anticipated benefits are: (i) drastic reduction in capital expenditure (capex) and
network management costg operational expenditure (opex); (ii) reuse and sharing of the
same functionality between several customeasd (iii) higher innovation capability through
easy introduction off S¢ a2F i 6 NB TFdzyQliA2ylftAGASE | yR O
place. The trend towards virtualisation is profound in the industry. The great majority of
market actors support the EFSFV Industry Specification Grd&igiISG) which is one of the
leading bodies for NFV functional specifications.

Thus, NF\dims to transform the way that network operators architect networks by evolving
standard IT virtualisation technology to consolidate many network equipment types onto
industry standardhigh-volume serers, switches and storage, which could be located in a
variety of NFVPoPs including data centres, network nodes and inwset premises. High
level objectives of NFV dfe (i) Rapid service innovation through softwdrased
deployment and operation of etwork functions andendto-end services; (ii)mproved
operational efficiencies resulting from common automation and operating procedi@s
reduced power usage achieved by migrating workloads and powering down unused
hardware (iv) $andardized and pen interfaces between network functions and their
management entities so that suctecoupled network elements can be provided by different
players and (v) geater flexibility in assigning VNFs to hardware.

Software Defined Networking (SDMnother newfeature of 5G networks is what is called
SDN which provides the separation of the control plane from the user plane. The usage of
SDN allows for a high level of programmability, enabling the separation of the network in
different slices within the same hdware. Each slice can then be dedicated to a different
type of service. SDI$ a complementary trend to NE\that allows the control of network
resources to be opened to third parties, with the possibility for these third parties to manage
their own physial or virtual resources individually, as needed, with the required level of
performance tailored to actual needSDNcentrally configures and manages physical and
virtual network devices in datacems, such as routers, switches, and gateway#is

“1 Could compting has been gaininigts of momentum for its flexibility, elasticity, and cefticiency.The basit¢enet of

cloud computing is that users do not need to be concerned about the placement of their services nor the provisioning
of the required resourcegrincipally offered following the pager-use model.

Also see: Satyanarayanan, M., Lewis, G., Morris, E., Simanta, S., Boleng, J., and Ha, K. (10/2013): The role of cloudlets in
hostile environmentslEEE Pervasive Computitg(4), 4649.

42 Mijumbi, R, Serrat, J., Gorricho;LJ., Bouten, N., edl. (1Stquart. of 2016): Network function virtualization: Stadé&the-

art and research challengd€EE Communications Surveys and Tutoti&($), 236262.

3 Founded in November 2012 by seven of theworlid f S RAy 3 (St §02Yya 2LISNI G2NAS GKS
the try Specification Group for NFV. For more details tips://www.etsi.org/technologies/nfv

* European Telecommunications Standsrinstitute (ETSI): ETSI GR NFV 001 V1.2.1-@8Pid b St 62 NJ Cdzy OG A
+ANIdzt t A&l GAZY 0 b Cx 0 Available! & &t:  htipd:/ABadetsi.org/delver/etsi_gs/INFV
MAN/001 099/001/01.01.01 60/gs_NHAWAN001v010101p.pdf

**Li, Y., and Chen, M. (2015): Softwelegined network function virtualization: A survefEE Accesd 25422553,
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possiblity goes much beyond the management capabilities offered to today's Mobile Virtual
Network Operator® (MVNOs).The combination of NFV and SDN technold§iesables a

lower capex as compared to traditional networks, accelerating time to market. Accdaling
recent researcff businesses utilizing such technologies can implement new services 13 times
faster than with traditional networks. Operational cost is also reduced due to automation
and the scalability of such networks. Based on an analyst firm esfimafeerational costs of
running a network implemented with such technologies can be reduced by as mubk as
limit of 50%

In the framework of actual 5G developments and with the pure aim of suppodihigoc digital

business models of industrial usefs,5b YR bC+ I NS 2FiSy &aSSy I a
O2YLRySyiaég G2 Ftft2gs GKSEAS aALISOATAO OFGSI2NASH
capabilities dynamically, according to their specific needs. As network resources are potentially
availableg GKANR LI NGASE GKNRdAzZAK 2Ly AYIiSNFIOSasz Gr
to innovate through development of specific service offers building on network resources made
available for third party access and programmabil82N and NFV aleving an enormous impact

on network operations today, the 10T with massive numbers of devices, the dynamic nature of the
underlying networks and QoS requirements, and finally the end customers who continue to expect

an improved level of communication emence. To unleash the benefits of virtsation and

software defined technologies, while increasing the efficiency of network operations, the industry

must enhance Network and Service Management (NSM) automation. Developments in edge
computing, low latacy networks, Artificial Intelligence (Al), and Machine Learning (ML) offer
additional benetfis that again can only be reaid with NSM automation. The introduction of 5G

further raises the stakes towards a next generation NSM architeclure.evolutionof network and

control technology will enable more flexibility in service creation, capacity and change management

as well as more efficient network operations.

The essential capabilities delineated above also implicate for progress and evolution oveypassi
current 4G/LTE capabilities, as of the following attributes:

1 SpeedCurrently, 4G data rates (reachable by multiple users) are at about 500 Mbps, which
supports in average a maximum data rate of 50 Mbps per user.

1 Flexibility to accommodate demanding fessionalgrade applications4G core network
architectures and capability do not widely implement SIDIR\tbased functions. This does
not allow the resource allocation flexibility needed in scenarios where a radio access has to
assist applications with we different requirements (e.g. connected vehicle users with very
low latency requirements or video streaming users with very high downlink speed
requirements). The lack of open interfaces also-@nepts the emergence of innovative
service offers in the ne domains.

1 Instant response timeCore 5G application requirements such as low latency of 1 ms (10 to
20 ms for 4G), serving 1 million devices/km2 (about 1000 device/km2 for 4G) or fast
deployment of new services in the order chaur deployment time (mesured in days with
currentteOKy 2 f 2328 0 I NBs4Gethndldgyhli 2 F (2RI &Q

6 A Mobile Virtual Network Operator (MVNO) operates resourcegraoted from a network operator owning physical
and logical network infrastructure.

a7 Nguyen, \tG., Brunstrom, A., Grinnemo,-K, and Taheri, J. (3rd quaof. 2017): SDN/NFWased mobile packet core
network architectures: A survelEEE Communicatio8sirveys and Tutorial$9(3), 15671602.

8 7K Research (07/2019)he Quantitative and Qualitative Benefits of the New IP Network
49 :
Ibid.

© 2018¢ 2021 5GDRIVE Consortium Parties Page38of 212



‘?U'UR"““
D2.3: Final Report of Architecture and W&&se Implementation

Against the background, new 5G definition(s) and use cases have been developed by the industry.
The ITU Recommendation FRJM.20830%°, approved in September 2015, defines theemll

objectives of the future development of IMT for 2020 and beyond. It calls for 5G system
improvements that cover three generic classes of services, based on anticipated market
RS@PSt2LISyidad ¢KSasS NB 2dzif Ay SR, asjlustiatédSbelaNE | Rt ¢
(Figure 3):
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Figure3: Usage scenarios of IMT 2020 and beyond [SourceR IREcommendation M.20€3

IMT for 2026" and beyond is envisaged to expand and support diverse eusagnarios and
applicationsthat will continue beyond the current IMTFurthermore, a broad variety of capabilities
g2dzf R 0SS adA3IKGfe O2dzL) SR¢ gAGK (GKSasS AyiSyRSR
2020 and beyontd,*®. The usage scenas for IMT for 2020 and beyond include:

1 Enhanced Mobile Broadband (eMBBMobile Broadband (MBB) addresses the human
centric use cases for access to muaiedia content, services and datihe MBB can be
relevant for accessing muithedia content such as4K streaming on a mobile device or-on
site live experiences. It is also relevant to#°° TV, health wearables and home sensor
serviceslt is the first use case for the applicability of 5G. The eMBB addresses traffic growth
demands and higher consumexperience needdt requires a significant increase in capacity
over a macrescale coverage area; at the same time, sites along highways in close proximity
are needed to support connected vehicles as the smart car becomes even smarter as part of

% International Telecommunication UnianRadiocommunications Sector (FR): Recommendation I'TR M.20820 (09
2015):dMT VisiogC N> YS62N) YR 208Nttt 202800A0Sa 2F GKS ¥Fdzi dz2NB F

¢ KS GSN)Y dLat¢ HAH N LequikeNéedts ssDédibbtbe ITD RatiocorauSicadions SettorR)Taf the
International Telecommunicatn Union (ITU) in 2015, for 5G networks, devices, and services.

52 Popovski, PTrillingsgaard, K.F., Simeone, O., and DurigR@.8):5G Wireless Network Slicing for eMBB, URLLC, and
mMTC: A Communicatiehheoretic ViewlEEE Access, 5576555779.

53 Anand, A., Veciana, G. de, and Shakkottai, S. (20diA):scheduling of URLLC and eMBB traffic in 5G wireless networks
Available athttps://arxiv.org/abs/1712.05344

4K resolution also called agK refers to a horizontal display resolution of approximately 4,000 pixels. More relevant
information can be found, among others attps://en.wikipedia.org/wiki/4K_resolution

> 8K resolutionrefers to an image or display resolution with a width of approximately 8,000 pixels. The 8K display
resolution is the successor of the 4K resolution. For further details also samong others
https://en.wikipedia.org/wiki/8K_resolution
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the evoldion towards fully autonomous vehicle$he demand for mobile broadband will
continue to increasethus leading to eMBB The eMBB usage scenario comsewith new
application areas and requirements in addition to existing Mobile Broadband applications for
improved performance and an increasingly seamless user experience. This usage scenario
covers a range of cases, including wiadea coverage and hotspot, which have different
requirements. For the hotspot case (i.e. for an area with high user density) \gnytriaffic
capacity is needed, while the requirement for mobility is low and user data rate is higher
than that of wide area coverage. For the wide area coverage case, seamless coverage and
medium to high mobility are desired with much improved user daite rcompared to
existing data rates. Howevethe data rate requirement may be relaxed compared to
hotspot. In general, the eMBB use cases have requirements for higher data rates and better
coverage.For examplemobile broadband requires a significant i@ease in capacity over a
macroscale coverage area. At the same time, sites along highways in close proximity are
needed to support connected vehicles as the smart car becomes even smarter as part of the
evolution towards fully autonomous vehicles.

Ultra-Reliable and Low Latency GCommunications (URLLC)This use case has stringent
requirements forcapabilities such as throughput, latency and availabiftgme examples
include wireless control of industrial manufacturing or production processesote medcal
surgery,distribution automation in a smart gridransportation safetyetc. As evident, the
related use casebave very strict requirements on latency and reliabilldRLLC supports
low-latency transmissions of small payloads with very high réiliadrom a limited set of
terminalsg,ﬁ which are active according to patterns typically specified by outside events, such
as alarms.

Massive Machine Type Communications(mMTC) This use case is characterized by a very

large number of connected devices tyaily transmitting a relatively low volume of non
delaysensitive dat&. Devices are required to Hew costand have a very long battery life.

TheddF AYyAGA2Y 2F YIFIOKAYSnieLlS O2YYdzyAOF GAz2ya i
large variety of emerging concepts, such as the Internet of Things (IoT), Internet of
Everything (I0E), Industry 4.9, Yl NI a- €3 SGO0d® 9FOK FRRa ySg
assumptions and requirements, ranging from long term environmental observation involving
limited energy consumption, over smart cities with millions of sensors, to fully wireless
factories with very strict requirements on latencies and reliabilities of thireless
connection. A 5G design needs to considerttdl in order to really fulfithe role of a

universal enabler for emerging and future industrigse related uses casgenerally have
requirements to support a very large number of devices in alkarea, therefore, very large

device density The main challenge in mMTC is scalable and efficient connectivity for a
massive number of devices sending very short packets, which is not done adequately in
OSttdzA I NJ aeadsSya RSaA3Iyiéhk Fufienord davMTCysolitiénsJS O2
need to enablewide area coverage and deep indoor penetration while having low cost and

being energy efficient.

Additional use cases are expected to emerge, which are currently not forefeerfuture IMT,
flexibility wil be necessaryo adapt to new use cases that come with a wide range of requirements.
Future IMT systems will encompass a large number of different features. Depending on the

56

57

Also see, for further study: Fehrenbach, T., Datta@®ktepe, B., WirthT., and Hellge, C. (2018RLLC Services in 5G
Low Latency Enhancements for LTE netwdrk#roceedings of th2018 IEEE &8Vvehicubr Technology Conference
(VTCGFall) pp.1-6. Chicago, IL, USA.

See for example Bockelmann, C., Pratas, N., Nikopour, H., Au, K., SvenssoralT(0@{2016): Massive machirtype
communications in 5G: Physical and MAger solutionslEEE Commumitons Magazine54(9), 5965.
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circumstances and the different needs in different countries, future IMT sysséymgld be designed
in a highly modular manner so that not all features haveeamplemented in all networks.

With such a large variation in performance attributes, it may be more useful to consider these very
different use cases in terms of their type$ interaction: between people, between machines, or
between people and machines. Considering this classification, and grouping the use cases by the
primary categories that 5G walffect (i.e., extreme mobile broadband, massive scale communication
and ulra-reliable low latency service)leads to the consideration of a powerful alternative
visualgation. This, in particular, enables a vision of the way certain use cases will span across multiple
types of interaction and various performance requireméhtBigure 4, below, illustratesthis sort of
taxonomy for some 5G use cases.
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Figure4: Some 5G use cases grouped, according to 5G Americas [Source: 5G Americas (2017): 5G Services and
Use CasesA White Paper]

1.2.1 Specific Actions promied by the EU in the 5PP Context

The European Commission (El@)inched in 2013 a PublRrivatePartnership® (5GPPP) backed by

700 million euro of public funding with the aim of making sure that 5G technology is available in
Europe by 2020. However,search efforts alone willndd S & dzF ¥ A OA Sy (s leddershipy & dzNB
in 5G. A wider effort and a more detailed approach are so expected to make 5G and the services that
gAtft Ft26 FTNBY A0 | NBFfAGES Ay L¥INSIADDH | W2 NO2p\ND
future European Electronic Communications COaéll support the deployment and takep of 5G

networks, particularly as regards assignment of radio spectrum, investment incentives and

favourable framework conditions, while the recentidopted rules on open Intern®tprovide legal

% 5G Americas (20173G Services and Use CasésWhite PaperAvailable athttps://www.5gamericas.org/5eservices

usecases/

% More details can be founat: https://5g-ppp.eu/

0 For further information also sedittps://ec.europa.eu/digitalsinglemarket/en/connectivityeuropeangigabitsociety

1 see for example Regulation (EU) 2015/2120 of the European Parliament and of the Council of 25 Novemben2015

laying down measures concerning open Internet access and amending Directive 2002/22/EC on universal service and
user® NAIAKGa NBfFGAYy3d (2 StSOGNRBYAO O2YYdzyAOl GA2ya ySis2N]
on public mobile communications networks within the Un@fficial Journal (OJ) L3125.11.2015, ppAL8.
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certainty as regards the deployment of 5G applications. This communication complements and
leverages this new regulatory framework through a set of targeted acfions

The EC will assist EU Member States inctir@ext of their national broadband plans and the Future
Internet Forum (FIF) and in collaboration with industry through thePH® to establish common
objectives and concrete steps for testing and deploying commercially available 5G solutions.

As major rgearch efforts are taking place at a universal level, it is critical to avoid any sort of
GdzyadzA GSRé¢ pD aidlyRINRax S@2ft@Ay3a Ay RAFFSNBy
CKA&a OKIfftSyaS AYLX AOF(GSa ®bepeifoimedvat MNBevel QigkaR A y |
structure an explicit consensus as of the choice and usage of technologies, spectrum bands and in
order to establish effective 5G applications. The promotion of commes@aservices in the market

will also implicate fdlJ O2y aARSNI 0f S Ay@SaidySydas F2N G§4KS | ¢
N} RA2 &LISOGNHzy a ¢Sttt a FT2N) O0t2aS IyR AyidSNI C
user industries, not necessarily within the EU borders only. In fact, angnofiir international
collaboration will strengthen the intended actions and will support development and growth,
together with clear technological prospects and a reliable regulatory framework. Legislative and
regulatory actions can remove barriers, impeocompetitive incentives, deliver greater predictability

for investors, as well as lower costs for network deployméntthis framework, an absence of
coordination between national European approaches concerning theublbf 5G networks could

generate an important risk of fragmentation as of spectrum disposal, service continuity across
borders (e.g. connected vehicles) and reliable implementation of standards. Consequently, this could
prevent from establishing a critical mass for-B&ed innovation irthe European Digital Single

Market’® (DSM).

The Commission has identified the following key elements in order to support a proper development
of the European market in view of the expected®5@novative features:

[N

1 Alignment of roaemaps and priorities fora coordinated 5G deployment across all EU
Member States, targeting early network introduction by 2018, and moving towards
commercial largescale introduction by the end of 2020, at the latest.

1 Making provisional spectrum bands available for 5G ahead of 2089 World Radio

Communication Conference (WRE), to be complemented by additional bands as quickly as

possible, and work towards a recommended approach for the authorization of the specific

5G spectrum bands above 6 GHz.

Promotion of early deploymenhimajor urban areas and along major transport paths.

Promotion of parEuropean multd G I { SK2t RSNJ GNAFf& +Fa aoOlF al ¢

innovation into full business solutiofts

= =

2 To deliver appropriate incentivdsr investment in Internet connectivity, the proposed Code makes targeted changes to

market regulation designed to enable adequate returns on new investments relative to risks, giving -&idepe
predictability to the international investment community, W leaving adequate scope for adaptation to localised
network conditions.

% The Digital Single Market designates the 2QD49 strategy of the European Commission for the best possible access

to the online world for individuals and businessAsDSM is we in which the free movement of persons, services and

capital is ensured and where the individuals and businesses can seamlessly access and engage in online activities under
conditions of fair competition, and a high level of consumer and personal daiteqtion, irrespective of their
nationality or place of residence. The 262@19 strategy of the Commission had identified the completion of

the DSMas one of its 10 political priorities.

% 5G refers to the next generation of network technologies offefangspects for new digital economic and business

models.

5 Within this specific scope, tHeG ParEuropean Trials Roadmap supports global European leadership in 5G technology,

networks deployment and profitable business. It validates the benefits of 5@rtal sectors including public sector,
businesses and consumers. It also promotes a clear path to successful and timely 5G deployment in Europe.
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9 Facilitation of the implementation of an industlgd venture fund in spport of 5Gbased
innovation.

1 Support of leading market actors in working together, towards the promotion of global
standards.

In addition to progressively challenging connectivity for media applications, profesgji@us
communications in industrial andervice domains such as automotive, transport, manufacturing,

health as well as next generation safety and emergency services will necessitate for a seamless,
shared, fixed and wireless infrastructurerhich offers a range of customeontrolled levels of

reliability and quality of service (Qo0S), tailored to specific business needs. The foreseen services will
&Kl NB AYFNI &G NHOGdzNBE FyR | O02YY2y pD GSORyz2ft238
to remain fully connected at all times, in urban tegrort, along intescity corridors, or even in the air

(e.g. drones for logistics). Industrial zones, road corridors and train connections are expected to be

the key areas for the first phase of new applicatidn3he viability of some of these new applioas

will require the availability of 5G services simultaneously in all Member States to enable service
continuity across borders and sufficient economies of scale. Thus, the Commission supports a
common intermediate objective to promote a common timetabde network deployment proposed

in the 5G action plan. This Action Plan aims to foster a coordinated approach for the deployment of

5G infrastructuresg KA OK akKlFff | FFSOG 9dz2NRPLISQa TFdziidzNB Ly dS
opportunities to inmvate, not only in the communications sector, but also throughout the whole
economy and society. Establishing the new 5G infrastructure requires an appropriate degree of
coordination between Member States and between relevant sectors to stimulate investmee

action plan aims to realise such coordination based on a number of targeted actions, largely of a
voluntary nature. Together with the proposed Code, it should give Europe the tools to lead the 5G
race for the benefit of its international competiéness.

5G will be different to previous generations. Its specific goals include the creation of enabling
solutions for vertical industries such as automotive, healthcare, transport and utilliegtical
Industries are going through a new wave of genenadi transformation driven by multiple factors
including societal changes, economic challenges and aging of populations. In the next decade, many
industries are evolving towards distributed production, connected goods, low energy processes,
increasing autmation, collaborative robots, integrated manufacturing and logi&ticEhe \ertical
industries as well as the ICT industry will also benefit from globally accepted standards and
harmonised frequency spectrum. This will enable economy of scale for afferdabt and ensures
roaming by interoperabilityWhile it cannot be denied that wireless through its generations has
delivered enormous socioeconomic value almost beyond measure, no generation has ever set out
with this fundamental goal as a priority. Inigtrespect 5G will be quite different. It will be the first
generation to explicitly target delivering soggonomic benefits andas a resultmany new 5G
capabilities are anticipated. Among other capabilities, the 5G will enable a diversity of working
solutions on planes, trains and cars.

More specifically, vthin the context of the IGT7-2018 Caff6 a p D 9H9 CIF OAft AlG @£ 0 (K
have been towards establishing and providing a suitableterehd facility that can: (i) demonstrate
0KF G (&K PR Ae®@rk KPIs can be adequately met; (i) be validated, accessed and used by

% In this context it is expected that 5G will-egist seamlessly with complementary technologies alreadyddeployed,

e.g. for shorfrange communication for vehicke-vehicle and vehickéo-infrastructure.

" For terrestrial transport paths, and depending on the considered transport service, account will be taken of ongoing

investments in @TS technologies ile ensuring coordination with relevant stakeholders.

8 The 5G Public Private Partnership {BBP) (04/20165G Empowering Vertical IndustriedVhite Paper Available at:

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

% For nore details also see the exact framework included in the following websitps://ec.europa.eu/info/funding

tenders/opportunitiefportal/screen/opportunities/topiedetails/ict17-2018
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vertical industries to set up research trials of innovative use cases, to further validate core 5G KPIs in
the context of concurrent usages by multiple users and thus sty market growth.

1.2.2 The ParEuropean Trials Roadmap

The 5G Pafturopean Trials Roadm@fs covering a broader scope than the 5G Action Plan (5GAP)

and the 5G Infrastructure PPP Phase 3 (220-8). Most of the Roadmap implementation is and will

be coveredby the industry on a private baiswith part of this implementation supported by EC
through the 5GAP, EC 5G Infrastructure PPP Phase 3, EC 5G Investment Fund and by Member States
through specific National programmes5 S@St 2 LAYy 3 |y R [IFANBAESHELY 2T I
experimental facilitiedhas to, foremost, support the visions that major stakeholders are proposing

for 5G, in order to allow proper interoperability testing and comparison of the different architectural
frameworks. This should have the artidm to let European companies create the basis fehared

visionon what 5G will really be, not only from the technological viewpoint, but also from a business
sustainability and regulations perspectives. Furthermore, prapegration needs to be soug in

order to create a hierarchical experimental ecosystem with interoperable coordination and
management.

The main objectives of th8G ParEuropean Trials Roadmagre to: (i) Support global European
leadership in 5G technology, networks deployment amndfitable business; (ii) validate benefits of

5G to vertical sectors including public sector, businesses and consuanelgiii) stimulate a clear

path to successful and timely 5G deployment in Europe. To that end, it expands commercial trials and
demonstations as well as national initiatives, with a clear focus on activities revolving around EU
cities. It is expected that 5G activitieenteredon major EU cities will contribute to meeting the
challenge of making 5G a reality for all citizens and busésem Europe.

The 5G Pafturopean Trials Roadmap has been elaborated and reviewed by the Trials Working
Group Member organisations, coordinated by the 5G Infrastructure AssociaticAIABRGt is
addressing several of the 5GAP key elements and targets to develop the necessary synergies
between these elements.

The main objectives of the Roadmap are to: (i) Support global European leadership in 5G technology,
5G networks deployment andrgfitable 5G business; (ii) validate benefits of 5G to vertical sectors,
public sector, businesses and consumers; (iii) initiate a clear path to successful and timely 5G
deployment and (iv) expand commercial trials and demonstrations as well as natiotialives. The

overall 5G PaU Trials Roadmap time plan and relevant standardization, regulatory and ecosystems
time plan are summarized in the followikgure5.

" The 5G Pafturopean Trials Roadmap has been elaborated and is supported by the Trials Working Group (WG)

Members organizations. It is coordinated by the 5G Infrastructure AssociatiotAj5@&xpading the work initiated by

the Industry and the European Commission (EC) in the context of the 5G Manifesto (see:
http://ec.europa.eu/newsroom/dae/document.cfm?actiodisplay&doc_id=165%9nd of the 5G Action Plan (5GAP)
(see:http://ec.europa.eu/newsroom/dae/document.cfm?doc_id=17)31

For more details also sebttps://5g-ppp.eu/5gtrials-roadmap/

" As detailed in the previous versions of the 5G-BahTrials Roadmap, the core part of the 5G trials and pilots is and will

be achieved through private trials (commercial and -poenmercial) beveen network operators and
manufacturers/vendors and is increasingly involving vertical stakeholders.
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Experimental platforms for 5G developments and trials in EU are the results of private and public
efforts at national and EU level. Accelerating trial capabilities and other pilots, the platforms remain
subject to continuougfforts targeting the full 5G picture and future evolutiéhsAs such, the future
roadmap of actual 5G infrastructure deployment is highly dependent on the capability-tiatep
existing or deliver a new relevant and comprehensive set of platforms addgette remaining gaps

and challenges. One should also consider platforms as valuable and demonstrated set of 5G enablers,
beyond trial objectives. In order to increase the complementarity of the available platforms and the
forthcoming developments, tightoordination is need, including first in the documentation of the
platforms. It is of tremendous importance to describe the matching elements of each platform
compared to the complete 5G landscape. This documented orientation h&lgmies to assign

their interests to the respective platform purpose. To boost access to 5G platforms, it is necessary to
help different stakeholders on their knowledge level to identify the right platform targeting their
interests Therefore a common classification and docotaton for 5G platforms addressing
different target groups is mandatory. Consistent data structures and unified -mé&iemation like

name of the platform, countries where the platform is deployed and additional information on
features and capabilities fandamental. The data collections provided by platforms have to support
guestions from diverse stakeholders including research, public sector or industry.

A largescale and hierarchical aggregation of experimental facility for 5G should fulfil a number of
requirements; it should be:

1 flexibleenough in order to accommodate many different options in terms of technologies
(including separate physical layers, frequency bands, etc.) at the different layers and
components of the network;

9 easilyreconfigurableso that experimenters can shape it for the sake of testing their own
solutions;

2 The acceleration of 5G in EU is also happening thanks to a specific joint strategy between Industry (hand in hand with

Research Centres, Academics #&chl communities), EC and EU member states (MSs) and Domains specific initiatives.
The EU 5G strategy is clearly targeting large scadptah of 5G by vertical sector (also sd#tps://5g-ppp.eu/wp
content/uploads/2016/02/BROCHURE_5PPP_BAT2 PL.pdf
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1 based onopen sourcesolutions, to magnify its potential exploiting the competences of the
largest possible scientific community;

1 able to providereproducibleresults, in or@r to guarantee fair and scientific testing and
comparison of separate technologies (this might require the inclusion of emulation
components);

1 complete to allow the inclusion of all components of the 5G ecosystem, from the MNO to
the virtual operator, fom the enduser to the M2M application field and the loT, etc.;

1 heterogeneousin terms of radio and optical interfaces tested, as well as of contexts,
including body centric communications, vehicular networks, advanced robotics, etc.;

9 site-agnostic asfar as this is possible, in order to test technologies and solutions in different
contexts and to be easily accessible by researchers throughout all Europe;

1 topologyagnostic in order to cover all wireless solutions (including cellular and satellite
technologies) and topologies (from small cells to macedis);

1 panEuropeancrossing several countries in Europe and serving stakeholders and research
centresfrom all EC countries and beyond.

Moreover, it should constitute the basis for the developmenb@f technologies in Europe, as well as

for training a new generation of engineers and researchers prepared to such development. And
above all, it should create concrete so€iconomic impacts.In terms of performance the
experimental facility should be ablto allow testing of 5G technologies having in mind the need to
aYSSié¢ a2YS SELISOGSR tS@Sta FT2NI YtLa G2 065 LINEL
5G Infrastructure PPP Pha3€ includes three platforms projects (through the CT cali* that have

started their work in July 28. The projects, namely 5G EVE, 5GENESIS aviiNBiGare providing
largescale endo-end 5G validation network infrastructures. They cover about 20 European sites

and nodes on a pakU basis and will be operational until 2021. Their infrastructure gesvian

adequate level of openness to make it possible for vertical industries to test their innovative 5G
business casés As 5G networks aim to support the vertical industries, a set of seven Vertical Pilot
projects (through the IGT9 call®) have startedtheir activities in June 2019. They demonstrate
advanced 5G validation trials across multiple vertical industries. These projects take advantage of the
abovementioned IGTI7 projects and interwork with thenin the following paragraphs we provide a

brief description of each one among tiieree platforms projects Ay 2 NRSNJ 2 0SdG G SNJ
conceptual scope

5GEVE" The 5G EVE concept is based on further developing and interconnecting existing European
sites to form a unigue 5G ertd-end (E2E)dcility. The four interworking sites are located in France,
Greece, Italy and Spain and provide both indoor and outdoor facilities. Each site is operated by a
telecoms network operator. The four sites are interconnected to provide a seamless singlenplatfor
experience for experimenters from vertical industries. The 5G EVEoemud facility enables

S For more details sedttps://5g9-ppp.eu/5gppp-phase3-projects/

™ Horizon 2020 (H2020) Framework Prograenm(H2020): 5G End to End Facility Available at:
https://ec.europa.eu/info/fundingtenders/opportunities/portal/screen/opportunitiéspic-details/ict17-2018

A summary of their activities can be found in the publicat®&PPP (20208G network support of vertical industries

in the 5G Publi®rivate Partnership ecosystem, brochurvailable athttps://5g-
ppp.eu/wpcontent/uploads/2020/02/Verticahdustriesin-the-5GPPP.pdf

" Horizon (H2020) 2020 Framework Programmeivanced 5G validation trials across multiple vertical itrikss

Available at: https://ec.europa.eu/info/fundingtenders/opportunities/portal/screen/opportunities/togietails/ict-19-
2019

" BGVINNI: 5G Verticals INNovation Infrastructure (GA No0.815279). More details can be fourtthatiwww.5g-
vinni.eu/
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experimentation and validation with full sets of 5G capabilijésitially 3GPP Release i8ompliant

and by the end of the project Release”16ompliant. e 5SGEVE facility enables experiments with:

(i) heterogeneous access, including NR, licensed/unlicensed spectrum, advanced spectrum
management; (i) Mobile Edge Computing, W@k, core/service technologieand (iii) means for
site-interworking and multisite/domain/technology slicing/orchestrationThe project team has
performed a systematic analysis of the KPI performance requirements of all use cases by verticals
participating in 5G EVE as well as a number of vertical use cases from the appro¥8gigjécts
interested in leveraging 5G EVE platform. In addition, the project team has specified the overall 5G
EVE architecture for supporting the various use case requirements. Each site has already deployed
the requred 5G capabilities (up to Relead®), validation tools and systems, and the secure
connectivity for enabling the initial experimentation of use cases on them. The first development of
5G9+9Qa AYyy201GA0S FTNIYSs2N] F-Baked dedlBation, KPINJ | R
monitoring/analysis/vatiation, basic interworking and openness support has been completed and
released.The French site facility has integrated and tested the two use cases one of which was about
a 360° video virtual visit (eMBB) which aimed at immersing the visitoMiRszere located in a real
environment.

5GVINNKPamain objective is to provide and enable the longer term evolution of an E2E 5G facility
demonstrating that the key 5G PPP network KPIs can be met, accessed and used by vertical industries
to set up research tails, to further validate core 5G KPIs in the context of concurrent usages by
multiple users, by serving end users with flexible and reliable services ranging from low bit rate high
latency services to high bitrate low latency services and everything wwveeet 5GVINNI adopts
Network Slice as Service (NSaaS) delivery model to offer customized service experience to verticals,
basing its architecture on guidelines from telecom industry organisations and the normative
specifications from standards bodiesdasure interoperability and reproducibility. For validating the
NSaaS model, 5@NNI has assembled an E2E facility with the latest 5G technologies for radio
access, backhaul, core networks, leveraging the most advanced virtualisation technologies and
optimisation algorithms to test the model with demanding vertical sector driven applications and
services.The resources and functional layer of the-B®INI E2E facility is comprised of the RAN,
Backhaul, Mobile Core and Cloud Computing facilities, Edgerdraised Clouds. The resources &
functional level will provide the physical resources to host the Service Level and Network Level
elements (e.g. VNFs). These elements are interconnected to build dedicated logical networks,
customised to the respective lim servicege.g., eMBB, V2X, URLo®GATC)

5GENESYS The maingoal of 5GENESISto validate 5G KPIs for various 5G use cases, in both
controlled setups and largescale events. This will be achieved by bringing together results from a
considerablenurda SNJ 2F 9! LINRP2SOGa +ta ¢Stf a GKS LI NIyS
an integrated Endo-end 5G Facility.ie 5GENESIS Facility, as a whole, willnglement and verify

all evolutions of the 5G standard, via an iterative integrationd testing procedure; (i) engage a

wide diversity of technologies and chain innovations that span over all domains, achievstgdiall

coverage of the 5G landscape; (iii) unify heterogeneous physical and virtual network elements under

a common coordingon and openness framework exposed to experimenters from the vertical
industries and enabling erm-end slicing and experiment automatipand (V) support further
experimentation projects, in particular those focused on vertical markets.

® Also seeamong others 3GPPTR 21.915 V1.1.0 (200®):d wSt S| 48 M pSunBndyzodReK 3 3 orkItgiTs
o wSt SI. AvSilable mthtths://www.3gpp.org/ftp//Specs/archive/21_series/21.915/

" Also seeamong others 3GPP TR 21.916 V1.1.0 (202): & w S f S [Das8riptiung Summary of REs Work Items

o wSf SI. Avdilableatbttps://www.3gpp.ora/ftp//Specs/archive/21_series/21.916/

5GEVE: 5G European Validation platform for Estem trials (GA No0.815074). More details can be found at:
https://www.5g-eve.eu/

80

8 B5GENESISth Generation Endo-end Network, Experimentation, System Integration, and Showcd6AgN0.815178).

More details can béound at:https://5genesis.eu/
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2  The 5GDRIVE Psitioning

2.1 Overall Concept

5G5wL+9Qa 2@SNIff 02 y O LI KA DK A AtK®&®ENIGKSR GAKYNSGA :
depicts the flow from research, to adaptation into existing tbetls and commercial tedted
deployments, to the realorld trials d the 5G radio access network (RAN) and of the wider 5G
YSGUg2N]l ®@ ¢KS LINRP2SOG doNRARYy3Ia (23S0KSNbedsighd A R NB
some of the stakeholders who will eventually become major customers of 5G systems.

In the 5GDRIVE cdext there are partners with rather extensive 5G téstd installations; these are
three facilities that have been defined, specified and deployed to meet the individual requirements
of the three research organisations (UoS, VTT and JRC). While altabirbeds are set up with
commercial grade equipment, each one has a special focus: the Surrdyetbstin support capacity
provision in very dense deployments over a 4 km2 area; the Espobéestiemonstrates the use of
slicing and V2X (Vehide-Everyhing); the JRC facility allows the testing of new technologies in any
part of the network in a fulhcontrolled environment. All tesbeds are defined in an evolutionary
approach and allow the gradual introduction and testing of new equipment, as welleas
mechanisms, algorithms and protocols.

These characteristidsave been exploited in the entire 56 wL + 9 Qa4 O2y (i SEdl® Ly {(K:
the projectaimed toinvestigate network and RAN slicing, mobile edge computing (MEC), massive
MIMO® for the 5G NI, as well as SDN and network function virtualisation (NFV) techniques applied

to different traffic and load scenarios. Techniques and mechanisms imedearch stream of the

project have beenintegrated into the most appropriate tedied. Wherever possib, we
endeavouedto deploy such new mechanisms into all three tbsts.

The proposed experimental tebeds/facilties for 5G are able to fulfd number of requirementé.

Thus they are: (i) flexible enough in order to accommodate many different ogtionterms of
technologies (including separate physical layers, frequency bands, etc.) at the different layers and
components of the network; (ii) easily reconfigurable so that experimenters can shape it for the sake
of testing their own solutions; (iii)dsed on open sourcsolutions, to magnify its potential exploiting

the competences of the largest possible scientific community; (iv) able to provide reproducible
results, in order to guarantee fair and scientific testing and comparison of separate teghe®l(v)

8 Massive Multiplelnput and MultipleOutput (MIMO)is the combination of MIMO and beamforming with large number

of antenna elementsg to improve both throughput and energy efficiency.

MIMO wireless systems, in general, allow network capacity to increase in terms of higher data rates and a higher
number of users served. The multiple transceivers can be employed to provide spatial diversity, or improve the received
signal strength by empying, for example, beamforming. When the number of antennas at the base station is increased
to a hundred or a thousand elements, the term massive MIMO is employed. Massive MIMO are also known-as Large
Scale Antenna Systems, Very Large MIMO, Hyper MR®Dimension MIMO and Advanced Research and Global
Observation Satellite (ARGOS).

MassiveMIMO proposes utilizing a very high number of antennas to multiplex messages for several devices on each
time-frequency resource, focusing the radiated energy todgathe intended directions while minimizing intrand
inter-cell interference. MassivIMO may require major architectural changes, in particular in the design of macro
base stations (BSs), and it may also lead to new types of deployments.

8 5G New Ra&0 (NR)is the radio access interface that became the foundation for the next generation of mobile

networks. Also seeAlso see: 3GPP TS 38.300 V16.4.0 @214 b wT b w-RANyCRerabl @escription; Stageé
Available athttps://www.3gpp.org/ftp/Specs/archive/38 series/38.300/

8 Verdone, R., and Manzalini, A. (2018% Experimental Facilities in Eurap@/hite Paper, Version 11.8etWorld 2020
ETP. Available at: https://www.networld2020.eu/wpcontent/uploads/2016/03/5GexperimentatiorWhitepaper

v11.pdf
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complete, to allow the inclusion of all components of the 5G ecosystem, from the MNO to the virtual
operator, from the eneuser to the M2M application field and the IoT, etc.; (vi) heterogeneous in
terms of radio and optical interfaces testeds avell as of contexts, including body centric
communications, vehicular networks, advanced robotics, etc.; (viijagit@stic, as far as this is
possible, in order to test technologies and solutions in different contexts; (viii) topalgggstic, in

order to cover all wireless solutions (including cellular and satellite technologies) and topologies
(from small cells to macroells).

The core objective of the project is to extensively trial eMBB and V2X service delivery under real
world conditions. The simgent requirements for the delivery of such servig®uld bedefined

jointly with the mobile operators in the consortium (Orange, OTE), as well as stakeholders form the
automotive and intelligent transports markets (BMW, Vedia, DynniqJ&RTThese pdners were

involved in the use case and trial requirements definition, as well as in its subsequent
implementation and analysis. The inclusion of these stakeholdasimperative to ensure that the
GNRAFfa FyR az2fdziAz2ya aR2vertic8 $idins.i KS NBIjdzA NSYSy i a
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Figure6: Overall concept of the BBRIVE project

The 5GDRIVE effort is based upon the existing and currently under design 5G standards, namely the
3GPPReleases 134, and any relevant findingshouldbe fedback into appropriate standardisation
organisatiors and'or working groups. The projecexploitsthree alreadyexisting 5G tesbeds (Espoo,
Surrey, and Isprg details can be found further down in this section), which have been set up with
commercialgrade and experimental equipment and are being used to test new research outcomes
and new services.

Furthermore, the 5@RIVEhas collaborated with projects from the ICGL7-2018 Call to further
enhance the tesbed capabilities and availability for the jointEhina trials as implemented inits
specific framework
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In order to achieve this goal, the 83w L + 9 RS @St 21LJa a1 Seé &commbrcialit€sOKy 2 £ 2
beds for eMBB and V2X sear0Sa Ay O2fftF02NI A2y 6AGK (GKS aidg.
Mobile. Trials for testing and validating key 5G functionalities, services and network plarging
conducted in eight cities across the EU and China. The main targets of this coitabaret

illustrated in Figurg, as depicted above.

2.2 Specific Objectives to Support a Generalised Socio-Technical
Development

The global socitechnical development in théatest fw decades has been criticallyiven by the

growth of mobile communicationsand this sort of development has also supported towards
improving the economic and social development of both developed and developing countries.
Mobile communications have so becorae indispensable part of our eveday life of the whole

society.lt is assessed that the socimchnical trends and the evolution of mobile communications
agaidsSvya oAt NEBYIAY &adNBy3ate 02dz2)x SR FYyR gAff
beyond. Neverthelessnilil KS Fdzi dzZNB A G A& LINBRA (siich & mbrk traific Yy S ¢ ¢
volume, many more devices with diverse service requirements, better quality of user experience
(QoE) and better affordability by further reducing costs), will implicate for a growing number of
innovative solutions to be developed aadopted.

Future International Mobile Telecommunications (IMT) syst8misould support emergent new use
cases, including applications necessitating very high data rate communicatiomgeanlanber of
connected deviceand ultralow latency and high relility applicationsIMT for 2020 and beyond is
envisaged to expand and support diverse usage scenarios and applidatwmgll continue beyond
the current IMT Furthermore, a broad variety of capabilities would be tightly coupled with these
intended dfferent usage scenarios and related applicationbBe usage scenarios ftMT for 2020
and beyondncludeeMBB,URLLC and mMTC as discusseSection 1.Zfor more details also see
Figure8).

The 5GDRIVE project perforsd G Of 2aS¢ 02 f f UadNChitaA®synchiofise 566G Sy 9

8 MT systems serve as a communication tool for people and a familitahich assists the development of other industry

sectors, such as medical science, transportation, and education.
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technologies and spectrum issues before the firdlout 2 ¥ pD Ay 2NRSNJ (2 dal RI
promising 5G deployment scenarios, namely eMBB and V2X communiéations

2.2.1 Enhanced Mobile Broadband (eMBB)

Enhanced Mobile Broadban(eEMBB)is one of three primary 5G New Radio (NR) use cases defined
by the 3GPP as part of its SMARTER (Study on New Services and Markets Technology Enablers)
project®,

The objective behind SMARTER was to develop high level use cases and identify whes fmad
functionality 5G would need to deliver to enable them. It began in 2015 and resulted in over 70 use
cases, initially grouped into five essential categories which have la¢entrimmed to three. They

are characterized by the performance attribatéhe particular use cases will require, although there

is some overlap.

The tpree fundamental seAtsvof use cases argismssed in Sectipn 1.Phe above contex} structures
GKS &2 Ol £t SR | & andkB is échedzitidalfepictaddretiéllGn@ngBFRyures.
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Figure8: The future IMT scopgSource: ITUR Recommendation M.20€8

% The 5GDRIVE Efflinded project falls within the original H202GF20181 framework under the topic 1GZ2-2018 (EY
China 5G Collaborat). More detailed related information about this initiative can biund at:
https://ec.europa.eu/research/participants/portal/desktoph/opportunities/h2020/topics/ic22-2018.html

8 The 3rd Generation Partnership Project (3GPP) is a global initiative that unites seven telecommunications standard

development organizationg SDOs (i.e. ARIB, ATIS, CCSA, ETSI, TSDSI, TTA, TTC)akhoM@E asy AT | G A 2 y | f t
and provides their members with a stable environment to produce the Reports and Specifications that define 3GPP
technologies. The project covers cellular telecommunications network technologies, including radio access, the core
transport network, and service capabilitiesncluding work on codecs, security, quality of sengand thus provides

complete system specifications. The specifications also provide hooks faadmnaccess to the core network, and for
interworking with Wi-Fi networks. The 3GPP qualifies ufimat mobile broadband as mobile systems capable of

delivering speeds of 20 gigabits per second, at leastlinactionally, and without specific latency requirements. More

information can be found athttp://www.3gpp.org/about-3gpp. For further informative purposes also sester alia
https://en.wikipedia.org/wiki/3GPP

8 For further details about the SMARTER projezr: ¢he content of the 3GPP Specification 22.888tudy on New
Services and Markets Technology Enablegs Technical Report (TR wSft S| &S Available at:
https://portal.3gpp.org/desktopmodules/Specifications/SpecificationDetails.aspx?specificationld=2897

8 Also see: International Telecommunication UnipiRadiocommunication Sector (ITR): Recommendation M.2083B

(09/2015):4MT Visiog NI YS 32 N] YR 2@0SNrftf 2028S00A08a 27F (KBU, Tdzi dzNBS
Geneva, Switzerland.

© 2018¢ 2021 5GDRIVE Consortium Parties Pageblof 212


https://ec.europa.eu/research/participants/portal/desktop/en/opportunities/h2020/topics/ict-22-2018.html
http://www.3gpp.org/about-3gpp
https://en.wikipedia.org/wiki/3GPP
https://portal.3gpp.org/desktopmodules/Specifications/SpecificationDetails.aspx?specificationId=2897

B g,

D2.3: Final Report of Architecture and W&&se Implementation

We canasses&MBBasan extension to existing 4G services and amongst the first 5G services which
could be offeredcommercially as edr as 2019. In fact, based on estimations set by Erié¢Sgois
expected that there will be one billion 5G subscriptions for eMBB globally by 2023, with Asia and
North America likely to be the first adopters.

To allow the early deployment of eMBB servEesA Yy al NOK unamTt HdoBmitedt t Q&
to finalise the NorStandalone (NSA) 5G NR variant by March 2018. In fact, the standard was
approved in December 20%%°. The NSA mode uses the existing 4G network, supplemented by 5G
NR carriers to boostlata rates and reduce latenty This is reported to speegp 5G adoption
however, some operators and vendors have criticized prioritizing the introduction of 5G NR NSA on
the grounds that it could hinder the implementation of the standal¢8&)mode of thenetwork™.

The SA variantvas finalsed in June2018 for the new 3GPP 5G c8raetwork architecture The SA

mode of 5G NR refers to using 5G cells for both signalling and information transfer. It includes the
new 5G Packet Corarchitecture instead of relpg on the 4GEvolved Packet Cofe to allow the
deployment of 5G without the LTE netwdtkit is expected to have lower cost, better efficiency, and

to assist development of new use cases.

% For more informative details also sdetps://www.ericsson.com/en/presseleases/2017/11/ericssepredicts1-billion-

5g-subscriptionsn-2023
T a2NB AYTF2NXYFGA2Y | o62dzi GKS oDttQf ¢SOKYAOFf {LISOATAOI (A2
http://www.3gpp.org/specificationsyroups/ranplenary

92 For further detailed information, also seettp://www.3gpp.org/newseventsBgpp-news/1929nsa_nr_5g

B @SNE AY(iSNBalAy3dI LINBaa NBfSIasS aRSLAOGAY3IE (KS 61 & K2
the 3GPP NR announcement, can be foundhéy://www.3gpp.org/newsevents/3gppnews/193%industry pr_5g

% For further discussion also seamong others https://www.rfwirelessworld.com/Terminology/5GNRdeployment

scenariosor-modes.html

% see, for example Teral, S. (2019BG best choice architectur&Vhite Paper IHS Markit Technology. Available at:

https://technology.ihs.com/610777/5dpestchoicearchitecture

% The 5G core network (5GC) architecture is defined to enable the deployments to use techniques such as NFV, MEC and

SDN. The architecture leverages serbesed interactions and separates the Usdane (UP) functions from the
Control Plane (CP) functions. This separation allows for independent scalability, evolution and flexible deployments, for
example, centrasied location or distributed (remote) location. The architecture is also defined withnerged core

network with a common interface between Access Network (AN) and the Core Network (CN). This minimizes the
dependencies between the AN and the,@Nd allows for the integration between different 3GPP and-8@PP access

types. Network functons tend to be Central Processing Unit (CPU) intensive, and in some cases memory intensive but
not storage intensive, thereby allowing resources to be allocated efficiently, for example, store configuration and logs in
a separate location than the netwoflanction. In the control plane, the mobility management and session management
functions are split between two different network functions: the AMF (Access and Mobility Management Function) and
the SMF (Session Management Function). The NEF (Networkukxgasnction) provides an interface for outside
applications to communicate with the 3GPP network. Unified Data Management (UDM) is responsible for access
authorization and subscription management. Network Repository Function (NRF) and Gatitgl Fundbn (PCF)
contains the policy rules. Authentication is handled by the AUSF (Authentication Server Fuhttiomuser plane, the

User Plane Function (UPF) is responsible for handling the packets, such as buffering packets, packet filtering, packet
routing, etc. The Data Network (DN) provides operator services, 3rd party services, or access to the Intendet to

support traffic offloading for Edge Computing the SMF may control the data path of a PDU (Packet Data Unit) session so
that the PDU sessiomay simultaneously correspond to multiple N6 interfaces (interface with the application server). In
cases where the offload starts in the RAN, then the AMF and SMF have to coordinate the data path diversion in the
RAN.

For further details see3GPPTS 2301 V16.3.0 (20181 H USYstera Architecture for the 5G System (5GS); Stage 2
(Release 18) @ ! @I htfps:/vfmE3gdp.ory/ftp/Specs/archive/23_series/23.501/

o7 Very interestings the discussion that has been proposedhitips://www.lightreading.com/mobile/5g/standaloner-

nonstandalone5g-trials-will-help-orangedecide/d/did/744057

% For further reading, also see: Brown G. (02/20D@signing Cloutlative 5G Core Networkd Heavy Reading White

Paper produced for NoKiaHeavy Reading.
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Thus, eMBB can be seen as the first phase of 5G, vaaislbeenncorporated in the 3GPP Release
15%° standards update due for completion within 2018elease 15, finaksl in June 2018, included

the first version of the 5G/NR technology, together with a set of new features as part of the LTE
evolution.

5G Phase 2 gsbeyond eMBB services to more transformational URLLC and mMTC applications and
isincluded in Release 18. Release 16 included several major enhancements and extensions to NR
as part of the first step in the NR evolution, together with additional LTE extensioml
enhancements. Fingation of Release 16 was initially targeted for March 2020, with the physical
layer specifications already finadid in December of 2019. However, the overall fssion was
delayed by one quarter due to the Co\i@ situation,which has prevented 3GPP faieface (F2F)
meetings for the majority of 2020.

Release 1*is the main 3GPP activity for the later part of 2020 and for 2021. Releaseslinitiadly
targeted for finaliation inJuly 2021. However, the finadison of Retase 17 has been delayed by a

half year, ast was decided by 3GPP RAN in December 282Qhe industry builds upon the great

work 3GPP has accomplished with dafg New Radio (NR) and ServBased Architecture (SBA), it

will simultaneously evolve thesaspects and others of 5G in 3GPP Release 17 and belyotitke

scope of the initiated Release 17 among the included features is to look out for include new work
and enhancements for: URLLC for industrial 10T over NR, NR support overnaestrial netwoks,

MIMO, integrated access and backhaul (IAB), MBS positioning, NR multicast and broadcast services,
RAN slicing for NR, Nfde link multi-RAT duatonnectivity, support for mukBIM devices for
LTE/NR, NR small data transmissions in inactive statenattanedia priority service, to name a few.

Release 18 has already been staffédits timeline has not been defined yet, except the expected
approval of the scope by the end of 2021. However, some Stage 1 studies are underway and the
fundamental documenbn 5G system service requirements has already been upgraded to version

18'%

Enhanced mobile broadband important for 5G development5G should help to accommodate
satisfactorily the huge increase ofobile traffic (more than 15 additionaixabyte$®) per year in
Europe by 202@nd beyond at a reasonable cost. Moreover, 5G wilprove the mobile broadband
experience in all situationgt cell borders, at stadiums, in shopping malls, on tra@iplanes, etc.
Beyond that, the network should bring to tlead-user a seamless connectivity experiegaaeaning
aseamless handover to the best access netwprigardlesf the device used. Thégny Time, Any
Where, Any Devigearadigne will pave the way for business growtkey 5G opportunities however
exist keyond the soleeMBB case. In 2028nd further on Internet of Things will not be a niche
market anymore. Ericssbfi and Machind® estimate thatthere will be about 25 billion connected
devices by 202@nd further on much morethan smartphones. 5G will hetp scale up this business
preparingthe world for the next trillion connected objects by offering a glob&indard for low

%" For more details sedattp://www.3gpp.org/releasels.

For more details sednttp://www.3gpp.org/releasel6

191 For more details sedattps://www.3gpp.org/releasel?

192 Eor more details sedttps://www.3gpp.org/releasel8

103 3GPP TS 22.26M8.1.1 2021-01)Y Sedvice requirements for the 5G system; Stagébdailable at:
https://www.3gpp.org/ftp/Specs/archive/22_series/22.261/

10% 1 exabyte = 18 bytes

195 Ericsson Mobility Report (11/2015). Available http://www.ericsson.com/res/docs/2015/mobilityeport/ericsson

mobility-report-now2015.pdf

1% 5SM Association (GSMA) (2013)he connected life Available at: http://www.gsma.com/connectedliving/wp

content/uploads/2013/03JimMorrish_ GSM&onnectee. ife20130624v4.pdf
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power and large coverage connectivity. Standdsdsed solutions, like 5G, can bring economies of
scale comparetb proprietary soltions.

Taking connected cars as an example, the first phase of eMBB servicessewnblaaced invehicle
infotainment, like reatime traffic alerts, higkspeed internet access, streaming réiahe video or
playing games involving 3D 4kvideo. The seconghase would be autonomous vehicles on a mass
scale able to connect to and interact with other vehicles and the surrounding road infrastructure.

The eMBB can so be assessed as a sort of natural evobftexasting 4G networks that offefaster

data rates and, consequently, a more enhanced and improved user experience than existing mobile
broadband services. Nevertheless, iprovides the opportunity to realise significantly faster
downloads so that to contribute towards an increasingly seamless userierperthat will improve

the status of the quality of service we areurrently experiencing from existing broadband
technologies. Moreover, it is expected that eMBB will support the provision df\866o streaming,

VR and AR applications and much morethiftithe context of eMBB and for the proper offering of

the related use cases in the market sector, there are three distinct attributes/features that 5G has to
assure, listed as follows:

1 Higher capacitythis implicates that the intended broadband access o be adequately
available in densely populated areas, both indoors and outdoors (such as the cases of city
centres, office buildings or public venues like stadiums or conference centres). This has also
relevance to the necessary deployment of the ungieig network infrastructures in order to
support the expected coverage.

1 Enhanced connectivitythis implicates that broadband access has to be offered
G S @S NE inkr8aN®B deliver a reliable user experience.

1 Higher user mobilitythis implicates thatit will also predict to enable mobile broadband
services in moving vehicles (including cars, buses, trains and/or planes).

The above purely implicate for diverse groups of use cases, with different requirements. For
SEIFYLX S Ay (KS Odnmdaby uge are poeriidiyiidvaldadiséich dskaSevent in a
stadium, priority is expected to be given to assurance of very high traffic capacity so that to fulfil
NEBfl GSR dzaSNBQ ySSRaT disstats gr Snbihg dlowly, tm SmepdingNS S E |
requirement for mobility will be low. On the contrary, providing eMBB services to passengers in a
high-speed vehicle will imply for a significantly higher degree of mobility, although the traffic capacity
would be lower than that of the previous &s 2 F (G KS K2daLlRie 'a F  az2NJI
FY2y3a GKS Gg2 020S a0SylINAz2as GKS AYyiSyRSR 02
level of mobility and, while the data throughput would be higher than is currently possible, it may

not needto be as high as in a hotspot. They key criteria here is seamless coverage. In order to deliver
these requirements and depending upon the selection of suitable parameters to describe reliable
KPls, it is expected that 5G will be able to provide:

1 Traffic cpacity of 10 Mbps per square metre in hotspot areas;

1 Data transfer rates experienced by the user of up to 1Gbps, with peak data transfeofates
tens of Gbps and whole traffic volume of at least 1 Thps per square kilometre;

1 Latency of 1 ms for user expeniced data exchange;
1 Connection density of up to one million connections per square kilometre;

1 High mobility up to 500 km/h in higépeed trains and up to 1,000 km/h in airplanes, with
enhanced user experience.

197 4K resolution also called adK, refers to a horizontal display resolution of approximately 4,000 pikétse relevant

information can be found, among others &ttps://en.wikipedia.org/wiki/4K_resolution
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Some primary eMBB use cases focus on thewnes market and the necessity for better and faster
connectivity to handle higher quality video content, the growth in wgenerated content and our
prospects of being able to streaour data content when and where requested, without needing to
log onto aWiFi network.

However, among the core priorities of 5G is to provide the services we already experience but in a
GoSGGESNI glLeés AYLIEAOFGAY3I GKFG 68 Attt y2iG SE
dropped connections, even in network condit®fike crowded locations or when being in moving
vehicles. In any case, the eMBB has not only to be assessed as simply the consumption of multimedia
content for entertainment purposes. In contrast, it will support an extended set of (dbased)
applicatons and of related facilities affecting our digital experiences via a great diversity of devices
and/or equipment wirelessly and seamlessly connected. Moreover, it will also support applications

from fully immersive VR and AR to r¢iahe video monitoringand virtual meetings with 360video,

reaHtime interaction and even redime translation for participants speaking different languages.

2.2.2 EUfunded Rojects related to eMBB

Although the case oéMBB has been among the core priorities of thriginal H202aCTF20181
framework under the topic 1GZ2-2018 (ELChina 5G Collaboratiofl§ in several past 58PP
projects there has been relevance either to the scope of Mobile Broadband)(iBdirectly to
eMBB.

The H2020 IGZ2-2018 Call aimed at performing a st collaboration between EU and China to
synchronise 5G technologies and spectrum isSaégfore the final rolout of 5G. The main scope

has been about conducting 5G trials addressing two specific scenarios, one of which was the case of
enhanced Mobile Bradband (eMBB)on the 3.5 GHz band, which is a priority band in the two
regions for early introduction of very high data rate services. Thus, in tHeRIQ@E approaclhe
overall goal has been to evaluate in real setup innovative-terehd 5G systems liti on the
outcomes of the previous phases of the 5G ;Rédre specifically, the optimisation of the band usage

in multiple scenarios with different coverades beena key target so as the validation of the
geographic interoperability of the 3.5 GHz balod the respectiveuse cases. TheGDRIVEEMBB
scenario has been implemented in both regions (EU and China) through appropriabedssind

with suitable trial$'. The applications used to test and validate the use of eMBB in the 3.5 GHz band
have beentypical mobile broadband services such as indoor positioning as well as-adeisted
Augmented Reality (AR).

Under a broader conceptual perspectiv®BB focuses on mobile broadband services supposing
increased capacity, efficiency and data transmissaias. Mobile broadband typically demands high

data rates, but also flexible scheduling of smaller payloads, and thus requires a scheduling framework
that supports a high dynamic range of scheduled payload sizgscal use cases corresponding to
MBB aremultimedia streaming, combinational services including Voice over IP (VolP) as one of the
services, internet browsing, videoconferencing, file downloads and uploads to the cloud, some
gaming services, et the following, we list several among these puaip.

198 Also seehttps://ec.europa.eu/research/participants/portal/desktop/en/opportunities/h2020/topics/&2-2018.htm!

199 Also see: S®RIVE Project (04/2019): Deliverable 22v2 A y i | NDKA (i SO0 dzNB £ .'Aaildble/att a $a + y
https://5g-drive.eu/resourcesndresults/projectdeliverables/

110A(:cording to the IG22-2018 Call the expectations have been thae underlying trial&estingfacilities shall implement

the latest mature and broadly commonly agreed 5G systems, network architectures and technologies spanning from
the core/transport networks, the radio access, up to the service, orchestration, management and security components.
The trial facilitywould not be restricted to innovative 5G radio access technology, but should include and enable the
evolution of 5G networks innovations in network slicing, virtualisation, edossain orchestration, in view of
supporting resource contt from multiple tenants These concerns have been fully taken into account in the
involvement of the EU participating trial sites for the eMBB scenario (UoS in Surrey, UK and VTT in Finland).
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FANTASTIBG™ (Flexible Air iNTerfAce for Scalable service delivery wiThin wireless Communication
networks of the5th Generation The main challenge for FANTASSGChas beento develop a
modularair interface beingable to support all the anticipat usecaseswith highest efficiency and
scalability without beingverly complex on the network side. To this end, the projedeveloped

the technical Al components (e.g. flexible wavefoamd frame design, scalable multiple access
procedures, adapti retransmission schemes, enhanced malttenna schemes with/without
cooperation, advanced muitiser detection, interferenceoordination, support for ultralense cell
layouts, multicell radioresource management, devide-device) and integrate them ta an overall

Al framework where adaptation to the high degreehwterogeneity 5G will fages accomplished.

t NP 2otk hasdlso comprisd intense validation and system level simulatiofibe ambitionhas
been tooutperform a system involving dedieat airinterfaces.

5G has been mainly about two ambitions, that is to: (i) Respond to the strong growth of requested
data rates (evolutionary effegtand (ii) enhance the business model of operators by widening the
pool of services (revolutionary target)While supporting the former, FANTASSIE targeted to make

the latter a reality. For doing so the project has set up 5 -@@miceswhich either in itself or by
combination realize realorld use cases. The key differentiator between these core serhiaes

been in the respective service defining KPIs, as follows: (i) Mobile Broadband (MBB): throughput/user
rate, latency, mobility; (ii) Mission Critical Communications (MCC): latency, reliability/availability; (iii)
Massive Machine Communications (MM@Jmber of connected devices, low cost, low energy; (iv)
Broad and Multicast Services (MBS): number of connected devares (v) Vehicléo-Vehicle and
Vehicleto-Infrastructure Services (V2X): high mobility.

FANTASTIEDQa NBa S| NOK 2 yas fotlisRddh solutlogsion RHY ZahdaIMAC Kayer
towards a holistic air interface design, which was intended to enable the system to flexibly adapt its
current configurations in response to the diverse requirements of the various service types to be
supportedby the 5G system. In contrast to 3GPP, where these service types have been defined as
eMBB, mMTC and uMTC, the project defined fiveDdof t SR a O2NB a SNEssiv@Sa¢ =
machine communication (MMCmission critical communication (MCC), vehicttaanything (V2X)

and broadcast/multicast service (BMS); however, those can be clearly mapped to the former service
types defined by 3GPP.

METISII'? (Mobile and wireless communications Enablers for the Twémgnty Information
Societyll) aimed to provide an overall 5G RAN design, describing an overall protocol stack
architecture with all the functionalities and interfaces needed to fulfil the 5G vision. The overall 5G
RAN design has been built upon the following key innovation pillarsA (plistic spetrum
management architecture addressing the spectrum crunch; (ii) a holistic air interface harmonisation
framework enabling an efficient integration of new and legacy air interfaces; (iii) an agile Resource
Management (RM) framework providing the dynamieguired to efficiently adapt the integrated 5G

air interfaces and radio concepts to the varying traffic demand and service requirements; (iv)-a cross
layer and crossir-interface system access and mobility framework ensugngubiquitous access
continuum; and (v) a common control and user plane framework providing the means for an efficient
support of the broad versatility of services expected for 5G as well as a fotaoé and cost
efficient implementation of the 5G integratioMETISI has defined a essential set of 5G use cases,
capitalizing on use cases of METIS, other EU projects and organizations like NGMNRwntd This

end, a methodology has been adopted: The use cases from literature have been grouped with
regards to the three major 5G mséces (xMBB, mMTC, uMTC), forming three families of use cases.
Then, a small number of representative use cases have been selected from each family of use cases.

" FANTASTIEG: Flexible Air iNTerfAce for Scalable sendedivery wiThin wireless Communication networks of the5th
Generation (GA No.671660). For more details alsotgge//fantastics5g.com/

12 METISI: Mobile and wireless communications Enablers for the Twamgnty Information Societyl (GA No.671680).

More details can be found alittps://metis-ii.5g-ppp.eu/
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A selected use case had to fulfil the following requirementst (gpresents perfectly theise case
family it belongs to, from services and requirement points of yigt has stringent QoS and traffic
requirements and (iii) the technical solutions needed for covering this use case also serve other
similar use cases. The requirements & tentified use cases have then been updated following the
NGMN requirements.

The overall objective dRG5"* has been to guarantee optimal communications of the energy grid,

which is believed to be the most complex, heterogeneous and gigantic machinenade in human

history, deploying, operating and managing existing and new 5G communications techniques and
energy infrastructures (in the context of the Smart Eyyeas éervice) easier, safer, more secure and

resilient from an operational and financipbint of view. Thanks to its ambitious objectives, NRG

aimed at defining and specifying some vertical additional use cases focusing on utilities domain,
mainly gas and energy. The Use Cases described irbNEtIGvithin a small set of basic 5G service
classes, which have been consolidated and agreed in the context-BP®Gas follows: (i) Enhanced

Mobile Broadband (eMBB), also called Extreme Mobile Broadband (xMBB); (iijRbliable

Machine Type Communications (mMMTC), also called Biable and.ow Latency Communications
(URLLG)and (iii) massive Machine Type Communications (mMTKIRGp LQsolution within a
RSRAOFGSR LINR2SYIiodAWyI OF S8R H 00 2B ROOGA SIS YIAYydS
guarantees xXMBB communications for eidstreaming from the drones and analysis to the local

mobile edge processing node and the utility control centre, and uMTC for stringerttmeatontrol

2T (GKS FtA3IKG 2F RNRySaod ¢KS dzasS Ol asqQa dzZ GAY!l
current activities responsible as maintenance director and security/Safety officer to improve the cost
efficiency of their job and reduce the risks for the human. The current limitation, in terms of data
streaming performance, is blocking the generalisatidn oRNB y SQa dza S o

ONE5®&'¥ main ambitionhas beento investigate and propose new features and advancements
(focusing on the RAN) for moving 5G towardsasiBanced. The areas the project effort have been

advanced multlink access and interference managerhesupported by massive MIMO and E2E

aware performance optimisation through advanced radio resource allocation and multimode
connectivity orchestration, load balancing, spectrum management and D2® main objective of

the ONESG project Isdbeen about to:(i) propose the necessary 5G extensions, to address the two

St SOGSR aOSyINA2a o0aYSIFHOAGASEAE YR adzy RSNASND
LINE A RS (SOKYyAOLI ¢t NBEO2YYSYRIFIGA2ya F2N) Y2QAy3 p
advarced link technologies and enhancements beyond Release 15 to enablesenitie operation

FYR LINI OGAOFE AYLX SYSy Gl (A2 yprog &ccedspséhenteR; divayideS R 6 L
massive MIMO enablers and link management; (iv) research and deighdy generic performance
optimization schemes, in order to achieve successful deployment and operation, including
optimizations for both the network operator and the E2E usgperienced performance; (v) identify

the cost driving elements for the redlut and operation and to propose adaptations to allow
sustainable provision of wireless services in underserved areas under constrained circumstadces

(vi) validate the developed extensions and modifications through different approaches: analytically,

by means of extensive simulations and with the help of pro€oncepts for selected aspects

ONESG also leverages on mobility optimization and dynamic spectrum management to improve the
E2E performance. For mobilitglated optimizations, advanced traffateering and load balancing
schemes have been developed. Among others, it is proposed to migrate from traditicaelive
schemes that aim for load equadison between cells, towards more promising contawtare
proactive schemes that equalize the Qualbf Experience (QoE) between the cells instead. Social

13 NRGS: Enabling Smart Energy as a Service via 5G Mobile Network advances (GA No0.762013): More detailsecan also
found at: http://www.nrg5.eu/

14 ONE5SGE2Eaware Optimizations and advancements for the Network Edge of the 5(&ANRI0.760809). More details
can be found athttps://one5g.eu/
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data, such as information on social events, is exploited to forecast traffic demand asattprely
perform traffic steering to minimize the impact of the large social gatherings on the QoE ofelse u

For spectrum management, solutions have been derived for dynamic spectrum aggregation and
exploitation of both licensed and unlicensed frequency bands to meet requirements from multiple
services, mainly to boost the capacity and user data rates KB services. Finally, ONE5G has
developed enhanced D2D solutions. These include both solutions for eMBB capacity boosting and
relay-based schemes for coverage enhancement and for reduced power consumption to better serve
mMTC in coverage challenging eoviments such as underserved scenarios.

5GPHOS"® aimed at the development of novel 5G broadband fronthaul architectures and the
production of a powerful photonic integrated circuit technology toolkit that will exploit the recent
advances in optical technajtes. It aimed to capitalize on novelties in MPtransceiver, Triplex
optical beamformers and multbitrate optical communications into next generation fronthaul in
order to migrate from CPRlased to integrated FibeWireless packetized -BAN fronthaul
supporting mmWave massive MIMO communicationklore specifically, 5PHOS focused on
creating an integrated FibaWireless (FiWi) packetized Sphdgrammable 5G fronthaul that
supports 64x64 MIMO antennas in the mifYave band offering: (i) up to 400 @b wireless peak
data rate in ultradense networks, adopting optical SpatiaivisionMultiplexed solutions on top of

the emerging 25 Gis PON and; (ii) 100 Ghbwireless peak data rate in Hotspot areas, showcasing
the benefits of WDM technology and packetizednthauling in private €RAN solutions. Benefiting
FNRY GKS LI NIYySNBQ | akBed @dperinegtkands field)ing haseSeen f | 6
conducted towards the evaluation of the project outcomes for Dense, {Ditlase and Hotspot
areas.Among the poject activities has been the design of novel Optical Beamforming Networks
(OBFNs) providing dynamic, accurate and sufficient coverage and capaeityB8services.

The main objective ofSLICENET has been to remove the limitations of current network
infrastructures by achieving full softwarisatibriendly 5G infrastructures, and address the
associated challenges in managing, controlling and orchestrating the new services for verticals,
thereby maximizing the potential of 5G infrastructures and theirvises based on advanced
software networking and cognitive network management. SLICENET has implemented a verticals
oriented, QoEdriven 5G network slicing framework focusing on cognitive network management and
control, for endto-end slicing operation anglicebased services, across multiple operator domains,

in 5G networks enabled by SDN/NFV, whilst offering flexibility and capabilities to the vertical users of
the services. SLICENET has demonstrated how it facilitates vertical business added value by
implementing use cases exploiting the 3GPP defined requirements, URLLC, mMTC and eMBB. The
innovative, verticaloriented, network slicing framework have been demonstrated through selected

5G use cases featuring these service requirements, targeting thiféeredit vertical industries:
smartgrids, ehealth, and smartities. The eHealth use cassMBB, requiring both extremely high

data rates and lowatency communication in some areas, and reliable broadband access over large
coverage areas.

5G-SMART®5G forsmart manufacturingtims at demonstrating how 5G can improve manufacturing
through its work on industry field trials, business models and research concepts. Within three 5G
enabled industry field trials, 56MART is demonstrating, evaluating, and vaidpdG systems for
manufacturing applications in real manufacturing environments. The business model activities in 5G

5 5GPHOS5G integrated Fibr&Vireless networks exploiting existing photonic technologies for -Higisity SDN

programmable network architecturg§A No.761989). More details can be founcdhdtp://www.5g -phos.eu/

18 Indium phosphiddInP) is a binary semiconductor composed of indium and phosphorus. More details can be fimund,

example at: https://en.wikipedia.org/wiki/Indium_phosphide

7 SLICENEErd-to-End Cognitive Network Slicing and Slice Management Framework in VirtualisedDbhakiin, Multi

Tenant 5G Network6GA No0.761913). More details can be foundhdtps://slicenet.eu/

18 5GSMARTSG for smart manufcturing (GA No.857008). More details can be foundhiaps://5gsmart.eu/
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SMART are exploring the 5G ecosystem while investigating regulatory and spectrum aspects,
including also mobile network operator engagemeptions. The concept work in 5S8MARTaimed

to contribute to the future evolution of 5G with a focus on 5G features to be developed targeting the
manufacturing sector. This includes, for instance, the integration of 5G with-demsitive
networking, andcritical cloud platforms enabling flexible software development while providing low
latency and high reliabilityAt three different trial sites 5&MART testmost advanced 5G integrated
manufacturing applications such as digital twins, industrial robatitd machine vision based remote
operations. The trial sites are: An Ericsson factory in Kista (Sweden), a Fraunhofer Hrd@oshop
Aachen (Germany) and a Bosch semiconductor factory in Reutlingen (Ger@arsije, the project

is evaluating differen5Gservices (URLLC, eMBB, mMTC).

5GSOLUTIONS aims at proving and validating that 5G provides prominent industry verticals with
ubiquitous access to a wide range of forwdodking services with orders of magnitude of
improvement over 4G, thus bringirige 5G vision closer to realisation. The project is going to setup
several living labs to cover the majority impact of 5G revolution. Each of said living labs will be
organised in different use casékhe project, among others, includes use cases to hidatat in the

Smart City and Portkiving LabThrough the use of digital and telecommunication technologies,
traditional networks and services become more efficient for the inhabitants, businesses and ports
benefit. It is estimated that a large proporti@mf communications will occur between machines and

not humans. In this respect, 5G supporting mMTC, eMBB, URLLC, virtualisation and slicing will be
able to respond to the smart cities and ports of the future.

The main goal BBGVICTOR{ is to conduct larg-scale trials for advanced use case (UC) verification

in commercially relevant 5G environments for a number of verticals. These include Transportation,
Energy, Media and Factories of the Future, as well as some specific UCs involvingrticzds
interaction. The project will exploit extensively the existing-ICT5G Tesbed Infrastructures
interconnecting main sites of all IAT infrastructures, namely 58INNI, 5GENESIS andB¢E and

the 5G UK tesbed in a PasEuropean Network Infrastructure. Min@nhancements will be provided

to these infrastructures, extending their coverage towards the integration of thé/EXTORI UCs.
There is a prescribed trial for eMBB under high speed mobilitg.goal of this trial is to demonstrate
eMBB functionality though heterogeneous access technologies foiboard network connectivity in

a high mobility railway environment. Wireless transport network devices will be managed and
controlled to facilitate interconnection of onboard devices with the trackside, andridekside with

the core network. Both infotainment and critical operations data (e.g. data from on board CCTV
aeaidsSvyaov oAff 0S SFFTAOASyidte YFIyFr3aSR FTNRBY (KS
successful and timely transmission to the edge/coeéwork.

5G-CLARITY" puts forward a beyond 5G architecture for private networks, which features a novel
access network integrating 5G, WiFi, and LiFi, compute and transport resources, and novel
management components to enable Al driven network automati®a&sed on this architecture, 5G
CLARITY will define communication services that deliver measurable enhancements with respect to
the eMBB and URLLC services defined by 3GPP in Release 16, in terms of low latency, area capacity,
reliability, and accurate pasning and synchronization capabilities. In addition,-GGARITY will
develop a management plane featuring SDN/NFV components together with an Al engine that will
automate network management by receiving high level intent policies from the network
adminigrator. 5GCLARITY investigates how the concept of private 5G networks should evolve

9 5GSOLUTIONSS5G  Solutions for European citizens (GA No.856691). More details can be found at:
https://www.5gsolutionsproject.eu/

120 5GVICTORWertlcal demos over Common large scale field Trials fOr Rail, energy and media IndB#ti¢s.857201).
More details can be found altttps://www.5g-victoriproject.eu/

121 5GCLARITYBeyond 5G mulienant private networks integrating Cellular, \&fi and LiFi, Powered by ARtificial

Intelligence and Intent Based Polig¥A N0.871428). More details can be foundhtips://5g-ppp.eu/Saclarity/
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beyond the 3GPP Release 16, by bringing innovation in two main pillars: The first pillar constitutes a
heterogeneous wireless access network that integrates 5SGNREiWdind LiEf. The proposed muki
connectivity framework enables an intelligent aggregation of the 5@#iFi interfaces, resulting in
eMBB and URLLC services.

The H202GG!Drones” project is devoted to trials of several Unmanned Aviation Vehicle (U#8/)
cases covering eMBB, URLLC, and mMTC 5G services and to validate 5G KPIs for supporting these
usecases as well as formulating recommendations for further #&ted improvements on 5G and
aviation domain standarddts specificity lies primarily ithe integration of the telecommunications
environment with the aviation environment, including e.g. UAV traffic management (UTM) systems,
remote UAV control systems with First Person Vi@80( degrees highuality realtime media
enabling the virtual rema presence of the UAV pilot on board of the JABISbased 3D flight
visualisation systems for flight trajectory planning and real time flight steering support. In this
combined ecosystem where the telecommunications and aviation business domains perameate
multilaterally exchange information, it will be possible to perform comprehensive and-facéted
validation of 5G UAV services (at the technical level and E2E level of business procesgds)liie

the context of:(i) UAV traffic management (W, command and control3D map and supporting
visualigtion/analysis software, UAV logisticg)i) public safety (monitoring a wildfire, disaster
recovery, public security including coumdAS); (iii) situational awareness (infrastructure
inspection, UN-enhanced IoT data collection, location of UE in48#S environments, multimedja)

and (iv)connectivity extension and offloading (mobile base statiorboard the UAV).

The trials will be implementeihter-alia on 5GEVE and 5Genesis tdstd facilities using the special

software layer (trial controller), acting also as a business service orchestrator, which exposes a high

f S@St !''tL FT2NJ OSNIAOKEQa a2Fdeol NS SO2aeadaSy G2
specific underlying 5G facilities. fi&te same time, special aviation domairlonging UAV service

enablers will be embedded in the 5G facilities and integrated with 5G network mechanitmms.
5G!Drones project may benefit of the SBRIVE outcomes in the domains of eMBB services trials
(espedally VR/AR), network slicing, new radio access techniques for network capacity enhancement,
energy efficiency increase and laten®duction, beamforming, and to some extentg with V2X

services trials, when the results are applicable to aviation veshicl

The H2020MonB5G** project is devoted to the distributed management of Network Slices in
beyond 5G. The maturing and massive-ooit of the 5G technology will cause a necessity to support
massive numbers of coexisting network slices, with different fqgerance requirements,
functionality, and timespans. These challenges canpbetfaced with existing centraéd and
manually operated management systems, and MonB5G aims to provideéaerio management and
orchestration in a novel autonomic framework, g leveraging hierarchical distribution of
operations together with statef-the-art datadriven Albased mechanisms. MonB5G will extend the
ETSI MANO and MEC frameworks with embedded cognitive capabilities. It will also develop trust
mechanisms tailoredo the targeted multistakeholder environment, for secure and trustworthy
crossdomain operations. MonB5G plans to trial two use cases, featuring automatediaesio slice
management and orchestration across technical and administrative domains, epaigitvork
operators to ensure entb-end crossdomain SLAs, as well as-askisted policylriven security
monitoring and enforcement. The MonB5G project may benefit of theDRB/E outcomes in the
domains of eMBB andlso V2X services trials (observed plbemena may feed the algorithms of

22 |iFiis a high dateate technology supporting the fuluplex operation, mobility, and extremely high area capacity.

2 5Drones: WYFYYSR | SNAFf +SKAOfS +SNIAOIT Faclitifs \GAND.857088.Q ¢ N& |
For further information seehttps://5gdrones.eu/

124 MonB5G: Distributed management of Network Slices in beyond &3\ No0.871780). For more details also see:

https://www.monb5g.eu/
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automated slices management), network slicing (including slicing framework KPIs), MEC and sliced
5G integration, network/service orchestration, and 5G network security.

2.2.3 Vehicleto-Everything(V2X)Communication

V2Xcommunia@tion is the transfer of information from a vehicle to adgntityé that may affect the
vehicle, andvice versalt is a vehicular communication system that integrates other more specific
types of communication as V2I (Vehittelnfrastructure), V2N (Veble-to-Network), V2V (Vehicle
to-Vehicle), V2RVehicleto-Pedestrian), V2D @¥icleto-Device) V2G (Vehicko-Grid) and V2R
(Vehicleto-Roadside units) Thus, V2X can be assesse@ agireless technology aimed at enabling
data exchanges between a velei@nd its surroundings.

The core motivations for V2X are road safety, traffic efficiency, and energy s&®ynglsaring data,

such as their position and speed, to surrounding vehicles and infrastructures, V2X systems improve
driver awareness of upcomingotential dangers and significantly improve collision avoidance,
resulting in heavily reduced fatalities and injury severity. In addition, the technology will enhance
traffic efficiency by providing warnings for upcoming traffic congestions, proposiaignative routes

and ensuring ecdriendly driving, reducingQ emissions through adaptive cruise control and a
smarter transportation management.

There are two types of V2X communication technology depending on the underlying technology
being usedthat is: (i) WLANbased and (ii) cellulabased.

The IEEE first published the specification of WhadedV2X (IEEE 802.1F) in 2012. The 802.11p

is an extension of 802.11a (Wi), and was standardised by the IEEE in 2009. In 2012, 802.11p was
included in theoverall IEEE 802.11 standard, but the informal term, 802.11p, is in general use. The
802.11p multiple access mechanism (Carrier Sense Multiple Access protocol with Collision Avoidance,
CSMACA) is a statistical protocol for direct communications and cotimg V2V and \RZ%.

The original V2X communication us®#g¢LAN technology and works straight directly between
vehicles, which compose so called as vehiculad-hoc network astwo V2X senders come within

SIFOK 20GKSNRa NIy3aSo ¢KSNBahy NEagructivel for Rieéhlas toy 2 Gy
communicate, which is fundamental requirement to guarantee safety in rerwtéttle developed

areas. WLAN is particularly suitable for V2X communication, due to its low latency. It transmits
messages known as Coop#ve Awareness Messadés (CAM) Decentralised Environmental

125 For more details sedEEE 802.11p010:IEEE Standard for Information Technology {lIdcal and metropolitan area

networks ¢ Specific requirements Part 11: Wireless LAN Medium Access Control (MAC) and d@Hhyesjer (PHY)
Specifications Amendment 6: Wireless Access in  Mehic Environments Available at:
https://standards.ieee.org/standard/802_11p010.html

126 Also see: 5G Automotive Assatidn (5GAA) (2017)An assessment of LM2X (PC5) and 802.11p direct
communications technologies for improved road safety in the. EAvailable at: http://5gaa.org/wp-
content/uploads/2017/12/5GA#oad-safetyFINAL201-42.05.pdf

27 The Cooperative Awarenebtessage (CAM) is a message created by the Cooperative Awareness (CA) service residing at

the Facilities layer of the ETSI ITS communication architecture stack descibE8IiEN 302 665 V1.1.1 (2080:4 L ¢ {
I 2YYdzy AOF GA2Yy | NOKAGSOGdzNB ¢

The Cooperatiw Awareness service is described in the context of the work included® EN 302 627V1.4.1 (2019
04yaLydStftAaSYld ¢NIyalLRNI {2aiSvya 6L¢{ 0T SKAOdzZ I NI / 2YYdz
Cooperative Awareness Basic %S¢ d Available at:
https://www.etsi.org/deliver/etsi_en/302600 302699/30263703/01.02.01 30/en_30263703v010201v.pdf

CAMs are exchanged betweerA TS stations equipped with V2X technology (i.e. vehicles, infrastructure stations, etc.)
to create and maintain awareness of each other and to support cooperative performance of vehicles using the road
network. CAMs provide information about presence, ifios, dynamics and basic attributes of the originating station.
The received information can be used to support seveddiSapplications. For example, by comparing the position and
dynamics of the originating station with its own status, a receivingastds able to estimate a collision risk. A CAM is
composed of a common ITS PDU header and multiple containers.
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Notification Messagéed® (DENM) or Basic Safety Mess&géBSM)and others The data volume of

these messages is very low. The radio technology is part of the WLAN IEEE 802.11 family of standards
and known in the US as Wireless Access in Vehicular Environments &y AYi& in Europe as ITS

G5131.

The 3GPP started standardisation work of cellular V2¥2Q in Release T4in 2014. It is based on
LTE as the underlying technology. Specifications wereighga in 2016. Because thisM2X
functionalities are based on LTE, it is often referred ta@dlular V2X (GV2X) toddifferentiate¢

itself from the 802.11p base®?2X technologyThe scope of functionalities supported byVeX
includes both direct comomication (V2V, V2I) as well as wide area cellular network communication
(V2N).

In Release 15, 3GPP continued i#&/ZX standardisation to be based on 5G. To indicate the
underlying technology, the term NRR2X (New Radio V2X) is often used in contrasttebhsed V2X
(LTEV2X). Either case;\2X is a generic term used to refer to cellddased V2X communications,
irrespective of the specific underlying mobile communications generation being used (4G or 5G).

In Release 16, 3GPP further enhances thgZXfunctionality. This work is currently in progre$ts
main goal is to provide enhanced data rates and advanced ITS servicesthatefsre considered
as part of the future landscape of vehicular telecommunication.

128 Decentralied Environmental Notification Message (DENM) is a facilities layer message that is mainly used by ITS

applications in order to att road users of a detected event using ITS communication technologies. DENM is used to
describe a variety of events that can be detected by ITS stationsS)ITihe construction of a DENM is triggered by an

ITSS application. A DENM contains informatiefated to a road hazard or an abnormal traffic conditions, such as its

type and its positin. Upon detection of an evemin ITSS transmits a DENM in order to disseminate the information

about this event to other ITSs located inside an area of releeanTha the ITSS that transmits DENM is denoted as
originating ITSS. DENM transmission is initiated and terminated by arSIBBplication at the ITS application layer.

DENM transmission is initiated and terminated by arSTegplication at the ITS dpgation layer. The transmission of a

DENM may be repeated. DENM transmission may persist as long as the event is present. The termination of DENM
transmission is either automatically achieved by the facilitiesrlaye. the DEN (the Decentradis Envirmmental
Notification (DEN) basic service is an application support facility provided by the facilities layer) basic service of the
originating ITSS when a predefined expiry time is reached, or by arSIBBplication that requests the generation of a
DENMto inform that the event has terminated. An FBSwhich receives a DENM, processes the information and may
decide to present an appropriate warning or information to user, as long as the information in the received DENM is
relevant to the ITSS. This ITFS is denoted as receiving 18SAlso see: European Telecommunications Standards
Institute (ETSI): ETSI EN 302-8371.2.2 (20141): 4 Ly 4§ St t A3Syd ¢NI yaALRNI {eaidsSvya oL
Basic Set of Applications; Part 3: Specifications ofeatisS R 9 Y JANB Y YSy (| £ b 2Avdildbke &t GA2Y
https://www.etsi.org/deliver/etsi_en/302600_302699/30263703/01.02.02_60/en2@8703v010202p.pdf

129 see,for example Saxena, S., and Isukapati, I.K. (208@nulated Basic Safety Message: Concept & Applicaliion

Proceedings of the IEEE Intelligent Vehicles Symposium 20201®Y, pp.245456.

130 Also see,among others Eidler, S. (10/2007)Performance evaluation of the IEEE 802.11p WAVE communication

standard In Proceedings of the 2007 "B6vehicular Technology Conference (VTC2BAN), pp.2192203. IEEE,
Baltimore, MA, September 30ctober 03, 2007.

BlagLe{élr QNRYIKY F2NJ LY G St fA3aSyd ¢ NIy a Lde-obfcominudicat®ns @nd shisuld & Dp ¢
y2i 0SS 02y 7T diAaSdmpask Seferaldcpnibinations of communication, computer and control technology
developed and applied in the domain tfansport to improve system performance, transport safety, efficiency,
productivity and level of service, environmental impacts, energy consumption, and mobility. For further information
also seeamong others European Telecommunications Standards In&it{ETSI): ETSI ES 202 663 V1.0.0 {2010
dntelligent Transport Systems (ITEyropean profile standard for the physical am&dium access control layer of
Intelligent  Transport Systems  operating A y GKS p DI T T NBVpitSey Oat: ol YR
https://www.etsi.org/deliver/etsi_es/202600 202699/202663/01.01.00 60/es 202663v010100p.pdf

Also seeginter-alia: Eckhoff D., 8fra, N., and GermarRR (2013: Performance Study of Cooperative Awareness in ETSI
ITS G5 and IEEE WAWEProceedings of th2013 10th Annual Conference on Wirelessd@mand Network Systems
and Services (WON$p. 196200. IEEBanff, ABCanada, March 20,2013

132 Also seeamong others 3GPP TR 21.914 V14.0.0 (2058 dRelease 14 DescriptioBummary of Rel4 Work Items
6 wSt St AvSilable mthttps://www.3gpp.org/ftp/Specs/archive/21_series/2914/
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2.2.4 EUfunded Projects related to V2X

The development and largscale deployment of Connected and Automated Mobitit(CAM)
provides a unique opportunity to make our mobility system safer, cleaner, more efficient and more
userfriendly. With the evolution of digital technologies, such as robofitgrnet of things, artificial
intelligence, higkperformance computers and powerful communication networks, vehicles in
general, and cars in particular, are quickly changing. Therepmiecies and legislation relating to
digital technology, including cybersecurity, liability, data use, privacy and radio
spectrum/connectivity are of increasing relevance to the transport sector. These aspects need
coordination at the European level in order to ensure that a vehicle may remain connected when
crossing bordrs.

The EU ramber States, industry and the European Commission collaborate to achieve fae EU
ambitious vision for connected and automated mobility iDigital Single Market (DSMpking into
consideration public authorities, citizens, cities and sty interests.The 20142019 Commission
strategy had identified the completion of tHi@SMas one of its 10 political prioriti&% and theDSM
Strategy was built on three pillars: (i) Access: implicating for better access for consumers and
businesses to dital goods and services across Europe. (i) Environment: aiming to create the right
conditions and a level playing field for digital networks and innovative services to flourish. (iii)
Economy and Society: aiming to maximise the growth potential of thtat@onomy.

The special framework of the H2020 {£22018 Call aimed at performing a close collaboration
between EU and China to synchronise 5G technologies and spectrum‘iseésre the final roH

out of 5G. The main scope has been about conductiagrials addressing two specific scenarios, the
second of which was the caselafernet of Vehicles (lovhasedon LTEV2X using the 5.9 GHz band

for Vehicleto-Vehicle (V2Viand the3.5 GHz band for Vehicl®-Network (V2N) Both these bands

are priority bands in the two regions for early introduction of very high data rate services. Thus, in
the 5GDRIVE approach, tfeverall goal has been to evaluate in real setup innovativeterend 5G
systems built on the outcomes of the previous phases of the BB Rore specifically, the
optimisation of the bands usages in suitable scenarios has been a key target, so as the validation of
the interoperability of the 3.5 GHz and the 5.9 GHz bands for the respective use cases:ORB/EG
loV scenario has been ingphented in both regions (EU and China) through appropriatetieds

and with suitable trialS®. The applications used to test and validate the use oflZKEN the 5.9 GHz
band for V2V applications and the use of 3.5 GHz band for V2N applications. éldtedseses vases
have been the CLOSA (Green L@ptimalSpeed Advisory) and the intelligent intersection.

In the following sections, we provide an overview of eithergming and/or past EU projects related
to the wider scope of V2X communicatiotis

133 Connected and Automated Mobility (CAKfers to autonomous/connected vehicles or séiffving cars (vehicles that

can guide themselves without human intervention).

134 For more details sedattps://ec.europa.eu/digitalsinglemarket/en/shapingdigital-singlemarket

1% Also see: S®RIVE Project (04/2019): Deliverable 2202 A y i ! NDKA (i SO0 dzNB £ .Avaifbleat: a §a Iy
https://5g-drive.eu/resourcesndresults/projectdeliverables/

1% According to the IGE2-2018 Call the expectations have been thiag inderlying trial§testing facilities shall implement

the latest mature and broadly commonly agreed 5G systems, network architectures and technologies spanning from
the core/transport networks, the radio access, up to the service, orchestration, management and security components.
The trial facilitywould not be restricted to innovative 5G radio access technology, but should include and enable the
evolution of 5G networks innovations in network slicing, virtualisation, etdossain orchestration, in view of
supporting resource control from multiple tenant§hese oncerns have been fully taken into account in the
involvement of the EU patrticipating trial sites for the loV scenario (JRC in Ispra, Italy and VTT in Finland).

37 \With the evolution of digital technologies, such as robotics, internet of things, attifitelligence, higkperformance

computers and powerful communication networks, vehicles in general, and cars in particular, are quickly changing.
Therefore, policies and legislation relating to digital technology, including cybersecurity, liabilitysaatarivacy and
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The 29 signatory countries of a Letter of Intent signed at Digital Day 2017 agreed to designate 5G
crossborder corridors®® where vehicles can physically move across borders and where the cross
border road safety, data access, data quality and liabilityneotivity and digital technologies can be

tested and demonstrated®. The European Commission's ambition is to focus on these corridors in
future EU automated driving projects in the area of digital policies, with links to cybersecurity,
privacy, 5G, interneof things, data economy, free flow of data, etc. The EU supports 3 projects
(these are the 5GCroqaroject, the 5GCARMENrojectand the 5GVIOBIX projegt All arerunning

F& LI NI 2F GKS 9dz2NR LISy [/ 2Y YRehighinal geup 5Gprals dvelzo f A O
more than 1000km of highway including four crdémsder corridors: MetaMerzigLuxembourg
Munich-Bologna via the Brenner Pass, and P&figo and EvorMerida, both between Spain and
Portugal.In addition a short crosdorder segmenbetween Greece and Turkey has been proposed

for deployment, to serve testing as well. These trials will be crucial to the development-of 5G
enabled connected and automated mobility. The areas they cover are among ten S5hardss

corridors already agrakbetween EU countries. 5G technology will allow autonomous vehicles to
connect in real time to each other, to pedestrians, to road infrastructure as well as to public telecom
networks and resources in the cloud. This will help to avoid accidents andipptiraffic efficiency

and therefore improve road safety, reduce traffic congestion, and lower greenhouse gas emissions.
The three make possible to test and demonstrate connected and automated mobility services such
F&d Fdzi2YFGSR OKFy3Z 02 % yiRF yiNHzO0 &t IRNK ORSYNER Ay LI |
RNAGSNB o0aiNHzZO|l LG22y Ay3deé0od ¢KSe gAff faz K
new business models, making use of 5G to transform online maintenance, fleet management and
infotainment.

5GCrocd™ will trial 5G technologies over highways between Metz, Merzig and Luxembourg, crossing
the borders of France, Germany and Luxembourg. It will test and refine advanced 5G network
technologies such as mobile edge computing and network glieind will test teleoperated driving,

high definition maps for autonomous vehicles, and Anticipated Cooperative Collision Avoidance
(ACCA).

In addition, 5GCroCo also aims at defining new business models that can be built on top of this
unprecedented conectivity and service provisioning capacity. Ultimately, 5GCroCo will impact
relevant standardization bodies from the telco and automotive industiiée. possibility of providing
connected, cooperative and autonomous mobility (CCAM) services along diffaventries when
vehicles traverse various national borders has a huge innovative business potential. However, the
seamless provision of connectivity and the uninterrupted delivery of services along borders also
poses interesting technical challenges. Tdiuation is particularly challenging given the multi
country, multioperator, multitelco-vendor, and multvehicleOEM scenario of any crobsrder
layout. Motivated by this, 5GCroCo brings together a strong consortium from both, European
automotive and mobile communications industries, with the explicit support of road traffic
authorities and the respective national governments (through letters of support), to develop
innovation at the intersection of these two industrial sectors. The aim is to defsweeessful path
towards the provision of CCAM services along ebmsder scenarios and reduce the uncertainties of

radio spectrum/connectivity are of increasing relevance to the transport sector. These aspects need coordination at the
European level in order to ensure that a vehicle may remain connected when crossing borders.

138 Also seehttps://ec.europa.eu/digitalsinglemarket/en/crossbordercorridorsconnectedand-automatedmobility-cam

139 Creating cross border pilots andnity addressing data transmission and liability will give the EU automotive, tech and

telecoms industries the advantage of a harmonised and unified market of 500 million consumers. It will also help the
automotive industry maintain its global lead in theea of connected and automated cars.

140 For more informative details about this initiatives also shtps://ec.europaeu/digital-singlemarket/en/news/5g

publicprivate-partnershipnextgeneratiorbroadbandinfrastructure

11 5GCroCo: 5G CreBerder Control (GA N0.825050). More details can be founiitas://5gcroco.eu/
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a real 5G crosborder deployment. 5GCroCo aims at trialling 5G technologies in the-loooder
corridor connecting the cities of Metderzg-Luxembourg, traversing the borders between France,
Germany and Luxembour@he objective is to validate advanced 5G features, such as New Radio,
MEGCenabled distributed computing, Predictive QoS, Network Slicing, and improved positioning
systems, all ambined together, to enable innovative use cases for CCAM. 5GCroCo aims at defining
new business models that can be built on top of this unprecedented connectivity and service
provisioning capacity, also ensuring that relevant standardization bodies fr@mivib involved
industries are impacted’.

5GCARMEN® will conduct extensive trials across an important nestsuth corridor from Bologna

to Munich via the Brenner Pass, spanning 600 km of roads, connecting three European regions,
Bavaria (Germany), Tirolygtria) and Trentino/SoutiTyrol (Italy). It focuss on vehicle manoeuvre
negotiation, infotainment, and emissions control in sensitive ardd® goal of 5& ARMEN is to
create new and realistic opportunities for generating competitive advantages foEthmepean ICT,

as well as the automotive, and road equipment manufacturing sectors. The vision of connected
vehicle will transform the automotive industry that will benefit from the same level of agility as what
is available today in the IT world: Time taarket for new innovative services will be significantly
improved, and overall Total Cost of Ownership (TCO) will be reduced. In the commercial field, 5G
CARMEN will help to open the market to new actors and will provide more compelling competitions
over sevice availability and proper handover/roaming between worldwide operdfar€ooperative
manoeuvring, situation awareness, video streaming, and green driving are thelmwodsr use cases
targeted by 5GCARMEN pilots in order to maximize the project comuiad societal, end
environmental impact.

5GMOBIX* will test connected and automated mobility applications along two ctussler
corridors between Spain and Portugal, a short corridor between Greece and Tarkkgix national

urban sites in Versailles (France), Berlin and Stuttgart (Germany), EindHelrannd (Netherlands)

and Espoo (Finland). In addition to technical validation and advanced use cases, the trials will make it
possible to define cooperation odels and include cost/benefit analysis. They will explore new
business opportunities for 5@nabled connected and automated mobility services and provide
recommendatbns and options for deploymen8GMOBIX aims at executing CCAM trials along x
border andurban corridors using 5G core technological innovations to qualify the 5G infrastructure
and evaluate its benefits in the CCAM context as well as defining deployment scenarios and

142 5GCro@ started on 1st November 2018. Since then, the use cases and user stories that will be trialed have been

specified. Also, the test cases and test sites have been identified. The inititd-end architecture for crosborder

network handover, endo-end Quality of Service (QoS) with network slicing, Mobile Edge Computing/Cloud and
positioning architecture, havbeen also defined. Furthermoran initial application architecture has been defined and
described and responsibilities for component developmieate been agreed. 5GCroCo business potentials have also
been described. Besides, ethical issues regarding human participation in trials have been considered. In addition, a set
of procedures have been established to maximize safety during the executtbe tfials and to provide an informed
consent for research participants. Protection of personal data ethical issues has been also evaluated in order to
minimize personal data used during the execution of the project.

143 5GCARMENBG for Connected and Anmated Road Mobility in the European unioN (GA No.825012). More details can
be found athttps://5gcarmen.eu/

%4 The 5GCARMEN use cases have been refined and specified. Also, the 5G KPIs have been identifieddridtherea

for crossborder network have been defined. A survey of existing hojgerator crosshorder solutions in Italy, Austria

YR DSNXIye Aa 2y32Ay3 AyOf dzZRAYy 3 abh QAaAdvanded MeRsadge Qleliiy ¢ K S
Protoco) serve are being discussed across several use cases. Cloud Services as well as-MEGntemnectivity
requirements are under evaluation against the use case requirements. Fundamental improvements to the network
implementations and configurations are beingfiched in cooperation with the 5GAA. Priority has been given to enable
seamless connectivity when entering the border are and switching from one PLMN to another. Deployment locations
for 5G gNBs at the Italian/Austrian Border have been defined.

145 5GMOBIX 5G for cooperative & connected automated MOBIility ohaxder corridors (GA No0.824496). For more
details seehttps://www.5g-mobix.com/
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identifying and responding to standardisation and spectrum gaps. The prejidirst define the

critical scenarios needing advanced connectivity provided by 5G, and the required features to enable
those advanced CCAM use cases. The matching between the advanced CCAM use cases and the
expected benefit of 5G will be tested dugitrials on 5G corridors in different EU countries as well as
China and Korea. Those trials will allow running evaluation and impact assessments and defining also
business impacts and cost/benefit analysis. As a result of these evaluations and alsatioriaina
consultations with the public and industry stakeholders,-MGBIX will propose views for new
business opportunity for the 5G enabled CCAM and recommendations and options for the
deployment. Alsp the 5GMOBIX finding in term of technical requirementind operational
conditions will allow to actively contribute to the standardisation and spectrum allocation activities.
5GMOBIX will evaluate several CCAM use cases, advanced thanks to 5G next generation of Mobile
Networks. Among the possible scenariosbe evaluated with the 5G technologies, - M®BIX has

raised the potential benefit of 5G with low reliable latency communication, enhanced mobile
broadband, massive machine type communication and network slicing. Several automated mobility
use cases areqgpential candidates to benefit and even more be enabled by the advanced features
and performance of the 5G technologies, as for instance, but limited to: cooperative overtake,
highway lane merging, truck platooning, valet parking, urban environment dyiviogd user
detection, vehicle remote control, see through, HD map update, media & entertainment

Other EUfunded projects and European initiatives have already covered different aspects for
business modelling in the intersection of both automotive andfi€lds.

The Knowledge Base on Connected and Automated Driving (CAD) is tiséoprehop for data,
knowledge and experiences on CAD in Europe and béfforithe sharing of knowledge, data and
experiences is essential for the development of connected aridnaated driving. Combining the
knowledge sources enables all stakeholders to get a clearer picture of what the future impacts of
road automation will b&’. Thuswe consider the following:

5GCAR® was devoted to conduct research in the area of V2X commuitoat for and the
automotive vertical sector towards the adoption of 5G technologMsain objectives within the
5GCAR project have been: (i) Development of an overall 5G system architecture providing optimized
end-to-end V2X network connectivity for highigliable and lowlatency V2X services, which supports
security and privacy, manages qualitirservice and provides traffic flow management in a mRIT

and multHink V2X communication system; (ii) interworking of mBRIA&Ts that allows embedding
exising communication solutions and novel 5G V2X solutions; (iii) development of an efficient,
secure and scalable sidiek interface for lowlatency, highreliability V2X communications; (iv)
proposition of 5G radi@ssisted positioning techniques for bothlwerable road users and vehicles

to increase the avaibility of very accurate locaétion; (v) identification of business models and
spectrum usage alternatives that support a wide range of 5G V2X services; (vi) demonstration and
validation of the develped concepts and evaluation of the quantitative benefits of 5G V2X solutions
using automated driving scenarios in test sitdhle 5GCAR project investigated and proved the
added value of &/2X 5G focus for connected cars, studying the domain from mufigigpectives,
including business models, spectrum matters, and contributing to the conception of innovative
solution for the radio access network, the system architecture, and the security and privacy
framework. Multiple cooperative Intelligent Transp@ystems (€LTS) use cases, which benefit from

146 A detailed list of all CAD projects at -EEuMel or at national level carbe found at: https://knowledge

base.connectedautomateddriving.eu/projects/findproject/

147 Developed as part of the Horizon 2020 ActRCADEAligningResearch & Innovation foBonnected andAutomated

Driving inEurope), the Knowledge Base gathers the scattered information among a broad network of CAD stakeholders
to establish a commondseline of CAD knowledge and provide a platform for a broad exchange of knowledge.

8 5GCAR: Fifth Generation Communication Automotive Research and Innovation (GA No0.761510). More details can be

found at:https://5gcar.eu/
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5G features, were demonstrated. Moreover, the scientific work within the project impacted
standardization by means of project partner contributions. The 5GCAR results addressed a wide
range of €/2X challengessanging from use case and requirement definitions, investigation of
business and spectrum related aspects, development of cellular link (both regular cellular link and
side link and position technical enablers as well as architectural components. Thei¢at work

was the foundation of the final four demonstrations of the related use cases. The demonstration
findings have shown that connected driving has a huge potential for more safety and comfort
(assisted an@utomated) driving use cases.

Some past B-funded projects, having a conceptual relevance, are also briefly mentioned as follows:

COMPANION®: The objective of this project had been to develop-op@rative mobility
technologies for supervised vehicle platooning, in order to improve fuel efficiandysafety for
goods transport. The potential social and environmental benefits inducted by hhayyvehicle
platoons (or road trains) have been largely proven. The proposed idea had been to develop a new
energyefficient and usefriendly integrated famework to coordinated driving of headuty
vehicles. The project has proposed a new-enak coordination system, to define an optimized flow

of vehicles in order to dynamically create, maintain and dissolve platoons according to an online
decisionmaking mechanism, taking into account also historical and-tieed information about the

state of the infrastructure. With such a technology, plato@usild be no more composed just of
vehicles with common origins and destinations, but tlveyld be created gnamically on the road,

by merging vehicles (or syilatoons) that share also only subparts of their routes.

AutoNet20303*° has extended the specifications of control algorithms and messages to support
cooperative automated driving escases, while using dentralieed control system with 802.11p
based communicationsAutoNet2030aimed todevelop and test a coperative automated driving
technology, based on a decentralised decigsiaking strategy which is enabled by mutual
information sharing among nearbyekicles. The projechimed for a 20202030 deployment time
horizon, taking into account the expected preceding introduction obgerative communication
systems and sensdrased lanekeeping/cruisecontrol technologies. By taking this approach, a
strategyhas been realised fahe gradual introduction of fully automated driving systemsaking

the best use of the widespread existence ofaperative systems and madg the deployment of

fully automated driving systems beneficial for all drivers already ftermitial stagesThe main idea

had beento achieve intelligent decisiemaking in fully automated vehicles through local group
formation, by using coperative communications to exchange input data amdnoeuvringcontrol
commands. Such eoperation did not mean not only among automated vehicles, thas been
extended also to manually driven vehicles; automated vehicksuld locally coordinate the
manoeuvringof all surrounding vehicles, making driving thereby more predictable and safer also for
manualy driven cooperative vehicles. Thigstemhas beeroptimised to make safe, predictable and
efficientmanoeuvringdecisions.

The GCDE! project aimed to speed up redife implementation and interoperability of wireless
communication based automated dnig. The objective of-GAME had been to develop technologies
that speedup the reallife implementation of automated driving, which is supported by
communication between the vehicles and between vehicles and -sid&l equipment. These
automated systems nek to be safe and able to cope (to a certain extend) with different
circumstances. And the technology need not be too specific to be able to be used in a wide range of

149 COMPANION: Cooperative dynamic formation of platoons for safe and energy optimised goods transportation (GA

N0.610990). More details can be found wivw.companionproject.eu

150 AutoNet2030: Caperative Systems in support of Networked Automated Driving by 2030 (GA No.61054@e

details can be found ahttp://www.autonet2030.eu/

1ol GCDClnteroperable GCDC Automation Experience (GA No0.612035). For etaits dee:http://www.gcdc.net/en/i-

game
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vehicles and traffic scenarios. For thR@AME, the solution has been found incaledsupervisory
control, providing both eventlriven control to initiate vehicle manoeuvres (e.g. a car wants to merge
on a highway) and redime control to execute the manoeuvres (i.e. vehicles make a space for the
merging vehicle and the merging vehicle este into the empty space). These kinds of scenarios
require that the participating vehicles and roaitle equipment are able to communicate and
cooperate with each other, which is called interoperability. The interoperabilityGAME has been
ensuredonthe one handd @ | NBFSNBYy OS 3IANRdzL) »DiFthehothar®and | YR &
through the participating (university) teams in a second edition of the Grand Cooperative Driving
Challenge. For the design and setup or the automated syst€B#8ME has usedl parallel approach.
Firstly, a functional architecture has been developed. The components of the system (like the
communication and the overall supervisory control system) have been developed on simulation level
first and then tested in practice using fiehmark vehicles. Secondly, to focus on interoperability and
thus speed up redife implementation, a series of verification and validation workshops has been
held, having its climax in the final challenge on cooperative automated driving, togetheeadtimd)
RTDs, and supported by OEMs and suppliers. Typical examples efehidie platoon manoeuvres
were platoon forming, priority and speed adaptation (including stop) at a traffic light, and automatic
or supported vehicle merging based on fusion e¥éhicle and oroadside information. This open
approach created a muitiendor playground and should catalyse the segleand commercial roll

out of vehicles equipped with the automated solutions.

The HIGHTS%roject aimed to achieve high precision g@siing system with the accuracy of 25

cm, for applications such as highly automated driving, cooperative automatic cruise control and
vulnerable road usersVRUS3. The HIGHTS project has developed Cooperative Intelligent Transport
System (€TS) to enabléhe localisation of any vehicle on the road with a positioning precision of
0.25 meters. This has improved the safety levels considerably for drivers and VRUSs, as well as open
the way to highly automated driving (HAD) application$T € applications relgn knowledge of the
geographical positions of vehicles. Unfortunately, sateb#sed positioning systems (e.g. GPS and
Galileo) are unable to provide sufficiently accurate position information for many important
applications and in certain challengingtltommon environments (e.g., urban canyons and tunnels).

The HIGHTS platform aimed to increase the safety level of vulnerable road users (motorcycles,
scooters, pedestrians) through-Birectional danger detection and by detecting slight deviations
from driving courses, thus detecting danger before it occurs. Safety is abuge f £ Sy 38 F2 NJ |
road scenario and it will be even more challenging in the future, with the progressive introduction of
HAD applications such asACC (Automatic Cruise Contrioht interacts with infrastructure).

AUTOPILOT is another project in the context of connected and autonomous driving. The overall
objective of AUTOPILOWBSs beento bring together relevant knowledge and technology from the
automotive and the Internet of flings (IoT) value chains in order to develop-dndhitectures and
platforms which bring AD towards a new dimension. This-dadhitecture is said to enhance the
security and comfort of the autonomous driving services. AUTOPILOT phajefiicused on the
following use cases: automated valet parking, highway pilot, platooning, urban driving and car
sharing.

The Connecting Europe Facilities (&fafded Connected Corridor for Driving Automation
(CONCORDZAR* project evaluatel connected services and facilitiddse cases considereere high-
density truck platooning and highway chauffeur automated driving on motorways. It evdliB®

%2 HEIGHTS: High precision positioning for cooperative ITS applications (GA No.636537). For further information also see:

https://ec.europa.eu/inea/en/horizor2020/projects/h202&ransport/intelligenttransportsystems/hights

133 AUTOPILOT: AUTOmated driving Progressed by Internet Of Things (GA 98).7Bl®e details can be found at:
https://autopilot-project.eu/

%% CONCORDA: Connected Corridor for Driving Automation. For further dabailg this projectalso see:https://i-

sense.iccs.gr/projects/ongoinRgrojects/item/1317concorda
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G5 and ©/2X (shorrange and longange) communication technologi€3 aiming at overcoming
fragmentation and assuring backwairtteroperability between Cooperative ITSIC) services and
technologies providing them. Trialgere conducted in Netherlands, Belgium, Francerr@ny and

Spain. Interoperability for system architecture and communication technologies, services, aal actu
implementationhas beerevaluated between the sites. Besides communication aspects, CONCORDA
also evaluatd enables such as precise positioning and the Aechnicalaspects of cosefficient
realisation of services. Especially thetitwill allow findings from CONCORDA regarding ecosystem

and business aspects to be considered for 5GCroCo once the respective CONCORDA deliverables
become public.

CODEC?® aimed for a concerted robut of GITS applications across Europe. In close cooperation
with an eshblished open €TS stakeholder network of interested experts, CODECS followed a
bottom-up approach based on three phases: collecting information, consolidating results and
developing guidelines. The findings and outcome of CODECS have been shared vt $he
stakeholder network and important groups such as the Amsterdam Group, A& ©eployment
Platform and the standards setting organisations ETSI (ITS Technical Committee). During its lifetime
CODECS has focused on: (i) Fostering knowledge exchaimggad CITS deployment initiatives; (ii)
laying the foundation for road mapping beyond the initial deployment phase; (iii) enhancing
knowledge building with respect to technical challenges beyond the initial deployment phase; (iv)
progressing on stratgy alignment of €TS deployment actors; (v) broadening and deepening
awareness and understanding of opportunities for cities frofT&€ deployment networking and
coordinating initial deployment activities.

During 2008, the projectSAFERIDERand TeleFOT*® were funded by EU under FP7 (Framework
Programme). SAFERIDER provided ADAS and IVI systems in motorcycles, while TeleFOT conducted
FOTs for IVS and aftermarket vehicle devices.

ThelNTERACTION project addressed the understanding of driver interactions

The PREDRIVE C2¥® project developed a primary common European architecture for 12V systems,
while Germany, through the projecmTD® and DIAMANT, envisionexdcreasingraffic efficiency
and road safety.

In 2009 the EC launched tHeREILJT project, which developed 4TS sevices for road goods
transport

The projectsSISCOGE, eCoMoveé®, interactlVe'®®>, OVERSE®E and COSM&” were launched in

18 Eor further reading also seamong others Mannoni, V., Berg, V., Sesia, S., and Perraud, E. (28X®mparison of the

V2X Communicain Systems: ITS5 and 6/2X In Proceedingsf the 2019 IEEE &ovehicular Technology Conference
(VTC201pring) pp.1-5. IEEEKuala Lumpur, Malaysiapril 28¢ May 01, 2019.

%6 cODECEoordination and Support ActicdBmperative ITDEployment Coordination Support (GA No. 653339). More
details can be found ahttps://www.codecsproject.eu/index.php?id=5

7 Advanced telematics for enhancing the SAFEty and comfort of motorcycle RIDERs§&38%. More details can be

found at:http://www.saferider-eu.org/

138 Field Operational Tests of Aftermarket and Nomadic Devices in Vehicles (GA N0.224067). For morasietais

www.telefot.eu

1% pifferences and similarities in driver INTERACTION withHitle technologies (GA No. 218560). For more details also
see:https://interaction-fp7.eu/

160 Preparation for Drivingmplementation and Evaluation of C2X Communication TechndldgyNo. 224019). For more

details also seeamong otherswww.pre-drive-c2x.eu

61 safe and Intelligent Mobility- Test Field Germany. More detailsarc be found at: https://www.as-

p.com/projects/project/simtesichereintelligentemobilitaettestfelddeu94/show/

%2 FREILOT: CT for adaptiueban transport management infrastructure and services (GA No0.238930). Also see:

https://www.up2europe.eu/european/projects/urbafreight-energyefficiencypilot 3084.html
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