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Abstract 

The 5G-DRIVE project is the first international collaborative project in 5G applications between the 
EU and China. The present Deliverable D2.3 is a largely extended as well as a more detailed 
composition of the previously submitted άa{пέ όάMilestone 4έ) report, aiming to provide a more 
detailed summary of the work performed in the scope of WP2. The work mainly focuses upon the 
ƻǊƛƎƛƴŀƭƭȅ ǎŜƭŜŎǘŜŘ ǳǎŜ ŎŀǎŜǎ ǘƘŀǘ ƘŀǾŜ ōŜŜƴ ŘŜǎƛƎƴŜŘ ŀƴŘ ŘŜǾŜƭƻǇŜŘ ŀǊƻǳƴŘ ǘƘŜ ǘǿƻ άŎƻǊŜέ 
scenarios of the 5G-DRIVE project (i.e. eMBB and V2X communications) structured on a per WP basis 
(following to dedicated requirements as these have been set in WP3 and WP4, correspondingly). The 
work reassesses the role of 5G as άŜƴŀōƭŜǊέ ŦƻǊ ƛƴƴƻǾŀǘƛƻƴ ŀƴŘ ƛŘŜƴǘƛŦƛŜǎ ǎǇŜŎƛŦƛŎ ŀŎǘƛƻƴǎ ǇǊƻƳƻǘŜŘ 
within the 5G-PPP framework, where the 5G-DRIVE project is also included. Then we discuss and 
evaluate the overall 5G-DRIVE concept and we further analyse the challenges appearing from the 
promoted eMBB and V2X applications, especially by correlating our effort to other prior -or still 
ongoing- EU-funded projects, especially those belonging to the 5G-PPP context. Our 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 use cases, evaluates 
their essential conceptual background by providing a wider descriptive framework and identifies 
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 into account the progress 
performed in the scope of the corresponding trials for each selected use case and presents the 
proposed architectural framework for each selected implementation. 
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Executive Summary 

The present work is an extended and a more detailed composition of the previously submitted 
άa{пέ όάaƛƭŜǎǘƻƴŜ пέύ ǊŜǇƻǊǘ, aiming to provide a more detailed summary of the work performed for 
the ongoing implementation of both original 5G-DRIVE scenarios by taking into account the progress 
of the use cases selected for both WP3 and WP4. Our work mainly focuses upon the originally 
ǎŜƭŜŎǘŜŘ ǳǎŜ ŎŀǎŜǎ ǘƘŀǘ ƘŀǾŜ ōŜŜƴ ŘŜǎƛƎƴŜŘ ŀƴŘ ŘŜǾŜƭƻǇŜŘ ŀǊƻǳƴŘ ǘƘŜ ǘǿƻ άŎƻǊŜέ ǎŎŜƴŀǊƛƻǎ ƻŦ ǘƘŜ 
5G-DRIVE project (i.e.: enhanced Mobile Broadband (eMBB) and Vehicle-to-Everything (V2X) 
communications). It is structured on a per WP basis (following to dedicated requirements set in WP3 
and WP4, correspondingly). ¢ƘŜ ǿƻǊƪ ǊŜŀǎǎŜǎǎŜǎ ǘƘŜ ǊƻƭŜ ƻŦ рD ŀǎ ŀƴ άŜƴŀōƭŜǊέ ŦƻǊ ƛƴƴovation and 
identifies specific actions promoted within the 5G-PPP framework, where the 5G-DRIVE project is 
ŀƭǎƻ ƛƴŎƭǳŘŜŘΦ ¢Ƙǳǎ ǿŜ άǇƻǎƛǘƛƻƴέ ƻǳǊ рD-DRIVE effort within the broader 5G European policy for 
growth and development, challenging a multiplicity of opportunities. Then we discuss and evaluate 
the overall 5G-DRIVE concept and we further analyse the benefits appearing from the promoted 
eMBB and V2X applications, especially by correlating our effort to other prior -or still ongoing- EU-
funded projects, especially those belonging to the 5G-PPP 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 supporters for the 5G 
implementation and realisation, 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 case; furthermore, it extends the related background by providing a wider descriptive 
framework via the inclusion of suitable information so that to elucidate the corresponding 
conceptual background, the insertion of supportive technologies and/or other means. The work also 
discusses the actual implementation taking place, by assessing outcomes originating from the trials 
performed in the selected European sites/test-beds and/or the joint collaborative actions with the 
άǘǿƛƴέ /ƘƛƴŜǎŜ ǇǊƻƧŜŎǘΦ Lƴ ǘƘƛǎ ǎŎƻǇŜΣ ǿŜ ŀƭǎƻ ŜȄŀƳƛƴŜ ǇƻǘŜƴǘƛŀƭ ƳŀǊƪŜǘ ǊŜƭŜǾance and appearing 
ƳŀǊƪŜǘ ŀǇǇƭƛŎŀōƛƭƛǘȅ ƻŦ ǘƘŜ ǇǊƻǇƻǎŜŘ ǳǎŜ ŎŀǎŜǎΣ ǎƻ ǘƘŀǘ ǘƻ ōŜ ŀōƭŜ ǘƻ ŀǎǎŜǎǎ ǘƘŜƳ ŀǎ ǊŜŀƭ άрD 
ŜƴŀōƭŜǊǎέΤ ƛƴ ŦŀŎǘΣ ǘƘƛǎ ƛǎ ŜȄǇŜŎǘŜŘ ǘƻ ōŜ ŀ ǉǳƛǘŜ ǊŜƭƛŀōƭŜ ŀƴŘ ƛƴƴƻǾŀǘƛǾŜ ǇŀǊǘ ƻŦ ǘƘŜ ŜƴǘƛǊŜ ǇǊƻƧŜŎǘ 
effort towards promoting feasible 5G-based solutions that will support growth and development. 
Meanwhile, reference is also made to the corresponding KPIs, on a per use case basis, as these have 
been identified and considered for the intended evaluation/assessment of the project technical 
progress. For the proposed use cases we also present the corresponding architectural framework 
that enables their implementation and further evaluation.  

All these are included within a more generalised conceptual framework in order to strongly correlate 
our actual effort to the much promising 5G-based 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 scenarios, that is: (i) eMBB applications on the 3.5 GHz; and (ii) Internet of Vehicles 
(IoV) applications based on LTE-V2X using the 5.9 GHz band for Vehicle-to-Vehicle (V2V) and the 3.5 
GHz band for Vehicle-to-Network (V2N). The overall goal is to evaluate in real set-up innovative end-
to-end 5G systems built on the outcomes of the previous phases of the 5G R&I. 

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

¶ Cloud-assisted 3D Augmented Reality (AR): As opposed to conventional gaming consoles or 
personal computers (which are highly dependent on the signal processing capabilities of the 
GPU), cloud-assisted 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 contents and makes user devices lighter and cheaper. 

¶ Indoor Positioning supports 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. Positioning 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 locations, eMBB services to mobile end-
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user devices require also support for mobility. 

¶ GLOSA (Green Light Optimal Speed Advisory) is a Day-1 signage Cooperative Intelligent 
Transport Systems (C-ITS)  service aimed at informing end users about the speed that needs 
to be sustained within applicable legal limits to reach an upcoming traffic light in green 
status. GLOSA provides end users with short-term information on upcoming traffic light 
status to optimise and smoothen traffic flows, help prevent speed limits violations, improve 
fuel efficiency and reduce pollution. 

¶ The Intelligent Intersection use 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 wants to make 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 in this sensitive area, a Decentralised 
Environmental Notification Message (DENM) is broadcasted by the RSU, while the back-office 
άgeocastsέ this message to all vehicles in the vicinity. 

  

Section 1 of the document serves as an extended introduction, discussing the fundamental role of 5G 
for the growth of the market. In this context we also discuss specific actions taken place in the 5G-
PPP collaborative framework together with the respective initiative for Pan-European trials. 

{ŜŎǘƛƻƴ н άǇƻǎƛǘƛƻƴǎέ ǘƘŜ рD-DRIVE project in the broader 5G arena. This discusses the overall 
concept together with the two fundamental scenarios covering eMBB and V2X communications. For 
each scenario we discuss past or ongoing EU-projects relevant to our approach. In addition, we 
provide the modern technical background for the 5G realisation via dedicated and distinct 
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 
(cloud-assisted AR and indoor positioning) and we discuss their conceptual 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 related essential 
architecture, selected to serve each one among the use cases. 

Section 4 follows a similar structuring, as the previous one. However, it discusses the more 
generalised V2X framework as a part of the 5G evolution and then focuses upon the two selected use 
cases (GLOSA and intelligent intersection). We also include an update of recent progress in radio 
frequency spectrum policy for C-ITS, as performed in the EU, China and the US. Furthermore, we 
analyse the main concept of each use case as well as the actual implementation status. Once again, 
we propose selected KPIs for assessment. Last but not least we discuss the related essential 
ŀǊŎƘƛǘŜŎǘǳǊŜǎ ŀǎ ǿŜƭƭ ŀǎ ŀ άƧƻƛƴǘέ ŀǊŎƘƛǘŜŎǘǳǊŀƭ ŀǇǇǊƻŀŎƘ ǘƻ ǎŜǊǾŜ ōƻǘƘ ǳǎŜ ŎŀǎŜǎΣ ǎƛƳǳƭǘŀƴŜƻǳǎƭȅΦ 

The work finalizes with an extended set of bibliographical references, coming from various sources. 
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1 Introduction 

1.1 Framework of Reference: Towards 5G Implementation 

The socio-technical evolution in the ƭŀǎǘ ŦŜǿ ŘŜŎŀŘŜǎ Ƙŀǎ ōŜŜƴ ǎƛƎƴƛŦƛŎŀƴǘƭȅ άŘǊƛǾŜƴέ ōȅ ǘƘŜ ŜǾƻƭǳǘƛƻƴ 
of mobile communications and has contributed to the economic and social development of both 
developed and developing countries. Mobile communication has become closely integrated in the 
Řŀƛƭȅ ƭƛŦŜ ƻŦ ǘƘŜ ǎƻŎƛŜǘȅ άŀǎ ŀ ǿƘƻƭŜέ 2. It is expected that the socio-technical trends and the evolution 
of mobile communications systems will remain tightly coupled together and will form a foundation 
for society in 2020 and beyond3. In the future, however, it is foreseen that new demands, such as 
more traffic volume, many more devices with diverse service requirements, better quality of (user) 
experience4 (QoE) and better affordability by further reducing costs, will require an increasing 
number of innovative solutions. 

In the same scope, mobile devices play various, continuously evolving roles in our everyday life. 
Future IMT systems should support emerging new use cases, including applications requiring very 
high data rate communications, a large number of connected devices, and ultra-low latency and high 
reliability applications. User devices will get enhanced media consumption capabilities, such as Ultra-
High Definition (UHD) display, multi-view High Definition (HD) display, mobile 3D projections, 
immersive video conferencing, and Augmented Reality (AR) and mixed reality display and interface. 
This will all lead to a demand for significantly 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 end-users on the move and when they are static (e.g. at home or in the office). To 
offer the best experience to 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 high quality at high mobility will enable successful deployment of 
applications on user equipment located within a moving platform such as cars or high-speed trains. 
Connectivity on mobile platforms may be provided via IMT, Radio Local Area Network (RLAN) or 
another network on that platform using suitable backhaul. 

¢ƻŘŀȅΣ LƴǘŜǊƴŜǘ ŀƴŘ ŎƻƳƳǳƴƛŎŀǘƛƻƴ ƴŜǘǿƻǊƪǎ ŀǊŜ άŎǊƛǘƛŎŀƭέ ǘƻƻƭǎ ŦƻǊ Ƴƻǎǘ ŀǊŜŀǎ ŀƴŘ ǎŜŎǘƻǊǎ ƻŦ ƻǳǊ 
modern societies and economies as they are transforming our world; actually, these networks 
constitute ŦǳƴŘŀƳŜƴǘŀƭ άǇƛƭƭŀǊǎέ ŦƻǊ ŀƴȅ ŜǾƻƭǳǘƛƻƴŀǊȅ ǇǊƻŎŜǎǎ ǎǳǇǇƻǊǘƛƴƎ ŜŦŦƻǊǘ ŦƻǊ ƎǊƻǿǘƘ ŀƴŘ 
development. According to recent market trends as well as to actual European policy measures 
and/or related initiatives, it is assessed that the communication networks and the wider modern 
services/facilities environment of the year 2020 and beyond will be άŜƴƻǊƳƻǳǎƭȅ ǊƛŎƘŜǊ ŀƴŘ ƳǳŎƘ 
ƳƻǊŜ ŎƻƳǇƭŜȄ ǘƘŀƴ ǘƘŀǘ ƻŦ ǘƻŘŀȅέΦ 

                                                           

 
2
 Almost 16 years after the initial edition, it is still interesting to assess the context proposed in: International 

Telecommunication Union ς Radiocommunications Sector (ITU-R): Recommendation M1645-л όлсκнллоύΥ άCǊŀƳŜǿƻǊƪ 
and overall objectives of the future development of IMT-2000 and of systems beyond IMT-нлллέΦ 

3
 See: International Telecommunication Union ς Radiocommunications Sector (ITU-R): Report ITU-R M.2243 (11/2011): 
άAssessment of the global mobile broadband deployments and forecasts for International Mobile 
¢ŜƭŜŎƻƳƳǳƴƛŎŀǘƛƻƴǎέΦ ¢Ƙƛǎ wŜǇƻǊǘ ŀǎǎŜǎǎŜǎ ǘƘŜ ǇŜǊǎǇŜŎǘƛǾŜǎ ŀƴŘ ƴŜŜŘǎ ƻŦ ƳƻōƛƭŜ ōǊƻŀŘōŀƴŘΣ ǘƻ ōŜ ǎǳǇǇƻǊǘŜŘ ōȅ La¢ 
during the decade 2012-2022. It also presents mobile traffic forecasts provided 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. 

4
 Quality of experience (QoE) measures total system performance using subjective 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 
infrastǊǳŎǘǳǊŜ ǿƛƭƭ ōŜ ŀōƭŜ ƻŦ άŎƻƴƴŜŎǘƛƴƎ ŜǾŜǊȅǘƘƛƴƎέ ŀŎŎƻǊŘƛƴƎ ǘƻ ŀƴ ŜȄǘŜƴŘŜŘ ƳǳƭǘƛǇƭƛŎƛǘȅ ƻŦ 
application-specific requirements (thus including users, things, goods, computing centres, content, 
knowledge, information and processes), in a purely flexible, mobile, and quite powerful way5. Living 
ǿƛǘƘƛƴ ŀ Ŧǳƭƭȅ ŎƻƴǾŜǊƎŜŘ ŜƴǾƛǊƻƴƳŜƴǘΣ ǘƘŜ ƴǳƳōŜǊ ƻŦ ǎƳŀǊǘ ǘŜǊƳƛƴŀƭǎΣ ƳŀŎƘƛƴŜǎΣ άǘƘƛƴƎǎέ όŀƭǎƻ 
including sensors and actuators) attached to current networks is growing exponentially and soon it 
will be possible to connect and operate an immense diversity of new forms of equipment (e.g. smart 
home gadgets, vehicles, drones and even robots) as well; this extends our ICT-based abilities and 
concepts far beyond our current experience of tablet and smartphone connectivity. In ordŜǊ ǘƻ άŦŀŎŜέ 
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 infrastructure6, able to provide 
network features and performance characteristics to assure progress and growth in all corresponding 
domains (i.e. technical, business, financial, regulatory, social, etc.). In this scope, the simultaneous 
όƻŎŎŀǎƛƻƴŀƭƭȅ ŀǇǇŜŀǊƛƴƎ ŀǎ άƎǊŀŘǳŀƭέύ άƛƴŎƭǳǎƛƻƴέ ƻŦ ƳƻŘŜǊƴ ŦŜŀǘǳǊŜǎ όǎǳŎƘ ŀǎ ƻŦ ǾƛǊǘǳŀƭƛǎŀǘion and of 
software-based network functionalities) in communications infrastructures is expected to support 
the corresponding transitional process via further strengthening network flexibility and reactivity7. 

Market actors intend to be strongly involved in such processes, whilst creating new opportunities for 
ƴƻǾŜƭǘȅ ŀƴŘ ƛƴǾŜǎǘƳŜƴǘǎΦ ¢ƘŜǎŜ ŎƘŀƴŎŜǎ ŀǊŜ ǎƻ ŜȄǇŜŎǘŜŘ ǘƻ ǘŀƪŜ ǇƭŀŎŜ ǿƛǘƘƛƴ ǘƘŜ ŦƻǊǘƘŎƻƳƛƴƎ άfifth 
ƎŜƴŜǊŀǘƛƻƴέ ς or 5G ς of telecoms systems, that will be the most ŎǊƛǘƛŎŀƭ ōǳƛƭŘƛƴƎ ōƭƻŎƪ ƻŦ ƻǳǊ άdigital 
societyέ in the next decade; 5G will not only be an evolution of mobile broadband networks8 but will 
bring new unique network and service capabilities, creating a sustainable and scalable technology 
but also a proper ecosystem for technical and business innovation9. 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 IoT and enable richer experiences throughout daily life. Thus, 5G encompasses multiple 
application needs with different End-to-End (E2E) requirements (latency, throughput, security, 
mobility, etc.). It is not practical to implement separate networks for different QoS requirements 
hence 5G networks need to be flexible, scalable and reliable. 

Among the above, reliability is a critical concern. Currently, communication systems beyond 2020 will 
need to be flexible enough to accommodate all the diverse use cases without increasing the 
complexity of management. Another reason that flexibility is the first key design principle of 5G is 
that any new technology or system we design for 5G needs to be future-proof and last at least until 
2030. This means that it is unlikely that we 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 a key design principle for 5G, reliability is strongly related to flexibility; with the flexible 
integration of different technology components, we will see a step away from best effort mobile 
                                                           

 
5
 Andrews, J.G., Buzzi, S., Choi, W., et al. (2014): What Will 5G Be? IEEE JSAC, Special issue on 5G Wireless 

Communications Systems, 32(6), 1065-1082. 

6
 European Commission (2014): 5G: Challenges, Research Priorities, and Recommendations ς Joint White Paper. European 

Commission, Strategic Research and Innovation Agenda. 

7
 Chochliouros, I.P., Sfakianakis, E., Belesioti, M., Spiliopoulou, A.S., Dardamanis, A. (2016): Challenges for Defining 

Opportunities for Growth in the 5G Era: The SESAME Conceptual Model. In Proceedings of the EuCNC-2016 International 
Conference, pp.1-5. Athens, Greece, June 27-30, 2016. 

8
 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 usage of 4G will continue for several years, before 
eventually 5G takes over completely. 5G will be designed to co-exist with 4G, and it is so expected to support the 
advent of multi-technology operations, with terminals having the capability to connect to the best available network, as 
a function of the service requirements of the application. 

9
 5G Public-Private Partnership (5G-PPP): 5G Vision (02/2015) [https://5g-ppp.eu/roadmaps/] 
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broadband towards truly reliable communication. Reliability is not only about equipment up-time, it 
also relates to the 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 be dependent 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 correctly within 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 delay will be required. Putting reliability as a key design principle for 5G means that: (i) in all 
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 the reliable network needs to be cost-
effective for the service providers; (iii) the mechanisms for trade-off between link reliability (so low 
packet error rate) and throughput and/or latency are introduced in a simple and efficient way; and 
(iv) multiple network layers and radio access technologies are used to provide the most reliable link 
ōŀǎŜŘ ƻƴ ǘƘŜ ǳǎŜǊΩǎ ŀǇǇƭƛŎŀǘƛƻƴ ƴŜŜŘǎΣ ƭƻŎŀǘƛƻƴ ŀƴŘ ƳƻōƛƭƛǘȅΦ 

5G is actually a commercial reality with approaching one hundred and fifty network deployments 
worldwide10. It is a force central to the development of the Fourth Industrial Revolution. 5G 
technologies are a major driver for a dizzying array of ground-breaking digital services and changes 
that will sweep across the world over the next decade. The transition to 5G is transforming our lives, 
our economy, our jobs, and our industries as evidence emerges each day. For instance, wearables, 
such as cellular smart watches or connected eyeglasses, are evolving to become self-contained 
mobile computing devices. Autonomous vehicles11, 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. Drones will be used for transportation, surveillance, and rescue operations. 
Robots and Artificial Intelligence (AI) will create new dynamics for both humans and machines. 
Cellular Vehicular-to-Everything (C-V2X) connectivity is expected to save lives and increase 
transportation efficiency. Automated end-to-end (E2E) manufacturing processes enabled by 5G 
ŎƻƴƴŜŎǘƛǾƛǘȅ ǿƛƭƭ ŎƘŀƴƎŜ ǘƘŜ ǎǳǇǇƭȅ ŎƘŀƛƴ ǇǊƻŎŜǎǎ ƛƴ ǿŀȅǎ ǿŜ ƘŀǾŜ ƴƻǘ ǿƛǘƴŜǎǎŜŘΦ ¢ƘŜ ǎŎŀƭŜ ƻŦ рDΩǎ 
impact is expected to be staggering. One glance at industry-analyst forecasts12 provides us with some 
insight:  

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

                                                           

 
10

  Ericsson (2019): Ericsson Report: This is 5G. Available at: 
https:// www.ericsson.com/49df43/assets/ local/newsroom/media-kits/5g/doc/ericsson_this-is-5g_pdf_2019.pdf  

11 A self-driving car, also known as a robot car, autonomous car, or driverless car, is a vehicle that is capable of sensing its 
environment and moving with little or no human input.  

Also see: Thrun, S. (2010): Toward Robotic Cars. Communications of the ACM, 53(4), 99-106. 

Autonomous cars combine a variety of sensors to perceive their surroundings, such as radar, computer vision, Lidar 
sonar, GPS, odometry and inertial measurement 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 customer satisfaction 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 and the poor; relieve travellers 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 economy.

 
Problems include 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 driving-related jobs in the road 
transport industry; and risk of increased sub-urbanisation as travel becomes more convenient. 

12
  5GAmericas (01/2021): 3GPP Release 16, 17 and Beyond - White Paper. Available at: 

https://www.5gamericas.org/3gpp-releases-16-17-beyond/  

https://www.5gamericas.org/3gpp-releases-16-17-beyond/
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¶ 5G coverage will roll out rapidly to cover 37 percent of the global population by 2025.  

¶ 5G will account for 29% of all connections by 2025.  

¶ 10.3 Billion mobile connections are forecast by 2025.  

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

¶ 5G will add $2.2 Trillion to the global economy over the next 14 years. 

 
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 standardizŜŘ ŦƻǊ ǘƻŘŀȅ ŀƴŘ ǘƻƳƻǊǊƻǿΩǎ ƴŜǘǿƻǊƪ 
evolution. The wireless industry is transformational using technology enablers like Cloud-Native, 
Software Defined Radio (SDR), Network Function Virtualisation13 (NFV) and Multi-Access Edge 
Computing (MEC)14. The mega-networks of billions of connected things and people of the future will 
require a major shift in network operations and management. These changes are enabled through 
the Long-Term Evolution (LTE) and 5G specifications created by the Third Generation Partnership 
Project (3GPP). 

Multi-access Edge Computing (previously known as Mobile Edge Computing) technology is also being 
ƭŜǾŜǊŀƎŜŘ ƛƴ рDΦ a9/ ǎȅǎǘŜƳǎ άōǊƛƴƎέ ǘƘŜ ǎŜǊǾƛŎŜ ŎƭƻǎŜ ǘƻ ǘƘŜ ƴŜǘǿƻǊƪ ŜŘƎŜΣ ǘƘŜǊŜŦƻǊŜΣ ŎƭƻǎŜ ǘƻ ǘƘŜ 
ŘŜǾƛŎŜΩǎ Ǉƻƛƴǘ ƻŦ ŀǘǘŀŎƘƳŜƴǘΦ ¢Ƙƛǎ Ŝƴǘƛǘȅ contains the applications and a virtualisation infrastructure 
which provides compute, storage, and network resources, and also the functions needed by 
applications.  

MEC has recently emerged as a promising technique15; a9/Ωs core idea is to move computation 
closer to end-users, whereby small servers or micro-data centres that 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 to be more robust than traditional centralised Cloud 
computing systems16, because it is distributed and is thus less impacted by failures at a centralised 

                                                           

 
13

  bC± ƛǎ ŀ ǇŀǊŀŘƛƎƳ ǎƘƛŦǘ ƛƴ Ƙƻǿ ǘƘŜ ƴŜǘǿƻǊƪǎ ǘƘŀǘ ǳƴŘŜǊǇƛƴ ǘƻŘŀȅΩǎ ǎŜǊǾƛŎŜ ǇǊƻǾƛŘŜǊ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜǎ ŀǊŜ ōǳƛƭǘ ŀƴŘ 
operated, and how the services they deliver are managed. New degrees of freedom 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 take full advantage of 
these opportunities. 

14
  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 underlying 
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 application test-bed (including 
service producing applications) 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 virtualised characteristics of MEC, 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 required for the application set proposed. Thus, MEC allows content, 
ǎŜǊǾƛŎŜǎ ŀƴŘ ŀǇǇƭƛŎŀǘƛƻƴǎ ǘƻ ōŜ ŀŎŎŜƭŜǊŀǘŜŘΣ ƛƴŎǊŜŀǎƛƴƎ ǊŜǎǇƻƴǎƛǾŜƴŜǎǎ ŦǊƻƳ ǘƘŜ ŜŘƎŜΦ ¢ƘŜ ƳƻōƛƭŜ ǎǳōǎŎǊƛōŜǊΩǎ 
experience can be enriched through efficient network and service operations, based on insight 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. 

15
  Taleb, T., Dutta, S., Ksentini, A., Iqbal, M., and Flinck, H. (03/2017): Mobile edge computing potential in making cities 

smarter. IEEE Communications Magazine, 55(3), 38-43. 
16

  Satyanarayanan, M., Lewis, G., Morris, E., Simanta, S., Boleng, J., and Ha, K. (10/2013): The role of cloudlets in hostile 
environments. IEEE Pervasive Computing, 12(4), 40-49. 
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point. The idea of distributing cloud servers at the mobile network edge is also known as cloudlets17, 
edge computing18 and fog computing19. In all these techniques, each set of servers or each micro-
data centre is responsible for a small geographical area, although some servers/micro-data centre 
may not be directly connected to the base station. The distinguishing 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 applications. The MEC paradigm permits offering environments characterized by low 
latency, high bandwidth and location awareness that can be leveraged by applications; this also 
paves the way for the development of several new applications. It is generally agreed that the 5G 
mobile system will largely benefit from MEC in order to enable novel services from vertical 
industries, particularly those covering automotive industry (as the latter have several constraints that 
cannot be accommodated by the current 4G/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 cloud-computing capabilities and an IT service 
environment at the edge of the network, MEC allows for ultra-low latency and high bandwidth. 
Furthermore, it can provide access to real-time network and context information. MEC also offers 
additional privacy and security and ensures significant cost efficiency. The integration of MEC into 
the 5G architecture will result in added-value, ensuring highly efficient network operation, service 
delivery and the ultimate personal experience. MEC and NFV are two different concepts and they can 
be implemented independently. That means they may share the same virtualisation 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, MEC technology reuses the NFV 
virtualisation infrastructure and the NFV infrastructure 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 HSPA (1.8 billion) 
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 and over 3 billion at the end of 202520, which 
ǊŜǇǊŜǎŜƴǘǎ ǳǇ ǘƻ от҈ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ǇƻǇǳƭŀǘƛƻƴΦ ¢ƘŜ ŦƛǊǎǘ рD ǎƳŀǊǘǇƘƻƴŜǎ ǿŜǊŜ ƭŀǳƴŎƘŜŘ ƛƴ 
December 2018 to coincide with the launch of 5G networks in South Korea which was the beginning 
of the initial device wave. The volume-device wave currently has 100 5G device models that use 
varied combinations of High-band, Mid-band or Low-band spectrum. Performance-optimised 5G 
devices should be available in 2021. All of this will contribute to rapid adoption and rapid growth of 
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 applications, as well as to offer new architectural concepts and value 
chains to efficiently support innovation and future needs21,22. 5G is about the seamless interworking 
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  Ibid. 

18
  Davy, S., Famaey, J., Serrat, J., Gorricho, J.L., Miron, A., Dramitinos, M., et al. (01/2014): Challenges to support edge-as-

a-service. IEEE Communications Magazine, 52(1), 132-139. 

19
  Bonomi, F., Milito, R., Zhu, J., and Addepalli, S. (2012): Fog computing and its role in the internet of things. In 

Proceedings of the MCC 2012 Workshop on Mobile Cloud Computing, pp. 13-16. August 2012. 
20

  Global System for Mobile Communications (GSM) Association (GSMA) (2020): GSMA Intelligence; Mobile World 
Congress Daily. 

21
 El Hattachi, R., and Erfanian, J. (02/2015): Next Generation Mobile Networks (NGMN): NGMN 5G White Paper v1.0. Next 

Generation Mobile Networks Ltd. Available at:  
http://www.ngmn.org/fileadmin/ngmn/content/images/news/ngmn_news/NGMN_5G_White_Paper_V1_0.pdf 
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of different network technologies, mobile, fixed as well as satellite, and their co-existence within 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 on an ecosystem 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 markets23. 

As the industry builds upon the great work, which 3GPP has accomplished with defining New Radio24 
(NR) and Service Based Architecture (SBA), these aspects and others of 5G will simultaneously evolve 
in 3GPP Release 1725 and beyond. 5G 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 economy. 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. 

 

 

Figure 1: 5G roadmap evolution towards 2020 and beyond26 

The above Figure 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 IETF to evolutions in IT and cloud platforms. 

The next figure, as below, illustrates the latency and bandwidth/data rate requirements of the 
various use cases (as proposed by GSMA Intelligence27) which have been discussed in the context of 
5G to date. 

                                                                                                                                                                                     

 
22

 Warren, D., and Dewar, C. (12/2014): Understanding 5G: Perspectives on future technological advancements in mobile. 
GSM Association (GSMA) Intelligence. Available at: https://www.gsmaintelligence.com/research/?file=141208-
5g.pdf&download 

23
 See, for example, the wider context discussed within: https://5g-ppp.eu/ 

24
  Holma, H., Toskala, A., and Nakamura, T. (12/2019): 5G technology: 3GPP new radio. Wiley. 

25
  For further information also see: https://www.3gpp.org/release-17  

26
 {ƻǳǊŎŜΥ άThe 5G Infrastructure Public-Private Partnershipέ ς NET Features 2015 ς 5G PPP Vision ς 25.03.2015. 

[Presentation by Jean-Sebastien Bedo]. Available at: https://5g-ppp.eu/wp-content/uploads/2015/07/BEDO-
25Mar2015.pdf 

27
  Global System for Mobile Communications (GSM) Association (GSMA) (2020): GSMA Intelligence; Mobile World 

Congress Daily. 

https://www.gsmaintelligence.com/research/?file=141208-5g.pdf&download
https://www.gsmaintelligence.com/research/?file=141208-5g.pdf&download
https://5g-ppp.eu/
https://www.3gpp.org/release-17
https://5g-ppp.eu/wp-content/uploads/2015/07/BEDO-25Mar2015.pdf
https://5g-ppp.eu/wp-content/uploads/2015/07/BEDO-25Mar2015.pdf
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Figure 2: Bandwidth and latency requirements of potential 5G use cases28 

¢ƘŜ рD ŎƻƳƳǳƴƛŎŀǘƛƻƴǎ ƴŜǘǿƻǊƪ ŀƴŘ ǎŜǊǾƛŎŜ ŜƴǾƛǊƻƴƳŜƴǘ ƻŦ άнлнл ŀƴŘ ōŜȅƻƴŘέ ǿƛƭƭ ōŜ ƛƴŦƛƴƛǘŜƭȅ 
richer and more complex than today. The user experience will not only be more involving but also 
more immersive, supporting all aspects of social interaction, work communication, health 
monitoring, device and environment management, and even assisting our economic wellbeing, too. 
The challenge is to provide an appropriate 5G infrastructure 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, 
computer centres, content, knowledge, information, goods, and other things at high speed according 
to a multiplicity of application specific requirements. And while the volume of communication each 
person does is expected to increase dramatically, the number 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 start! Because of the recession and intense competition around the world, 
ǘƘŜ 9ǳǊƻǇŜŀƴ ¦ƴƛƻƴ ƛǎ ŎƻƳƳƛǘǘŜŘ ǘƻ ƪŜŜǇ ǎǘǊŜƴƎǘƘŜƴƛƴƎ 9ǳǊƻǇŜΩǎ ǊƻƭŜ ƛƴ ŎƻƳƳǳƴƛŎŀǘƛƻƴǎ ŀƴŘ ǘƻ 
develop more European-built Internet infrastructure and services. 

If history is any indicator, technology will likely continue to progress into another ITU-ŘŜŦƛƴŜŘ άLa¢έ 
ƛƴǘƻ ǘƘŜ нлол ǘƛƳŜŦǊŀƳŜΦ ¢Ƙƛǎ ǿƛƭƭ ǇǊƻōŀōƭȅ ōŜ ƳŀǊƪŜǘŜŘ ŀǎ άсDέ όŀƴŘ ǎǳŎŎŜŜŘƛƴƎ, it will be a 7G, 8G, 
and so on each following a 10-year cycle). As of November 2020, there was no industry agreed 
definition or timeline for the successor to IMT-2020 or wƘŀǘ ǿƛƭƭ ƭƛƪŜƭȅ ōŜ ŎŀƭƭŜŘ άLa¢-нлолέ ƻǊ сD29. 
IƻǿŜǾŜǊΣ ƻǳǘǇǳǘ ŦǊƻƳ ǘƘŜ ǿƻǊƪ ƻƴ ǘƘƛǎ ƴŜȄǘ άLa¢έ Ǿƛǎƛƻƴ ŀƴŘ ǘƘŜ Ǝƻŀƭǎ ǘƘŀǘ ǘƘŜ L¢¦ Ƙŀǎ ƛŘŜƴǘƛŦƛŜŘ ƛǎ 
expected to show progress within the next few years, as there are already projects underway, which 
impact technology evolution into the late 2020s and 2030s30. While 6G is expected to revolutionize 
radio, network technologies and architecture potentially based on new IMT requirements31, it is not 

                                                           

 
28

  Source: Warren, D., and Dewar, C.: Understanding 5G: Perspectives on future technological advancements in mobile. 
GSM Association (GSMA) Intelligence (12/2014). 

29
  5G Americas (12/2020): Mobile Communications Beyond 2020 ς The Evolution of 5G Towards the Next G. Available at: 

https://www.5gamericas.org/mobile-communications-beyond-2020--the-evolution-of-5g-towards-next-g/  

30
  Alsharif, M.H., Kelechi, A.H., Albreem, M.A., Chaudhry, S.A., et al. (2020): Sixth Generation (6G) Wireless Networks: 

Vision, Research Activities, Challenges and Potential Solutions. Symmetry, 12(4), 676-697.  

31
  Akyldiz, I.F., Kak, A., and Nie, S. (07/2020): 6G and Beyond: The Future of Wireless Communications Systems. IEEE 

Access, 8, 133995-134030. 

https://www.5gamericas.org/mobile-communications-beyond-2020--the-evolution-of-5g-towards-next-g/
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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 203032.  

1.2 рD ŀǎ ά9ƴŀōƭŜǊέ ƻŦ ǘƘŜ 9ǳǊƻǇŜŀƴ ŀƴŘ ƻŦ ǘƘŜ Dƭƻōŀƭ aŀǊƪŜǘ 

Current market growth via the development and exploitation of corresponding 5G networks and of 
ǊŜƭŀǘŜŘ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜǎ άŘŜƭƛƴŜŀǘŜǎέ ŀ ǇǳǊŜƭȅ ƛƴƴƻǾŀǘƛǾŜ ŦǊŀƳŜǿƻǊƪ ǘƘŀǘ ŘǊŀǎǘƛŎŀƭƭȅ ŀŦŦŜŎǘ ƳƻŘŜǊƴ 
economies and societies. In any case, the concept of very high performance 5G networks results 
from a combination of different factors 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: 

¶ A significant growth in mobile video consumption will create a new framework that is 
assessed to require much higher traffic volumes per device in Europe after 2020, if compared 
to actual corresponding figures33,34. Usage of video-on-demand (VoD) services will continue 
to grow and resolution of these videos will continue to increase. It is expected that people 
will want to watch high-resolution audio-visual content (HD/UHD), regardless of the way the 
content is delivered. The popularization of cloud-delivered Media and Social Media content 
to smart devices 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 Gbps capability, whilst the 
generalisation of 8K35 Ultra High Definition Television (UHDTV) and of corresponding 
streaming should necessitate capacities of more than 100 Mbps for a single user. From the 
рD ǇŜǊǎǇŜŎǘƛǾŜΣ ǘƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ǎŜǊǾƛŎŜǎ ŀǊŜ ŎŀƭƭŜŘ ŀǎ άŜƴƘŀƴŎŜŘ aƻōƛƭŜ .ǊƻŀŘōŀƴŘέΣ also 
referred to as eMBB in the following text, and target applications with aggregated speeds 
higher than 10 Gbps. 

¶ The expansion of Machine-to-Machine (M2M) communication with great numbers of 
connected devices (massive IoT36) used in professional and industrial 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 
ŎƻǊǊŜǎǇƻƴŘƛƴƎ ǎŜǊǾƛŎŜǎ ŀǊŜ ŎŀƭƭŜŘ ŀǎ άƳŀǎǎƛǾŜ aŀŎƘƛne-to-aŀŎƘƛƴŜ /ƻƳƳǳƴƛŎŀǘƛƻƴέΣ ŀƭǎƻ 
referred to as massive Machine-Type Communication37 (mMTC) in the following text, and 
target applications with millions of devices per km². For future wireless systems, the design 

                                                           

 
32

  NTT DOCOMO Inc. (01/2020): White Paper: 5G Evolution and 6G. 

33
 International Telecommunication Union - Radiocommunications Sector (ITU-R): Report ITU-R M.2370 (07/2015): άLa¢ 
ǘǊŀŦŦƛŎ ŜǎǘƛƳŀǘŜǎ ŦƻǊ ǘƘŜ ȅŜŀǊǎ нлнл ǘƻ нлолέ. (This Report contains global IMT traffic estimates beyond 2020 from 
several sources. These estimates anticipate that global IMT traffic will grow in the range of 10-100 times from 2020 to 
2030). 

34
 Cisco: Cisco Annual Internet Report (2018-2023) White Paper (update: 09.03.2020)  

http://www.cisco.com/c/en/us/solutions/collateral/service-provider/visual-networking-index-vni/ 
white_paper_c11-520862.html 

35
 άуYέ ǊŜŦŜǊǎ ǘƻ ǘƘŜ ƴǳƳōŜǊ ƻŦ άǇƛȄŜƭǎέ όǇƛŎǘǳǊŜ ŜƭŜƳŜƴǘǎύ ǿƛǘƘ п ǘƛƳŜǎ ōetter horizontal and vertical definition of an 

image compared to traditional High Definition TV standards (2K pixels for horizontal definition). 

36
  Lƴ ǘƘŜ όƴŜŀǊύ ŦǳǘǳǊŜΣ ŜǾŜǊȅ ƻōƧŜŎǘ ǘƘŀǘ Ŏŀƴ ōŜƴŜŦƛǘ ŦǊƻƳ ōŜƛƴƎ άŎƻƴƴŜŎǘŜŘέ ǿƛƭƭ ǇŜǊŦƻǊƳ ǎƻ ǘƘǊƻǳƎƘ ǿƛǊŜŘ ƻǊ wireless 

Internet technologies. Therefore, the number of connected devices will grow rapidly and it is expected to exceed the 
ƴǳƳōŜǊ ƻŦ ƘǳƳŀƴ ǳǎŜǊ ŘŜǾƛŎŜǎΦ ¢ƘŜǎŜ ŎƻƴƴŜŎǘŜŘ άǘƘƛƴƎǎέ Ŏŀƴ ōŜ ǎƳŀǊǘ-phones, sensors, actuators, cameras, vehicles, 
etc., ranging from low-complexity devices to highly complex and advanced devices. A significant number of connected 
devices are expected to use IMT systems. 

37
  For further information see, for example: Pratas, N.K., Wunder, G., Saur, S., Navarro, M., Gregoratti, D., et al. (2018): 

Towards Massive Connectivity Support for Scalable mMTC Communications in 5G Networks. IEEE Access, 6, 28969-
28992. 

http://www.cisco.com/c/en/us/solutions/collateral/service-provider/visual-networking-index-vni/white_paper_c11-520862.html
http://www.cisco.com/c/en/us/solutions/collateral/service-provider/visual-networking-index-vni/white_paper_c11-520862.html
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of new applications is envisaged based on M2M communication with real-time constraints. 
Driverless cars, enhanced mobile cloud services, real-time traffic control optimization, 
emergency and disaster response, smart grid, e-health or efficient industrial communications 
are examples of where low latency and high reliability can improve quality of life. Related use 
cases are characterized by requirements on very low device cost and very long device battery 
life, often also associated with a requirement on very-wide-area coverage. 

¶ New time-demanding applications requiring immediate reaction (i.e. very low latency in the 
order of 1 ms), cannot be served by todayΩs existing technology with the required guarantee 
ƻŦ ǇŜǊŦƻǊƳŀƴŎŜ όǿƘŜǊŜ ŀ ǘȅǇƛŎŀƭ [¢9 ƭŀǘŜƴŎȅ ƛǎ ŀǇǇǊƻȄΦ ƻŦ мл ƳǎύΦ {ŜǾŜǊŀƭ άǘȅǇƛŎŀƭέ 
applications 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 requirements for very high 
communication reliability and the possibility for very low latency. In most of the considered 
cases, these time-critical applications have to combine 5G connectivity with distributed 
(mobile) cloud technology so that to satisfy the required end-to-end (E2E) response times. 
CǊƻƳ ǘƘŜ ŀŎǘǳŀƭ рD ǇŜǊǎǇŜŎǘƛǾŜΣ ǘƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ǎŜǊǾƛŎŜǎ ŀǊŜ ŎŀƭƭŜŘ ŀǎ ά¦ƭǘǊŀ wŜƭƛŀōƭŜ [ƻǿ 
[ŀǘŜƴŎȅ /ƻƳƳǳƴƛŎŀǘƛƻƴǎέ ŀƭǎƻ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ¦w[[/ ƛƴ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǘŜȄǘΣ ŀƴŘ ǘŀǊƎŜǘ 
applications with very low latency requirements. 

 

From a technological perspective, several innovative and high-disruptive technologies are also 
ŜȄǇŜŎǘŜŘ ǘƻ ŀŎǘ ŀǎ ǇƻǘŜƴǘƛŀƭ άŜƴŀōƭŜǊǎέ38. In the following parts we briefly discuss several among 
them, per case: 

¶ The vision of economic fibre-like radio access with 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 larger capacities 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 exceeding 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 
GHz39,40. 

Network Function Virtualisation (NFV): Open platforms offer better flexibility and scalability 
than the purpose-based hardware used in existing networks, so the 5G network is moving 
away from the traditional specialised hardware used in previous network generations and 
towards open platforms. Open platforms consist of COTS (Commercial off-the-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 current demand and also the service 

                                                           

 
38

 International Telecommunication Union - Radiocommunications Sector (ITU-R): Report ITU-R M.2320 (11/2014): 
άCǳǘǳǊŜ ǘŜŎƘƴƻƭƻƎȅ ǘǊŜƴŘǎ ƻŦ ǘŜǊǊŜǎǘǊƛŀƭ La¢ ǎȅǎǘŜƳǎέ. The above Report provides a broad view of future technical 
aspects of terrestrial IMT systems considering the timeframe 2015-2020 and beyond. It also provides information on 
technical and operational characteristics of IMT systems, including the evolution of IMT through advances in technology 
and spectrally-efficient techniques and their deployment. 

39
 To this aim, a huge majority of vendors and operators aim at using spectrum around 30 GHz (25-32 GHz) for early 5G 

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

40
 International Telecommunication Union - Radiocommunications Sector (ITU-R): Report ITU-R M.2376 (07/2015): 
ά¢ŜŎƘƴƛŎŀƭ ŦŜŀǎƛōƛƭƛǘȅ ƻŦ La¢ ƛƴ ōŀƴŘǎ ŀōƻǾŜ с DIȊέ. 
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requirements such as latency. This also enables cloud computing41, where the network nodes 
share compute, storage and network resources, dynamically and independently of their 
physical location. The NFV process provides the possibility of realising and implementing 
specific network functions (such as, for example, Content Delivery Network (CDN), Customer 
Premises Equipment (CPE) management, etc.) in software running on generic hardware, 
without the need for costly hardware-specific machines. NFV enables the on-demand 
instantiation of functions in a format easier to load-balance, scale up/down, and allow for the 
movement of functions dynamically across distributed hardware resources in the network42. 
The anticipated benefits are: (i) A drastic reduction in capital expenditure (capex) and 
network management costs ς operational expenditure (opex); (ii) reuse and sharing of the 
same functionality between several customers; and (iii) higher innovation capability through 
easy introduction of ƴŜǿ ǎƻŦǘǿŀǊŜ ŦǳƴŎǘƛƻƴŀƭƛǘƛŜǎ ŀƴŘ ŎǊŜŀǘƛƻƴ ƻŦ ŀ άƴŜǘǿƻǊƪ ŀǇǇέ ƳŀǊƪŜǘ 
place. The trend towards virtualisation is profound in the industry. The great majority of 
market actors support the ETSI-NFV Industry Specification Group43 (ISG) which is one of the 
leading bodies for NFV functional specifications. 

Thus, NFV aims to transform the way that network operators architect networks by evolving 
standard IT virtualisation technology to consolidate many network equipment types onto 
industry standard high-volume servers, switches and storage, which could be located in a 
variety of NFVI-PoPs including data centres, network nodes and in end-user premises. High-
level objectives of NFV are44: (i) Rapid service innovation through software-based 
deployment and operation of network functions and end-to-end services; (ii) improved 
operational efficiencies resulting from common automation and operating procedures; (iii) 
reduced power usage achieved by migrating workloads and powering down unused 
hardware; (iv) standardized and open interfaces between network functions and their 
management entities so that such decoupled network elements can be provided by different 
players; and (v) greater flexibility in assigning VNFs to hardware. 

 

Software Defined Networking (SDN): Another new feature 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 hardware. Each slice can then be dedicated to a different 
type of service. SDN is a complementary trend to NFV45 that allows the control of network 
resources to be opened to third parties, with the possibility for these third parties to manage 
their own physical or virtual resources individually, as needed, with the required level of 
performance tailored to actual needs. SDN centrally configures and manages physical and 
virtual network devices in datacentres, such as routers, switches, and gateways. This 
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  Could computing has been gaining lots of momentum for its flexibility, elasticity, and cost-efficiency. The basic tenet of 
cloud computing is that users do not need to be concerned about the placement of their services nor the provisioning 
of the required resources; principally offered following the pay-per-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 environments. IEEE Pervasive Computing, 12(4), 40-49.  

42
  Mijumbi, R., Serrat, J., Gorricho, J.-L., Bouten, N., et al. (1

st
 quart. of 2016): Network function virtualization: State-of-the-

art and research challenges. IEEE Communications Surveys and Tutorials, 18(1), 236-262. 

43
  Founded in November 2012 by seven of the worldΩǎ ƭŜŀŘƛƴƎ ǘŜƭŜŎƻƳǎ ƻǇŜǊŀǘƻǊǎΣ ǘƘŜ 9¢{L LbC L{D ōŜŎŀƳŜ ǘƘŜ ƘƻƳŜ ƻŦ 

the try Specification Group for NFV. For more details see: https://www.etsi.org/technologies/nfv 

44
  European Telecommunications Standards Institute (ETSI): ETSI GR NFV 001 V1.2.1 (2017-05): άbŜǘǿƻǊƪ CǳƴŎǘƛƻƴǎ 
±ƛǊǘǳŀƭƛǎŀǘƛƻƴ όbC±ύΤ ¦ǎŜ /ŀǎŜǎέ. Available at: https://www.etsi.org/deliver/etsi_gs/NFV-
MAN/001_099/001/01.01.01_60/gs_NFV-MAN001v010101p.pdf 

45
  Li, Y., and Chen, M. (2015): Software-defined network function virtualization: A survey. IEEE Access, 3, 2542-2553. 

https://www.etsi.org/technologies/nfv
https://www.etsi.org/deliver/etsi_gs/NFV-MAN/001_099/001/01.01.01_60/gs_NFV-MAN001v010101p.pdf
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possibility goes much beyond the management capabilities offered to today's Mobile Virtual 
Network Operators46 (MVNOs). The combination of NFV and SDN technologies47 enables a 
lower capex as compared to traditional networks, accelerating time to market. According to 
recent research48 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 estimate49, operational costs of 
running a network implemented with such technologies can be reduced by as much as the 
limit of 50%. 

 
In the framework of actual 5G developments and with the pure aim of supporting ad-hoc digital 
business models of industrial users, {5b ŀƴŘ bC± ŀǊŜ ƻŦǘŜƴ ǎŜŜƴ ŀǎ άƪŜȅ ŀƴŘ ǎǳǇǇƭŜƳŜƴǘŀǊȅ 
ŎƻƳǇƻƴŜƴǘǎέ ǘƻ ŀƭƭƻǿ ǘƘŜǎŜ ǎǇŜŎƛŦƛŎ ŎŀǘŜƎƻǊƛŜǎ ƻŦ ǇǊƻŦŜǎǎƛƻƴŀƭ ǳǎŜǊǎ ǘƻ ŎƻƴǘǊƻƭ ǘƘŜƛǊ ƴŜǘǿƻǊƪ 
capabilities dynamically, according to their specific needs. As network resources are potentially 
available tƻ ǘƘƛǊŘ ǇŀǊǘƛŜǎ ǘƘǊƻǳƎƘ ƻǇŜƴ ƛƴǘŜǊŦŀŎŜǎΣ ǘƘŜȅ ŀƭǎƻ ƻǇŜƴ ǘƘŜ Ǉƻǎǎƛōƛƭƛǘȅ ŦƻǊ ǎƳŀƭƭŜǊ άŀŎǘƻǊǎέ 
to innovate through development of specific service offers building on network resources made 
available for third party access and programmability. SDN and NFV are having an enormous impact 
on network operations today, the IoT 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 experience. To unleash the benefits of virtualisation 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 latency networks, Artificial Intelligence (AI), and Machine Learning (ML) offer 
additional benefits that again can only be realised with NSM automation. The introduction of 5G 
further raises the stakes towards a next generation NSM architecture. The evolution of 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 overpassing 
current 4G/LTE capabilities, as of the following attributes: 

¶ Speed: Currently, 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. 

¶ Flexibility to accommodate demanding professional-grade applications: 4G core network 
architectures and capability do not widely implement SDN-/NFV-based functions. This does 
not allow the resource allocation flexibility needed in scenarios where a radio access has to 
assist applications with very 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 pre-empts the emergence of innovative 
service offers in the new domains. 

¶ Instant response time: Core 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 of 1-hour deployment time (measured in days with 
current teŎƘƴƻƭƻƎȅύ ŀǊŜ ƴƻǘ ǇŀǊǘ ƻŦ ǘƻŘŀȅΩs 4G technology. 
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 A Mobile Virtual Network Operator (MVNO) operates resources contracted from a network operator owning physical 
and logical network infrastructure. 

47
  Nguyen, V.-G., Brunstrom, A., Grinnemo, K.-J., and Taheri, J. (3rd quart. of 2017): SDN/NFV-based mobile packet core 

network architectures: A survey. IEEE Communications Surveys and Tutorials, 19(3), 1567-1602. 
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  ZK Research (07/2015): The Quantitative and Qualitative Benefits of the New IP Network.   
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  Ibid. 
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Against the background, new 5G definition(s) and use cases have been developed by the industry. 
The ITU Recommendation ITU-R M.2083-050, approved in September 2015, defines the overall 
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 
ŘŜǾŜƭƻǇƳŜƴǘǎΦ ¢ƘŜǎŜ ŀǊŜ ƻǳǘƭƛƴŜŘ ƛƴ ǘƘŜ ōǊƻŀŘƭȅ ƪƴƻǿƴ ŀǎ ǘƘŜ άL¢¦ ǘǊƛŀƴƎƭŜέ, as illustrated below 
(Figure 3): 
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Figure 3: Usage scenarios of IMT 2020 and beyond [Source: ITU-R Recommendation M.2083-0] 

IMT for 202051 and beyond is envisaged to expand and support diverse usage scenarios and 
applications that will continue beyond the current IMT. Furthermore, a broad variety of capabilities 
ǿƻǳƭŘ ōŜ άǘƛƎƘǘƭȅ ŎƻǳǇƭŜŘέ ǿƛǘƘ ǘƘŜǎŜ ƛƴǘŜƴŘŜŘ ŘƛŦŦŜǊŜƴǘ ǳǎŀƎŜ ǎŎŜƴŀǊƛƻǎ ŀƴŘ ŀǇǇƭƛŎŀǘƛƻƴǎ ŦƻǊ La¢ ŦƻǊ 
2020 and beyond52,53. The usage scenarios for IMT for 2020 and beyond include: 

¶ Enhanced Mobile Broadband (eMBB): Mobile Broadband (MBB) addresses the human-
centric use cases for access to multi-media content, services and data. The MBB can be 
relevant for accessing multi-media content such as a 4K streaming on a mobile device or on-
site live experiences. It is also relevant to 4K54/8K55 TV, health wearables and home sensor 
services. It is the first use case for the applicability of 5G. The eMBB addresses traffic growth 
demands and higher consumer experience needs. It requires a significant increase in capacity 
over a macro-scale 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 
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 International Telecommunication Union ς Radiocommunications Sector (ITU-R): Recommendation ITU-R M.2083-0 (09-
2015): άIMT Vision ς CǊŀƳŜǿƻǊƪ ŀƴŘ ƻǾŜǊŀƭƭ ƻōƧŜŎǘƛǾŜǎ ƻŦ ǘƘŜ ŦǳǘǳǊŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ La¢ ŦƻǊ нлнл ŀƴŘ ōŜȅƻƴŘέ. 

51
  ¢ƘŜ ǘŜǊƳ άLa¢ нлнлέ ƛƳǇƭƛŎŀǘŜǎ ŦƻǊ ǎŜǾŜǊŀƭ Ǌequirements issued by the ITU Radiocommunications Sector (ITU-R) of the 

International Telecommunication Union (ITU) in 2015, for 5G networks, devices, and services.  

52
  Popovski, P., Trillingsgaard, K.F., Simeone, O., and Durisi, G. (2018): 5G Wireless Network Slicing for eMBB, URLLC, and 

mMTC: A Communication-Theoretic View. IEEE Access, 6, 55765-55779. 

53
  Anand, A., Veciana, G. de, and Shakkottai, S. (2017): Joint scheduling of URLLC and eMBB traffic in 5G wireless networks. 

Available at: https://arxiv.org/abs/1712.05344. 

54
  4K resolution, also called as 4K, refers to a horizontal display resolution of approximately 4,000 pixels. More relevant 

information can be found, among others at: https://en.wikipedia.org/wiki/4K_resolution 

55
  8K resolution refers 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 see, among others: 
https://en.wikipedia.org/wiki/8K_resolution  

https://arxiv.org/abs/1712.05344
https://en.wikipedia.org/wiki/4K_resolution
https://en.wikipedia.org/wiki/8K_resolution
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the evolution towards fully autonomous vehicles. The demand for mobile broadband will 
continue to increase, thus leading to eMBB. The eMBB usage scenario comes with 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 wide-area coverage and hotspot, which have different 
requirements. For the hotspot case (i.e. for an area with high user density) very high traffic 
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 data rate compared to 
existing data rates. However, the 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 example, mobile broadband requires a significant increase in capacity over a 
macro-scale 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 Communications (URLLC): This use case has stringent 
requirements for capabilities such as throughput, latency and availability. Some examples 
include wireless control of industrial manufacturing or production processes, remote medical 
surgery, distribution automation in a smart grid, transportation safety, etc. As evident, the 
related use cases have very strict requirements on latency and reliability. URLLC supports 
low-latency transmissions of small payloads with very high reliability from a limited set of 
terminals, which are active according to patterns typically specified by outside events, such 
as alarms56. 

¶ Massive Machine-Type Communications (mMTC): This use case is characterized by a very 
large number of connected devices typically transmitting a relatively low volume of non-
delay-sensitive data57. Devices are required to be low cost and have a very long battery life. 
The deŦƛƴƛǘƛƻƴ ƻŦ ƳŀŎƘƛƴŜπǘȅǇŜ ŎƻƳƳǳƴƛŎŀǘƛƻƴǎ ƛǎ ǎƻƳŜǿƘŀǘ ŜƭǳǎƛǾŜΣ ŀǎ ƛǘ Ƙŀǎ ǘƻ ƛƴŎƭǳŘŜ ŀ 
large variety of emerging concepts, such as the Internet of Things (IoT), Internet of 
Everything (IoE), Industry 4.0, {ƳŀǊǘ ά·έΣ ŜǘŎΦ 9ŀŎƘ ŀŘŘǎ ƴŜǿ ǎŎŜƴŀǊƛƻǎ ǿƛǘƘ ŘƛŦŦŜǊƛƴƎ 
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 the wireless 
connection. A 5G design needs to consider all this in order to really fulfil the role of a 
universal enabler for emerging and future industries. The related uses cases generally have 
requirements to support a very large number of devices in a small area, 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 
ŎŜƭƭǳƭŀǊ ǎȅǎǘŜƳǎ ŘŜǎƛƎƴŜŘ ŦƻǊ ƘǳƳŀƴπǘȅǇŜ ŎƻƳƳǳƴƛŎŀtions. Furthermore, mMTC solutions 
need to enable wide 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 foreseen. For future IMT, 
flexibility will be necessary to 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 
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  Also see, for further study: Fehrenbach, T., Datta, R., Göktepe, B., Wirth, T., and Hellge, C. (2018): uRLLC Services in 5G 
Low Latency Enhancements for LTE networks. In Proceedings of the 2018 IEEE 88
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 Vehicular Technology Conference 

(VTC-Fall), pp.1-6. Chicago, IL, USA. 
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  See, for example: Bockelmann, C., Pratas, N., Nikopour, H., Au, K., Svensson, T., et al. (09/2016): Massive machine-type 

communications in 5G: Physical and MAC-layer solutions. IEEE Communications Magazine, 54(9), 59-65. 
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circumstances and the different needs in different countries, future IMT systems should be designed 
in a highly modular manner so that not all features have to be implemented 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 types of interaction: between people, between machines, or 
between people and machines. Considering this classification, and grouping the use cases by the 
primary categories that 5G will affect (i.e., extreme mobile broadband, massive scale communication 
and ultra-reliable low latency service), leads to the consideration of a powerful alternative 
visualisation. This, in particular, enables a vision of the way certain use cases will span across multiple 
types of interaction and various performance requirements58. Figure 4, below, illustrates this sort of 
taxonomy for some 5G use cases. 

 

Figure 4: Some 5G use cases grouped, according to 5G Americas [Source: 5G Americas (2017): 5G Services and 
Use Cases ς A White Paper] 

1.2.1 Specific Actions promoted by the EU in the 5G-PPP Context 

The European Commission (EC) launched in 2013 a Public-Private-Partnership59 (5G-PPP) backed by 
700 million euro of public funding with the aim of making sure that 5G technology is available in 
Europe by 2020. However, research efforts alone will not ōŜ ǎǳŦŦƛŎƛŜƴǘ ǘƻ ŜƴǎǳǊŜ 9ǳǊƻǇŜΩs leadership 
in 5G. A wider effort and a more detailed approach are so expected to make 5G and the services that 
ǿƛƭƭ Ŧƭƻǿ ŦǊƻƳ ƛǘ ŀ ǊŜŀƭƛǘȅΣ ƛƴ ǇŀǊǘƛŎǳƭŀǊ ŦƻǊ ǘƘŜ ŀǇǇŜŀǊŀƴŎŜ ƻŦ ŀ 9ǳǊƻǇŜŀƴ άƘƻƳŜ ƳŀǊƪŜǘέ ŦƻǊ рDΦ ¢ƘŜ 
future European Electronic Communications Code60 will support the deployment and take-up of 5G 
networks, particularly as regards assignment of radio spectrum, investment incentives and 
favourable framework conditions, while the recently adopted rules on open Internet61 provide legal 
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  5G Americas (2017): 5G Services and Use Cases ς A White Paper. Available at: https://www.5gamericas.org/5g-services-
use-cases/  

59
 More details can be found at: https://5g-ppp.eu/ 

60
  For further information also see: https://ec.europa.eu/digital-single-market/en/connectivity-european-gigabit-society  

61
 See, for example: Regulation (EU) 2015/2120 of the European Parliament and of the Council of 25 November 2015 on 

laying down measures concerning open Internet access and amending Directive 2002/22/EC on universal service and 
usersΩ ǊƛƎƘǘǎ ǊŜƭŀǘƛƴƎ ǘƻ ŜƭŜŎǘǊƻƴƛŎ ŎƻƳƳǳƴƛŎŀǘƛƻƴǎ ƴŜǘǿƻǊƪǎ ŀƴŘ ǎŜǊǾƛŎŜǎ ŀƴŘ wŜƎǳƭŀǘƛƻƴ ό9¦ύ bƻΦромκнлмн ƻƴ ǊƻŀƳƛƴƎ 
on public mobile communications networks within the Union. Official Journal (OJ) L310, 26.11.2015, pp.1-18. 
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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 actions62. 

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

As major research efforts are taking place at a universal level, it is critical to avoid any sort of 
άǳƴǎǳƛǘŜŘέ рD ǎǘŀƴŘŀǊŘǎΣ ŜǾƻƭǾƛƴƎ ƛƴ ŘƛŦŦŜǊŜƴǘ ǊŜƎƛƻƴǎ ŀƴŘΣ ƻŎŎŀǎƛƻƴŀƭƭȅΣ ǇǊƻƳƻǘƛƴƎ ŘƛŦŦŜǊŜƴǘ ŀǎǇŜŎǘǎΦ 
¢Ƙƛǎ ŎƘŀƭƭŜƴƎŜ ƛƳǇƭƛŎŀǘŜǎ ŦƻǊ ŀ ƳƻǊŜ άŎƻƻǊŘƛƴŀǘŜŘέ ŀǇǇǊƻŀŎƘ ǘƻ be performed at EU level, aiming to 
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 commercial 5G services in the market 
will also implicate foǊ ŎƻƴǎƛŘŜǊŀōƭŜ ƛƴǾŜǎǘƳŜƴǘǎΣ ŦƻǊ ǘƘŜ ŀǾŀƛƭŀōƛƭƛǘȅ ƻŦ ŀ άǎǳƛǘŀōƭŜέ ŀƳƻǳƴǘ ƻŦ ǘƘŜ 
ǊŀŘƛƻ ǎǇŜŎǘǊǳƳ ŀǎ ǿŜƭƭ ŀǎ ŦƻǊ ŎƭƻǎŜ ŀƴŘ ƛƴǘŜǊŀŎǘƛǾŜ ŎƻƭƭŀōƻǊŀǘƛƻƴ ōŜǘǿŜŜƴ ǘŜƭŜŎƻƳ ǇƭŀȅŜǊǎ ŀƴŘ άƪŜȅέ 
user industries, not necessarily within the EU borders only. In fact, any option for 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, improve competitive incentives, deliver greater predictability 
for investors, as well as lower costs for network deployment. In this framework, an absence of 
coordination between national European approaches concerning the roll-out of 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 5G-based innovation in the European Digital Single 
Market63 (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 5G64 innovative features: 

¶ Alignment of road-maps and priorities for a coordinated 5G deployment across all EU 
Member States, targeting early network introduction by 2018, and moving towards 
commercial large-scale introduction by the end of 2020, at the latest. 

¶ Making provisional spectrum bands available for 5G ahead of the 2019 World Radio 
Communication Conference (WRC-19), 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 deployment in major urban areas and along major transport paths.  

¶ Promotion of pan-European multi-ǎǘŀƪŜƘƻƭŘŜǊ ǘǊƛŀƭǎ ŀǎ άŎŀǘŀƭȅǎǘǎέ ǘƻ ǘǳǊƴ ǘŜŎƘƴƻƭƻƎƛŎŀƭ 
innovation into full business solutions65. 
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 To deliver appropriate incentives for 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 Europe-wide 
predictability to the international investment community, while leaving adequate scope for adaptation to localised 
network conditions. 

63
  The Digital Single Market designates the 2014-2019 strategy of the European Commission for the best possible access 

to the online world for individuals and businesses. A DSM is one 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 data protection, irrespective of their 
nationality or place of residence. The 2014-2019 strategy of the Commission had identified the completion of 
the DSM as one of its 10 political priorities. 

64
 5G refers to the next generation of network technologies offering prospects for new digital economic and business 

models. 

65
 Within this specific scope, the 5G Pan-European Trials Roadmap supports global European leadership in 5G technology, 

networks deployment and profitable business. It validates the benefits of 5G to vertical 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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¶ Facilitation of the implementation of an industry-led venture fund in support of 5G-based 
innovation. 

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

In addition to progressively challenging connectivity for media applications, professional-grade 
communications in industrial and service 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 infrastructure, which offers a range of customer-controlled levels of 
reliability and quality of service (QoS), tailored to specific business needs. The foreseen services will 
ǎƘŀǊŜ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ŀƴŘ ŀ ŎƻƳƳƻƴ рD ǘŜŎƘƴƻƭƻƎȅ ŀƴŘ ǿƛƭƭ ŀƭƭƻǿ ǳǎŜǊǎ ŀƴŘ ƻōƧŜŎǘǎ άƻƴ ǘƘŜ ƳƻǾŜέ66 
to remain fully connected at all times, in urban transport, along inter-city 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 applications67. The viability of some of these new applications 
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 timetable for network deployment proposed 
in the 5G action plan. This Action Plan aims to foster a coordinated approach for the deployment of 
5G infrastructures, ǿƘƛŎƘ ǎƘŀƭƭ ŀŦŦŜŎǘ 9ǳǊƻǇŜΩǎ ŦǳǘǳǊŜ LƴǘŜǊƴŜǘ ŎƻƴƴŜŎǘƛǾƛǘȅ ŀƴŘ ƻǇŜƴǎ ǳǇ ŜƴǘƛǊŜƭȅ ƴŜǿ 
opportunities to innovate, 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 investments. The 
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 competitiveness. 

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 utilities. Vertical 
Industries are going through a new wave of generational 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 automation, collaborative robots, integrated manufacturing and logistics68. The vertical 
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 affordable cost and ensures 
roaming by interoperability. While 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. In this respect 5G will be quite different. It will be the first 
generation to explicitly target delivering socio-economic benefits and, as a result, many new 5G 
capabilities are anticipated. Among other capabilities, the 5G will enable a diversity of working 
solutions on planes, trains and cars.  

More specifically, within the context of the ICT-17-2018 Call69 όάрD 9н9 CŀŎƛƭƛǘȅέύ ǘƘŜ Ƴŀƛƴ ŎƘŀƭƭŜƴƎŜǎ 
have been towards establishing and providing a suitable end-to-end facility that can: (i) demonstrate 
ǘƘŀǘ ǘƘŜ άƪŜȅέ рD-PPP network KPIs can be adequately met; (ii) be validated, accessed and used by 
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 In this context it is expected that 5G will co-exist seamlessly with complementary technologies already being deployed, 
e.g. for short-range communication for vehicle-to-vehicle and vehicle-to-infrastructure. 

67
 For terrestrial transport paths, and depending on the considered transport service, account will be taken of ongoing 

investments in C-ITS technologies while ensuring coordination with relevant stakeholders. 

68
  The 5G Public Private Partnership (5G-PPP) (04/2016): 5G Empowering Vertical Industries ς White Paper. Available at: 

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

69
 For more details also see the exact framework included in the following website: https://ec.europa.eu/info/funding-

tenders/opportunities/portal/screen/opportunities/topic-details/ict-17-2018 
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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 supporting market growth. 

1.2.2 The Pan-European Trials Roadmap 

The 5G Pan-European Trials Roadmap70 is covering a broader scope than the 5G Action Plan (5GAP) 
and the 5G Infrastructure PPP Phase 3 (2018-20+). Most of the Roadmap implementation is and will 
be covered by the industry on a private basis71, with 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 programmes. 5ŜǾŜƭƻǇƛƴƎ ŀƴŘ ŀƎƎǊŜƎŀǘƛƴƎ ŀ άŎǊƛǘƛŎŀƭ Ƴŀǎǎέ ƻŦ 5G 
experimental facilities has 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 ambition to let European companies create the basis for a shared 
vision on what 5G will really be, not only from the technological viewpoint, but also from a business 
sustainability and regulations perspectives. Furthermore, proper integration needs to be sought in 
order to create a hierarchical experimental ecosystem with interoperable coordination and 
management. 

The main objectives of the 5G Pan-European Trials Roadmap are to: (i) Support global European 
leadership in 5G technology, networks deployment and profitable business; (ii) validate benefits of 
5G to vertical sectors including public sector, businesses and consumers; and (iii) stimulate a clear 
path to successful and timely 5G deployment in Europe. To that end, it expands commercial trials and 
demonstrations as well as national initiatives, with a clear focus on activities revolving around EU 
cities. It is expected that 5G activities centered on major EU cities will contribute to meeting the 
challenge of making 5G a reality for all citizens and businesses in Europe. 

The 5G Pan-European Trials Roadmap has been elaborated and reviewed by the Trials Working 

Group Member organisations, coordinated by the 5G Infrastructure Association (5GΆIA). It 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 and profitable 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 national initiatives. The 
overall 5G Pan-EU Trials Roadmap time plan and relevant standardization, regulatory and ecosystems 
time plan are summarized in the following Figure 5. 

                                                           

 
70

  The 5G Pan-European Trials Roadmap has been elaborated and is supported by the Trials Working Group (WG) 
Members organizations. It is coordinated by the 5G Infrastructure Association (5G-IA), expanding 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?action=display&doc_id=16579) and of the 5G Action Plan (5GAP) 
(see: http://ec.europa.eu/newsroom/dae/document.cfm?doc_id=17131)  

For more details also see: https://5g-ppp.eu/5g-trials-roadmap/  

71
  As detailed in the previous versions of the 5G Pan-EU Trials Roadmap, the core part of the 5G trials and pilots is and will 

be achieved through private trials (commercial and pre-commercial) between network operators and 
manufacturers/vendors and is increasingly involving vertical stakeholders. 

http://ec.europa.eu/newsroom/dae/document.cfm?action=display&doc_id=16579
http://ec.europa.eu/newsroom/dae/document.cfm?doc_id=17131
https://5g-ppp.eu/5g-trials-roadmap/
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Figure 5: 5G Pan-EU Trials Roadmap ς Time Plan [Source: https://5g -ppp.eu/5g-trials-roadmap/] 

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 continuous efforts targeting the full 5G picture and future evolutions72. As such, the future 
roadmap of actual 5G infrastructure deployment is highly dependent on the capability to up-date 
existing or deliver a new relevant and comprehensive set of platforms addressing the 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, tight coordination 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 helps 3rd parties 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 documentation for 5G platforms addressing 
different target groups is mandatory. Consistent data structures and unified meta-information like 
name of the platform, countries where the platform is deployed and additional information on 
features and capabilities is fundamental. The data collections provided by platforms have to support 
questions from diverse stakeholders including research, public sector or industry. 

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

¶ flexible enough 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;  

¶ easily reconfigurable so that experimenters can shape it for the sake of testing their own 
solutions;  

                                                           

 
72

  The acceleration of 5G in EU is also happening thanks to a specific joint strategy between Industry (hand in hand with 
Research Centres, Academics and local communities), EC and EU member states (MSs) and Domains specific initiatives. 
The EU 5G strategy is clearly targeting large scale adoption of 5G by vertical sector (also see: https://5g-ppp.eu/wp-
content/uploads/2016/02/BROCHURE_5PPP_BAT2_PL.pdf). 

https://5g-ppp.eu/wp-content/uploads/2016/02/BROCHURE_5PPP_BAT2_PL.pdf
https://5g-ppp.eu/wp-content/uploads/2016/02/BROCHURE_5PPP_BAT2_PL.pdf
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¶ based on open source solutions, to magnify its potential exploiting the competences of the 
largest possible scientific community;  

¶ able to provide reproducible results, in order to guarantee fair and scientific testing and 
comparison of separate technologies (this might require the inclusion of emulation 
components);  

¶ complete, to allow the inclusion of all components of the 5G ecosystem, from the MNO to 
the virtual operator, from the end-user to the M2M application field and the IoT, etc.;  

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

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

¶ topology-agnostic, in order to cover all wireless solutions (including cellular and satellite 
technologies) and topologies (from small cells to macro-cells);  

¶ pan-European, crossing several countries in Europe and serving stakeholders and research 
centres from all EC countries and beyond.  

Moreover, it should constitute the basis for the development of 5G 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 socio-economic impacts. In terms of performance the 
experimental facility should be able to allow testing of 5G technologies having in mind the need to 
άƳŜŜǘέ ǎƻƳŜ ŜȄǇŜŎǘŜŘ ƭŜǾŜƭǎ ŦƻǊ YtLǎ ǘƻ ōŜ ǇǊƻǇŜǊƭȅ ŘŜŦƛƴŜŘΦ 

5G Infrastructure PPP Phase-373 includes three platforms projects (through the ICT-17 call74 that have 
started their work in July 2018. The projects, namely 5G EVE, 5GENESIS and 5G-VINNI are providing 
large-scale end-to-end 5G validation network infrastructures. They cover about 20 European sites 
and nodes on a pan-EU basis and will be operational until 2021. Their infrastructure provides an 
adequate level of openness to make it possible for vertical industries to test their innovative 5G 
business cases75. As 5G networks aim to support the vertical industries, a set of seven Vertical Pilot 
projects (through the ICT-19 call76) have started their activities in June 2019. They demonstrate 
advanced 5G validation trials across multiple vertical industries. These projects take advantage of the 
abovementioned ICT-17 projects and interwork with them. In the following paragraphs we provide a 
brief description of each one among the three platforms projectsΣ ƛƴ ƻǊŘŜǊ ǘƻ ōŜǘǘŜǊ άŘŜƭƛƴŜŀǘŜέ ǘƘŜƛǊ 
conceptual scope. 

5G-EVE77: The 5G EVE concept is based on further developing and interconnecting existing European 
sites to form a unique 5G end-to-end (E2E) facility. 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 single platform 
experience for experimenters from vertical industries. The 5G EVE end-to-end facility enables 

                                                           

 
73

  For more details see: https://5g-ppp.eu/5g-ppp-phase-3-projects/  

74
  Horizon 2020 (H2020) Framework Programme (H2020): 5G End to End Facility. Available at: 

https://ec.europa.eu/info/fundingtenders/opportunities/portal/screen/opportunities/topic-details/ict-17-2018   

75
  A summary of their activities can be found in the publication: 5G-PPP (2020): 5G network support of vertical industries 

in the 5G Public-Private Partnership ecosystem, brochure.  Available at: https://5g-
ppp.eu/wpcontent/uploads/2020/02/Vertical-industries-in-the-5G-PPP.pdf   

76
  Horizon (H2020) 2020 Framework Programme: Advanced 5G validation trials across multiple vertical industries. 

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

77
  5G-VINNI: 5G Verticals INNovation Infrastructure (GA No.815279). More details can be found at: https://www.5g-

vinni.eu/  

https://5g-ppp.eu/5g-ppp-phase-3-projects/
https://ec.europa.eu/info/fundingtenders/opportunities/portal/screen/opportunities/topic-details/ict-17-2018
https://5g-ppp.eu/wpcontent/uploads/2020/02/Vertical-industries-in-the-5G-PPP.pdf
https://5g-ppp.eu/wpcontent/uploads/2020/02/Vertical-industries-in-the-5G-PPP.pdf
https://ec.europa.eu/info/fundingtenders/opportunities/portal/screen/opportunities/topic-details/ict-19-2019
https://ec.europa.eu/info/fundingtenders/opportunities/portal/screen/opportunities/topic-details/ict-19-2019
https://www.5g-vinni.eu/
https://www.5g-vinni.eu/
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experimentation and validation with full sets of 5G capabilities ς initially 3GPP Release 1578 compliant 
and by the end of the project Release 1679 compliant. The 5G-EVE facility enables experiments with: 
(i) heterogeneous access, including NR, licensed/unlicensed spectrum, advanced spectrum 
management; (ii) Mobile Edge Computing, backhaul, core/service technologies; and (iii) means for 
site-interworking and multi-site/domain/technology slicing/orchestration. The 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 approved ICT-19 projects 
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 required 5G capabilities (up to Release 15), validation tools and systems, and the secure 
connectivity for enabling the initial experimentation of use cases on them. The first development of 
5G-9±9Ωǎ ƛƴƴƻǾŀǘƛǾŜ ŦǊŀƳŜǿƻǊƪ ŦŜŀǘǳǊŜǎ ŦƻǊ ŀŘǾŀƴŎŜŘ ŀƴŘ ƛƴǘŜƴǘ-based validation, KPI 
monitoring/analysis/validation, 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 visitor in a VR scene located in a real 
environment.  

5G-VINNIΩǎ80 main 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 trials, 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 in between. 5G-VINNI adopts 
Network Slice as a 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 bodies to ensure interoperability and reproducibility. For validating the 
NSaaS model, 5G-VINNI 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 5G-VINNI E2E facility is comprised of the RAN, 
Backhaul, Mobile Core and Cloud Computing facilities, Edge or Centralised 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 telco services (e.g., eMBB, V2X, URLLC, mMTC). 

5GENESIS81: The main goal of 5GENESIS is to validate 5G KPIs for various 5G use cases, in both 
controlled set-ups and large-scale events. This will be achieved by bringing together results from a 
considerable numōŜǊ ƻŦ 9¦ ǇǊƻƧŜŎǘǎ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ ǇŀǊǘƴŜǊǎΩ ƛƴǘŜǊƴŀƭ wϧ5 ŀŎǘƛǾƛǘƛŜǎ ƛƴ ƻǊŘŜǊ ǘƻ ǊŜŀƭƛǎŜ 
an integrated End-to-end 5G Facility. The 5GENESIS Facility, as a whole, will: (i) implement and verify 
all evolutions of the 5G standard, via an iterative integration and testing procedure; (ii) engage a 
wide diversity of technologies and chain innovations that span over all domains, achieving full-stack 
coverage of the 5G landscape; (iii) unify heterogeneous physical and virtual network elements under 
a common coordination and openness framework exposed to experimenters from the vertical 
industries and enabling end-to-end slicing and experiment automation; and (iv) support further 
experimentation projects, in particular those focused on vertical markets. 

                                                           

 
78

  Also see, among others: 3GPP TR 21.915 V1.1.0 (2019-09): άwŜƭŜŀǎŜ мр 5ŜǎŎǊƛǇǘƛƻƴΤ Summary of Rel-15 Work Items 
όwŜƭŜŀǎŜ мрύέ. Available at: https://www.3gpp.org/ftp//Specs/archive/21_series/21.915/ 

79
  Also see, among others: 3GPP TR 21.916 V1.1.0 (2020-12): άwŜƭŜŀǎŜ мс Description; Summary of Rel-16 Work Items 
όwŜƭŜŀǎŜ мсύέ. Available at: https://www.3gpp.org/ftp//Specs/archive/21_series/21.916/  

80
  5G-EVE: 5G European Validation platform for Extensive trials (GA No.815074). More details can be found at: 

https://www.5g-eve.eu/  

81
  5GENESIS: 5th Generation End-to-end Network, Experimentation, System Integration, and Showcasing (GA No.815178). 

More details can be found at: https://5genesis.eu/  

https://www.3gpp.org/ftp/Specs/archive/21_series/21.915/
https://www.3gpp.org/ftp/Specs/archive/21_series/21.916/
https://www.5g-eve.eu/
https://5genesis.eu/
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2 The 5G-DRIVE Positioning  

2.1 Overall Concept 

5G-5wL±9Ωǎ ƻǾŜǊŀƭƭ ŎƻƴŎŜǇǘ ƛǎ ƛƭƭǳǎǘǊŀǘŜŘ ƛƴ CƛƎǳǊŜ 6Σ ǿƘƛŎƘ ǎƘƻǿǎ ǘƘŜ ǘƘǊŜŜ άŎƻǊŜέ ǎǘǊŜŀƳǎ ŀƴŘ 
depicts the flow from research, to adaptation into existing test-beds and commercial test-bed 
deployments, to the real-world trials of the 5G radio access network (RAN) and of the wider 5G 
ƴŜǘǿƻǊƪΦ ¢ƘŜ ǇǊƻƧŜŎǘ άōǊƛƴƎǎ ǘƻƎŜǘƘŜǊέ ǎƻƭƛŘ ǊŜǎŜŀǊŎƘ ŎƻƳǇŜǘŜƴŎŜΣ ŎƻƳƳŜǊŎƛŀƭ ƎǊŀŘŜ ǘŜǎǘ-beds, and 
some of the stakeholders who will eventually become major customers of 5G systems. 

In the 5G-DRIVE context there are partners with rather extensive 5G test-bed installations ς 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 all three test-beds are set up with 
commercial grade equipment, each one has a special focus: the Surrey test-bed can support capacity 
provision in very dense deployments over a 4 km² area; the Espoo test-bed demonstrates the use of 
slicing and V2X (Vehicle-to-Everything); the JRC facility allows the testing of new technologies in any 
part of the network in a fully-controlled environment. All test-beds are defined in an evolutionary 
approach and allow the gradual introduction and testing of new equipment, as well as new 
mechanisms, algorithms and protocols. 

These characteristics have been exploited in the entire 5G-5wL±9Ωǎ ŎƻƴǘŜȄǘΦ Lƴ ǘƘŜ ǊŜǎŜŀǊŎƘ ǎǘǊŜŀƳΣ 
the project aimed to investigate network and RAN slicing, mobile edge computing (MEC), massive 
MIMO82 for the 5G NR83, as well as SDN and network function virtualisation (NFV) techniques applied 
to different traffic and load scenarios. Techniques and mechanisms in the research stream of the 
project have been integrated into the most appropriate test-bed. Wherever possible, we 
endeavoured to deploy such new mechanisms into all three test-beds. 

The proposed experimental test-beds/facilities for 5G are able to fulfil a number of requirements84. 
Thus, they are: (i) flexible enough 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; (ii) easily reconfigurable so that experimenters can shape it for the sake 
of testing their own solutions; (iii) based on open source solutions, 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 technologies; (v) 

                                                           

 
82

 Massive Multiple-Input and Multiple-Output (MIMO) is the combination of MIMO and beamforming with large number 
of antenna elements ς 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 employing, 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 MIMO, Full-Dimension MIMO and Advanced Research and Global 
Observation Satellite (ARGOS). 

 Massive-MIMO proposes utilizing a very high number of antennas to multiplex messages for several devices on each 
time-frequency resource, focusing the radiated energy towards the intended directions while minimizing intra- and 
inter-cell interference. Massive-MIMO 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. 

83
  5G New Radio (NR) is the radio access interface that became the foundation for the next generation of mobile 

networks. Also see: Also see: 3GPP TS 38.300 V16.4.0 (2021-01): άbwΤ bw ŀƴŘ bD-RAN Overall description; Stage-нέ. 
Available at: https://www.3gpp.org/ftp/Specs/archive/38_series/38.300/ 

84
 Verdone, R., and Manzalini, A. (2016): 5G Experimental Facilities in Europe ς White Paper, Version 11.0. NetWorld 2020 

ETP. Available at: https://www.networld2020.eu/wp-content/uploads/2016/03/5G-experimentation-Whitepaper-
v11.pdf 

https://www.3gpp.org/ftp/Specs/archive/38_series/38.300/
https://www.networld2020.eu/wp-content/uploads/2016/03/5G-experimentation-Whitepaper-v11.pdf
https://www.networld2020.eu/wp-content/uploads/2016/03/5G-experimentation-Whitepaper-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 end-user to the M2M application field and the IoT, etc.; (vi) heterogeneous in 
terms of radio and optical interfaces tested, as well as of contexts, including body centric 
communications, vehicular networks, advanced robotics, etc.; (vii) site-agnostic, as far as this is 
possible, in order to test technologies and solutions in different contexts; (viii) topology-agnostic, in 
order to cover all wireless solutions (including cellular and satellite technologies) and topologies 
(from small cells to macro-cells). 

The core objective of the project is to extensively trial eMBB and V2X service delivery under real 
world conditions. The stringent requirements for the delivery of such services should be defined 
jointly with the mobile operators in the consortium (Orange, OTE), as well as stakeholders form the 
automotive and intelligent transports markets (BMW, Vedia, Dynniq, ERTICO). These partners were 
involved in the use case and trial requirements definition, as well as in its subsequent 
implementation and analysis. The inclusion of these stakeholders was imperative to ensure that the 
ǘǊƛŀƭǎ ŀƴŘ ǎƻƭǳǘƛƻƴǎ άŘƻ ƳŜŜǘέ ǘƘŜ ǊŜǉǳƛǊŜƳŜƴǘǎ ŦǊƻƳ ǘƘŜ vertical domains. 

 

 

Figure 6: Overall concept of the 5G-DRIVE project 

The 5G-DRIVE effort is based upon the existing and currently under design 5G standards, namely the 
3GPP Releases 13-14, and any relevant findings should be fed back into appropriate standardisation 
organisations and/or working groups. The project exploits three already-existing 5G test-beds (Espoo, 
Surrey, and Ispra ς details can be found further down in this section), which have been set up with 
commercial-grade and experimental equipment and are being used to test new research outcomes 
and new services. 

Furthermore, the 5G-DRIVE has collaborated with projects from the ICT-17-2018 Call to further 
enhance the test-bed capabilities and availability for the joint EU-China trials, as  implemented in its 
specific framework. 

 

V2N, V2V, 

V2I

5G Use 

Equipment
5G Radio Access

Network 

5G Transport 

Network

5G Core

Network

5G 

Services

eMBB and C-V2X Joint Trials 

VR/AR

CUDU

DU

5G NR/Massive MIMO

Network Slicing

Service-based Architecture

SDN/NFV
Mobile Edge 

Computing

MEC SDN Controller

Trial

Research



D2.3: Final Report of Architecture and Use Case Implementation 

© 2018 ς 2021 5G-DRIVE Consortium Parties  Page 50 of 212 

 

Figure 7: EU-China 5G collaboration targets 

In order to achieve this goal, the 5G-5wL±9 ŘŜǾŜƭƻǇǎ άƪŜȅέ рD ǘŜŎƘƴƻƭƻƎƛŜǎ ŀƴŘ ǇǊŜ-commercial test-
beds for eMBB and V2X servƛŎŜǎ ƛƴ ŎƻƭƭŀōƻǊŀǘƛƻƴ ǿƛǘƘ ǘƘŜ άǘǿƛƴƴŜŘέ /ƘƛƴŜǎŜ ǇǊƻƧŜŎǘ ƭŜŘ ōȅ /Ƙƛƴŀ 
Mobile. Trials for testing and validating key 5G functionalities, services and network planning are 
conducted in eight cities across the EU and China. The main targets of this collaboration are 
illustrated in Figure 7, as depicted above. 

2.2 Specific Objectives to Support a Generalised Socio-Technical 
Development 

The global socio-technical development in the latest few decades has been critically driven by the 
growth of mobile communications and this sort of development has also supported towards 
improving the economic and social development of both developed and developing countries. 
Mobile communications have so become an indispensable part of our every-day life of the whole 
society. It is assessed that the socio-technical trends and the evolution of mobile communications 
ǎȅǎǘŜƳǎ ǿƛƭƭ ǊŜƳŀƛƴ ǎǘǊƻƴƎƭȅ ŎƻǳǇƭŜŘ ŀƴŘ ǿƛƭƭ άŎƻƳǇƻǎŜέ ŀ ŦƻǳƴŘŀǘƛƻƴ ŦƻǊ ǎƻŎƛŜǘȅ ƛƴ нлнл ŀƴŘ 
beyond. Nevertheless, in ǘƘŜ ŦǳǘǳǊŜ ƛǘ ƛǎ ǇǊŜŘƛŎǘŜŘ ǘƘŀǘ ƴŜǿ ǎƻǊǘǎ ƻŦ άŘŜƳŀƴŘǎέ (such as more traffic 
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 and adopted.  

Future International Mobile Telecommunications (IMT) systems85 should support emergent new use 
cases, including applications necessitating very high data rate communications, a large number of 
connected devices and ultra-low latency and high reliability applications. IMT for 2020 and beyond is 
envisaged to expand and support diverse usage scenarios and applications that will continue beyond 
the current IMT. Furthermore, a broad variety of capabilities would be tightly coupled with these 
intended different usage scenarios and related applications. The usage scenarios for IMT for 2020 
and beyond include eMBB, URLLC and mMTC as discussed in Section 1.2 (for more details also see 
Figure 8). 

The 5G-DRIVE project performs ŀ άŎƭƻǎŜέ ŎƻƭƭŀōƻǊŀǘƛƻƴ ōŜǘǿŜŜƴ 9U and China to synchronise 5G 

                                                           

 
85

 IMT systems serve as a communication tool for people and a facilitator, which assists the development of other industry 
sectors, such as medical science, transportation, and education. 
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technologies and spectrum issues before the final rollout ƻŦ рD ƛƴ ƻǊŘŜǊ ǘƻ άŀŘŘǊŜǎǎέ ǘǿƻ Ƴƻǎǘ 
promising 5G deployment scenarios, namely eMBB and V2X communications86. 

2.2.1 Enhanced Mobile Broadband (eMBB) 

Enhanced Mobile Broadband (eMBB) is one of three primary 5G New Radio (NR) use cases defined 
by the 3GPP87 as part of its SMARTER (Study on New Services and Markets Technology Enablers) 
project88. 

The objective behind SMARTER was to develop high level use cases and identify what features and 
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 been later trimmed to three. They 
are characterized by the performance attributes the particular use cases will require, although there 
is some overlap.  

The three fundamental sets of use cases are as discussed in Section 1.2. The above context structures 
ǘƘŜ ǎƻ ŎŀƭƭŜŘ ŀǎ ǘƘŜ άŦǳǘǳǊŜ La¢ ǎŎƻǇŜ89 and this is schematically depicted in the following Figure 8. 

 

Figure 8: The future IMT scope. [Source: ITU-R Recommendation M.2083-0] 
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 The 5G-DRIVE EU-funded project falls within the original H2020-ICT-2018-1 framework under the topic ICT-22-2018 (EU-
China 5G Collaboration). More detailed related information about this initiative can be found at: 
https://ec.europa.eu/research/participants/portal/desktop/en/opportunities/h2020/topics/ict-22-2018.html  

87
 The 3rd Generation Partnership Project (3GPP) is a global initiative that unites seven telecommunications standard 

development organizations ς SDOs (i.e. ARIB, ATIS, CCSA, ETSI, TSDSI, TTA, TTC), known as άhǊƎŀƴƛȊŀǘƛƻƴŀƭ tŀǊǘƴŜǊǎέ 
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 capabilities ς including work on codecs, security, quality of service ς and thus provides 
complete system specifications. The specifications also provide hooks for non-radio access to the core network, and for 
interworking with Wi-Fi networks. The 3GPP qualifies ultra-fast mobile broadband as mobile systems capable of 
delivering speeds of 20 gigabits per second, at least uni-directionally, and without specific latency requirements. More 
information can be found at: http://www.3gpp.org/about-3gpp. For further informative purposes also see, inter alia: 
https://en.wikipedia.org/wiki/3GPP 

88
 For further details about the SMARTER project see the content of the 3GPP Specification 22.891: άStudy on New 

Services and Markets Technology Enablers ς Technical Report (TR) ς wŜƭŜŀǎŜ мпέ. Available at: 
https://portal.3gpp.org/desktopmodules/Specifications/SpecificationDetails.aspx?specificationId=2897 
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 Also see: International Telecommunication Union ς Radiocommunication Sector (ITU-R): Recommendation M.2083-0 

(09/2015): άIMT Vision ς FǊŀƳŜǿƻǊƪ ŀƴŘ ƻǾŜǊŀƭƭ ƻōƧŜŎǘƛǾŜǎ ƻŦ ǘƘŜ ŦǳǘǳǊŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ La¢ ŦƻǊ нлнл ŀƴŘ ōŜȅƻƴŘέ. ITU, 
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We can assess eMBB as an extension to existing 4G services and amongst the first 5G services which 
could be offered commercially as early as 2019. In fact, based on estimations set by Ericsson90 it is 
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 servicesΣ ƛƴ aŀǊŎƘ нлмт ǘƘŜ оDttΩǎ w!b DǊƻǳǇ91 committed 
to finalise the Non-Standalone (NSA) 5G NR variant by March 2018. In fact, the standard was 
approved in December 201792,93. The NSA mode uses the existing 4G network, supplemented by 5G 
NR carriers to boost data rates and reduce latency94. This is reported to speed-up 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 standalone (SA) mode of the network95. 

The SA variant was finalised in June 2018 for the new 3GPP 5G core96 network architecture. The SA 
mode of 5G NR refers to using 5G cells for both signalling and information transfer. It includes the 
new 5G Packet Core architecture instead of relying on the 4G Evolved Packet Core97, to allow the 
deployment of 5G without the LTE network98. It is expected to have lower cost, better efficiency, and 
to assist development of new use cases. 
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 For more informative details also see: https://www.ericsson.com/en/press-releases/2017/11/ericsson-predicts-1-billion-
5g-subscriptions-in-2023 
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 aƻǊŜ ƛƴŦƻǊƳŀǘƛƻƴ ŀōƻǳǘ ǘƘŜ оDttΩ{ ¢ŜŎƘƴƛŎŀƭ {ǇŜŎƛŦƛŎŀǘƛƻƴ DǊƻǳǇ ό¢{Dύ wŀŘƛƻ !ŎŎŜǎǎ bŜǘǿƻǊƪ όw!bύ Ŏŀƴ ōŜ ŦƻǳƴŘ ŀǘΥ 
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 For further detailed information, also see: http://www.3gpp.org/news-events/3gpp-news/1929-nsa_nr_5g 
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  For further discussion also see, among others: https://www.rfwireless-world.com/Terminology/5G-NR-deployment-

scenarios-or-modes.html  
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  See, for example: Teral, S. (2019): 5G best choice architecture- White Paper. IHS Markit Technology. Available at: 

https://technology.ihs.com/610777/5g-best-choice-architecture 

96
  The 5G core network (5GC) architecture is defined to enable the deployments to use techniques such as NFV, MEC and 
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the SMF (Session Management Function). The NEF (Network Exposure Function) provides an interface for outside 
applications to communicate with the 3GPP network. Unified Data Management (UDM) is responsible for access 
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support traffic offloading for Edge Computing the SMF may control the data path of a PDU (Packet Data Unit) session so 
that the PDU session may simultaneously correspond to multiple N6 interfaces (interface with the application server). In 
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For further details see: 3GPP TS 23.501 V16.3.0 (2019-мнύΥ άSystem Architecture for the 5G System (5GS); Stage 2 
(Release 16)έΦ !ǾŀƛƭŀōƭŜ ŀǘΥ https://www.3gpp.org/ftp/Specs/archive/23_series/23.501/ 

97
  Very interesting is the discussion that has been proposed in: https://www.lightreading.com/mobile/5g/standalone-or-

non-standalone-5g-trials-will-help-orange-decide/d/d-id/744057  

98
  For further reading, also see: Brown G. (02/2017): Designing Cloud-Native 5G Core Networks (A Heavy Reading White 

Paper produced for Nokia). Heavy Reading. 
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Thus, eMBB can be seen as the first phase of 5G, which has been incorporated in the 3GPP Release 
1599 standards update due for completion within 2018. Release 15, finalised 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 goes beyond eMBB services to more transformational URLLC and mMTC applications and 
is included in Release 16100. Release 16 included several major enhancements and extensions to NR 
as part of the first step in the NR evolution, together with additional LTE extensions and 
enhancements. Finalisation of Release 16 was initially targeted for March 2020, with the physical 
layer specifications already finalised in December of 2019. However, the overall finalisation was 
delayed by one quarter due to the Covid-19 situation, which has prevented 3GPP face-to-face (F2F) 
meetings for the majority of 2020.  

Release 17101 is the main 3GPP activity for the later part of 2020 and for 2021. Release 17 was initially 
targeted for finalisation in July 2021. However, the finalisation of Release 17 has been delayed by a 
half year, as it was decided by 3GPP RAN in December 2020. As the industry builds upon the great 
work 3GPP has accomplished with defining New Radio (NR) and Service-Based Architecture (SBA), it 
will simultaneously evolve these aspects and others of 5G in 3GPP Release 17 and beyond. In the 
scope of the initiated Release 17 among the included features is to look out for include new work 
and enhancements for: URLLC for industrial IoT over NR, NR support over non-terrestrial networks, 
MIMO, integrated access and backhaul (IAB), MBS positioning, NR multicast and broadcast services, 
RAN slicing for NR, NR side link, multi-RAT dual-connectivity, support for multi-SIM devices for 
LTE/NR, NR small data transmissions in inactive state and multimedia priority service, to name a few. 

Release 18 has already been started102. Its 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 document on 5G system service requirements has already been upgraded to version 
18103. 

Enhanced mobile broadband is important for 5G development. 5G should help to accommodate 
satisfactorily the huge increase of mobile traffic (more than 15 additional exabytes104) per year in 
Europe by 2020 and beyond) at a reasonable cost. Moreover, 5G will improve the mobile broadband 
experience in all situations: at cell borders, at stadiums, in shopping malls, on trains, airplanes, etc. 
Beyond that, the network should bring to the end-user a seamless connectivity experience ς meaning 
a seamless handover to the best access network ς regardless of the device used. This άAny Time, Any 
Where, Any Device paradigmέ will pave the way for business growth. Key 5G opportunities however 
exist beyond the sole eMBB case. In 2020 and further on, Internet of Things will not be a niche 
market anymore. Ericsson105 and Machina106 estimate that there will be about 25 billion connected 
devices by 2020 and further on, much more than smartphones. 5G will help to scale up this business 
preparing the world for the next trillion connected objects by offering a global standard for low 
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power and large coverage connectivity. Standards based solutions, like 5G, can bring economies of 
scale compared to proprietary solutions. 

Taking connected cars as an example, the first phase of eMBB services involves enhanced in-vehicle 
infotainment, like real-time traffic alerts, high-speed internet access, streaming real-time video or 
playing games involving 3D 4K107 video. The second phase 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 evolution of existing 4G networks that offers faster 
data rates and, consequently, a more enhanced and improved user experience than existing mobile 
broadband services. Nevertheless, it provides the opportunity to realise significantly faster 
downloads so that to contribute towards an increasingly seamless user experience that will improve 
the status of the quality of service we are currently experiencing from existing broadband 
technologies. Moreover, it is expected that eMBB will support the provision of 360o video streaming, 
VR and AR applications and much more. Within the 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: 

¶ Higher capacity: this implicates that the intended broadband access has to 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 underlying network infrastructures in order to 
support the expected coverage. 

¶ Enhanced connectivity: this implicates that broadband access has to be offered 
άŜǾŜǊȅǿƘŜǊŜέΣ in order to deliver a reliable user experience. 

¶ Higher user mobility: this implicates that it 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 
ŜȄŀƳǇƭŜΣ ƛƴ ǘƘŜ ŎŀǎŜ ƻŦ ŀ άƘƻǘǎǇƻǘέ ǿƘŜre many users are potentially involved such as an event in a 
stadium, priority is expected to be given to assurance of very high traffic capacity so that to fulfil 
ǊŜƭŀǘŜŘ ǳǎŜǊǎΩ ƴŜŜŘǎΤ ƘƻǿŜǾŜǊΣ ŀǎ ǳǎŜǊǎ ŀǊŜ ŜȄǇŜŎǘŜd as static or moving slowly, the corresponding 
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 casŜ ƻŦ ǘƘŜ ƘƻǘǎǇƻǘΦ !ǎ ŀ ǎƻǊǘ ƻŦ ŀƴ άŀǾŜǊŀƎŜέ ŀǇǇǊƻŀŎƘ 
ŀƳƻƴƎ ǘƘŜ ǘǿƻ ŀōƻǾŜ ǎŎŜƴŀǊƛƻǎΣ ǘƘŜ ƛƴǘŜƴŘŜŘ ŎƻǾŜǊŀƎŜ ƻŦ ŀ ǿƛŘŜ ŀǊŜŀ ǿƛƭƭ ƛƳǇƭȅ ŦƻǊ ŀ άƳŜŘƛǳƳέ 
level of mobility and, while the data throughput would be higher than is currently possible, it may 
not need to 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 
KPIs, it is expected that 5G will be able to provide: 

¶ Traffic capacity of 10 Mbps per square metre in hotspot areas; 

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

¶ Latency of 1 ms for user experienced data exchange; 

¶ Connection density of up to one million connections per square kilometre; 

¶ High mobility up to 500 km/h in high-speed trains and up to 1,000 km/h in airplanes, with 
enhanced user experience. 
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Some primary eMBB use cases focus on the consumer market and the necessity for better and faster 
connectivity to handle higher quality video content, the growth in user-generated content and our 
prospects of being able to stream our data content when and where requested, without needing to 
log onto a WiFi network. 

However, among the core priorities of 5G is to provide the services we already experience but in a 
άōŜǘǘŜǊ ǿŀȅέΣ ƛƳǇƭƛŎŀǘƛƴƎ ǘƘŀǘ ǿŜ ǿƛƭƭ ƴƻǘ ŜȄǇŜǊƛŜƴŎŜ ƭŀǘŜƴŎȅ ƛǎǎǳŜǎΣ ƛǊǊŜƎǳƭŀǊ ŎƻƴƴŜŎǘƛǾƛǘȅ ƻǊ 
dropped connections, even in network conditions like 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 (cloud-based) 
applications 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 real-time video monitoring and virtual meetings with 360o video, 
real-time interaction and even real-time translation for participants speaking different languages. 

2.2.2 EU-funded Projects related to eMBB 

Although the case of eMBB has been among the core priorities of the original H2020-ICT-2018-1 
framework under the topic ICT-22-2018 (EU-China 5G Collaboration)108, in several past 5G-PPP 
projects there has been relevance either to the scope of Mobile Broadband (MBB) or directly to 
eMBB.  

The H2020 ICT-22-2018 Call aimed at performing a close collaboration between EU and China to 
synchronise 5G technologies and spectrum issues109 before the final roll-out of 5G. The main scope 
has been about conducting 5G trials addressing two specific scenarios, one of which was the case of 
enhanced Mobile Broadband (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 the 5G-DRIVE approach, the 
overall goal has been to evaluate in real setup innovative end-to-end 5G systems built on the 
outcomes of the previous phases of the 5G R&I; more specifically, the optimisation of the band usage 
in multiple scenarios with different coverage has been a key target, so as the validation of the 
geographic interoperability of the 3.5 GHz band for the respective use cases. The 5G-DRIVE eMBB 
scenario has been implemented in both regions (EU and China) through appropriate test-beds and 
with suitable trials110. The applications used to test and validate the use of eMBB in the 3.5 GHz band 
have been typical mobile broadband services such as indoor positioning as well as cloud-assisted 
Augmented Reality (AR).  

Under a broader conceptual perspective, MBB focuses on mobile broadband services supposing 
increased capacity, efficiency and data transmission rates. 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 sizes. Typical use cases corresponding to 
MBB are multimedia streaming, combinational services including Voice over IP (VoIP) as one of the 
services, internet browsing, videoconferencing, file downloads and uploads to the cloud, some 
gaming services, etc. In the following, we list several among these projects. 
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FANTASTIC-5G111 (Flexible Air iNTerfAce for Scalable service delivery wiThin wIreless Communication 
networks of the5th Generation): The main challenge for FANTASTIC-5G has been to develop a 
modular air interface, being able to support all the anticipated use cases with highest efficiency and 
scalability without being overly complex on the network side. To this end, the project has developed 
the technical AI components (e.g. flexible waveform and frame design, scalable multiple access 
procedures, adaptive retransmission schemes, enhanced multi-antenna schemes with/without 
cooperation, advanced multi-user detection, interference coordination, support for ultra-dense cell 
layouts, multi-cell radio resource management, device-to-device) and integrate them into an overall 
AI framework where adaptation to the high degree of heterogeneity 5G will face, is accomplished. 
tǊƻƧŜŎǘǎΩ work has also comprised intense validation and system level simulations. The ambition has 
been to outperform a system involving dedicated air interfaces. 

5G has been mainly about two ambitions, that is to: (i) Respond to the strong growth of requested 
data rates (evolutionary effect); and (ii) enhance the business model of operators by widening the 
pool of services (revolutionary target). While supporting the former, FANTASTIC-5G targeted to make 
the latter a reality. For doing so the project has set up 5 core-services, which either in itself or by 
combination realize real-world use cases. The key differentiator between these core services have 
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 (MMC): number of connected devices, low cost, low energy; (iv) 
Broad- and Multicast Services (MBS): number of connected devices; and (v) Vehicle-to-Vehicle and 
Vehicle-to-Infrastructure Services (V2X): high mobility. 

FANTASTIC-рDΩǎ ǊŜǎŜŀǊŎƘ ƻƴ ǊŀŘƛƻ ƭƛƴƪ ŘŜǎƛƎƴ Ƙas focused on solutions on PHY and MAC layer 
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 
supported by the 5G system. In contrast to 3GPP, where these service types have been defined as 
eMBB, mMTC and uMTC, the project defined five so-ŎŀƭƭŜŘ άŎƻǊŜ ǎŜǊǾƛŎŜǎέΣ ƴŀƳŜƭȅ a..Σ Ƴassive 
machine communication (MMC), mission critical communication (MCC), vehicular to anything (V2X) 
and broadcast/multicast service (BMS); however, those can be clearly mapped to the former service 
types defined by 3GPP. 

METIS-II112 (Mobile and wireless communications Enablers for the Twenty-twenty Information 
Society-II) 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 pillars: (i) A holistic spectrum 
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 dynamics required to efficiently adapt the integrated 5G 
air interfaces and radio concepts to the varying traffic demand and service requirements; (iv) a cross-
layer and cross-air-interface system access and mobility framework ensuring an ubiquitous 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 future-proof and cost-
efficient implementation of the 5G integration. METIS-II has defined an essential set of 5G use cases, 
capitalizing on use cases of METIS, other EU projects and organizations like NGMN and ITU-R. To this 
end, a methodology has been adopted: The use cases from literature have been grouped with 
regards to the three major 5G services (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. 
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  FANTASTIC-5G: Flexible Air iNTerfAce for Scalable service delivery wiThin wIreless Communication networks of the5th 
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  METIS-II: Mobile and wireless communications Enablers for the Twenty-twenty Information Society-II (GA No.671680). 

More details can be found at: https://metis-ii.5g-ppp.eu/  
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A selected use case had to fulfil the following requirements: (i) it represents perfectly the use case 
family it belongs to, from services and requirement points of view; (ii) it 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 of the identified use cases have then been updated following the 
NGMN requirements. 

The overall objective of NRG-5113 has been to guarantee optimal communications of the energy grid, 
which is believed to be the most complex, heterogeneous and gigantic machine ever made in human 
history, deploying, operating and managing existing and new 5G communications techniques and 
energy infrastructures (in the context of the Smart Energy as a Service) easier, safer, more secure and 
resilient from an operational and financial point of view. Thanks to its ambitious objectives, NRG-5 
aimed at defining and specifying some vertical additional use cases focusing on utilities domain, 
mainly gas and energy. The Use Cases described in NRG-5 fell within a small set of basic 5G service 
classes, which have been consolidated and agreed in the context of 5G-PPP as follows: (i) Enhanced 
Mobile Broadband (eMBB), also called Extreme Mobile Broadband (xMBB); (ii) Ultra-Reliable 
Machine Type Communications (mMTC), also called Ultra-Reliable and Low Latency Communications 
(URLLC); and (iii) massive Machine Type Communications (mMTC). NRG-рΩs solution within a 
ŘŜŘƛŎŀǘŜŘ ǇǊƻƧŜŎǘ ǳǎŜ ŎŀǎŜ ŀōƻǳǘ ά9ƴŀōƭƛƴƎ ŀŜǊƛŀƭ ǇǊŜŘƛŎǘƛǾŜ ƳŀƛƴǘŜƴŀƴŎŜ ŦƻǊ ǳǘƛƭƛǘȅ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜέΣ 
guarantees xMBB communications for video streaming from the drones and analysis to the local 
mobile edge processing node and the utility control centre, and uMTC for stringent real-time control 
ƻŦ ǘƘŜ ŦƭƛƎƘǘ ƻŦ ŘǊƻƴŜǎΦ ¢ƘŜ ǳǎŜ ŎŀǎŜΩǎ ǳƭǘƛƳŀǘŜ ƻōƧŜŎǘƛǾŜ Ƙŀǎ ōŜŜƴ ǘƻ ōǊƛƴƎ ŀ ǿŀȅ ƻŦ ǎǳǇǇƻǊǘƛƴƎ 
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 generalisation oŦ ŘǊƻƴŜΩǎ ǳǎŜΦ 

ONE5GΩǎ114 main ambition has been to investigate and propose new features and advancements 
(focusing on the RAN) for moving 5G towards 5G-advanced. The areas of the project effort have been 
advanced multi-link access and interference management supported by massive MIMO and E2E-
aware performance optimisation through advanced radio resource allocation and multimode 
connectivity orchestration, load balancing, spectrum management and D2D. The main objective of 
the ONE5G project has been about to: (i) propose the necessary 5G extensions, to address the two 
ǎŜƭŜŎǘŜŘ ǎŎŜƴŀǊƛƻǎ όάƳŜƎŀŎƛǘƛŜǎέ ŀƴŘ άǳƴŘŜǊǎŜǊǾŜŘ ŀǊŜŀǎέύΤ όƛƛύ ōǳƛƭŘ ŎƻƴǎŜƴǎǳǎ ƻƴ ƴŜǿ ŦŜŀǘǳǊŜǎ ŀƴŘ 
ǇǊƻǾƛŘŜ ǘŜŎƘƴƛŎŀƭ ǊŜŎƻƳƳŜƴŘŀǘƛƻƴǎ ŦƻǊ ƳƻǾƛƴƎ рD ǘƻǿŀǊŘǎ άрD ŀŘǾŀƴŎŜŘ όǇǊƻύέΤ όƛƛƛύ ǇǊƻǇƻǎŜ 
advanced link technologies and enhancements beyond Release 15 to enable multi-service operation 
ŀƴŘ ǇǊŀŎǘƛŎŀƭ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ άрD ŀŘǾŀƴŎŜŘ όǇǊƻύέΣ ǿƛǘƘ ŦǳǘǳǊŜ-proof access schemes, advanced 
massive MIMO enablers and link management; (iv) research and deliver highly generic performance 
optimization schemes, in order to achieve successful deployment and operation, including 
optimizations for both the network operator and the E2E user-experienced performance; (v) identify 
the cost driving elements for the roll-out and operation and to propose adaptations to allow 
sustainable provision of wireless services in underserved areas under constrained circumstances; and 
(vi) validate the developed extensions and modifications through different approaches: analytically, 
by means of extensive simulations and with the help of proof-of-concepts for selected aspects. 

ONE5G also leverages on mobility optimization and dynamic spectrum management to improve the 
E2E performance. For mobility-related optimizations, advanced traffic steering and load balancing 
schemes have been developed. Among others, it is proposed to migrate from traditional re-active 
schemes that aim for load equalisation between cells, towards more promising context-aware 
proactive schemes that equalize the Quality of Experience (QoE) between the cells instead. Social 
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  NRG-5: Enabling Smart Energy as a Service via 5G Mobile Network advances (GA No.762013): More details can also be 
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  ONE5G: E2E-aware Optimizations and advancements for the Network Edge of the 5G NR (GA No.760809). More details 
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data, such as information on social events, is exploited to forecast traffic demand and pro-actively 
perform traffic steering to minimize the impact of the large social gatherings on the QoE of the users. 
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 for eMBB 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 environments such as underserved scenarios. 
5G-PHOS115 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 technologies. It aimed to capitalize on novelties in InP116 transceiver, Triplex 
optical beam-formers and multi-bitrate optical communications into next generation fronthaul in 
order to migrate from CPRI-based to integrated Fiber-Wireless packetized C-RAN fronthaul 
supporting mm-Wave massive MIMO communications. More specifically, 5G-PHOS focused on 
creating an integrated Fiber-Wireless (FiWi) packetized SDN-programmable 5G fronthaul that 
supports 64x64 MIMO antennas in the mm-Wave band offering: (i) up to 400 Gbps wireless peak 
data rate in ultra-dense networks, adopting optical Spatial-Division-Multiplexed solutions on top of 
the emerging 25 Gbps PON and; (ii) 100 Gbps wireless peak data rate in Hotspot areas, showcasing 
the benefits of WDM technology and packetized fronthauling in private C-RAN solutions. Benefiting 
ŦǊƻƳ ǘƘŜ ǇŀǊǘƴŜǊǎΩ ŀǎǎŜǘǎ ŀƴŘ ŜȄǇŜǊǘƛǎŜΣ ƭŀōκǘŜǎǘ-bed experiments and field trials have been 
conducted towards the evaluation of the project outcomes for Dense, Ultra-Dense and Hotspot 
areas. Among the project activities has been the design of novel Optical Beamforming Networks 
(OBFNs) providing dynamic, accurate and sufficient coverage and capacity for eMBB services. 

The main objective of SLICENET117 has been to remove the limitations of current network 
infrastructures by achieving full softwarisation-friendly 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 their services based on advanced 
software networking and cognitive network management. SLICENET has implemented a verticals-
oriented, QoE-driven 5G network slicing framework focusing on cognitive network management and 
control, for end-to-end slicing operation and slice-based 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, verticals-oriented, network slicing framework have been demonstrated through selected 
5G use cases featuring these service requirements, targeting three different vertical industries: 
smart-grids, e-health, and smart-cities. The eHealth use case eMBB, requiring both extremely high 
data rates and low-latency communication in some areas, and reliable broadband access over large 
coverage areas. 

5G-SMART118 5G for smart manufacturing aims 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, 5G-SMART is demonstrating, evaluating, and validating 5G systems for 
manufacturing applications in real manufacturing environments. The business model activities in 5G-
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  5G-PHOS: 5G integrated Fibre-Wireless networks exploiting existing photonic technologies for high-density SDN-
programmable network architectures (GA No.761989). More details can be found at: http://www.5g-phos.eu/  

116
  Indium phosphide (InP) is a binary semiconductor composed of indium and phosphorus. More details can be found, for 

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

117
  SLICENET: End-to-End Cognitive Network Slicing and Slice Management Framework in Virtualised Multi-Domain, Multi-

Tenant 5G Networks (GA No.761913). More details can be found at: https://slicenet.eu/  
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  5G-SMART: 5G for smart manufacturing (GA No.857008). More details can be found at: https://5gsmart.eu/  
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SMART are exploring the 5G ecosystem while investigating regulatory and spectrum aspects, 
including also mobile network operator engagement options. The concept work in 5G-SMART aimed 
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 time-sensitive 
networking, and critical cloud platforms enabling flexible software development while providing low 
latency and high reliability. At three different trial sites 5G-SMART tests most advanced 5G integrated 
manufacturing applications such as digital twins, industrial robotics and machine vision based remote 
operations. The trial sites are: An Ericsson factory in Kista (Sweden), a Fraunhofer IPT shop-floor in 
Aachen (Germany) and a Bosch semiconductor factory in Reutlingen (Germany). On site, the project 
is evaluating different 5G services (URLLC, eMBB, mMTC). 

5G-SOLUTIONS119 aims at proving and validating that 5G provides prominent industry verticals with 
ubiquitous access to a wide range of forward-looking services with orders of magnitude of 
improvement over 4G, thus bringing the 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 cases. The project, among others, includes use cases to be validated in the 
Smart City and Ports Living Lab. Through 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 proportion of 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 of 5G-VICTORI120 is to conduct large-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 involving cross-vertical 
interaction. The project will exploit extensively the existing ICT-17 5G Test-bed Infrastructures 
interconnecting main sites of all ICT-17 infrastructures, namely 5G-VINNI, 5GENESIS and 5G-EVE and 
the 5G UK test-bed in a Pan-European Network Infrastructure. Minor enhancements will be provided 
to these infrastructures, extending their coverage towards the integration of the 5G-VICTORI UCs. 
There is a prescribed trial for eMBB under high speed mobility. The goal of this trial is to demonstrate 
eMBB functionality through heterogeneous access technologies for on-board 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, and the trackside with 
the core network. Both infotainment and critical operations data (e.g. data from on board CCTV 
ǎȅǎǘŜƳǎύ ǿƛƭƭ ōŜ ŜŦŦƛŎƛŜƴǘƭȅ ƳŀƴŀƎŜŘ ŦǊƻƳ ǘƘŜ ƻǇŜǊŀǘƻǊΩǎ ǇŜǊǎǇŜŎǘƛǾŜ ƛƴ ƻǊŘŜǊ ǘƻ ŀƭƭƻǿ ǘƘŜƛǊ 
successful and timely transmission to the edge/core network. 

5G-CLARITY121 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 AI driven network automation. Based 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 positioning and synchronization capabilities. In addition, 5G-CLARITY will 
develop a management plane featuring SDN/NFV components together with an AI engine that will 
automate network management by receiving high level intent policies from the network 
administrator. 5G-CLARITY investigates how the concept of private 5G networks should evolve 
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  5G-SOLUTIONS: 5G Solutions for European citizens (GA No.856691). More details can be found at: 
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  5G-VICTORI: VertIcal demos over Common large scale field Trials fOr Rail, energy and media Industries (GA No.857201). 
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Intelligence and Intent Based PolicY (GA No.871428). More details can be found at: https://5g-ppp.eu/5g-clarity/  

https://www.5gsolutionsproject.eu/
https://www.5g-victori-project.eu/
https://5g-ppp.eu/5g-clarity/


D2.3: Final Report of Architecture and Use Case Implementation 

© 2018 ς 2021 5G-DRIVE Consortium Parties  Page 60 of 212 

beyond the 3GPP Release 16, by bringing innovation in two main pillars: The first pillar constitutes a 

heterogeneous wireless access network that integrates 5GNR, WiΆFi, and LiFi122. The proposed multi-
connectivity framework enables an intelligent aggregation of the 5G/Wi-Fi/LiFi interfaces, resulting in 
eMBB and URLLC services. 

The H2020 5G!Drones123 project is devoted to trials of several Unmanned Aviation Vehicle (UAV) use 
cases covering eMBB, URLLC, and mMTC 5G services and to validate 5G KPIs for supporting these 
use-cases as well as formulating recommendations for further UAV-related improvements on 5G and 
aviation domain standards. Its specificity lies primarily in the integration of the telecommunications 
environment with the aviation environment, including e.g. UAV traffic management (UTM) systems, 
remote UAV control systems with First Person View (360 degrees high-quality real-time media 
enabling the virtual remote presence of the UAV pilot on board of the UAV), GIS-based 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 permeate and 
multilaterally exchange information, it will be possible to perform comprehensive and multi-faceted 
validation of 5G UAV services (at the technical level and E2E level of business processes life-cycle) in 
the context of: (i) UAV traffic management (UTM, command and control, 3D map and supporting 
visualisation/analysis software, UAV logistics); (ii) public safety (monitoring a wildfire, disaster 
recovery, public security including  counter-UAS); (iii) situational awareness (infrastructure 
inspection, UAV-enhanced IoT data collection, location of UE in non-GPS environments, multimedia); 
and (iv) connectivity extension and offloading (mobile base station on-board the UAV). 

The trials will be implemented inter-alia on 5G-EVE and 5Genesis test-bed facilities, using the special 
software layer (trial controller), acting also as a business service orchestrator, which exposes a high-
ƭŜǾŜƭ !tL ŦƻǊ ǾŜǊǘƛŎŀƭΩǎ ǎƻŦǘǿŀǊŜ ŜŎƻǎȅǎǘŜƳ ǘƻ ŜƴŀōƭŜ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ рD ǎŜǊǾƛŎŜǎ ƻŦŦŜǊŜŘ ōȅ 
specific underlying 5G facilities. At the same time, special aviation domain-belonging UAV service 
enablers will be embedded in the 5G facilities and integrated with 5G network mechanisms. The 
5G!Drones project may benefit of the 5G-DRIVE outcomes in the domains of eMBB services trials 
(especially VR/AR), network slicing, new radio access techniques for network capacity enhancement, 
energy efficiency increase and latency reduction, beamforming, and ς  to some extent ς with V2X 
services trials, when the results are applicable to aviation vehicles. 

The H2020 MonB5G124 project is devoted to the distributed management of Network Slices in 
beyond 5G. The maturing and massive roll-out of the 5G technology will cause a necessity to support 
massive numbers of coexisting network slices, with different performance requirements, 
functionality, and timespans. These challenges cannot be faced with existing centralised and 
manually operated management systems, and MonB5G aims to provide zero-touch management and 
orchestration in a novel autonomic framework, heavily leveraging hierarchical distribution of 
operations together with state-of-the-art data-driven AI-based mechanisms. MonB5G will extend the 
ETSI MANO and MEC frameworks with embedded cognitive capabilities. It will also develop trust 
mechanisms tailored to the targeted multi-stakeholder environment, for secure and trustworthy 
cross-domain operations. MonB5G plans to trial two use cases, featuring automated, zero-touch slice 
management and orchestration across technical and administrative domains, enabling network 
operators to ensure end-to-end cross-domain SLAs, as well as AI-assisted policy-driven security 
monitoring and enforcement. The MonB5G project may benefit of the 5G-DRIVE outcomes in the 
domains of eMBB and also V2X services trials (observed phenomena may feed the algorithms of 
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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 Vehicle-to-Everything (V2X) Communication 

V2X communication is the transfer of information from a vehicle to any άentityέ that may affect the 
vehicle, and vice versa. It is a vehicular communication system that integrates other more specific 
types of communication as V2I (Vehicle-to-Infrastructure), V2N (Vehicle-to-Network), V2V (Vehicle-
to-Vehicle), V2P (Vehicle-to-Pedestrian), V2D (Vehicle-to-Device), V2G (Vehicle-to-Grid) and V2R 
(Vehicle-to-Road-side units). Thus, V2X can be assessed as a wireless technology aimed at enabling 
data exchanges between a vehicle and its surroundings.  

The core motivations for V2X are road safety, traffic efficiency, and energy savings. By sharing data, 
such as their position and speed, to surrounding vehicles and infrastructures, V2X systems improve 
driver awareness of upcoming potential 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, proposing alternative routes 
and ensuring eco-friendly driving, reducing CO2 emissions through adaptive cruise control and a 
smarter transportation management. 

There are two types of V2X communication technology depending on the underlying technology 
being used, that is: (i) WLAN-based, and (ii) cellular-based. 

The IEEE first published the specification of WLAN-based V2X (IEEE 802.11p125) in 2012. The 802.11p 
is an extension of 802.11a (Wi-Fi), and was standardised by the IEEE in 2009. In 2012, 802.11p was 
included in the overall 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, 
CSMA-CA) is a statistical protocol for direct communications and connecting V2V and V2R126. 

The original V2X communication uses WLAN technology and works straight directly between 
vehicles, which compose a so called as vehicular ad-hoc network as two V2X senders come within 
ŜŀŎƘ ƻǘƘŜǊΩǎ ǊŀƴƎŜΦ ¢ƘŜǊŜŦƻǊŜΣ ƛǘ ŘƻŜǎ ƴƻǘ ƴŜŎŜǎǎƛǘŀǘe any infrastructure for vehicles to 
communicate, which is fundamental requirement to guarantee safety in remote -or little developed- 
areas. WLAN is particularly suitable for V2X communication, due to its low latency. It transmits 
messages known as Cooperative Awareness Messages127 (CAM), Decentralised Environmental 
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 For more details see: IEEE 802.11p-2010: IEEE Standard for Information Technology (IT) ς Local and metropolitan area 
networks ς Specific requirements ς Part 11: Wireless LAN Medium Access Control (MAC) and Physical Layer (PHY) 
Specifications Amendment 6: Wireless Access in Vehicular Environments. Available at: 
https://standards.ieee.org/standard/802_11p-2010.html 
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 Also see: 5G Automotive Association (5GAA) (2017): An assessment of LTE-V2X (PC5) and 802.11p direct 

communications technologies for improved road safety in the EU. Available at: http://5gaa.org/wp-
content/uploads/2017/12/5GAA-road-safety-FINAL2017-12.05.pdf 
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 The Cooperative Awareness Message (CAM) is a message created by the Cooperative Awareness (CA) service residing at 

the Facilities layer of the ETSI ITS communication architecture stack described in ETSI EN 302 665 V1.1.1 (2010-09): άL¢{ 
/ƻƳƳǳƴƛŎŀǘƛƻƴ !ǊŎƘƛǘŜŎǘǳǊŜέ.  

The Cooperative Awareness service is described in the context of the work included in ETSI EN 302 637-2 V1.4.1 (2019-
04): άLƴǘŜƭƭƛƎŜƴǘ ¢ǊŀƴǎǇƻǊǘ {ȅǎǘŜƳǎ όL¢{ύΤ ±ŜƘƛŎǳƭŀǊ /ƻƳƳǳƴƛŎŀǘƛƻƴǎΤ .ŀǎƛŎ {Ŝǘ ƻŦ !ǇǇƭƛŎŀǘƛƻƴǎΤ tŀǊǘ нΥ {ǇŜŎƛŦƛŎŀǘƛƻƴ ƻŦ 
Cooperative Awareness Basic ServƛŎŜέΦ Available at: 
https://www.etsi.org/deliver/etsi_en/302600_302699/30263703/01.02.01_30/en_30263703v010201v.pdf 

CAMs are exchanged between C-ITS 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, position, dynamics and basic attributes of the originating station. 
The received information can be used to support several C-ITS applications. For example, by comparing the position and 
dynamics of the originating station with its own status, a receiving station is able to estimate a collision risk. A CAM is 
composed of a common ITS PDU header and multiple containers. 
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Notification Messages128 (DENM) or Basic Safety Message129 (BSM) 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 (WAVE130) and in Europe as ITS-
G5131. 

The 3GPP started standardisation work of cellular V2X (C-V2X) in Release 14132 in 2014. It is based on 
LTE as the underlying technology. Specifications were published in 2016. Because this C-V2X 
functionalities are based on LTE, it is often referred to as άcellular V2Xέ (C-V2X) to άdifferentiateέ 
itself from the 802.11p based V2X technology. The scope of functionalities supported by C-V2X 
includes both direct communication (V2V, V2I) as well as wide area cellular network communication 
(V2N). 

In Release 15, 3GPP continued its C-V2X standardisation to be based on 5G. To indicate the 
underlying technology, the term NR-V2X (New Radio V2X) is often used in contrast to LTE-based V2X 
(LTE-V2X). Either case, C-V2X is a generic term used to refer to cellular-based V2X communications, 
irrespective of the specific underlying mobile communications generation being used (4G or 5G). 

In Release 16, 3GPP further enhances the C-V2X functionality. This work is currently in progress. Its 
main goal is to provide enhanced data rates and advanced ITS services and is, therefore, considered 
as part of the future landscape of vehicular telecommunication. 

                                                           

 
128

  Decentralised Environmental Notification Message (DENM) is a facilities layer message that is mainly used by ITS 
applications in order to alert 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 stations (ITS-S). The construction of a DENM is triggered by an 
ITS-S application. A DENM contains information related to a road hazard or an abnormal traffic conditions, such as its 
type and its position.  Upon detection of an event an ITS-S transmits a DENM in order to disseminate the information 
about this event to other ITS-Ss located inside an area of relevance. Then the ITS-S that transmits DENM is denoted as 
originating ITS-S. DENM transmission is initiated and terminated by an ITS-S application at the ITS application layer. 
DENM transmission is initiated and terminated by an ITS-S application at the ITS application 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 facilities layer, i.e. the DEN (the Decentralised Environmental 
Notification (DEN) basic service is an application support facility provided by the facilities layer) basic service of the 
originating ITS-S when a predefined expiry time is reached, or by an ITS-S application that requests the generation of a 
DENM to inform that the event has terminated. An ITS-S, which 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 ITS-S. This ITS-S is denoted as receiving ITS-S. Also see: European Telecommunications Standards 
Institute (ETSI): ETSI EN 302 637-3 v1.2.2 (2014-11): άLƴǘŜƭƭƛƎŜƴǘ ¢ǊŀƴǎǇƻǊǘ {ȅǎǘŜƳǎ όL¢{ύΤ ±ŜƘƛŎǳƭŀǊ /ƻƳƳǳƴƛŎŀǘƛƻƴǎΤ 
Basic Set of Applications; Part 3: Specifications of DecentralisŜŘ 9ƴǾƛǊƻƴƳŜƴǘŀƭ bƻǘƛŦƛŎŀǘƛƻƴ .ŀǎƛŎ {ŜǊǾƛŎŜέ. Available at: 
https://www.etsi.org/deliver/etsi_en/302600_302699/30263703/01.02.02_60/en_30263703v010202p.pdf 

  

129
   See, for example: Saxena, S., and Isukapati, I.K. (2019): Simulated Basic Safety Message: Concept & Application. In 

Proceedings of the IEEE Intelligent Vehicles Symposium 2019 (IV-2019), pp.2450-2456. 

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

standard. In Proceedings of the 2007 66
th

 Vehicular Technology Conference (VTC2007-Fall), pp.2199-2203. IEEE, 
Baltimore, MA, September 30 - October 03, 2007. 

131
  άL¢{έ ƛǎ ǘƘŜ ŀŎǊƻƴȅƳ ŦƻǊ LƴǘŜƭƭƛƎŜƴǘ ¢ǊŀƴǎǇƻǊǘ {ȅǎǘŜƳΦ ¢ƘŜ άDрέ ƛǎ ŀ ǎǘŀƴŘŀǊŘ ŦƻǊ ŎŀǊ-to-car communications and should 
ƴƻǘ ōŜ ŎƻƴŦǳǎŜŘ ǿƛǘƘ άрDέΦ ITS comprise several combinations of communication, computer and control technology 
developed and applied in the domain of transport to improve system performance, transport safety, efficiency, 
productivity and level of service, environmental impacts, energy consumption, and mobility. For further information 
also see, among others: European Telecommunications Standards Institute (ETSI): ETSI ES 202 663 V1.0.0 (2010-01): 
άIntelligent Transport Systems (ITS); European profile standard for the physical and medium access control layer of 
Intelligent Transport Systems operating ƛƴ ǘƘŜ р DIȊ ŦǊŜǉǳŜƴŎȅ ōŀƴŘέΦ Available at: 
https://www.etsi.org/deliver/etsi_es/202600_202699/202663/01.01.00_60/es_202663v010100p.pdf  

Also see, inter-alia: Eckhoff, D., Sofra, N., and German, R. (2013): Performance Study of Cooperative Awareness in ETSI 
ITS G5 and IEEE WAVE. In Proceedings of the 2013 10th Annual Conference on Wireless On-demand Network Systems 
and Services (WONS), pp. 196-200. IEEE, Banff, AB, Canada, March 18-20, 2013. 

132
  Also see, among others: 3GPP TR 21.914 V14.0.0 (2018-05): άRelease 14 Description; Summary of Rel-14 Work Items 
όwŜƭŜŀǎŜ мпύέ. Available at: https://www.3gpp.org/ftp//Specs/archive/21_series/21.914/ 

https://www.etsi.org/deliver/etsi_en/302600_302699/30263703/01.02.02_60/en_30263703v010202p.pdf
https://www.etsi.org/deliver/etsi_es/202600_202699/202663/01.01.00_60/es_202663v010100p.pdf
https://www.3gpp.org/ftp/Specs/archive/21_series/21.914/


D2.3: Final Report of Architecture and Use Case Implementation 

© 2018 ς 2021 5G-DRIVE Consortium Parties  Page 63 of 212 

2.2.4 EU-funded Projects related to V2X 

The development and large-scale deployment of Connected and Automated Mobility133 (CAM) 
provides a unique opportunity to make our mobility system safer, cleaner, more efficient and more 
user-friendly. With the evolution of digital technologies, such as robotics, internet of things, artificial 
intelligence, high-performance 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, 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 borders.  

The EU member States, industry and the European Commission collaborate to achieve the EUΩs 
ambitious vision for connected and automated mobility in a Digital Single Market (DSM), taking into 
consideration public authorities, citizens, cities and industry interests. The 2014-2019 Commission 
strategy had identified the completion of the DSM as one of its 10 political priorities134 and the DSM 
Strategy was built on three pillars: (i) Access: implicating for better access for consumers and 
businesses to digital goods and services across Europe. (ii) 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 the digital economy. 

The special framework of the H2020 ICT-22-2018 Call aimed at performing a close collaboration 
between EU and China to synchronise 5G technologies and spectrum issues135 before the final roll-
out of 5G. The main scope has been about conducting 5G trials addressing two specific scenarios, the 
second of which was the case of Internet of Vehicles (IoV) based on LTE-V2X using the 5.9 GHz band 
for Vehicle-to-Vehicle (V2V) and the 3.5 GHz band for Vehicle-to-Network (V2N). Both these bands 
are priority bands in the two regions for early introduction of very high data rate services.  Thus, in 
the 5G-DRIVE approach, the overall goal has been to evaluate in real setup innovative end-to-end 5G 
systems built on the outcomes of the previous phases of the 5G R&I; more 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. The 5G-DRIVE 
IoV scenario has been implemented in both regions (EU and China) through appropriate test-beds 
and with suitable trials136. The applications used to test and validate the use of LTE-v2x in the 5.9 GHz 
band for V2V applications and the use of 3.5 GHz band for V2N applications. The selected uses vases 
have been the CLOSA (Green Light Optimal Speed Advisory) and the intelligent intersection.   

In the following sections, we provide an overview of either on-going and/or past EU projects related 
to the wider scope of V2X communications137. 

                                                           

 
133

  Connected and Automated Mobility (CAM) refers to autonomous/connected vehicles or self-driving cars (vehicles that 
can guide themselves without human intervention). 

134
  For more details see: https://ec.europa.eu/digital-single-market/en/shaping-digital-single-market  

135
  Also see: 5G-DRIVE Project (04/2019): Deliverable 2.2: άWƻƛƴǘ !ǊŎƘƛǘŜŎǘǳǊŜΣ ¦ǎŜ /ŀǎŜǎ ŀƴŘ {ǇŜŎǘǊǳƳ tƭŀƴέ. Available at: 

https://5g-drive.eu/resources-and-results/project-deliverables/   

136
 According to the ICT-22-2018 Call the expectations have been that the underlying trialsΩ 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 facility would not be restricted to innovative 5G radio access technology, but should include and enable the 
evolution of 5G networks innovations in network slicing, virtualisation, cross-domain orchestration, in view of 
supporting resource control from multiple tenants. These concerns have been fully taken into account in the 
involvement of the EU participating trial sites for the IoV scenario (JRC in Ispra, Italy and VTT in Finland).   

137
 With the evolution of digital technologies, such as robotics, internet of things, artificial intelligence, high-performance 

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, liability, data use, privacy and 

https://ec.europa.eu/digital-single-market/en/shaping-digital-single-market
https://5g-drive.eu/resources-and-results/project-deliverables/
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The 29 signatory countries of a Letter of Intent signed at Digital Day 2017 agreed to designate 5G 
cross-border corridors138, where vehicles can physically move across borders and where the cross-
border road safety, data access, data quality and liability, connectivity and digital technologies can be 
tested and demonstrated139. 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, internet of things, data economy, free flow of data, etc. The EU supports 3 projects 
(these are the 5GCroco project, the 5G-CARMEN project and the 5G-MOBIX project). All are running 
ŀǎ ǇŀǊǘ ƻŦ ǘƘŜ 9ǳǊƻǇŜŀƴ /ƻƳƳƛǎǎƛƻƴΩǎ рD tǳōƭƛŎ tǊƛǾŀǘŜ tŀǊǘƴŜǊǎƘƛǇ140 which will set up 5G trials over 
more than 1000km of highway including four cross-border corridors: Metz-Merzig-Luxembourg, 
Munich-Bologna via the Brenner Pass, and Porto-Vigo and Evora-Merida, both between Spain and 
Portugal. In addition, a short cross-border segment between 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 5G cross-border 
corridors already agreed between 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 and optimize traffic 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 
ŀǎ ŀǳǘƻƳŀǘŜŘ ŎƘŀƴƎŜ ƻŦ ƭŀƴŜǎ όάƭŀƴŜ ƳŜǊƎŜέύ ŀƴŘ ǘǊǳŎƪǎ ŘǊƛǾƛƴƎ ƛƴ Ǉƭŀǘƻƻƴǎ ǇŀǊǘƭȅ ǿƛǘƘƻǳǘ ƴŜŜŘ ŦƻǊ 
ŘǊƛǾŜǊǎ όάǘǊǳŎƪ ǇƭŀǘƻƻƴƛƴƎέύΦ ¢ƘŜȅ ǿƛƭƭ ŀƭǎƻ ƘŜƭǇ ǘƘŜ ŀǳǘƻƳƻǘƛǾŜ ŀƴŘ ǘŜƭŜŎƻƳ ƛƴŘǳǎǘǊƛŜǎ ǘƻ ŘŜǾŜƭƻǇ 
new business models, making use of 5G to transform online maintenance, fleet management and 
infotainment. 

5GCroco141 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 slicing, and will test tele-operated 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 connectivity and service provisioning capacity. Ultimately, 5GCroCo will impact 
relevant standardization bodies from the telco and automotive industries. The possibility of providing 
connected, cooperative and autonomous mobility (CCAM) services along different countries 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. The situation is particularly challenging given the multi-
country, multi-operator, multi-telco-vendor, and multi-vehicle-OEM scenario of any cross-border 
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 define a successful path 
towards the provision of CCAM services along cross-border 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 see: https://ec.europa.eu/digital-single-market/en/cross-border-corridors-connected-and-automated-mobility-cam   

139
  Creating cross border pilots and jointly 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 the area of connected and automated cars. 

140
  For more informative details about this initiatives also see: https://ec.europa.eu/digital-single-market/en/news/5g-

public-private-partnership-next-generation-broadband-infrastructure  

141
  5GCroCo: 5G Cross-Border Control (GA No.825050). More details can be found at: https://5gcroco.eu/   

https://ec.europa.eu/digital-single-market/en/cross-border-corridors-connected-and-automated-mobility-cam
https://ec.europa.eu/digital-single-market/en/news/5g-public-private-partnership-next-generation-broadband-infrastructure
https://ec.europa.eu/digital-single-market/en/news/5g-public-private-partnership-next-generation-broadband-infrastructure
https://5gcroco.eu/
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a real 5G cross-border deployment. 5GCroCo aims at trialling 5G technologies in the cross-border 
corridor connecting the cities of Metz-Merzig-Luxembourg, traversing the borders between France, 
Germany and Luxembourg. The objective is to validate advanced 5G features, such as New Radio, 
MEC-enabled distributed computing, Predictive QoS, Network Slicing, and improved positioning 
systems, all combined 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 from the two involved 
industries are impacted142. 

5G-CARMEN143 will conduct extensive trials across an important north-south corridor from Bologna 
to Munich via the Brenner Pass, spanning 600 km of roads, connecting three European regions, 
Bavaria (Germany), Tirol (Austria) and Trentino/South-Tyrol (Italy). It focuses on vehicle manoeuvre 
negotiation, infotainment, and emissions control in sensitive areas. The goal of 5G-CARMEN is to 
create new and realistic opportunities for generating competitive advantages for the European 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 to market 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 service availability and proper handover/roaming between worldwide operators144. Cooperative 
manoeuvring, situation awareness, video streaming, and green driving are the cross-border use cases 
targeted by 5G-CARMEN pilots in order to maximize the project commercial, societal, end 
environmental impact. 

5G-MOBIX145 will test connected and automated mobility applications along two cross-border 
corridors between Spain and Portugal, a short corridor between Greece and Turkey, and six national 
urban sites in Versailles (France), Berlin and Stuttgart (Germany), Eindhoven-Helmond (Netherlands) 
and Espoo (Finland). In addition to technical validation and advanced use cases, the trials will make it 
possible to define cooperation models and include cost/benefit analysis. They will explore new 
business opportunities for 5G-enabled connected and automated mobility services and provide 
recommendations and options for deployment. 5G-MOBIX aims at executing CCAM trials along x-
border and urban 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

  5GCroCo 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 initial end-to-end architecture for cross-border 
network handover, end-to-end Quality of Service (QoS) with network slicing, Mobile Edge Computing/Cloud and 
positioning architecture, have been also defined. Furthermore, an initial application architecture has been defined and 
described and responsibilities for component development have 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 execution of the trials 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
  5G-CARMEN: 5G for Connected and Automated Road Mobility in the European unioN (GA No.825012). More details can 

be found at: https://5gcarmen.eu/  
144

  The 5G-CARMEN use cases have been refined and specified. Also, the 5G KPIs have been identified and the architecture 
for cross-border network have been defined. A survey of existing inter-operator cross-border solutions in Italy, Austria 
ŀƴŘ DŜǊƳŀƴȅ ƛǎ ƻƴƎƻƛƴƎ ƛƴŎƭǳŘƛƴƎ abhΩǎ рD ǊƻŀŘƳŀǇΦ ¢ƘŜ ǳǎŜ ƻŦ DŜƻǎŜǊǾƛŎŜ ŀƴŘ !vat όAdvanced Message Queuing 
Protocol) server are being discussed across several use cases. Cloud Services as well as the inter-MEC connectivity 
requirements are under evaluation against the use case requirements. Fundamental improvements to the network 
implementations and configurations are being defined 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
  5G-MOBIX: 5G for cooperative & connected automated MOBIility on X-border corridors (GA No.824496). For more 

details see: https://www.5g-mobix.com/  

https://5g-ppp.eu/5g-mobix/
https://5gcarmen.eu/
https://www.5g-mobix.com/
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identifying and responding to standardisation and spectrum gaps. The project will first 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 during trials 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 also international 
consultations with the public and industry stakeholders, 5G-MOBIX will propose views for new 
business opportunity for the 5G enabled CCAM and recommendations and options for the 
deployment. Also, the 5G-MOBIX finding in term of technical requirements and operational 
conditions will allow to actively contribute to the standardisation and spectrum allocation activities. 
5G-MOBIX will evaluate several CCAM use cases, advanced thanks to 5G next generation of Mobile 
Networks. Among the possible scenarios to be evaluated with the 5G technologies, 5G-MOBIX 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 are potential 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 driving, road user 
detection, vehicle remote control, see through, HD map update, media & entertainment. 

Other EU-funded projects and European initiatives have already covered different aspects for 
business modelling in the intersection of both automotive and ICT fields.  

The Knowledge Base on Connected and Automated Driving (CAD) is the one-stop shop for data, 
knowledge and experiences on CAD in Europe and beyond146. The sharing of knowledge, data and 
experiences is essential for the development of connected and automated driving. Combining the 
knowledge sources enables all stakeholders to get a clearer picture of what the future impacts of 
road automation will be147. Thus, we consider the following: 

5GCAR148 was devoted to conduct research in the area of V2X communications for and the 
automotive vertical sector towards the adoption of 5G technologies. Main objectives within the 
5GCAR project have been: (i) Development of an overall 5G system architecture providing optimized 
end-to-end V2X network connectivity for highly reliable and low-latency V2X services, which supports 
security and privacy, manages quality-of-service and provides traffic flow management in a multi-RAT 
and multi-link V2X communication system; (ii) interworking of multi-RATs that allows embedding 
existing communication solutions and novel 5G V2X solutions; (iii) development of an efficient, 
secure and scalable side-link interface for low-latency, high-reliability V2X communications; (iv) 
proposition of 5G radio-assisted positioning techniques for both vulnerable road users and vehicles 
to increase the availability of very accurate localisation; (v) identification of business models and 
spectrum usage alternatives that support a wide range of 5G V2X services; (vi) demonstration and 
validation of the developed concepts and evaluation of the quantitative benefits of 5G V2X solutions 
using automated driving scenarios in test sites. The 5GCAR project investigated and proved the 
added value of C-V2X 5G focus for connected cars, studying the domain from multiple perspectives, 
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 Transport Systems (C-ITS) use cases, which benefit from 

                                                           

 
146

 A detailed list of all CAD projects at EU-level or at national level can be found at: https://knowledge-
base.connectedautomateddriving.eu/projects/findproject/  

147
 Developed as part of the Horizon 2020 Action ARCADE (Aligning Research & Innovation for Connected and Automated 

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

148
  5GCAR: Fifth Generation Communication Automotive Research and Innovation (GA No.761510). More details can be 

found at: https://5gcar.eu/  

https://knowledge-base.connectedautomateddriving.eu/projects/findproject/
https://knowledge-base.connectedautomateddriving.eu/projects/findproject/
https://connectedautomateddriving.eu/arcade-project/
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 C-V2X challenges, ranging 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. The technical 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 and automated) driving use cases.  

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

COMPANION149: The objective of this project had been to develop co-operative mobility 
technologies for supervised vehicle platooning, in order to improve fuel efficiency and safety for 
goods transport. The potential social and environmental benefits inducted by heavy-duty vehicle 
platoons (or road trains) have been largely proven. The proposed idea had been to develop a new 
energy-efficient and user-friendly integrated framework to coordinated driving of heavy-duty 
vehicles. The project has proposed a new real-time coordination system, to define an optimized flow 
of vehicles in order to dynamically create, maintain and dissolve platoons according to an online 
decision-making mechanism, taking into account also historical and real-time information about the 
state of the infrastructure. With such a technology, platoons could be no more composed just of 
vehicles with common origins and destinations, but they could be created dynamically on the road, 
by merging vehicles (or sub-platoons) that share also only subparts of their routes.  

AutoNet2030150 has extended the specifications of control algorithms and messages to support 
cooperative automated driving use cases, while using decentralised control system with 802.11p-
based communications. AutoNet2030 aimed to develop and test a co-operative automated driving 
technology, based on a decentralised decision-making strategy which is enabled by mutual 
information sharing among nearby vehicles. The project aimed for a 2020-2030 deployment time 
horizon, taking into account the expected preceding introduction of co-operative communication 
systems and sensor-based lane-keeping/cruise-control technologies. By taking this approach, a 
strategy has been realised for the gradual introduction of fully automated driving systems, making 
the best use of the widespread existence of co-operative systems and making the deployment of 
fully automated driving systems beneficial for all drivers already from its initial stages. The main idea 
had been to achieve intelligent decision-making in fully automated vehicles through local group 
formation, by using co-operative communications to exchange input data and manoeuvring control 
commands. Such co-operation did not mean not only among automated vehicles, but has been 
extended also to manually driven vehicles; automated vehicles could locally coordinate the 
manoeuvring of all surrounding vehicles, making driving thereby more predictable and safer also for 
manually driven cooperative vehicles. This system has been optimised to make safe, predictable and 
efficient manoeuvring decisions.  

The GCDC151 project aimed to speed up real-life implementation and interoperability of wireless 
communication based automated driving. The objective of i-GAME had been to develop technologies 
that speed-up the real-life implementation of automated driving, which is supported by 
communication between the vehicles and between vehicles and road-side equipment. These 
automated systems need 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 
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  COMPANION: Cooperative dynamic formation of platoons for safe and energy optimised goods transportation (GA 
No.610990). More details can be found at: www.companion-project.eu  

150
  AutoNet2030: Co-operative Systems in support of Networked Automated Driving by 2030 (GA No.610542).  More 

details can be found at: http://www.autonet2030.eu/    

151
  GCDC: Interoperable GCDC Automation Experience (GA No.612035). For more details see: http://www.gcdc.net/en/i-

game  

http://www.companion-project.eu/
http://www.autonet2030.eu/
http://www.gcdc.net/en/i-game
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vehicles and traffic scenarios. For the i-GAME, the solution has been found in so-called supervisory 
control, providing both event-driven control to initiate vehicle manoeuvres (e.g. a car wants to merge 
on a highway) and real-time control to execute the manoeuvres (i.e. vehicles make a space for the 
merging vehicle and the merging vehicle steers into the empty space). These kinds of scenarios 
require that the participating vehicles and road-side equipment are able to communicate and 
cooperate with each other, which is called interoperability. The interoperability in i-GAME has been 
ensured on the one hand ōȅ ŀ ǊŜŦŜǊŜƴŎŜ ƎǊƻǳǇ ƻŦ h9aΩǎ ŀƴŘ ǎǳǇǇƭƛŜǊǎΣ ŀƴŘΣ on the other hand, 
through the participating (university) teams in a second edition of the Grand Cooperative Driving 
Challenge. For the design and setup or the automated systems i-GAME has used a 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 benchmark vehicles. Secondly, to focus on interoperability and 
thus speed up real-life implementation, a series of verification and validation workshops has been 
held, having its climax in the final challenge on cooperative automated driving, together with leading 
RTDs, and supported by OEMs and suppliers. Typical examples of multi-vehicle platoon manoeuvres 
were platoon forming, priority and speed adaptation (including stop) at a traffic light, and automatic 
or supported vehicle merging based on fusion of in-vehicle and on-roadside information. This open 
approach created a multi-vendor playground and should catalyse the scale-up and commercial roll 
out of vehicles equipped with the automated solutions.  

The HIGHTS 152project aimed to achieve high precision positioning system with the accuracy of 25 
cm, for applications such as highly automated driving, cooperative automatic cruise control and 
vulnerable road users (VRUs). The HIGHTS project has developed Cooperative Intelligent Transport 
System (C-ITS) to enable the 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 VRUs, as well as open 
the way to highly automated driving (HAD) applications. C-ITS applications rely on knowledge of the 
geographical positions of vehicles. Unfortunately, satellite-based positioning systems (e.g. GPS and 
Galileo) are unable to provide sufficiently accurate position information for many important 
applications and in certain challenging but common environments (e.g., urban canyons and tunnels). 
The HIGHTS platform aimed to increase the safety level of vulnerable road users (motorcycles, 
scooters, pedestrians) through bi-directional danger detection and by detecting slight deviations 
from driving courses, thus detecting danger before it occurs. Safety is a huge ŎƘŀƭƭŜƴƎŜ ŦƻǊ ǘƻŘŀȅΩs 
road scenario and it will be even more challenging in the future, with the progressive introduction of 
HAD applications such as C-ACC (Automatic Cruise Control that interacts with infrastructure).  

AUTOPILOT153 is another project in the context of connected and autonomous driving. The overall 
objective of AUTOPILOT has been to bring together relevant knowledge and technology from the 
automotive and the Internet of Things (IoT) value chains in order to develop IoT-architectures and 
platforms, which bring AD towards a new dimension. This IoT-architecture is said to enhance the 
security and comfort of the autonomous driving services. AUTOPILOT project has focused on the 
following use cases: automated valet parking, highway pilot, platooning, urban driving and car 
sharing. 

The Connecting Europe Facilities (CEF)-funded Connected Corridor for Driving Automation 
(CONCORDA)154 project evaluated connected services and facilities. Use cases considered were high-
density truck platooning and highway chauffeur automated driving on motorways. It evaluated ITS-

                                                           

 
152

  HEIGHTS: High precision positioning for cooperative ITS applications (GA No.636537). For further information also see: 
https://ec.europa.eu/inea/en/horizon-2020/projects/h2020-transport/intelligent-transport-systems/hights  

153
  AUTOPILOT: AUTOmated driving Progressed by Internet Of Things (GA No.731993). More details can be found at:  

https://autopilot-project.eu/  

154
  CONCORDA: Connected Corridor for Driving Automation. For further details about this project also see: https://i -

sense.iccs.gr/projects/ongoing-projects/item/1317-concorda  

https://ec.europa.eu/inea/en/horizon-2020/projects/h2020-transport/intelligent-transport-systems/hights
https://autopilot-project.eu/
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G5 and C-V2X (short-range and long-range) communication technologies155 aiming at overcoming 
fragmentation and assuring backward interoperability between Cooperative ITS (C-ITS) services and 
technologies providing them. Trials were conducted in Netherlands, Belgium, France, Germany and 
Spain. Interoperability for system architecture and communication technologies, services, and actual 
implementation has been evaluated between the sites. Besides communication aspects, CONCORDA 
also evaluated enablers such as precise positioning and the non-technical aspects of cost-efficient 
realisation of services. Especially the latter will allow findings from CONCORDA regarding ecosystem 
and business aspects to be considered for 5GCroCo once the respective CONCORDA deliverables 
become public. 

CODECS156 aimed for a concerted roll-out of C-ITS applications across Europe. In close cooperation 
with an established open C-ITS 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 with the C-ITS 
stakeholder network and important groups such as the Amsterdam Group, the C-ITS Deployment 
Platform and the standards setting organisations ETSI (ITS Technical Committee). During its lifetime 
CODECS has focused on: (i) Fostering knowledge exchange on initial C-ITS 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 strategy alignment of C-ITS deployment actors; (v) broadening and deepening 
awareness and understanding of opportunities for cities from C-ITS deployment networking and 
coordinating initial deployment activities. 

During 2008, the projects SAFERIDER157 and TeleFOT158 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.  

The INTERACTION159 project addressed the understanding of driver interactions. 

The PRE-DRIVE C2X160 project developed a primary common European architecture for I2V systems, 
while Germany, through the projects simTD161 and DIAMANT, envisioned increasing traffic efficiency 
and road safety.  

In 2009 the EC launched the FREILOT162 project, which developed C-ITS services for road goods 
transport.  

The projects SISCOGA163, eCoMove164, interactIVe165, OVERSEE166 and COSMO167 were launched in 
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 For further reading also see, among others: Mannoni, V., Berg, V., Sesia, S., and Perraud, E. (2019):  A Comparison of the 
V2X Communication Systems: ITS-G5 and C-V2X. In Proceedings of the 2019 IEEE 89

th
 Vehicular Technology Conference 

(VTC2019-Spring), pp.1-5. IEEE, Kuala Lumpur, Malaysia, April 28 ς May 01, 2019. 

156
  CODECS: Coordination and Support Action Cooperative ITS DEployment Coordination Support (GA No. 653339). More 

details can be found at: https://www.codecs-project.eu/index.php?id=5  
157

  Advanced telematics for enhancing the SAFEty and comfort of motorcycle RIDERs (GA No.85335). More details can be 
found at: http://www.saferider-eu.org/  

158
  Field Operational Tests of Aftermarket and Nomadic Devices in Vehicles (GA No.224067). For more details also see: 

www.telefot.eu  

159
  Differences and similarities in driver INTERACTION with in-vehicle technologies (GA No. 218560). For more details also 

see: https://interaction-fp7.eu/  

160
  Preparation for Driving Implementation and Evaluation of C2X Communication Technology (GA No. 224019). For more 

details also see, among others: www.pre-drive-c2x.eu  

161
  Safe and Intelligent Mobility - Test Field Germany. More details can be found at: https://www.as-

p.com/projects/project/simtd-sichere-intelligente-mobilitaet-testfeld-deu-94/show/  

162
  FREILOT: CT for adaptive urban transport management infrastructure and services (GA No.238930). Also see: 

https://www.up2europe.eu/european/projects/urban-freight-energy-efficiency-pilot_3084.html  

https://www.codecs-project.eu/index.php?id=5
http://www.saferider-eu.org/
http://www.telefot.eu/
https://interaction-fp7.eu/
http://www.pre-drive-c2x.eu/
https://www.as-p.com/projects/project/simtd-sichere-intelligente-mobilitaet-testfeld-deu-94/show/
https://www.as-p.com/projects/project/simtd-sichere-intelligente-mobilitaet-testfeld-deu-94/show/
https://www.up2europe.eu/european/projects/urban-freight-energy-efficiency-pilot_3084.html





























































































































































































































































