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Executive Summary

This document comprises the final report of the 5GCroCo dissemination, standardization and
exploitation activities, conducted during the execution of the project, with special focus on the
period from April 2020 to June 2022. A detailed overview of the activities that have taken place
from November to 2018 to March 2020 is available in D6.1. Dissemination, communication, and
community building actions of 5GCroCo members are presented. A complete list of webinars,
presentations in various events, scientific journals or conferences and other publications is
provided, together with the cooperation of 5GCroCo with Connected and Autonomous Mobility
(CAM) stakeholders. Technical requirements, legal, regulatory and business issues that need to
be addressed to facilitate the development of 5G-based CAM service in cross-border
environments are described, while spectrum issues related to cross-border coordination are also
analyzed. An overview of the current status of key technical topics in the relevant standardization
bodies is provided. Contributions of 5GCroCo members to standardization bodies and pre-
standardization associations are presented together with other 5GCroCo initiatives to
communicate the findings of the project. Finally, the exploitation framework defined in 5GCroCo
as well as the innovation management tasks are outlined together with the exploitation plans and
results of the project partners.
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1 Introduction

1.1 Objective of the Document

This report, D6.2, describes the activities conducted in the context of the 5GCroCo project to
facilitate the exploitation of the project’'s outcomes and promote the development of innovative
solutions, based on the new technologies introduced and the applications enabled by 5GCroCo.
Dissemination, standardization contributions and partners’ exploitation actions constitute the
5GCroCo framework of activities for the promotion of Fifth Generation (5G) technologies for the
Cooperative, Connected, and Automated Mobility (CCAM) in large scale cross-border scenarios.

An important objective of D6.2 is to identify potential gaps or barriers that could hinder or delay
the development of 5G CCAM service in cross-border environments. For that reason, a list of
potential gaps and/or requirements that may affect the smooth realization of cross-border CCAM
services has been identified. D6.2 also presents the current status of standardization, pre-
standardization, and regulatory bodies that are related with 5GCroCo obijectives. Also,
standardization and pre-standardization contributions (e.g., Third Generation Partnership Project
(3GPP), European Telecommunications Standards Institute (ETSI), 5GAA) related to 5GCroCo
objectives are also included in the report.

An analysis of the spectrum needs of connected vehicles has been already described in
deliverable D6.1, evaluating the expected data rate requirements — including those of the CCAM
use cases studied in the 5GCroCo project — against the resources available in typical 4G and 5G
deployments. In the present deliverable, and always in the context of identifying barriers for the
efficient, safe and smooth operation of CCAM services, spectrum issues related to cross-border
coordination have been analyzed (e.g., frame timing and the patterns of uplink (UL) and downlink
(DL) slots for Time Division Duplex (TDD) networks and their synchronisation across borders),
while potential enhancements have been proposed.

The dissemination and communication activities to spread 5GCroCo results in academia and
industry through various activities is presented in this document. The goal is to stimulate the
international research and industrial community on seamless connected and automated Mobility
in Europe, thus accelerating the expected impact. Project results have been presented to a broad
variety of audiences via events or industrial exhibitions that 5GCroCo members have participated
as well as special sessions, workshops, webinars and a summer school that were organised by
5GCroCo. Considered activities include publications, presentations, white papers, as well as
independent press reports about these events. Such public reporting helps achieve the expected
impacts, primarily with respect to the societal importance of the applications addressed in
5GCroCo and how these are perceived by the European society.

The demo days that were organised by 5GCroCo in July 2021 (live streamed demo) and in
October 2021 at the two cross border areas of the corridor in France, Germany, and Luxembourg,
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traversing three countries, two borders are described in this document. Also, the various means
(e.g., social media, website, videos, newsletters, web seminars etc.) prepared to promote the
5GCroCo outcomes are also presented. These means help to ensure broad visibility and raise
awareness about 5GCroCo, spreading knowledge about the project and its results. This report
summarizes the 5GCroCo efforts in creating a strong and efficient collaboration framework
between 5G Infrastructure Public Private Partnership (5G PPP) projects and other relevant 5G
initiatives (e.g., 5G Automotive Association (5GAA)). Interactions with various stakeholders,
policy makers and governmental organizations that help 5GCroCo ensure maximum impact and
visibility of project’s results are also presented.

Finally, D6.2 presents all activities related to industrial/business and academic exploitation of the
5GCroCo project results and push to the market through the on-board industrial partners, network
operators, and Small and medium-sized enterprises (SMEs) promotion campaign.

1.2 Structure of the Document

Section 2 provides an overview of key standardization and regulatory requirements or gaps that
5GCroCo has identified for the realization of 5G-based cross-border CCAM services. The current
status in relevant standardization bodies and the recent activities are presented. Spectrum-related
requirements in cross-border environments are also identified, together with suggested
enhancements. This section presents the standardization or pre-standardization contributions of
5GCroCo partners related to the 5GCroCo objectives and requirements that have been identified,
as well as the list of submitted and accepted contributions from May 2020 up to June 2022

Section 3 presents the overall 5GCroCo dissemination activities and provides detailed information
for the period from May 2020 up to June 2022. The dissemination tools and material prepared by
5GCroCo is described. In addition, the full list of events that 5GCroCo members have participated
to represent the project is provided, together with the list of activities organised by the project
(e.g., 5GCroCo Demos, web seminars, special sessions, and summer school). 5GCroCo
conference papers, journal papers, white papers that were submitted from May 2020 up to June
2022 are described. Inter-project collaborations actions and cooperation channels with other
associations are also presented.

Section 4 describes the exploitation framework defined in 5GCroCo as well as the innovation
management tasks as a basic building block for exploitation activities. Also, an overview of
exploitation results and plans by each individual organization is provided.

Section 5 provides a summary of the 5GCroCo results on dissemination, standardization and
partners’ exploitation activities.

10
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2 Path to Cross-border Deployment

2.1 Overview

Overall, the deployment of a complete Vehicle-to-Everything (V2X) infrastructure is a complex
task with several standardization, regulatory and legal issues that involve various stakeholders
(e.g., Mobile Network Operators (MNO), transport authorities, road operators and service
providers). The provision of CCAM services across different countries in Europe need harmonized
solutions to support cross-border traffic, when vehicles drive across various national borders.
There are technical and regulatory challenges due to the need for seamless connectivity and
uninterrupted delivery of real-time services across borders. Taking into account the multi-
operator, multi-country multi-car-manufacturer, multi-telco-vendor and cross-generation scenario
of any cross-border then it is evident that the situation becomes more challenging.

BGS SNS |1 55, e 5GAAS

Automotive Association
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Automotive Standards, SA), V2XUse cases | +phase3 V2X User Cases, C-V2Xsolutions /
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Figure 2-1: 5GCroCo Project in Relation to Central V2X Bodies

One of the key goals of 5GCroCo is to analyse and impact key standards that are relevant to the
5GCroCo innovation directions. Different standardization organizations (e.g., 3GPP, International
Organization for Standardization (ISO), ETSI), associations (e.g., GSMA, 5GAA), and research
projects around the world (e.g., 5G IA/5G PPP and 6G IA/SNS) have been working on CCAM
services and V2X communications in particular. Figure 2-1 illustrates how these different central
bodies influence the 5GCroCo project.

11
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In this section we provide an overview of the status of key standardizations activities as well as
potential gaps (i.e., standardization, regulatory, business and legal) that should be taken into
account for the successful realization of 5G-enabled cross-border CCAM services. Spectrums
issues related to cross-border coordination are also analyzed, while standardization contributions
of 5GCroCo partners related to the project’s objectives and the identified gaps are also presented.

2.2 Standardization and Regulatory Issues: Gaps,
Current Status and Required Contributions

2.2.1 Overview of Requirements and Gaps

For the provision of cross-border CCAM services, there are technical challenges (e.g., seamless
communication and uninterrupted real-time services across different countries) that can be
addressed via 5G technologies. But on the other hand there are several legal, regulatory and
business issues that should be considered. Table 2-1 provides a summary of barriers,
requirements and gaps from standardization, regulatory, business, and legal perspective, which
have been discussed in this paper and should be addressed for fast and efficient adoption of 5G-
enabled CCAM services, especially in cross-border environments. For the majority of the
identified technical issues there are either initial solutions or proposed enhancements that could
be adopted. At this stage, the evolution of the regulatory framework and the coordination among
involved stakeholders (e.g., for liability management, data management, security and privacy
issues) constitute probably the most important factors for the development of a consistent
ecosystem that is needed for cross-border CCAM services.

Table 2-1: List of Identified Gaps for 5G-enabled CAM Deployment

Topic Identified Gaps and Challenges
Roaming and inter- e Test and evaluate inter-MNO handover interfaces N14 for
MNO interaction standalone 5G New Radio and S10 for non-standalone, with

focus on cross-vendor interoperability tests to identify
implementation issues due to deviation from or different
interpretation of specifications.

e Investigate whether proactive actions (e.g., context transfer,
proactive registration) are needed before the inter-MNO
handover, to further reduce the time required for the exchange of
this information.

¢ Roaming schemes improvement for the reduction of roaming
latency and determination of more detailed Service Level
Agreement (SLA) handover, ensuring the maintenance of SLAs.

12
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Predictive and end-to-
end (e2e) Quality of
Service (Qo0S)

Specification of QoS prediction functionality in a multi-operator
environment, to receive QoS prediction notifications before the
handover from one MNO (home country) to another MNO (visited
country).

MEC

Inter-MEC communication, considering different architectures
and MEC deployment strategies in different countries by the
MNGOs.

Service and session continuity at country borders when switching
gateways and/or Mobile Edge Computing/Cloud (MEC) hosts
(e.g., server discovery, Internet Protocol (IP) address changes,
and connection-oriented transport layer protocols).

Network slicing

Slice selection impact during the transition from one operator to
another, when accessing a service in the visited network.

Impacts when registering and performing slice selection in the
visited network, during the transition from one MNO to another,
considering that 3GPP has defined a V2X slice type that could
serve as common ground for MNOs to define slices with same
QoS for certain V2X services in different networks, even when
roaming.

Data management

Regulation and protection of data ownership.

Definition of data sharing agreements among involved
stakeholders e.g., MNOs, road authorities, vehicle
manufacturers, map providers etc to enable various CCAM
services.

Cross-border data exchange should be regulated to enable
cross-border V2X services to retrieve and process data from
different countries.

Federation of different systems and solutions delivering V2X
services in order to become interoperable while preserving
independence.

Liability, security and
privacy

Homologation (certification) of several hardware and software
components involved in V2X services is needed and also the
regulation of homologation among different countries.

Define the regulatory and Ilegal framework for the
sharing/identification of responsibilities among V2X stakeholders
(liability management), within one country and across borders.

Define how e2e protection of information (vehicle, network, cloud)
could be provided. Considering also that different security and

13
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privacy frameworks such as General Data Protection Regulation
(GDPR) may be utilized by different countries.

V2X applications and e Standardization or other means achieving interoperability of
traffic management advanced V2X services (e.g., cooperative manoeuvres,
automated intersection management) allowing cross-Original
Equipment Manufacturer (OEM), cross-vendor and cross-MNO
realizations is needed to accelerate development of V2X,
services avoiding proprietary or localized solutions.

e Assure open access to descriptions of existing and future
interfaces between traffic management centers and cloud
platform (e.g., MEC) for collecting and sharing road and traffic
information (e.g., road warnings, road status), also across
different countries.

2.2.2 Status in Standardization Bodies

From a technical perspective, different entities shall interact to deliver CCAM services enabled by
5G across borders. On a high level, four tiers can be identified:

e The vehicle tier, which comprises cars and other road vehicles,

o the network tier, which comprises cellular networks and Intelligent Transport Systems
(ITS) infrastructure,

¢ the cloud hosting tier, which comprises cloud infrastructure, and

o the application tier, which comprises application clients and back-end systems to support
CCAM services.

Figure 2-2 presents the technical entities, technologies, and a subset of standardization bodies
that are involved in the provision of 5G-enabled cross-border CCAM services. In particular, it is
worth highlighting the following technologies and features:

e Cross-border / -MNO service continuity
e MEC
e Slicing and

e Predictive and e2e QoS.

14
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Figure 2-2 Overview of technologies and entities to deliver 5G-enabled cross-border
CCAM services [1]

An overview of the latest status of standardization work on the above topics is provided below.

Handover across borders and/or MNOs

Cross-border/-MNO handover, which is called “Inter Public Land Mobile Network (Inter-PLMN)
handover”, has been a requirement even for 4G Long Term Evolution (LTE) networks. But today’s
networks usually do not allow cross-MNO handovers. As it is analysed below, there is an initial
technical solution but the required links for interfaces across MNOs are not in place, mainly due
to the introduced complexity since each country has several MNOs that might need to be
interconnected. However, it is needed to evaluate the solution as decision basis to deploy the
links for cross-MNO interfaces, determine the QoS requirements for these links and also to
investigate further enhancements, considering the demanding QoS requirements that many V2X
services have (e.g., low latency).

The network that a user is a subscribed to is called home network, while the network to which the
user equipment (UE) roams to when leaving the home network, is called visited network.
Experience shows that when leaving a country, a UE will stay connected to the network of the
previous country (home or visited network) until it is so far away that it loses synchronization to
the last serving cell in the home network. For many seconds, or even minutes, radio link quality
can be very low making even simple Mobile Broadband (MBB) services and voice calls infeasible.
After loss of synchronization, the UE will perform a scan and attach to a new network in the new
country (visited network). It will then establish a new connection usually resulting in a new IP

15
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address, being served by a different network than the previous one. This process is called
“roaming”.

Analyses performed for the delay of the registration procedure indicate that this roaming
procedure is time consuming and introduces delays in the range of seconds or even longer [2].
The analysis in [2] shows that the attachment latency to a visited network may require few tens
of seconds due to the sequential process and the context transfer procedure, while towards the
home network it may require up to 9 seconds. The required attachment time can be affected by
various factors e.g., roaming agreements, load of Base Stations (BSs) or core networks. In a
roaming procedure [3], interaction between the Access and Mobility Management Function (AMF)
in the visited network, Unified Data Management (UDM) functions in the visited and home
networks, and the Policy Control Function (PCF) in the home network is needed. According to [4],
the time required to perform a single attachment procedure (without considering roaming delays)
is in the range of hundreds of milliseconds (~330 ms), which is unsuitable for many time-critical
V2X use cases e.g., cooperative manoeuvres, Tele-operated Driving (ToD) that have latency
requirements of less than 50 ms [5].

When the transition to the new network is completed, all traffic is still routed to the home network
as, nowadays, Home Routed Roaming is typically applied. In 5G communication systems, local
breakout or home-routed roaming schemes could be used to reduce these delays. In local
breakout, the user plane traffic is routed directly from the visited network to the data network,
while authentication and handling of subscription processes take place at the home network. In
home-routed, the visited network user plane traffic is routed to the data network via the home
network. In 5G, Security Edge Protection Proxies (SEPPs) are used to secure the connection
between the home and visited networks.

5G communication systems can enable cross-border / -MNO radio handover by deploying the
N14 interface between the AMFs of the involved operators. As a result, same handover
procedures as within the same network with AMF change apply. Such a solution requires
agreements between the MNOs and the deployment of particular interfaces. In this case the User
Plane Function (UPF) could remain unchanged in order to provide session continuity; however,
the details of such operation have to be defined. It should be noted that with non-standalone 5G
and even in the LTE communication systems the inter-MNO handover can be enabled, by
employing the S10 interface between Mobility Management Entities (MMES), across different
MNOs [6].

In any of the two cases, cross-MNO handover using either N14 (5G communication systems) or
S10 (in non-standalone 5G and LTE communication systems) aims at keeping session continuity
and minimizing interruption time. However, even though this is supported by the 3GPP
specifications, to the best of our knowledge, it is not deployed in current 4G or 5G networks, due
to the need for interfaces across networks managed by different MNOs. Also, cross-vendor
interoperability tests are necessary. According to [6], in a cross-MNO handover, the home, source
and target networks have to interact in order to exchange the following information:
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e At least information about used frequency channels to enable inter-frequency
measurements

e Cell IDs, Tracing Area Codes and PLMN IDs to enable Inter-PLMN handover and not just
Release with Redirect that has several hundred milliseconds of service interruption [7]

e Core context information in case of Release with Redirect and in case of Inter-PLMN
handover also RAN context information

For the reduction of the required time for the exchange of the information mentioned above, some
particular actions (e.g., context transfer, proactive registration) can be performed in advance, i.e.,
before the actual handover process is triggered. Nevertheless, to the best of our knowledge, this
feature has been rarely evaluated in a systematic manner. However, it is important to evaluate
the performance of cross-border/-MNO handover in commercial networks if CCAM services,
which require uninterrupted service provisioning, are to be offered. We conducted such evaluation
for our scenario with two MNOs and provided the results in Deliverable D4.3 [7].

Mobile Edge Computing/Cloud (MEC)

MEC is a key technology to meet e2e latency requirements introduced by novel 5G services and
aims at improving the efficiency of the whole network operation through the deployment of
computing and storage resources at the edge of the network, closer to mobile users. The
exploitation of edge resources offers the possibility to execute computing tasks in a distributed
manner directly at the edge of a network, reducing the traffic load on the core of the infrastructure
and guaranteeing faster service responses. The adoption of MEC technologies is particularly
suitable for V2X use cases due to its intrinsic characteristics such as the proximity to the end
device as well as the ultra-low latency and availability of high bandwidth.

With respect to MEC integration into 5G systems, 3GPP has defined a list of enabling
functionalities that are provided in [8], where a basic Application Programmable Interface (API)
for application function influence on traffic routing is specified. Further key issues and potential
solutions have been studied in corresponding Release 17 and in the ongoing Release 18 Study
Item (SI) [9].

One feature, especially useful in automotive context, was introduced in the 5G Core in Release
15. It enables a seamless change of session anchors (5G Core Protocol Data Unit Session Anchor
— Protocol Data Unit Session Anchor (PSA) — UPF) to have a short route between vehicle and
MEC-hosted application servers (AS). This includes mechanisms within the 3GPP core domain
like Session and Service Continuity mode 3 of the 5G Core [8]. Further adjustments might be
needed for improved e2e solutions where challenges like server discovery, IP address changes,
and connection-oriented transport layer protocols, e.g., TCP, must be supported. Even though
not all of these are within 3GPP specification domain, the 3GPP might provide solutions
supporting this.

The ETSI Multi-Access Edge Computing initiative, provides further specifications in the context of
MEC; e.g., APIs allowing applications and the network to exchange information [10]. Following
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this approach, applications deployed in MEC environments can benefit from a real-time access
to network-related context information, which can also support automotive use cases [11].

To date, one of the major challenges in the management of MEC applications remains the
application portability among different platforms (i.e., technical solutions). From a commercial
point of view, each MNO is offering its own solution; this requires the adaptation of the application
format each time, thus limiting the possibility of deploying distributed services across different
administrative domains unless recurring to custom solutions. ETSI MEC Industry Specification
Groups (ISG) has specified a MEC application data-model and Lifecycle Management APIs with
the purpose of defining a general and standardized approach for the orchestration of MEC
application. A further important aspect is related to the dynamic and transparent management of
SLAs between service providers and customers, which represents a key asset towards the
adoption of federated MEC ecosystems for running e2e services. In this direction, the TM Forum
alliance is working on the specification of business-oriented API, with several provided
specifications e.g., on SLA management [12]. Further initiatives that emerged towards the end of
the 5GCroCo project are GSMA Operator Platform Telco Edge [13] which is closely collaborating
with the Linux Foundation CAMARA?! project that follows an open source community rather than
a classic standardization body approach.

Currently, we have no reason to believe that further essential standardization effort for the MEC
is required, focusing on cross-border V2X services. Instead, solutions specified in 3GPP and other
fora need to be profiled. This could be firstly done for specific V2X use cases, due to the use-
case-specific service continuity requirements and then it could be merged to a common profile or
set of profiles suitable for all a larger set of V2X use cases.

Network Slicing

The previous section about MEC discussed APIs and pointed out the different bodies working on
this topic. By the end of 5GCroCo further ones emerged with the ambitions to unify the effort. As
of now, 3GPP provides different APIs to manage and monitor QoS for different services and other
organisations provide “wrappers” around it.

UE Route Selection Policies (URSPs) have recently gained attention to enable the network to
provide detailed information to the end-device, especially its operating system, to understand the
different “channels” the network offers and determine which service should use which channel.
The policies allow many different options for filtering such as Slice/Service Type (SST) together
with Slice Differentiator (SD), Data Network Name (DNN) and application identifiers. It
complements the 4G method of Traffic Flow Templates, which mostly filter based on IP addresses
and ports.

Predictive and e2e QoS
Service adaptation to achievable performance is an important requirement for critical V2X
services (e.g., safety, autonomous driving), especially in cross-border environments. On the other

1 https://camaraproject.github.io/
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side, many V2X applications can use different application-layer configurations (e.g., speed video
configuration), depending on the achievable communication performance, which might be
mapped to different QoS levels. This is a very useful feature, since the applications can operate
with alternative QoS profiles (e.g., even lower QoS) that could be selected instead of the initial
QoS profile.

The V2X Application Server (V2X AS) can provide a list of alternative service requirements to the
5G System (5GS), for the V2X applications that can operate with different configurations (e.g.,
different latency requirements). This allows the 5GS to support alternative service requirements
and apply them for the extended NG-RAN notification, as described in [8]. An improved service
adaptation and the avoidance of a session interruption due to QoS degradation are the key
benefits that the support of Alternative QoS profiles can provide to a service.

In addition, the experienced QoS may be affected by various parameters (e.g., mobility, roaming
and channel conditions). Harsh application adjustment, due to a QoS degradation, is not
appropriate and may affect the V2X services performance, since this might lead to service
discontinuity and impact traffic efficiency. Hence, an application may have to adjust its
configuration (e.g., increase inter-vehicle gap), according to the QoS that can be delivered. To
each application-level configuration a different QoS level (e.g., data rate, latency) may be
associated. A V2X application can be timely notified of predicted change of the QoS before the
actual change takes place, allowing thus the application to gracefully adapt its behaviour and
configuration to the expected achievable performance.

3GPP has introduced an architectural solution about the notifications on potential QoS change
[14]. The goal is to enable 5G communication systems to provide analytics information regarding
potential QoS change upon request from a V2X AS. The procedure for QoS prediction is provided
by Network Data Analytics Function (NWDAF). The V2X AS can provide the notification to the
vehicle side, and if needed, in the case of adjustment of the application then it is handled by in-
vehicle application. Predictive QoS (pQoS) support has also been identified as one of the key
solutions for mobility and Quality of Experience (QoE) support issues, described by ETSI, in the
context of the MEC framework [11]. One key example is illustrated in Figure 2-3, where the
relocation of application state information to the target MEC host is completed before connecting
to the MEC host.
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Figure 2-3 Pre-relocation of application state information [11]

The above-mentioned solutions of alternative QoS profiles as well as QoS prediction analytics
have been currently standardized to support only for the Uu interface (i.e., no QoS prediction
analytics for the sidelink interface), while further analysis is required for Cross-border/-MNO
interactions, where both could be useful to improve service adaptation capabilities and to maintain
a V2X service operational regardless of a QoS degradation. The latter is under discussion in the
Service Architecture (SA) Working Group (WG) 2 (SA2) Release 18 enhanced Network
Automation (eNA) SlI.

2.3 Cross-Border Spectrum Issues

2.3.1 Overview

In deliverable D6.1 [15], 5GCroCo conducted an analysis of the spectrum needs of connected
vehicles. We evaluated the expected data rate requirements — including those of the CCAM use
cases studied in the 5GCroCo project — against the resources available in typical 4G and 5G
deployments. One of our findings was that, with the emergence of UL-heavy use cases like ToD,
the spectrum needs of CCAM services might exceed the available resources in some situations,
in particular in UL direction.

For the present deliverable, we direct our efforts on understanding spectrum issues related to
cross-border coordination. Specifically, we focus on the frame timing and the patterns of UL and
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DL slots for TDD networks and their synchronisation across borders, which has been identified
as the potentially most harmful issue when it comes to cross-border spectrum coordination.

2.3.2 Time Division Duplex (TDD) Networks

5G New Radio (NR) supports operation in a wide range of frequency bands, from 600 MHz to
mmWave frequencies above 24 GHz. The majority of 5G deployments in Europe and the world
(including those in the countries of the 5GCroCo corridor) utilize C-band spectrum in the 3.5 GHz
range. These frequency bands use a TDD scheme. In contrast to Frequency Division Duplex
(FDD), where UL and DL data traffic use different frequency bands, TDD separates UL and DL
traffic in time. This means that transmitter and receiver need to be synchronised and only
transmit/receive in their respective time slots. In contrast to LTE, where there are seven distinct
UL/DL patterns defined in the standards, 5G NR allows much more flexibility, and the pattern can
be signalled by the network. To define a traffic pattern, individual slots can be assigned either to
UL or DL traffic. In addition, there are so-called “special” slots which are inserted whenever the
traffic switches from DL to UL. Special slots contain both DL and UL symbols as well as a guard
period (GP) of empty symbols in between. Even the number of DL and UL symbols in these
special slots can be configured. Two widely used patterns are DDDSUDDDSU and
DDDSUUDDDD, with special slot configurations of 10:2:2 and 6:4:4 symbols assigned to DL, GP,
and UL, respectively. These patterns are illustrated in Figure 2-4.

Figure 2-4: TDD patterns

2.3.3 National TDD Patterns

When deploying two TDD networks in neighbouring geographic areas but in the same band, care
has to be taken about the alignment of their UL and DL slots. Technically, the 5G NR standards
allow realizing almost any TDD pattern, as explained above. However, in most states there is not
a lot of flexibility when it comes to choosing the TDD pattern. For example, in France, a
DDDSUUDDDD pattern is mandated to ensure coexistence with legacy LTE TDD networks. In
Germany, on the other hand, a DDDSUDDDSU pattern is being used. Other countries like
Luxembourg and Belgium will also adopt the German pattern. Unaligned TDD patterns will
however lead to cross-link interference, which is particularly harmful in the DL-to-UL direction.
This is illustrated in Figure 2-5. Note that there will even be interference towards the UL symbols
in the special slot.
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Figure 2-5: Interference from unaligned TDD patterns

Even if two networks use the same basic pattern, they might use a different starting time. For
example, a variant of the DDDSUUDDDD pattern, shifted by 4 slots, is DDDDDDDSUU. Having
two neighbouring networks with these patterns would result in an even worse interference
situation, illustrated in Figure 2-6.

Country C Overlapping coverage area Country B
Operator 3 Operator 2
111 444
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Figure 2-6: Interference from the same TDD pattern shifted in time

Using different TDD patterns in different countries naturally leads to issues in border regions. In
the absence of cross-border coordination, the common solution to mitigate the DL-to-UL
interference is DL blanking. This is a technique, where the networks simply do not use their DL
slots which overlap with an UL slot of the other network. The obvious downside is a significant
reduction in DL throughput, e.g., by about 17% in the case of DDDSUDDDSU vs. DDDSUUDDDD
(see Figure 2-5). DL blanking might also not be supported by all equipment, in particular by legacy
4G networks.

The situation becomes even more challenging in geographical regions with multiple country
borders, as in the F-D-L region of the 5GCroCo corridor, and multiple other regions throughout
central Europe. Resorting to DL blanking to mitigate interference to multiple other networks using
different TDD patterns carries the risk to reduce the DL throughput by so much as to render the
network essentially unusable. In such a situation, an operator might decide not to deploy a 5G
network in the border region at all.

In addition to employing different TDD patterns, countries in many cases also have their own rules
how to modify these patterns. In France, the pattern is mandated by the government at least until
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2025. In Luxembourg on the other hand, operators are requested to coordinate about their
patterns.

2.3.4 Campus Networks

In addition to public 5G networks operated by MNOs, an emerging trend is the deployment of
private or campus networks by private industries, e.g., in large factories. One of the first
companies to experiment with campus networks was the automotive supplier ZF Friedrichshafen
AG, who have a factory in Saarbrtcken. right within the 5GCroCo corridor.

Campus networks use the same technology and the same spectrum as public 5G networks and
thus need to coordinate with the public networks, too. However, different rules and regulations
apply to campus networks, so coexistence with public networks is challenging even far from any
border. Again, being close to a border adds an additional dimension to the problem and multiplies
the challenges, since coexistence needs to be ensured even with the public networks in the other
country. It should also be noted that private networks are to a large part exempted from cross-
border regulations that public networks are required to follow.

2.35 Ratio of UL/DL Resources

Data traffic in today’s cellular networks is mostly DL-heavy; video streaming makes up 60-70% of
all mobile data traffic [16]. Consequently, 5G TDD networks typically use a DL:UL ratio of
approximately 8:2, as in the patterns described in Section 2.3.2. Many emerging use cases are
however more UL-heavy. This is true in particular for many industrial use cases (e.g., sensors
continuously transmitting measurements), and thus for campus networks. Another good example
is the 5GCroCo use case of ToD, where high-resolution sensor data, including multiple High-
definition (HD) video streams, needs to be transmitted to a vehicle control center in real time. In
the DL direction, the required data rate is significantly smaller, since only control commands need
to be sent to the vehicle. This use case was analyzed in the 5GCroCo spectrum requirements
analysis that was included in deliverable D6.1 [15]. There, it was found that a shortage of UL
resources can be expected if UL-heavy use cases like ToD should be supported in wide areas.
Thus, a DL:UL ratio of around 6:4 might be a more natural choice for many networks in the near
future, and there might be a desire to change existing TDD patterns. However, changing the
pattern in a single network to a more UL-heavy configuration might not easily be possible, since
there might be other TDD networks close-by, which would create unacceptable DL-to-UL
interference to the newly converted UL slots. Modifying the TDD pattern in a single network has
repercussions to other networks and across borders and needs to be coordinated to avoid a
massive increase in generated interference.

2.3.6 Direction of Solutions

Itis clear that coordination of 5G TDD networks is needed across Europe. Ideally, networks should
use the same TDD pattern and the same reference timing. Coordination in advance, before
spectrum bands are auctioned off to MNOs or awarded to private users, would certainly help.
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Once rules are set and networks are starting to be deployed, most parameters are very difficult
to change. The existing TDD deployments can serve as an example.

In summary, there is a need for a harmonized process for defining TDD patterns of future
frequency bands, as well as for changing existing patterns. Private networks should be included
in this framework. In the absence of such a framework, 5G TDD networks (not only) in border
regions will suffer from widespread use of costly measures such as DL blanking, or they might
not be built out to the full extent. Finally, it should be understood that Europe in this context means
the whole geographical area, not only the European Union (EU) countries.

A potential example for European coordination is a new version of the Electronic Communications
Committee (ECC) Recommendation (15)01 (“Cross-border coordination for Mobile/Fixed
Communications Networks (MFCN) in the frequency bands 694-790 MHz, 1427-1518 MHz and
3400-3800 MHZz”), that is currently being drafted by European Conference of Posts and
Telecommunications Administrations (CEPT). This Recommendation contains provisions for
cross-border coordination between networks in order to avoid harmful interference. In particular,
the update currently under discussion will define field strength values for synchronized and
unsynchronized TDD systems in the 3.5 GHz range in border operations with and without
blanking. This Recommendation could be applied to further border agreements between
administrations in Europe.

5GCroCo has communicated the above-mentioned spectrum-related findings to the Body of
European Regulators for Electronic Communications (BEREC).

2.4 Recommendations for Deployment

The deployment study of 5GCroCo [17] has delivered an indicative planning approach for rolling
out 5G for CAM infrastructure along the motorway “triangle” interconnecting France, Germany
and Luxembourg, including regional Mobile Edge Computing (MEC) infrastructure.

The 5G network deployment suggests starting with low-band spectrum (e.g., 700 MHz band)
suitable for quickly achieving wide-area coverage along the motorway corridor sections, by
leveraging primarily existing tower and roof-top sites. These sites can be upgraded, depending
on the available space left and other factors like total emitted radiation power budgets per site, to
include a capacity layer based on mid-band spectrum such as the 3.x GHz band - once data
traffic demand is increasing with the uptake of 5G for CAM enabled vehicles and services, but
also non-related uptake of 5G eMBB traffic. Extrapolated for the full corridor triangle, a significant
number of new sites will be required to deploy such a capacity layer along the corridor sections —
as 5G for CAM and non-related eMBB traffic will grow.

Although it is expected that private investments into 5G for CAM infrastructures will account for
the majority of 5G infrastructures on road transportation corridors, these corridors will only see
modest initial 5G usage outside of cities and agglomerations such as Metz,
Saarbriicken/Saarlouis/Merzig and Luxembourg-City, especially in the more rural parts of the
corridors and in challenging environments such as natural conservation areas, and sections along
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or across the borders. In order to create a break-through moment, co-investment using funds like
CEF Digital [18] and [19] and RRF [20] in combination with private investment should help
unlocking the full potential of 5G for CAM. At a next stage, these funds could also help to tackle
capacity deployment in economically challenging areas, same as mentioned before.

While 5G communication infrastructures are the first and foremost foundation of enabling 5G for
CAM, the low-latency computing element must not be neglected, especially for more advances
5G for CAM services. Here, the deployment of regional MEC data centres in reasonable proximity
to the 5G RAN “network edge” will become pivotal for completing the enabler infrastructure
elements required for 5G for CAM services. As a start, regional MEC deployments like one per
region within the respective corridor sections of the involved countries have been suggested.
These can scale by deploying more computing power per MEC site or by deploying more
distributed MEC infrastructures in subregions — and the combination of both.

Complementing these recommendations in the deployment study of 5GCroCo, 5GCroCo also
facilitated the creation of a deployment meta-study [21], which compares the deployment studies
of the three ICT-18 call projects 5G-CARMEN, 5G-MOBIX and 5GCroCo, and indicates gaps,
which should be addressed in future deployment studies and actual deployment works.

2.5 5GCroCo Standardization Contributions

From the beginning of the project 5GCroCo partners have successfully submitted:

* 40 contributions to 3GPP (focusing on areas such as QoS prediction, QoS prediction in
roaming scenarios, QoS management, MEC and ToD), while 10 have been submitted
from May 2020 till June 2022 relevant for 3GPP SA2 Release 17 and Release 18
(ongoing).

» 5 contributions to ETSI ITS for enhancements of the ITS architecture with C-V2X.

* 66 contributions to 5GAA on the following topics: ToD, Anticipated Cooperative Collision
Avoidance (ACCA), Multi-MNO Issues, MEC, QoS prediction positioning, Functional
Safety, Cooperation Models, while 30 have been submitted from May 2020 till June 2022.

These contributions have been accepted. Only final contributions have been considered, not
earlier iterations.

251 Contributions to 3GPP

Table 2-1 summarizes the accepted standardization contributions submitted by 5GCroCo
partners and related with 5GCroCo objectives, identified gaps and solutions, from May 2020 to
June 2022. It should be noted that this is not an exhaustive list of accepted contributions inspired
by 5GCroCo, since the meetings for Release 18 are still ongoing at the time of publication of this
report. This list of standardization contributions is related with results from 5GCroCo Work
Package (WP) 2 and WP3 deliverables and internal reports and with the areas/topics presented
in previous sections and specifically in Section 2.2.

25



Documents: 5GCroCo/ D6.2

Version: v1.0
Date: 2022-08-31
Status: Final

Dissemination Level: Public

Table 2-2: List of 5GCroCo Standardization Contributions

Standardization | Title and document number Meeting Place Date
Body
3GPP S2-2102004, 23.548: EAS SA WG2 Meeting | February 24
Rediscovery #143 e-meeting — March 09,
2021
3GPP S2-2102984, 23.548: General SA WG2 Meeting | 12 — 16 April,
descriptions and reference #144 e-meeting 2021
architectures for Edge Computing
3GPP S2-2102987, 23.501 CR2763R1 (Rel- | SA WG2 Meeting | 12 — 16 April,
17, 'B"): Update of Edge Computing #144 e-meeting 2021
3GPP S2-2102988, 23.548: General SA WG2 Meeting | 12 — 16 April,
Discovery aspects #144 e-meeting 2021
3GPP S2-2105043, 23.548: Updates to EAS | SA WG2 Meeting | May 17— 28,
Re-discovery Procedure at Edge #145 e-meeting 2021
Relocation.
3GPP S2-2201620, 23.700-81: New key SA WG2 Meeting | February
issue on data and analytics exchange | #149 e-meeting 14th — 25th,
in roaming case 2022
3GPP S2-2201623, New KI: QoS SA WG2 Meeting | February
Sustainability analytics enhancement | #149 e-meeting 14th — 25th,
on finer granularity area and 2022
additional input data
3GPP S2-2203372, Solution on KI#7: SA WG2 Meeting | April 6 — 12,
Enhanced QoS Sustainability #150 e-meeting 2022
Analytics
3GPP S2-2205103, KI#7, Sol#19: Update to | SA WG2 Meeting | May 16 — 20,
remove the FFS #151e-meeting 2022
3GPP S2-2205086, 23.700-81: KI#3, New SA WG2 Meeting | May 16 — 20,
Sol: Analytics Exchange in Home #151e-meeting 2022
routed roaming case.
2.5.2 Contributions to 5G Automotive Association (5GAA)

5GAA was one of the key destinations of 5GCroCo results and requirements, since it is a cross-
industry organization of companies from the automotive, technology, and telecommunications
industries, working together to develop e2e solutions for future mobility and transportation
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services. 5GAA is a platform where many of the identified gaps and topics are also discussed.
Hence, 5GCroCo participation (via 5GroCo members that are also 5GAA members) is considered
important and beneficial for the project and its objectives.

5GCroCo members have updated 5GAA members about the progress and activities in several
occasions (e.g., in a dedicated session of the 22" F2F meeting in Atlanta, May 2022 and in the
21%t virtual plenary meeting, February 2022). 5GCroCo partners have contributed to several WIs,
conducted within the WGs, as well as organized as so-called cross-WG work items (XWIs),
bundling the various aspects of the 5GCroCo use cases into one single work-item:

» Predictive QoS and Service Adaptation (PRESA)

* Enhanced E2E Network Slicing and Predictive QoS (eNESQO)

» High accuracy positioning for C-V2X (V2XHAP)

* Implementation of interoperability tests for C-V2X Plugfests

* MEC technology to support automotive services (MEC4AUTO)

+ Safety Treatment in Connected Automated Driving Functions (STiCAD)
* Requirements and architecture for ToD

+ V2X Network Reselection Improvements (NRI).

The Exploitation and Innovation Manager of 5GCroCo from DTAG, Dr. Johannes Springer, is also
working as Technical Director of 5GAA, thus resulting in a perfect link between 5GAA and
5GCroCo.

Moreover, 5GCroCo members have contributed, 5GCroCo related contributions, to the following
reports that are publicly available (https://5gaa.org/5gaa-in-motion/news/#studies):

1. Tele-operated Driving (ToD) — Use Cases and Technical Requirements (WP2, WP3)

2. Tele-operated Driving (ToD) — System Requirements Analysis and Architecture (WP2,
WP3)

MEC for Automotive in Multi-Operator Scenarios (WP3)
Network Reselection Improvements (NRI) (WP3)
STICAD Safety Treatment in Connected and Autonomous Driving Functions (WP2, WP3)

L

Cooperation Models enabling deployment and use of 5G infrastructures for CAM in
Europe (WP5).
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Figure 2-7 5GAA Studies with contributions by 5GCroCo members

2.5.3 Automotive Edge Computing Consortium (AECC)

5GCroCo partners were inspired by the AECC Technical Report “Driving Data to the Edge: The
Challenge of Traffic Distribution Version 2.0” [22]. AECC solutions, among others, were
considered in the 5GCroCo architecture for MEC server discovery and as reference for different
options how MEC facilities can be connected to 3GPP network facilities. Those are mostly static
procedures with limited focus on dynamically changing MEC-hosts and gateways. Our findings
on dynamic MEC-host and server switching were contributed to AECC and we expect them to be
published in Version 3.0 of the Technical Report.
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254 Global System for Mobile Communications Association

(GSMA) Initiative
GSMA has formed a Foundry Initiative on RAN Data Sharing and?> Network Reselection
Improvement. 5GCroCo members essentially contributed to the group. Insights now published in
Deliverable D3.3 [23] were made available to the initiative beforehand. It also served as common
umbrella to align across the Horizon 2020 ICT-18 projects and eventually also the ICT-53 ones.
The work of the initiative is currently paused.

2 This is the official name. The word “for” rather than “and” would better capture the intention of the group
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3 Dissemination Activities

3.1 Overview

A comprehensive set of dissemination, communication, and community building activities (Figure
3-1) contribute to the overall success of 5GCroCo, with the clear ambition to directly help the
growth and consolidation of the 5G Infrastructure Public Private Partnership (5G PPP) program
as a crucial initiative for successful transformation of the European industry.

The 5GCroCo project is implementing a coordinated dissemination strategy to give visibility to the
project activities to relevant stakeholders, focusing on network operators, service providers and
the automotive sector, but also to stimulate the collaboration with the international research
community to facilitate exploitation of the project’s outcomes and promote the development of
innovative solutions based on the new technologies introduced by 5GCroCo.

The dissemination actions to reach broader audiences are based on:
- Organization of 5GCroCo Demo Day

- Dissemination material, including a website, social media profiles, flyers, posters,
newsletters, press releases, media appearances and videos.

- Participation in congresses, workshops, industrial events and scientific conferences.

- Publication of project results in scientific and technical papers and articles in journals and
magazines.

~ g e
E flyers %’ Publications ,:]]ﬂ Press @ e-Newsletter every 4
posters iy DO Releases M months

. ] .
e G 5GCroCo;
Twitter, YouTube, =] Innovation
LinkedIn gzﬁﬁ workshops
AR v seminars
Ly se 5 S5 pre =)
b i T ——
D) ! EmosLE  eUCAr  ~ canocan
. SGRoUTES
L wumrall

Figure 3-1: Main 5GCroCo Dissemination and Communication Activities

In this section, the summary of the 5GCroCo dissemination activities from May 2020 to June 2022
is provided, while the period from November 2019 to April 2020 has been reported in D6.1 [15].
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3.2 5GCroCo Demos

3.2.1 Live Streamed Demo July 2021

On the 8" July 2021 5GCroCo carry out demo from the German - Luxembourgish corridor, in the
Schengen region. Selected user stories from the three use cases were demonstrated:

e ToD validated User Story (US)#1 Remotely Controlled Manoeuvring (Direct Control) and
US#2 Remotely Controlled Path-based Driving (Indirect Control) (Figure 3-2).

e HD Mapping demonstrated (Figure 3-3) US#1 HD Map Downloading to the Car, and
partially US#2 Map Uploading Map Deviations to the Cloud in the Remerschen-Schengen
corridor region. US#3 Closing the Loop (Up- and Download) camera functionality was
validated and live streamed from Sweden.

e ACCA use case (Figure 3-4) showcased US#1 Ego Detected Event and US#3 Traffic Jam
Detection.

Demonstration was live streamed from Luxembourg, and partially from Sweden to 5GCroCo
team, Project Officer and EC experts.

Figure 3-2: ToD Demonstration July 2021
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Figure 3-3: HD Mapping Demonstration July 2021

Figure 3-4: ACCA Demonstration July 2021

3.2.2 5GCroCo Demo Day

5GCroCo Demo Day: Seamless Connected and Automated Mobility in Europe, was celebrated
on the 215 October 2021. 5GCroCo use cases (ToD, HD Mapping and ACCA) were demonstrated
in two cross border areas of the corridor that connects the cities of Metz-Merzig-Luxembourg in
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France, Germany, and Luxembourg, traversing three countries, two borders. The event was
organized around two venues close to both German-Luxembourgish (Figure 3-5) and French-
German (Figure 3-6) cross-border corridor test and trials site where use cases were
demonstrated. During the morning, the main venue was the Koch’s Haus in Schengen,
Luxembourg. Then, attendees were transferred to the Mercure Hotel Saarbriicken, Germany.

Figure 3-6: French- German Cross-Border Corridor Demonstrations Locations
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Table 3-1: 5GCroCo Demo Day Agenda

Agenda 5GCroCo Demo Day- 215t October 2021

Time Activity Location

9:00-9:30 Press Conference Schengen, Luxembourg

Use cases technical presentations for small | Schengen, Luxembourg
groups.

ToD, HD Mapping and ACCA Demos

12:00-13:00 Transfer

13:15-13:45 Press Conference Saarbriicken, Germany

13:45-16:45 | Use cases technical presentations for small | Saarbriicken, Germany
groups.

ToD, HD Mapping and ACCA Demos

5GCroCo Demo Day was attended by close to fifty guests, among them our project officer and
EC experts, 5GCroCo External Advisory Board members, German, French and Luxembourgish
press. 5GCroCo Demo Day was possible thanks to the effort of 5GCroCo team, being more than
50 people on site for the day. A strict COVID protocol was followed to ensure participants’ safety.

A press note was released right after the event and published at 5GCroCo project homepage
(https://5gcroco.eu/news/73-5gcroco-project-demo-day.html). The event appeared in more than
seven media such as press and TV stations (Section 3.3.5 and Annex ).
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Figure 3-7: 5GCroCo Demo Day

3.3 Dissemination Material

5GCroCo project prepared a set of physical and online dissemination material to promote the
awareness of the project among the general public and also among the scientific, technical, and
industrial community.
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3.3.1 Public Website

A public 5GCroCo website is accessible since November 2018 at the following Uniform Resource
Locator (URL): https://5gcroco.eul.

The project website (screenshot shown in Figure 3-8) is used for disseminating and promoting
5GCroCo activities, results, and outcomes. It is also used to advertise events and share
information with other 5G PPP projects and, in general, with anyone not directly involved in the
project. CTTC, as the coordinator of the project, is responsible for the maintenance of the
5GCroCo website. The website will be available until 2026, four years after the end of 5GCroCo
project.

5GCroCo. ABOUT v NEWS&EVENTS v NEWSLETTER PUBLICATIONS v  RELATED LINKS CONTACT Q

LATEST NEWS

5GCroCo Face to Face Plenary Meeting

News / 5GCroCo

5GCroCo team celebrated its 13th Plenary Meeting at CTTC premises.

Figure 3-8: 5GCroCo Website

The website consists of different pages and subpages that provide information about: news and
events related to 5GCroCo project activities, newsletters, publications, including all public
deliverables, presentations and scientific papers produced during the lifetime of the project, as
well as other dissemination material such as flyers and roll-ups.

The website traffic is analysed using Google Analytics tool that provides information about the
number of visitors, duration of the sessions, etc. These data are graphically represented in Figure
3-9 and Figure 3-10.There are some limitations on Google Analytics that make unique visitors
metric unavailable.
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Figure 3-9: Users per Month that Visited 5GCroCo Website (November 2018 — June 2022)
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Figure 3-10: Average Session Duration (November 2018 — June 2022)

Table 3-2 and Table 3-3 present the main figures of the 5GCroCo website traffic.

Table 3-2: 5GCroCo Website Traffic Data

www.5gcroco.eu Website Data from November 2018 — June 2022

Users (New and returning) 14.259

Sessions 22.470

Number of Sessions per User 1,58

Page Views 49.979
Page/Session 2,22

Average Session Duration 00:01:45

Bounce rate 50.08%

Returning visitors 83.1%

Table 3-3: 5GCroCo Website most Visited Sections

5GCroCo Website Section Views
Home 26.040
News 3.433
Publications/Deliverables 2.930
Publications/Material 1.905
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The location of the users is also provided (Table 3-4), and the cities from where the biggest
amount of people visit the website, in this order: Paris, Barcelona, Luxembourg, Ashburn,
Amsterdam, Helsinki, Vienna, Brussels and Munich.

Table 3-4: 5GCroCo Website Visitors per Location (Country)

Country Percentage Visitors
(%)
France 12.46
Germany 11.99
USA 10.43
Spain 10.30
Luxembourg 4.13
Belgium 3.64
United Kingdom 3.58
Netherlands 3.43
Finland 2.94
Sweden 2.81
3.3.2 Social Media Representation

5GCroCo is present in relevant social media platforms for dissemination and outreach activities:
Twitter, Linked-In and YouTube. Profiles in Twitter and Linked-In are maintained active via regular
posting and monitoring. CTTC together with MWCB and Stellantis, as dissemination leader, are
coordinating the social media accounts, the news page of the website, as well as the newsletters
preparation, receiving useful content by all 5GCroCo members.

3.3.2.1 Twitter

The 5GCroCo Twitter account (@5GCroCo) is located at https://twitter.com/5gcroco. The account
is mainly used for promoting events where 5GCroCo participates or organize, besides announcing
project activities, public deliverable and press releases (Figure 3-11).

In addition, the Twitter account is used to promote relevant information generated by other Twitter
accounts which contain information related to CCAM services and 5G technologies.
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Figure 3-11: 5GCroCo Twitter Account

As of the end of June 2022, the 5GCroCo twitter account is followed by 927 accounts and has an
activity of 693 tweets (average of 16 tweets per month since the project started).

3.3.2.2 Linked-In

The Linked-In profile (Figure 3-12) serves to promote and disseminate project activities and
results among a more professional audience. The 5GCroCo Linked-In profile is available here;
https://www.linkedin.com/in/5gcroco-cross-border-connected-and-automated-mobility-
6b1499173/

5GCroCo Cross-Border Connected and Qi 112020 Rasoarch and
s Innovation programme
ted Mobility

nd Automated Mobility (CCAM)

478 seguidores - 404 contax

Figure 3-12: 5GCroCo Linked-In Account

As of the end of June 2022, the 5GCroCo Linked-In profile has 404 contacts.
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3.3.3.3 YouTube

5GCroCo has a YouTube account that hosts all videos produced during the project lifetime, in
order to make them available to a broad audience and maximize impact. A direct link to the videos
is also included at 5GCroCo website. 5GCroCo YouTube channel is located at the following URL:
https://www.youtube.com/channel/UC0SZciPOx hvRfQjoLvZs4Q

The channel has 47 subscribers and 11 videos have been posted; together, they account for a
total of 5,062 views during the whole project execution.

3.3.3 Flyers and Roll-ups

Two versions of a flyer have been designed and printed to promote the key project objectives and
information during the project execution period at several events (Figure 3-13, Figure 3-14). The
digital version of the flyers, in pdf format, are available at the 5GCroCo website. Flyers target a
broad audience, from technical to general public.
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Figure 3-14: 5GCroCo Flyer, Version Il
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In addition, a project brochure was designed and printed at the end of 2019. Brochures were
distributed during ITS Hamburg 2021, when physical events were possible again after the COVID

restriction were eased (Figure 3-15).
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Figure 3-15: 5GCroCo Brochure for Events in 2021

An updated version of the brochure was printed again in April 2022 and was distributed at the
14th ITS European Congress in Toulouse, 30" of May to 1 of June 2022, and at the European
Conference on Networks and Communications (EUCNC) & 6G Summit 2022 in Grenoble (Figure
3-16).
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Figure 3-16 5GCroCo Brochure for Events 2022
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Two roll-ups (Figure 3-17 and Figure 3-18) have been also used at exhibition booths where
5GCroCo has participated. They have also been used during 5GCroCo face-to-face meetings to
enhance team spirit and strengthen the unity among the 5GCroCo members.
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Figure 3-17: 5GCroCo Roll-up Version 1
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Figure 3-18: 5GCroCo Roll-up Version 2

3.34 Newsletters

A periodic newsletter, in electronic format, has been distributed every period of about four months
during the lifetime of 5GCroCo project. It consisted on pieces of news regarding key activities
carried out in the project during months previous to the publication of each edition. In total, eleven
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(11) newsletters have been prepared and published from the beginning of the project (Figure
3-19). An overview of those published from May 2020 to June 2022 is provided below:

Fifth Newsletter: announced the publication of the intermediate Report on Standardization,
Dissemination and Exploitation Activities (D6.1), presented 5G PPP activities related to
the project such as the release of Business Validation in 5G PPP Vertical Use Cases
White Paper and the Target Stakeholders picture. Moreover, contained information about
the first test and trials carried out at the small scale sites of Munich and AstaZero, where
ToD and HD Mapping were tested, and the progress in 5G network tests in Luxembourg.

Sixth Newsletter: announced the release of the joint white paper of ICT-18 projects on “5G
trials for CCAM along European Cross-Border Corridors” and publicised the respective
web seminar. 5GCroCo’s animation video to depict use cases and user stories was
released. Other activities such as the publication of the “5G European Strategic
Deployment Agenda for Connected and Automated Mobility” and the outcome of a 5G
Infrastructure Association (5G 1A) Pre-Standardization WG survey on the achieved and
planned impact of 5G PPP Horizon 2020 projects on Standards Development
Organisations were briefly presented. Moreover, test and trials activities in the small scale
and in the corridor sites were announced.

Seventh Newsletter: included the announcement of scheduled 5GCroCo web seminars.
Described HD Mapping test and trials in Luxembourg corridor site. ACCA small scale sites
videos, both from Montlhéry and Barcelona were announced. Also includes an overview
of latest deliverables released.

Eighth Newsletter: included information about the ACCA French first round of tests and
trials carried out in the corridor region. It also summarized the activities during the demo
that was conducted in 8" July demo. Publications during this period were listed, while the
5GCroCo web seminar on Message Queuing Telemetry Transport (MQTT) is announced.
Participation at EUCNC 2021 and MWCB 2021 was described. Finally, the eighth
newsletter promoted the tests of small scale sites and trials video.

Ninth Newsletter: a summary of the 5GCroCo Demo Day, held on the 215t of October 2021
was presented. 5GCroCo participation at ITS World Congress in Hamburg, including a
booth and a demo was also depicted. Announcement of a panel participation organized
by Spanish 5G-Observatory. Positioning trials carried out in Barcelona in the scope of
ACCA use case were described. Publications during the period were listed. ToD and HD
Mapping corridor trials videos release was announced.

Tenth Newsletter: included information about the 5GCroCo project participation at the
Mobile World Capital (MWC) 2022 in Barcelona, while our participation at ITS European
Congress in Toulouse was announced. The summer School on “6G Connected
Automated Mobility across Europe (5G-X-EU)”, organized together with 5G-Routes
project, was promoted. 5GCroCo web seminars scheduled during the period were
introduced and ACCA corridor trials and 5GCroCo Demo Day video were announced.
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e Eleventh Newsletter: included a summary of the solutions for CAM services continuity
cross border, presents highlights of the 1st Summer School 5G-X-EU on "5G Connected
Automated Mobility across Europe” that 5GCroCo together with 5G-Routes project co-
organized, updates about 5GCroCo’s presence at the ITS European Congress 2022,
EuCNC 2022 and the Internet of Things (IoT) Week 2022. Finally, disseminated the white
paper that 5GCroCo contributed “From 5G to 6G Vision: A connected and automated
mobility perspective” of the 6G Infrastructure Association (6G-1A) 5G for CAM WG.

Newsletters were distributed electronically via email, Twitter, and were also published at the
5GCroCo website (https://5gcroco.eu/newsletter.html). The subscription form was available at the
5GCroCo website, taking into account the General Data Protection Regulation (GPDR) rules.
5GCroCo Newsletter had 160 subscribers at the end of the project.

1st Newsletter 2nd Newsletter 3ed Newsletter

4th Newsletter 5th Newsletter 6th Newsletter
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Figure 3-19: Published 5GCroCo Newsletters

3.35 Press Releases and Media Presence

5GCroCo released three (3) press notes by the whole consortium during the execution of the
project. The press releases were provided to media and also published at 5GCroCo website. The
first press note was released on February 2019, at the beginning of the project, presenting the
project objectives. The second press note was prepared in the context of 5GCroCo Demo Day
and published in October 2021. Last press joint note was about collaboration with 5G Blueprint
project, released on December 2021.

Apart from the press releases that have been prepared by the 5GCroCo consortium as a whole,
in some cases individual partners have released their own press notes about their project
participation and contribution e.g., by Orange®. In addition, some partners have published two (2)
joint press releases during the project execution. A joint VOLVO and ERI press release was
published in May 2021, titled “Volvo Cars and Ericsson achieve first cross-border 5G network
vehicular handover™. DTAG and ERI published a joint press release in June 2022, “Seamless 5G
connectivity: cars warn of road dangers across national borders™.

3 https://newsroom.orange.com/orange-participates-in-the-5gcroco-project-for-a-seamless-connected-
and-automated-mobility-in-europe/

4 https://www.ericsson.com/en/news/2021/5/volvo-cars-and-ericsson-in-connected-car-milestone

5 https://www.telekom.com/en/media/media-information/archive/5g-connectivity-cars-warn-of-road-
dangers-1009468
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5GCroCo project has also appeared in several media, including TV and printed press during the
execution of the project, referring to project’s results, demos and trials:

e Automobilwoche, November 2018
e Paperjam, April 2019

e |’essential, April 2019

e Journal Letzebuerger, April 2019
e Chronicle.lu, April 2019

e Press Portal, May 2021

e Auto-Netz, May 2021

¢ Flotte, May 2021

e Auto Open, May 2021

o Nasdaq, May 2021

¢ Yahoo Finance, May 2021

¢ Intelilleng Cio, May 2021

e |oT Now Transport, May 2021

e Devdiscourse, May 2021

e Mobile World Live, May 2021

e The Quill, May 2021

o Netlabs, May 2021

e PLM & ERP News, May 2021

e Mei, June 2021

e Industry News, May 2021

¢ lllionoise News Today, June 2021
e Saarlandischer Rundfunk (SR-TV), July 2021
e Saarbruecker-Zeitung, July 2021
¢ Republicain Lorrain, October 2021
e Saarlandicher Runfundk, October 2021
e BFM Business TV, October 2021

e Paperjam, October 2021
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e Wort, October 2021

e Les Echos, October 2021

e RTL, November 2021

o TTI, May 2022

e La Depeche, May 2022

e Telecom TV, June 2022

e Industrie, June 2022

e GSM Online Poland, July 2022
e La Repubblica, July 2022

e CDO Trends, July 2022

e Breaking Latest News, July 2022

In Annex |, a more detailed compilation about 5GCroCo’s media appearances can be found.

3.3.6 Videos

Eight (8) videos have been produced by 5GCroCo project. Videos have been presented in
exhibitions, as part of the 5GCroCo booths, and were also used in public presentation of the
project. Videos  are posted at the 5GCroCo  channel on YouTube
(https://www.youtube.com/channel/lUC0SZciPOx_hvRfQjoLvZs4Q) and the 5GCroCo website.
Twitter, newsletter and the news section of the website has also been used to announce the
release of the videos.

The first video, entitled “6GCroCo: 5G for Cooperative, Connected and Automated Mobility”
(online available: https://www.youtube.com/watch?v=CM5mtdAop40) provides a general
introduction to the 5GCroCo activities, visualizing useful information about the small scale and
large scale test sites, the 5GCroCo use cases, the duration of the project and some key figures.
2,358 viewers have watched the video, since 20" of February 2019 when the video was released
on YouTube. This video was released and displayed at the MWC 2019 (Figure 3-20).
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Figure 3-20: First 5GCroCo Video, Released in the MWC 2019

The second video, entitled “5GCroCo: Use cases and frials at the Metz-Merzig-Luxembourg
cross-border corridor” (online available: https://www.youtube.com/watch?v=GDAnrOoF46E)
provides animations of the use cases and the main user stories that have been trailed at the Metz-
Merzig-Luxembourg cross-border corridor, and also interviews of 5GCroCo members with key
information about 5GCroCo objectives and contributions. The video was released on the 18" of
February 2020 and 838 persons have viewed it until the end of the project.

5GCroCo third produced video is entitled “Use Cases and Users Stories Animations Video”
(online available at: https://youtu.be/1v1i2vp8cEQ). It includes animations, explaining in detail all
user stories of each three uses cases of the project. The video was released on the 12th of
November 2020 and 408 persons have viewed it until the end of the project.

Fourth video title is “Small Scale Sites Tests & Trials” (online available at:
https://www.youtube.com/watch?v=YevZUgLRgdU&t=315s). It presents use cases tests and trials
carried out at the different small scale test sites: ToD at Munich, HD Mapping both at Motorway
A9 5G-ConnectedMobility and AstaZero, ACCA at Monthléry and Barcelona. The video was
released on the 24th of August 2021 and 191 persons have viewed it until the end of the project.

The fifth released video “Tele-operated Driving Trials at the Cross Border Corridor” (online
available at: https://www.youtube.com/watch?v=ATD3ks4tlhc). ToD trials at the cross border
corridor are presented. The video was released on the 17th of December 2021 and 132 persons
have viewed it until the end of the project.
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Figure 3-21: Tele-operated Driving Trials at the Cross Border Corridor Video (MWC 2022)

Sixth video “HD Mapping Trials at the Cross Border Corridor” (online available at:
https://www.youtube.com/watch?v=630YqwAWwf0 ). HD Mapping trials at the cross-border
corridor are presented, specifically on the German- Luxembourgish cross border. The video was
released on the 17th of December 2021 and 66 persons have viewed it until the end of the project.
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Figure 3-22: HD Mapping Trials at the Cross Border Corridor Video (MWC 2022)

Seventh video “ACCA Trials at the Cross Border Corridor” (online available at:
https://www.youtube.com/watch?v=630YawAWwf0). The video describes ACCA trials in the
corridor, both in July and October 2021 and was released on the 8th of March 2022, while 59
persons have viewed it until the end of the project.
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Figure 3-23: ACCA Trials at the Cross Border Corridor (MWC 2022)

Eighth video is the one devoted “5GCroCo Demo Day” (online available at:
https://www.youtube.com/watch?v=Z0pA1tuQjdM). In Section 3.2.2 information about 5GCroCo
Demo Day is presented. The video summarizes the activities carried out during the event. It was
released on the 8th of March 2022 and 104 persons have viewed it until the end of the project.

Moreover, at the 5GCroCo YouTube channel, other videos produced by a subset of partners,
such as the ones about the small scale sites of Montlhéry and Barcelona, and also some
recordings from presentations, have also been uploaded.

3.3.7 5GCroCo Web Seminars

Starting in March 2021, 5GCroCo scheduled ten (10) web seminars on different topics, assisted
by 5G PPP for the organization and promotion (Table 3-5). Presentation slides can be found at
the project website, recordings of the web seminars have been shared with registered attendees.
Moreover, a web seminar was organized on the 6th November 2020, together with 5G-CARMEN
and 5G-MOBIX projects, to present the key findings of the joint white paper on "5G Trials for
Cooperative, Connected and Automated Mobility (CCAM) along European Cross-Border
Corridors".

All 5GCroCo Web Seminars organised by the project are presented below in detail. The slides of
the web seminars are available at the following page:
https://5gcroco.eu/publications/material.html. The web seminars attendance was of around
twenty (20) persons in average, depending on the subject.

Table 3-5 List of 5GCroCo Web Seminars

5GCroCo Web Seminars

Results Confidence Assessment and Trial Planning: Experience from 5GCroCo

Challenges and Solutions for V2X Interoperability
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Cross-border/-MNO Handover Architecture and Trials

Docker Security Guidelines

Mobile Edge Computing/ Cloud (MEC) Architecture

Service Orchestration: NFV Management and Orchestration (MANO) and Software
Defined Networking (SDN) Integrated Architecture in Cross-domain Scenarios

MQTT Protocol Security Guidelines

An Overview of Privacy Aspects to Consider for the ACCA Use Case in 5GCroCo

Achievements of the Tele-operated Driving Use Case in 5GCroCo

Precise Positioning for Connected and Automated Mobility Services

Results Confidence Assessment and Trial Planning: Experience from 5GCroCo (29 March
2021, presented by Maciej Muehleisen)

F= P44 g
) 5GCroCo Web-seminar
Result Confidence Assessment and Trial Planning:
Experience from 5GCroCo
Speaker: Maciej Muehleisen
Monday 29" March 2021 (12:00 CE)

0

Figure 3-24: Results Confidence Assessment and Trial Planning Web Seminar

This web seminar covers the following topics based on experience from trials conducted in the
5GCroCo project and analysis of obtained results:

¢ Plan trials to obtain the required number of result samples

o Tweak applications to allow faster trials still providing realistic Key Performance Indicator
(KPls)

o Result analysis with different methods to determine confidence for different kinds of
statistics:

e Sanity checking

e Batch Means method for Student-t Confidence Intervals
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e Binomial Proportion Confidence Intervals for simple estimation of confidence of statistical
distributions

e Limited Relative Error Algorithm for statistical distribution confidence

Challenges and Solutions for V2X Interoperability (12 April 2021, presented by Maciej
Muehleisen)

ML A
5GCroCo Webinar

Challenges-and Solutions for V2X Interoperability
Speaker: Maciej Muehleisen
nday 1 ril 2021 (12:00 CE)
i \ 21
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Figure 3-25: Challenges and Solutions for V2X Interoperability Web Seminar

The challenges and solutions for interoperability around the ACCA use case serves as example
to uncover challenges if information, in this case hazard warnings, must be shared between
different automotive OEMs and between OEMs and different Road Traffic Authorities (RTAS).

“Standardization” is often considered necessary in this context. This presentation introduced the
current and near-future eco-system of information sharing for connected vehicles. It described
how different solutions, beyond everyone just following the same standard, can be used to
achieve service-level interoperability among different ITS systems and stakeholders. For each
solution, involved stakeholders are identified and their respective effort to establish and maintain
(evolve / upgrade) the interoperability solution.

Cross-border/-MNO Handover Architecture and Trials Results (19 April 2021, presented by
Maciej Muehleisen)

’ SCCroCo Webinar
Cross-border/-MNO Handover Architecture and Trial
Results
Speaker: Maciej Muehleisen

19 April 2021 (12:00 CE)

s

Figure 3-26: Cross-border/-MNO Handover Architecture and Trial Results Web Seminar
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This web-seminar presents the 3GPP-complient network architecture applied in the 5GCroCo
project to achieve cross-border / MNO (Inter-PLMN) handover. Furthermore, first results and
experience from trials were presented and discussed.

Docker Security Guidelines (10 & 17 May 2021, presented by Fabian Wrfl)
HTT - | 199" S HT
5GCroCo Web-Seminar
Docker Security Guidelines
Part |

SGCroCo Web-Seminar
Docker Security Guidelines
Part Il
Speaker: Fabien Wiirfl
Monday 17 May 2021 (12:00 CE)

o S

Speaker: Fabien Wiirfl
Monday 10 May 2021

(12:00 CE)

AT ] 5

Figure 3-27: Docker Security Guidelines Web Seminar

This web-seminar provides an overview of security threats and common vulnerability patterns
related to designing, developing, and deploying docker containers. The focus is the most common
docker vulnerability patterns, as seen "in the wild" from the experience of security assessments
and based on security best practices. Insecure practices, potential misconfigurations and
common pitfalls related to the building of docker images, containers at runtime, and the host
environment are covered. For every issue, secure solutions, available protection mechanisms, as
well as examples are provided.

Mobile Edge Computing/ Cloud (MEC) Architecture (31 May & 7 June 2021, presented by
Maciej Muehleisen)

s H

D { P14 g
5GCroCo Web-Seminar

SGéroCo Wéb-Seminar
Mobile Edge Computing/Cloud (MEC) Architecture
Part 1

Mobile Edge Computing/Cloud (MEC) Architecture
Part i
Speaker: Maciej Muehleisen
Monday 7 June 2021 (12:00 CE)

Speaker: Maciej Muehleisen
Monday 31 May 2021 (12:00 CE)
", an bl .-

Figure 3-28: Mobile Edge Computing/ Cloud (MEC) Architecture Web Seminar
The following topics were discussed and analyzed:

e Related work as basis for proposed solutions (3GPP, Automotive Edge Computing
Consortium (AECC), Cloud Native Computing Foundation (CNCF))

e Session continuity: 3GPP gateway switching
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Session & service continuity: 3GPP session continuity + discovering and switching MEC-
hosted application servers incl. examples based on 5GCroCo use cases ACCA and HD
Mapping

MEC in context of cross-border / -MNO handover

Joined management and orchestration of Virtual Network Functions (VNFs) and MEC-
hosted Application Servers

Deployments for controlled e2e QoS across multiple MNOs

Overview of conducted and planned trials.

Service Orchestration: NFV MANO and SDN Integrated Architecture in Cross-domain
Scenarios (14 June 2021, presented by Francesca Mocatelli and Ricard Vilalta)

5GCroCo Web-Seminar

Service Orchestration: NFV MANO and SDN Integrated =
Architectures in Cross-domain Scenarios

Speakers: Francesca Moscatelli & Ricard Vilalta
2021 (12:00 CE)
- - —

Figure 3-29: Service Orchestration: Network Functions Virtualization Management and

Orchestration (NFV MANO) and Software Defined Networking (SDN) Integrated
Architecture in Cross-domain Scenarios Web Seminar

This web seminar provided insights about the work conducted in the context of the Barcelona
small-scale site with respect to the automated provisioning and orchestration of the ACCA service.
The following topics were discussed:

Motivations, Background and Challenges
Standardization Aspects in Multi-domain Environments
Cross-domain Service Orchestration

End-to-end Network Slicing

Internet eXchange Point (IXP), MANO & SDN Aspects
Future Work

MQTT Protocol Security Guidelines (6 September 2021, presented by Erik Wegscheider)
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5GCroCo Web-Seminar

MQTT Protocol Security Guidelines
Speaker: Erik Wegscheider
Monday 6 S ber 2021 (12:00 CE)

| B S0 o S

Figure 3-30: MQTT Protocol Security Guidelines Web Seminar

The web seminar gives an overview of security threats and common vulnerability patterns of the
MQTT v3.1.1 protocol if today’s state-of-the-art security features of TCP/IP are not used. The
web-seminar shows methods to put security into MQTT v3.1.1 protocol and pinpoints the
advantages and disadvantages for each case that will be discussed. The target audience of this
web-seminar are developers with a good understanding of TCP/IP and MQTT-protocol.

An Overview of Privacy Aspects to Consider for the ACCA Use Case in 5GCroCo (31
January 2022, presented by Carmen Bratic)

} 5G‘(5roCo‘Web-Seminar
An Overview of Privacy Aspects to Consider for the
ACCA Use Case'in 5GCroCo
Speaker: Carmen Bratic
Monday 31 January 2022 (12:00 CE)

. .

! =

Figure 3-31: An Overview of Privacy Aspects to Consider for the ACCA Use Case in
5GCroCo Web Seminar

This web seminar provides an overview of data protection requirements that should be taken into
account. The presentation lists a number of existing data protection frameworks which shall
provide the audience with an international perspective on the subject. A main focus of the
presentation is explaining why data protection considerations are a focus point. The categories of
personal data is be discussed. Also, involved parties in connection with data processing activities
and their respective rights and obligations will be analyzed. The processing principles of the
GDPR are explained to give the necessary basis to regulate consent management and fulfil the
requirement of a legal basis of the processing activities. The data protection impact assessment
is discussed in a sub-chapter.
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Achievements of the Tele-operated Driving Use Case in 5GCroCo (28 February 2022,
presented by Andreas Schimpe, Andreas Pfadler and Luca Montero Bayo)

TR
;

ML -l
5GCroCo Web-Seminar
Tele-operated Driving
Achievements of the ToD Use Case in 5GCroCo

Speakers: Andreas Schimpe, Andreas Pfadler and Luca
Montero Bayo

Monday, 28 February 2022 (12:00 CE)
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Figure 3-32: Achievements of the Tele-operated Driving Use Case in 5GCroCo Web
Seminar

The web seminar gives an overview of the achievements of the ToD Use Case in the project
5GCroCo. The presentation will cover the motivation for ToD as well as an introduction into the
system and developed control/perception concepts. Furthermore, the benefits, ToD gets from 5G,
and selected user stories are presented. Finally, a main focus is the presentation of achievements
from the 5G trials in the border area between France, Germany and Luxembourg.

Precise Positioning for Connected and Automated Mobility Services (4 April 2022, presented
by Miguel Catalan-Cid, Anastasios Kakkavas, Maciej Muehleisen and Marisa Catalan)

SRR | 3]
m ;
5GCroCo Web-Seminar
Precise Positioning for.Connected and Automated
Mobility Services
Speakers: Miguel Catalan-Cid, Anastasios Kakkavas,
Maciej Muehleisen, Marisa Catalan

Monday, 4 April 2022 (12:00 CE

Figure 3-33: Precise Positioning for Connected and Automated Mobility Services Web
Seminar

5GCroCo has analyzed three positioning solutions to enhance vehicle’s location, 5G NR sidelink,
3GPP Global Navigation Satellite System (GNSS) Real Time Kinematic (GNSS-RTK) and Ultra-
WideBand (UWB), these three technologies illustrate RAT-dependent, hybrid and RAT-
independent approaches, respectively. This web seminar introduces the main characteristics,
benefits and challenges of these three technologies in CCAM scenarios, as described on
Deliverable D3.2 on “Intermediate E2E, MEC & Positioning Architecture”. Moreover, it presents
experimental results of the 3GPP GNSS-RTK and UWB solutions, which have been demonstrated
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in 5GCroCo within the context of the ACCA Use Case in a highway and an urban scenario. The
evaluation of the obtained results shows that both technologies can provide centimeter-level
accurate positioning.

3.4 Workshops, Congresses, Industry Forums
and Events

The 5GCroCo consortium has focused on participating and presenting the project in major
telecommunication and automotive events. Most of these are selected and recognized
conferences in the areas of connectivity, telecommunication and connected vehicles. These
events allowed the project not only to increase our visibility in a larger range of audiences, but
also to establish new contacts which provide important feedback that helps improve the project
activities and outcomes.

5GCroCo has participated in total to forty-two (42) events (eighteen (18) in the period from May
2020 to June 2022 that are presented in Section 3.4.1, while the twenty four (24) events from the
beginning of the project till April 2020 have been presented in D6.1 [15]). In addition, 5GCroCo
has organised or co-organised two special sessions and two workshops (more information is
provided in section 3.4.2) as well as one summer school (more information is provided in Section
3.4.3).

3.4.1 Industry Forums and Events

This section presents the list of events that 5GCroCo members have participated representing
5GCroCo from May 2020 till June 2022. They are presented in chronological order.

3.4.1.1. 2020-05 Special Session: Technology Board - Special Session on
Progress of ICT-18 Projects

Date 26-27 May 2020
Location Virtual Meeting
Website https://5gcroco.eu/images/5GCroCo 5GPPP TB.pdf

Participants CTTC, HWDU, DTAG, ERI

Contributions | Jesus Alonso Zarate (CTTC) and Apostolos Kousaridas (HWDU) organised a
special session in the context of the workshop of the 5G PPP Technology
Board (TB) on the Progress of ICT-18 Projects. Dirk Hetzer (DTAG) and
Maciej Muehleisen (ERI) presented 5GCroCo activities and results, while
Edwin Fischer (DTAG) and the above 5GCroCo members participated in the
panel discussion at the end of the session.

Scope The progress of the trials in the projects was presented, while in the panel the
several topics were discussed: key obstacles to conduct the cross-border
trials and main lessons, 5G features that will become key for CCAM,
exploitation of project outcomes, main gaps that should be addressed in
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CCAM activities in Horizon Europe, role that CCAM should play in the Smart
Networks and Services (SNS) partnership etc.

3.4.1.2. 2020-06 CLEEN2020 Workshop

Date 11 June 2020
Location Virtual Meeting
Website https://5g-ppp.eu/cleen2020-program/

Participants

DTAG

Contributions

Dirk Hetzer (DTAG) presented 5GCroCo activities and specifically 5G network
functions (NFs) optimized for automotive use cases - pilot realization in
France-Luxemburg-Germany corridor

Scope

Study novel concepts for 5G, and evolutions toward 6G systems to allow for
flexible mobile networks using cloud-processing based on open IT platforms,
in conjunction with NFV and MEC. The aim is to allow guaranteed high
QoS/QoE for mobile access to cloud-processing resources and services, as
well as future network evolution focused on energy efficiency and cost-
effectiveness.

3.4.1.3. 2020-06 Webinar: 5G Spectrum for Industry Verticals

Date 18 June 2020
Location Virtual Meeting
Website http://global5g.org/online-tool-standards-tracker/webinar-5g-spectrum-

industry-verticals-18-june-2020

Participants

ERI

Contributions

Sebastian Euler participated at the panel of the webinar on “56G Spectrum for
Industry Verticals” to provide updates about 5GCroCo work on spectrum
related issues and spectrum requirements analysis of key V2X use cases,
conducted in D6.1.

Scope

The “5G Spectrum for Industry Verticals” address the current state of play
regarding these spectrum related issues, with representatives from a wide
variety of vertical industries and associations presenting the latest results and
initiatives underway.

3.4.1.4. 2020-09 23rd IEEE International Conference on Intelligent Transportation

Systems (ITSC)

Date 20 September 2020
Location Virtual Meeting
Website https://its.papercept.net/conferences/conferences/ITSC20/program/

Participants

HWDU, ERI

59




Documents: 5GCroCo/ D6.2

Version: v1.0
Date: 2022-08-31
Status: Final

Dissemination Level: Public

Contributions

Apostolos Kousaridas (HWDU) and Maciej Muehleisen (ERI) represented
5GCroCo at the Industry Panel in the context of the workshop on cooperative
and automated driving providing updates about project’s objectives and early
findings.

Scope

This workshop brings together experts from industry and academia on issues
related to Cooperative and automated driving.

3.4.1.5. 2020-11 5G PPP Webinar: 5G for Cooperative, Connected and Automated
Mobility (CCAM)

Date 6 November 2020
Location Virtual Meeting
Website https://5g-ppp.eu/event/5g-ppp-webinar-ccam/

Participants

PSA (Stellantis)

Contributions

Antonio Fernandez Barciela (PSA/Stellantis) represented 5GCroCo project
and described several requirements and directions of solutions for cross-
border issues analyzed in the white paper produced by the H2020-ICT-18-
2018 5G PPP corridor projects.

Scope

The first part showed the ongoing CCAM work and the white paper produced
by the three H2020-ICT-18-2018 5G PPP corridor projects (5G-MOBIX,
5GCARMEN and 5GCroCo) and the second part introduced the new CAM
related Projects under the 5G PPP ICT-53-2020 call (
5GBIlueprint, 5GMED, 5G-ROUTES and 5GRAIL).

3.4.1.6. 2021-04 IEEE VTC2021-Spring (Workshop 4: 5G-enabled safety and
support services for cooperative, connected and automated mobility)

Date 25 April 2021
Location Virtual Meeting
Website https://events.vtsociety.org/vtc2021-spring/conference-sessions/call-for-

workshops/w4-5g-enabled-safety-and-support-services-for-connected-and-
automated-driving/

Participants

ERI

Contributions

Sebastian Euler (ERI) presented 5GCroCo project results of the spectrum
analysis.

Scope

The workshop was organised by the EU Horizon 2020 5G-HEART
(https://5gheart.org/) and Celtic-Next 5G-SAFEPIus (https://5gsafeplus.fmi.fi/)
projects. The aim of the workshop was to exploit these opportunities from
several perspectives. First, the workshop distributes the latest results
assessing the suitability of the currently standardized 5G functionalities in a
variety of CCAM scenarios. Second, the workshop discusses the gaps
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identified in the existing 5G capabilities when it comes to the heterogeneous
requirements, stemming from these scenarios, and offers new technological
solutions to fill the identified gaps. Third, the workshop considers novel
services and concepts that 5G networks would enable to improve the safety
and performance of CCAM.

3.4.1.7. 2021-05 IEEE 5G Summit

Date May 2021
Location Virtual Meeting
Website https://www.5gsummit.org/dresden/

Participants

ERI

Contributions

5GCroCo has participated to the Institute of Electrical and Electronics Engineers
(IEEE) 5G Summit with a paper that was submitted as well as with a demo that both
receive awards:

Best Paper Award: "Demonstration and Evaluation of Cross-Border Service
Continuity for Connected and Automated Mobility (CAM) Services”

Best Demo Award: "Cross-border service continuity for connected vehicles

z2 W

ERICSSON HUAWEI

“a .
2" |EEE 5G'° ONLINE SUMMIT DRESDEN
A VIRTUAL CONFERENCE FROM MAY 4 - 6, 2021 ’
Best Exhibition Award
L proudly presented by Huawei and Ericsson

Ericsson -
Cross-border service continuity r
for connected vehicles

Gerhard P. Fettweis Frank H. P. Fitzek Ashutosh Dutta
General Co-Chair General Co-Chair  General Co-Chair

Scope

A conference brings together industry leaders, innovators, and researchers from
industry and academia to exchange ideas that will help to drive standards and rapid
deployment of 5G++ technologies.

3.4.1.8. 2021-06 EuCNC'21 (Workshop 10: 5G for CCAM for Cross-Border

Corridors)
Date 08 June 2021
Location Virtual Meeting
Website https://www.eucnc.eu/programme/workshops/workshop-10/
Participants CTTC, DTAG
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Contributions

Miguel Payar6 (CTTC) and Dirk Hetzer (DTAG) provided 5GCroCo project
overview and recent activities.

Scope

The workshop aimed to bring the experiences gained in the ICT-18 project,
targeting a focused discussion on the technical challenges, considered
solutions and most importantly, preliminary results from the ongoing cross-
border trials along 5G cross-border corridors across Europe. The event
offered the opportunity to consolidate views and promote the understanding
of the various barriers and opportunities brought by 5G, for CCAM, exposing
the first lessons learned from 5G network deployments and corresponding
trials in these projects. Discussions, including a panel, explored the
implications for the future of 5G deployment and the prospects for the support
of seamless CCAM service provisioning.

3.4.1.9. 2021-09 5G for CAM Workshop at IoT Week

Date 02 September 2021
Location Virtual Meeting
Website https://iotweek.org/

Participants

CTTC, DTAG

Contributions

Miguel Payar6 (CTTC) and Dirk Hetzer (DTAG) provided 5GCroCo project
overview and recent activities.

Scope

The workshop aimed to bring together the experiences gained in these
projects, targeting a focused discussion on the technical challenges,
considered solutions and most importantly, preliminary results from the
ongoing cross-border trials along 5G cross-border corridors across Europe.
The event offered the opportunity to consolidate views and promote the
understanding of the various barriers and opportunities brought by 5G, for
CCAM, exposing the first lessons learned from 5G network deployments and
corresponding trials in these projects. Discussions, including a panel,
explored the implications for the future of 5G deployment and the prospects
for the support of seamless CCAM service provisioning.
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3.4.1.10. 2021-10 5G for CAM Workshop at IEEE World Forum

Date 13 October 2021
Location Virtual Meeting
Website https://attend.ieee.org/wf-5g/ieee-5g-for-cam-vertical-summit-2021-

connected-and-automated-mobility/

Participants

CTTC, DTAG

Contributions

Miguel Payar6 (CTTC) and Dirk Hetzer (DTAG) provided 5GCroCo project
overview and recent activities.

Scope

This event brings together a variety of projects from Europe and North
America, to share their experiences and present their main achievements on
CAM.

3.4.1.11. 2021-10 Predictive Quality of Service in 5G and Beyond Workshop at
IEEE World Forum

Date 13 October 2021
Location Virtual Meeting
Website https://attend.ieee.org/wf-5g/predictive-quality-of-service-in-5g-and-beyond/

Participants

HWDU, DTAG

Contributions

Apostolos Kousaridas (HWDU) and Dirk Hetzer (DTAG) provided information
on QoS prediction and 5GCroCo project activities for QoS prediction

Scope

The proposed workshop tries to bring together different aspects of predictive
QoS, namely use-cases and requirements (from the automotive industry point
of view) implementation and operation (from an MNO or service provider point
of view).

3.4.1.12. 2021-10 ITS World Congress

Date 11 -15 October 2021
Location Hamburg, Germany
Website https://www.eucnc.eu/

Participants

ERI, Stellantis, Orange, CTTC, DTAG

Contributions

5GCroCo participated with a booth, where Stellantis vehicle was showcased.

ACCA traffic jam cloud based detection demo was also carried out in parallel.
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Scope

Scientific / industry forum

3.4.1.13. 2022-02 5G for CAM WG - 5GCroCo Presentation

Date 13 February 2022
Location Virtual Meeting
Website N/A

Participants CTTC

Contributions

Miquel Payar6 (CTTC) provided 5GCroCo project overview and recent
activities.

Scope

Periodic update of projects in the context of the 5G for CAM WG of 6G-IA.

3.4.1.14 2022-02 Mobile World Congress

Date 28 February- 3 March 2022
Location Barcelona, Spain
Website https://www.mwcbarcelona.com

Participants

MWCB, CTTC, DTAG

Contributions

Miguel Payar6é (CTTC), Dirk Hetzer (DTAG), Ricard Vilalta (CTTC) and
Marjorie Grassler (MWCB) participated in the panel on "5GCroCo Results
Presentation: paving the way to 5G connectivity across borders in Europe”
and booth with 5GCroCo videos.

Scope

The project was presented to a technical-industry audience.
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3.4.1.15. 2022-03 5G-Trials WG - 5GCroCo Presentation

Date 14 March 2022
Location Virtual Meeting
Website N/A
Participants CTTC

Contributions

Miquel Payar6 (CTTC) provided 5GCroCo project overview and recent
activities.

Scope

Periodic update of projects in the context of the 5G Trials WG.

3.4.1.16 2022-05 ITS European Congress

Date 30 May -1 June 2022
Location Toulouse, France
Website https://itseuropeancongress.com/

Participants

Orange, DTAG, HTW

Contributions

5GCroCo was present with a booth of 5GCroCo videos where running, and
also HD and ACCA applications. ACCA traffic jam cloud based detection
demo was also carried out in parallel.

Scope

Scientific / industry forum.

3.4.1.17 2022-06 EuCNC

Date 7 -10 June 2022
Location Grenoble, France
Website https://www.eucnc.eu/

Participants

CTTC, Orange, DTAG, HWDU, NXW, Volvo, Stellantis, Volkswagen AG

Contributions

At 5GCroCo booth, the following technologies and applications were shown
for each one of the 5GCroCo use cases: 1) ACCA: Visitors of the booth could
control a virtual vehicle (by means of a game controller) that could interact
with other cars and experience the ACCA real-time warning system. Live
demonstration of the e2e MANO service orchestration for the provisioning a
cross-border ACCA service. A separate screen showcased the results of the
experiments comparing UWB Precise Positioning and Global Positioning
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System (GPS)-RTK. 2) HD Mapping: A mock-up of the HD Mapping
application was shown based on synthetic positioning information. The
application showed how updates on the HD maps are seamlessly up- and
downloaded by the vehicle even when traversing country borders. 3) ToD: A
video that provides illustrative results of the different aspects that have been
trialed for ToD was shown: This includes recordings of the so-called direct and
the indirect control modes.

5GCroCo organized together with the others ICT-18 projects a special
sessions on the 9" June, the morning about 5G for CAM towards Deployment,
the afternoon slot devoted to Experiences and lessons learned from ICT-18
project trials. Participated from 5GCroCo Mikael Nilsson (Volvo) and Laurent
Dizambourg (Stellantis), Edwin Fischer (DTAG).

Moreover, Apostolos Kousaridas (HWDU) participated at the special session
on “Research results impacting Beyond 5G (B5G) and 6G through Standard”
that took place on 9" June 2022.

Scope Scientific / industry forum.

3.4.1.18 2022-06 IoT Week

Date 20 -23 June 2022
Location Dublin, Ireland
Website https://iotweek.org/

Participants CTTC, DTAG

Contributions | Miquel Payar6 (CTTC) and Dirk Hetzer (DTAG) participated to the Cross-
Border Corridors: 5G for Connected and Automated Mobility workshop.

Scope Scientific / industry forum

This first 5G for CAM conference brought together a variety of EU-funded
projects in the area of CAM, to share their experiences and present results
with a view towards deployment. As Horizon 2020 is open to International
participation, the event also provided an opportunity to address a broader
global perspective.

3.4.2 Special Sessions and Workshops

5GCroCo has organised or co-organised two (2) special sessions and two (2) workshops. The
first workshop on “5G in the Era of Connected Cars” was organised at EUCNC 2019 in Valencia,
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Spain, as already presented in D6.1 [15]. In addition, on the 25" February 2022 a virtual
“Workshop on 5G Cross-border Corridor Deployment Studies” was organized together with 5G-
MOBIX and 5G CARMEN.

A special session on “5G for CAM” was organized at EUCNC 2022 in Grenoble, France, on the
9" June, jointly with 5G-MOBIX and 5GCARMEN, consisting of a morning and an afternoon
session (Table 3-6). The morning session was devoted to deployment related discussions, while
in the afternoon session the focus was on experiences and lessons learned from the trials of the
ICT-18 project.

Table 3-6: Agenda of the Special Sessions of EUCNC 2022 on “5G for CAM” (9th of June,

2022)
5G for CAM Special Session
10:30-12:00 Deployment session

Synthesized deployment study Speaker: Roman Antun Saakel,

presentation Detecon

“Deployment challenges & Moderator: Edwin Fischer,

bottlenecks” panel discussion Deutsche Telekom
Panellists: Roman Antun Saakel,
Detecon; Dr. Olga Segou,
Netcompany-Intrasoft; Jose
Francisco Monserrat Del Rio,
Universitat Politecnica de
Valéncia , Dirk Hetzer, T-
Systems

16:00-17:30 Experiences and lessons learned from ICT-18 project trials

5G CARMEN Presentation Presenters: Roberto Fantini, TIM

5GCroCo Presentations Presenters: Mikael Nilsson,
Volvo and Laurent Dizambourg,
Stellantis

5G-MOBIX presentations Presenters: Tahir Sari, Ford
Otosan; Fotini Setaki,
COSMOTE

Panel discussion Moderator: Jorge Pereira, EC
Director General (DG) Connect

3.4.3 5G-X-EU Summer School

5GCroCo together with 5G-Routes project co-organized the 1st Summer School 5G-X-EU on "5G
Connected Automated Mobility across Europe” to discuss challenges and technologies for 5G
Connected Automated Mobility across Europe (Web page: https://5g-x-eu.eurecom.fr). The
school took place at EURECOM, in Sophia-Antipolis France on 23-24 May 2022 with in persona
and virtual (remote) participation. The Summer School was a unique opportunity for young
researchers and undergrad students to get insights on challenges of 5G for CAM in cross-border
scenarios from senior researchers from academic and industrial background.
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Figure 3-34: 5G-X-EU Summer School on Challenges and Technologies for 5G Connected
Automated Mobility across Europe

Presentations on various technical topics were provided by several members of 5GCroCo and
5GRoutes projects. The detailed program is presented in Table 3-7 and Table 3-8.

Table 3-7: Program of 5G-X-EU Summer School Day 1 (Monday, 23" of May, 2022)

Program (Day 1)
Welcome Address
9:00-9:10 J. Harri (EURECOM/5GCroCo)
Yannick Le Moullec (TalTec/5G-ROUTES)
09:10 —10:00 | Opening Keynote — Jorge Pereira, European Commission (EC)
10:00 — 10:15 | Coffee Break
5GCroCo & 5G-ROUTES Project Introduction
Miguel Payaré (Centre Tecnoldgic de Telecomunicacions de Catalunya —
10:15-11:15 | CTTC)
Kati Kdrbe (Ericsson Estonia)
11:15-11:30 Coffee Break
Technical Session 1

Implementing Automated Mobility Use Cases in a Cross-Border
Environment Using 5G Infrastructure

José Rodriguez (Swarco), in collaboration with Johan Scholliers (VTT),
11:30-12:30 Pierre Merdrignac (VEDECOM), and Oskars Teikmanis (EDI)

5G-Routes Tenant Web Portal — Collection and visualisation of Use Case
trial data, measurements and KPIs

Sozos Karageorgiou and Christos Skoufis (EBOS TECHNOLOGIES
LIMITED — EBOS)

12:30-13:30 | LUNCH

68



Documents: 5GCroCo/ D6.2

Version: v1.0
Date: 2022-08-31
Status: Final

Dissemination Level: Public

13:30 - 15:00

Virtual Poster Session

5G mobile connectivity for Intelligent Transport Systems

The impact of RAN slice bandwidth subpartitioning on slice performance:
UE clustering

In-Person Poster Session

Hybrid GNSS-5G Vehicular Localization in Urban Environments

Effect of Road-Induced Vibrations and Antenna Position on Beam-Based
Vehicular Communications

Scheduling in Radio Resource Coordination and Management for 5G and
Beyond Massive Connectivity

Spatial-Interference Aware Cooperative Resource Allocation for 5G V2V
Communications

A Geoservice Cooperative Perception Messages (CPM) based Object
Detection Service for CCAM

Optimal Data Rate for 5G NR Sidelink in V2X communication

15:00- 15:15

Coffee Break

15:15-16:15

Technical Session 2

Docker Security for 5G deployment & FOT
Fabian Wirfl (SecConsult)

16:15-17:00

20:00

Social Dinner / activity

Table 3-8: Program of 5G-X-EU Summer School Day 2 (Tuesday, 24" of May 2022)

Program (Day 2)

9:00-9:10

Technical Session 3

5G enabled VR applications

(BRAINSTORM MULTIMEDIA SL)

Online multi user Augmented Reality (AR) game — Javier Montesa

“Online Virtual Reliaty (VR) conference” — Andrea Castelli

09:10 — 10:00

Coffee Break

10:00 — 10:15

Technical Session 4

“Application of Machine Learning and Atrtificial Intelligence methods to
enable Vehicle related 5G Services” — Asterios Mpatziakas (CERTH) and
Anastasis Sinanis (CERTH), in collaboration with Anastasios Drosou
(CERTH)

Mobile positioning in 5G networks — Ivo Muursepp (TTU)
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10:15-11:15 | Coffee Break
Technical Session 5

= A0 Feedback from FOT — Trials for tangible results — Theory and practice

Maciej Muehleisen (Ericsson, Germany)
11:30-12:30 LUNCH
Technical Sessions 6

QoS Prediction for Automated Driving
Apostolos Kousaridas (Huawei, Germany)

5G Backend Cross-border Challenges
Soumya Datta (EURECOM), in collaboration with Orange, Stellantis,
Groupe Renault and CCTC

12:30 - 13:30

Tele-Operated Driving — Achievements of the ToD Use Case In 5GCroco
Andreas Schimpe (Technische Universitat Minchen — TUM) and Andreas
Pfadler (Volkswagen AG)

Technical Session 3

5G enabled VR applications

(BRAINSTORM MULTIMEDIA SL)

Online multi user AR game — Javier Montesa

“Online VR conference” — Andrea Castelli

15:00- 15:15 Coffee Break

Closing Session

13:30 — 15:00

Open Floor Discussion on Vision towards 6G

Jérdme Harri (EURECOM) & Yannick Le Moullec (TalTec)
Farewell

16:15—-17:00 | EURECOM Open5G Lab tour (optional)

15:15 - 16:15

As part of the program, a poster session was also organised. In this context, a call for extended
abstracts for the poster session was published (web page: https://59-x-
eu.eurecom.fr/?page id=73) intended for the presentation of initial or consolidated results of
young researchers (master or PhD students) on 5G challenges related to CAM.
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Figure 3-35: 5G-X-EU Summer School - Poster Session

3.5 Publications

5GCroCo has submitted thirty one (31) publications (twenty nine (29) published/accepted and two
(2) are under review). Sections 3.5.1 and 3.5.2 provide the list of 5GCroCo conference paper and
journal paper publications, respectively, submitted from May 2020 to June 2022 (sixteen (16)
accepted and two (2) that is under review), while D6.1 [15] presents the list of publications from
November 2018 to April 2020. Also, section 3.5.3 provides list of white papers that 5GCroCo
members have contributed and prepared.

351 Conference Papers
5GCroCo conference paper publications from May 2020 to June 2022 are collected here.
Date Author(s) Title of Paper | Publisher | Conferences Location
June 2020 Raul Mufioz, | 5GCroCo European | EUCNC 2020 Virtual
Francisco Barcelona Commissi
Vazquez Trial Site for | on

Gallego, Ramon | Cross-border
Casellas, Ricard | Anticipated
Vilalta, Roshan | Cooperative

Sedar, Pol | Collision
Alemany, Avoidance
Ricardo

Martinez, Jesus
Alonso-Zarate,
Apostolos
Papageorgiou,
Miguel Catalan-
Cid, Francesca
Moscatelli, Giada
Landi, Xavier
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Vilajosana,
Andrea Bartoli,
Denis  Guilhot,
Soumya  Kanti
Datta, Jérobme
Harri,  Rodrigo
Silva, Laurent
Dizambourg,
Antonio
Fernandez,
Maciej
Muhleisen
June 2020 Dirk Hetzer, | 5GCroCo Use | European | EUCNC 2020 Virtual
Maciej Cases and | Commissi
Muehleisen, Key on
Apostolos Performance
Kousaridas, indicators for
Jesus  Alonso- | Cross-border
Zarate, and | trials
Fabien Coulet
September | Roshan Sedar, | An ACM ACM WINTECH | Virtual
2020 Francisco Experimental 2020
Vazquez- Vehicular On-
Gallego, Ramon | Board Unit for TWhek h14thACM
Casellas, Ricard | the Execution W_or shop on
; e ireless
Vilalta, Raul | of Anticipated N
~ ) X etwork
Mufioz, Rodrigo | Cooperative
Silva Laurent | Collision Testb(_ads,
Dizar’nbourg Avoidance Expenmental
Antonio ’ Services in ec\ﬁlluatlon_ . &
Fernandez, Cross-Border aracterization
JesusAlonso- Scenarios
Zarate
September | Oliver Horst, | Quantifying ACM The 3rd | Virtual
2020 Johannes the Latency Workshop on
\éVleibC')(I:k, Wi and Possible (E;egchrgﬁrklpgl
aphae ild, yber-Physica
Uwe Throughput of Systems and
Baumgarten External Internet of
Interrupts on Things held in
Cyber- conjunction with
Physical the 26th Annual
Systems International
Conference on
Mobile

Computing and
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Networking
(MobiCom)
April 2021 Sebastian Euler, | Spectrum IEEE IEEE Workshop | Virtual
Andreas Pfadler, | Needs of VTC2021-Spring
Luis Fernandez | Cooperative,
Ferreira, Connected
Hongxia Zhao and
Automated
Mobility
May 2021 Mazen Abdel | Demonstratio | IEEE IEEE 5G Summit | Virtual
Latif, Maciej | n and
Muehleisen, Evaluation of
Fabien Coulet, | Cross-Border
Daniel Giemsa, | Service
Jonas Vogt, | Continuity for
Horst Wieker, UIf | Connected
Larson, Johan | and
Loefhede, Mikael | Automated
Nilsson, Henrik | Mobility
Segesten, (CAM)
Hongxia Zhao Services
June 2021 Mazen Abdel | Performance | European | EUCNC 2021 Virtual
Latif, Maciej | and  Service | Commissi
Muehleisen, Continuity of | on
Magnus Castell, | HD Map
Roland Downloads in
Gustafsson, MEC-Enabled
Daniel Cross-Border
Mcgillivray,  Ulf | Mobile Radio
Larson, Johan | Networks
Loefhede, Mikael
Nilsson, Henrik
Segesten,
Hongxia Zhao
July 2021 Andreas Adaptive IEEE Workshop for | Virtual
Schimpe, Simon | Video Road Vehicle
Hoffmann, Frank | Configuration Teleoperation at
Diermeyer and Bitrate IEEE Intelligent
Allocation for Vehicles
Teleoperated Symposiums (IV
Vehicles 2021)
March 2022 | Andreas Open Source | IEEE 2022 Hybrid
Schimpe, Software for International Conferenc

73



https://ieeexplore.ieee.org/author/37086521236
https://ieeexplore.ieee.org/author/37088886564
https://ieeexplore.ieee.org/author/37088886564
https://ieeexplore.ieee.org/author/37088887077

Documents: 5GCroCo/ D6.2

Version: v1.0

Date: 2022-08-31

Status: Final

Dissemination Level: Public

Johannes Feiler, | Teleoperated Conference on | e (Florida,
Simon Driving Connected USA)
Hoffmann, Vehicle and
Domagoj Expo (ICCVE)
Majstorovic,
Frank Diermeyer
June 2022 Igual, Julia, | Demonstratio | European | EUCNC & 6G | Grenoble
Catalan, Marisa, | n and | Commissi | Summit 2022 France
Catalan-Cid, Evaluation of | on
Miguel, Vazquez | Precise
Gallego Positioning
Francisco, for Connected
Fernandez and
Hidalgo Javier, | Automated
Mufoz, Raul, | Mobility
Sedar Roshan, | Services
Casellas Ramon,
Vilalta Ricard,
Calveras Anna,
Paradells Josep
Lefebvre
Mathieu, Gardes
Frédéric, Odinot
Jean Marc,
Moscatelli
Francesca, Landi
Giada, Datta
Soumya Kanti,
Harri Jérébme,
Silva  Rodrigo,
Vilajosana Xavi
June 2022 Leonardo Lossi | 5GCroCo European | EUCNC & 6G | Grenoble
Pol Alemany, | Barcelona Commissi | Summit 2022 France
Javier Trial Site | on
Fernandez, Results:
Hidalgo, Orchestration
Francesca KPIs
Moscatelli, Measurement
Ricard Vilalta, | s and
Raul Mufoz, | Evaluation
Roshan Sedar |,
Miguel Catalan-
Cid
3.5.2 Journal and Magazine Papers

5GCroCo journal and magazine publications from May 2020 to June 2022 are collected here.
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Date Author(s) Title of Paper Publisher | Journal
September 2020 | R. Vilalta, R. | Vehicular IEEE Proceedings of
Casellas, R. Sedar, | Message the 2020 IEEE
F. Vazquez-Gallego, | Exchange in 3rd 5G World
R. Martinez, S. Kanti | Cross-border Forum
Datta, M. Lefebvre, | Scenarios Using (5GWF’20)
F. Gardes, J. Odinot, | Public Cloud
J. Harri, J. Alonso- | Infrastructure
Zarate, R. Mufioz
March 2021 Roshan Sedar, | Standards- MDPI Sensor
Francisco Vézquez | Compliant  Multi- Networks
Gallego, Ramon | Protocol On-Board
Casellas, Ricard | Unit for the
Vilalta, Raul Mufoz, | Evaluation of
Rodrigo Silva, | Connected and
Laurent Automated
Dizambourg, Mobility ~Services
Antonio Eduardo | in Multi-Vendor
Fernandez Barciela,
Xavier  Vilajosana,
Soumya Kanti Datta,
Jérébme Harri, Jesus
Alonso-Zarate
March 2021 A. Kousaridas, M. | 5G Vehicle-to- | IEEE IEEE
Fallgren, E. Fischer, | Everything Communications
F. Moscatelli, R. | Services in Cross- Standards
Vilalta, M. | Border Magazine
Miuhleisen, S. | Environments:
Barmpounakis, X. | Standardization
Vilajosana, S. Euler, | and Challenges
B. Tossou, J.
Alonso-Zarate,
March 2021 A. Kousaridas et al. | 5GCroCo To-Euro5G | The European
contribution to: 5G Annual
The European 5G Journal
Annual
Journal/2021
April 2021 Dirk Hetzer, Maciej | 5G connected and | Springer EURASIP
Mdihleisen, automated driving: Journal on
Apostolos use cases, Wireless
Kousaridas, Sokratis | technologies and Communications
Barmpounakis, trials in  cross- and Networking
Stefan Wendt, Kurt | border
Eckert, Andreas | environments
Schimpe, Johan
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Lofhede, Jesus
Alonso-Zarate
January 2022 Sokratis Al-driven, Elsevier Computer
(Submitted) Barbounakis, Predictive QoS for Networks
Nikolaos Maroulis, | V2X
Nikolaos Communications
Koursioumpas, in 5G and beyond
Apostolos
Kousaridas, Angeliki
Kalamari,
Panagiotis
Kontopoulos, Nancy
Alonistioti
February 2022 Panagiotis Service Elsevier Vehicular
(Submitted) Kontopoulos, performance Communications
Sokratis measurement Journal
Barmpounakis, methods for 5G

Maciej Muehleisen, | Connected  and
Frederic Gardes, | Automated

Roshan Sedar, | Mobility use cases
Francisco Vazquez-
Gallego, Ramon
Casellas, Francesca
Moscatelli,  Xavier

Vilajosana, Andreas
Schimpe, Jérbme
Harri and Soumya
Kanti Datta

3.5.3 White Papers

5GCroCo members have contributed to nine (9) white papers that were prepared in the context
of 5G PPP and 6G-IA, while some of them were produced by 5GCroCo, where 5GCroCo partners
served as co-editor or main editor. The list of the white papers is as follows:

e “Business Validation in 5G PPP vertical use cases”, Published in June, 2020,

o URL:https://59-ppp.eu/wp-content/uploads/2020/06/5G _White paper Business-
validation-v1.0a.pdf

e “Empowering Vertical Industries through 5G Networks - Current Status and Future
Trends”, Published in September, 2020

o URL:https://59-ppp.eu/wp-content/uploads/2020/09/5GPPP-VerticalsWhitePaper-
2020-Final.pdf

o “5G Trials for Cooperative, Connected and Automated Mobility along European 5G Cross-
Border Corridors”, Published in October, 2020
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o URL:https://59-ppp.eu/wp-content/uploads/2020/10/5G-for-CCAM-in-Cross-
Border-Corridors 5G-PPP-White-Paper-Final2.pdf

o “Edge Computing for 5G Networks”, Published February, 2021

o URL:https://bscw.50-
ppp.eu/pub/bscw.cqi/d397473/EdgeComputingFor5GNetworks.pdf

e “Trials and Pilots For Connected and Automated Mobility”, Published May 2021

o URL:https://59-ppp.eu/wp-content/uploads/2021/06/5GPPP TRIALS-AND-
PILOTS-FOR-CONNECTED-AND-AUTOMATED-MOBILITY C-
V2X brochure Final.pdf

o “Docker Security Training” Published in September 2021

o URL:https://5gcroco.eu/images/templates/rsvario/images/5GCroCo DockerSecur
ityBasics Training.pdf

e “5G PPP - View on 5G Architecture V4.0”, October 2021

o URL:https://59-ppp.eu/wp-content/uploads/2021/11/Architecture-WP-V4.0-
final.pdf

o “5G PPP Projects Impact on SDO Technical Report”, October 2021

o URL:https://59-ppp.eu/wp-content/uploads/2020/10/5G-PPP-Projects-SDO-
Impact-Technical-Report-v1.0-cl2.pdf

o “From 5G to 6G Vision — A Connected and Automated Mobility (CAM) perspective”,
Published June 2022

o URL:https://59-ppp.eu/wp-content/uploads/2022/06/White Paper 6G-
IA 5G for CAM WG From 5G to 6G Vision June 2022.pdf

The white paper on “5G Trials for Cooperative, Connected and Automated Mobility (CCAM) along
European Cross-Border Corridors” introduced the scope, use cases, trial sites and particularities
of each of the three H2020-ICT-18-2018 5G PPP corridor projects: 5GCroCo, 5G-CARMEN and
5G-MOBIX (Figure 3-36). This white paper was a joint effort by the three projects to present their
preliminary results, based on currently available technological enablers, with the capacity to
mitigate and/or resolve the above mentioned challenges. It also identified and elaborated on the
main concerns and challenges arising from deploying advanced CCAM use cases at regional
borders.
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Figure 3-36 White Paper on “5G Trials for Cooperative, Connected and Automated
Mobility (CCAM) along European Cross-Border Corridors”, October 2020

3.6 Cooperation with 5G PPP Ecosystem

5GCroCo has been actively involved and contributed to different governing bodies of the 5G
Initiative:

- 5GCroCo project coordinator joined the 5G-Initiative Steering Board (SB) since the
beginning of the project, Miquel Payaro (CTTC) since March 2021, and previous project
coordinator Jesus Alonso-Zarate before. They have attended all face-to-face meetings
celebrated in Brussels, and regular telephone conferences, representing 5GCroCo.

- Dirk Hetzer (DTAG), as 5GCroCo technical manager, has joined the 5G-Initiative
Technology Board (TB). Since the beginning of the project, he has attended all face-to-
face meetings celebrated in different locations, and has attended to all telephone
conferences, representing 5GCroCo. Further, the 5GCroCo member Mikael Fallgren
(ERI) has served as Chairman of the 5G-Initiative TB since the 1% of September 2021.

3.6.1 Cooperation with ICT-18 and ICT-53 projects

5GCroCo has cooperated with the 5GCAR project (https://5gcar.eu/) that has completed its
activities in 2019 as well as with the 5G-MOBIX (https://www.5g-mobix.com/) and 5G-CARMEN
(https://5gcarmen.eu/) projects that are European ICT-18 projects
(https://ec.europa.eu/info/funding-tenders/opportunities/portal/screen/opportunities/topic-
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details/ict-18-2018) from Horizon 2020 (H2020) framework, devoted also to develop 5G CCAM at
Europe in cross border environments. The three ICT-18 projects have regular interaction and
collaboration, while several joint dissemination activities have been organized to disseminate their
objective and results and also to interact with research and industrial community. 5GCroCo has
also collaborated with the second wave of projects (5G-Blueprint, 5GMED, 5G-ROUTES and
5GRAIL) that were launched in September 2020 (i.e., the H2020-ICT-53-2020 projects,
https://ec.europa.eu/info/funding-tenders/opportunities/portal/screen/opportunities/topic-
details/ict-53-2020). Table 3-9 describes in more detail different cooperation activities together
with the above mentioned projects.

Table 3-9 Summary of Cooperation Actions with ICT-18 and ICT-53 Projects

Projects Description of activities

SGCAR e Shared booth at MWC 2019, Barcelona

¢ Joint presentation at MWC 2019, Barcelona
e Joint workshop at EUCNC 2019, Valencia

e Shared partners and team members: ERI, HWDU,
NOKIA, PSA (Stellantis), BOSCH, Orange, Volvo, CTTC.

5G-CARMEN and 5G- e Joint booth and workshop organized at EUCNC 2019,
MOBIX Valencia

e Presence at the ERTICO-ITS Europe Stand
in the context of ITS WORLD CONGRESS 2019

¢ Joint booth at European Conference on Connected and
Automated Driving (EUCAD) 2019

e A joint white paper on planned trials, identified gaps and
solutions directions by the ICT-18 projects

e Deployment Workshop organization on the February
2022

e Contribution to a white paper “From 5G to 6G Vision — A
Connected and Automated Mobility (CAM) perspective”,
released on June 2022

e Special Session 5G for CAM at EUCNC 2022

e 5GCroCo WP 5 Leader, Edwin Fischer, is also Technical
Manager at 5G-CARMEN

e Shared partners: DTAG, NOKIA

e Project coordinators of the 3 projects participate in the
External Advisory Board (EAB) of the other 2 projects.
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5G-Blueprint e Established a collaboration framework spanning several

types of activities. Joint teleconference to discuss the
details of their respective ToD use cases. 5GCroCo has
provided support on modem configuration

e Support each other in their communication and
dissemination efforts

e Joint press release, published at the projects website
about collaboration activities and future plans,
https://5gcroco.eu/news/75-5gcroco-and-5g-blueprint-
collaboration.html.

SGMED e Joint participation at the panel organized by the Spanish

5G National Observatory (November 2021): “Conectados
5G: Europa y Espafia ante el reto de la movilidad

inteligente”
e Shared partners and team members: CTTC, 12CAT,
MWCB.
5G-Routes e Joint organization of the Summer School on “5G

Connected Automated Mobility (CAM) across Europe”
(May 2022)

e Shared partners: ERI, CTTC.

3.6.2

Cooperation with Working Groups

In addition, 5GCroCo partners have contributed and participated in various Working Groups
(WGs) of 5G PPP and 6G-IA, contributing to several activities, reports and white papers (as
presented in section 3.5.3) of the respective WGs:

5G for CAM WG (ex Automotive WG): 5GCroCo has a very strong contribution to this
WG. Since the start of the project, Mikael Fallgren (ERI), acted as the chairman of this
WG. This was until October 2019, when Jesus Alonso-Zarate (5GCroCo former
coordinator and current member of I2CAT partner), took over the responsibility of chairing
the group. Through this role, he has also joined the Vertical Task Force of the 5G IA. In
addition to him, other project members have contributed and participated in the group,
which has produced a white paper published on October 2019 with a first version of the
European Strategic Deployment Agenda (SDA) for CCAM, a brochure on “Trials and Pilots
for Connected and Automated Mobility” published in May 2021, and a white paper “From
5G to 6G Vision - A Connected and Automated Mobility (CAM) perspective”, published in
June 2022. The follow-up actions of the SDA was led by Edwin Fischer (DTAG). In
addition, it is worth mentioning that Apostolos Kousaridas (HWDU) is since March 2020
appointed vice-Chair of the WG, replacing Konstantinos Manolakis (HWDU).
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- SME WG: Nicola Ciulli, from NXW, is the co-chair of the SME WG. During the last period
he coordinated a poll and discussion within the SME WG about the topics of interest of
the SME members, in order to provide a feedback to the 1st SNS JU WP.

- Trials WG: NXW represents 5GCroCo in this group. So far, the participation has been
limited to contributing to the discussions occurring in regular telephone conferences.

- Architecture WG: Miquel Payar6 (CTTC), project coordinator, joined the group in 2021
and Dirk Hetzer (DTAG), technical manager, and Maciej Muehleisen (ERI) participate in
the group since the beginning of the project. 5GCroCo has contributed to the white paper
on “View on 5G Architecture”, released in October 2021.

- Pre-standardization WG: Apostolos Kousaridas (HWDU) participates to the WG,
providing updates about 5GCroCo’s finding on standardization activities and contributing
to the reports of the pre-standardization WG.
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4 Exploitable Results

In this section are depicted the innovations brought by the project, and the individual exploitation
results from each individual partner.

4.1 Exploitation Opportunities

The scope of the exploitation is to allow the participating organizations to respond to external or
internal triggers/opportunities and use its creative efforts to introduce novel ideas or new products.

Innovation management as basic building block for exploitation in 5GCroCo was based on the
following project-wide enabling factors:

¢ Build a project-wide ability to create a culture that encourages creativity and innovation.
e Establish a common knowledge to develop winning ideas that are truly customer focused.

¢ Develop a common knowledge to create an action plan of how the project organizations
can boost their output of breakthrough solutions or develop an innovative business model.

e Confidence to communicate how more innovation will be achieved.

The innovation management was an “innovation process” which addresses the innovation
strategy and a strategic roadmap for the project in order to manage the main types of innovation:
product, service, process and business model. Concrete steps to realize the exploitation are
focused on the following strategic activities:

» Definition of requirements (5G automotive) and KPI’s in cross-border constellations
» Piloting of Automated Driving (AD) function blocks in selected use cases

+ Identification of necessary standard functions, closing of gaps

* Input generation to relevant standard bodies (e.g., 3GPP)

* Result dissemination externally (e.g., 5GAA, 5G PPP, 5G IA/6G IA, GSMA)

* Result dissemination internally (network slicing & MEC strategy, adaptation of roaming
contracts, etc.)

5GCroCo partners, including leading industry players, have identified the following project
innovations listed in Table 4-1 that are also included in the EU Innovation Radar Platform
(https://www.innoradar.eu/).

Table 4-1: 5GCroCo Innovations

PROJECT INNOVATIONS
1 Cross-border/-MNO handover with Local Breakout Roaming for Mobile Edge
Computing/Cloud (MEC) — Technical

2 Cross-border/-MNO handover with Local Breakout Roaming for Mobile Edge
Computing/Cloud (MEC) — Business and operational
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Static QoS Prediction Functionality

Dynamic QoS Prediction Functionality

Inter-domain service orchestration and management

Precise positioning through V2V short-range (sidelink) communication
Precise positioning through V2I ultra-wideband communication with stationary
anchors

N oo~ lw

The first is a technical innovation on Cross-border/-MNO handover with Local Breakout Roaming
for MEC. Itis leaded by MNOs and telco vendors, allowing users seamlessly handover an ongoing
mobile radio network connection from an MNO serving one country to another one serving the
country they entered.

MNOs are the players that can exploit second innovation declared, Cross-border/-MNO handover
with Local Breakout Roaming for MEC — Business and operational. Cross-border / -MNO
seamless handover requires agreements among MNOs and exchange of network information.

Static and dynamic Quality of Service Prediction Functionalities are innovations which their main
benefit is to adapt function behaviour depending on predicted QoS, which can yield better quality
and availability of a connected function. In the project it was developed by telco vendors, first tier
suppliers and SMEs.

Innovation in inter-domain service orchestration and management, is led by MNOs, telco vendors,
academia and SMEs within 5GCroCo project. It consists on an evolution to allow sharing certain
network nodes across multiple networks and especially also specifying and managing how these
networks should be interconnected e.g. to have defined e2e QoS across the networks

Precise positioning through Vehicle-to-Vehicle (V2V) short-range (sidelink) and Vehicle-to-
Infrastructure (V2I) ultra-wideband communications have been also studied during the project
execution and identified as a project resulting innovation. Academia, MNO’s, SME and telco
vendors.

Results from the 5GCroCo project will support the upcoming CEF 2 program activities in the cross-
border areas. The improving of coverage and handover between MNOs is an important building
block in these regions.

4.2 Individual Exploitation Results

The individual exploitation strategy of each 5GCroCo partner depends on each beneficiary’s
category, i.e., car manufacturers, industrial equipment vendors, MNOs, small to medium sized
enterprises, telecom infrastructure providers, and academia. An overview of exploitation plans
and also current results for the individual organizations is provided below.

CTTC: The exploitation plan of Centre Tecnologic de Telecomunicacions de Catalunya (CTTC)
since the participation in 5GCroCo has: i) generated knowledge in the area of wireless
technologies for V2X within 5G, having developed a Vehicular PC allows connecting vehicles to
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the infrastructure using different technologies. ii) extended knowledge in cross-border network
orchestration, including multi-domain NFV and SDN solutions.

Both have strengthened the visibility of CTTC as a key player in the specification of V2X
communications and network orchestration for 5G, thus facilitating further collaboration in future
research programs involving Machine-Type Communication and software networks.

The participation of CTTC in 5GCroCo has facilitated the involvement of SMEs and academia in
5G-related activities and has allowed to establish connections with big industrial players in
Europe, both within the automotive sector and also in other sectors with similar communication
requirements to those of automotive use cases, e.g., Industry 4.0. Therefore, the expertise,
knowledge and visibility gained in 5GCroCo has put CTTC in an ideal position to interconnect all
players (universities, research centres, and industry) in the 5G ecosystem.

The patrticipation in 5GCroCo has allowed CTTC to increase the number of publications in the
area of V2X and software networks communications for 5G, accounting with a total of 5
publications in international conferences, and a total of 4 journal publications, thanks to the direct
contribution of 5GCroCo activities. The reputation of CTTC in the V2X and software networks field
has dramatically increased during and after the participation in 5GCroCo. A clear example of this,
is the fact that CTTC is participating in multiple V2X and software networks initiatives. Therefore,
the exploitation plan of CTTC has been largely achieved.

DTAG: DTAG will take the technical results into consideration for upcoming improvements of the
cross-border solutions for continuity of connectivity and services, including low latency services
requiring service delivery in the visited network abroad. This includes the enhancements of inter-
MNO agreements for plan/build/run of networks (e.g. within GSMA), enablers and services, legal
and regulatory aspects such as lawful interception, service liability, frequency coordination
(especially: TDD bands) etc. as part of the business and operational findings. DTAG will continue
discussing the potentials of supporting and exploiting precise positioning through V2V short-range
(sidelink) communication as part of cross-sector cooperation in fora such as 5GAA, plus exploring
the potential of service fusion with network-assisted and GNSS-based precise positioning
services. T-Systems, responsible mainly for B2B business, is examining business opportunities
for teleoperation with different OEM’s and for public transport cases (supporting the legal
requirements for Highly Automated Driving (HAD) remote operation). HAD will also lead to the
need of quality on demand and predictive QoS. T-Systems has plans to offer this function as
product bundle solution.

POST: For POST Luxembourg the participation in the 5GCroCo project contributed in a
partnership for a new CEF2 project. This project outline focuses on the enablement of seamless
mobility at European borders and on the enablement of CAM. This proposal aims to develop and
introduce a seamless handover solution for 4G and 5G and to define a European standardized
blueprint. The key motivation is to provide seamless cross-border mobility for customers of all
participating MNOs.

The aimed solution will have three major benefits:
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1. Improve Customer Experience
2. Enable Automotive Use-Cases
3. Improve connectivity in country borders

ERI: The experience and performance evaluation on 5G cross-border service continuity, using
Inter-PLMN handover as solution, will be provided to Business and Customer Units enabling them
to design corresponding solution offers for commercial requests expected within the European
CEF2 Digital program for 5G deployment funding. Furthermore, 5GCroCo allowed us to
demonstrate and evaluate our 3GPP-compliant GNSS RTK solution that will be commercially
offered from 2022 on as part of the Ericsson Network Location (ENL) solution.

FORTISS: fortiss participation in the 5GCroCo project contributed to the specification and needed
requirements as well as the prototypical implementation framework for intelligent infrastructure
architectures for 5G and the mobile edge cloud. Especially the demanding scenario and use
cases of 5GCroCo require high performance real-time operating system architectures as a basis
for reliable network connections and automotive applications.

Thus, fortiss has developed the toki framework in order to further research Operation System
(OS) and hardware internal timing delays, e.g. from network traffic. In addition, dynamic and
distributed system architecture prototypes could be developed, which take into account the
special constellation of MEC and vehicle as well as the broad application areas through intelligent
load distribution and failover. With the publication of the toki framework, a first milestone has been
reached to enable broad research on the topic. In addition, the prototyping of such systems is
enormously simplified and can ultimately be adapted to other areas. fortiss as a research institute
has also published its own research in the context of 5GCroCo and continues to contribute the
results obtained to current research and teaching.

MWCB: The participation of MWCB in 5GCroCo has contributed to increasing the visibility of the
private-public foundation and connecting with an international and European ecosystem for 5G
validation. It has expanded the capacities to validate and adopt 5G technologies through the
5GBarcelona as the 5G Digital Hub of the south of Europe. For example, in February 2022, the
project 5G Connected Vehicle Hub started in collaboration with Ericsson and Orange to provide
the necessary network technology to create a safe environment to test vehicles with 5G
connectivity and bring the autonomous vehicle to the market.

Since the goal of the MWCB is to position Barcelona as a global digital reference hub, the ACCA
trial in the Catalan capital has been an opportunity to enhance the ecosystem, making 5G
technology visible on the social, economic, and political levels.

The participation in the WGs and the experience gained in 5GcroCo have allowed MWCB to work
with other European projects related to validating 5G technologies and mobility by leveraging the
existing collaboration with the partners’ project. The Mediterranean cross-border project 5SGMED
(2020) is one of them in which the Foundation maximises the impacts of the innovation action.
Common activities have been organised between 5GMED as part of the ICT-53 and 5GCroCo as
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part of the ICT-18 projects. One of them has allowed to strengthen the relation with the National
5G Observatory and to address the challenges about the 5G ecosystem in Spain.

The participation in 5GCroCo has also allowed facilitating continuous knowledge transfer to the
next generations of experts via offering workshops, courses, forums and participation in events.
In that sense, the collaboration with the European Institute of Innovation and Technology (EIT)
Urban Mobility through 5GTurbo and Digital Talent Urban Mobility, other European projects in
which the Foundation is involved, will be an opportunity for the MWCB to apply the knowledge by
creating training to help starts-up in the area of mobility to develop 5G technologies.

i2CAT: The strategic objectives of i2CAT are: (i) to integrate research, development and
innovation; (ii) to foster co-creation using the Quadruple Helix modell10; (iii) to develop activities
within hybrid international and regional framework; and (iv) to create networking and multimedia
infrastructures and advanced experimental platforms. In that sense, the activities carried out in
5GCroCo will be key in order to improve the position of i2CAT as a strategic partner driving the
deployment of 5G in two main areas: 5G and beyond infrastructure, with focus on V2X scenarios,
and precise positioning.

The ACCA trials performed in Barcelona used as basis the Neutral Host infrastructure available
in the 22@ district of Barcelona. This R&D infrastructure, which is operated by i2CAT in
collaboration with Barcelona’s City Council and was deployed within the scope of H2020 5GClty
project, is a key asset to trial 5G and beyond technologies in urban mobility scenarios. Within the
scope of 5GCroCo, i2CAT’s management platform was evolved to support the inter-domain
service orchestration and management approach. In addition, the infrastructure was extended to
reach CTTC'’s infrastructure, which is a key partner also involved in the 5G Barcelona initiative,
thus facilitating future collaborations. The results of the ACCA trial demonstrated the potential and
adaptability of the Neutral Host infrastructure to evaluate scenarios requiring, among others,
network slicing, RAN sharing, MEC/Edge or multi-tenant/multi-operator capabilities, which are key
enablers for advanced 5G services as is the case of CCAM in cross-X environments. These
results, together with the lessons learned during 5GCroCo, will be fundamental to consolidate our
position in future research programs.

On the precise positioning front, the activities performed in 5GCroCo have improved the portfolio
of our technologies devoted to this area. First, we have demonstrated the benefits of our UWB-
based precise positioning solution and its possible adaptation to some specific CCAM scenarios
as a complementary technology to global positioning systems. Also, we have integrated this
solution with Inertial Navigations Systems, in order to improve its performance. This joint solution
could be exploited in future research and technology transfer projects. Finally, we have extended
our knowledge in other key precise positioning technologies, like GPS-RTK.

Finally, the participation of i2CAT in 5GCroCo has allowed us to establish and strengthen
connections with relevant actors of the automotive sector, including industry, academic and
associations.
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HTW: The HTW Saar as a University of Applied Sciences in Saarland set the focus in the
integration and configuration in the 5GCroCo project and had a transverse role across the 3 use
cases, road and telecommunication infrastructure, and therefore had a good overview in the
development.

Beside the integration work, HTW had the opportunity during the pandemic situation to take over
more responsibilities due to the fact that it is located in the heart the German-Luxembourg-French
test field.

HTW could reinforce its expertise in road trials with 5G wireless technologies and was able to
provide high quality tests, measurements and trial services for all partners. Those results
contributed to a publication which received an award from the IEEE for the demonstration and
evaluation of Cross-Border Service Continuity for CAM.

During the demonstration days organized between Germany, France and Luxembourg, HTW
played a key role providing the right partners at the right time for the logistic and getting the
allowance to perform trials on public roads in Germany.

Our good cooperation with the three MNOs permitted us to be present to high level congress for
5G and ITS enabling to reinforce the HTW international visibility.

The project permitted us to tighten our cooperation with the road authorities in the European
region Saar-Lorraine-Luxembourg and placed us as key player for future research projects with
the German motorway authority, Autobahn GmbH des Bundes especially for future transnational
cooperation at the borders.

Overall, the 5GCroCo allowed the HTW to strengthen its operational competences in the topic
and to deepen the partnerships with public and private companies.

HWDU: 5GCroCo project has helped to push the innovation in 5G in Europe, to foster a quick
market penetration of CAM services and in general 5GCroCo has facilitated to bring closer the
different value-chain stakeholders and help them to better explore this new market. 5GCoCo has
helped, on the one side, to identify in more detail the performance requirements of CAM
applications and on the other side to investigate how specific communication technologies could
be enhanced to address CAM-related requirements in cross border environments. More
specifically, 5GCroCo will help HUAWEI to enhance our existing product portfolio and even to
create new products for different types of V2X communications. The small-scale and large-scale
trials in 5GCroCo have helped us to validate technologies such as QoS prediction that could be
part of future solutions as well as to support our standardization activities. 5GCroCo analysis and
results were taken into consideration in the context of our standardization activities in 3GPP as
well as to pre-standardization bodies such as the 5G Automotive Association (5GAA), where
HUAWEI is one of the founding members, for enhancements of QoS prediction granularity, QoS
prediction in roaming scenarios and cross-border/-MNO service continuity. HUAWEI's ultimate
benefit from 5GCroCo is to eventually deliver the essential requirements for communication
modules and tools for the car industry, road operators and MNOs so that 5G-bsed CAM solutions
become a reality in Europe first and then exported to the world.
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NXW: The outcomes of the development activities performed in 5GCroCo project have been
integrated in the software solution implemented by Nextworks for the management and
orchestration of 5G networks. In particular, the software assets developed in 5GCroCo have been
integrated in the Vertical Slicer and in the 5G Apps and Service Catalogue components of the
NXW 5G stack, introducing new functionalities and features for the management of edge
resources and edge applications, the provisioning of e2e network slices across different
administrative network domains and the support of container-based vertical applications.
Exploiting the architectural know-how built in the project, Nextworks has also developed
specialized training courses on 5G architectures, 5G use cases in the automotive sector, network
slicing and sharing strategies for 5G infrastructures, including neutral hosting. These courses
have enhanced the original training offer from Nextworks, targeting the requirements of new
customers (a network operator specialized in Fixed Wireless Access (FWA) services and two
companies of system integrators). Finally, the practical experience built during the
experimentation activities in the Barcelona small-scale pilot has been exploited in a new
consultancy activity on the deployment of 5G networks and services for smart road scenarios,
collaborating with a big Italian player in the sector of roads and motorways management.

NOKIA: NOKIA'’s goals of the 5GCroCo project were to gain information and experience about
specific network functionalities, which are not fully standardized and therefore have not reached
commercial maturity, in particular, related to the architecture and deployment of MEC based
applications. NOKIA also wanted to compare concepts and results gained in the sister projects
5GCarmen and 5GMobix where patrtially other partners have also worked on the same high-level
architecture.

Nokia has taken on board the learnings and uses it in new projects which have started recently
or are planned to start. These projects include also operators which have not been part of
5GCroCo.

5GCroCo together with the sister projects has clearly shown that further work is needed to take
cross-MNO MEC deployments to operationalisation and commercialisation. It is also needed
define and scope MEC based applications considering not only technical but also business
aspects and to continue working with OEMs on increasing their trust into using MEC in 5G
networks beyond infotainment applications. NOKIA applies this experience gained in in the 5G
corridor projects in while scoping new projects.

Orange: For Orange 5G PPP Phase 3 innovation projects results contribute to design jointly
relevant applications with vertical industries, to build a European ecosystem around these
applications and to demonstrate that an infrastructure can support several vertical applications in
parallel. 5GCroCo results contribute to understand and anticipate the needs for road safety
services. This includes also the understanding of the complex ecosystem around these services,
the main value chains and how other complementary services could be integrated to create new
innovative businesses.

5GCroCo results also contribute to understand how CCAM services impact our infrastructure
which was deployed in the past under different requirements and assumptions. In order to support
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investments required for a good 5G SA coverage, and all related road infrastructures, business
models need to be built with partners. As use cases impact on the network capacity, it is thus
essential to adapt the 5G SA network to customer needs. Orange would like to extend and amplify
means and partnerships in rural and urban environment to optimize deployments of Cellular V2X
(C-Vv2X) solutions. Good coverage across all territories and at borders is essential for automotive
use cases and involved actors; however, data need to be shared between actors in order to have
relevant and interoperable services. In that context 5GCroCo brought precious help in
understanding Cross-border/-MNO handovers with local breakout roaming for MEC.

C-V2X architectures need to be improved for a safer, smarter and greener connected mobility.
CAM services allow also decreasing the energy consumption of a vehicle and are thus globally of
interest in the context of the sustainable development approach of Orange.

Finally, 5GCroCo use cases are not limited to automotive domain. They are very inspiring for
other domains (rail, river, drones etc) or more generally for the mobility of tomorrow.

The 5GCroCo project and its results contribute to help us ensuring that future network services
will offer the best experience to our customers and will be sustainable (in terms of energy, costs
and social issues) and operationally manageable.

STELLANTIS: Stellantis has already announced publicly the adoption of 5G in future car lines
from 2024 on. 5Gcroco has served as an input for the vehicle integration aspects as well as the
impacts in the onboard architecture.

The project has provided a practical feedback of an automotive grade 5G modem usage in a real
car in order to analyze, detect and evaluate the difficulties of the integration of a 5G equipment in
a commercial model. This has been especially useful for the development team in order to identify
difficulties (location of the antennas, thermal, interoperability, etc.) and risks of the automotive
adoption of 5G. The 5G KPIs verified in the project confirm the interest of 5G as an off-board
complementary sensor and have been one of the reasons to justify the 5G adoption in our future
Advanced Driver-Assistance System (ADAS) enabled vehicles.

The project results have helped also to take into account for the development phase, the
difficulties of trans-border scenarios and how to manage the MNO change combined with Edge
server changes. The use case deployed by Stellantis (ACCA) provided a practical feedback of
the CPM combined with ADAS actuators.

Groupe Renault: Renault Group has contributed on the 5GCroCo ACCA use case, helping to
demonstrate the real interest of event sharing for safety scenarios. The 5GCroCo project has also
helped Renault Group to have a better understanding of the various improvements provided by
5G and the required infrastructures needed to plainly benefit from them, notably for the cross-
border situations.

For example, these tests have demonstrated the importance of the investments in the core
networks, including for a 5G Non-Standalone Architecture (NSA) architecture. Indeed, even if the
time budget contribution of the 5G NR RAN in inter PLMN handovers scenarios is excellent
compared to an LTE RAN, it is demonstrated that this is in the core networks that remain the
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blockers for the deployment of cross borders use cases, and in particular in a systematic
implementation of a S10 interfaces. As there’s no normalized V2X bearer contexts and Access
Point Name (APN), it would be interesting also to test the positive contribution of the S9 interface
in the overall time budget. The S9 interface is usually not implemented in commercial networks
but can avoid home routing scenarios and associated delays which are often worsen when the
OEMs are using transnational networks (MCC = 901).

Interestingly, the results show also limitations in throughput due to usage of TCP in session based
applications and the advantage of using a MEC to reach faster the maximum throughputs on a
cell. They also show the importance of UE Tx power combined to the frequency which can lead
to lower UL throughputs and lesser spectral efficiency for 5G compared to 4G. Considering MEC
vs commercial Cloud the results shows that the performance gains of a MEC as an AS behind a
P-GW (behind an Evolved Packet Core (EPC)) compared to a well configured orchestration in a
commercial cloud server with optimal routing may not justify the use of use of MEC, in particular
when considering the scalability brought by commercial cloud computing. This need to be
reconsidered for SA as to our understanding a full cloud based infrastructure is suitable for a 5G
Core.

The results of the Barcelona small scale test site demonstrates that UWB can be used as a
complementary positioning solution. However, it shows also that a high density of anchors is
required to achieve a good efficiency. This will certainly be blocker for large scale deployment
across Europe. Considering that UWB doesn’t come for free in a vehicle, this technology may be
probably more suitable for “public transports” fleets at the scale of metropolitan area. But in all
cases, this positioning solution will probably compete against combinations of GNSS and in-
vehicle camera systems with crowd sourced HD map.

BOSCH: Bosch participated in the UC1 and is perusing at the following exploitation plan for the
results of 5GCroCo: a) gaining a deeper understanding regarding possibilities and challenges of
ToD, b) investigating application areas for ToD, c) exploring possible use of 5G features for
distributed driving functions incl. sensor and control data transfer and d) investigating the use of
predictive quality of service functionality to increase availability of distributed driving functions.

The results achieved will be followed up at Bosch and made ready for series production the near
future. 5GCroCo has provided a practical insight into automotive use of 5G so that we were able
to analyze, detect and evaluate the difficulties of the integration of a 5G equipment in a
commercial ECUs at an early stage to inform series development. This concerns both the
software (necessary algorithms, error-proneness, etc.) and the hardware (location of antennas,
thermal management, interoperability, etc.) side. The 5G KPIs verified in the project confirm the
relevance of 5G as a technology to include complementary off-board computations for driving
functions and have been one of the reasons to justify the 5G adoption in our future ADAS products
including ToD.

The 5G feature pQoS has been investigated in more detail. We see this as a technology that will
make it possible in the future to include distributed ADAS even under difficult conditions and thus
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to gain an advantage over competitors. Especially the possibility to pre-emptively adapt the
transmission of sensor and control data to the current and future bandwidth is crucial. Without
this, various products in the field of automotive cloud and edge computing would not be feasible.

EURECOM: EUR participated in 5GCroCo with the objective to carry out the ACCA use case
using 5G networks in cross-border / cross-MNO / cross protocol scenarios. We developed and
validated an ETSI/IoT compliant Edge/Cloud Geoservice architecture for CA/IDEN/CP and the
respective messages (Cooperative Awareness Messages (CAM), Decentralized Environmental
Notification Message (DENM), CPM), as well as the backend interconnection of different
geoserver architectures to support 5G MEC-2-MEC geoserver information exchange capabilities.

This architecture is being integrated in the OpenAirinterface (OAIl) Open-source 5G MEC
architecture (https://openairinterface.org/), which will be provided to the large OAlI community.
Moreover, the geoserver architecture has been used as baseline and extended towards Artificial
Intelligence(Al)-as-a-Service architecture in the H2020 Intelllot project (Project No: 957218,
https://intelliot.eu/), which is a direct exploitation of 5GCroCo achievements.

As an academic partner, EUR also contributed through peer-reviewed high quality publications
and also transferred the acquired experience and prototypes for its academic Cooperative
Intelligent Transportation Systems (C-ITS) Cursus (https://www.eurecom.fr/en/teaching/post-
master-degree/intelligent-transport-systems), through lectures, laboratories and semester
projects.

SANEF: The 5GCroCo project aims to test 5th generation (5G) network technology for connected
and autonomous vehicle applications. Sanef, is a stakeholder in the SCOOP@F and subsequent
projects, which implements the ITS-G5 technology, and we have now the knowledge we wanted
to assess the comparative advantages of the two technologies and we have more elements in
order to make a choice at the time of deployment. All these tests demonstrate the importance of
the investments in the core networks and the project results has helped us to understand
difficulties we could face in the next few years. Finally, the activities performed in this project led
the way for new possible collaborations and we have shared and transferred the results to our
internal business unit for further analysis and potentials for new innovations or roadway uses
cases.

ATOS LU/SEC Consult AT: With a wide portfolio of tools and Know-How in Cyber Security,
ATOS/SEC Consult was able to support participating partners in selected Cyber Security topics
in the project. Having always in mind that this is a research project brings its own challenges with
it. ATOS/SEC Consult was looking for a way how Cyber Security could be added, to protect
nominated solutions developed in this project against Cyber Threats without interfering too much
the ongoing research and development process.

ATOS/SEC Consult achieved this by performing, almost autonomously, Security Assessments of
specific and selected Software and System components developed and used in the project by the
partners. Identification of components to be tested was done based on the system architecture,
known Cyber Threats and in coordination with the partners. The findings from the audits and input
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from the project partners allowed ATOS/SEC Consult to develop individual Security Guidelines
for certain topics according to IT Security needs of the project.

With these Security Guidelines the partners have a starting point for further secure
implementations and development of their solutions. As respective presentations were made
publicly available and the information was also shared via webinars, other EU projects can also
profit from these achievements.

Overall, it can be concluded, that this lighthouse project was a great opportunity for the SME SEC
Consult to apply its Cyber Security Know-How. Now being part of the ATOS family SEC Consult
is even better prepared for further 5G and autonomous driving projects.

TUM: The Technical University of Munich (TUM) participated in 5GCroCo with the objective to
carry out the ToD use case using 5G networks in cross-border / cross-MNO scenarios. Given the
long research history in the field TUM had already a good basis for the development of the
technology. Within 5GCroCao, this technology could be advanced. Together with the partners in
the ToD use case, the use case was demonstrated with multiple vehicles and control modes at
several trial sites. Potential business opportunities were highlighted. As an academic institution,
TUM has actively participated in 5GCroCo’s dissemination effort and contributed to publications.
This helped TUM to position itself as a valuable partner for future innovation, aiming at making
ToD technology a reality.

Volkswagen AG: Volkswagen AG patrticipated in the UC1 and aimed at the following exploitation
plan within the 5GCroCo project: (i) Gaining deeper understand regarding the ToD application;
(i) Learning more insides of 5G and its infield behavior; (iii) Exploring possible usage of 5G
features for ToD; (iv) Investigating ToD using 5G in challenging cross-border/cross-MNO
scenarios.

This has been achieved by developing a ToD application for our fully automated vehicle and by
defining a generic interface with the Vehicle Control Center (VCoC). Several tests and trials
provided to Volkswagen infield experience on the characteristics of the ToD application and the
5G network including cross-border scenarios. The 5G feature of pQoS has been investigated in
more detail. Furthermore, we identified possible future challenges regarding the current spectrum
allocation. In particular, the spectrum allocation might not be sufficient in the UL, when multiple
ToD sessions are established at the same time. Together with our partners, we published this
spectrum need in [24]. In addition, we investigated US#4 (Slim UL) which reduces the consumed
bandwidth relaxing the spectrum usage.

Volvo: In the beginning of the project, we defined four objectives for our attendance in 5GCroCo,
defined below, together with the result on a high level:

1. Study the difference between 4G, 5G, and 5G with MEC in terms of performance.
Yes, both when using Iperf3 (User Datagram Protocol (UDP)) and our HD mapping
application (TCP).

2. Achieve seamless connectivity between borders. Yes, three technical solutions have been
presented.
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3. Study pQoS to increase performance of our functions or download/upload large data
volume to a reasonable price. Yes, a basic concept has been studied.

4. Study MEC to understand its capabilities. Yes, performance wise. However, low focus on
the functional perspective.

In addition, three secondary effects of equally importance have been achieved:
1. Knowledge about the 5G capabilities, its network architecture, and how complex it is.

2. Increased our knowledge to develop HD maps and how to use open-source code, such
as Open Street Map.

3. The test track AstaZero, now have full 5G coverage with the possibility to emulate two
countries, i.e., roaming can be tested.

To summarize, we have gained the knowledge we wanted and now we have a great 5G test
capability at AstaZero, which is very important for our future development of connectivity
functions.

WSE: WSE participated in the UC#3 and from the project experience and learning has developed
the following exploitation plan: 1) gaining a deeper understanding regarding possibilities and
challenges for the V2X technologies in the context of infrastructure operation 2) investigating new
approaches for georeferencing and scalable information management. 3) exploring possible use
of 5G features for infrastructure automation, control and extended while simple operations and 4)
assessing the business potentials of the V2X technology from a software provider and
infrastructure management perspective.

The results achieved will be followed up at WSE and transferred to the business unit for further
analysis and potentials for new products and innovations. The project has provided a practical
insight into automotive and road operation use of 5G so that we were able to analyze, detect and
evaluate the challenges, difficulties and advantages of 5G as a tool for traffic control, monitoring
and safety. The 5G KPIs verified in the project have shown to be tailored to the technological
capabilities of the 5G enabled V2X equipment, but we still need to understand what are the key
advantages from a higher level perspective, considering the value chain and how the possible
services enabled by the technology can be monetized as they provide a true added value.

NKUA: Several 5GCroCo’s concepts and enablers are already included in the Bachelor courses
“Software Development for Networks and Telecommunications” and “Network Management” in
the Department of Informatics and Telecommunications of NKUA. New master and PhD theses
(https://scan.di.uoa.gr/theses) are made available with regards to the 5G related topics and open
issues identified by the 5GCroCo project and many master students, as well as new researchers
are already working on these topics. Moreover, related to the research activities, all the
algorithmic solutions designed and developed under WP4 with regard to the “Predictive QoS for
ToD in 5G networks”, as well as their preliminary results available by M43 are used in NKUA'’s
ongoing research activities towards exploiting 5G and beyond principles. Finally, the activities
performed under the 5GCroCo project led the way for new collaborations with national as well as
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international partners and open new horizons for shaping new national and international proposal
writings.
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5 Conclusions

This deliverable presents the set of activities about the promotion of 5G technologies for the
CCAM in cross-border scenarios, including dissemination, standardization and activities.

This document summarizes the different types of requirements and gaps (i.e., standardization,
regulatory, business, and legal) that have been identified for the successful realization of 5G-
enabled cross-border CCAM services. 5GCroCo members have communicated the above
mentioned findings and the proposed solutions to broad audiences using various means such as
white papers, publications, webinars etc. Also, 5GCroCo findings and validation results by the
tests and trials conducted at the cross-border areas have been communicated to related
stakeholders and also at the appropriate organizations and bodies (e.g., 5GAA, GSMA, AECA,
BEREC, C-ROADS Platform, 6G-IA etc.). 5GCroCo partners have successfully submitted the
following contributions about topics that are related with project’s objectives:

* 40 contributions to 3GPP, on areas about QoS prediction, QoS prediction in roaming
scenarios, QoS management, MEC and ToD

e 5 contributions to ETSI ITS

* 66 contributions to 5GAA on the following topics: ToD, ACCA, Multi-MNO Issues, MEC,
positioning, functional safety, cooperation models and QoS prediction.

This reports also provides an overview of the standardization work and status about selected
important topics (e.g., Cross-border / -MNO service continuity, MEC, Slicing and predictive and
e2e QoS).

Another important topic that is analyzed in this report is the spectrum issues related to cross-
border coordination. Specifically, the frame timing and the patterns of UL and DL slots for TDD
networks and their synchronisation across borders has been identified as the potentially most
harmful issue, when it comes to cross-border spectrum coordination. The potential impact of
campus networks close to a border and the requirements of different applications on the ratio of
UL/DL resources are also discussed. Some directions of solutions on the coordination of 5G TDD
networks across Europe are also presented. 5GCroCo has communicated the above mentioned
spectrum-related findings to the Body of European Regulators for Electronic Communications
(BEREC).

5GCroCo delivered recommendations on 5G for CAM deployment as part of its deployment study,
plus facilitated the provision of a metastudy of 5G for CAM deployment also covering the
deployment studies of its ICT-18 peer projects 5G-CARMEN and 5G-MOBIX.

As described in D6.2, different types of dissemination tools have been adopted to promote
5GCroCo outcomes and findings in the general public and also in the scientific and industrial
community. Firstly, the 5GCroCo website is the main aggregation point of project’s outputs (e.g.,
deliverables, presentations, papers) and dissemination activities (e.g., videos, news, press
releases) with 14.259 visits. 5GCroCo has extensively used social media platforms such as
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Twitter (with 693 tweets posted and 927 followers), Linked-In (with 404 followers) and YouTube
(with 11 videos posted and more than 5,062 views). Eleven (11) newsletters have been prepared
and published every four months to summarize the activities carried out in the project.

5GCroCo members have actively contributed to various dissemination and communication
activities, by participating to forty two (42) events (e.g., MWC, EuCNC, ITS European Congress,
5G PPP, 5GAA etc), organising or co-organising two (2) special sessions and two (2) workshops
related to deployment activities, experiences and lessons learned from the trials. 5GCroCo flyers,
brochures and roll-ups have been distributed in many of these events. 5GCroCo results have
been submitted to thirty one (31) papers in conferences, magazines and journals (twenty nine
(29) published/accepted and two (2) are under review), and nine (9) white papers that have been
co-author or edited in some cases by 5GCroCo members.

Eleven (11) web seminars on different technical topics and trial activities 5GCroCo have been
organised. Among others, the web seminar that was organized together with 5G-CARMEN and
5G-MOBIX projects could be highlighted, where the key findings of the joint white paper on "5G
Trials for Cooperative, Connected and Automated Mobility (CCAM) along European Cross-Border
Corridors" were presented. 5GCroCo together with 5G-Routes project co-organized the 1st
Summer School 5G-X-EU on "5G Connected Automated Mobility across Europe” to facilitate
young researchers and undergrad students to get insights on challenges of 5G for CAM in cross-
border scenarios.

5GCroCo has cooperated with several projects (e.g., 5G-CARMEN, 5G-MOBIX, 5G-Blueprint,
5G-ROUTES), 5G PPP or 6G-IA WGs and other stakeholders to analyse requirements,
regulations and interfaces required for cross-border 5G CCAM services. Furthermore, 5GCroCo
organised two demo days in July 2021 (i.e., live streamed demo) and in October 2021 at the two
cross border areas of the corridor in France, Germany, and Luxembourg, traversing three
countries, where fifty invited attendees participated. 5GCroCo project has appeared in several
media, including TV and printed press during the execution of the project, referring to project’s
results, demos and trials.

A summary of the overall dissemination and communication activities is presented in Table 5-1.

Table 5-1: Summary of Dissemination and Communication Activities

Dissemination Activity Number of Activities
Organization of workshops and special sessions 4
Booth exhibitions in industry forums and events 42
Web seminars 11
Summer School 1
Conference papers accepted or submitted 19
Journal and Magazine papers accepted or submitted 12
White Papers (Contributed or prepared) 9
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Newsletters 11
Press Releases (whole or part of consortium) 5
Video 11
Flyers 2
Brochures 2

Finally, the innovations brought by the project, and the individual exploitation results of each
individual partner have been also presented in this document. 5GCroCo partners, have identified
the following project innovations that are included in the EU Innovation Radar Platform:

o Cross-border/-MNO handover with Local Breakout Roaming for Mobile Edge
Computing/Cloud (MEC) — Technical

e Cross-border/-MNO handover with Local Breakout Roaming for Mobile Edge
Computing/Cloud (MEC) — Business and operational

e Static QoS Prediction Functionality

¢ Dynamic QoS Prediction Functionality

¢ Inter-domain service orchestration and management

e Precise positioning through V2V short-range (sidelink) communication

e Precise positioning through V2| ultra-wideband communication with stationary anchors.
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