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Executive Summary 
This document provides a report with an overview of the results and main insights derived from 

the execution of the 5G PPP (Phase III) 5GCroCo project.  

5GCroCo was devoted to conduct large-scale trials of 5G technologies for Connected, and Au-

tomated Mobility (CAM) in the European 5G cross-border corridors connecting the cities of 

Metz-Merzig-Luxembourg, traversing two borders, three countries: France, Germany and Lux-

embourg. The provision of CAM services across different countries when vehicles traverse vari-

ous national borders has a promising innovative business potential. However, the seamless 

provision of connectivity and the uninterrupted delivery of real-time services across borders also 

pose technical challenges that were addressed in the project. The situation is challenging given 

the multi-country, multi-operator, multi-telco-vendor, multi-car-manufacturer, and cross-

generation scenario of any cross-border layout. In that setting, the 5GCroCo project trialled 

three use cases, that were selected to validate 5G features that can contribute to a successful 

deployment of CAM services: 1) Tele-operated Driving, 2) High Definition (HD) map generation 

and distribution for automated vehicles, and 3) Anticipated Cooperative Collision Avoidance. In 

addition to the large-scale 5G cross border corridor trials, 5GCroCo also conducted small scale 

pilots in Barcelona (Spain), Montlhéry (France), German Motorway A9 5G-Connected Mobility 

testbed, Munich (Germany), and AstaZero (Sweden) to validate some of the used technologies 

before conducting the trials at the large-scale sites. The overall objective of the project was to 

validate the technical feasibility of seamless 5G CAM services across borders, thanks to the 

provision of a solution (namely, inter-PLMN handover) that keeps to a minimum the service in-

terruption time when traversing a country border. The project concluded that it is technically 

feasible to have service interruption times when crossing a border of about 120 ms, allowing the 

continuity of CAM services. 

5GCroCo specified in detail the three use cases (Tele-Operated Driving (ToD), HD Mapping, 

and Anticipated Cooperative Collision Avoidance (ACCA)) that were validated in a cross border 

scenario. For each use case, 5GCroCo defined different user stories, the conditions of the test 

cases associated to each user story, the monitored KPIs per user story, and the locations where 

the test and trials were demonstrated. 

In addition, 5GCroCo defined and implemented the required software and hardware of the ap-

plications that compose the use cases and the hardware and software architecture of the re-

quired network and IT infrastructure. Network architectures providing solutions for cross-border 

handover, cross-MNO Network Function Virtualization (NFV) and Software Defined Networking 

(SDN), Quality of Service (QoS) prediction, Multi-access Edge Computing (MEC), and position-
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ing were specified both for the NSA and SA flavours of 5G. Interoperability issues were ana-

lysed and potential solutions, discussed. 

Trials roadmap, specifications and planification were defined, monitored, and, mostly due to the 

COVID-19 pandemic, rescheduled during the execution of the project.  All test and trials for the 

use cases were done, including cross-border tests and trials and dedicated KPIs were meas-

ured and analyzed. Beyond the feasibility of each use case, which was proven, the test and 

trials brought essential results on first 5G deployments and cross-border handover: 5GCroCo 

proved that seamless service continuity on 5G networks can be guaranteed across borders. The 

service continuity solution implemented in 5GCroCo is achieved through a cross-border (and 

cross Mobile Network Operator) handover, which results in an almost imperceptible service in-

terruption time of around 120 ms. The importance of 5G for each one of 5GCroCo’s use cases 

was analysed. It was concluded that CAM services will benefit from 5G and, especially, from 5G 

SA. Loosely speaking, 5G brings down the overall network latency compared to 4G and also 

enhances the throughput as it was expected.  

The use cases and the KPIs defined in 5GCroCo, coupled with the used V2X technologies and 

standards, together with the existing business analyses derived within other relevant 5G consor-

tia and projects (e.g., 5GAA, GSMA, 5G NetMobil, and 5GCAR), have been used to identify new 

business opportunities that exist in the diverse 5GCroCo ecosystem (multi-OEM (Original 

Equipment Manufacturer) for automotive, multi-mobile network operator (MNO), cross-border, 

and multiple content providers). Effort has been put on the adaptation of existing business vali-

dation canvas to the new automotive ecosystem, including new business model building blocks. 

5GCroCo analysed potential gaps which need to be covered and developed to guarantee the 

success of any business case for CAM based on 5G. Moreover, work was dedicated to the 

identification of the assumptions that the different stakeholders in the CAM ecosystem need to 

make in order to devise the market development directions. These assumptions are wide and 

may cover complementary future developments due to the still unknown directions that regula-

tions, market development and technologies will take. Costs’ sources for the deployment of the 

5GCroCo scenarios and beyond were identified. The cost analysis was performed from a sec-

tor/role perspective, identifying what are the main costs due to the materialization of CCAM for 

each of the involved stakeholders. Cost analysis was used to discuss the potentials and barriers 

of the different applications considered in the project. The connected vehicle market, safe mobil-

ity, and the efforts done towards clean mobility were carefully analysed to derive estimated ben-

efits of the full deployment of CAM ecosystems. In addition, an estimation of the cost of the in-

frastructure deployment in the corridor areas considered in 5GCroCo was also provided in the 

Deployment Study, an output of the project, which was not foreseen at proposal time and which 

was prepared in parallel to the different 5GCroCo contractual deliverables. 

5GCroCo analysed and monitored several standardization, pre-standardization, and regulatory 

bodies that are related with the project objectives. Potential gaps and/or requirements that may 

affect the smooth realization or delay of the development of 5G CAM services in cross-border 

environments were identified. 5GCroCo partners successfully submitted (and got accepted) 40 

contributions to 3GPP, 5 contributions to ETSI ITS and 66 contributions to 5GAA. A spectrum-

related analysis was also conducted to understand if there are new spectrum needs and open 

issues by the realization of 5GCroCo CAM services. 
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5GCroCo partners disseminated project results in academia and industry fora through vari-

ousactivities. Diverse means (e.g., webinars, social media, website, international fora, regular 

newsletters, etc.) were prepared and used to promote the 5GCroCo concepts and outcomes. 

5GCroCo collaborated with 5G Infrastructure Public Private Partnership (5G PPP) projects and 

other relevant 5G initiatives (e.g., 5G Automotive Association (5G AA)). Interactions with stake-

holders (e.g., GSMA, AECA, C-ROADS platform, BEREC) helped 5GCroCo to ensure maxi-

mum impact and visibility of project results. 5GCroCo participated to several events (e.g., MWC, 

EuCNC, ITS European Congress), contributed to different whitepapers, and submitted joint and 

individual papers to conferences and journals. During the last year of the project execution, 

specific effort was dedicated to demonstrations, with the 5GCroCo Demo Day being one of the 

project highlights.  
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1. Introduction 
5GCroCo was an innovation action, partially funded by the European Commission under grant 

agreement 825050 and within the framework of the 5G PPP1 (Private Public Partnership). 

5GCroCo was one of the three innovation actions funded under call H2020-ICT18-20182 of the 

Horizon 2020 R&D program.  

5GCroCo started on the 1st of November 2018 and ended 30th June 2022. It gathered the effort 

of 24 partners from 7 countries, joining together key players from both the telco and automotive 

industries, along with small and medium enterprises (SMEs) and academia. It has a total budget 

of close to 17 million euros, out of which 13 are funded by the EC. The main objective of the 

project was to design and conduct cross-border trials of 5G technologies for Connected and 

Automated Mobility (CAM).  

1.1. Objective of the Document 

This document provides a report with an overview of the results and main insights derived from 

the execution of the 5GCroCo project. The technical content of this document is light in its na-

ture and the reader will be pointed to the different deliverables of the project in case more de-

tails are sought after. 

1.2. Structure of the Document 

Other than this introductory section, the document is structured in four additional Sections. Sec-

tion 2 is about the general overview of the project. Section 3 gathers main project achieve-

ments. Section 4 includes a summary of the main activities carried out per each work package. 

Section 5 provides summarized conclusions from the 5GCroCo project results and achieve-

ments. 

 
1 https://5g-ppp.eu  
2 https://ec.europa.eu/info/funding-tenders/opportunities/portal/screen/opportunities/topic-details/ict-18-
2018  

https://5g-ppp.eu/
https://ec.europa.eu/info/funding-tenders/opportunities/portal/screen/opportunities/topic-details/ict-18-2018
https://ec.europa.eu/info/funding-tenders/opportunities/portal/screen/opportunities/topic-details/ict-18-2018
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2. General Project Information 

2.1. Project Overview 

5GCroCo activities were organized along 7 Work Packages (WP) containing some dedicated 

Tasks (Ts) (see Figure 2-1): 

1) WP1 handled all managerial activities of the project and was led by CTTC. 

2) WP2 defined the scenarios, use cases, and user stories that were trialled in the project. 

In addition, it also described the Key Performance Indicators (KPIs) and, based on them, the 

definition of requirements. WP2 also defined what trials were to be conducted and where. WP2 

was led by BOSCH. 

3) WP3 described the technical components and architectural solutions needed to make 

the use cases feasible in a real 5G deployment. It also identified which partner in the 5GCroCo 

consortium provided each of the necessary elements. WP3 was led by ERI. 

4) WP4 drove the actual trials of 5GCroCo. It combined the outcomes from WP2 and WP3 

to design and plan the actual tests and trials both at the small- and large-scale test and trial 

sites. WP4 was led by Orange. 

5) WP5 studied the business opportunities that may be realized thanks to a 5G-enabled 

cross-border CAM. It started off with the analysis of the use cases of 5GCroCo and, in later 

phases of the project, provided insights and analysis of a wider market perspective. WP5 was 

led by DTAG, 

6) WP6 ensured impact and dissemination of the main outcomes of the project. The activi-

ties of WP6 were focused on monitoring main standardization bodies along the project execu-

tion to identify possible gaps for contribution. It also monitored the progress in 5G spectrum al-

location and needs to provide recommendations for 5G deployment, from the perspective of 

cross-border CAM. Finally, it also disseminated the activities and results of the project. WP6 

was led by HWDU. 

7) WP7 handled all data protection policies within the project, and also covered ethical as-

pects. WP7 was led by CTTC. 

 

For a longer, one-page summary of each work page, see Section 4. 
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Figure 2-1: 5GCroCo Work Package and Tasks Structure 

 

2.2. Project Timeline 
The 5GCroCo execution period lasted 44 months from the beginning November 2018 until the 

end of June 2022. A detailed project timeline is outlined in Figure 2-2 with the Work Package 

and Task durations and its respective consortium member leaders together with when each 

Deliverable (D) was finalized and made publicly available. 
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Figure 2-2: 5GCroCo Project Timeline 

The project demonstrated twice the use cases in cross-border corridor settings. The first project 

Demo, in July 2021, was streamed live to the project officer, EC experts and 5GCroCo team. 

The demo took place in the German-Luxembourgish (D-L) cross border site. Selected user sto-

ries of all three use cases, ToD, HD Mapping and ACCA, were demonstrated. In October 2021, 

the 5GCroCo Demo Day took place in both corridor areas in the border areas D-L and F-D, 

where authorities and press were invited on site to have a first-hand experience of the 5GCroCo 
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use cases, vehicles, and networks. During the morning all three use cases were demonstrated 

in the D-L cross border, being conducted during the afternoon in the French-German (F-D) 

cross border site.  

The COVID-19 pandemic had a significant impact on trials, inflicting delays in the execution of 

thr project, mostly due to travel restrictions. Moreover, dissemination during the first months of 

the pandemic were cancelled or switched to a virtual format. Nevertheless, 5GCroCo participat-

ed during its execution in industrial and research events to disseminate its activities and project 

results, among them EuCNC, Mobile World Congress Barcelona, ITS World and ITS Europe 

(see Figure 2-3). 

 

Figure 2-3: 5GCroCo Events Participation 

More details on the highlights presented in this section can be found in D6.2 “Final Report on 
Standardization, Dissemination and Exploitation Activities” [1].  

2.3. Project Management  
This section details the overall 5GCroCo project management structure, illustrated in Figure 2-4, 

managerial roles and an overview on managerial procedures. 

There were four main bodies in 5GCroCo management structure: 

1) The External Advisory Board (EAB): the members of the EAB were not formal members 

of the consortium and only had access to the internal working material selected by the Project 

Management Team (PMT, see below). The members of the EAB were an invited group of ex-

perts who provided the views of major stakeholders of the fields covered by 5GCroCo together 

with representatives from the other ICT-18 and ICT-53 project coordinators. PMT scheduled 

three meetings with the EAB during the execution of the project. In addition, peer to peer ex-

changes took place. 
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2) The General Assembly (GA): was composed of one representative and one deputy from 

each consortium beneficiary member. It was the highest decision-making body in the project. 

E.g., all decisions involving changes in the description of work required the approval of the GA. 

3) The Executive Board (Board): was composed of one representative from the partners 

taking the role of Project Coordinator, Project Manager, Technical Manager, and Work Package 

Leaders. The main task of the executive board was the overall management of the project. 

4) The Project Management Team (PMT): consisted of the Project Coordinator (PC), Pro-
ject Manager (PM), Technical Manager (TM), Exploitation and Innovation Manager (EIM) and 
the Work Package Leaders (WPL). It handled the day-to-day management of the project. 

At the beginning of the project, one of the first decisions of the GA was to merge the Board and 
the PMT into a single body, that kept the name of the PMT.  

 

 

Figure 2-4: Project Management Structure at the beginning of the project and merging of 
the Board and PMT bodies (dashed line) 

In their different roles, the PMT members contributed as follows:  

• The overall project is managed by the Project Coordinator (PC), assisted by the Project 
Manager (PM). 

• The Technical Manager (TM) and the Technical Manager Deputy were responsible for 
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directing the daily technical work of the project. 

• The Exploitation and Innovation Manager (EIM) was responsible for monitoring the re-
search results and identifying the exploitable assets generated by the project. 

• Each Work Package appointed a Work Package Leader, in charge of coordinating WP 
efforts. 

In addition to the PMT, Use Case Leader (UCL) roles were established for each of the three use 
cases, being in charge of chairing the regular use case meetings, to align deployment and test 
and trials among the different use case team members. 

In a more detailed level, Table 2-1 below outlines the main duties and the people behind the 
5GCroCo managerial roles. 

Table 2-1: 5GCroCo Managerial Roles 

Role People Main Duties 

Project Coordina-

tor (PC) 

Jesús Alonso-Zárate, CTTC (No-

vember 2018 - March 2020) 

Miquel Payaró, CTTC (March 2020 

- June 2022) 

• Monitoring compliance of 

the partners with their obli-

gations 

• Providing the funding agen-

cy with the reports and de-

liverables as agreed. Direct 

contact with the Project Of-

ficer 

• Handling financial matters 

of the project 

Project Manager 

(PM) 

Selva Vía Labrada, CTTC  • Assist and support the PC 

in all his duties 

Technical Man-

ager (TM)  

Dirk Hetzer, DTAG/T-Systems • Works in close collaboration 

with the project coordinator 

to secure progress towards 

the project objectives and 

targets 

TM Deputy Maciej Muehleisen, ERI • Co- responsible with TM of 

assure the technical pro-

gress of the project 

WPL WP2 Kurt Eckert, BOSCH • Planning and organizing the 
work package activities. 

• Coordinating the technical 
work and monitoring the 

WPL WP3 Maciej Muehleisen, ERI  

WPL WP4 Stefan Wendt, Orange 
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WPL WP5 Edwin Fischer, DTAG progress of the WP includ-
ing planning of regular 
meetings for the WP. 

• Ensuring that WP objec-
tives and targets are met. 

• Report technical progress 
to the project coordinator. 

• Overseeing the writing, re-
view and finalisation of de-
liverables. 

• Contributing to audits and 
periodic reports. 

WPL WP6 Apostolos Kousaridas, HWDU 

UCL ToD Andreas Schimpe, TUM • Coordinate the use case 

technical team 

• Planning and organizing the 

use case activities 

• Contributing to reporting 

and dissemination material 

UCL HD Mapping Johan Löfhede, VOLVO (Novem-

ber 2018 - September 2020) 

Hongxia Zhao, VOLVO (September 

2020 - November 2021) 

Maciej Muehleisen, ERI (November 

2021 - June 2022) 

UCL ACCA Eric Perraud, RSA (November 

2018 – April 2021) 

Maciej Muehleisen, ERI (May 2021 

– July 2021 

Stefan Wendt, Orange (August 

2021 – June 2022) 

From August 2021, the UCL had 

the support of a co-leader: 

• Francisco Vazquez-

Gallego, CTTC (until De-

cember 2021) 

• Roshan Sedar, CTTC  

(from January 2022 to end 

of June 2022) 

Exploitation and 

Innovation Man-

ager (EIM) 

Johannes Springer, DTAG/T-

Systems 

• Monitor the research results 

and identifying the exploita-

ble assets generated by the 

project, leading to the gen-
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eration of foreground and 

side ground, analysing the 

market and proposing how 

to implement and deploy 

the project achievements in 

the real world  

 

The project defined from the beginning management and quality procedures, that were updated 
along the execution of the project, among them: 

• Deliverable quality review process 

• Internal approval rules to make documents public 

• General Assembly voting rules 

All these procedures were gathered in the internal Management Handbook document.  

The project used a software platform in the cloud, Confluence (provided and hosted by ERI), 

which allowed for sharing information in wiki pages, and documents, to ensure all team mem-

bers had access at any moment to the most updated information. The platform also provided a 

version tracking system. All project members were provided an individual account. The Conflu-

ence platform proved to be a very efficient and effective tool that enabled a true collaborative 

effort among the 5GCroCo team members.  

Email lists were created during the project for general and specific topics, to ensure information 

reached the relevant people of the team.  

Two-hour plenary meetings where all project team members were invited, were scheduled once 

a month, to provide accurate information of the status of the project and plan the next activities. 

Moreover, two full days physical plenary meetings where scheduled each 4-5 months. During 

the pandemic crisis, these meetings became virtual. During these meetings, a more in-depth 

status of the work packages and use cases was discussed. Parallel meetings on specific topics 

were also organized ad-hoc. These plenary meetings are outlined in Table 2-2. 

Each WP and use case had regular meetings scheduled, in weekly or biweekly manner, de-

pending on the specific needs in each given period of time. In addition, some use cases and 

work packages organized extraordinary physical meetings. 
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Table 2-2: 5GCroCo Plenary F2F Meetings 

Plenary “Face to Face” Meetings 

Subject Dates Location Description 

Kick of Meeting 13th - 15th November 2018 Castelldefels, 
Spain 

Presentation of 5GCroCo 
team, objectives, planning 
of management procedures, 
and organization of WP’s, 
tanks and tasks forces. 

2nd Plenary F2F 12th - 14th March 2019 Castelldefels, 
Spain 

Plenary session for project 
alignment, use case work 
sessions. 

3rd Plenary F2F 2nd – 4th July 2019 Castelldefels, 
Spain 

Innovation Management 
Session, Parallel Working 
sessions on business and 
use cases, EC review prep-
aration. 

4th Plenary F2F 26th - 28th November 2019 Castelldefels, 
Spain 

Plenary session for project 
alignment, use case work 
sessions. Analyze EC re-
view feedback. 

5th Plenary F2F 24th - 26th March 2020 Virtual Plenary session for project 
alignment, use case work 
sessions. Covid-19 project 
affection assessment. 

6th Plenary F2F 2nd- 4th June 2020 Virtual Plenary sessions on use 
cases and trials, also dedi-
cated to spectrum activities. 

7th Plenary F2F 1st-3rd September 2020 Virtual Plenary meeting with focus 
on use cases and trials 
planning. 

8th Plenary F2F 
 

9th- 11th February 2021 Virtual Plenary meeting with focus 
on use cases and trials 
planning. 

9th Plenary F2F 25th-27th May 2021 Virtual Planning of the first round of 
trials. 

10th Plenary F2F 
 

15th- 16th July 2021 Virtual Plenary meeting about trials 
planning and result analy-
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sis. 

11th Plenary F2F 9th -10th September 2021 Virtual Plenary meeting to discuss 
on trials, 5GCroCo Demo 
Day preparation, and EC 
review. 

12th Plenary F2F 12th January, 2022 Virtual Plenary meeting to analyse 
EC feedback and align in 
future activities. 

13th Plenary F2F 17th-18th May 2022 Castelldefels, 
Spain 

Plenary meeting to prepare 
final project dissemination 
events and deliverables. 

 

The Project Coordinator, the Project Manager, and the PMT monitored and kept track of the 
risks during the execution of the project, defining mitigation actions.  An internal register of risks 
was created, updated, and reported periodically to the EC. Due to COVID-19 pandemic, a spe-
cific COVID-19 internal risk register was created that kept track of the delays caused by COVID-
19 restrictions on the project planning, and the effect on partners, such as travel limitations, no 
access to work facilities, etc. The COVID-19 risk register was updated by all partners in a 
monthly basis and reported to the EC.  

2.4. Liaisons with other EC Related Projects  
5GCroCo project has joined forces with other H2020 ICT projects to communicate EC effort 

towards developing 5G for CAM across Europe, and disseminate project objectives and results. 

Some of the more significant collaborations are outlined in Table 2-3. 

Table 2-3: Liaisons with EC Related Projects 

Projects Description of activities 

5GCAR3 • Shared booth at MWC 2019, Barcelona 

• Joint presentation at MWC 2019, Barcelona 

• Joint workshop at EUCNC 2019, Valencia 

• Shared partners and team members: ERI, HWDU, NOKIA, 
PSA, BOSCH, Orange, Volvo, CTTC 

5G-CARMEN4 and 

5G-MOBIX5  

• Joint booth and workshop organized at EuCNC 2019, Valencia 

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

 
3 5gcar.eu 
4 5gcarmen.eu 
5 5g-mobix.com 

https://5g-ppp.eu/5gcar/
https://5g-ppp.eu/5g-carmen/
https://5g-ppp.eu/5g-mobix/
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• Joint booth at EUCAD 2019 

• A joint white paper on planned trials, identified gaps and solu-
tions directions by the ICT-18 projects.  

• Deployment Workshop organization on the February 2022 

• Joint contribution to the white paper “From 5G to 6G Vision – A 
Connected and Automated Mobility (CAM) perspective”, re-
leased on June 2022 

• Special Session 5G for CAM at EuCNC 2022 

• 5GCroCo Work Package (WP) 5 Leader, Edwin Fischer, also 
participating at 5G-CARMEN  

• Shared partners: NOKIA  

• Shared partners with 5G-MOBIX: Stellantis, ERI 

• Shared partners with 5G-CARMEN: DTAG 

• Project coordinators of the 3 projects participate in the External 
Advisory Board (EAB) of the other 2 projects. Jesus Alonso-
Zarate is member of the EAB of both 5GCARMEN and 5G-
MOBIX. Equivalently, Roberto Riggio and François Fischer 
have been members of the EAB of 5GCroCo. 

5G Blueprint6 • Established a collaboration framework spanning several types 
of activities. Joint teleconference to discuss the details of their 
respective teleoperated driving use cases. 5GCroCo has pro-
vided support on modem configuration. 

• Support each other in  the  communication  and dissemination 
efforts 

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

5GMED7 • Joint participation at the panel organized by the Spanish 5G 
National Observatory (November 2021): “Conectados 5G: Eu-
ropa y España ante el reto de la movilidad inteligente” 

• Shared partners and team members: CTTC, I2CAT, MWCB 

 
6 5gblueprint.eu 
7 5gmed.eu 

https://5g-ppp.eu/5g-blueprint/
https://5gcroco.eu/news/75-5gcroco-and-5g-blueprint-collaboration.html.
https://5gcroco.eu/news/75-5gcroco-and-5g-blueprint-collaboration.html.
https://5g-ppp.eu/5gmed/
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5G Routes8 • Joint organization of Summer School on 5G Connected Auto-
mated Mobility (CAM) across Europe (May 2022) 

• Shared partners: ERI, CTTC 

 

 

 
8 5g-routes.eu 

https://5g-ppp.eu/5g-routes/
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3. Main Achievements and Outcomes 
As it has already been pointed out above, one of the main 5GCroCo objectives was to validate 

key 5G technologies and three CAM services in cross-border real-life scenarios, in the corridor 

areas that connect the cities of Metz-Merzig-Luxembourg in France, Germany, and Luxem-

bourg, traversing three countries, two borders. This section provides a summary of the main 

project achievements that stem from the activities carried out to fulfil this objective. 

3.1. Use Cases  

5GCroCo use cases were selected so that their main needs and requirements could be used to 

validate 5G features that can contribute to a successful deployment of CAM services, as it is 

summarized in Table 3-1. Use cases and user stories are described in details in Deliverable 

D2.1 “Test Case Definition and Test Site Description Part 1” [2] and Deliverable D2.2 “Test 

Case Definition and Test Site Description for Second Round of Tests and Trials” [3] .  

Table 3-1: Mapping of Main Needs from 5G vs Use Cases 

5G Features ToD HD Mapping ACCA 

Seamless availability X X X 

High data rate X   

Functional safety X   

High reliability X  X 

Low latency X  X 

QoS Prediction X X  

Mobile Edge Computing / 
Cloud 

  X 

 

3.1.1. Tele-Operated Driving 

Current automated driving vehicle prototypes prove the feasibility of truly driverless cars. Tele-

operated Driving (ToD) can be leveraged as an enabling technology to smooth this transition, as 

edge cases remain, which necessitates falling back on human operators. The overall architec-

ture of ToD, which is considered, is shown in Figure 3-1. For ToD, an interface over the mobile 

5G network is created that allows a human to remotely control a vehicle. Through such an inter-
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face, sensor and vehicle data, e.g., video feeds and velocity are transmitted from the vehicle to 

the vehicle control centre. There, the data are displayed to the human tele-operator who gener-

ates control commands, e.g., desired steering wheel angle or velocity. These are then transmit-

ted back to the vehicle for execution.  

 

Figure 3-1: Schematic Overview of the ToD Use Case 

Reduced situational awareness poses one of the greatest challenges for ToD, as the tele-

operator is not physically located in the vehicle. Additional mental effort is required to compen-

sate for distortions and recreate missing information from the sensor data.  

The transmission of signals over mobile networks introduces latency, which can be critical if the 

vehicle is remotely controlled at stabilization level, i.e., the teleoperator produces direct steering 

commands. If the latency is too large, different control concepts may be applied, such as an 

indirect, trajectory-based control scheme. ToD User Stories are described in Table 3-2. 

Table 3-2: ToD User Stories 

Use 

Case 
Short Name Description 

ToD 

US#1 - User Story 1 - Di-

rect control, low velocity 

The vehicle follows the commands (steering, braking, 

acceleration) it receives from the remote driver, max-

imum speed at 15 km/h. 

US#2 - User Story 2 - Indi-
rect control, low velocity 

The remote driver provides a trajectory to the vehicle, 

maximum speed at 15 km/h. 

US#3 - User Story 3 - 
High velocity 

The vehicle is manually driven at high velocities while 

ToD signals (video, control commands etc.) are 

transmitted. 

US#4 - User Story 4 – 
Slim uplink, indirect con-
trol, low velocity 

Same as User Story 1 but sensor data sent to remote 

driver requires significantly less throughput than 

when videos are streamed. 
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Direct and indirect control were validated in 5GCroCo test and trials. ToD was trialed with two 

vehicles, one each provided by BOSCH and Volkswagen AG. Both vehicles have integrated 

longitudinal and lateral control, which, based on input from vehicle sensors, can automatically 

steer the vehicle on defined lanes, hand over control to a tele-operator and take back control as 

well.  

5GCroCo concluded that the low latency and high bandwidth & reliability, obtained through 5G, 

improves the performance of a ToD application. Furthermore, it was demonstrated that ToD 

application can remain functional in Cross-border/-MNO scenarios, given the service continuity 

through Inter-PLMN handover. 

ToD detailed results about latency, throughput, QoS prediction, etc. together with more com-

plete conclusions can be consulted in deliverable D4.3 “Final Trials Execution Report and Anal-

ysis of 5GCroCo KPIs” [4]. 

3.1.2. High Definition Mapping 

One of the cornerstones of autonomous driving is an accurate, actual, and seamless high-

definition map. The basic functionality is to determine the vehicle’s position — which road and 

which lane it is in — but also information about traffic rules like speed limitations, or more dy-

namic conditions like road closures or construction areas. High-definition (HD) map users ex-

pect a continuous availability of the map content, even in cross-border scenarios. Autonomous 

cars, however, require the map to be constantly up-to-date, and thus when reality changes, the 

map needs to be updated. Regular map updates by the map provider, typically done a few times 

a year by driving mapping vans along the roads, are not at all sufficient. To ensure a high relia-

bility of autonomous cars, the map needs to be updated constantly, by as many contributing 

cars as possible. Broadly speaking, the cars collect information about their surroundings using 

their on-board sensors, and then use their connectivity to send this information to some 

backend. Here, the received data is compared to the existing map, and if differences are found, 

the map can be updated. The data might even come from sources other than cars, e.g., road 

side cameras. The HD map can also be used as the base upon which more dynamic infor-

mation can be stored, for example, accidents. All these procedures have to work seamlessly 

across borders. For example, map updates from cars on one side of a border have to be distrib-

uted also to cars on the other side, served by a different operator with the backend running on a 

public server or a Mobile Edge Cloud/Computing (MEC) architecture. 

A schematic overview of a user story of the HD Mapping use case is shown in Figure 3-2: A first 

vehicle, A, detects a change on the road, e.g. a lane that is closed because of construction 

work. Vehicle A sends this deviation to a backend in the cloud through Mobile Network Operator 

2 (MNO 2), where the new information is incorporated into the map. The updated map is then 

sent back to all connected vehicles in the vicinity and, in particular as shown in Figure 3-2, vehi-
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cle B can receive the map update through MNO 1 which can possibly belong to a different coun-

try than MNO 2. HD Mapping User Stories are described in Table 3-3. 

 

Figure 3-2: Schematic Overview of the HD Mapping Use Case 

  

Table 3-3: HD Mapping User Stories 

Use 

Case 
Short Name Description 

HD 

Mapping 

US#1 - User Story 1 - 
Downlink 

Download HD map data for a map tile before entering 

that tile. There is no speed constrained for HD Map-

ping use case. 

US#2 – User Story 2 – 
Uplink 

Upload changes to the map detected by on-board 

sensors to the HD map content provider. There is no 

speed constrained for HD Mapping use case.  

US#3 – User Story 3 – 
Up-/downlink 

One vehicle executes User Story 2 and a following 

one executes User Story 1 to download the freshly 

updated HD map data. There is no speed con-

strained for HD Mapping use case. 

US#4 - User Story 4 - 
Downlink with predictive 
Quality of Service (pQoS) 

Same as User Story 1 but the best place/time to con-

duct the download is predicted. There is no speed 

constrained for HD Mapping use case. 

 

For all HD Mapping test and trials, the same architecture and applications was used, running on 

the Linux operating system and therefore TCP was used. Static experiments were used for trials 

preparation and, in addition, these static experiments represent upper-bound results for ideal 
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conditions. For user story 3, a production camera module was installed and integrated with the 

car PC, on a Volvo XC90.  Tests and trials were conducted successfully at the corridor test and 

trial sites in F-D and D-L and, also previously, in AstaZero and Motorway A9. 

5GCroCo concluded that the high bandwidth & reliability, obtained through 5G, enhanced the 

HD Mapping service performance compared with 4G. Furthermore, it was demonstrated that HD 

Mapping application can remain functional in Cross-border/-MNO scenarios, given the service 

continuity through Inter-PLMN handover. 

Detailed HD Mapping results about MEC vs Public Internet Cloud, QoS prediction, etc. together 

with more complete conclusions can be found in deliverable D4.3 “Final Trials Execution Report 

and Analysis of 5GCroCo KPIs” [4]. 

3.1.3. Anticipated Cooperative Collision Avoidance  

Towards the realization of autonomous vehicles, car manufacturers are adopting and develop-

ing sensors that allow vehicles to sense their environment and control the vehicles. Driving au-

tomation systems rely on a variety of sensors like cameras, radar, lidar, etc. Despite the in-

creasing number of in-vehicle sensors, the environmental perception of the vehicle remains lim-

ited by the range of the in-vehicle stand-alone sensors. In certain situations, typical stand-alone 

sensing systems will not be able to detect and localize dangerous events on the road with suffi-

cient level of anticipation. In such situations, delayed detection of a dangerous event will trigger 

a hard braking or a dangerous manoeuvre or potentially lead to a collision. 

The Anticipated Cooperative Collision Avoidance (ACCA) use case relates to the possibility to 

anticipate certain potentially critical events in order to reduce the probability of collisions in situa-

tions when typical sensors will have no visibility or a short detection range (e.g., a few 100 m). 

The aim of the ACCA use case is to induce smoother and more homogeneous vehicle reactions 

by facilitating the anticipated detection and localization of temporarily static events such as traf-

fic jams, high deceleration, emergency braking or unexpected manoeuvres of vehicles in front, 

etc. An example of a typical scenario of the ACCA use case is depicted in Figure 3-3. 
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Figure 3-3: Typical scenario of the ACCA use case where an abnormal situation cannot 
be detected by on-board sensors and MNOs from two different countries are used for 

communication 

5GCroCo realized and trialled all the ACCA user stories enumerated in Table 3-4. 

Table 3-4: ACCA User Stories 

Use 

Case 
Short Name Description 

ACCA 

User Story 1 (US#1) - Sta-
tionary vehicle – self-
detected 

A vehicle detects by itself that it is stopped on the 

road and sends this information to the backend so 

others can be warned.  

User Story 2 (US#2) - Sta-
tionary vehicle – externally 
detected 

Same as User Story 1, but either other vehicles pass-

ing by detect the hazard or a detection algorithm in 

the backend detects it by analysing information com-

ing from the stationary vehicle causing a hazard.   

User Story 3 (US#3) - Ex-
ternally detection of traffic 
jam creation 

The backend using Artificial Intelligence (AI) algo-

rithm detects the creation of a traffic jam (i.e. several 

stopped or slowly moving vehicles)   

 

For all ACCA test and trials the same software components and technological stacks were 

deployed and used in all three user stories. Vehicles exchanged among them Decentralized 

Environmental Notification Message (DENM) (i.e. message upon detection of a hazard, e.g. 

stopped car, traffic jam, etc.), Cooperative Awareness Messages (CAM) (i.e. periodic status 

updates on e.g. speed, position, heading, etc.) and Collective Perception Messages (CPM) (i.e . 

detection of a hazard in the surroundings by a car’s sensors with the backend) [5] [6]. 
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 All relevant ACCA implementations were not only realized as car-independant external solu-

tions but also integrated in the vehicles from Stellantis and Renault. Particularly, the implemen-

tation and validation of self-deceleration advanced feature in Peugeot 3008 vehicle provided by 

Stellantis. When the vehicle is warned by the backend about a stopped vehicle or a potential 

traffic jam, the self-deceleration feature then automatically slows the vehicle down to 30 km/h, 

thus avoiding dangerous situations as creating an additional accident. 

5GCroCo concluded that the low latency and reliability, obtained through 5G, improves ACCA 

service performance. Furthermore, it was demonstrated that ACCA application can remain func-

tional in Cross-border/-MNO scenarios, given the service continuity through Inter-PLMN hando-

ver. 

More ACCA results about cross- car OEM, MEC vs Public Internet Cloud, precise positioning, 

etc. together with more complete conclusions are detailed in deliverable D4.3 “Final Trials Exe-

cution Report and Analysis of 5GCroCo KPIs” [4]. 

3.2. Test and Trial Sites 

5GCroCo defined two large scale cross-border test and trials sites, in the corridor areas that 

connect the cities of Metz-Merzig-Luxembourg in France, Germany, and Luxembourg, travers-

ing three countries, two borders. These are the F-D corridor between Forbach (France) and 

Saarbrücken (Germany) and the D-L corridor between Perl (Germany) and Schengen (Luxem-

bourg). 

In addition, small scale test and trial sites were also defined in other locations away from the 

cross-border corridors, but allowing preliminary validations of developments and applications. 

The small scale test and trial sites in 5GCroCo were located in Barcelona, Montlhéry, Munich, 

the Motorway A9 in Germany, and the AstaZero circuit in Sweden. 

A brief description of all the 5GCroCo test and trial sites can be found below. However, for de-

tailed descriptions, the interested reader is referred D4.1 “Report Validating Development and 

Integration in Network, Vehicle and Backend on Small-and Large Scale Trial Sites” [7]. 

5GCroCo Tests and Trials were carried out in two different rounds. Not all use cases and user 
stories were tested and trialed on all sites. In Table 3-5 it is specified where each user story was 
trailed. 

Table 3-5: Mapping of Use Cases to Test Sites 

Test Site ToD HD Mapping ACCA 

Barcelona   X 

Montlhéry   X 

Munich X   

Motorway A9  X  

AstaZero  X  
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Corridor F-D X X X 

Corridor D-L X X X 

 

3.2.1. Cross Border Corridor 

5GCroCo had the main objective to realize all use cases on cross-border roads and at large-

scale. The large-scale tests planned in the project were carried out in corridors that part of the 

European Cross-Border Corridor spanning the cities of Metz-Merzig-Luxembourg and spanning 

the border between France, Germany and Luxembourg. It consists of two locations, the Ger-

man-Luxembourgish border and the French-German border. 

 
Figure 3-4: Location of Test Roads within the Large-scale Test Sites on the Metz-Merzig-

Luxembourg Cross-border Corridor9 
 

France- Germany (F-D) 

The first large-scale test area concerns a set of cross-border roads between France and Ger-

many. It is located at the border between the towns of Forbach (France) and Saarbrücken 

(Germany). Depending on the complexity of the use case and road restrictions, tests were done 

on the motorway or on a country road (D32C) located in close vicinity.  

 

 
9 All maps thanks to Open Street Maps 
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Figure 3-5: Location of the Cross-Border Corridor on the French-German Border        

(Forbach-Saabrücken) 

Germany-Luxembourg (D-L) 

The second large-scale test area concerns a set of cross-border roads between Germany and 

Luxembourg. It is located between the towns of Schengen (Luxembourg) and Perl (Germany). 

Depending on the complexity of the use case and road restrictions, tests were done on the mo-

torway or on different country roads running in parallel to the motorway in close vicinity to it. 

 
Figure 3-6: Location of the Cross-Border Corridor on the Luxembourgish-German Border 

(Schengen/Perl) 
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3.2.2. Small Scale Sites 

Below are described the five 5GCroCo small scale test and trials sites, located in four different 

countries. More details can be encountered in D4.1 “Report Validating Development and Inte-

gration in Network, Vehicle and Backend on Small-and Large Scale Trial Sites” [7]. 

Montlhéry (France) 

UTAC CERAM is a private, independent group providing services in all areas of land transport. 

Its work concerns regulation and approval, testing, technical expertise in the domain of envi-

ronment, safety, durability and reliability, certification, events and driver training, including a cen-

ter dedicated to development and homologation testing of connected and automated vehicles. It 

is composed of 12 km of closed testing tracks and associated facilities, in the form of three mo-

bility environments to enable the support of various vehicular use cases: city road, country road 

and highway road.  

Motorway A9 5G-ConnectedMobility (Germany) 

The Motorway A9 5G-ConnectedMobility small-scale test site is an approximately 30 km long 

segment of the German Motorway A9 between the cities of Nuremberg and Greding. It is part of 

the larger Digital Test Field Motorway supported by the German Federal Ministry of Transport & 

Digital Infrastructure and the Bavarian Road Construction Administration. In addition to the A9 

Motorway, coverage is also present on a parallel country road from Allersberg to Wendelstein. 

The site thus provides motorway and country roads. 

Munich (Germany) 

The site location was a private parking area in line of sight to the 5G network from Huawei Mu-

nich Research Center, in the northwest of the city. ToD development progress and predictive 

quality of service, among others topics, were validated there. 

AstaZero (Sweden) 

AstaZero is a full-scale independent test environment for future road safety, outside Gothen-

burg, Sweden. AstaZero features highway and country roads and has testing capabilities for 

different environments, including rural road, city area, high speed area, and multi-lane road. In 

addition, two communication networks are available: 1) A cellular test network that controls dif-

ferent objects during the tests, e.g., a balloon vehicle, a moose, and a pedestrian. 2) A second 

network with high flexibility, e.g., coverage, network load, and handover setups, including emu-

lation of country borders with two separate MNOs. This network can be used to test different 

vehicle functions that are using vehicle-to-anything (V2X) communication.  

Barcelona (Spain) 

The Barcelona small-scale test site was composed of a 5G neutral hosting platform deployed in 

Barcelona (in the 22@ district), and a cross-border Internet Exchange Point (IXP) platform de-

ployed in Castelldefels (at the CTTC premises), 25 km south from Barcelona. The small-scale 

site was integrated within the 5GBarcelona end-to-end infrastructure. The test site emulated a 
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cross-border scenario, with different virtual MNOs which operate MECs and the LTE small cells, 

and an IXP and public cloud for cross-border applications.  

 

3.3. 5GCroCo Execution Lessons Learnt 

5GCroCo lessons learnt during the project execution include aspects related to 5G capabilities, 

open issues such as spectrum regulations, project potential innovations, practical problems en-

countered during trials execution and, finally, managerial issues. In addition, an introduction to 

the Deployment Study is also provided in this section. 

3.3.1. 5G Capabilities and Current Open Issues  

As it was to be expected, the underlying 5G network capabilities are the same independently of 

the use case and, in this section, we provide an overview of the results obtained during the pro-

ject execution, which are independent of the use case under consideration (also termed use 

case-agnostic results).  In the 5GCroCo trials, three 5G non stand alone (NSA) networks were 

set up featuring a local breakout of the user plane. As a summary of the use-case agnostic re-

sults, the following are highlighted in the remainder of this paragraph. The 5G mean RAN  round 

trip time (RTT) latency is around 8-9 ms. The possible throughput depends on the available 

bandwidth (40 (Luxembourg) and 80 (France and Germany) MHz for 5GCroCo three networks) 

and on the Downlink (DL)/Uplink (UL) Time Division Duplex (TDD) scheme. It depends also on 

the used 5G device and how many MIMO streams this device is capable of handling. Max DL 

throughput observed was around 800 Mbps (in France). Max. UL throughput was around 150 

Mbps (in Germany).  

Trials carried out in the cross-border corridor areas proved that seamless service continuity on 

5G networks can be guaranteed across borders. The service continuity solution implemented in 

5GCroCo is achieved through a cross-border (and cross-MNO) handover, which results in an 

almost imperceptible service interruption time of around 120 ms. This low interruption time is to 

be compared to the service interruption times that are achieved with other solution, like Release 

with Redirect (RwR), which comes in two flavors depending on whether or not an S10 interface 

is available between the two national mobile networks. When an S10 interface is available, RwR 

achieves interruption times around 730 ms, which go up several seconds if the S10 interface is 

not available. In the latter case, the connection breaks and needs to be reestablished, which 

took more than 6 seconds with the devices used in the conducted trials. However, even the 6 s 

are better than the current situation at the border where the connection is dropped and a con-

nection to the visited network is occurring only after several minutes when being away enough 

from the home network.  
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Figure 3-7: Cross-border/-MNO Service Continuity Solutions 

Furthermore, it was noted that 5G and especially 5G standalone (SA) will bring a lot of benefits. 

5G brings first of all down the overall network latency compared to 4G. It also enhances the 

throughput. This is especially important for the UL part of many use cases as e.g. 5GCroCo 

ToD use case. A local breakout of the user plane allowing Mobile Edge Computing (MEC) is 

bringing down further the latency. Especially our use case ACCA can profit from this low latency 

where an application layer RTT latency is about 25 ms for server hosted locally (MEC) com-

pared to about 50 ms for a cloud server. But MEC computing may allow as well higher average 

throughput for smaller file sizes as e.g. for a TCP connection the peak throughput is faster 

achieved thanks to a lower latency; this was observed by 5GCroCo HD Mapping trials. 

Work in the project also highlighted that 5G SA will go even further in the future with the arrival 

of URLLC ready equipment where radio latency should go to 1 ms and, especially, high reliabil-

ity should be available, being very important for our road safety use cases. 5G allows also hav-

ing a dedicated slice, with dedicated QoS, important for the end-to-end QoS aspects of all our 

use cases, when it comes to loaded cells. Indeed, without a dedicated protected and prioritized 

slice, high load in cells can impact on the performance.  

5G SA is also needed for a seamless service handover at the border with local break out. In-

deed, a seamless handover on the radio side, is resulting in a home routed situation. An appli-

cation using MEC and profiting from low latency would lose all low latency as the traffic is first 

home routed before going back again to the MEC server on the other side of the border. This 

behavior was shown with the ACCA use case. Thus, signaling is needed on the 5G side to 

change the gateway and enable locally routed MEC computing in the visited country. 5G SA 

brings such possibilities via the SSC mode 3 and current networks i.e. 4G/5G NSA (based on a 

4G core) do not have them. Finally, 5G has in general higher capacity than 4G. This is especial-

ly important when it comes to a scaling up of a use case. Indeed, not only coverage is important 
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for a network providing good service QoS, but also capacity. And here 5G clearly has an ad-

vantage over 4G. 

A list of conclusion and open issues are also presented for different architecture related topics 

[8]: 

• MANO and SDN 

MANO and SDN are currently applied separately for VNFs of the Core and MEC-hosted appli-

cation servers. Furthermore, each MNO typically has own, isolated MANO and SDN systems. 

5GCroCo proposed solution introduces an end-to-end service orchestrator, which decomposes 

an end-to-end service into multiple service components to be instantiated in the underlying sin-

gle administrative domains, where the different VNFs and Application Services composing the 

end-to-end service chain can be either placed centralized on the public Internet or the MEC. 

Cross-domain MANO and SDN enables controlled end-to-end QoS for connected driving use 

cases. 

• QoS 

End-to-end QoS through dedicated bearers enables beyond-best-effort-QoS for connected driv-

ing services. At least for the use cases and user stories evaluated in 5GCroCo, 5QI/QCI classes 

serving their requirements were identified. Requirements listed in the 5QI/CQI tables are suffi-

cient to select a suitable class for a given application. Service Level Agreements, potentially 

also offered when roaming, might require further information. Such information can be contained 

in Generic Network Slice Templates defined by GSMA.    

• QoS Prediction 

3GPP has specified the architecture and interfaces for QoS prediction and 5GCroCo project 

helped proving their applicability and benefit. Paths of vehicles for which they request a QoS 

prediction can be covered by multiple MNOs. For this case two solutions are proposed: either 

each MNO is queried separately or only the serving MNO is queried and it forwards the request 

to further MNOs along the path and returns a combined prediction from all MNOs. The second 

option is naturally more convenient from the point of view of the vehicle. It is an open question 

how the serving network can determine which MNO(s) will be serving the vehicle along its path 

and/or how to assure a certain MNO, corresponding to the prediction, gets selected. 

• MEC 

MEC enables controlled end-to-end QoS as the service provider, typically an MNO, has control 

over the whole data path. Even when multiple MNOs are involved, solutions exist through collo-

cation in shared data centres and/or controlled wide area network lines. Besides the perfor-

mance aspect, MEC also simplifies contracting relations as the same entity, usually the MNO, 

provides connectivity and computation/hosting. Inter-PLMN handover for cross-border/-MNO 

service continuity in conjunction with MEC needs further effort to result in an integrated and 

seamless solution with limited-service interruption time. The data path from the vehicle to the 

MEC usually becomes very long with high delay after the Inter-PLMN handover, as the gateway 
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(P-GW / UPF) is not changed, not even when Local Breakout Routed Roaming is enabled. To 

benefit from a short and low latency path to MEC hosts in the target network, it is required to re-

establish the packet data network connection in the target network. Only SSC mode 3, available 

with standalone 5G New Radio, offers the means to conduct an uninterrupted transition from 

Home Routed to Local Breakout Routed Roaming. SSC mode 3 only covers the portion within 

3GPP specification domain spanning the RAN and especially Core. End-to-end solutions must 

cover all protocol layers end-to-end. We described corresponding challenges and solutions in 

use-case-agnostic way, but the details, especially on the CCU and application client site, need 

to be refined according to general development of those components.  

• Precise Positioning 

UWB-based positioning can serve as solution for absolute positioning in selected areas where 

GNSS-based positioning is not available. Sidelink-based positioning is especially suitable for 

relative positioning but, as of now, is an ongoing standardisation topic with the open question of 

sidelink spectrum availability to support it. 3GPP GNSS-RTK provides an open solution for pre-

cise positioning for all industry sectors, including automotive. Once the broadcast version is 

available, it will enable MNOs to provide GNSS-RTK information very efficiently. Until then, the 

unicast version can be used to promote and evaluate the solution. 

• Security 

Best practice for Docker and MQTT security is described in D3.3 [8]. The guidelines allow to use 

Docker and MQTT securely for connected driving services. The European PKI system was de-

scribed, and it can be concluded that it could serve the needs of connected driving, which in-

clude seamless enrolment for short- and long-term validity certificates. Privacy regulation poses 

significant challenges on connected driving services, but it is supposed to be possible to fulfil 

legal obligations with respective effort.         

3.3.2. Spectrum Related Issues 

Spectrum limitations and issues have also been studied in 5GCroCo project, results are pub-

lished in D6.1 “Intermediate Report on Standardization, Dissemination and Exploitation Activi-

ties” [9] and D6.2  “Final Report on Standardization, Dissemination and Exploitation Activities” 

[1] deliverables. An overview of the spectrum limitations and the identified issues is provided in 

this section. Coordination and harmonization on spectrum regulations across Europe is needed 

to overcome these limitations. 

In terms of spectrum limitation for 5GCroCo use cases, it was concluded that, spectrum needs 

in terms of peak requirements are satisfied by 5G when more than 20 MHz of carrier bandwidth 

are available. For the requirements in terms of average data rate, 4G already provides enough 

bandwidth for all use cases. Among the three 5GCroCo use cases studied, the only one impos-

ing strict spectrum demands in the uplink (UL) is the ToD use case. In the downlink (DL), all of 

them are heavy data rate consumers. In most of the scenarios considered, however, they are 

not enough to saturate the available bandwidth. 
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• Time Division Duplex (TDD) Networks 

5G NR operates in a wide range of frequency bands, from 600 MHz to mmWave. Some of these 

frequency bands often use a Time Division Duplex (TDD) scheme, where uplink and downlink 

data traffic use the same frequency band, separating uplink and downlink traffic in time. This 

means that transmitter and receiver need to be synchronised. 5G NR allows flexibility to define 

TDD patterns, and the pattern can be signalled by the network.  

• 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 realising almost any TDD pattern, however, in most countries it is regulated 

what TDD pattern to choose, for legacy reasons. Unaligned TDD patterns will lead to cross-link 

interference in border regions. 

• Campus Networks 

Campus networks use the same technology and the same spectrum as public 5G networks and 

thus need to coordinate with the public networks for harmonization. However, different rules and 

regulations apply to campus networks, so coexistence with public networks is challenging even 

far from any border. 

• Ratio of UL/DL Resources 

A shortage of UL resources can be expected if UL-heavy use cases, like ToD, should be sup-

ported. Current typical DL:UL ratio, 8:2, in 5G TDD patterns, might need to be modified to a ratio 

around 6:4. However, 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 gen-

erated interference. 

3.3.3. Practical Problems Encountered During Trials  

During the test and trials practical many issues of different types were experienced. Those is-

sues are summarised as follows.  More information is provided in D4.3 “Final Trials Execution 

Report and Analysis of 5GCroCo KPIs” [4]. 

• 5G Networks and UE / modems: available modems in some cases are like black boxes, 

easy to integrate, but allowing limited configurations, others are more configurable, but 

adding complexity to handle them. Moreover, some security issues were encountered on 

5G Modem’s firmware. Thus, the choice of the modems for a given test and trial activity 

needs to be selected with care. 

• Vehicles, OBUs, RSI (incl. MEC): the black box approach provided a good integration in 

the vehicles. The implementation into vehicles by car OEM offered many advantages 

and provided necessary information.  
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• UC application development: The lack of precise rules/behaviour of software (SW) put in 

place at the beginning, regression tests when releasing new versions and proper saving 

and tracking of versions led to additional overhead in deployment of the use cases. 

Moreover, the fact that many partners/actors were developing different parts of the code, 

increased the difficulty of overall implementation. The need to individually develop and 

validate independent systems/application without requiring the complete system to be 

operational (caused by travel limitations due to COVID-19) was paramount to make 

modular the UC applications, which resulted in a side, not foreseen initially benefit. 

• Logistics & organization: during tests it was beneficial to have experts from various sub-

jects available: from networks providers, modem’s, OEMs and road operators. COVID-

19 travel restrictions made difficult to carry out the trials, with trials delayed the last mi-

nute and added complexity to the coordination of trials. 

3.3.4. Other Lessons Learnt during Project Execution 

In this section minor lessons learnt from the project execution are gathered, for the sake of 

completeness, more of them related to managerial tasks. 

• The IT Tool, Confluence, used during the project execution worked very well for the ex-

change of information, and gathering all the information regarding the project in a struct-

ed way. Unfortunately, it has a drawback: collaborative editing and contribution in paral-

lel to documents is not enabled.  

• The project started having plenary physical meetings each 4 months, and ad-hoc tech-

nical physical meetings. These meetings were switched to virtual meetings due to the 

COVID-19 pandemic. In the case of plenary meetings, virtual meetings could have ad-

vantages (environmental, cost, work and family balance), once the cohesion and en-

gagement of the project team is achieved. Our suggestion is that virtual plenary meet-

ings are a good option for replacing some of the physical meetings normally scheduled, 

during the second half of the project, and provide the option of doing them in a hybrid 

mode. In the case of technical integration meetings, virtual meetings are also important, 

but physical meetings tend to be more productive, with all partners involved in the inte-

gration present. 

• Flyers were printed during the project execution. After the pandemic, events trend to be 

more paperless and environmental friendly. It is useful to have a physical support to ex-

plain the project activities, but the printed material should be reduced to minimize the 

environmental impact. 

3.3.5. High Potential Innovation  

5GCroCo project has identified the innovations listed in Table 3-6 as an outcome of the project. 

Table 3-6 : 5GCroCo Innovations 
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5GCroCo 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 

3 Static QoS Prediction Functionality 

4 Dynamic QoS Prediction Functionality 

5 Inter-domain service orchestration and management 

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

7 Precise positioning through V2I ultra-wideband communication with stationary 
anchors 

 

Results from the 5GCroCo project will support the upcoming CEF 2 program activities in the 
cross-border areas. More details about individual exploitation plans can be found in D6.2 “Final 
Report on Standardization, Dissemination and Exploitation Activities” [1].  

3.3.6. Deployment Study and Deployment Recommendations 

5GCroCo provided at the beginning of 2022 a deployment study [10] of 5G for Connected and 

Automated Mobility on the extended 5GCroCo corridor, based on the Metz-Merzig-Luxembourg 

corridor of the Digital Testbed France-Germany-Luxembourg.  

The report provided a cost breakdown per stakeholder and their processes and technology 

components which materialize the CAM ecosystem. All assumptions and costs were mapped to 

the 5GCroCo cross-border scenarios, as representative examples of CAM services, based on 

detailed insights for the road transportation corridor region of France-Germany-Luxembourg.  

The study covered all relevant parts of the ecosystem, like spectrum usage, RAN planning and 

deployment, MEC usage, 5G core adaptation, service development / operation, and other infra-

structure adaptations. The calculations were based on real conditions in all three border areas 

with a solid cost estimation per kilometer of motorway. 

A deployment workshop was held among all ICT 18 projects, 5GCroCo, 5G-CARMEN and 5G-

MOBIX, in order to present and discuss the results of each individual project deployment study. 

It was decided to integrate study outputs in a meta-study [11]. The overall purpose was to eval-

uate and contrast the three original individual studies, aiming to consolidate them, identify 

methodological and analytical open issues, while reflecting the diversity of the three different 

approaches, to provide a perspective on 5G deployment and related investment estimations. 

The outcome showed that the individual project studies had analyzed a broad scope of corri-

dors, including different geographical and topologic settings. The applied methodologies sub-

stantially differed among the studies. On the other hand, investment delta results from the three 

independent studies were somewhat comparable when the methodological differences were 

taken into account. Key cost drivers were concluded to be depending on geographic location 

and topology, the existing RAN infrastructure and planned 5G roll-out of the mobile operators 
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along the corridors. The study identified and listed many open issues for further study, that may 

impact the deployment with extra investment, with the most relevant one being the fact that an 

actual defined set of CAM services and its collective requirements to 5G infrastructures remain-

ing unclear for the time being. 

As a result of 5GCroCo’s participation in the activities pointed out in the paragraphs above, a 

set of deployment recommendations along the motorway “triangle” interconnecting France, 

Germany and Luxembourg were presented in [1], which are summarized in the following lines. 

The most suitable 5G network deployment suggests starting with low-band spectrum (e.g., 700 

MHz band) 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 to include a 

capacity layer based on mid-band spectrum such as the 3.x GHz band. 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. 

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 advanced 

5G for CAM services. Here, the deployment of regional MEC data centres in reasonable proxim-

ity 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 dis-

tributed MEC infrastructures in subregions – and the combination of both.   
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4. Work Packages Overview  
In this section a summary of the work carried out and main results per work package and main 

results is depicted.  

4.1. Preparation for eV2X Trials and Test Sites (WP2) 

WP2 activities were divided in two tasks, one devoted to the use case definition, and the second 

one was focused on defining the test cases. 

Task 2.1: Use Case Definition, Scenarios, and System Requirement Specifications, and KPIs  

The definition of the use cases was one of the first major activities after the start of the project. 

In several workshops (online and at BOSCH premises) the details of the three planned use cas-

es (ToD, HD Mapping, and ACCA) have been discussed and agreed upon. For this, for each 

use case a team and a use case leader were set up, respectively. Besides the definition of the 

use cases in general, several so-called user stories, which describe certain detailed special var-

iants of each use case were also defined as briefly listed in Section 3.1. 

To specify the project specific requirements within a unified scheme, we created, in a first step, 

a requirement template. This template defined the format of the project’s KPIs and requirements 

description. The templates were defined partly thanks to expertise from project members from 

work carried out in 5GAA WP1. The first part of the template contained an overall description of 

the respective use case (e.g., description, contained user stories, roles of vehicles and other 

actors, automation level, geographic scope, information requirements), while the second part 

detailed the KPIs of each user story (description, unit, value and explanation of each KPI). In the 

second step our use case teams filled these templates with the identified KPIs and requirement 

values. 

Task 2.2: Test Cases Definition, Deployment Options, Strategies, and Tools  

In order to define the test cases for each of the user stories, the first major step was to visit 

some sites which were identified in a workshop in Saarbrucken as potential test and trial areas. 

All relevant project members were involved in this workshop. In the first part of the workshop, 

the requirements and survey goals were agreed upon. After this, site surveys to the potential 

test-and-trial-tracks were carried out jointly. The first one of the two potential test-and-trial loca-

tions we visited, is located close to Schengen, directly at the border between Luxembourg and 

Germany. The second one lies in Saarbrücken. In both locations we investigated the feasibility 

of our planned trial executions (fit of certain potential roads and test areas to the needs of the 

different use cases and user stories, situation of the respective cellular networks, potential al-

lowances needed, comparison of pros and cons of the different areas). In addition, the use case 

teams identified the small-scale test and trial sites according to their individual needs with re-

spect to the trial preparation for each user story. Finally, we discussed and fixed the details of 

the planned tests within the whole consortium. 
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In order to generate deliverable D2.2 [3] a systematic collection and analysis of inputs from the 

results of the tests done in the first trial phase was performed. Special care was taken to provide 

a more clear explanation of the need for 5G in the use cases and trials as well as more focus on 

border scenarios and on large scale trials. 

4.2. eV2X Technologies and Standards (WP3) 

WP3 was responsible for defining the project end-to-end 5G architecture. Effort was divided in 

four tasks: task 3.1 about the application software architecture, task 3.2 on cross-X enabled 

predictive and E2E QoS as well as Network Slicing, task 3.3 on cross border and cross vendor 

MEC enabled distributed computing, and finally task 3.4 on cross-border enabled precise posi-

tioning support.  

WP3 described the software architecture of the applications forming the use cases and the 

hardware and software architecture of the required network and IT infrastructure. A particular 

focus lied on new key technologies such as 5G New Radio, service continuity, Mobile Edge 

Computing/Cloud (MEC), end-to-end and predictive QoS (incl. Network Slicing), virtualization 

(Management and Orchestration (MANO) & Software Defined Networking (SDN)) (incl. Network 

Slicing), network support for precise positioning, and security. The architecture was designed to 

apply these technologies in a cross-border, cross-MNO, cross-car-OEM, and cross-telco-vendor 

environment. 

The application architecture for the vehicle and the backend side for each use case was de-

scribed in detail. First, the main software components were identified, and an overall architec-

ture picture was provided. Then, the vehicle software architecture and message flows between 

the vehicle and the backend, consisting of public Internet and MEC were described. As a next 

step, security solutions for the use cases were discussed and described. Finally, a plausible 

real-world architecture for the use case was created. The described architecture was verified 

through trials and was generalized to reflect commercial real-world deployments. 

Substantial effort was dedicated to analyze how 5G technologies considered in this project ex-

tend beyond today’s baseline. Existing 4G infrastructures, already rolled out, are mostly used for 

Mobile Broadband (MBB) services and initial 5G rollouts are mostly tackling the same MBB and 

similar evolved MBB (eMBB) services for the broad public. The extensions proposed in 

5GCroCo had the objective to go beyond this initial set of MBB and eMBB services, targeting 

the requirements of CAM services. A detailed description of such MBB baseline architecture 

was provided. Besides just focusing on Third Generation Partnership Project (3GPP) specifica-

tions, also virtualization and Software Defined Networking (SDN) associated aspects, related 

specifications and open-source best practices are presented since they are all used in today’s 

commercially deployed networks for MBB services. After that, use case requirements and fur-

ther challenges of the telco industry were discussed as prerequisite to evaluate how to evolve 

the baseline to support cross-border CAM. Some of the solutions are already standardized and 

often well evaluated, but not in cross-telco-vendor, cross-MNO, cross-border, and cross-car-

OEM context. This is particularly true for MEC aspects. In other cases, especially in the context 
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of QoS prediction, interfaces had just recently been standardized. A clear distinction was made 

between what is possible with initial 5G non-standalone deployments, which still use a 4G 

Evolved Packet Core (EPC), and future standalone ones that also include a 5G Core. 

Solutions were described and discussed in the field of enabling cross-border / -MNO handover, 

cross-MNO virtualization and SDN techniques, 3GPP QoS framework, adaptive connectivity to 

most suitable MEC hosts, QoS prediction with and without networks support and three precise 

positioning solutions.  

The goal for this architecture designed in WP3 was to be applicable for scalable and realistic, 
continent-wide deployments, as enabler for solid business models. 

All WP3 effort was reported in D3.1 [12], D3.2 [13] and D3.3 [8]. 

4.3. Cross-Border Large-scale and Small-scale Pilots 

(WP4) 

WP4 was responsible for the cross-border large-scale and small-scale pilots of the project. Two 

cross-border areas were foreseen, one at the France-Germany border and one at the Germany-

Luxembourg border. In addition to the large-scale sites, WP4 prepared and conducted also 

small-scale tests and trials in Montlhéry (France), the Motorway A9 5G-ConnectedMobility 

testbed (Germany), in Munich (Germany), at AstaZero (Sweden), and in Barcelona (Spain). The 

test and trials were planned to happen in two rounds in summer 2020 and summer 2021, but 

both were impacted by COVID-19 either directly or indirectly and the test and trial period lasted 

until May 2022. The roll-out of the large-scale trials was very complex. Therefore, the small-

scale pilots allowed testing 5G functionalities locally (often geographically close to the different 

involved partners), and possibly in restricted closed areas, so that the complexity of doing the 

trials in the large-scale corridor could be managed. In addition, these small-scale tests and trials 

allowed fine-tuning the 5G capabilities for the large-scale trials, thus reducing the uncertainties 

associated to their deployment and trial. 

Deploying 5G infrastructure on our test and trials sites and realizing all test and trials was a tre-

mendous challenge when the COVID-19 pandemic started. Indeed, handling of the different 

COVID-19 regulation of the European Countries, which moreover were changing in time, the 

different company rules for each 5GCroCo partner made trial planning nearly impossible. More-

over, beyond the direct impact, we suffered as well of the indirect impact of COVID-19, resulting 

e.g. in much longer delivery times of equipment, teams needed to deploy networks not being 

available, etc. Given all these difficulties, the 5GCroCo project is proud on having succeeded 

performing the test and trials despite all the unfavourable context. 

5GCroCo realized all small and large scale tests and trials for its three use cases, including bor-

der crossing. KPIs were collected and analysed. Car specific developments were done by our 

car-OEMS and used. The project demonstrated all use cases to the press during the 5GCroCo 

Demo Day. 
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4.4. Identification and Validation of Business Poten-

tials (WP5) 

WP5 was organized in two tasks, identification of business opportunities and cost/benefit evalu-

ation of 5GCroCo ecosystem. The results of the work carried out were compiled in two public 

documents. First report on “Description of 5GCroCo Potential Business” [14] provided specific 

focus on the adaptation of existing business validation canvases to the new automotive ecosys-

tem, including new KPIs and business model building blocks, identifying new business opportu-

nities. It also provided valuable discussions and insights to all identified key stakeholders which 

can benefit from new possibilities facilitated by 5G-enabled CCAM. The report included a gap 

analysis from business case perspective to steer economical examinations in an efficient way to 

support new AD ecosystems.  

Second report on “Cost/Benefit Validation of Relevant 5GCroCo Business Potentials” [15] identi-

fied the cost categories related to the deployment of CAM services, with special focus on the 

project CAM services under study. A discussion of the value chains of the use cases was also 

depicted. Cost drivers were identified, and estimated deployment costs were introduced. Then, 

the document included a more theoretical analysis on the benefit value potentials, considering 

connected vehicle market growth, safe mobility improvement and green mobility, by reducing 

environmental impact of road transportation.  

4.5. Exploitation and Impact (WP6) 

WP6 was organised into three different tasks in order to achieve its identified objectives: a) 

Standardization Gaps Identification and Contributions (T6.1), b) Spectrum Usage Evaluation, 

Demonstration of Innovative Radio Spectrum (T6.2), c) Dissemination and Outreach (T6.3). 

T6.1 has provided an overview of key standardization bodies (e.g., 3GPP, ETSI), pre-

standardization organizations (e.g., 5GAA) on topics related with CAM services and with special 

focus on cross-border situations. D6.2 [1] summarizes the different types of requirements and 

gaps (i.e., standardization, regulatory, business, and legal) that have been identified for the suc-

cessful realization of 5G-enabled cross-border CCAM services. 5GCroCo partners had the fol-

lowing accepted contributions related to the project’s objectives: a) 40 Contributions to 3GPP, b) 

5 Contributions to ETSI ITS, c) 66 Contributions to 5G AA. 5GCroCo continued the monitoring 

of ongoing standardization, pre-standardization and regulatory activities until the end of its exe-

cution period. 5GCroCo findings on identified gaps and barriers as well as 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.). 

WP6, in the context of T6.2 described the spectrum needs of connected vehicles, which repre-

sent a new kind of resource consumer to mobile communication networks, focusing on 

5GCroCo use cases and considering three reference scenarios (urban road, rural road, and 
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highway). The results and key outcomes of the analysis, presented in D6.1 [9], provide an an-

swer to the question “how many cars can be provided with a certain service?”. The spectrum 

issues related to cross-border coordination and suggested directions of solutions were consid-

ered and reported in D6.2 [1].  

5GCroCo (T6.3) actively contributed to various dissemination and communication activities. 

Different dissemination means (e.g., web seminars, school, website, social media, flyers, peri-

odic newsletters, press releases, videos, etc.) were used to disseminate 5GCroCo activities and 

results. Different types of dissemination tools have been adopted to promote 5GCroCo out-

comes 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., delivera-

bles, presentations, papers) and dissemination activities (e.g., videos, news, press releases) 

with 14.259 visits. 5GCroCo has extensively used social media platforms such as Twitter (with 

693 tweets posted and 927 followers), Linked-In (with 404 followers) and YouTube (with 11 vid-

eos published 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. Ten (10) web 

seminars on different technical topics and trial activities have been organised. 5GCroCo togeth-

er with 5G-Routes project co-organized the 1st Summer School 5G-X-EU on ”5G Connected 

Automated Mobility across Europe.  5GCroCo partners participated in 42 events such as 

EuCNC, Mobile World Congress, ITS World Congress, ITS European Congress, 5GAA etc., 

organising or co-organising two (2) special sessions and two (2) workshops. 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 by 5GCroCo members. 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 (e.g., GSMA, C-ROADS platform, BEREC) to analyze requirements, regulations 

and interfaces required for cross-border 5G CAM services. The one-day demo event, called 

5GCroCo Demo Day, attracted a lot of press representatives and, in the following days, the ac-

tivities of 5GCroCo appeared in many wide-audience media (mainly television, press, and ra-

dio). 

4.6. Ethics Requirements (WP7) 

WP7 was devoted to analysing the safety of participants during the trials in the corridor, and the 

secure treatment of personal data gather during the execution of the project. 

The procedure to fulfil the first objective included analysing the roles and human’s participation 

in the tests and trials. Safety risks of each test site were analysed and general safety rules pro-

vided. In addition, information sheets and consent forms for each test site and use case were 

prepared. Participants were classified depending on its role in the test and trials. Only partici-

pants or spectators invited outside 5GCroCo team needed to read the information sheet and 

sign the consent form. Test and trials sites were classified in closed test tracks, specific infra-

structure designed to test vehicles, not open to general public, or in open areas, which are regu-
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lar highway, roads, etc. An assessment of safety risks was done for both types of sites. For 

closed test tracks specific risks were not envisioned. On the other hand, for open areas some 

risks were foreseen as stationary vehicles on traffic lanes, low speed vehicles, presence of pe-

destrians, etc. In order to minimize risks, a list of general safety rules were compiled, and for 

each test site measures were planned to minimizing these risks. 

To achieve the second objective of this WP, the protection of personal data, a procedure was 

defined. First, all sensitive data that might be captured during the execution of the project were 

identified. The approach was to try to minimize data collected and declare it by default internal 

to the project and confidential. The fulfilment of General Data Protection Rules (GDPR) was 

ensured for any sensitive data that might became public.  
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5. Conclusion 
In 5GCroCo, 5G capabilities and solutions and CAM services have been analysed and validated 

across borders.  All three 5GCroCo use cases (ToD, HD Mapping and ACCA) were completely 

set-up and realized and car-OEMS implemented all the necessary components directly in their 

vehicles. All test and trials were carried out, including at the cross-border, with dedicated KPIs 

measured and analyzed. 

The service continuity solution implemented in 5GCroCo is achieved through a cross-border 

(and cross-MNO) inter-PLMN handover, which results in an almost imperceptible service inter-

ruption time of around 120 ms, ensuring the continuity of CAM services. 5G provides a mean 

network RTT latency of around 8-9 ms. Of course, the achievable throughput depends on the 

available bandwidth and on the DL/UL TDD scheme. The achievable throughput depends also 

on the used 5G device and how many MIMO streams it is capable of handling. Maximum ob-

served DL throughput was around 800 Mbps. Maximum UL throughput was around 150 Mbps. 

Trials carried out in the cross-border corridor areas proved that seamless service continuity on 

5G networks can be guaranteed across borders. 

5GCroCo has proposed a realistic and scalable architecture that can be deployed continent-

wide, as enabled for business models also analyzed within the project. In addition, 5GCroCo 

has studies spectrum related needs and pointed out regulatory gaps. Moreover, 5GCroCo has 

contributed to standardization bodies.  

The project activities and results have been disseminated widely via several dissemination 

means that the project created and used for targeted or broad audiences (e.g., 5GCroCo web-

site www.5gcroco.eu, social media, newsletters, flyers, etc.). The project has communicated its 

results to major events such as EuCNC, ITS World Congress, ITS Europe, and Mobile World 

Congress, while 2 special sessions and 2 workshops have been organized. 5GCroCo has orga-

nized a Demo Day open to authorities and press, web seminars on several topics and a sum-

mer school (together with 5G-Routes). In addition, the project has 31 scientific publications, and 

has edited or contributed to 9 whitepapers. In addition, the project has analyzed and identified 

different types of requirements and gaps (i.e., standardization, regulatory, business, and legal) 

for the successful realization of 5G-enabled cross-border CCAM services. 5GCroCo members 

have submitted contributions to 3GPP, ETSI and 5GAA to provide requirements and propose 

solutions, while in many case standardization or regulation related outputs have been have 

been communicated to relevant stakeholders, associations and bodies (e.g., GSMA, AECA, 

BEREC, C-ROADS Platform, 6G-IA etc.). Finally, spectrum issues related to cross-border coor-

dination have been analyzed and directions of solutions have been proposed. 

5GCroCo project has fulfilled its objectives. 
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