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1 Introduction  
1.1 Objective of the Document 
5GCroCo plans to deploy 5G large-scale tests on cross-border roads at the French-German and 
German-Luxembourgish borders in summer 2020 and 2021. The different use cases of 
5GCroCo (described in the public document D2.1 available on the project website) will be rolled 
out in this large-scale corridor. Moreover, small-scale test site deployments in France, Spain, 
Germany and Sweden are also planned in summer 2020 as a first step towards our large-scale 
tests in 2020 and 2021. 

This public document provides a detailed plan for the second year of the project execution 
which concerns the first round of large-scale and small-scale scale tests planned for the 
summer 2020. A detailed plan, roadmap and coordination of testing of 5G solutions for 
Cooperative, Connected, and Automated Mobility (CCAM) per test site and use case is 
provided. This document shows how the small-scale test sites contribute towards the large-
scale test sites and testing of 5G for CCAM in cross-border scenarios and which 5G solutions 
for CCAM are tested per use case and test site.  

1.2 Structure of the Document 
The document starts off by briefly summarizing key important information about the 5GCroCo 
project; namely, a summary of the 5GCroCo use cases in Section 2 and a brief introduction to 
the test sites in Section 3. Section 4 sums up the 5G solutions that will be considered at each 
test site. Section 5 describes the vehicles that will be used for the 5GCroCo tests, and Section 6 
presents the network architecture definition.  

The overall timeline for this second project year is provided in Section 7. In order to have a 
coherent approach throughout our very different test sites, a set of common milestones has 
been defined, which is shown in Section 8.  

Details concerning the vehicles used to roll out the use cases and the timeline for the car 
developments as well as the date of availability are provided in Section 9.  

A main content block of this document consists of the detailed timeline for each of the test sites. 
This timeline is provided with a detailed summary in the Sections 10 to 16. Moreover, we 
explain, for each site, the tested 5G solutions for CCAM that are used and how this relates to 
the final goal of conducting large-scale trials on cross-border roads. 

The tests of 5GCroCo focus on three different use cases with different requirements and, 
therefore, different associated risks. Furthermore, the 5GCroCo project has different test sites, 
considering either closed tracks or open roads; every site has very different requirements and 



Document: 5GCroCo/ D4.4 
Version: v2.0 
Date: 2021-06-18 
Status: Final  
Dissemination Level: Public  

  

 

12 

such associated risks. For these reasons, Section 17 is dedicated to analyse the associated 
risks with regard to the use cases, test sites, and vehicles. 

Section 18 concludes the document. 
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2 5GCroCo Use Cases 
In this section, the three 5GCroCo use cases are briefly described. The section concludes with 
an overview table also including short descriptions of the related user stories. More details are 
provided in Deliverable 2.1 [1].  

2.1 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 
architecture of ToD, which is considered, is shown in Figure 2-1. For ToD, an interface over the 
mobile 5G network is created that allows a human to remotely control a vehicle. Through such 
an interface, 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 generates control commands, e.g., desired steering wheel angle or velocity. These are 
then transmitted back to the vehicle for execution. ToD technology faces a number of 
challenges that need to be overcome.  

 
Figure 2-1: 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 
compensate 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. Nevertheless, with 5G technology, nowadays 
limitations posed by network latency are subject to change.  
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2.2 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 
dynamic conditions like road closures or construction areas. High-definition (HD) map users 
expect 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 reliability 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 information 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 distributed also to cars on the other side, served by a different operator with the backend 
running on a different Mobile Edge Cloud/Computing (MEC) architecture. 

A schematic overview of a user story of the HD Mapping use case is shown in Figure 2-2: A first 
vehicle, A, detects a change on the road, e.g. a lane that is closed because of construction 
work. It 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. 

 
Figure 2-2: Schematic Overview of the HD Mapping Use Case 
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2.3 Anticipated Cooperative Collision Avoidance  
Towards the realization of autonomous vehicles, car manufacturers are adopting and 
developing sensors that allow vehicles to sense their environment and control the vehicles. 
Driving automation systems rely on a variety of sensors like cameras, radar, lidar, etc. Despite 
the increasing number of in-vehicle sensors, the environmental perception of the vehicle 
remains limited. In certain situations, typical stand-alone sensing systems will not be able to 
detect and localize dangerous events on the road with sufficient level of anticipations. In such 
situations, too late 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 
situations 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 traffic 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 2-3. 

 
Figure 2-3: 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 

2.4 User Story Overview 
The particular and specific implementation of each of the use cases for the tests is referred to 
as user story in 5GCroCo. Table 2.1 provides a list and brief description of the different user 
stories that will be implemented in the tests and trials of 5GCroCo. 
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Table 2.1: 5GCroCo User Story Overview 

Use 
Case Short Name Description 

ToD 

US#1 - User Story 1 - 
Direct control, low velocity 

The vehicle follows the commands (steering, braking, 
acceleration) it receives from the remote driver, 
maximum speed at 15 km/h. 

US#2 - User Story 2 - 
Indirect control, low 
velocity 

The remote driver provides a trajectory to the vehicle, 
maximum speed at 15 km/h. 

US#3 - User Story 3 - 
Indirect control, high 
velocity 

Same as User Story 2 but with maximum speed at 80 
km/h. 

US#4 - User Story 4 – 
Slim uplink, direct control, 
low velocity 

Same as User Story 1 but sensor data sent to remote 
driver requires significantly less throughput than 
when videos are streamed. 

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 
mapping use case, as long as intended obstacle is 
allowed to be placed on the road. 

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, as long 
as intended obstacle is allowed to be placed on the 
road. 

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 
constrained for HD mapping use case, as long as 
intended obstacle is allowed to be placed on the 
road. 

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

Same as User Story 1 but the best place/time to 
conduct the download is predicted. There is no speed 
constrained for HD mapping use case, as long as 
intended obstacle is allowed to be placed on the 
road. 

ACCA 

US#1 - User Story 1 - 
Detection by stationary 
vehicle 

A stationary vehicle imposes a hazard, detects this 
itself and sends this information to the backend so 
others can be warned. If hazard is on the same lane, 
the test will be executed at low speed for safety 
reasons.   

US#2 - User Story 2 - 
Externally detecting 
stationary vehicle 

Same as User Story 1, but either other vehicles 
passing by detect the hazard or a detection algorithm 
in the backend detects it by analysing information 



Document: 5GCroCo/ D4.4 
Version: v2.0 
Date: 2021-06-18 
Status: Final  
Dissemination Level: Public  

  

 

17 

coming from the stationary vehicle imposing a 
hazard. If hazard is on the same lane, the test will be 
executed at low speed for safety reasons.   

US#3 - User Story 3 - 
Externally detecting traffic 
jam 

Same as User Story 2, but the hazard is not imposed 
by a single stationary vehicle but a traffic jam 
consisting of many vehicles. If hazard is on the same 
lane, the test will be executed at low speed for safety 
reasons.   
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3 5GCroCo Test Sites 
The 5GCroCo project distinguishes between “small-scale” test sites and “large-scale” test sites. 
Small-scale test sites are sites which aim at testing specific parts of use cases and architecture 
and have to be seen as a first step before setting up all on the large-scale test site which 
presents the main objective of the project. The large-scale site spans over cross-border roads 
on which all use cases will be tested. The test sites are described in detail in [2] and in Sections 
10 to 16 of this document. All the 5GCroCo test sites need a set up in terms of network and in 
terms of backend (i.e. the use case specific part).  

The five small-scale test sites are: 

Barcelona (Spain) 

The Barcelona small-scale test site is composed of a 5G neutral hosting platform deployed in 
Barcelona (in the 22@ district [3]), and a cross-border Internet Exchange Point (IXP) platform 
deployed in Castelldefels (at the CTTC premises), 25 km south from Barcelona. The small-scale 
site is integrated within the 5GBarcelona end-to-end infrastructure [4]. It aims to demonstrate 
US#1 and US#3 of the ACCA use case, which contemplates a dangerous situation beyond the 
border of two countries. Therefore, the test site will emulate a 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.  

 
Figure 3-1: Barcelona Test Site 
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Montlhéry (France) 

UTAC CERAM [5] 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 environment, safety, durability and reliability, certification, events and driver training. In 2018, 
UTAC CERAM presented their new project “TEQMO”, the new Technology Center for 
automated and connected mobility [6]. An innovation center dedicated to development and 
homologation testing of connected and automated vehicles. The new proving ground is placed 
inside the Linas Montlhéry Autodrome and is composed of 12 km of closed testing tracks and 
associated facilities. The TEQMO track is composed of three mobility environments to enable 
the support of various vehicular use cases: city road, country road and highway road.  

 
Figure 3-2: Montlhéry Test Site 

Munich (Germany) 

The small-scale tests that will be conducted in Munich, will be done in the vicinity of Huawei 
Munich Research Center (North of Munich). Tests can be done on public roads or a private 
parking area. As public roads will require for special license, testing will start in a parking area.  
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Figure 3-3: Munich Test Site 

Motorway A9 5G-ConnectedMobility (Germany) 

The Motorway A9 5G-ConnectedMobility small-scale test site is an approximately 30km 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 can thus provide motorway and country roads. 
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Figure 3-4: Motorway A9 5G-ConnectedMobility Test Site 

AstaZero (Sweden) 

AstaZero [7] is a full-scale independent test environment for future road safety, outside 
Gothenburg, 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 
different 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 emulation 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.  
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Figure 3-5: AstaZero Test Site 

Beyond conducting tests at these five small-scale test sites, 5GCroCo has the main objective to 
realize all use cases on cross-border roads at large-scale. The large-scale tests planned in the 
project are 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 Germany-Luxembourg border and the France-Germany border. 

 

Figure 3-6: Location of Test Roads within the Large-scale Test Sites on the Metz-Merzig-
Luxembourg Cross-border Corridor 
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Border Germany-Luxembourg 

The first large-scale test area concerns a set of cross-border roads between Germany and 
Luxembourg. It is located between the towns of Schengen and Merzig. Depending on the 
complexity of the use case and road restrictions, tests can either be done on the motorway or 
on a country road running in parallel to the motorway. 

 

Figure 3-7: Location of the Cross-Border Corridor on the Luxembourg-Germany Border 
(Schengen/Merzig) 

Border France-Germany 

The second large-scale test area concerns a set of cross-border roads between France and 
Germany. It is located at the border near the town of Saarbrücken. Depending on the complexity 
of the use case and road restrictions, tests can either be done on the motorway or on a country 
road in parallel.  
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Figure 3-8: Location of the Cross-Border Corridor on the French-German Border 
(Saarbrücken) 

Mapping of the Use Cases and User Stories to the Test Sites 

The different use cases and user stories have been presented in Section 2. Table 3.1 
summarizes the mapping between use case and user stories and test sites. 

Table 3.1: Mapping of Use Cases and User Stories to Test Sites 

Test Site 
ToD HD Mapping ACCA 

US#1 US#2 US#3 US#4 US#1 US#2 US#3 US#4 US#1 US#2 US#3 
Barcelona         X  X 
Montlhéry         X X X 

Munich X   X        
Motorway A9     X X X     

AstaZero     X X X X    
Corridor F-D X X  X X X X X X X X 
Corridor D-L X  X  X X X X X X X 

Not all the use cases will be tested on the same test sites. Moreover, some use cases and user 
stories are executed on several sites. The aim is to have the different 5G solutions tested at, at 
least, one small-scale site and under different environments helping getting experience for the 
large-scale corridors. For more details, please refer to Sections 10 to 16. 
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4 Mapping of 5G Solutions to Test 
Sites 

This section summarizes the 5G solutions that will be used on the different test sites. Table 4.1 
presents the mapping of 5G Solutions to test sites. An “X” indicates availability for the first round 
of tests in summer 2020 while “(X)” means it is planned for the second round in summer 2021. 
An empty cell is not precluding that it will not be done in 2021 but, as for now, it is not decided. 

Table 4.1: Mapping of 5G Solutions to Test Sites 

5G Solution 

F-D
 

D
-L 

M
otorw

ay 
A

9 

B
arcelona 

M
ontlhéry 

M
unich 

A
staZero 

Non-standalone 5G New Radio  (X) X   X X X 

Cross-Border/-MNO Handover X X X    X 

MANO and SDN – Single Country/MNO1 X X X X X  X 

MANO and SDN – Cross-border/-MNO1    X    

End-to-end QoS with Dedicated Bearers1 X X X  X   

QoS Prediction  X    X (X) 

MEC – Computation and Hosting Close to Vehicle 
vs. on Public Internet X X X X X  X 

MEC – Cross-border/-MNO Inter-MEC 
Communication X X X X X   

MEC – Gateway Reselection (X) (X) (X)    (X) 

Precise Positioning   (X) X    

 

  

 
1 Also covers Network Slicing 
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5 5GCroCo Vehicles 
5GCroCo uses for its small- and large-scale tests a total of 10 different vehicles provided by six 
different partners, as follows:  

• Volvo will provide the project with three vehicles; they will be used for the use case HD-
Mapping for the large-scale sites and for the small-scale AstaZero site. 

• BOSCH will provide one vehicle for the ToD use case for the large-scale sites and for 
the small-scale site in Munich. 

• Volkswagen AG will provide one vehicle for the ToD use case for the large-scale sites 
and the small-scale site in Munich. 

• RSA will provide one vehicle for the ACCA use case for the large-scale sites and the 
small-scale site in Montlhéry. 

• PSA will provide two vehicles for the ACCA use case for the large-scale sites and the 
small-scale site in Montlhéry.  

• Finally, CTTC will provide two vehicles: one together with PSA and one emulated car. 
Both are intended for use case ACCA at the small-scale site in Barcelona. 

The vehicles are described in detail in Section 9. 
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6 5GCroCo Network Architecture 
Definition  

As prerequisite for the tests, network and application architectures were developed. The 
application architectures reflect the use cases as described in D2.1 [1]. The network 
architecture includes the following 5G solutions for CCAM relevant for tests: 

Non-standalone 5G New Radio: 5G deployments happening right now and in the near future 
use 5G Radio Access Networks (RANs) with 4G Evolved Packet Cores (EPCs). This is also the 
baseline used for 5GCroCo. Features listed below will be added to this baseline. 

Cross-Border/-MNO Handover: Usual behaviour when crossing a country border is that the 
end-device holds on to its home network for very long time resulting in very weak performance 
and eventual loss of connectivity. At this point, network selection and connection to a network in 
the visited country is done. It results in minutes of poor or no connectivity. Interfaces to enable 
handovers between MNOs across country borders are used to minimize service interruption.   

Management and Network Orchestration (MANO) and Software Defined Networking (SDN) 
– Single Country/MNO: Virtualization and dynamic centrally-controlled traffic routing are key 
features of 5G networks. A fully virtualized packet core and application hosting will be used in 
the project. 

MANO and SDN – Cross-border/-MNO: It is already state-of-the art for most commercially 
operated networks to allow the MNO to orchestrate its virtual network on its own physical 
infrastructure. Cross-border/-MNO orchestration allows MNOs to share infrastructure and 
functions among each other. 

End-to-end QoS with Dedicated Bearers: Dedicated bearers are used to ensure that the QoS 
requirements of the use cases are met by, e.g., prioritizing different traffic types and suitable 
configuration of RAN parameters.  

QoS Prediction: Assuming that sometimes situations might occur where resources are 
insufficient to provide the requested QoS, the network indicates this to the application before the 
actual degradation happens. Furthermore, it can indicate to the application if very high 
throughput performance can be expected in the near future to allow postponing transmissions.    

Mobile Edge Computing/Cloud (MEC) – Computation and Hosting Close to Vehicle vs. on 
Public Internet: A basic feature of MEC is enabling application hosting and computation close 
to the end-user instead of doing this on the public Internet.  

MEC – Cross-border/-MNO Inter-MEC Communication: In vehicular settings, it cannot be 
assumed that all vehicles use the same MNO and its MEC. Inter-MEC communication, meeting 
end-to-end QoS requirements, is thus applied.  
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MEC – Gateway Reselection: As vehicles move, also the closest and/or most suitable MEC 
host changes and the core network gateway to reach it. Methods to dynamically switch the 
gateway, according to 3GPP specifications, are applied.   

Precise Positioning: Two methods to improve positioning using Ultra-wideband (UWB) 
communication are part of the architecture. 
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7 Overall timeline  
This document focuses on the second year of project execution, lasting from November 2019 to 
October 2020, and concerns the first round of tests in summer 2020. 

The overall planning is oriented to the following timeline: 

• Q4-2019 was dedicated to the setting up of the planning and preparation. 

• Q1-2020 is targeting the site set up (network). 

• Q2-2020 has the objective to set up the related use case(s) (backend) and carry out 
functionality tests to validate the set up. 

• Q3-2020 is dedicated to use cases tests including KPI measurements. 

During all this time, the planning is accompanied by different task forces:  

• permissions task force: taking care of all the necessary authorizations we need on the 
different test sites to carry out the tests, 

• measurements and results collection task force: defining with which tool we can 
measure the different KPIs and how we can select and treat measurement results. As 
each site has the same use cases, we will have the same requirements for KPI 
measurements, 

• modem task force: taking care of selecting the appropriate 4G and 5G modems 
supporting the frequency bands used in the different test networks. 
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8 Common milestones for Test sites  
5GCroCo has multiple test sites with different features. Therefore, the timeline for each test site 
can indeed be very different from one to another. The test site timelines are detailed in Sections 
10 to 16. 

In order to have at least some comparable milestones, 5GCroCo has defined some common 
milestones for the network, the use case part (backend), and the vehicles. They are described 
in the following subsections. 

8.1 Network Part related Milestones 
The milestones related to the network set up are defined in Table 8.1. 

Table 8.1: Network Milestones 

ID Item Description 
N-M1 Spectrum OK Is the spectrum available and ready for usage? 
N-M2 4G/5G network up and running The 4G/5G network is deployed, configured, and tested. 

N-M3 Public Internet access working Public Internet access is configured and working. 

N-M4 Extra APN, core and MEC up and 
running 

MEC hosts and extra APNs / core networks to reach them 
are installed, configured, deployed and tested. 

8.2 Use Case Part related Milestones 
The milestones related to the use case set up at each test site are summarized in Table 8.2. 

Table 8.2: Use Case Milestones per site 

ID Item Description 
B-M1 Use case specific features enabled Use case specific hard/software installed, configured, up, 

tested, and running. 

B-M2 Use case Measurement tools 
implemented and working 

All necessary tools for measurements are implemented, 
tested, and working. 

B-M3 Foreseen path tested Drive the foreseen test path and check if the use case is 
working on the intended area. 
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8.3 Vehicle Part related Milestones 
The milestones related to the vehicle set up are summarized in Table 8.3. 

Table 8.3: Vehicle Milestone 

ID Item Description 
C-M1 Embedded system integrated Embedded system (i.e. all in-car development) completely 

integrated and tested. 

C-M2 Sensors and actuators integrated All sensors, actuators are integrated and tested. 

C-M3 CCU integrated and tested Communication Control Unit is integrated and tested with all 
test sites where it will be used. 
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9 Used Vehicles and Timeline 
This section provides an overview of all the vehicles that will be used for the different tests.  

9.1 Automation Level 
The Society of Automotive Engineers (SAE) [8] defines 6 levels of driving automation ranging 
from 0 (fully manual) to 5 (fully autonomous): 

• Level Zero (0) – No Automation.  

• Level One (1) – The driver is assisted (e.g., steering or break/acceleration support). 

• Level Two (2) – Partial Automation (e.g., steering and break/acceleration support). 

• Level Three (3) – Conditional Automation (e.g. driving the vehicle under limited 
conditions; e.g., traffic jam chauffeur). 

• Level Four (4) – High Automation (will not require the driver to take over). 

• Level Five (5) – Complete Automation (same as level four, but it can drive everywhere in 
all conditions). 

The vehicles used in 5GCroCo range from level 0 to level 3.  

9.2 Volvo  
9.2.1 Characteristics of the Cars 
For the HD mapping use case, three cars will be provided by Volvo to the 5GCroCo project for 
testing at the small- and large-scale test sites, but only two vehicles at the same time. The first 
test vehicle, a Volvo XC90, will be used during the complete project. This one provides large 
flexibility to install different kinds of test equipment into it. For the second and third test vehicles, 
the type and model is not decided yet. These two test vehicles will be used when the test plan 
requires so. Figure 9-1 shows a photo of a typical Volvo XC90. 
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Figure 9-1: Volvo XC90 

9.2.2 In-vehicle Development 

Communication Control Unit and Modem 
Two different CCUs will be used during the project: one commercial 4G pocket router and one 
5G evaluation kit from a supplier. The bands supported by the two different CCUs are: 

• 4G pocket router: Bands 1, 2, 3, 5, 7, 8, 20, 28, 38, 40 and 41. 

• 5G evaluation kit: 4G bands 1, 3, 8, 20, 28, 38 and 5G bands n28 and n78. 

Both CCUs are connected via Ethernet to a car PC, which is a Raspberry Pi. 

Other Use Case Specific Development 
All three test vehicles will have a special version of a production camera module, i.e., the sensor 
module, for object detection. The special version of the camera module is having additional 
testing capabilities. The camera module will be connected to the car PC via Ethernet and USB. 
The car PC will host the sensor data manager and the map data manager functionality. 

Automation Level 
All three Volvo cars have an automation level 2. 
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9.2.3 Timeline 
  Table 9.1: Volvo Vehicle Milestones 

ID Item Description Date 
C-M1 Embedded system integrated Embedded system (i.e. all in-car development) 

completely integrated and tested. 
31/03/2020 

C-M2 Sensors and actuators 
integrated 

All sensors, actuators are integrated and tested. 31/03/2020 

C-M3 CCU integrated and tested Communication Control Unit is integrated and 
tested with all test sites where it will be used. 

31/10/2020 

Car 1 will be used in AstaZero and be available on 31/3/2020. Car 2, which is foreseen for 
AstaZero and the corridor, will be available on 01/05/2020. Car 3 is planned for usage in the 
corridor and will be available on 01/01/2021. 

9.3 BOSCH  
9.3.1 Characteristics of the Cars 
BOSCH provides one prototype Automated Driving Vehicle (ADV) for the Tele-operated Driving 
(ToD) use case tests. The use case consists of user stories in automated driving (AD) and ToD 
modes. The ADV comprises Level 4 (L4) according to SAE J3016 of automation capable 
prototype sensors. As a safety driver is always mandatory during the tests, due to essential 
health and safety requirements in compliance with the legal regulations, the tests are 
considered Level 2 (L2) of automation driving situations (Figure 9-2 BOSCH Vehicle Safety 
Driver Concept). For safety reasons, only exclusively-trained staff (safety drivers) are allowed to 
drive the BOSCH ADV at restricted areas. The safety driver takes care of the surveillance the 
driving environment and supervises the prototype automated driving function and the tele-
operation. When the prototype AD function requests a take-over, or fails to avoid hazardous 
situations, the safety driver will take over control of the ADV. 

 
Figure 9-2 BOSCH Vehicle Safety Driver Concept  
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9.3.2 In-vehicle Development 

Communication Control Unit and Modem 
The communication control unit (CCU) in the vehicle, as shown in Figure 9-3, is responsible for 
managing the connectivity to the network as the basis for the communication of the in-vehicle 
services with the backend. That includes the initiation, adaptation, and continuous monitoring of 
the connection status. The CCU can manage several communication channels based on 
different technologies to allow an adaptation of the connectivity properties to realize special 
requirements coming from the different user stories (e.g. throughput, latency, or reliability).  

 
Figure 9-3: Connectivity Control Components 

The CCU contains an automatic function that allows a permanent connection to the backend 
without any management function running on the vehicle computer. To realize special 
connectivity options and to get informed about the connectivity status and properties an 
interface to the connectivity control component is available. This interface provides the following 
features: 

- Switch traffic routing between the different radio technologies during operation. 

- Control 4G network path (set APN, control connectivity). 

- Control 5G network path (if a control interface is provided by the 5G router). 

- Inform clients about the used network technology on change and periodically. 

- Inform clients about the connection state on change and periodically. 

- Inform clients about IP network, wireless stats and network stats periodically. 

- Possibility to reset and shut down the CCU. 

The control data flow is realized using MQTT messaging protocol with message content 
serialization by Protocol Buffers (Protobuf). Google, the developer of Protobuf, provides a code 
generator for multiple languages under an open source license. 
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The CCU, connected via BroadR-Reach to the in-car components, is an embedded hybrid 
communication device designed to fulfil the automotive requirements. It contains several radio 
modules to cover 4G (LTE), DSRC (ITS-G5), C-V2X (PC5), WiFi and Bluetooth technology. 
Further communication devices can be connected via USB or automotive Ethernet (BroadR-
Reach). Two different radio technologies are projected to be used for the ToD use case, 4G 
(LTE) and 5G (NR).  

The 4G modem is already included in the CCU and covers the LTE bands B1, B3, B5, B7, B8, 
B20, B28A, B32 and B38. The modem is specified as CAT.13 in upload and CAT.16 in 
download direction (3GPP Release 12). WCDMA and GSM air interface standards are also 
supported but not intended to be used here. 

The 5G router, based on new radio (NR) technology, shall be used as main connectivity option 
during the ToD use case. Because of missing highly integrated 5G NR modems on the market, 
this device can only be connected externally to the CCU. Within the project several devices will 
be connected to the CCU. Within the Munich small-scale test site, the router will be provided by 
Huawei. Within the other test sites where BOSCH is involved, the router selection is not 
finalized yet. Currently it will be checked if mobile hotspots can be used. A backup solution 
would be a mobile phone connected via USB tethering with the CCU 

The antenna array connected with the CCU as shown in the picture above consists of five 
multiband diversity (MIMO) antennas. All antenna housings are magnet mount to be flexible in 
placing it on the vehicle roof. In total the following single antenna count and types are available 
from the array: 

Table 9.2: Single Antenna Count and Types 

Count Antenna Type Frequency 

4 Global 4G (LTE) 694-960 MHz, 3 dBi & 1.7-3.7 GHz, 4 dBi 

9 Global 5G (NR): 2.1-2.7 & 3.3-3.8 GHz, 4 dBi 

2 WiFi 2.4-2.5 & 4.9-6.0 GHz, 5 dBi 

2 GPS 1575.42 +/- 2 MHz, 26 dB, 5 dBi 

The GPS module as part of the CCU provides positioning information for the pQoS function as 
well as a very high precision synchronization of the CCU internal system clock. The 1pps trigger 
allows using the clock for one-way latency measurement (expecting same high precision clock 
at the counterpart station). 

 



Document: 5GCroCo/ D4.4 
Version: v2.0 
Date: 2021-06-18 
Status: Final  
Dissemination Level: Public  

  

 

37 

 
Figure 9-4: ADAS-V2X CCU 

The Picture above (Figure 9-4) shows the CCU with following connectors (from left to right): 
GNSS, 4x LTE (4G), 2x ITS-G5, BroadR-Reach, USB, WiFi, Main Connector (Power, CAN, 
GPIOs, …) 

Other Use Case Specific Development 
The BOSCH prototype ADV is equipped with a variety of prototype sensors, controllers, 
prototyping computers, gateways and a CCU with various modems (Communication Control 
Unit and Modem - Figure 9-3: Connectivity Control Components) and actuators enable the 
prototype for automated driving functions and ToD.  

Figure 9-5 displays where the main sensors are located in the vehicle. Furthermore, the 
locations of the antennas are displayed. A description how the car PC, CCU, 5G Modem and 
antenna are connected is described in previous chapter (Figure 9-3: Connectivity Control 
Components). 

 
Figure 9-5: BOSCH vehicle sensor and antenna setup 
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Automation Level 
The BOSCH vehicle has an automation level 2 on public roads in Germany. An automation level 
3 or 4 is possible on restricted sites in the European Union. 

9.3.3 Timeline 
Table 9.3: BOSCH Vehicle Milestones 

ID Item Description Date 
C-M1 Embedded system 

integrated 
Embedded system (i.e. all in-car development) 

completely integrated. 
31/01/2020 

C-M2 Sensors and actuators 
integrated 

All sensors, actuators are integrated and 
tested. 

29/02/2020 

C-M3 CCU integrated and 
tested 

Communication Control Unit is integrated and 
tested with all. 

31/03/2020 

C-M4 Vehicle available for 
trails 

The vehicle capable to uplink sensor data and 
receive data from backend. 

30/06/2020 

C-M5 Automated driving 
function available 

The automated driving function is fully set. 31/03/2021 

The vehicle will be available on 31/03/2020 for tests on restricted areas. The AD function is 
available 31/03/2021. 

9.4 Volkswagen AG  
9.4.1 Characteristics of the Cars 
Volkswagen AG provides a prototype ADV for the ToD use case for the large-scale sites and 
the small-scale site in Munich.  

Note: For safety reasons, exclusively-trained staff (safety drivers) are allowed to drive the 
Volkswagen AG vehicle. The use of a safety driver is always mandatory during the execution of 
the tests due to safety requirements in compliance with legal regulations.  

The ADV unit is based on a Golf VII model type vehicle which includes a set of additional 
prototype hardware and software designed to support L3-L4 tasks.  

 
Figure 9-6: Golf VII with ADV Unit 
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For the specific use case of ToD, Volkswagen AG uses a number of existing integrated cameras 
as well as a variety of sensors installed in the ADV unit, sharing the resources that are used to 
perform autonomous driving tasks. In addition to this, new dedicated hardware and software 
modules for the communication and processing of the information have been integrated into the 
vehicle (e.g. Communication Control Unit, 5G modules, pQoS application, etc.). 

As it has been observed, camera image is a mandatory requirement for a safe and secure ToD 
process. Volkswagen AG offers access to the following number of cameras: (8 in total) 

• 4 x cameras for a 360° view (Generation of vehicle surrounding view) 

• 2 x cameras for front facing view (Generation of short and long-distance views) 

• 2 x cameras for side facing view (Generation of left and right lateral views)  

Figure 9-7 illustrates the location of the cameras previously detailed. 

 
Figure 9-7: Location of the Cameras in the Volkswagen AG car 

Volkswagen AG works on a common communication interface to be used by both ADV vehicles 
involved in the ToD use case. Control processes are included into the Volkswagen AG software 
stack in order to enable the transmission of data between the ADV unit and the backend 
solution as well as to perceive the network conditions.  
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9.4.2 In-vehicle Development 

Communication Control Unit and Modem 
Volkswagen AG integrates the Communication Control Unit (CCU) provided by BOSCH. This 
element provides access to the 5G module or modem and RF units which are going to be used 
at the large- and small-scale sites.  

Automation Level 
The Volkswagen AG vehicle has an automation level 3. 

9.4.3 Timeline 
Table 9.4: Volkswagen AG Vehicle Milestones 

ID Item Description Date 
C-M1 Embedded system integrated Embedded system (i.e. all in-car development) 

completely integrated and tested (Direct driving 
only). 

27/03/2020 

C-M2 Sensors and actuators 
integrated 

All sensors, actuators are integrated and tested. 29/02/2020 

C-M3 CCU integrated and tested Communication Control Unit is integrated and 
tested with all test sites where it will be used. 

13/04/2020 

C-M4 Vehicle available for trails The vehicle capable to uplink sensor data and 
receive data from backend. 

30/06/2020 

The vehicle will be available on 13/04/2020 for direct control driving process. Volkswagen AG 
will continue developing the procedure for indirect control to cover the related AD functions in 
user stories two and four.  

9.5 RSA 
9.5.1 Characteristics of the Cars 
The car is a Renault Scenic used for development of AD/ADAS features. It is fully equipped to 
integrate, test and debug upcoming ADAS features in RSA’s roadmap. The many installed PCs 
and controllers also allow to deeply evaluate the impacts of these new features in the overall 
vehicle architecture, e.g. increase of data volume over the internal vehicle network, 
cybersecurity risks, ASIL impacts, etc. 

9.5.2 In-vehicle Development 

Communication Control Unit and Modem 
The Communication Control Unit is a three-radio-technology board provided by a tier one 
supplier supporting long-range LTE (Uu), short-range LTE (PC5) and ITS-G5. It does not yet 
support 5G New Radio. The ETSI-ITS V2X protocol stack includes the GeoNetetworking and 
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Basic Transport Protocol (BTP) layer, and supports ETSI-ITS security through message signing. 
The Uu and PC5 modems are Qualcomm products. Since no 5G module was available when 
the CCU was designed, the 5G modem will added as an external device. It will be either a 5G 
phone used in tethered mode over USB, or a PCI module which would be plugged in instead of 
the PC5 module. 

RSA develops the control software of the CCU and implements it in a Service-Oriented 
Architecture (SOA) where the CCU provides V2X services to the ADAS system. This CCU is 
connected to the overall vehicle architecture using Internet protocols. 

The CCU is also connected to the CAN network to get vehicle status information which is used 
by the V2X stack to build DENM messages. 

Other Use Case Specific Development 
It includes a full perception system using cameras, lidars, and radars to detect objects and their 
relative position to the vehicle. The sensor outputs are fused all together to deliver a 
consolidated list of objects around the vehicle. However, in the 5GCroco project, it is configured 
so that only the ones which are in the same lane as the vehicle are considered. 

The CCU is also connected to a V2X backend module which uses the V2X data, maps it to the 
vehicle position reference system, and filters out irrelevant information. It is a necessary 
processing stage before received data can be used by the ADAS chain. 

Automation Level 
The RSA vehicle has an automation level 2. 

9.5.3 Timeline 
Table 9.5: RSA Vehicle Milestones 

ID Item Description Date 
C-M1 Embedded system 

integrated 
Embedded system (i.e. all in-car development) 
completely integrated and tested. 

30/12/2019 

C-M2 Sensors and actuators 
integrated 

All sensors, actuators are integrated and tested 
Additional ADAS features can be added in H2 
2020. 

30/6/2020 

C-M3 CCU integrated and tested Communication Control Unit is integrated and 
tested with all test sites where it will be used 
But additional feature will be integrated in an agile 
manner along the program 
5G board is integrated when compliant 5G boards 
can be bought (H2 2020). 

31/06/2020 

The vehicle will be available on 30/06/2020. 
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9.6 PSA 
9.6.1 Characteristics of the cars 
The two cars provided by PSA are a Peugeot SUV 3008 and a Peugeot SUV 5008. These cars 
will be equipped for the needs of the ACCA use case including 5G connectivity and a 
connection to the embedded CAN bus in order to provide the requested interactions with the 
ADAS system (sensors and actuators) and with the Human-Machine Interface (HMI). 

 
Figure 9-8: Peugeot 3008 

 
Figure 9-9: Peugeot 5008 

9.6.2 In-vehicle Development 

Communication Control Unit and Modem 
The Communication Control Unit will support 4G LTE and 5G New Radio as well as short-range 
LTE (PC5). The modem and the antenna (shark fin) will be provided by Qualcomm. The 
antenna will be fixed on the roof and the flat box (containing the modem) just under it. The V2X 
software will be provided in a separate box by CTAG, connected with the Qualcomm unit 
through an Ethernet link. The HMCU will also permit to connect to the embedded CAN bus of 
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the car. Thanks to this link, the V2X messages will be translated to CAN messages of the HMI 
or of the ADAS system. 

The Technology Readiness Level (TRL) of the system is estimated at TRL5 level in terms of 
hardware and software. That means this solution will be operational and integrated in an 
automotive environment. 

Other Use Case Specific Development 
The current ADAS system of both cars will be adapted in order to execute the user stories of the 
ACCA use case. The sensors and the actuators are connected to the ADAS module. The 
development of the ADAS system for the 5GCroCo project will be performed by PSA together 
with a partner in order to maintain the right level of safety for the roll out of the ACCA use case 

The connection of the CCU to the CAN bus enables the interactions with the ADAS system and 
also with the HMI. The HMI will permit to see the notifications when a message is received to 
acknowledge them or to send a message, display pop-ups, and to validate. 

Automation Level 
The PSA vehicles have an automation level 2. 

9.6.3 Timeline 
Table 9.6: PSA Vehicle Milestones 

ID Item Description Date 
C-M1 Embedded system integrated Embedded system (i.e. all in-car development) 

completely integrated and tested  
31/03/2020 

C-M2 Sensors and actuators 
integrated 

All sensors, actuators are integrated and tested  20212 

C-M3 CCU integrated and tested Communication Control Unit is integrated and 
tested with all test sites where it will be used 

31/03/2020 

Both vehicles will be available on 31/03/2020. 

9.7 CTTC 
The CTTC will provide two car PCs developed by the CTTC. These car PC systems can be 
used as CCU in any vehicle, and they can also be used to emulate a vehicle where no actual 
one is present. One of the car PCs will be integrated as CCU in a car provided by PSA for the 
tests at the Barcelona site. The other car PC system will be used as either vehicle emulator or 
installed in a van provided by the CTTC. The car PC system and the car provided by PSA are 
described in Section 9.7.1. The integration of the car PC in the PSA car is described in Section 
9.7.2. 

 
2 Tests in 2020 will focus on connectivity. Interaction with the ADAS system will be initially emulated with 
an HMI. In the second step, in 2021, the ADAS system (sensors and actuators) will be connected. 
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9.7.1 Characteristics of the Cars 
PSA will provide a DS7 car to the CTTC that will be adapted for the integration of the car PC 
system as CCU. Figure 9-10 shows a picture of the DS7 car. 

 
Figure 9-10: PSA DS7 Car that will be available at CTTC 

The components of the car PC system provided by the CTTC are shown in Figure 9-11. The 
core of the car PC system is a laptop that uses Linux (Ubuntu 18.04) and a software application 
based on the ETSI-ITS protocol stack provided by OpenC2X [9], which is an open source 
software that supports most of the aspects of the protocol stack defined in [10]. 

The car PC system will communicate with the backend over 4G LTE by means of a modem 
connected to it. The car PC will exchange two types of ETSI-ITS standard-compliant messages 
with the backend: periodical Cooperative Awareness Messages (CAMs) and event-triggered 
Decentralized Environmental Notification Messages (DENMs). PSA and RSA will implement 
different protocol flavours for communication with the backend. The car PC software will be 
interoperable with the approach of RSA and the approach of PSA. Thus, it will facilitate testing 
the interoperability between RSA and PSA approaches in the Barcelona test site. 

The laptop of the car PC system is connected to a GNSS receiver in order to obtain the real-
time position of the vehicle and to the CAN bus of the vehicle by means of an On-Board 
Diagnostic (OBD) interface adapter or a CAN-to-USB adapter. 
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Figure 9-11: Hardware architecture of the car PC system provided by the CTTC 

The car PC system will not be connected to any sensor that detects hazards in their proximity 
(e.g., camera, radar, lidar). The plan is to emulate the hazards detection from the car PC 
software, which will be configured to trigger the transmission of hazard reports to the backend. 
This approach will allow the collection of a large number of measurements during the tests by 
generating many events. 

The graphical user interface (GUI) of the car PC software will allow the interaction of the driver 
with the car PC. Through the GUI, the driver is able to initiate the registration, authentication 
and subscription processes with the backend, and emulate the detection of a new hazard by 
triggering the transmission of a hazard report message to the backend. In addition, the GUI 
shows the current position of the ego vehicle and the location of road hazards on a Local 
Dynamic Map (LDM) based on OpenStreetMap [11]. The GUI displays a notification message 
every time a new hazard notification is received. 

The car PC software can be configured as vehicle emulator that reads the position of the vehicle 
from a trajectory file that contains a sequence of geographical coordinates with associated time-
stamps. The can PC software allows to select a trajectory file, start, pause and stop the 
movements of the emulated vehicle. 

9.7.2 In-vehicle Development 

Communication Control Unit and Modem 
The car PC system will be used as CCU. It will communicate with the backend over 4G LTE by 
means of an AirPrime EM7565 modem from Sierra Wireless. The modem will be connected to 
the laptop of the car PC using a USB to mPCI adapter, which may allow, if needed, the 
replacement of the 4G modem by a 5G modem using the same interface adapter. 
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Other Use Case Specific Development 
The car PC system will be connected to the CAN bus of the car provided by PSA using a CAN 
to USB adapter. Through the CAN bus, the car will send speed measurements and events to 
trigger the transmission of DENM. The events will be triggered manually from the car through 
the “warning lights” button. 

Automation Level 
The vehicle which will be provided by PSA has an automation level 0 (no automation). 

9.7.3 Timeline 
Table 9.7: PSA Vehicle available at CTTC Milestone 

ID Item Description Date 
C-M1 Embedded system integrated Embedded system (i.e. all in-car development) 

completely integrated and tested  
28/02/2020 

C-M2 Sensors and actuators 
integrated 

All sensors, actuators are integrated and tested  28/02/2020 

C-M3 CCU integrated and tested Communication Control Unit is integrated and 
tested with all test sites where it will be used 

15/03/2020 

The vehicle will be available on 15/03/2020. 
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10 Motorway A9 5G-
ConnectedMobility - Small-scale 
Test Site 

10.1 Site Description 
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. A mobile radio 
network test spectrum license was granted by the German regulator BNetzA to enable the 
deployment of a test network. 

The mobile radio network covering the test field consists of seven base station sites (see Figure 
10-1) deployed at 700 MHz with the latest LTE release. 

 
Figure 10-1: Cell Site Locations at the 5G-ConnectedMobility Test Site 
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It includes two Evolved Packet Core (EPC) user planes consisting of Serving- and Packet Data 
Network (PDN) Gateways (S-/P-GWs) enabling MEC and public Internet access. It is possible to 
split this single network into two networks by connecting cell site to an EPG virtually belonging 
to a different MNO. This way, a country border can be emulated. 

10.2 Involved Partners 
The involved partners are ahown in Table 10.1. 

Table 10.1: Involved Partners at 5G-ConnectedMobility Test Site 

Use Case Involved Partners 

ToD - 

HD Mapping Volvo, ERI 

ACCA - 

10.3 Tested 5G Solutions for CCAM  
Table 10.2 provides an overview of the 5G solutions for CCAM to be tested at this test site. The 
test site is not 5G RAN equipped and provides no QoS prediction capabilities, so these features 
will not be tested. The main focus lies on cross-border/-MNO handover testing, also in 
conjunction with MEC. 

Table 10.2: Mapping of 5G Solutions for CCAM to User Stories Tested at the Test Site 

5G Solution H
D

 M
apping U

ser 
Story 1 - D

ow
nlink 

H
D

 M
apping U

ser 
Story 2 - U

plink 

H
D

 M
apping U

ser 
Story 3 - U

p-
/D

ow
nlink 

Non-standalone 5G New Radio     

Cross-Border/-MNO Handover X X X 

MANO and SDN – Single Country/MNO3    

MANO and SDN – Cross-border/-MNO3    

End-to-end QoS with Dedicated Bearers3    

 
3 Also covers Network Slicing 
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QoS Prediction    

MEC – Computation and Hosting Close to Vehicle vs. 
on Public Internet 

X X X 

MEC – Cross-border/-MNO Inter-MEC 
Communication 

X X X 

MEC – Gateway Reselection    

Precise Positioning    

10.4 Timeline 
The test site is already up and running. It will be extended to emulate a country border to enable 
cross-border/-MNO tests. A second Mobility Management Entity (MME) was already deployed 
for this as well as an extra S-/P-GW. What is left and to be completed by 28/02/2020 is 
reconfiguration of the RAN to connect one cell to the new core. The HD Mapping backend 
application will be deployed to the MEC host until 15/03/2020. 

Tests start in March 2020 so that by 15/03/2020 it will be confirmed that the vehicle can connect 
to both networks individuality and by 31/03/2020 it will be confirmed that a cross-border/-MNO 
handover between the two networks is possible. 

Table 10.3 summarizes the timeline. 

Table 10.3: Summary of the Timeline for Motorway A9 5G-ConnectedMobility Test Site 

Step Deadline Confirmed by 
Reconfigure RAN. 15/02/2020 Second network visible when performing network 

scan with smart phone. 

Basic connectivity to 
both networks. 

28/02/2020 Communication Control Unit (CCU) of Volvo vehicle 
connects to both networks with same SIM card.  

Deploy application on 
MEC host. 

28/02/2020 Ping test and test described in next row. 

Test User Story 1 - 3 
with Public Internet 
and MEC in one of the 
networks. 

31/03/2020 Successful map tile download (User Story 1), upload 
(User Story 2) and combination of both (User Story 
3) from Public Internet and MEC (separate tests, 6 in 
total). 

Cross-border/-MNO 
handover. 

31/03/2020 Successful continuous map tile download (User 
Story 1), upload (User Story 2)4 from Public Internet 
and MEC (separate tests, four in total) while driving 
back and forward between the two networks. 

 

 
4 User Story 3 is omitted to reduce effort. Execution of User Stories 1 and 2 confirm that User Story 3 
would also work and it is already confirmed in the test before. 
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  Year 2 (Nov-19 -- Nov-20) 

Planned 
activity at 
AstaZero  

Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov 

Network 
installation 

                          

Deploy 
second MME 
and S-/P-GW 

                          

RAN 
reconfigured 

                        

Connectivity 
confirmed 

                         

Application 
deployed 

                         

Testing                           

User Story 1 - 
Downlink         5 days 

tes-
ting 
with 1 
car 

               

User Story 2 - 
Uplink           

 
            

User Story 3 - 
Up-
/downlink           

 

          
  

Figure 10-2: Timeline at 5G-ConnectedMobility 

Table 10.4: Network Milestones 

ID Item Description Date 
N-M1 Spectrum OK The spectrum is available and ready for usage. Done 
N-M2 4G/5G network up and running The 4G/5G network is deployed, configured, and 

tested. 
28/02/2020 

N-M3 Public Internet access working Public Internet access is configured and working. 28/02/2020 

N-M4 Extra APN, core and MEC up 
and running 

MEC hosts and extra APNs / core networks to 
reach them are installed, configured, deployed and 
tested. 

28/02/2020 
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Table 10.5: Use Case Milestones per Site 

ID Item Description Date 
B-M1 Use case specific features 

enabled 
Use case specific hard/software installed, 
configured, up, tested and running 

28/02/2020 

B-M2 Use case Measurement tools 
implemented and working 

All necessary tools for measurements are 
implemented, tested and working 

Done 

B-M3 Foreseen path tested Drive the foreseen test path and check if the use 
case is working on the intended area. 

15/03/2020 

10.5 Contribution to the Large-scale Corridor 
The Motorway A9 5G-ConnectedMobility test site resembles the architecture of the F-D-L large-
scale corridor. It emulates a country border and will be ready to use from March 2020 on and is 
operated by the same ERI IT-team as the French and Luxembourgish parts of the large-scale 
corridor. It is, therefore, mainly used to gather experience and best practice before the large-
scale corridor is fully operational. 

10.6 Contribution for Testing of 5G for CCAM in 
Cross-border Scenarios 

The test site resembles the situation at the large-scale corridor by emulating a country border. It 
therefore allows evaluating and optimizing cross-border /-MNO handover. 
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11 Barcelona - Small-scale Test Site 
11.1 Site Description 
1.1.1 Non-technical Description 
The Barcelona small-scale test site is composed of a 5G neutral hosting platform deployed in 
Barcelona (in the 22@ district), and a cross-border Internet Exchange Point (IXP) platform 
deployed in Castelldefels (at the CTTC premises), 25 km south from Barcelona. The 5G neutral 
hosting platform provides one street cabinet and three small cells deployed along the “Ciutat de 
Granada” public street, as depicted in Figure 11-1. The small-scale test is integrated within the 
5GBarcelona end-to-end infrastructure. It aims to demonstrate User Story 1 and 3 of the ACCA 
use case, which contemplates a dangerous situation across the border of two countries. 
Therefore, the test site will emulate a cross-border scenario, with different virtual MNOs which 
operate MECs and LTE small cells, with an IXP and public cloud in between them.  

 
Figure 11-1: Location of the Infrastructure in Barcelona (22@ District) 

 

 

1

2

3

1 Small 
Cell

Cabinet
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1.1.2 Technical Description 
The 5G neutral hosting platform provides 3 lampposts connected to the street cabinet. The 
lampposts are equipped with LTE small cells at 3.5 GHz used to provide connectivity to the 
CTTC emulated vehicle and the PSA/CTTC vehicles (see Section 9.6 and 9.7). The street 
cabinet is equipped with a cloud platform allowing deploying local vEPCs providing access to 
MEC hosted application servers controlled by the same cloud platform. They will host the MEC-
deployed part of the ACCA backend software for each vMNO. The street cabinet is connected 
to the cross-border IXP platform with a transport network based on Ethernet and optical 
technologies. The 5G neutral hosting platform can deploy dedicated network slices for the 
different vMNOs required in a cross-border scenario. The NFV Management and Orchestration 
(MANO) platform for service orchestration is based on the software stack provided by the 
5GCity project. A network slice is defined as a single network service instance or a 
concatenation of network service instances according to the 3GPP and ETSI NFV standards 
developing organizations (SDOs) [14,15].  

 
 Figure 11-2: Barcelona Small-scale Test Site Infrastructure 

The cross-border IXP platform provides the physical infrastructure through which multiple 
vMNOs can exchange data traffic. It is also equipped with servers used to emulate the public 
Internet cloud, offering both virtual machines and containers. The ACCA use case will also 
deploy software there, representing the centrally hosted part of the backend. This part includes 
services that do not need to be hosted at the edge and enables communication between edge 
servers in cases when they cannot directly communicate, as can be initially assumed for MECs 
operated by different MNOs. The interconnection among the different vMNO operators, and the 
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emulated public Internet cloud servers, is done through an SDN-enabled switch. The cross-
border IXP platform also provides network slices for the different cross-border scenarios. The 
NFV MANO platform is based on the SONATA open source software stack.  

The deployed backend software for the ACCA use case consists of a MEC hosted Edge 
Geoservice, and Traffic Management System (TMS) and central Geoservice hosted on the 
emulated public Internet cloud. The Geoservice is used to notify vehicles of potential hazard. It 
will provide authentication, subscription, notification, data fusion and alert computation services. 
On the other hand, city and road infrastructures provide access to multiple sources of 
information which can be considered, in a broad sense, sensors. The TMS acts as the asset 
management tool of the different MEC located geoservices as well as handles road-safety 
information generated by external sensors and road side units into the V2X information base. 
The TMS has a global view of the cross-border scenario and is able to distribute hazards 
received from one Geoservice to the other regions of interest. The role is therefore crucial for 
the demonstration of cross-border scenario where different MNO hosted geoservices will need 
to synchronize events happening in their respective areas of interest through the TMS service 
hosted on the Internet. 

11.2 Involved Partners 
The involved partners are presented in the table below. 

Table 11.1: Involved Partners 

Use Case Involved Partners 

ToD - 

HD-Mapping - 

ACCA CTTC, I2CAT, NXW, WSE, PSA and EUR 

11.3 Tested 5G Solutions for CCAM  
Table 11.2 provides an overview of the 5G solutions for CCAM to be tested at this test site. The 
test site is not 5G RAN equipped and no inter-MNO handover is provided, so these features will 
not be tested. The main focus lies on multi-MANO service orchestration, end-to-end network 
slicing services in cross-border scenarios, and ACCA application hosting on MEC and public 
Internet cloud. 
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Table 11.2: Mapping of 5G Solutions for CCAM to User Stories Tested at the Test Site 

5G Solution 
A

C
C

A
 U

ser Story 1 - 
D

etection by 
Stationary Vehicle 

A
C

C
A

 U
ser Story 3 -

Externally D
etecting 

Traffic Jam
 

Non-standalone 5G New Radio    

Cross-Border/-MNO Handover   

MANO and SDN – Single Country/MNO3 X X 

MANO and SDN – Cross-border/-MNO3  X X 

End-to-end QoS with Dedicated Bearers3   

QoS Prediction   

MEC – Computation and Hosting Close to Vehicle vs. on 
Public Internet 

X X 

MEC – Cross-border/-MNO Inter-MEC Communication X X 

MEC – Gateway Reselection   

Precise Positioning   

11.4 Timeline 
Barcelona pilots consider two main activities. The first activity is related to the development of 
the infrastructure required for the pilot. The second activity is focused on the deployment and 
testing of the use case. The final goal is to have the infrastructure ready by March 31th, 2020. In 
addition, we plan to start the deployment of the use case in the Barcelona test site on March 
1st, 2020, and complete the tests by June 30th 2020.  

  Year 2 (Nov-19 -- Nov-20) 

Planned 
activity at 
Barcelona 

Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov 

Network 
installation 

                          

Spectrum 
usage secured 

                          

4G cell set up 
and MEC 

                          

5G neutral              
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hosting 
Service 
orchestrator 
Transport 
network 

                          

SDN switch 
and cloud  

                          

IXP service 
orchestrator 

             

US  
deployment                           

Deployment of 
ACCA 
applications in 
the MEC and 
lcoud             

 

Deployment of 
network slices 
for vMNOs             

 

Deployment of 
network slices 
for cross-
border 
services             

 

Deployment of 
end-to-end 
network slice             

 

US Testing               

User Story 1 -
(Detection by 
stationary 
vehicle) 
 – UDP-UDP        

3days with 
 2 cars     

 

User Story 3 – 
(Externally 
detecting 
traffic jam)        

3 days with 
 2 cars     

 

Figure 11-3: Barcelona Timeline 
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Table 11.3: Network Milestones 

ID Item Description Date 
N-M1 Spectrum OK The spectrum is available and ready for usage. 30/11/2019 
N-M2 4G/5G network up and running The 4G/5G network is deployed, configured, and 

tested. 
 

N-M3 Public Internet access working Public Internet access is configured and working. 29/02/2020 

N-M4 Extra APN, core and MEC up 
and running 

MEC hosts and extra APNs / core networks to 
reach them are installed, configured, deployed and 
tested. 

31/03/2020 

Table 11.4: Use Case Milestones per Site 

ID Item Description Date 
B-M1 Use case specific features 

enabled 
Use case specific hard/software installed, 
configured, up, tested and running. 

30/04/2002 

B-M2 Use case Measurement tools 
implemented and working 

All necessary tools for measurements are 
implemented, tested and working. 

31/04/2020 

B-M3 Foreseen path tested Drive the foreseen test path and check if the use 
case is working on the intended area. 

30/05/2020 

11.5 Contribution to the Large-scale Corridor 
The Barcelona test site resembles the architecture of a cross-border corridor. It emulates a 
cross-border city scenario and the ACCA backend software and vehicles will be tested in a 
cross-border setting before going to the large-scale test site. It is therefore mainly used to 
gather experience and best practice before the large-scale corridor is fully operational. 

Specifically, the Barcelona pilot will be used as pre-testing scenario of the large-scale cross-
border. The pilot will validate the suitability of such architecture including the identification of 
requirements to the network infrastructure with respect to delay, load and latency constraints. 
The pilot will also force the integration between different involved parties and vehicles, having to 
ensure proper use of standards. 

Additionally, the Car PC provided by the CTTC will communicate with the Geoservice in order to 
exchange V2X messages either by following the approach of RSA (i.e., using ETSI-ITS 
compliant messages over UDP) or the approach of PSA (i.e., using JSON format messages 
over MQTT). Therefore, the Car PC provided by CTTC will facilitate testing the interoperability 
between the RSA and PSA approaches in the small-scale tests of the Barcelona test-site. 

Moreover, since the hazards detection is emulated in the Car PC software, which can be 
configured to trigger the transmission of DENM messages to the Geoservice as needed, the Car 
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PC software will facilitate the automation of the measurement process with the collection of a 
large number of measurements during the tests. 

11.6 Contribution for Testing of 5G for CCAM in 
Cross-border Scenarios 

The network slices that will be launched at the infrastructure of the Barcelona small-scale test 
site to simulate the two operators of a cross-border scenario will be provisioned by the Slice 
Manager of the “5G neutral hosting platform”, which is being developed by multiple project 
partners. The platform will also be used to deploy any network services that needs to be running 
at the MEC. The aforementioned Slice Manager is built on top of Open Source NFVO and VIM 
solutions (OpenSourceMano and OpenStack, respectively). This platform has been successfully 
tested on the pilot infrastructure for sample slices and services, but it needs to be adjusted and 
applied for the 5GCroCo scenarios, keeping in mind the requirements related to API exposure 
and interconnectivity with slices, which come from the requirement to interact with the IXP Slice 
Manager and the End-to-End Slice Orchestrator in order to serve the 5GCroCo use cases. The 
IXP slice manager is based on SONATA open source software. It deploys cross-border slices 
with the centrally hosted part of the backend software for the ACCA use case (i.e, central 
Geoservice and TMS). 

Finally, the instantiation and orchestration of end-to-end services across the different segments 
of the network (i.e. the public cloud managed by the IXP Platform and the distributed edge 
locations managed by the 5G Neutral Hosting Platform) will be handled by two components: the 
Service Orchestrator, which manages the decomposition of the end-to-end service into network 
slice subnets that can be deployed in single domains, and the Multi-domain Orchestrator, which 
coordinates the provisioning of the composite network slice across multiple edge or cloud 
locations. The Vertical Slicer prototype (5G-TRANSFORMER, H2020 Phase 2) and the TIMEO 
NFVO framework (blueSPACE H2020 Phase 2) have been used as baseline software and have 
been extended for implementing/modelling end-to-end network slices according to 3GPP 
standardization and for supporting the Life Cycle Management (LCM) of end-to-end multi-
domain services and the interoperability with the IXP and 5G Neutral Hosting platforms 
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12 Montlhéry - Small-scale Test Site 
12.1 Site Description 
12.1.1 Non-technical Description 
The Montlhéry small-scale test site is a closed site with three main configurations: a highway, a 
city and a country road. It is a part of the UTAC/CERAM car homologation site. A mobile radio 
network test spectrum license at 3.6 GHz was granted by the French spectrum authority Agence 
nationale des fréquences (ANFR) to enable the deployment of a test network. 

 
Figure 12-1: Montlhéry Site (from [5]) 

12.1.2 Technical Description 
The mobile radio network covering the test field consists of a 5G New Radio base station 
operating at 3.6 GHz with a 700 MHz 4G LTE anchor cell, forming a non-standalone 5G New 
Radio network. 

It includes multiple Evolved Packet Cores (EPCs) with a local user plane consisting of S-/P-
GWs enabling MEC hosting. It is possible to reach different APN to test P-GW switching. 
Because all these APNs are on the same PLMN, it does not emulate cross-border/-MNO 
handover. 
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12.2 Involved Partners 
The involved partners are presented in the table below. 

Table 12.1: Involved Partners 

Use Case Involved Partners 

ToD - 

HD Mapping - 

ACCA PSA, RSA, EUR, WSE, Orange, ERI 

12.3 Tested 5G Solutions for CCAM  
Table 12.2 provides an overview of the 5G solutions for CCAM to be tested at this test site. The 
test site is 5G RAN equipped and provides QoS with dedicated bearers and MEC capabilities. 

Table 12.2: Mapping of 5G Solutions for CCAM to User Stories Tested at the Test Site 

5G Solution 

A
C

C
A

 U
ser Story 1 - 

D
etection by 

Stationary Vehicle 

A
C

C
A

 U
ser Story 2 -

Externally D
etecting 

Stationary Vehicle 

A
C

C
A

 U
ser Story 3 -

Externally D
etecting 

Traffic Jam
 

Non-standalone 5G New Radio  X X X 

Cross-Border/-MNO Handover    

MANO and SDN – Single Country/MNO3 X X X 

MANO and SDN – Cross-border/-MNO3     

End-to-end QoS with Dedicated Bearers3 X X X 

QoS Prediction    

MEC – Computation and Hosting Close to Vehicle vs. on 
Public Internet 

X X X 

MEC – Cross-border/-MNO Inter-MEC Communication    

MEC – Gateway Reselection    

Precise Positioning    
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12.4 Timeline 
The activities at Montlhéry are conditioned by the following facts: 

• A non-standalone 5G New Radio network is already deployed and has been tested. 

• The backend development, as far as required for testing at this test site, will be finished 
by March 2020. 

• First event to get a correct timeline is to get 5G equipped vehicles, but we can start tests 
in 4G for non 5G equipped cars as soon as EUR gateway will be deployed to the MEC. 

  Year 2 (Nov-19 -- Nov-20) 

Planned activity at 
Montlhéry  Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov 

Network installation                           

Temporary 5G 
Spectrum usage 
renewal until 4/6/20 
(not possible beyond) 

                          

5G installation                           

5G cells up & running              

Round 1 of testing                           

User Story 1 - 
Detection by 
stationary vehicle             

2 
days 

testin
g 

with 
2 

cars 

  
  
        

  

User Story 2 - 
Externally detecting 
stationary vehicle                      

  

User Story 3 - 
Externally detecting 
traffic jam                      

  

Round 2, right before 
the large-scale tests                           

User Story 1 - 
Detection by 
stationary vehicle                   

 
1-day 
testin

g 
with 

2 
cars 

  
  

User Story 2 - 
Externally detecting 
stationary vehicle                   

 
  

  

User Story 3 - 
Externally detecting 
traffic jam                   

 
  

  

Figure 12-2: Timeline 
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Table 12.3: Network Milestones 

ID Item Description Date 
N-M1 Spectrum OK Is the spectrum available and ready for usage. Done 
N-M2 4G/5G network up and running The 4G/5G network is deployed, configured, and 

tested. 
4G Done, 
5G in 
March 

N-M3 Public Internet access working Public Internet access is configured and working. Not 
applicable5 

N-M4 Extra APN, core and MEC up 
and running 

MEC hosts and extra APNs / core networks to 
reach them are installed, configured, deployed and 
tested. 

Done 

Table 12.4: Use Case Milestones per site 

ID Item Description Date 
B-M1 Use case specific features 

enabled 
Use case specific hard/software installed, 
configured, up, tested and running 

03/2020 

B-M2 Use case Measurement tools 
implemented and working 

All necessary tools for measurements are 
implemented, tested and working 

04/2020 

B-M3 Foreseen path tested Drive the foreseen test path and check if the use 
case is working on the intended area. 

05/2020 

12.5 Contribution to the Large-scale Corridor 
By conducting tests at this small-scale test site, large-scale tests will inherently benefit. Due to 
availability of 5G New Radio at the site, 5G modems can be tested before used at the large-
scale test site. Furthermore, tools for KPI measurement will be tested and fine-tuned in 
Montlhéry before deploying them at the large-scale corridor. 

12.6 Contribution for Testing of 5G for CCAM in 
Cross-border Scenarios 

Multiple APNs will allow testing a first version of gateway (P-GW) switching as needed in cross-
border scenarios. 

This small-scale test site does not include an emulated country border. Still, mechanisms to 
select and switch to the best serving MEC host are almost identical within a single MNO to what 
has to be done with two MNOs in a cross-border scenario. The test site was previously used in 
the 5GCAR project [12] and from this an optimized dedicated bearer QoS configuration exists. 
This configuration will now be used with a different use case than before. For ACCA, different 

 
5 Regulator does not accept to have public Internet access for this experimental network. 
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priorities exist within the same application, depending on how far away a vehicle is from a 
hazard it should be warned about. Furthermore, dedicated bearers will now be used in 
conjunction with multiple MEC hosts.   
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13 Munich - Small-scale Test site  
13.1 Site Description 
13.1.1 Non-Technical Description 
The Munich small-scale test site comprises the vicinity of HWDU’s HUAWEI Munich Research 
Center (North of Munich, Germany), where the ToD use case will be tested. Two options are 
under investigation to conduct ToD testing at the Munich test site: a) use public roads (i.e., 
highlighted with red and yellow colour in Figure 13-1), b) use non-public area (e.g., parking lot). 
Option b) will be selected in case that approvals from local authorities are not available to 
conduct ToD testing on public roads. The base station is already installed and configured and 
the antennas are installed at the roof of HWDU premises, while the 5G modem needs to be 
integrated with the CCU of the car. HWDU has provided the 5G modems to the partners to 
prepare the cars for the test. HWDU is currently performing lab tests and coverage test along 
the streets and on the parking lots. 

 
Figure 13-1: Test Site Riesstrasse Munich 

The goal of the test site is to provide and test a functional end-to-end connection between the 
vehicle and the Vehicle Control Centre (VCoC) (i.e., uplink and downlink), including pQoS 
functionality. In addition, this small-scale test will serve as reference and guidance to the large-
scale test (i.e., cross-border). In Munich test site, two user stories will be tested and validated 
(ToD US #1 and US #4). 
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13.1.2 Technical Description 
The network architecture of the Munich small-scale test site is shown in Figure 13-2.  

The test site provides a 5G New Radio RAN. The core network supports user plane and routing 
functionalities, provides monitoring capabilities (e.g., collect RAN KPIs), the pQoS functionality 
is collocated to the core network and is capable of accessing collected RAN KPIs. Munich site 
allows MEC hosting and provides deep packet inspection for test and debugging purposes. 

 
Figure 13-2: Mapping of Munich Small-Scale Site Deployment to 5GCroCo Architecture 

Basic system configuration based on selected TDD frame structure. The frame structure is 
configured based on the end user requirements and supports higher UL data rate to cover the 
demand of the UL video streams. The concept of optimized Bandwidth Part (BWP) is used to 
enable an optimized performance for V2X services especially for ToD by choosing a specific 
TDD frame structure. The BWP has a bandwidth of 20MHz. 
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Table 13.1 5G System Features and Configuration (RAN) 

5G System URLLC mode eMBB mode 

Throughput 

(Test results) 

Indoor UL: 50 Mbps/DL: 30 Mbps 

Outdoor UL: 30 Mbps/DL: 10 Mbps 

Indoor UL: 125 Mbps/DL: 3 Mbps 

Outdoor UL: 70 Mbps/DL: 3 Mbps 

Radio Latency 

(Test results) 

RTT: 3-4 ms 

(one-way latency 1.5-2 ms) 

RTT:10-20 ms 

(one-way latency 5-10 ms) 

Subcarrier spacing 30 KHz / 60 KHz 15 KHz 

Bandwidth (BW) 20 MHz 20 MHz 

TDD Frame: 
Support 
Flexible/Switching 
Slot Frame 
Indicator (SFI) 

  
 

X 

Carrier Frequency 3.45 GHz 

Synchronization GNSS  

Antenna 
Configuration 

Base station: 8 Antennas 

UE: 8 Antennas 

We have configured our system to eMBB to provide higher UL Throughput, considering the E2E 
requirements of ToD use case. 

The network (IT and 5G-system) is provided by HWDU, while the pQoS functionality (i.e., 
monitoring tools, algorithm, notification functionality) is provided by HWDU and NKUA, the 
Vehicles are provided by VW (ToD US #1 and US #4) and BOSCH (ToD US #1). The CCU of 
the vehicle is provided by BOSCH and the VCoC by TUM.  

The BOSCH and Volkswagen AG test vehicle will be equipped with a prototype HWDU modem 
for the connection to the HWDU 5G network, which is available in the environment of this test 
site. The HWDU modem will connect to the BOSCH and Volkswagen AG CCU, which routes the 
I/O signals to and from the vehicle bus system via Ethernet. The BOSCH and Volkswagen AG 
vehicles use an internal positioning system based on an internal GPS receiver.  

Bosch will provide a risk assessment including measures to ensure safety for all humans 
involved in the testing. 
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13.2 Involved Partners 
The involved partners are presented in Table 13.2. 

Table 13.2: Involved Partners 

Use Case Involved Partners 

ToD HWDU, Bosch, Volkswagen AG, TUM, Fortiss and NKUA. 

HD Mapping - 

ACCA - 

13.3 Tested 5G Solutions for CCAM  
Table 13.3: Mapping of 5G Solutions for CCAM to User Stories Tested at the Test Site 

5G Solution 

ToD
 U

ser Story 1 - 
D

irect C
ontrol, Low

 
Velocity 

ToD
 U

ser Story 4 -
Slim

 U
plink, D

irect 
C

ontrol, Low
 

Velocity 

Non-standalone 5G New Radio (see details below) X X 

Cross-Border/-MNO Handover   

MANO and SDN – Single Country/MNO3   

MANO and SDN – Cross-border/-MNO3    

End-to-end QoS with Dedicated Bearers3   

QoS Prediction X X 

MEC – Computation and Hosting Close to Vehicle vs. on 
Public Internet 

X X 

MEC – Cross-border/-MNO Inter-MEC Communication   

MEC – Gateway Reselection   

Precise Positioning   
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13.4 Timeline 
  Year 2 (Nov-19 -- Nov-20) 

Planned 
activity at 
Munich  

Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov 

Network 
installation 

                          

Spectrum usage 
secured 

                          

5G system set 
up 

 First  
set up     Final  

Set up                    

pQOS 
Functionality 
establishment 

             

Interface Test                           

ToD interface 
establishment 
with TUM VCoC 

      

 2 
days 
test 
 
       

 

          

  

Testing 
Round 1           

 
            

ToD VCoC 
integration to 
the HWDU 
communication 
system     

 2 
days 
test 
  

 

     

 

Testing  
Round 2                           

ToD  
US #1 

          

 2 
days 
test       

 

    
  

Figure 13-3: Timeline Munich Site 

Table 13.4: Network Milestones 

ID Item Description Date 
N-M1 Spectrum OK Is the spectrum available and ready for usage 29/02/2020 
N-M2 5G network up and running The 5G communication system is set up and 

configured.  
Set up first 
configuration: 
Done 
(15/11/2019) 
 
Finalization of 
configuration: 
29/02/2020 
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ID Item Description Date 
N-M3 
 

pQOS Functionality provision  Integrate pQoS scheme (NKUA) to pQoS server 
(HWDU) and interfaces establishment with RAN.  

29/02/2020 

Establish interfaces (pQoS Request, pQoS 
Response) from pQoS Server (NKUA, HWDU) to 
CAR CCU (BOSCH). 

15/03/2020 

Testing and configuration. 31/03/2020 

N-M4 Extra APN, core and MEC up 
and running 

Munich test site Core Network user plane and 
routing capabilities, as well as pQoS Server. 

31/03/2020 

Table 13.5: Use Case Milestones per Site 

ID Item Description Date 
U-M1 Use case specific features 

enabled 
BOSCH and Volkswagen AG ToD interface 
establishment with TUM VCoC. 

29/02/2020 

Full interface test (Network-CCU-Car-VCoC) 31/03/2020 
U-M2 Use case Measurement tools 

implemented and working 
All necessary tools for measurements are 
implemented, tested and working. 

31/03/2020 

U-M3 Foreseen path tested Drive the foreseen test path and check if the use 
case is working on the intended area 

30/04/2020 

13.5 Contribution to the Large-scale Corridor 
Performance and measurement reports collected at the Munich test site will help large-scale 
testing and validation e.g., by identifying minimum6 KPI requirements that are needed to run 
efficiently the system at the cross-border. Tests in Munich will support the end-to-end integration 
and testing of the car, CCU, network and VCoC that will be later contributed to and/or reused at 
the large-scale corridor, helping earlier validation then when first deploying in the large-scale 
corridor. Moreover, Munich test site will accelerate the integration of predictive QoS functionality 
to the large-scale test site by providing appropriate configurations (e.g., notification time horizon, 
thresholds of parameters, etc.).  

13.6 Contribution for Testing of 5G for CCAM in 
Cross-border Scenarios 

pQoS is a 5G functionality that could be beneficial to allow early and efficient adaptation of V2X 
application in the context of the same MNO or domain as well as during cross-border/-MNO 

 
6 Requirements are stated in Deliverable 2.1 [1] but it is assumed that lower performance can be 
accepted for a short time, especially when anticipated through pQoS. The tests are used to determine 
which performance is still acceptable and for how long, given the fact that crossing borders is usually a 
short-lasting event. 
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transition. Munich test will contribute to the specification of pQoS request/subscription and 
pQoS notification messages, considering the requirements of the ToD application and the 
developed pQoS algorithm.  The data that should be collected and monitored by the network 
side to enable ToD QoS prediction will be also identified (e.g., type of data, granularity). In 
addition, configuration parameters and thresholds of the pQoS scheme will be contributed to the 
cross-border scenario (e.g., how much earlier a notification can be sent, notification options), 
together with the ToD application adaptations that will be tested considering the pQoS outputs. 
Finally, the mechanisms to measure the pQoS performance, under different situations will be 
identified. The results of the Munich test site (i.e., urban environment) and the cross-border 
scenario (i.e., highway environment) could probably provide valuable feedback about testing 
and configuring ToD as well as pQoS in different road environment, studying potential 
differences. 
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14 AstaZero - Small-scale Site  
14.1 Site Description 
AstaZero is a full-scale independent test environment for future road safety, located outside 
Gothenburg, Sweden. AstaZero has testing capabilities for different environments, including 
rural road, city area, high speed area, and multi-lane road. 

All road segments are covered by a dedicated LTE test network, using spectrum in the 2.3 GHz 
and 3.5 GHz bands. The network consists of 3 cells on 2 different PLMNs, thus emulating two 
countries with a border in between. One of the networks is 5G New Radio RAN equipped, using 
the 3.5 GHz band.  

MEC hosting capability is provided to complement backend deployments at the public Internet. 
A Service Capability Exposure Function (SCEF) will be deployed to evaluate in how far existing 
3GPP Background Data Transfer (BDT) specifications are capable to provide pQoS in context 
of the HD Mapping use case. 

Servers to deploy core network functions and MEC hosts are available on site in AstaZero and 
the Ericsson lab in Gothenburg. The underlying cloud environment allows flexible placement. As 
baseline configuration a S-GW/P-GW allowing to breakout to a MEC host is placed on site in 
AstaZero while other components are placed in the lab in Gothenburg. 

 
Figure 14-1: AstaZero Test Site 
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14.2 Involved Partners 
The involved partners are presented in the table below. 

Table 14.1: Involved Partners 
Use Case Involved Partners 

ToD - 

HD Mapping Volvo, ERI 

ACCA - 

14.3 Tested 5G Solutions for CCAM  
Table 14.2 provides an overview of the 5G solutions for CCAM to be tested at this test site. Only 
baseline QoS prediction capabilities will be testes in 2020 in order to determine improvements 
to be implemented and tested in 2021. The main focus lies on cross-border/-MNO handover 
testing. 

Table 14.2: Mapping of 5G Solutions for CCAM to User Stories Tested at the Test Site 

5G Solution 

H
D

 M
apping U

ser 
Story 1 - D

ow
nlink 

H
D

 M
apping U

ser 
Story 2 - U

plink 

H
D

 M
apping U

ser 
Story 3 - U

p-
/D

ow
nlink 

H
D

 M
apping U

ser 
Story 4 - D

ow
nlink 

w
ith pQ

oS 

Non-standalone 5G New Radio  X X X  

Cross-Border/-MNO Handover X X X  

MANO and SDN – Single Country/MNO3 X X X  

MANO and SDN – Cross-border/-MNO3     

End-to-end QoS with Dedicated Bearers3     

QoS Prediction    X 

MEC – Computation and Hosting Close to Vehicle vs. 
on Public Internet 

X X X X 

MEC – Cross-border/-MNO Inter-MEC 
Communication 

    

MEC – Gateway Reselection     

Precise Positioning     
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14.4 Timeline 
Tests at AstaZero are planned for the months of May and August 2020. 

A fully functional 4G LTE network exists at AstaZero, including the possibility to emulate a 
country border with two different MNOs, one for each country. Handovers between 4G cells will 
be possible in the first round of tests in May 2020. Additional hardware for a non-standalone 5G 
New Radio network has been ordered and will be installed early 2020. Cross-border handovers 
between the 4G and 5G networks will be enabled for the second round of tests in August 2020. 
Also, SCEF functionality is being deployed.  

Currently, the network uses a temporary spectrum license, valid until the Swedish 5G spectrum 
auctions. Depending on the timeline and outcome of the auctions, new equipment might be 
needed for later tests. 

 Year 2 (Nov-19 -- Nov-20) 

Planned 
activity at 
AstaZero  

Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov 

Network 
installation 

                          

Spectrum 
usage secured 

                          

Additional 5G 
cell set up 

                          

Cross-border 
HO between 
4G cells 
enabled 

                          

Cross-border 
HO between 
4G and 5G cells 
enabled 

             

SCEF deployed 
and integrated 

                          

Round 1 of 
testing                           

User Story 1 - 
Downlink             2 days 

testing 
with 2 
cars 

            

User Story 2 - 
Uplink                         

User Story 3 - 
Up-/downlink                         

Round 2, right 
before the 
large-scale 
tests                         

  

User Story 1 – 
Downlink                   

1 day 
testing 
with 2 
cars 

      

User Story 2 – 
Uplink                         
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User Story 3 - 
Up-/downlink                         

User Story 4 – 
Downlink with 
pQoS 

                        

Figure 14-2: Timeline 

Table 14.3: Network Milestones 

ID Item Description Date 
N-M1 Spectrum OK Is the spectrum available and ready for usage Done for 

Round 1 / 
01/06/2020 for 
Round 2 

N-M2 4G/5G network up and running The 4G/5G network is deployed, configured, 
and tested  

31/03/2020 

N-M3 Public Internet access working Public Internet access is configured and 
working 

28/02/2020 

N-M4 Extra APN, core and MEC up 
and running 

MEC hosts and extra APNs / core networks to 
reach them are installed, configured, deployed 
and tested 

31/03/2020 

Table 14.4: Use Case Milestones per Site 

ID Item Description Date 
B-M1 Use case specific features 

enabled 
Use case specific hard/software installed, 
configured, up, tested and running 

15/04/2020 - 
30/06/2020 
for User Story 
4 

B-M2 Use case Measurement tools 
implemented and working 

All necessary tools for measurements are 
implemented, tested and working 

Done 

B-M3 Foreseen path tested Drive the foreseen test path and check if the use 
case is working on the intended area. 

15.04.2020 

14.5 Contribution to the Large-scale Corridor 
The AstaZero test site resembles the scenario of cross-border/-MNO handover with a non-
standalone 5G New Radio network as it is deployed at the F-D-L large-scale corridor. It is the 
only small-scale test site offering 5G New Radio and an emulated country border and will 
therefore allow to jointly evaluating this feature before it is also available at the large-scale test 
site. It especially allows deriving optimized parameters for handover as baseline for the one 
used there.  

In 2020 SCEF BDT will only be tested in AstaZero in order to find limitations and potential 
improvements to the current 3GPP specified service interface. With this, a potentially evolved 
pQoS service will be deployed and evaluated at the large-scale test site in 2021.  
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14.6 Contribution for Testing of 5G for CCAM in 
Cross-border Scenarios 

The test site resembles the situation at the large-scale test site by emulating a country border 
with non-standalone 5G New Radio. It therefore allows evaluating and optimizing cross-border /-
MNO handover for future 5G networks. The tests will furthermore allow performance 
comparison of MEC vs. public Internet deployed backend services to quantify the benefit of 
MEC. In 2020 the role of SCEF BDT, according to current 3GPP specification, for pQoS-
enabled HD map download (User Story 4) will be evaluated. This practical experience will be 
used for potential improvement of pQoS that should then also be deployed at the large-scale 
test site in 2021.  
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15 France-Germany Corridor 
The French-German part of the large-scale test site is an approximately 30 km long segment of 
the German Motorway A6 and the French Motorway A320 between the cities of Forbach and 
Saarbrücken. This large-scale test site can be divided into two parts: the German part (A6) and 
the French part (A320). In accordance with Deliverable 2.1 [1], crossing between France-
Germany (Forbach/Saarbrücken) is considered for tests. Dedicated experimental mobile radio 
networks (4G LTE and non-standalone 5G New Radio) will be deployed close to the border at 
the most suitable and relevant segments of the corridor. 

15.1 Site Description France 
The French part of the large-scale corridor will consist of eight radio sites and covers 
approximately 20 km alongside Motorway A320. A new 4G test network with RAN operating at 
700 MHz will be installed on these eight sites for the first round of tests in 2020. The positions 
and directions of the cells are indicated in Figure 15-1. This figure also shows the simulated 
radio coverage at 700 MHz. 

 
Figure 15-1: Radio Sites at F-D Corridor 
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A typical Cloud-RAN deployment is used with Remote Radio Units (RRUs) at the radio sites and 
two Base Band Units (BBU) at a cabinet in Forbach. Band 28 – FDD is used at 708 - 718 MHz 
in uplink and 763 - 773 MHz in downlink (2 x 10 MHz maximum bandwidth). One or two sites 
with non-standalone 5G New Radio cells operating in the 3.5 GHz band will be deployed for the 
second round of tests in 2021. 

This test network will use a private PLMN code with SIM cards provided by ERI. It will 
implement several 5G features, as listed in Section 15.4. The user plane of the core network is 
deployed in a small, movable server rack called “Fligh Rack” provided by ERI. In the Flight Rack 
the S-/P-GWs are deployed while other core network functions are located in the ERI lab in 
Aachen. All core network functions are virtualized and run on standard server hardware. The 
servers in the Flight Rack have spare capacity to provide MEC hosting for applications.  

15.2 Site Description Germany 
The German section of the large-scale corridor will be covered by two sites close to the former 
border customs site “Goldene Bremm” at the A6 (i.e. the continuation of the French A320) 
covering 2 km of Motorway A6. Due to the proximity of the regional capital Saarbrücken, 
significant portions of the spectrum used for 4G are already being used (800, 900, 1800 and 
2600 MHz) by the public network. Detailed site and radio planning including cross-border 
frequency coordination is still work in progress. The radio planning is based on a minimum of 2 
x 5 MHz at 1800 or 2600 MHz for the 4G LTE anchor and a minimum of 20 MHz at 3600 MHz 
for 5G New Radio. As many of the existing radio tower and radio roof sites have only limited 
spare space or limited capability (statics and wind load) left for adding further antennas and 
RRUs, the usage of provisional and temporary sites (containers and telescopic antenna masts) 
is being considered. Similar to the network deployment for the French part, a dedicated PLMN 
code will be used for the 4G/5G RAN overlay deployed exclusively for 5GCroCo, along with a 
server infrastructure supporting dedicated 4G EPCs, MEC hosting, subscription management 
(HSS), roaming to the two other 5GCroCo networks in France and Luxembourg, and access to 
the public Internet.  

15.3 Involved Partners 
The involved partners are presented in the table below. 

Table 15.1: Involved Partners at F-D Corridor 

Use Case Involved Partners 

ToD HTW, DTAG, Orange, ERI, Volkswagen AG, BOSCH, TUM. 

HD Mapping HTW, DTAG, Orange, ERI, Volkswagen AG, Volvo. 

ACCA HTW, DTAG, Orange, ERI, Volkswagen AG. 
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15.4 Tested 5G Solutions for CCAM  
The following table provides the 5G solutions for CCAM tested at the F-D corridor. The ToD use 
case has split tests between the F-D and the D-L part of the large-scale test site. For the other 
two use cases both parts are equally considered. Table 15.2 and Table 16.2 show that the 
respective user story for HD Mapping or ACCA will be either tested in F-D, or D-L or both parts 
of the large-scale test site.  

Table 15.2: Tested 5G Solutions for CCAM at F-D Test Site 

5G Solution 

ToD
 U

ser Story 1 

ToD
 U

ser Story 2 

ToD
 U

ser Story 3 

ToD
 U

ser Story 4 

H
D

 M
apping U

ser Story 1 

H
D

 M
apping U

ser Story 2 

H
D

 M
apping U

ser Story 3 

H
D

 M
apping U

ser Story 4 

A
C

C
A

 U
ser Story 1 

A
C

C
A

 U
ser Story 2 

A
C

C
A

 U
ser Story 3 

Non-standalone 5G New Radio (x) (x)  (x) (x) (x) (x) (x) (x) (x) (x) 

Cross-Border/-MNO Handover x x  x x x x x x x x 

MANO and SDN – Single 
Country/MNO 

x x  x x x x x x x x 

MANO and SDN – Cross-border/-
MNO 

           

End-to-end QoS with Dedicated 
Bearers 

x x  x x x x x x x x 

QoS Prediction (x) (x)  (x)    (x)    

MEC – Computation and Hosting 
Close to Vehicle vs. on Public 
Internet 

    x x x x x x x 

MEC – Cross-border/-MNO Inter-
MEC Communication 

    x x x x x x x 

MEC – Gateway Reselection         (x) (x) (x) 

Precise Positioning            

x:  Available for the first round of tests in 2020. 
(x):  Available for the second round of tests in 2021. 
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15.5 Timeline of Network France 
The deployment of the experimental network on the French part of the corridor is carried out in 
two phases (5G spectrum auction in France is shifted to 2020): 

1. Deployment of a 4G RAN experimental network with a virtualized core network for the 
first round of tests in 2020 

2. Deployment of a 5G New Radio RAN experimental network for the second round of tests 
in 2021 

The deployment of the 4G experimental network has already started and will be up and running 
in June 2020 with advanced features as listed in Section 15.4. 

The following figure shows the timetable for the deployment of the French cross-border corridor. 

  Year 2 (Nov-19 -- Nov-20) 

Planned 
activity at 
France test site 

Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct No
v 

Network 
installation 

                          

Sites 
authorized 

                          

Spectrum 
usage secured 

                         

Backhaul 
configured 

             

Flight Rack 
deployed and 
connected to 
central core 

                         

4G RAN 
deployed and 
connected to 
Flight Rack 

                         

Handover to 
Germany 
enabled 

             

Drive tests incl. 
cross-border 
handover 

             

Figure 15-2: Timeline 

For cross-border deployments, 4 milestones have been defined, as follows: 

1) N-M1: this milestone is related to the spectrum usage both for 4G and 5G deployments. 

2) N-M2: this milestone is related to the “physical” deployment of the network which will be 
set up for the 5GCROCO tests. As mentioned before, the French part of the F-D corridor 
will be set up in two phases (4G RAN for the first round of tests in 2020 and 5G NR RAN 
for the second round of tests in 2021) 
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3) N-M3: this milestone is related to the set-up of an internet access in the French 
experimental network. In France, such deployments require ANSSI authorizations which 
are restrictive regarding “open access” on internet. Nevertheless, dedicated secure links 
over internet could be set up in order to reach applicative backend. 

4) N-M4: this milestone is related to the support of advanced QoS mechanisms on the 
experimental testbed (improved performances). 

Table 15.3: Network Milestones 

ID Item Description Date 
N-M1 Spectrum OK Is the spectrum available and ready for usage 01/02/2020 
N-M2 4G/5G network up and running The 4G/5G network is deployed, configured, and 

tested  
15/06/2020 

N-M3 Public Internet access working Public Internet access is configured and working Not 
applicable7 

N-M4 Extra APN, core and MEC up 
and running 

MEC hosts and extra APNs / core networks to 
reach them are installed, configured, deployed and 
tested 

15/06/2020 

15.6 Timeline of Network Germany 
The 5GCroCo radio access network (non-standalone 5G New Radio) will be deployed in one 
phase to support tests from in the second half of 2020 onwards.  

Setup of the radio access network is taking place (plan/build/configure) in the first half of 2020. 

An experimental 4G core network is already available, which has been successfully used to 
operate a pilot non-standalone 5G New Radio network before the RAN part of the pilot network 
was integrated into the live production network. Capacity and capabilities regarding required 
advanced core network features (MME interconnection, MEC hosting, extra S-/P-GW for MEC) 
are being checked in Q1/2020 and – if and where needed – adapted in Q2/2020.  

Integration testing RAN/Core is to be completed by the end of Q2/2020. 

  Year 2 (Nov-19 -- Nov-20) 

Planned 
activity at 
German test 
site 

Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov 

Network 
installation 

                          

Sites selected 
and approved 

                         

Spectrum 
planning 

                        

 
7 Regulator does not accept to have public Internet access for this experimental network 



Document: 5GCroCo/ D4.4 
Version: v2.0 
Date: 2021-06-18 
Status: Final  
Dissemination Level: Public  

  

 

81 

finished 

Core 
adjustments 
finished 

             

4G/5G RAN 
deployed and 
connected to 
core 

                         

Handover to 
France 
enabled 

             

Drive tests 
incl. cross-
border 
handover 

             

 Figure 15-3: Timeline 

Table 15.4: Network Milestones 

ID Item Description Date 
N-M1 Spectrum OK Is the spectrum available and ready for usage Done 
N-M2 4G/5G network up and running The 4G/5G network is deployed, configured, and 

tested  
01.06.2020 

N-M3 Public Internet access working Public Internet access is configured and working 01.06.2020 

N-M4 Extra APN, core and MEC up 
and running 

MEC hosts and extra APNs / core networks to 
reach them are installed, configured, deployed and 
tested 

15.05.2020 

15.7 Timeline of Use cases and User Stories 
The planned execution of the tests in 2020 is illustrated below. 

  Year 2 (Nov-19 -- Nov-20) 

Planned 
activity at 
France-
Germany 
corridor 

Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov 

Tests                           

ToD                        

HD Mapping                     
#US  
1, 2, 3      

ACCA                 #US1   #US1     

Figure 15-4: Timeline Use Cases Tests 
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15.7.1 Use Case 1 – Tele-operated Driving 
ToD tests are not planned in 2020 and are all foreseen in 2021. 

  Year 2 (Nov-19 -- Nov-20) 

Planned 
activity at 
France-
Germany 
corridor 

Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov 

UC 1 - ToD                           

(planned in 
2021) 

                          

Figure 15-5: Timeline for Use Case ToD 

Table 15.5: ToD Use Case Milestones at France-Germany corridor 

ID Item Description Date 
B-M1 Use case specific features 

enabled 
Use case specific hard/software installed, 
configured, up, tested and running 

in 2021 

B-M2 Use case Measurement tools 
implemented and working 

All necessary tools for measurements are 
implemented, tested and working 

in 2021 

B-M3 Foreseen path tested Drive the foreseen test path and check if the use 
case is working on the intended area. 

in 2021 

15.7.2 Use Case 2 – HD Mapping 
The HD Mapping use case will test User Story 1, User Story 2, and User Story 3 at the F-D 
corridor in September 2020.   

In the tables hereafter, the timeline of the HD Mapping Use Case is given. 

  Year 2 (Nov-19 -- Nov-20) 

Planned 
activity at D-L 
corridor 

Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov 

UC 2 – HD 
Mapping 

                          

Application 
server(s)8 
deployed to 
MEC 

                          

Connectivity to 
MEC (and 
public 

                          

 
8 The HD mapping application server on the public Internet will be deployed on a MEC host in case the 
French part of the large-scale test site has no public Internet access 
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Internet)8 
application 
server assured 

Tests                    #US 
1 - 3      

Figure 15-6: Timeline for Use Case HD Mapping 

Table 15.6: HD Mapping Use Case Milestones at France-Germany Corridor 

ID Item Description Date 
B-M1 Use case specific features 

enabled 
Use case specific hard/software installed, 
configured, up, tested and running 

31/08/2020 

B-M2 Use case Measurement tools 
implemented and working 

All necessary tools for measurements are 
implemented, tested and working 

Done 
(nothing 
needed in 
backend) 

B-M3 Foreseen path tested Drive the foreseen test path and check if the use 
case is working on the intended area. 

11/09/2020 

15.7.3 Use Case 3 – ACCA 
The timeline for the ACCA use case is provided in the table below. 

For ACCA Use Case, the testing timeline of project year 2 is to do the tests of User Story 1 at F-
D corridor in July 2020 (possibly with a simple CCU emulating the hazard vehicle). 

  Year 2 (Nov-19 -- Nov-20) 

Planned 
activity at F-D 
corridor 

Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov 

UC 1 – ACCA                         

         #US 
1   #US 

1    

Figure 15-7: Timeline for Use Case ACCA 

Table 15.7: ACCA Use Case Milestones at France-Germany Corridor 

ID Item Description Date 
B-M1 Use case specific features 

enabled 
Use case specific hard/software installed, 
configured, up, tested and running 

15/06/2020 

B-M2 Use case Measurement tools 
implemented and working 

All necessary tools for measurements are 
implemented, tested and working 

30/6/2020 

B-M3 Foreseen path tested Drive the foreseen test path and check if the use 
case is working on the intended area. 

30/06/2020 
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16 Germany-Luxembourg Corridor 
The German-Luxembourgian part of the large-scale test site is an approximately 20 km long 
segment of the German Motorway A8 and the Luxembourgian Motorway A13 between the cities 
of Perl (Germany) and Mondorf (Luxembourg). This large-scale site can be divided into two 
parts: the German part (A8) close to the border and the Luxembourgian part (A13). In 
accordance with the Deliverable 2.1 [1], the border area between Germany and Luxembourg 
(Perl/Schengen) is considered for tests. Dedicated experimental mobile radio networks (4G LTE 
and non-standalone 5G New Radio) will be deployed close to the borders as the most suitable 
and relevant segments of the corridor. 

16.1 Site Description Germany 
The German section of the large-scale corridor will be covered by two sites close to the border 
area near Exit 2 / Perl on Motorway A8 (i.e. the continuation of A13 in Luxembourg) covering 2 
km of Motorway A8 and the right side of the Mosel river north of the A8. Detailed site and radio 
planning including cross-border frequency coordination is still work in progress. The radio 
planning is based on a minimum of 2x 5 MHz at 1800 or 2600 MHz for the 4G LTE anchor and a 
minimum of 40 MHz at 3600 MHz for 5G New Radio. As many of the existing radio tower and 
radio roof sites are on a station grid designed for sub 1 GHz networks and have only limited 
spare space or limited capability (statics and wind load) for adding further antennas and remote 
radio heads, the usage of provisional and temporary sites (containers and telescopic antenna 
masts) is being considered. Similar to the network deployment in Luxembourg, a dedicated 
PLMN code will be used for the 4G/5G RAN overlay deployed exclusively for 5GCroCo, along 
with a server infrastructure supporting dedicated 4G EPCs, MEC hosting, subscription 
management (HSS), roaming to the two other 5GCroCo networks in France and Luxembourg, 
and access to the public Internet.  

16.2 Site Description Luxembourg 
The 5GCroCo network in Luxembourg will be a dedicated non-standalone 5G New Radio 
system. It will be provided by ERI and support cross-border/-MNO handover towards Germany, 
MEC hosting, QoS with dedicated bearers. Furthermore, pQoS solutions from the Munich test 
site (see Section will be integrated. Details are listed in Table 16.2. 

The 5G New Radio RAN coverage will be built in the 3.5 GHz band in non-standalone 
configuration with 4G LTE coverage operating at 700 MHz as anchor band. The network will 
cover the Motorway A13 from the German Boarder in Perl/Schengen for the first 15 km in 
Luxembourg including the two motorway exits Schengen and Mondorf. 

The 1585-meter long Markusberg tunnel is on this part of the motorway, but 5G coverage in the 
tunnel will also be ensured. 
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Beside the Motorway A13, there will also be coverage on the roads beside the motorway, 
between Schengen and Mondorf les Bains and also a part of the National Road direction 
Remich. 

 
Figure 16-1: Map with Markusberg Tunnel 

This dedicated network will use a private PLMN code with SIM cards provided by ERI. The user 
plane of the core network and MEC hosting are provided through a Flight Rack, as done for 
France (see Section 15.1) and also, like for France, the control plane core network in ERI’s 
Aachen lab is used.  

16.3 Involved Partners 
The involved partners are presented in the table below. 

Table 16.1: Involved Partners 

Use Case Involved Partners 

ToD POST, ERI, Volkswagen AG, BOSCH, TUM. 

HD Mapping POST, ERI, Volkswagen AG, Volvo. 

ACCA POST, ERI, Volkswagen AG, Orange, RSA, PSA, EUR. 
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16.4 Tested 5G Solutions for CCAM  
The following table provides the 5G solutions for CCAM tested at the D-L corridor. The ToD use 
case has split tests between the F-D and the D-L part of the large-scale test site. For the other 
two use cases both parts are equally considered. Table 16.2 and Table 15.2 therefore state that 
the respective user story for HD Mapping or ACCA will be either tested in F-D, or D-L or both 
parts of the large-scale test site.  

Table 16.2: Tested 5G Solutions for CCAM at D-L Test Site 

5G Solution 

ToD
 U

ser Story 1 

ToD
 U

ser Story 2 

ToD
 U

ser Story 3 

ToD
 U

ser Story 4 

H
D

 M
apping U

ser Story 1 

H
D

 M
apping U

ser Story 2 

H
D

 M
apping U

ser Story 3 

H
D

 M
apping U

ser Story 4 

A
C

C
A

 U
ser Story 1 

A
C

C
A

 U
ser Story 2 

A
C

C
A

 U
ser Story 3 

Non-standalone 5G New Radio x  x  x x x x x x x 

Cross-Border/-MNO Handover x  x  x x x x x x x 

MANO and SDN – Single 
Country/MNO 

x  x  x x x x x x x 

MANO and SDN – Cross-border/-
MNO 

           

End-to-end QoS with Dedicated 
Bearers 

x  x  x x x x x x x 

QoS Prediction (x)  (x)     (x)    

MEC – Computation and Hosting 
Close to Vehicle vs. on Public 
Internet 

    x x x x x x x 

MEC – Cross-border/-MNO Inter-
MEC Communication 

    x x x x x x x 

MEC – Gateway Reselection         (x) (x) (x) 

Precise Positioning            

x:  Available for the first round of tests in 2020 
(x):  Available for the second round of tests in 2021 
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16.5 Timeline of Network Germany 
The timeline is the same as for the German side of the French-German part of the large-scale 
corridor, as described in Section 15.6. The same core network as described above will be 
reused but the detailed site and radio planning, including cross-border frequency coordination, 
is still work in progress. Deutsche Telekom already acquired 5G spectrum that can be used. 
Different than for the French-German border, no large cities exist in this part of the large-scale 
corridor and therefore spectrum planning is simplified.   

  Year 2 (Nov-19 -- Nov-20) 

Planned 
activity at 
German test 
site 

Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov 

Network 
installation 

                          

Sites selected 
and approved 

                         

Spectrum 
planning 
finished 

                        

Core 
adjustments 
finished 

             

4G/5G RAN 
deployed and 
connected to 
core 

                         

Handover to 
France 
enabled 

             

Drive tests 
incl. cross-
border 
handover 

             

Figure 16-2: Timeline 

Table 16.3: Network Milestones 

ID Item Description Date 
N-M1 Spectrum OK Is the spectrum available and ready for usage Done 
N-M2 4G/5G network up and running The 4G/5G network is deployed, configured, and 

tested  
01.06.2020 

N-M3 Public Internet access working Public Internet access is configured and working 01.06.2020 

N-M4 Extra APN, core and MEC up 
and running 

MEC hosts and extra APNs / core networks to 
reach them are installed, configured, deployed and 
tested 

15.05.2020 
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16.6 Timeline of Network Luxembourg 
The deployment of the 4G/5G experimental network has already started and will be up and 
running in June 2020.  

  Year 2 (Nov-19 -- Nov-20) 

Planned 
activity at 
Luxembourgia
n test site 

Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct No
v 

Network 
installation 

                          

Sites 
authorized 

                          

Spectrum 
usage secured 

                         

Backhaul 
configured 

             

Flight Rack 
deployed and 
connected to 
central core 

                         

4G/5G RAN 
deployed and 
connected to 
Flight Rack 

                         

Handover to 
Germany 
enabled 

             

Drive tests incl. 
cross-border 
handover 

             

Figure 16-3: Timeline 

Table 16.4: Network Milestones 

ID Item Description Date 
N-M1 Spectrum OK Is the spectrum available and ready for usage 30/04/2020 
N-M2 4G/5G network up and running The 4G/5G network is deployed, configured, and 

tested  
01/06/2020 

N-M3 Public Internet access working Public Internet access is configured and working 01/06/2020 

N-M4 Extra APN, core and MEC up 
and running 

MEC hosts and extra APNs / core networks to 
reach them are installed, configured, deployed and 
tested 

30/04/2020 
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16.7 Timeline Use cases and User Stories 
The planned execution of the tests in 2020 are illustrated below. 

  Year 2 (Nov-19 -- Nov-20) 

Planned 
activity at 
Luxembourgia
n test site 

Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov 

Tests                           

ToD                   
#US 

1       

HD Mapping                     
#US 
1-3     

ACCA                 
#US  

1   
#US  

1     

Figure 16-4: Timeline of Use Cases Tests 

16.7.1 Use Case 1 – Tele-operated Driving 
In the tables hereafter, the timeline of the Tele-operated Driving Use Case is given. 

  Year 2 (Nov-19 -- Nov-20) 

Planned 
activity at 
Germany-
Luxembourg 
corridor 

Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov 

UC 1 – ToD                           

Connectivity 
Testing 

                          

Interface 
Testing 

                          

Tests                   #US 
1        

Figure 16-5: Timeline of Use Case ToD 

Table 16.5: Important Phases at Germany-Luxembourg Corridor 

Item Description Date 
Connectivity Testing The connection between the vehicle and the vehicle 

control center can be established via the 5G mobile 
network.  

June 2020 

Interface Testing The interface between the vehicle and the vehicle control 
center via the 5G mobile network is functional.  

July 2020 

Tests Tests of ToD User Story 1 will be performed.  August 2020 
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Table 16.6: Use Case Milestones per Site 

ID Item Description Date 
B-
M1 

UC specific features enabled Use case specific hard/software installed, configured, 
up, tested and running 

15/06/2020 

B-
M2 

UC Measurement tools 
implemented and working 

All necessary tools for measurements are 
implemented, tested and working 

15/07/2020 

B-
M3 

Foreseen path tested Drive the foreseen test path and check if the use 
case is working on the intended area. 

15/08/2020 

16.7.2 Use Case 2 – HD Mapping 
The HD Mapping use case will test User Story 1, User Story 2, and User Story 3 at the D-L 
corridor in September 2020.   

In the tables hereafter, the timeline of the HD Mapping Use Case is given. 

  Year 2 (Nov-19 -- Nov-20) 

Planned 
activity at 
Germany-
Luxembourg 
corridor 

Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov 

UC 2 – HD 
Mapping 

                          

Application 
server 
deployed to 
MEC 

                          

Connectivity to 
MEC and public 
Internet 
application 
server assured 

                          

Tests                    #US 
1 - 3      

Figure 16-6:Timeline of Use Case HD Mapping 

 

  



Document: 5GCroCo/ D4.4 
Version: v2.0 
Date: 2021-06-18 
Status: Final  
Dissemination Level: Public  

  

 

91 

Table 16.7: Use Case Milestones per Site 

ID Item Description Date 
B-
M1 

UC specific features enabled Use case specific hard/software installed, configured, 
up, tested and running 

31/08/2020 

B-
M2 

UC Measurement tools 
implemented and working 

All necessary tools for measurements are 
implemented, tested and working 

Done 
(nothing 
needed in 
backend) 

B-
M3 

Foreseen path tested Drive the foreseen test path and check if the use case 
is working on the intended area. 

11/09/2020 

16.7.3 Use Case 3 – ACCA 
For ACCA Use Case, the testing timeline of year 2 is to do the tests of User Story 1, at D-L 
corridor in September 2020.  

In the tables hereafter, the timeline of the ACCA Use Case is given.  

  Year 2 (Nov-19 -- Nov-20) 

Planned 
activity at 
Germany-
Luxembourg 
corridor 

Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov 

UC 1– ACCA 
Mapping 

                        

           #US 
1     

Figure 16-7:Timeline of Use Case ACCA 

Table 16.8: Use Case Milestones per Site 

ID Item Description Date 
B-
M1 

UC specific features enabled Use case specific hard/software installed, configured, 
up, tested and running 

30/6/2020 

B-
M2 

UC Measurement tools 
implemented and working 

All necessary tools for measurements are 
implemented, tested and working 

31/07/2020 

B-
M3 

Foreseen path tested Drive the foreseen test path and check if the use 
case is working on the intended area. 

31/08/2020 
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17 Risk Assessment 
 This section describes the different risks that have been identified so far. 

17.1 Risks related to Use Cases 
17.1.1 Use Case 1 – ToD 
The risks identified for use case 1 are resumed in the table hereafter. A risk mitigation measure 
is associated to each risk. The risks are the same for each user story of the use case. 

Table 17.1: Risk Analysis 

ID Description of Risk Proposed Risk-mitigation Measures 

1 Damage to humans  The test area is not publicly accessible. There will be a safety 
driver, who has access to an emergency stop. 

2 
Substantial damage to test vehicles The test area provides large open space without obstacles 

that could cause damage. There will be a safety driver, who 
has access to an emergency stop. 

3 
Backend failure occurs, resulting in loss 
of connection  

The functionality of the connection will be monitored in the 
vehicle. There will be a safety driver, who has access to an 
emergency stop. 

4 Damage to ToD hardware Procedures to replace the hardware will be in place. 

5 Extreme weather conditions Tests can be shifted to different date due to large time 
window. 

6 Health problems of a key person The respective partner will have a designated substitute of the 
key person. 

7 
Insufficient network performance 

 

The functionality of the connection will be monitored in the 
vehicle and the backend. There will be a safety driver, who 
has access to an emergency stop. Fine-tuning of network 
parameters according to past successful ToD tests. 

8 Infrastructure or space not available for 
the vehicle control centre 

A VPN can be created from the vehicle control centre at TUM 
in Munich to the vehicle at the respective test sites. 

17.1.2 Use Case 2 – HD Mapping  
The risks identified for use case 2 are resumed in the table hereafter. A risk mitigation measure 
is associated to each risk. The risks are the same for each user story of the use case. 

Table 17.2: Risk Analysis 

ID Description of Risk Proposed Risk-mitigation Measures 
1 Availability of HD map agreement Open Street Map as backup 

2 Availability of HD map coverage at test 
sites 

Open Street Map as backup 

3 Possibility to make changes to the road Change the map instead of the road so “reality” differs from 
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ID Description of Risk Proposed Risk-mitigation Measures 
(e.g. place cones or temporary signs) the HD map content 

17.1.3 Use Case 3 – ACCA  
For all the 3 user stories, the offboard architecture is really challenging:  2 geoservices 
collocating in the same MEC host is complex shall communicate in real-time and keep their 
databases synchronized in real-time. It becomes even more complex on the cross-border 
scenario to synchronize and coordinate multiple MEC hosts.  

User Story 1 
Table 17.3: Risk Analysis 

ID Description of Risk Proposed Risk-mitigation Measures 

1 Coexistence of 2 geoservices in the 
same MEC host 

On-line debug over Internet 

2 Communication 
Geoservice/WorldSystem 

On-line debug over Internet 

User Story 2 
Table 17.4: Risk Analysis 

ID Description of Risk Proposed Risk-mitigation Measures 

1 Coexistence of 2 geoservices in the 
same MEC host 

On-line debug over Internet 

2 Communication 
Geoservice/WorldSystem 

On-line debug over Internet 

3 
The fusion of multiple sources of events 
shall be done real-time and combines 
events by both geoservices 

Reduce the feature set of the fusion stage 

User Story 3 
Table 17.5: Risk Analysis 

ID Description of Risk Proposed Risk-mitigation Measures 

1 Coexistence of 2 geoservices in the 
same MEC host 

On-line debug over Internet 

2 Communication 
Geoservice/WorldSystem 

On-line debug over Internet 

3 
Complexity of detection and fusion 
algorithms in the cloud adds 
unacceptable delays 

Simplify algorithms by potentially reducing the feature set of 
the Fusion 

4 Insufficient sensing range for hazard 
detection 

Work with emulated hazard warning triggers 

5 
Incompatible Cooperative Awareness 
Message (CPM) implementations when 
using stacks from different vendors 

Continue with non-CPM based tests (majority); wait for fix 
from vendor and try again later or in Phase 2 
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17.2 Risks related to Vehicles 
The risks related to the vehicles used in the 5GCroCo tests are presented in the following sub-
sections per vehicle provider. The risks are summarized in a table presenting the description 
and the proposed mitigation action. 

17.2.1 Volvo 
Table 17.6: Risks for Volvo Vehicles 

ID Description of Risk Proposed Risk-mitigation Measures 

1 5G Modem not available in time Check the supplier who provide modem for the other two use 
cases 

2 No operating permission for diesel car 
at trail sites 

Check the trail site in advance and prepare backup vehicle 

3 Sensor component failure Check alternative/replacement components 
4 CCU component failure Check alternative/replacement components  

17.2.2 BOSCH 
Table 17.7: Risks for BOSCH Vehicle 

ID Description of Risk Proposed Risk-mitigation Measures 

1 Vehicle setup takes longer than 
expected 

Test/trails defined step by step 

2 No operating permission for test and 
trail sites 

Test and trails on restricted areas (roads/highway without 
public traffic or pedestrians) 

3 Damage of test vehicle in accident Reduce exposure to public influence.  
Fall-back trails with vehicle of partners 

4 
Component failure Check alternative/replacement components,  

additional consumer sensors 
Fall-back trails with vehicle of partners 

5 No cross-country test permission Perform test in one country close to the border, but in 
handover radio condition 

6 
Vehicle setup not sufficient for tele 
operation (e.g. delay for data 
transmission) 

Based on TUM experience  
Project setup contains different vehicles and different user 
stories  

7 5G Modem not available in time Check different suppliers 

17.2.3 Volkswagen AG 
Table 17.8: Risks for Volkswagen Vehicle 

ID Description of Risk Proposed Risk-mitigation Measures 

1 Vehicle setup takes longer than 
expected 

Test/trails defined step by step 

2 No operating permission for test and 
trail sites 

Test and trails on restricted areas (roads/highway without 
public traffic or pedestrians) 
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ID Description of Risk Proposed Risk-mitigation Measures 

3 Damage of test vehicle in accident Reduce exposure to public influence.  
Fall-back trails with vehicle of partners 

4 
Component failure Check alternative/replacement components,  

additional consumer sensors 
Fall-back trails with vehicle of partners 

5 No cross-country test permission Perform test in one country close to the border, but in 
handover radio condition 

6 
Vehicle setup not sufficient for tele 
operation (e.g. delay for data 
transmission) 

Based on TUM experience  
Project setup contains different vehicles and different user 
stories  

7 5G Modem not available in time Check different suppliers 

17.2.4 RSA 
Table 17.9: Risks for RSA Vehicles 

ID Description of Risk Proposed Risk-mitigation Measures 

1 The vehicle is end of life and 
mechanical maintenance is minimal 

Use another vehicle for replacing failing devices 

2 

Since the vehicle and the teams are 
located in Toulouse or Sophia, there 
are no opportunities to make tests on 
the sites before the weeks of tests 

Maximize on-line debug 

3 
No 5G deployment on Toulouse nor 
Sophia 

Make one or 2 days of tests close to UTAC site to verify that 
the vehicle can attach with the 5G network and authenticate 
with the geoservice 

4 V2X has never been used for pro-active 
modes before tests  

Do not play with the actuators 

17.2.5 PSA 
Table 17.10: Risks for PSA Vehicles 

ID Description of Risk Proposed Risk-mitigation Measures 

1 

Concerning the preparation of the cars, 
an issue is the mounting of the sharkfin 
antenna: the system shall be 
waterproof. Investigations in PSA shall 
be done on this topic. 

Present soon the system to the PSA team who will do the 
integration and try to find a stabilized solution. 

2 
Risk in validation of the system in 
CTAG (limited if we consider the first 
results in Montlhéry in January) 

Do remote tests with Orange broker in CTAG before the 
integration in the cars 

3 

For large-scale test preparation, 
development and connection of the 
ADAS system to the 
Telecommunication System (TCU) 

Involve ADAS PSA team in the preparation of the cars and 
prepare a RFQ early 

4 For large-scale test: embedded HMI to 
develop. Risk of delay. 

Define a specification of HMI in order to clarify the need early 
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17.2.6 CTTC 
Table 17.11: Risks for CTTC car PC system 

ID Description of Risk Proposed Risk-mitigation Measures 

1 

If PSA provides a car for the Barcelona 
test site, it may be that the PSA car is 
not equipped with V2X manager and 
modem 

The car PC software provided by CTTC will be connected to 
the CAN bus of the PSA car. The Car PC software will read 
hazards detected and vehicle speed from the CAN bus 

2 

Authorization of the license plate of 
PSA car is delayed beyond June 2020, 
the car could not be used during the 
tests of the Barcelona site 

The procedures to obtain authorization will be initiated 
immediately by the CTTC. 
 
The car PC system could be used as vehicle emulator. 

3 

Interoperability problems between the 
car PC software, the Geoservice 
(EURECOM) and the MQTT broker 
(Orange) 

The interoperability tests should be finished by the end of 
February 2020. 

4 Interoperability problems between the 
car PC software and the PSA car 

The interoperability tests between the car PC software and 
the PSA car should be finished by the middle of March 2020. 

17.3 Risks related to Test Sites 
17.3.1 Motorway A9 5G-ConnectedMobility 
Since the test site is already operational for many years, only few risks exist related to the 
cross-border handover feature being added. It is assumed that a setup identical to AstaZero is 
possible since same components are used. There is a risk that a difference in components, 
configurations and/or software versions prevents exact replication of what was done in 
AstaZero. Mitigation strategies include delay in time plan which is possible since the test period 
is much longer than just February. This time is then used to either determine how to enable 
cross-border/-MNO on these components or replace/reconfigure/update them.    

It is unclear if the test site will also be available for the second round of tests in 2021. It is not 
critical to have it available then, so it is a very minor risk. 
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Table 17.12: Risks for A9 5G-ConnectedMobility Test Site 

ID Description of Risk Proposed Risk-mitigation Measures 

1 Different hardware or software version 
than in reference setup in AstaZero 

Upgrade or replace and, if it cannot be prevented, shift tests 
by one month since there is room to do this 

2 Test site not available in 2021 Conduct tests at large-scale that by then has same, even 
more, capabilities 

17.3.2 Barcelona 
The following risks have been identified for the Barcelona small-scale test site: 

Table 17.13: Risks for Barcelona Test Site 

ID Description of Risk Proposed Risk-mitigation Measures 

1 

Deployed infrastructure is not available, 
since it is actually being used by 
another H2020 project (5GCity, 
extended until March) 

i2CAT coordinates 5GCity (5GPPP Phase-II project); thus, 
common tests and conflict avoidance are facilitated. In any 
case, 5GCity will be finalised before the staring date of the 
first round of 5GCroco tests. 

2 

The optical/Ethernet transport network 
from 5GBarcelona is not ready for the 
interconnection of the 5G neutral host 
platform and the cross-border IXP 
platform. Use L2VPN for interconnection on top of the public internet. 

3 

The usage of dedicated bearers in the 
deployed RAN + EPC infrastructure is 
still being tested; thus, its usage cannot 
be assured.  

Due to the slow speed of the cars inside the city, the 
informational ROI using the default bearer may be enough to 
enable the user stories.  

4 
Long delay in the integration of the   
different ACCA applications required to 
deploy the US 

Analyse the problems in the integration of the different 
applications and define new workflows to simplify the US. 

5 

The packaging of the ACCA 
applications into VNF is very complex 
and lacks flexibility to modify runtime 
parameters 

Aggregate the ACCA applications in the MEC and cloud into a 
single virtual machine/container and generate just a single 
VNF for the MEC and another for the cloud. Configure 
runtime parameters statically.  

17.3.3 Montlhéry 
Because the date of 5G frequency assignment in France is currently not finalized, 5G may be 
unavailable for some time between expiration of currently used experimental frequency 
allocation and permanent assignment. It is considered a risk with minor probability of 
occurrence. In any case, we have 4G radio frequencies available as backup. 

Table 17.14: Risks for Volvo Vehicles 

ID Description of Risk Proposed Risk-mitigation Measures 
1 ANSSI NOGO Escalation to higher level governmental bodies.  

2 
Autorité de régulation des 
communications électroniques, des 
postes et de la distribution de la presse.  

Check if usage of Orange commercial frequency is possible; 
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ID Description of Risk Proposed Risk-mitigation Measures 
(ARCEP) no frequency. 

3 ARCEP provide different frequency 
than currently used Swap of 5G radio hardware may become necessary 

4 Hardware failure of equipment Check with Ericsson and/or Orange for replacement, e.g. from 
large-scale corridor  

5 Accident with vehicles/persons UTAC is a closed site with own security rules. Everyone is 
briefed on security before being able to access the track. 

17.3.4 Munich 
Table 17.15: Risks for Munich Test Site 

ID Description of Risk Proposed Risk-mitigation Measures 

1 Vehicle setup takes longer than 
expected 

Individual component test or bench test setup to transmit 
video streaming feed to backend solution. 

2 No operating permission for test and 
trail sites 

Test and trails on restricted areas (roads/highway without 
public traffic or pedestrians) 

3 Damage of test vehicle in accident Reduce exposure to public influence.  
Fall-back trails with vehicle of partners 

4 Component failure 
Check alternative/replacement components,  
additional consumer sensors 
Fall-back trails with vehicle of partners 

5 Permission for open road testing If not provided, stay on the parking lot of private ground (e.g., 
HWDU premises). 

6 Spectrum usage renewal 
 

Expired December 2019; Renewal process is ongoing. If 
renewal fails then private campus license will be used. 

7 Damaged Equipment Replacement of Equipment, spares foreseen. 

8 Low performance of the selected pQoS 
scheme Alternative algorithms and/or configurations will be studied. 

17.3.5 AstaZero 
Table 17.16: Risks for AstaZero Test Site 

ID Description of Risk Proposed Risk-mitigation Measures 

1 

Swedish 5G spectrum auction is 
scheduled for Q2 2020, situation is 
unclear for the time after the spectrum 
auction. New RAN equipment might be 
needed but cannot be selected without 
knowing the frequencies to be used 
 

Keep assessing the likely outcome and keep narrowing down 
hardware choices 

2 Availability of the test site Make early booking 
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17.3.6 France-Germany Corridor 
5G NR deployment needs TDD slot synchronization with all others MNOs within the French-
German border region. Moreover, constraints set by the French Regulator (ARCEP and ANFR) 
and the German Regulator (BNetzA) on deployments in border regions for both 4G and 5G NR 
have to be clarified and respected. 

The deployment of the experimental network is subject to ANSSI (Agence Nationale de la 
Sécurité des Systèmes d'Information - French authorities on IT security) authorization. The 
Germany equivalent BSI (Bundesamt fuer Sicherheit in der Informationstechnik) is not required 
to be involved in this non-public network, which is also not subject to regulation applicable to 
critical infrastructures. 

Table 17.17: Risks for France-Germany Corridor 

ID Description of Risk Proposed Risk-mitigation Measures 
1 ANSSI does not authorize tests if NOGO ask local government (via EAB) and then EC for 

help 
2 Spectrum F 2020: ok (700 MHz) 2021: tbc (3.5GHz) 
3 Border spectrum coordination only use part of the spectrum resulting in lower peek 

throughput 
4 road permissions F finding arranging of road closing or parts of the road 
5 road permissions D finding arranging of road closing or parts of the road 
6 5G Modems availability and covering 

different network frequencies 
if not available, check smartphone usage, do only 4G 

7 D 4G/5G network sites not ready (site 
permits, set up, ...) 

use temporary "pop up" sites or delay the tests 

8 F 4G network sites not ready delay the tests 
9 Access to RAN counters (KPIs, ...) not 

possible 
work with L only, core and other counters, or E2E 
measurements only 

17.3.7 Germany-Luxembourg Corridor 
5G NR deployment needs TDD slot synchronization with all other MNOs within the 
Luxembourg-German border region. Moreover, constraints set by the Luxembourgian Regulator 
(ILR) and the German Regulator (BNetzA) on deployments in border regions for both 4G and 
5G NR have to be clarified and respected. The different identified risks are cited in the table 
below. 

Table 17.18: Risks for Germany-Luxembourg Corridor 

ID Description of Risk Proposed Risk-mitigation Measures 

1 Spectrum Luxembourg not finally 
assigned 

Use 700 MHz (4G) and 3.5 GHz (5G) temporary license until 
auction  

2 Cross-border spectrum coordination Only use part of the spectrum resulting in lower peek 
throughput 

3 Road permissions Non-public driving area were identified in case permissions 
for public ones not granted. Remove burdens for approval for 
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ID Description of Risk Proposed Risk-mitigation Measures 
second test round in 2021. 

4 5G Modems availability and covering 
different network frequencies 

if not available, check smartphone usage (tethering) or do 
only 4G 

5 D 4G/5G network or sites not ready 
(site permits, set up, ...) 

use temporary "pop up" sites or delay the tests 

6 L 5G no operational authorization do only 4G 
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18 Conclusions  
For 5GCroCo it is important to show that the work we do can be realized and tested. 5GCroCo 
has therefore planned to deploy large-scale tests on a cross-border road at the 
Luxembourg/Germany and Germany/France border by summer 2021. All our use cases will be 
rolled out there. Moreover, small-scale test deployments in France, Spain, Germany and 
Sweden are planned in summer 2020 as a first step towards our large-scale tests in 2021. 

5GCroCo has five small-scale sites and two large-scale sites. All these sites are very different 
and have different requirements and risks. This document provides an overall timeline for the 
2nd year of the project (i.e. November 2019 to October 2020) which concerns the realization of 
the small-scale test sites and the first round of test of the large-scale sites for summer 2020. 
Due to the particularities of each site, each site has a dedicated timeline for the network set up 
and the use case related backend part set up. This detailed timeline per site is provided in this 
document. Furthermore, the document provides the timeline of set up for the vehicles used on 
our test sites.  

Furthermore, a detailed plan and coordination of testing of 5G solutions for CCAM per test site 
and use case is provided. The document shows how local test sites contribute towards the 
large-scale test sites and testing of 5G for CCAM in cross-border scenarios and which 5G 
solutions for CCAM are tested per use case and test site.  

 

, 
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