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Executive Summary

C-MobILE aims to stimulate / push existing and new pilot sites towards large-scale, real-life C-ITS deployments
interoperable across Europe. Well-defined operational procedures will lead to decentralized and dynamic
coupling of systems, services and stakeholders across national and organizational borders in an open, but
secure C-ITS ecosystem, based on different access technologies, the usage of which is transparent for service
providers and seamless and continuous for the end-users across different transport modes, environments and
countries.

The objective of Task 6.2 is to homogeneously validate the implementation of the system architecture, to
validate the services and to assert the interoperability across all Deployment Sites (DS).

The inputs of Task 6.2 are the following:
/ D2.2 Analysis and Determination of use cases [1]
/ D2.3 Requirements for C-ITS implementation [2]
/ D3.3 Low-level implementation ready architecture and service definition [3]

/ D6.1 Validation and impact assessment methodology [4]

Task 6.2 “Technical Validation” comprises the following subtasks:
/ Technical validation of C-ITS services with a common validation methodology. This involves:
> Definition of testing scenarios covering all considered use cases of the services.
> Execution of the tests that apply to the use cases that will be deployed in a DS.
/ Technical validation of the implemented architecture resulting from Task 3.4.

/ Technical validation of cross-modal and seamless (cross-border) service operation.

Part of the results in this document are not final. Several constraints prevent D6.2 to gather all the test results
by October 2019:

/ The requirements have an update planned by the end of 2019. Requirement validation might render
obsolete because of this.

/ Some services have not been deployed yet due to different reasons, depending on each case. These
services are then not validated.

With these reasons T6.2 decided to deliver current results, provinding status updates for those pending services
and mitigation plans to ensure a validation by the end of 2019.

Assumptions taken in the writing of this deliverable:

/ Development of system components and interfaces is functional and well tested. This involves work of
Tasks 5.1and 5.2.

/ Verification of shared interfaces for cross-modal service operation is functional and tested, done in Task
5.3.

Finally, this document can be followed as a reference in future sites willing to implement C-MoblILE services.
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1. Introduction

1.1. C-MoblILE at a glance

The C-MoblLE (Accelerating C-ITS Mobility Innovation and depLoyment in Europe) vision is a fully safe &
efficient road transport without casualties and serious injuries on European roads, in particular in complex urban
areas and for Vulnerable Road Users. We envision a congestion-free, sustainable and economically viable
mobility, minimizing the environmental impact of road transport. C-MoblLE will set the basis for large scale
deployment in Europe, elevating research pilot sites to deployment locations of sustainable services that are
supported by local authorities, using a common approach that ensures interoperability and seamless availability
of services towards acceptable end user cost and positive business case for parties in the supply chain.

1.2. Objective

Task 6.2 is required to directly validate the architecture and the implementation of services. This document
covers the whole process from identification of the validation methodology to the results on all Deployment
Sites,

The main milestones are:
/ Identification and definition of test scenarios for use cases described in D2.2 [1]
/ Validation of Architecture: Fulfilment assertion of general requirements as described in D2.3 [2]
/ Validation of Services: Execution of tests related to present use cases in each DS.

/ Validation of interoperability: Execution of tests in cross-modal operation, with components of different
DS involved (e.g. PID of a user from a DS using services on another DS).

1.3. Intended audience

This document is targeted to developers of C-MoblLE services, to guide them to validate their implementation
homogeneously with other deployment sites across Europe, easing the work for interoperability and assuring
it.

1.4. Approach
Each milestone of the Task has been approached individually.

/ The identification and definition of test scenarios started when D2.2 [1] and D2.3 [2] were available, test
definition was done by a DS where the service would be relevant. Tests were defined for use cases, taking
into account service requirements as defined in D2.3 [2].

/ The validation of architecture comprised two steps:
> The requirements are classified by level and mean of validation.

> The validation for each requirement is approached at the identified level (global, Deployment Site or
service) with the identified mean of validation.

/ The validation of the services is performed by each DS, following a common methodology.

/ The validation of the services in cross-modal operation follows the same methodology as the validation in
local operation, but involving two coordinated DS.

1.5. Document structure
This document has 3 main chapters:
/ Architecture validation

This chapter focuses on the general requirements that are not involved to specific services. The
subchapters are:

1. Methodology: In this subchapter the methodology to validate the requirements is described.

2. ldentification of validation method: In this subchapter the requirements are classified regarding the
approach to validate them.Service specific requirements

/ The service requirements relevant in validation will be addressed in the next section, Technical validation
of services.
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/ Since the service validation test the fulfiiment of a use case, some requirements will be unable to be
checked. It is assumed that these requirements have been tested in lower level tests.

You can find the list of checked requirements in the traceability matrix subsections after the test definitions.
/ Technical validation of services
1. Methodology: In this subchapter the methodology to validate the services is described.
2. Test description: In this subchapter the tests are defined.

/ Technical validation of services in cross-modal operation

Two cross-test events were executed in Bordeaux and Thessaloniki DS.

Participating DS did test their service implementations against the host DS Communication Provider Back
Office (CPBO).

The same tests defined in Section 3.2 were executed.

Due to time constraints a selection of services was tested, to cover the variety of C-MoblLE messages:
/ RWW and RHW, which use DENM.
/ GLOSA which use MAPEM and SPATEM.
/ IVS, which use IVIM.

Interoperability of other services will be tested in further events, both project-wide and through small
agreements between DS.

The next event will be the C-MobILE testfest, planned for 2-4 of December 2019.

/ Results

1. Architecture validation results: In this subchapter the results on architecture validation are listed.

1.5.1. Further work

Detected issues have been analysed and addressed individually.

For requirements that do not apply or require further details, feedback has been provided to WP2 to help with
the update of requirements expected in the next months.

Development issues are being addressed and will be fixed as part of the upcoming Task 5.4.

2. Service validation results: In this subchapter the results on service validation are listed. Mitigation plans
are provided for those services which have not been validated yet.
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2. Architecture validation

2.1. Methodology

To validate the architecture, we assess the general requirements defined in D2.3 [2].

The general requirements have been categorized regarding the Mean of Validation (MoV).
MoV | Definition

For most requirements, this means assessment of experts/developers
involved.

Examination ) . . ) o
For some technical requirements, this may involve validation through

testing.

Educated opinion of one or more experts, based on the available

Expert Rating documentation.

N/A Validation as part of WP6 not applicable for this requirement.

Also, requirements can be classified by the architecture level:

Architecture level Definition

Global Architecture Can be verified by looking at the global architecture documentation.
Deployment Site Can be verified by looking at the implementation/architecture of each DS.
Service Needs to be verified for each service (implementation specific).

Requirements specific for each service will be validated in section 3 Technical validation of services. Service
specific requirements

2.2. Identification of validation method

2.2.1. Global architecture requirements

2.2.1.1. Validatable by examination

Requirement ID ‘ Requirement

R/GO5-SE-03 The authentica_tion service shall be able to provide at Iea.st 100 pseudonyms at once
to any authenticated user with an authorized real identity.

R/GO5-SE-T1 A Certificate Authority (CA) shall be present.

R/GO9-LE-17 Payment method should be privacy friendly.

R/GO9-LE-19 The pseudonymization can be lifted for special cases.

R/GO9-LE-20 International transfer of personal data shall be protected.

2.2.1.2. Validatable by expert rating
Requirement ID ‘ Requirement

The architecture shall be flexible to allow extensions for new messages and
R/GO1-AR-02 protocol elements.

R/GOI-AR-03 The architecture shall allow "hybrid”" communication i.e. same content being
delivered through multiple channels simultaneously

R/GOI-AR-04 I,Seacrrewievienrformation through different channels can be identified to be the same by a

R/GO1-AR-05 Bi-directional communication shall be supported

C-MOBILE



C-MobILE systems shall be able to store, commmunicate and process UTF-8 encoded

R/GO1-AR-06 text.

AD. A map tiling/geofencing system should be implemented for saving data and
R/GO1-AR-08 resources.
R/GO1-AR-1 C-MoblILE systems shall comply with the latest ITS communication standards.
R/GO1-AR-13 Standardized interfaces shall be defined and used.
R/G03-OP-06 WGS84 reference system shall be used for GNSS coordinates

D A priority system for the alerts and warnings based on the critical level of the
R/GO3-OP-12 services should be implemented.

D Each Vehicle ITS-Ss shall be identified. The ID may change over space and/or time
R/GO3-OP-14 due to privacy concerns.

or. The authentication service shall ensure a new user can register and obtain a so
R/GO5-SE-O1 called “real identity” for the system.
R/GO5-SE-02 The authentication service shall ensure that all possible actors are unable to

determine the real user name (or personal data) bound to a pseudonym.
R/GO5-SE-04 The authentication service shall be able to validate a pseudonym upon request.
R/GO5-SE-09 V2X PKI as defined for Europe should be supported by the architecture.
R/GO5-SE-10 Communication with different security properties shall be possible.
R/GO5-SE-18 ETSI standards for ITS security compliance shall be followed.
R/GO5-SE-23 The project shall be able to exclude participants as fast as technically possible.
R/GO5-SE-24 Misbehaviour detection shall be handled.
R/G10-EC-02 Systems shall be designed to be future proof.
R/G10-EC-05 Clear B2B business models.

2.2.2. Deployment site specific requirements

2.2.2.1. Validatable by examination

Requirement ID ‘ Requirement

R/GO1-AR-01 All clocks shall be synchronized to TAI (International Atomic Time).
R/GO1-AR-09 Services should be integrated with existing on-board systems
R/GO1-AR-10 Services should be integrated with existing road systems
R/GO1-AR-14 Use English for Documentation and system messages.
R/G02-DE-05 The resilience of each service shall be evaluated.

Vehicle ITS-Ss and Roadside ITS-S shall be able to encode, send, receive and
R/G0O3-OP-01 decode CAM messages.

Vehicle ITS-Ss and Roadside ITS-S shall be able to encode, send, receive and
R/GO3-OP-02 decode DENM messages.

Vehicle ITS-Ss and Roadside ITS-S shall be able to encode, send, receive and
R/GO3-OP-03 decode SPATEM messages.

Vehicle ITS-Ss and Roadside ITS-S shall be able to encode, send, receive and
R/G03-OP-04 decode MAPEM messages.
R/G0O3-OP-05 Vehicle ITS-Ss shall have access to GNSS data.
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Service warnings and notifications should be disabled when the accuracy/quality

R/GO3-OP-07 of the location system (GNSS) is below a certain threshold.

R/G03-OP-08 The Roadside ITS-S should retransmit the received DENMs.
Unigue sequence number shall be used for each new event detected. A Roadside

R/G03-OP-09 ITS-S receiving a DENM from a Vehicle ITS-S should retransmit this using the same
ActionlD.

R/G0O3-OP-11 Roadside ITS-Ss should be remotely accessible by authorized personnel.

R/GO3-OP-13 Infrastructgre components should have a _morjitoring system to detect if the device
has operating problems (broken, connection issues, etc.).

R/GO5-SE-12 Only secured connections shall be used.

R/GO5-SE-13 Stored personal data shall be encrypted.

R/GO5-SE-14 Personal data shall be encrypted during transfer.

R/GO5-SE-15 Unintended or unauthorized data modifications shall be prevented.

R/GO5-SE-16 lpihrg(e%snat%itt?fntshrgi?nsie(?sr;aagned processing shall be fast enough to take advantage

R/GO5-SE-17 Safe message handling.

R/GO5-SE-19 The messages shall be verified on reception.

R/GO5-SE-20 Data trustworthiness shall be verified.

R/GO5-SE-21 Robustness of security shall be ensured.

R/GO5-SE-22 Purging personal data from vehicles.

R/GO5-SE-25 All data relevant for billing shall be digitally signed

R/GO5-SE-26 All data transmissions to billing services shall be encrypted and authenticated

R/GO7-HU-01 giﬂ??iifwgosuégngii;upported to sustain or develop situation awareness according to

R/GO7-HU-02 Usage should not interfere with driving tasks

R/GO7-HU-03 Qgcdlijtriggﬁtlégltered/enhanced tasks during driving should be defined and

R/GOT-HU-04 | o dermands shouid be priorized. | oo o 9 actions. infermation

R/GO7-HU-05 Services shall not enforce drivers to only rely on the service information.

R/G0O6-AP-01 Connectivity information should be displayed

R/GO6-AP-02 ;F:C?Jréirgtcgsoga\l/éitteh(tg;ii?g\rqiccye)shall be efficient. Physical, mental, or material effort

R/G0O6-AP-03 Precise goal achieving shall be realized (Effectivity)

R/GO6-AP-04 Using the service shall not result in impairments (Impairment-free)

R/GO6-AP-05 Sound notifications’ intensity and quantity shall be evaluated for each service.

R/GO6-AP-06 Users should be able to configure the notifications they receive.

R/GO6-AP-07 A “Help” section should be provided in the applications.

R/GO6-AP-08 Values to put in or values shown should fit context (Input/Output Suitability).

R/GO6-AP-09 Service should address the suitable perception channel (v_isuall,. auditory) or input
channel, and the channel should be adaptable (Channel Suitability)

R/GO6-AP-10 Common or similar feel and touch among applications should be followed.

R/GO6-AP-1I Interaction should be_able to be starte_ol_ by the user and input pace/direction should
be able to be determined (Controllability)
Input should lead to perceivable changes on the point of interaction or display and

R/GO6-AP-12 the points of interaction should be well defined to enable a precise interaction
(Evaluability/ Executability).

R/GO6-AP-13 Service should provide information in case of service availability and interruption.
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R/GO6-AP-14

User should be supported and guided in learning about the service (Learnability).

Information should be clear, distinct, consistent, perceivable, accessible, readable,

R/GO6-AP-15 comprehensible (Perceptivity).
R/GO6-AP-16 Eﬁrgvlggﬁs’ HMI should provide language selection between local language and
R/GO6-AP-17 The user should be able to select which C-MoblILE services to use.

AD. A day/night mode to provide the right illumination for displaying information
R/GOG-AP-18 | (1, oUid be available.

cA. Age related specificities should be taken into account in order to guarantee
R/G08-50-05 accessibility and age specific analyses/ forecasts

e Stored personal data (if any) shall be deleted after purpose the data was collected
R/GO9-LE-03 for has been reached.
R/GO9-LE-04 The user shall be able to configure which personal data is processed.
R/G0O9-LE-05 Systems shall be able to block personal data from further processing.
R/G0O9-LE-06 Consent revocation and processing after consent revocation shall be available.
R/GO9-LE-07 Documentation and information about the data flow should be available.

e The system shall be able to inform the data subject about the processing and
R/GO9-LE-09 purpose of the data.

e The default settings of the system shall be preconfigured in the most privacy-
R/GO9-LE-14 friendly way.
R/GO9-LE-15 The vehicle has one and only one unique ID per service.
R/G0O9-LE-16 Access to personal data shall be restricted.
R/G0O9-LE-18 Read and write permissions shall be limited.
R/GO9-LE-21 No self-incriminating messages shall be sent by ITS stations.
R/GO9-LE-22 Regulation and policy fulfilment.
R/GO9-LE-23 Drivers shall be made aware that the warnings, advices and recommendations (and

especially the lack of thereof) are not legally binding.

e The services shall not tempt the driver to disobey the regulations (e.g. by
R/GO9-LE-24 speeding).
R/G10-EC-03 HMI should show C-MobILE logo at start-up
R/G10-EC-04 The bundling of services should be easily grasped by the users
R/G10-EC-06 Easy to understand terms of use and terms of payment

e The users shall de informed about the indirect costs the use of the services may
R/G10-EC-08 have in the cellular case.
R/G11-EN-05 Battery/Electricity consumption due to system usage should optimized.

2.2.2.2. Validatable by expert rating

Requirement ID ‘ Requirement

R/GO1-AR-07 All required services have to be designed to fit the available city architecture
R/GO1-AR-12 Services should be integrated with each other (to provide economy of scale).
R/G0O2-DE-03 The business case for each service shall be detailed.

R/G0O2-DE-04 The maturity level of each service shall be defined

R/G02-DE-06 The readiness for scaling for each service shall be defined

R/GO2-DE-12 The services’ compliance to ethical guidelines (GDPR regulation 2016/679 [4]) shall

be ensured.
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D Communication between POMS and TMC (and/or other management servers)
R/GO3-OP-10 should use DATEX II.
R/GO9-LE-O1 The C-MoblILE services shall comply entirely with the General Data Protection
Regulation (GDPR) 2016/679 regarding privacy protection.
R/G10-EC-01 Systems shall be designed such that they can continue operation after the project.
R/G-EN-O1 The usage of C-MoblLE services (and bundles) shall not cause environmental
damage or lead to less environmental sustainability.
Potential and evident environmental benefits due to the use of C-MoblLE services
R/GT-EN-02 may be highlighted.
ENL The services should be able to be integrated into existing infrastructure and should
R/GUI-EN-06 focus upon long-term use.
R/GN-EN-0O7 Server architecture should be as efficient as possible.

2.2.3. Service specific requirements

The service requirements relevant in validation will be addressed in the next section, Technical validation of
services.

Since the service validation test the fulfilment of a use case, some requirements will be unable to be checked.
It is assumed that these requirements have been tested in lower level tests.

You can find the list of checked requirements in the traceability matrix subsections after the test definitions.
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3. Technical validation of services

3.1. Methodology

In this section the methodology to test the services is described. Tests are defined following a template. And
the pre-established execution methodology is described.

3.1.1. Test description template

The following is the template used in the test definition.

Test Case ID Identifier of test.

Test Case

Obijective Brief description of the use case under test.

Architectural requirements of the use case under test.

Applicability . ) o
Namely ETSI-G5 or cellular components. With possible additional components.

C-MobILE

. rvi ificr irements involved in th nder .
Requirements Service specific requirements involved in the use case under test

Description of the setup of the scenario prior to the use case event.

Pre-test
conditions This should describe a common or stand-by status of the service.

Logging

component Logged data

Step | Description

Component
1 Test execution steps are described. where data shall
be generated.

Description of data required
for the test validation

2 Step 2

n Step n

Figure showing the components relevant to the use case under test.

Acceptance criteria

List of criteria required for the test to be considered passed.

If any criteria are not met, the test cannot be considered completely passed.

3.1.2. Test execution methodology
/ Setting up of the scenario as stated in "Pre-test conditions”
/ Execution of the steps defined in the test description.
/ Gathering of the logs indicated on the logged data column.
/ Validation of the results against the acceptance criteria provided.

> An educated guess will be provided in case a requirement is not well defined (i.e. D2.3 [2] update
pending).

3.1.3. Identified extra requirements
The following requirements not defined in D2.3 [2] were identified
/ Acceptable delay for critical service over cellular connection.
/ Acceptable delay for no-critical service over cellular connection.

These requirements will be indicated as “Latency is lower than X ms” where X is yet to be defined.
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3.2. Test description
An update of requirements is expected by the end of the year 2019. Tests are susceptible to modifications.

The final version of the tests will be provided when the requirements are available.

3.2.1. General, error recovery scenarios
These scenarios are meant for alternative execution flows, to be shared with most of the services.

Test Case ID G-01

Test Case To test automatic recovery from the Services when an internal error happens.
Objective
Applicability OBU or Smartphone running the service

C-MobILE . )
I se——_ R/G0O6-AP-13, R/S10-GLOSA-14, pending requirement update

Pre-test OBU with HMI or Smartphone, with the application installed.

conditions

Logging
component

Description Logged data

A critical error happens that impedes the PID
Application from providing the service.

Error log from App

1

5 The application shows a message warning the PID HMI log
user.
3 The application restarts itself. PID Start-up log from APP

Acceptance criteria

Test scenario G-01is considered as passed if:

/ The application restarts itself.

Test Case ID G-02
Test Case To test automatic recovery from the Services when a communication error happens.
Objective

Applicability OBU or Smartphone running the service

C-MobILE : )
S E————_ R/G06-AP-13, R/S10-GLOSA-15, pending requirement update

Pre-test OBU with HMI or Smartphone, with the application installed.

conditions

Logging

component Logged data

Description

A communication error happens that impedes

1 the Application from providing correctly the | PID Error log from App
service.
2 I?eerappllcamon shows a message warning the PID HMI log

The application tries to re-establish PID

communication. Startup log from APP
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Acceptance criteria

Test scenario G-01is considered as passed if:

/ The application tries to re-establish the communication.

3.2.2. Blind Spot Detection
3.2.2.1. Test Scenarios

3.2.2.1.1. Test scenario Blind Spot Detection over ITS-G5

Test Case ID BSD-01

Test Case To test BSD functionality: The RS sees a VRU arriving in the blind spot of a vehicle. With a
Objective DENM message it alerts the vehicle.

Vehicle equipped with OBU capable of ETSI-G5 communication modem

Applicability Roadside system with blind spot detection sensor connected to a RSU with ETSI-G5
communication modem

C-MoblILE R/S20-BSD-02, R/S20-BSD-05, R/S20-BSD-06, R/S20-BSD-07, R/S20-BSD-08, R/S20-
Requirements BSD-09, R/S20- R/S20-BSD-10

Vehicle is equipped with an OBU capable of ETSI ITS-G5 communication and a HMI

Pre-test The road side equipment has a Roadside System with a detector for VRU and/or vehicles in
conditions the designated blind spot

Logging

Step | Description component

‘ Logged data

The Blind spot detector sensor in the Roadside
1 System detects a Vehicle or VRU in the blind spot | Roadside System Detection with timestamp
of a Vehicle
The Roadside Systems sends a DENM to the . Generated DENM with
2 Road Side Unit Roadside System timestamp
. . . Received DENM with
3 The RSU receives the DENM message. Road Side Unit timestamp
4 The RSU broadcasts the DENM message Road Side Unit Send DENM with timestamp
' . Received DENM with
5 The vehicle OBU receives the DENM message OoBU timestamp
. . . ) . " HMI log file (DENM, trajectory
6 | el o wernng i M 2t s Seston | oB
: when warning is given)
The Roadside system sends the event to the . Pending update of
7 Traffic Management Center (Optionally) Roadside System requirements
) Pending update of
8 The TMC receives the event T™MC requirements
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cmp Component Flow /)

«From-To» CPBO-SPBO_BSD

«flow»

«From-To» SPBO-TMS_BSD

«flow»

«From-To» SPBO-CPBO_BSD - _ _ _ _ (FromTo»TMSSPBO_BSD _ _ _ _ _

———————————————————————— «flow»
«flow»

|

| |

] «From-To» RIS U-CPBO_BSD
|

«flow»
«From-To» RS-TMC_BSD
v

|
«ﬂ?w»
«From-To» CPBO-RSU_BSD
|

|

I «From-To» PID-SPBO_BSD «flow»
! «flown |
| i |

|

|

Roadside | Roadside
Uzt _o__ Personal gJ "0“' Syst:
Information
Device

«From-To» R;SU—O BU_BSD

«flow»

«From-To» RS-RSU_BSD

«flow»

Figure 1. Logging steps in BSD-01 test scenario

Acceptance criteria
Test scenario BSD-01 is considered as passed if:
/ Latency (time elapsed between the VRU detection and the message on the HMI) is lower than 200 ms.
/ A warning is displayed to the user indicating the presence of a VRU or vehicle in the blind spot.

/ When the warning is given to the user, the user is within the relevance area of the DENM message.

/ There is only a warning when there is a VRU or other vehicle in the blind spot

3.2.2.1.2. Test scenario Blind Spot Detection over cellular

Test Case ID BSD-02

Test Case To test BSD functionality: The RS sees a VRU arriving in the blind spot of a vehicle. With a
Objective DENM message it alerts the vehicle.

Vehicle equipped with OBU with cellular coommunication

Applicability

C-MobILE R/S20-BSD-02, R/S20-BSD-05, R/S20-BSD-06, R/S20-BSD-07, R/S20-BSD-08, R/S20-
RECTNIEINERIEEN BSD-09, R/S20- R/S20-BSD-10, R/S20-BSD-11

Both vehicles are equipped with an OBU.

Pre-test

conditions One of the vehicles has a sensor that can detect the VRU.

The second vehicle has an information system to inform the driver.

Logging
component

Description Logged data

The Blind spot detector sensor in the RS detects
a Vehicle or VRU in the blind spot of a Vehicle

Roadside System Detection with timestamp
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. . Generated DENM with
2 The Roadside Systems sends a DENM to the TMC | Roadside System timestamp
. Received DENM with
3 The TMC receives the DENM message T™MC timestamp
The TMC sends the DENM message to the . )
4 Service Provider Back Office T™C Send DENM with timestamp
5 The Service Provider Back Office receives the SPBO Received DENM with
DENM message timestamp
The Personal Information Device sends a CAM : .
6 message with its position and trajectory PID Send CAM with timestamp
7 The Service Provider Back Office receives the SPBO Received CAM with
CAM message timestamp
8 The SPBO calculates the risk SPBO Risk calculation result
The SPBO sends a DENM message to the . .
9 Communication Provider Back Office SPBO Send DENM with timestamp
. Received DENM with
10 The CPBO receives the DENM message CPBO timestamp
The CPBO sends the DENM message to the ) )
n Personal Information Device CPBO Send DENM with timestamp
12 The Personal Information Device receives the PID Received DENM with
DENM message timestamp
The Personal Information Device displays a . .
13 warning to the driver. PID HMI log with timestamp
cmp Component Flow )
«From-To» CPBO-SPBO_BSD «From-To» SPBO-TMS_BSD
«flow» «flow»
m«From—To» SPBO-CPBO_BSD 4 | A |~ W Ay rom-_o» 1V Pl
. ) O
| «From-To» RSU-C |
i aflown |
«flow» : : «From-To» RS-TMC_BSD
«From-To» C;’BO-RSUiBSD I «From-To» PID-SPBO_BSD
| : fiow»
""""" ! Personal gJ Tttt
| Information !
I N I
T 1 Device 1
I I |
| | |
| | |
| | |
I 1 I
«From-To» RSU-OBU_BSD ! !
T ] I
«flow» | 1
| | «From-To» RS-RSU_BSD !
1 e e e e e e I
I «flow»
|
Figure 2. Logging steps in BSD-02 test scenario
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Acceptance criteria

Test scenario BSD-02 is considered as passed if:
/ Latency (time elapsed between the VRU detection and the message on the HMI) is lower than 200 ms.
/ A warning is displayed to the user indicating the presence of a VRU or vehicle in the blind spot.
/ When the warning is given to the user, the user is within the relevance area of the DENM message.

/ There is only a warning when there is a VRU or other vehicle in the blind spot

3.2.2.2. Traceability Matrix

The traceability matrix is used to assist in determining the completeness of the requirements being met against
the test scenarios.

The identifier for each of the requirements is placed in the first column while the identifiers for test scenarios
are placed across the top row. When an item in the left column is related to an item across the top, a mark is
placed in the intersecting cell. The number of relationships is added up for each row and each column. This
value indicates the mapping of the two items. An empty value indicates that no relationship exists.
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e 7 g
R/S20-BSD-01 0]

R/S20-BSD-02 2 X X
R/S20-BSD-03 0]

R/S20-BSD-04 2 X X
R/S20-BSD-05 2 X X
R/S20-BSD-06 2 X X
R/S20-BSD-07 2 X X
R/S20-BSD-08 2 X X
R/S20-BSD-09 2 X X
R/S20-BSD-10 2 X X
R/S20-BSD-11 1 X
R/S20-BSD-12 0

R/S20-BSD-13 0

3.2.2.3. Communication performance - Latency

Total latency can be calculated from the moment that the service provider generates a DENM message and
the moment the DENM message is received by the vehicle or personal information device.

In the case of ETSI G5, latency between RSUs and OBUs should be measured as well.
3.2.3. Cooperative Adaptive Cruise Control

3.2.3.1. Test Scenarios

3.2.3.1.1. V2V Cooperative Adaptive Cruise Control

Test Case ID CACC-01

Test Case To test CACC functionality: Vehicle enters the relevance area of the sending vehicle.
Objective

Applicability Using ETS ITS-G5 and/or Cellular connection

R/S17-CACC-11, R/S17-CACC-14, R/S17-CACC-15, R/S17-CACC-16, R/S17-CACC-17, R/S17-

C-MobILE
Requirements ggACC—]& R/S17-CACC-19, R/S17-CACC-20, R/S17-CACC-21, R/S17-CACC-22, R/S17-CACC-

Pre-test The in-vehicle application is installed and activated on the driver’s vehicle or smart phone
conditions and running in the background.

Logging
component

Step | Description ‘ Logged data

The Vehicle Electrical & Electronic System

1 (VEES) of the transferring vehicle generates a OBU VEES info received by the
CAN message and sends it to the On Board Unit OBU with timestamp
(OBU)

2 The OBU generates a CAM message and OBU Generated CAM message

forwards it to the OBU of the receiving vehicle. together with the timestamp

C-MOBILE




The receiving OBU generates the CAN message

Received CAN with

3 from the receiving CAM message and forwards | OBU ;
it to the VEES of the receiving vehicle timestamp
The VEES acts on the CAN message and sets .
4 speed set-point., OoBU VEES log file.
5 The VEES generates and sends the status as a OBU Received CAN with
CAN message to the OBU. timestamp.
6a The OBU displays the status on the HMI. OBU HMI log file
The OBU generates a JSON (encoded with .
6b ASN.1) message and forwards it to the OBU of | PID/OBU ?oeceeg%/gs\/{/ﬁg,;‘hrengﬁzgém
the receiving vehicle. 9 P
The receiving PID constructs the message and .
7 display on the PID Display PID/OBU HMI log file
cmp CACC Component Flow )
_____ sfrom-tos CPBO-RSU_CACC _ _ _ _ _
aflown
___ __ shominaRSUCRO CACC .
| I wflown
| : wrom-ton CPRO-PID_cACC /|
affom-tos DE-SL)_CACE afrom.-to» RSU-0BU_CACC aflown l
aflown wflows I «fr\om-}n» PID-CPBO_CACC
6 | aflown
/?’ Personal {]
SN o im VA ADCAX N~ Information
aflows o
Device
om-tn»vtl_f.oau_uaé,l;m_ucc
¢1‘k::m» wflows
| I
|
I | /-'?o
Figure 3. Logging steps in CACC-01 test scenario
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Figure 9: CACC-01
Acceptance criteria

Test scenario CACC-01is considered as passed if:

/ When the message is received by the user, the user is within the relevance area of the sending vehicle.

3.2.3.1.2. 12V for Cooperative Adaptive Cruise Control.

Test Case ID CACC-02

Test Case To test CACC functionality: The vehicle approaches and enters an urban or semi-urban
Objective environment and has an On-Board Unit.

Applicability Using ETS ITS-G5

R/S17-CACC-01, R/S17-CACC-02, R/S17-CACC-03, R/S17-CACC-05, R/S17-CACC-06,
C-MobILE R/S17-CACC-07, R/S17-CACC-08, R/S17-CACC-09, R/S17-CACC-10, R/S17-CACC-11, R/S17-
FECTNIEINERIEN CACC-12, R/S17-CACC-13, R/S17-CACC-14, R/S17-CACC-17, R/S17-CACC-18, R/S17-CACC-
19

Pre-test The application is installed and activated on the driver’'s vehicle or smartphone able to
conditions communicate with the OBU.

[Wolelellgle]
component

Step | Description ‘ Logged data

The Roadside Unit (RSU) generates a ’
1 SPAT/MAP message with data from the Traffic Vehicle Eﬁeecsilavegtipégggﬂﬁ/ﬁth the
Light Controller (TLC) and sends it to the On timestgmp 9

Board Unit (OBU) of the receiving vehicle.

The receiving OBU generates the CAN message
2 from the received message and forwards it to | Vehicle
the VEES of the receiving vehicle.

Received CAN message
together with the timestamp
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The VEES acts on the CAN message and sets

speed set-point. Vehicle VEES log file

The VEES generates and sends the status as a Vehicle Received CAN with
CAN message to the OBU. timestamp

The OBU constructs the message and displays

on the vehicle HMI Vehicle HMI log file

cmp CACC Component Flow )

wfrom-tos CPBO-RSU_CACC

wflown
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Figure 4. Logging steps in CACC-02 test scenario
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Acceptance criteria

Test scenario CACC-02 is considered as passed if:

/ When the message is received by the user, the user is within the relevance area of the sending RSU and
is in an urban or semi-urban environment.

Test Case ID CACC-03

Test Case To test CACC functionality: The recieving vehicle approaches and enters an urban or semi-
e five urban environment and has a Personal Information Device (PID) as the HMI that is
! registered to and connects to the VEES of the Vehicle.

Applicability Using Cellular

C-MobILE R/S17-CACC-01, R/S17-CACC-02, R/S17-CACC-04, R/S17-CACC-05, R/S17-CACC-06,
REVIENERE R/S17-CACC-07, R/S17-CACC-08, R/S17-CACC-17, R/S17-CACC-18, R/S17-CACC-19
Pre-test The application is installed and activated on the driver’'s vehicle or smartphone able to
conditions communicate with the OBU.

.. Logging
Description component Logged data

The Roadside Unit (RSU) generates a JSON

message with data from the Traffic Light Generated and received
1 Controller (TLC) (traffic light status and timing | CPBO JSON message with
information) and sends it to the Communication timestamp

Provider Back Office (CPBO)
The CPBO forwards the JSON to the Personal

Received JSON message

2 InfoArmat|on Device (PID) of the receiving | PID together with the timestamp
vehicle.
3 The receiving PID constructs the message and PID PID/HMI log file.

display on the PID Display

cmp CACC Companent Flow )
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Figure 5. Logging steps in CACC-03 test scenario
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sd Cooperative Adaptive Cruise Control Test 2 /J

Reoadside Unit
Information Device

|
|
traffic light and :
|

signal state()

-
traffic light and
signal state()

display statef)

S
S ———

Acceptance criteria
Test scenario CACC-03 is considered as passed if:

/ When the message is received by the user, the user is within the relevance area defined in the CPBO
and is in an urban or semi-urban environment.

3.2.3.1.3. Cooperative Adaptive Cruise Control for Truck Platooning

Test Case ID CACC-04

Test Case To test CACC functionality: Truck platoon approaches and enters an urlbban or sem-urban
Objective environment and have active OBUs.

Applicability Using ETS ITS-G5

R/S17-CACC-04, R/S17-CACC-05, R/S17-CACC-06, R/S17-CACC-07, R/S17-CACC-08,
C-MobILE R/S17-CACC-09, R/S17-CACC-10, R/S17-CACC-11, R/S17-CACC-12, R/S17-CACC-13, R/S17-
PRI CACC-14, R/S17-CACC-15, R/S17-CACC-16, R/S17-CACC-17, R/S17-CACC-18, R/S17-CACC-
19

Pre-test The application is installed and activated on the driver’'s vehicle or smartphone able to
conditions communicate with the OBU.

Step | Description Logging ‘ Logged data

component

The On-Board Unit (OBU) generates a CAM
1 message with priority request and sends it to | RSU
the Roadside Unit (RSU).

The RSU generates a message with priority

The CAM message together
with the timestamp.

Received message together

2 status, traffic light status and timing information | OBU ; .
and sends it to the OBU. with the timestamp
The OBU constructs the message and displays .

3 it on the HM| OoBU HMI log file.
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Figure 6. Logging steps in CACC-04 test scenario
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display state() |
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Acceptance criteria

Test scenario CACC-04 is considered as passed if:

/ When the message is received by the user, the user is within the relevance area of the RSU and is in an
urban or semi-urban environment.

C-MOBILE
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Test Case ID CACC-05

Test Case
Objective

To test CACC functionality: Truck platoon approaches and enters an urban or semi-urban
environment and have Personal Information Device (PID) as the HMI.

Applicability Using ETS ITS-G5 or Cellular Communication

C-MobILE
Requirements

R/S17-CACC-04, R/S17-CACC-05, R/S17-CACC-06, R/S17-CACC-07, R/S17-CACC-08,
R/S17-CACC-15, R/S17-CACC-16, R/S17-CACC-18, R/S17-CACC-19

Pre-test
conditions communicate with the OBU.

The application is installed and activated on the driver's vehicle or smartphone able to

L. Logging
Step | Description component Logged data
The On-Board Unit generates a JSON (with
1 ASN.1 encoding) message with priority request PID Received JSON message
and sends it to the Personal Information Device together with the timestamp.
(PID) connected or registered with the vehicle.
The PID forwards the JSON message and sends )
) e ; X Received JSON message
1 it to the Communication Provider Back Office | CPBO together with the timestamp.
(CPBO).
2 The CPBO forwards the JSON message to the RSU JSON message together
Roadside Unit (RSU). with the timestamp.
The RSU generates a JSSON message with status Generated JSON message
3 for the priority request, traffic light status and | CPBO received by the CPBO with
timing information and sends it to the CPBO. timestamp
4 The CPBO forwards the JSON message to the PID JSON message together
PID. with the timestamp.
The PID constructs the message and displays it .
5 on the HMI PID PID/HMI log file.
«cmp CACC Component Flow /I
Sl<--——- e . e mmunication
Ro:dsiide o Provider Back
¢ _N\__ sfoniormsucrso cacc Office
aflown
o i:ﬁm»cpao-lﬂn_mc |
wfromton OBERUCACE ctrom.tos RSU-OBU_ 3 «flowen I
ufkl:vwn vc'flr;lwx ! ul‘mm-fnn PID-CPE
I o wtlown
ofiows sfrom-ton OBL- Personal {]
OBU_CACC ___ _ _ temimOBAADCACC 0 - Information
—————— wflows -
Device
|
b .
: I
«rrom-tnuve;-oa.u_c.kccéuva_cacc
nrl‘k::vw» aflows
| I
: |
|
|
Figure 7. Logging steps in CACC-05 test scenario
21 C-MOBILE




sd Cooperative Adaptive Cruise Control Test 2 /J

Reoadside Unit

|

I

|
k.

pricrity request()

L

- ——

priority request{)

L

priority request()

pricrity request state and
signal state()

priority request state ET-
and signal state{)

o

display state])
- _5

Acceptance criteria

Test scenario CACC-05 is considered as passed if:

-
I
I
I
I
I
I
i

/ When the message is received by the user, the user is within the relevance area of the sending RSU and
is in an urban or semi-urban environment.

3.2.3.2. Traceability Matrix

The traceability matrix is used to assist in determining the completeness of the requirements being met against
the test scenarios.

The identifier for each of the requirements is placed in the first column while the identifiers for test scenarios
are placed across the top row. When an item in the left column is related to an item across the top, a mark is
placed in the intersecting cell. The number of relationships is added up for each row and each column. This
value indicates the mapping of the two items. An empty value indicates that no relationship exists.

Test

scenarios CACC-O1

CACC-02 CACC-03 CACC-04 CACC-05

Requirements
Tested

R/S17-CACC-01
R/S17-CACC-02
R/S17-CACC-03
R/S17-CACC-04
R/S17-CACC-05
R/S17-CACC-06
R/S17-CACC-07
R/S17-CACC-08
R/S17-CACC-09

x

X X| X| X| X
X| X| X| X| X

NN N I N N Y
x| x| x| x| x
x| x| x| x| x| x

22 C-MOBILE



R/S17-CACC-10
R/S17-CACC-1
R/S17-CACC-12
R/S17-CACC-13
R/S17-CACC-14
R/S17-CACC-15
R/S17-CACC-16
R/S17-CACC-17
R/S17-CACC-18
R/S17-CACC-19

X| X| X| X| X

x
X

g g A Wl W W NN NN
x| X[ X X| X| X
X X[ X X| X| X| X| X| X| X

3.2.3.3. Communication performance - Latency

Total latency can be calculated from the moment that the service provider generates a DENM message and
the moment the DENM message is received by the vehicle or personal information device.

In the case of ETSI G5, latency between RSUs and OBUs should be measured as well.

3.2.4. Cooperative Traffic Lights for VRUs
3.2.4.1. Test Scenarios

3.2.4.1.1. Test scenario over cellular

Test Case ID CTLV-01

Test Case Totest CTLV functionality: VRUs with PIDs approach an area with traffic lights. VRUs send
Objective the priority request/notify their location to the TLC. VRUSs receive extended green time.
Applicability Using cellular networks.

C-MobILE R/SN-CTLV-01, R/SN-CTLV-02, R/ST-CTLV-03, R/S1-CTLV-04, R/SN-CTLV-06, R/S11-
RE I ERE CTLV-07, R/S1I-CTLV-08, R/SN-CTLV-12, R/S11-CTLV-13, R/S11-CTLV-14

Pre-test The in-vehicle or mobile application is installed and activated on the smart phone and
conditions running in the background.

Step | Description lgg%g;g%ent ‘ Logged data
VRUs sends the priority request, using CAM PID Generated CAM with
messages, to the CPBO. timestamp
Received
2 CPBO transfers the priority request to SPBO. SPBO QQHZEQQ%PQZEE(/‘S?PMA?%%

with timestamp

Timestamps of when

SPBO transfers the priority request to the )

3 Traffic Management System (TMS). SPBO Srge]isages are received and
TMS authenticates and authorises the request, Internal logging about

4 processes the priority request and transfers the | TLC priority handling (granted,
information to TLC. rejected, etc.)

Communication timestamp
3/4 Some DS will have the application running RSU logging and priority

locally with CAM subscriptions to the CPBO handling logging (granted,
rejected, etc.)
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Figure 7. Logging steps in CTLV-01 test scenario
Acceptance criteria

Test scenario CTLV-01is considered as passed if:

/ Latency (time elapsed between the message transmission by the service provider and the message
reception by the CPBO is lower than X ms.

/ TLC extends green light.

Note that MAP/SPAT are not officially required for CTLV, but are very convenient for logging signal changes.
A contingency plan is required if the intersection doesn’t have GLOSA deployed as well and therefore access
to those messages.

3.2.4.1.2. Test scenario over ITS-G5

Test Case ID CTLV-02

Test Case To test CTLV functionality: VRUs approach the TLC. TLC detects and counts the number
Obijective of VRUSs. TLC access the situation and extends green light for VRUs

Applicability Using ETSIITS-G5

C-MobILE R/SN-CTLV-02, R/SN-CTLV-03, R/S11-CTLV-06, R/S11-CTLV-07, R/S11-CTLV-08, R/S11-
R Ig=in=le CTLV-10, R/ST1-CTLV-1, R/SN-CTLV-12, R/S11-CTLV-13

Pre-test ) '
Sensors are installed for VRUs detection.
Step | Description | Logging component ‘ Logged data

TLC detects and counts, or receives the
number of VRUs entering in the target . .
1 detection zone of an intersection on regular TLC Roadside log file
intervals and registers a priority request
Received
2 TMC transfers the priority information to SPBO | SPBO MAPEM/SPATEM with
timestamp
Received
3 SPBO notifies the CPBO CPBO MAPEM/SPATEM with
timestamp
4 TLC extends green light TLC Roadside log file

C-MOBILE

N

4



cmpCompunent Flow /)
= == = aflows" «From-Tos TMS-DPBO_TLP= —|
o SRS AT
e
| aFram-Tes DPEO-TMS TP 2
I I
I I
wFrom-Tos TMS-Sefrom-Tos SPEO-TMS T
s forms
i I
I I
\, |
| E 3 R
“flows— o o Taw 0F0-5980_TVSP Do 3 i
L — — o= =4 From.Tos $80-0020_TLP——F00 = g
1
| i
| 1
] 1
| 1
1 |
: L_-L)u_n_'\:ﬂl_)&)_’!_ 3 sFrom Toe OPSO.MO T 9
i oflows - Personal Q
I
LI From-Tes CHHO-SPEO_TLP— «From-To MD-LPS0 TP Device i
fows Driver
(from
Sequence
Elements)

Figure 8. Logging steps in CTLV-02 test scenario

Acceptance criteria

Test scenario CTLV-02 is considered as passed if:
/ Total latency between priority request and SPBO is lower than X ms.

/ TLC extends green light.

3.2.4.2. Traceability Matrix

The traceability matrix is used to assist in determining the completeness of the requirements being met against
the test scenarios.

The identifier for each of the requirements is placed in the first column while the identifiers for test scenarios
are placed across the top row. When an item in the left column is related to an item across the top, a mark is
placed in the intersecting cell. The number of relationships is added up for each row and each column. This
value indicates the mapping of the two items. An empty value indicates that no relationship exists.

Test scenarios CTLV-01 CTLV-02
Requirements Tested

R/S11-CTLV-01 1 X

R/S11-CTLV-02 2 X X
R/S1-CTLV-03 2 X X
R/S11-CTLV-04 1 X

R/SN-CTLV-05

R/S11-CTLV-06 X X
R/S11-CTLV-07 X X
R/S11-CTLV-08 X X
R/S11-CTLV-09

R/S11-CTLV-10 2 X X
R/S11-CTLV-T 2 X X
R/S11-CTLV-12 2 X X
R/SN-CTLV-13 2 X X
R/SN-CTLV-14 2 X X
R/S1-CTLV-15 1 X

25 C-MOBILE



3.2.4.3. Communication performance - Latency

Total latency can be calculated from the moment that the Traffic Light Controller (TLC) generates a
MAPEM/SPATEM message and the moment the MAPEM/SPATEM message is received by the CPBO.

In the case of ETSI G5, latency between RSUs and OBUs should be measured as well.
3.2.5. Emergency Brake Light

3.2.5.1. Test Scenarios

3.2.5.1.1. Test scenario about Emergency Brake Light

Test Case ID EBL-01

Test Case To avoid rear end collisions, when any vehicle abruptly slows down, it switches on
Obiective emergency electronic brake lights. The service warns the local followers, in due time, so
! they can adopt their speed to avoid collision with the vehicle.

Applicability Using ETSI ITS-G5 DENM messages.

R/S16-EBL-01, R/S16-EBL-02, R/S16-EBL-03, R/S16-EBL-04, R/S16-EBL-05, R/S16-EBL-
C-MobILE 06, R/S16-EBL-07, R/S16-EBL-08, R/S16-EBL-09, R/S16-EBL-10, R/S16-EBL-11, R/S16-
PE[NIEInERE EBL-12, R/S16-EBL-13, R/S16-EBL-14 R/S16-EBL-15, R/S16-EBL-16, R/S16-EBL-17, R/S16-
EBL-18, R/S16-EBL-19, R/S16-EBL-20, R/S16-EBL-21, R/S16-EBL-22

The first vehicle abruptly slows down and sends out its vehicle state to the OBU. The
OBU processes and transmits an EBL message with relevant vehicle state information.

Pre-test

clelglelldlelg The Vehicle ITS-S is installed and activated on the Vehicle Driver’s smart phone or on-
board unit and running in the background

o Logging
Description component Logged data

The following vehicle assesses the information
1 about EBL message in smart phone or on- | OBU
board unit.

Vehicle log file with
timestamp

HMI log file (DENM,
remaining distance to
roadworks location and
timestamp when warning is
given)

Vehicle ITS-S displays the emergency braking OBU
warning and activates emergency brake lights.

Vehicle ITS-S disseminates the detected
3 emergency braking information to R-ITS-S and | RSU / OBU
other vehicles within the range.

Roadside log file or Vehicle
log file with timestamp

R-ITS-S that received the emergency braking
4 information,  sends it to the Road | RSU
Operator/Traffic Manager

Roadside log file with
timestamp

Road operator (TMS) signals the existence of a
road hazard and creates a DENM message SPBRO Generated DENM with

5 (causeCode is 98 and subCauseCode is 1). timestamp
Repeat EBL DENM while the event is active.
A vehicle is approaching the area of braked
6a vehicle from the front, the vehicle ITS-S has no OBU Vehicle log file with

reaction to EBL event or DENM message and timestamp

nothing will be displayed in the Vehicle ITS-S.

A vehicle is approaching the area of braked
vehicle in another lane and a collision risk

6b doesn't exist. The vehicle ITS-S has no reaction | OBU Vehicle log file with

to EBL event or DENM message and nothing timestamp
will be displayed in the Vehicle ITS-S.
When the originating ITS station detects the
7 event has finished, shall send out a cancellation | SPBO DENM with timestamp

DENM

C-MOBILE
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Hows

Personal g)
Information
Device

Acceptance criteria

Test scenario EBL-01is considered as passed if:

/ All following vehicles in a local area and in the same direction are warned about emergency braking
from preceding vehicle/s and it is displayed on the Vehicle ITS-S. If a vehicle that is approaching from
the front nothing will be displayed in the Vehicle ITS-S (R/S16-EBL-03)

/ The delay between detection of an emergency brake in the braking vehicle until reception of the
message in surrounding vehicles in communication range should be less than 50 ms. (R/S16-EBL-01)

/ DENM message shall contain information about the EBL event: Valid time, current position of
detecting vehicle and risk assessment valid time. ((R/S16-EBL-08, R/S16-EBL-11, R/S16-EBL-12)

/ DENM message shall be send with a determinate transmission latency and within a transmission area.
(R/S16-EBL-09, R/S16-EBL-10)

Test Case ID EBL-02

Test Case To avoid rear end collisions, when any vehicle abruptly slows down, it switches on
Obiective emergency electronic brake lights. The service warns the local followers, in due time, so
! they can adopt their speed to avoid collision with the vehicle.

Applicability Using ETSIITS-G5
C-MobILE R/S16-EBL-01, R/S16-EBL-02, R/S16-EBL-03, R/S16-EBL-04 R/S16-EBL-10, R/S16-EBL-13,
R IInERE R/S16-EBL-14, R/S16-EBL-20, R/S16-EBL-21, R/S16-EBL-22
The first vehicle abruptly slows down and sends out its vehicle state to the OBU. The
OBU processes and transmits and EBL message with relevant vehicle state information.

Pre-test

B e The Vehicle ITS-S is installed and activated on the Vehicle Driver's smart phone or on-

board unit and running in the background.

Logging

Description component

Logged data

The following vehicle assesses the information
about EBL message in smart phone or on-
board unit. It also assesses CAM information
about vehicle state information

Vehicle log file with
timestamp
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HMI log file (DENM,
remaining distance to

Vehicle ITS-S displays the emergency braking .
2 warning and activates emergency brake lights. OBU ’Ei?“ggg\t/grﬁg Iﬁﬁgﬂo\gaargﬁ]g is
given)

Vehicle ITS-S disseminates the detected
3 emergency braking information to R-ITS-S and | RSU / OBU
other vehicles within the range.

Roadside log file or Vehicle
log file with timestamp

R-ITS-S that received the emergency braking
4 information, sends it to the Road
Operator/Traffic Manager

Roadside log file with
RSU timestamp

«mp EBL Component Flow

from-toe CPBO - SPRO_ER

|
|
!
|
wfrom tos SPRO-TMS_C8L
'
«flows

-—— SO ORIE. S

«from tos VEE-OBU_ERL
ows

= @

Test scenario EBL-02 is considered as passed if:

Acceptance criteria

/ The vehicle/s that are approaching from the front, they are not warned about emergency braking
and nothing will be displayed in the Vehicle ITS-S (R/S16-EBL-03)

/ DENM message shall contain information about the EBL event: Valid time, current position of
detecting vehicle and risk assessment valid time. ((R/S16-EBL-08, R/S16-EBL-11, R/S16-EBL-12)

/ DENM message shall be send with a determinate transmission latency and within a transmission area.
(R/S16-EBL-09, R/S16-EBL-10)

3.2.5.2. Traceability Matrix

The traceability matrix is used to assist in determining the completeness of the requirements being met against
the test scenarios.

The identifier for each of the requirements is placed in the first column while the identifiers for test scenarios
are placed across the top row. When an item in the left column is related to an item across the top, a mark is
placed in the intersecting cell. The number of relationships is added up for each row and each column. This
value indicates the mapping of the two items. An empty value indicates that no relationship exists.
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estod 2 0
R/S16-EBL-01 2 X X
R/S16-EBL-02 2 X X
R/S16-EBL-03 2 X X
R/S16-EBL-04 2 X X
R/S16-EBL-05 1 X
R/S16-EBL-06 1 X
R/S16-EBL-07 1 X
R/S16-EBL-08 1 X
R/S16-EBL-09 1 X
R/S16-EBL-10 2 X X
R/S16-EBL-11 1 X
R/S16-EBL-12 1 X
R/S16-EBL-13 2 X X
R/S16-EBL-14 1 X
R/S16-EBL-15 1 X
R/S16-EBL-16 1 X
R/S16-EBL-17 1 X
R/S16-EBL-18 1 X
R/S16-EBL-19 1 X
R/S16-EBL-20 2 X X
R/S16-EBL-21 2 X X
R/S16-EBL-22 2 X X

3.2.5.3. Communication performance - Latency
Total latency can be calculated from the moment a request is sent to the moment the reply is received.

In the case of cellular communication, latency is highly dependent on the network, which is out of scope of C-
MobILE. Nevertheless the time the Open Data server needs for processing the request (from the moment it is
received to when the reply is sent) will be measured.

3.2.6. Emergency Vehicle Warning
3.2.6.1. Test Scenarios

3.2.6.1.1. Test scenarios over cellular

Test Case ID EVW-01

Test Cage To test EVW Situation 1 for the connected case: The emergency vehicle is approaching
Obiective the equipped vehicle from behind and will overtake it soon. The equipped vehicle has to
! give way or speed up in order to not block the emergency vehicle.

Applicability Using cellular networks.
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R/SO6-EVW-01, R/SO6-EVW-02, R/SO6-EVW-03, R/SO6-EVW-04, R/S06-EVW-05,
R/SO6-EVW-07, R/SO6-EVW-08, R/S06-EVW-09, R/SO06-EVW-10, R/S06-EVW-TI,
R/S06-EVW-12, R/SO6-EVW-13, R/S06-EVW-14

The in-vehicle or mobile application is installed and activated on the driver’s vehicle or
Pre-test smart phone and running in the background.

conditions

C-MobILE
Requirements

The emergency vehicle is registered in the Service Provider Exchange System and is able
to send CAM messages to the Service Provider Back Office.

L "
Cg%gp'g% S Logged data

The Personal Information Device (PID) of the . . .

1 emergency vehicle sends a CAM message to | PID EOAth:IeWétF)hBte)mestamp Is sent
the Service Provider Back Office (SPBO)
Service Provider Back Office (SPBO) receives . ' .

2 CAM message from Personal Information | SPBO CAM. Wghbtwpﬁstggé%s
device (PID) receivea by the

Service Provider Back Office (SPBO) forwards
3 the message to the Communication Provider | SPBO CAM with timestamp
Back Office (CPBO)

The Communication Provider Back Office

(CPBO) uses the GeoMessaging and Received CAM/DENM

4 “broadcasts” the original CAM message or a | PID message with reception
CAM-based DENM message to the relevant timestamp
vehicles.
Vehicle shows warning in HMI. The vehicle
driver receives timely an awareness message HMI log file ( timestamp
on the in-vehicle display. This message when warning is given,

5 includes the remaining distance (or time) for | PID remaining distance for
emergency vehicle to reach the vehicle’'s emergency vehicle to reach
location. It can also provide driving the vehicle’s location)

recommendation (e.g. lane or speed change).
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Figure 9. Logging steps in EVW-01 test scenario

Acceptance criteria

Test scenario EVW-0T1 is considered as passed if:

/ Latency (time elapsed between the message transmission by the service provider and the message
reception by the vehicle or personal information device) is lower than X ms.

/ The private vehicle driver receives an awareness message on the in-vehicle display. This message
should include the remaining distance (or time) for emergency vehicle to reach the vehicle’s location.

/ When the warning is given to the user, the user is within the relevance area of the DENM message.
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Test Case ID EVW-02

To test EVW Situation 2 for the connected case: The emergency vehicle is approaching
Test Case the equipped vehicle slanted from the front. The equipped vehicle has to expect the
Objective emergency vehicle passing a nearby intersection from the left or from the right. Priority
has to be given.

Applicability Using cellular networks.

C-MobILE R/SO6-EVW-01, R/S06-EVW-02, R/S06-EVW-03, R/S06-EVW-04, R/S0O6-EVW-05,
[ T R/SO06-EVW-07, R/SO6-EVW-08, R/SO6-EVW-09, R/SO6-EVW-10, R/SO6-EVW-],
9 R/SO06-EVW-12, R/S06-EVW-13, R/SO6-EVW-14

The in-vehicle or mobile application is installed and activated on the driver’s vehicle or
Pre-test smart phone and running in the background.

conditions The emergency vehicle is registered in the Service Provider Exchange System and is
able to send CAM messages to the Service Provider Back Office.

Logging

Description component

Logged data

The Personal Information Device (PID) of the
1 emergency vehicle sends a CAM message to
the Service Provider Back Office (SPBO)

PID CAM with timestamp is
sent to the SPBO

Service Provider Back Office (SPBO) receives CAM with timestamp is

2 geAvl\iflcer?pelst)age from Personal Information | SPBO received by the SPBO
Service Provider Back Office (SPBO)
3 forwards the message to the Communication | SPBO CAM with timestamp

Provider Back Office (CPBO)

The Communication Provider Back Office

(CPBO) uses the GeoMessaging and Received CAM/DENM

4 “broadcasts” the original CAM message or a | PID message with reception
CAM-based DENM message to the relevant timestamp
vehicles.
Vehicle shows warning in HMI. The vehicle
driver receives timely an awareness message HMI log file ( timestamp
on the in-vehicle display. This message when warning is given,

5 includes the remaining distance (or time) for | PID remaining distance for
emergency vehicle to reach the vehicle’s emergency vehicle to reach
location. It can also provide driving the vehicle’s location)

recommendation (e.g. lane or speed change).
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Figure 10. Logging steps in EVW-02 test scenario

Acceptance criteria

Test scenario EVW-02 is considered as passed if:

/ Latency (time elapsed between the message transmission by the service provider and the message
reception by the vehicle or personal information device) is lower than X ms.

/ The private vehicle driver receives an awareness message on the in-vehicle display. This message
should include the remaining distance (or time) for emergency vehicle to reach the vehicle’s
location.

/ When the warning is given to the user, the user is within the relevance area of the DENM message.

Test Case ID EVW-03

To test EVW Situation 3 for the connected case: The emergency vehicle is approaching
Test Case from the front and will pass by soon. The equipped vehicle must be aware of an
Objective overtaking emergency vehicle and give way to it or to other vehicles trying not to block
the emergency vehicle.

Applicability Using cellular networks.

C-MobILE R/SO6-EVW-01, R/S06-EVW-02, R/S06-EVW-03, R/S06-EVW-04, R/S06-EVW-05,
e ey R/SO6-EVW-07, R/S06-EVW-08, R/S06-EVW-09, R/S06-EVW-10, R/SO6-EVW-1,
9 R/SO6-EVW-12, R/S06-EVW-13, R/SO6-EVW-14

The in-vehicle or mobile application is installed and activated on the driver’s vehicle or
Pre-test smart phone and running in the background.

conditions The emergency vehicle is registered in the Service Provider Exchange System and is
able to send CAM messages to the Service Provider Back Office.

Logging
component

Description Logged data

The Personal Information Device (PID) of the
1 emergency vehicle sends a CAM message to | PID
the Service Provider Back Office (SPBO)

Service Provider Back Office (SPBO) receives

CAM with timestamp is
sent to the SPBO

CAM with timestamp is

2 (dZeAVl\iflcer?glsSSage from Personal Information | SPBO received by the SPBO
3 SPBO forwards the message to the SPRO CAM with timestamp

Communication Provider Back Office (CPBO)

C-MOBILE
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The Communication Provider Back Office

(CPBO) uses the GeoMessaging and Received CAM/DENM

4 “broadcasts” the original CAM message or a | PID message with reception
CAM-based DENM message to the relevant timestamp
vehicles.
Vehicle shows warning in HMI. The vehicle
driver receives timely an awareness message HMI log file ( timestamp
on the in-vehicle display. This message when warning is given,

5 includes the remaining distance (or time) for | PID remaining distance for
emergency vehicle to reach the vehicle’s emergency vehicle to reach
location. It can also provide driving the vehicle’s location)

recommendation (e.g. lane or speed change).
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Figure 11. Logging steps in EVW-02 test scenario

Acceptance criteria
Test scenario EVW-03 is considered as passed if:

/ Latency (time elapsed between the message transmission by the service provider and the message
reception by the vehicle or personal information device) is lower than X ms.

/ The private vehicle driver receives an awareness message on the in-vehicle display. This message
should include the remaining distance (or time) for emergency vehicle to reach the vehicle’s
location.

/ When the warning is given to the user, the user is within the relevance area of the DENM message.

3.2.6.1.2. Test scenario over ITS-G5

Test Case ID EVW-04

Test Case To test EVW Situation 1 for the cooperative case: The emergency vehicle approaching
Obiective the equipped vehicle from behind and will overtake the vehicle soon. The equipped
! vehicle has to give way or speed up in order to not block the emergency vehicle.

Applicability Using ETSIITS-G5 DENM messages

R/SO6-EVW-01, R/S06-EVW-02, R/SO6-EVW-03, R/S06-EVW-04, R/SO6-EVW-06,
R/SO06-EVW-07, R/SO6-EVW-08, R/SO6-EVW-09, R/SO6-EVW-10, R/SO6-EVW-1,
R/SO06-EVW-12, R/S06-EVW-13, R/SO6-EVW-14

Pre-test The in-vehicle or mobile application is installed and activated on the driver’s vehicle or
conditions smart phone and running in the background.

C-MoblLE
Requirements
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The emergency vehicle is registered in the Service Provider Exchange System and is
able to send CAM messages to the RSU.

A RSU is installed in the range of the emergency vehicle.

o Logging
Step | Description component ‘ Logged data
The On Board Unit (OBU) of the emergency CAM with timestamp is
1 vehicle disseminates a CAM message, via the | OBU sent by the OBU of the
interface OBU-OBU_EVW emergency vehicle.

Roadside Unit receives CAM message and
converts it into a DENM message. RSU RSU CAM with timestamp is
disseminates the DENM message down to the received by the RSU

vehicles in the relevance zone.

2a

CAM/DENM message is received by nearby

b equipped stations (vehicles and Roadside OBU CAM/DENM with
Units) in the communication range of the received timestamp

sending emergency vehicle.

Vehicle shows warning in HMI. The vehicle
driver receives timely an awareness message
on the in-vehicle display. This message
3 includes the remaining distance (or time) for | OBU
emergency vehicle to reach the vehicle’s
location. It can also provide driving
recommendation (e.g. lane or speed change).
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Figure 12. Logging steps in EVW-04 test scenario

Acceptance criteria

Test scenario EVW-04 is considered as passed if:
/ Latency between RSU and vehicle is lower than 100 ms (R/S06-EVW-06).

/ The private vehicle driver receives an awareness message on the in-vehicle display. This message
should include the remaining distance (or time) for emergency vehicle to reach the vehicle’s
location.

/ When the warning is given to the user, the user is within the relevance area of the DENM message.

Test Case ID EVW-05

Test Case To test EVW Situation 2 for the cooperative case: The emergency vehicle is
Objective approaching the equipped vehicle slanted from the front. The equipped vehicle has to

C-MOBILE



expect the emergency vehicle passing a nearby intersection from the left or from the
right. Priority has to be given.

Applicability Using ETSIITS-G5 DENM messages

R/SO6-EVW-01, R/S06-EVW-02, R/S0O6-EVW-03, R/S06-EVW-04, R/SO6-EVW-06,
R/SO06-EVW-07, R/SO6-EVW-08, R/SO6-EVW-09, R/SO06-EVW-10, R/SO6-EVW-],
R/SO06-EVW-12, R/S06-EVW-13, R/SO6-EVW-14

The in-vehicle or mobile application is installed and activated on the driver’s vehicle or
smart phone and running in the background.

C-MobILE
Requirements

Pre-test

conditions The emergency vehicle is registered in the Service Provider Exchange System and is

able to send CAM messages to the RSU.
A RSU is installed in the range of the emergency vehicle.

Logging
component

Description Logged data

The On Board Unit (OBU) of the emergency CAM with timestamp is
1 vehicle disseminates a CAM message, via the | OBU sent by the OBU of the
interface OBU-OBU_EVW emergency vehicle.

Roadside Unit receives CAM message and

2a converts it into a DENM message. RSU RSU CAM with timestamp is
disseminates the DENM message down to the received by the RSU

vehicles in the relevance zone.

CAM/DENM message is received by nearby
b equipped stations (vehicles and Roadside

Units) in the communication range of the
sending emergency vehicle.

CAM/DENM with

OBU received timestamp

Vehicle shows warning in HMI. The vehicle
driver receives timely an awareness message
on the in-vehicle display. This message
3 includes the remaining distance (or time) for
emergency vehicle to reach the vehicle’s
location. It can also provide driving
recommendation (e.g. lane or speed change).
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Figure 13. Logging steps in EVW-05 test scenario
Acceptance criteria

Test scenario EVW-05 is considered as passed if:
/ Latency between RSU and vehicle is lower than 100 ms (R/SO6-EVW-06).
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/ The private vehicle driver receives an awareness message on the in-vehicle display. This message
should include the remaining distance (or time) for emergency vehicle to reach the vehicle’s
location.

/ When the warning is given to the user, the user is within the relevance area of the DENM message.

Test Case ID EVW-06

To test EVW Situation 3 for the cooperative case: The emergency vehicle is
Test Case approaching from the front and will pass by soon. The equipped vehicle must be aware
Objective of an overtaking emergency vehicle and give way to it or to other vehicles trying not
to block the emergency vehicle.

Applicability Using ETSI ITS-G5 DENM messages

R/S06-EVW-01, R/S06-EVW-02, R/S06-EVW-03, R/S06-EVW-04, R/S06-EVW-06,
R/S06-EVW-07, R/SO6-EVW-08, R/S06-EVW-09, R/S06-EVW-10, R/SO6-EVW-1,
R/S06-EVW-12, R/SO6-EVW-13, R/S06-EVW-14

The in-vehicle or mobile application is installed and activated on the driver’s vehicle or
smart phone and running in the background.

C-MobILE
Requirements

Pre-test

conciors The emergency vehicle is registered in the Service Provider Exchange System and is

able to send CAM messages to the RSU.
A RSU is installed in the range of the emergency vehicle.

Logging

Description component

Logged data

The On Board Unit (OBU) of the emergency CAM with timestamp is

1 vehicle disseminates a CAM message, via the | OBU sent by the OBU of the
interface OBU-OBU_EVW emergency vehicle.
Roadside Unit receives CAM message and

2a converts it into a DENM message. RSU RSU CAM with timestamp is

disseminates the DENM message down to the
vehicles in the relevance zone.

received by the RSU

CAM/DENM message is received by nearby
b equipped stations (vehicles and Roadside

Units) in the communication range of the
sending emergency vehicle.

CAM/DENM with

OBU received timestamp

Vehicle shows warning in HMI. The vehicle
driver receives timely an awareness message
on the in-vehicle display. This message
3 includes the remaining distance (or time) for | OBU
emergency vehicle to reach the vehicle’s
location. It can also provide driving
recommendation (e.g. lane or speed change).

HMI log file (timestamp
when warning is given,
remaining distance for
emergency vehicle to
reach the vehicle’s
location)
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Figure 14. Logging steps in EVW-05 test scenario

Acceptance criteria

Test scenario EVW-06 is considered as passed if:
/ Latency between RSU and vehicle is lower than 100 ms (R/S06-EVW-06).

/ The private vehicle driver receives an awareness message on the in-vehicle display. This message
should include the remaining distance (or time) for emergency vehicle to reach the vehicle’s
location.

/ When the warning is given to the user, the user is within the relevance area of the DENM message.

3.2.6.2. Traceability Matrix

The traceability matrix is used to assist in determining the completeness of the requirements being met against
the test scenarios.

The identifier for each of the requirements is placed in the first column while the identifiers for test scenarios
are placed across the top row. When an item in the left column is related to an item across the top, a mark is
placed in the intersecting cell. The number of relationships is added up for each row and each column. This
value indicates the mapping of the two items. An empty value indicates that no relationship exists.

Test
scenarios
Requirements
Tested
R/S06-EVW-01 6 X X X X X X
R/SO6-EVW-02 6 X X X X X X
R/S06-EVW-03 6 X X X X X X
R/S06-EVW-04 6 X X X X X X
R/S06-EVW-05 3 X X X
R/S06-EVW-06 3 X X X
R/S06-EVW-07 6 X X X X X X
R/S06-EVW-08 6 X X X X X X
R/SO6-EVW-09 6 X X X X X X
R/SO6-EVW-10 6 X X X X X X
R/SO6-EVW-T1 6 X X X X X X
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R/SO6-EVW-12 6 X X X X X X
R/SO6-EVW-13 6 X X X X X X
R/SO6-EVW-14 6 X X X X X X

3.2.6.3. Communication performance - Latency

Total latency can be calculated from the moment that the service provider generates a DENM message and
the moment the DENM message is received by the vehicle or personal information device.

In the case of ETSI G5, latency between RSUs and OBUs should be measured as well.
3.2.7. Flexible Infrastructure

3.2.7.1. Test Scenarios

3.2.7.1.1. Test scenario: Dynamic Lane Management over cellular

Test Case ID FI-01

To test Flexible Infrastructure functionality: Vehicle enters and passes area where there
are dynamic lanes within the driving direction. While approaching the dynamic lanes,
vehicle drivers receive related lane information, warnings and/or guidance on the in-
vehicle display or smartphone indicating if they are allowed to use it.

Applicability Using cellular networks.

C-MobILE R/S12-FI-02, R/S12-FI-03, R/S12-FI-04, R/S12-FI-06, R/S12-FI-07, R/S12-FI-08, R/S12-FI-
RECINTEERIE 10, R/S12-FI-11, R/S12-FI-12

Test Case
Obijective

The in-vehicle or mobile application is installed and activated on the driver’s vehicle or
Pre-test smart phone and running in the background.

conditions . )
The roadworks are informed by the corresponding Road Operator.

Step | Description Logging

‘ Logged data

component
. ) o . Dynamic lanes info is
Dynamic lanes info is disseminated by the Data - :

1 ! : SPBO received by the SPBO with
Provider Back Office to the SPBO timestamp

5 SPBO signals the existence of a location with SPRO Generated MAPEM with
dynamic lanes information to the CPBO timestamp
Vehicle enters the range area defined by the . .

3 Flexible Infrastructure service and receives | PID Seec%elzi%dn méESEtl\gnv:”th
MAPEM messages. P P
Vehicle shows warning in HMI since his position HMI log file (MAPEM,
and direction matches the MAPEM information. remaining distance to

4 This message includes: the remaining distance | PID dynamic lanes location and
(or time) to reach the dynamic lanes location timestamp when warning is
and which lanes are allowed for the vehicle. given)
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Figure 15. Logging steps in FI-O1 test scenario

Acceptance criteria
Test scenario FI-O1is considered as passed if:

/ Latency (time elapsed between the message transmission by the service provider and the message
reception by the vehicle or personal information device) is lower than X ms.

/ A warning is displayed to the user with the distance to the location of the dynamic lanes.
/ A warning is displayed to the user indicating which lanes the vehicle is allowed to use.

/ When the warning is given to the user, 