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PROJECT EXECUTIVE SUMMARY

5G advanced and 6G aim to expand the set of supported verticals and provide enhanced capabilities beyond
connectivity. Already, 5G System (5GS) has been built as a modular architecture to support any vertical
running on top in a vertical-agnostic manner. In this context, Connected Automated Mobility (CAM) vertical
services, have emerged as a broad range of services in and around vehicles, including both safety-related
and other services enabled or supported by the 5GS. However, it is realized that certain verticals (like CAM)
have specific and strict requirements. Thus, although significant progress has been made in supporting
verticals, the corresponding necessary configuration of the network and end-devices is a time-consuming
manual process that requires tight coordination at technical and business levels across the verticals, the
vendors, the network operator, and even the end-users. This hinders not only the greater adoption of 5GS
but also the uptake of novel CAM use cases (UCs) and the modernization of existing ones that require a
tighter integration with the underlying network.

The main objective of ENVELOPE is to advance and open up the reference 5G advanced architecture, and
also to transform it into a vertical-oriented one with the necessary interfaces tailored to the CAM UCs that i)
expose network capabilities to verticals, ii) provide vertical-information to the network; iii) enable verticals to
dynamically request and modify certain network aspects in an open, transparent and easy to use, semi-
automated way. ENVELOPE will build APIs that act as an intermediate abstraction layer that translate the
complicated 5GS interfaces and services into easy to consume services accessible by the vertical domain.
The experimentation framework and the main innovations developed in the project are: Multi-access Edge
Computing (MEC) with service continuity support, zero-touch management, multi-connectivity and predictive
Quiality of Service (pQoS).

It will deliver 3 large-scale Beyond 5G (B5G) trial sites in Italy, the Netherlands and Greece supporting novel
vertical services, with advanced exposure capabilities
While the focus is on the CAM vertical, the developments from the UCs will be applicable to any vertical. The
ENVELOPE architecture will serve as an envelope that can cover, accommodate and support any type of
vertical services. The applicability of ENVELOPE capabilities will be demonstrated via the project CAM UCs
and via at least 9 open call projects.

Social Media links:

m @envelope-project

For further information please visit www.envelope-project.eu
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DELIVERABLE EXECUTIVE SUMMARY

The primary objective of Deliverable 2.1 is to refine and specify the UCs relevant to the ENVELOPE project,
which aims to advance the integration of B5G networks with vertical industries, particularly focusing on CAM.
This document provides a detailed analysis of the various UCs, across the Italian, Dutch and Greek living
labs. Each UC includes a high-level problem description identifying the major challenges and providing a
short gap analysis. Scenarios are presented, followed by message information flows from the service layer
perspective. Additionally, functional and non-functional requirements are derived based on a preliminary list
of roles within the ENVELOPE ecosystem. Although the six UCs cover a variety of CAM directions (e.g.,
dynamic collaborative mapping, digital twins, and data-sharing for real time situation awareness) they all
share a common vision within the ENVELOPE project: to demonstrate the simplification and openness of the
B5G reference architecture to the CAM vertical, bridging the gap between verticals and mobile networks.

The clear definition and analysis of the UCs, along with the derived requirements, will drive the realization of
the ENVELOPE system requirements and specifications (to be detailed in D2.2) and guide subsequent
implementation activities in WP3. This document is the first deliverable of WP2 - Architecture, Requirements,
and Specifications and will be followed by two additional deliverables: D2.2 - ENVELOPE Platform
Architecture Requirements and Specification (due in Month 12), and D2.3 - ENVELOPE Availability and
Cooperation Enablers Definition and Evaluation Data Specifications (also due in Month 12).
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User Plain Function
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Vulnerable Road Users
Vehicle-to-Network

Vehicle-to-Everything
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1 INTRODUCTION

The evolution towards Beyond 5G (B5G) networks marks a pivotal transformation in telecommunications and
network infrastructure. Unlike earlier incremental technological advances, B5G introduces a fundamental
shift in how networks engage with various industry verticals. The ENVELOPE project takes a leading role in
addressing the intricate challenges posed by this shift primarily focusing on Connected Automated Mobility
(CAM). To this end, the project aims to bridge the gap between the network and service information domains,
enabling the dynamic allocation of network resources by the vertical service and the integration of vertical-
specific information with network services. This points towards a network Figure 1-1architecture designed to
be both flexible and scalable, catering not only to CAM services but also to a broad range of vertical
industries. Figure 1-1 below presents a preliminary sketch of this architecture depicting the identified areas
of interaction between the network and vertical service domains (see ENVELOPE API areas).

Network/service management & orchestration

ENVELOPE API Interfaces
User plane
N i eeeee—— Control plane

5G Advanced core

E
N
v
E
L
o
P
E

App :
i i Internet
= | (centralized)

UE ENVELOPE AP !

A CAM

MODEM Tocaluser b Ip server

Central user
plane (UPF) [ St |

(UPF)

CAM

Local v

Figure 1-1. ENVELOPE High-level architecture

Within this initially established context, ENVELOPE focuses on a series of CAM services with the purpose
of (1) driving the detailed specification of requirements that shape the aforementioned interaction between
the network and the vertical services domains; (2) providing the realistic environment for the validation of
E NV E L O Reehna@ogical innovations in large-scale trials across three major sites in Italy, the Netherlands,
and Greece. The ltalian site explores advanced in-service reporting for automated driving vehicles (AVs)
and dynamic collaborative mapping for automated driving, emphasizing real-time accident data reporting and
continuous High Definition (HD) map updates. The Dutch site investigates periodic vehicle data collection for
improving digital twins (DT), vehicle testing with mixed reality, and tele-operated driving aided by DT,
highlighting enhanced vehicle design, real-time testing, and safe remote vehicle manoeuvring. The Greek
site focuses on MEC service handover between multiple mobile network operators, ensuring seamless
service continuity exploring data sharing for real-time situation awareness UC. These UCs collectively aim
to enhance safety, efficiency, and reliability in automated and connected mobility through advanced B5G
network capabilities. Table 1.1 summarizes UCs per trial site and the key participants.

ENVELOPE Deliverable D2.1: UCs



EN = ELOPE

This document provides a comprehensive analysis of the UCs that will serve both as valuable input to
architectural design, and as a crucial validation tool, ensuring that the ENVELOPE architecture meets the
challenges of the B5G era while offering valuable insights that are transferable to other vertical industries,
beyond CCAM. The core objectives of this manuscript include:
1 Specification of UC functionality including workflows, scenarios and context in which they take place
1 Establish understanding of challenges and opportunities emerging for UCs in the context of B5G
networks and the already anticipated (or even targeted) technological innovations.
1 Translate challenges and opportunities into concrete functional and non-functional requirements of
the UCs, with the purpose of driving the shaping of the ENVELOPE architecture

Table 1.1. Summary of ENVELOPE UCs.

Site UC # UC title Key Participants
It-UC1 Advanced In-Service Reporting for HPE, TIM, LINKS, NXW, TEO,
Automated Driving Vehicles COTO
[t-UC2 Dynamic Collaborative Mapping for

Automated Driving

Dt-UC3 Periodic vehicle data collection for TNO, CMS, SISW, KPN
improving DT, e.g., for predictive
maintenance
Dt-UC4 Vehicle testing with mixed reality
Dt-UC5 Tele-operated driving aided by DT
Gr-Uce MEC service handover between COSM, NCRSD, ICCS, FOGUS,
multiple MNOs ISFM

1.1 ENVELOPE Stakeholders and Roles

To ensure successful mass-market adoption of 5G-enabled CAM services, a wide set of aspects beyond the
pure technical capabilities, such as liability, safety, data management and ownership, have a pivotal impact.
These aspects can be derived by considering the overall ecosystem and the involved stakeholders for the
identification of respective constraints, obligations, and requirements so that to perform a holistic network
and application design.

While the comprehensive analysis of stakeholders and actors will be conducted in Task 7.1 fiMarket research
and actor-role analysisq providing deeper insights into their roles, interactions, and requirements within the
ENVELOPE ecosystem, this section sets the basic background so that to safeguard an all-encompassing
requirements elicitation process. As a basic definition, a stakeholder (or actor in 3GPP terms), is a party
that holds a business interest or concern in the ecosystem, where as a role is the expected function
performed by a stakeholder in the ecosystem, and it is indeed possible for a single stakeholder to assume
various roles. It is thus important to start by acknowledging the ecosystems that are relevant to the project
objectives, and survey the stakeholder analysis as already proposed by the industry and research best
practices. In ENVELOPE we address the following domains:

1 5G & Vertical Domain, focusingto i Cr eat e new business model s
innovative use of cross-sector data and across verticals through open-c a |. [F& éhis domain,

ENVELOPE Deliverable D2.1: UCs
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extensive analysis of the stakeholders and their roles has been performed as part of the 5G PPP
work, with the most recent revision published in 2023 by 6G-IA and NetworldEurope [13].

1 CAM Domain,t oAddiess business and technical limitations of existing 5G-advanced systems for
critical applications like CAM and ITS services0 Extensive work is undergone by various entities, the
5G Automotive Association (5GAA), 5G PPP & 6G SNS projects, and a good synopsis of this work
through the CAM perspective from 5G to 6G is available in the respective 6G SNS IA whitepaper
[14].

1 Experimentation Domain, addressing the development of iex per i mentati on as
Inspiration for the analysis of the stakeholders and roles in this ecosystem is seek in the work
performed by previous HORIZON projects (such as 5GENESIS?, EVOLVED-5G?) and the on-going
SNS Stream-C projects (such as 6G-SANDBOX3).

It is evident from the above background that a large set of business stakeholders exist, with various roles per
domain that can be interleaved or duplicated per case. Since the stakeholderséanalysis is heavily dependent
on a mature business and market analysis for the appropriate streamlining, we need first focus to identify the
core functions that are envisaged, a.k.a. the ENVELOPE frolesoforeseen, irrespectively of who shall be the
accountable owner to undertake each, an analysis that shall follow i n  WBUsiness analysis and
sustainability strategya In this respect the primary roles considered and examined for the requirements
elicitation process, both in terms of the application/use cases as well as the platform specifications can be
summarized as follows:

1 Mobile Network Provider/MNO: The mobile network provider is the owner of the spectrum bands
utilized, manages whole or part of the network infrastructure (including radio access, transmission
and core segments; for simplicity, at this early stage, the MNO is also assumed to own and manage
the edge compute infrastructure), and is ensuring the appropriate QoS for connectivity. This role is
fundamental in all identified ecosystems.

1 CAM Service Provider: Offers connected and automated mobility services, leveraging B5G
capabilities to enhance Vehicle-to-Everything (V2X) communication, safety, and efficiency. The CAM
service provider is core in the CAM ecosystem and is the instantiation of the vertical role of the 5G
ecosystem.

1 Application Developer (Vertical): Develops applications tailored to the specific needs of the CAM
vertical, integrating advanced features enabled by B5G networks. While the role is primarily driven
by the CAM ecosystem considerations, Developer capabilities and skills are considered in all
identified ecosystems. As homologation (certification) becomes important to achieve regulated data
exchanges especially while crossing domains [14], the experimentation domain that is focusing on
assuring the quality of the develop-build-test software lifecycle has an important impact.

1 End User: Utilizes the CAM services and applications, benefiting from improved connectivity, safety
features, and overall driving experience. The end-user contributes to all ecosystems, controlling the
end user equipment.

1 Platform/Testbed Operator: Manages a controlled environment that hosts CAM services and
applications, ensuring seamless operation and integration with the network. Practically platform
operators integrate activities from other roles (e.g., Mobile Network Provider and CAM Service
Provider) into an operational system with well-defined boundaries (either technological,

1 https://5genesis.eu/
2 https://evolved-5g.eu/
3 https://6g-sandbox.eu/
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geographical, or user-oriented). While relevant for all, interesting requirements for this role is
provided by the Experimentation domain.

Tester/Experimenter: Conducts testing and validation of CAM services and applications to ensure
they meet performance, safety, and reliability standards. This role is specifically important for the
Experimentation domain, practically leading to the automation and continuous integration capabilities
further analyzedi n  DENVRLORE platform architecture requirements and specificationo .

The requirements analysis that follows, takes into consideration the above core roles, so that to ensure
the proper and balanced identification of the appropriate UC specifications. A complete and detailed
analysis of the overall stakeholderséenvironment, with focus on the market and business plane shall
follow in other tasks.

1.2 Use Cases Definition Structure

The structure of each UC description has been fixed to ensure coherency and ease-of-readability for the
reader. More specifically, a brief summary of what should be described within each UC is provided below.

il

il

Scenario, context and workflows presents a detailed description of the UC scenario and provides

the reader with an understanding of the motivation behind the corresponding trialing.

How can beyond 5G networks benefit the UC: provides an explanation on how the targeted UC

is enabled by the initially identified focus areas of ENVELOPE for B5G networks (see previous).

What are the challenges and the limitations?

Requirements analysis per UC: specifies requirements that focus on the specificities of each UC

related to the CAM service. UC owners identify/list per UC the roles of stakeholders who may be

impacted by the UC and provide the expected/potential benefits for them. A simple classification of
requirements to functional and non-functional is following:

1 Functional Requirements (FR): Requirements that are related to features and functionalities
expected. They describe what the end service must do, expected features and end-user
experience.

1 Non-Functional Requirements (NFR): They capture the engineering requirements that the
network must support for the execution of the UC (e.g., the appropriate computational resources
necessary to host an applicati on c o)nheynesgribe
general properties of the system, and they are strongly related to the architecture and other
technical considerations. NFR categories may span but not restricted into General/Design
Constraints, Accessibility and Performance (e.g., throughput, availability, reliability/redundancy,
scalability, maintainability) Requirements, Data Quality, Privacy and Security, Compliance to
standards, etc.

ENVELOPE Deliverable D2.1: UCs
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2 ITALIAN SITE UC ANALYSIS

2.1 Problem description for all use-cases of the Italian site

The Italian UCs focus on experimenting with the dynamicity of B5G/6G systems for accommodating the
varying communication and computing needs of vehicles and edge-side applications. In both UCs, vehicles
need different communication capabilities since they have to send raw sensor data to edge applications when
specific events happen. This implies that the network should be reconfigured to allocate networking and
computing resources for the sensor data sharing and the related processing at the edge.

In 1t-UC1, the triggering event is an accident and sensor data are sent to reconstruct the accident scene to
support first responders and legal aspects. The sharing of sensor data in 1t-UC2 is instead triggered by a
change in the surrounding road environment that implies updating the HD maps used by AVs.

The UCs6 d e mo n gequirestaiflaxinle B5G/6G network and orchestration capabilities to provide full
automation at the service, network and resource level. The B5G/6G network and the orchestration
functionalities should interact via specific interfaces to achieve the overall system configuration that can
support the vehicles and the applications. This includes all Network, (Vertical) Service and Edge/Cloud
Continuum domains, as also sketched in the high-level illustration of Figure 2-1.

Orchestration Multi-Edge Service Orchestration
&Monitoring & Multi-Layer Closed-Loop Automation
MAuIti—Layer, Network Mgt & Ctrl App. Provisioning &
multi-domain KPIs Commands | Oper. Commands
Service and Application Service & Network Network Orchestrator & Edge/Cloud Continuum
Metrics and KPIs Monitoring _Slice Manager Resource Orchestrator
Mobile Network * Network QoS— Edge UPF Provisioning, MUlti-Edge Application
Analytics (Re-)configuration Scaling & Migration Deployment & Migration
&5G CN KPls = Commands Commands Commands
Control Plane Edge User Plane
[ Functions Function (UPF)
- \ Applications
—— Central User : .
| (Re-)Configuration

Edge Computing
Facility

Plane Function Commands
Central (remote) .,; oxmm Applications
5G Core Network (@@ DD) (\ EE

2SN\

Applications ﬂ @
Edgesite

Figure 2-1 High-level view of the Italian trial site B5G/6G infrastructure.

2.2 1t-UC1 Advanced In-Service Reporting for Automated Driving
Vehicles
2.2.1 High-level It-UC1 description

Problem description: There is an ongoing legislation effort at the European level to define and regulate a
service, that AVs shall implement, whose aim is the reporting of information when the AVs are involved in an
accident or a near-miss (i.e., when an accident such a collision is barely avoided). The information to be
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reported consists of vehicle status information and sensor data. The target of this in-service report is to
increase the overall safety of automated driving. This goal is expected to be achieved by analyzing the
information reported from the AVs. This in-service has been introduced in the legislation by the Commission
Implementing Regulation (EU) 2022/142640 of 5 August 2022 which defines the rules for the application of
Regulation (EU) 2019/214441 of the European Parliament and of the Council.

Gap analysis: The mobile networks currently do not support a dynamic allocation of resources considering
the demands of the end users. The demonstration of this UC involves instead that B5G/6G networks support
a dynamic reconfiguration of the network to ensure that the required resources are provided on-demand. In
the specific, the B5G/6G network have to guarantee that an AV, when it needs to transmit sensor data to the
in-service reporting, has adequate communication performance. Furthermore, in this UC, it is required that
deeper integration of CAM vertical information with the mobile network services is achieved to make available
triggering information (i.e., the occurrence of an accident) for reconfiguring the network resources allocation.

2.2.2 Scenarios, context and workflows

This UC aims to demonstrate an in-reporting service that is used to collect sensor data from AVs that are
involved in an accident or near-miss event. The scenario of this UC is illustrated in Figure 2-2. The objective
is to show how B5G/6G network can be reconfigured to satisfy the on-demand requirements of the AVs.

The AV, when itis involved in an accident or near miss, transmits the raw sensor data (e.g., cameras, LIiDAR)
to a service running on the edge server that collects this information for understanding the dynamics of the
accident. This UC intends to extend the in-service reporting system to consider also information from the
vehicles that are in the surrounding of the accident location. Sensors from vehicles near the accidents are
requested to share their sensor data that are used to perform a 3D reconstruction of the accident scene. The
outcome of this UC can be used to determine the liability for the accident, and, more importantly, it can
provide useful information to first responders that better understand how to intervene. This UC is conceived
to comply with the GDPR requirements, and it is performed on behalf of the relevant public authorities.
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Figure 2-2 Scenario of I1t-UC1 fAdvanced In-Service Reporting for Automated Driving Vehiclesa

The workflow of this UC is shown in Figure 2-3 and described as follows:

1. An AV detects that it is involved in an accident or a near-miss.

2. The AV broadcasts the information about the event through Vehicle-to-Network (V2N)
communication using the relevant V2X message according to ETSI ITS standard (i.e., Decentralized
Environmental Notification Message - DENM).
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The reporting service, which is in execution at the edge server, after receiving the DENM message,
requests the deputed Vertical Service to forward the information about which vehicles are in the
surrounding area of the event.

The edge reporting service requests to the Orchestration framework (generically providing service,
network and resource orchestration capabilities) to instantiate the 3D reconstruction service and to
allocate the required computing resources.

The deputed Vertical Service provides the list of relevant vehicles to the reporting service.

The Orchestration framework replies to the request of the 3D reconstruction service instantiation.
The edge reporting service requests the relevant vehicles to provide their raw sensor data.

The vehicle requests the relevant Network API for the required networking resources to send the
raw sensor data.

The relevant Network API replies to the networking resources request.

The vehicle sends the sensor data to the 3D reconstruction service.

The vehicle, after having completed the sensor data sharing, notifies the releases of the networking
resources.

The 3D reconstruction service completes its task, and it notifies the release of the resources.
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Figure 2-3 1t-UC1 workflow
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2.2.3 How can the It-UC1 benefit from the B5G networks

This UC aims to contribute to the implementation of new features in B5G/6G networks, which can guarantee:
a) The allocation of computing and communication resources can be performed dynamically by using
the ENVELOPE APIs.

The information from CAM vertical applications is available to B5G/6G networks.

Services and applications running on edge servers belonging to different MNO can communicate for
the exchange of data and information (i.e., MEC federation).

2.2.4 1t-UC1 requirements

b)
c)

2.2.4.1 Functional requirements

Type: FR Role: MNO

Priority: must (Mandatory)

Description: An eMBB slice, that is characterized by high throughput, must be made available to the end-
user (i.e., the AV).

Type: FR Role: MNO

Priority: must (Mandatory)

Description: A V2X slice, that is characterized by low latency and high reliability, must be made available
to the end-user (i.e., the AV).

Type: FR Role: End-user

Priority: must (Mandatory)

Description: The end-user (i.e., the AV) needs to be capable of establishing simultaneous communication
on two slices.

Type: FR Role: End-user

Priority: must (Mandatory)

Description: The AV must be able to detect if it has been involved in an accident or a near miss.

Type: FR Role: End-user

Priority: must (Mandatory)

Description: The AV must be able to broadcast a standardized ETSI ITS message using V2N approach
notifying that an incident has occurred.
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Type: FR Role: CAM Service Provider Priority: must (Mandatory)

Description: A specific Vertical Service must expose the information and the identity of all AVs given a

specific location.

Type: FR Role: Platform Operator Priority: must (Mandatory)

Description: The Orchestration Framework must deploy the 3D Reconstruction Service when triggered

by the Reporting Service.

Type: FR Role: CAM Service Provider Priority: must (Mandatory)

must be able to request an AV

Description: The Reporting Servic e
3D Reconstruction Service.

Priority: must (Mandatory)

Type: FR Role: End-user

Description: An AV that wants to send its sensor data must be able to request a network slice with the

desired QoS using the available Network API.

2.2.4.2 Non-Functional requirements

Priority: must (Mandatory)

Type: NFR Category: Compliance to | Role: MNO
standards

Description: End-to-end 5G system must be 3GPP standard compliant, and support network slicing for
general purpose traffic and high-priority critical traffic.

Role: MNO Priority: must (Mandatory)

Type: NFR Category: Performance

Description: The 5G Core should be able to guarantee the appropriate QoS level for critical services.
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Type: NFR Category: Performance Role: MNO Priority: must (Mandatory)

Description: The 5G system should be capable of handling resource allocation by prioritizing and
allocating more resources to high-priority traffic associated with critical tasks.

Type: NFR Category: Performance Role: MNO Priority: must (Mandatory)

Description: The communication channel used by the AV must provide a guaranteed QoS with extremely
low latency and high reliability when required by the UC.

Type: NFR Category: Performance Role: MNO Priority: must (Mandatory)

Description: The communication channel used by the AV must provide a guaranteed QoS with high
reliability and high throughput when required by the UC.

Type: NFR Category: Data Quality Role: End user Priority: must (Mandatory)

Description: The VS must be able to receive vehicle location with high accuracy.

2.3 1t-UC2 Dynamic Collaborative Mapping for Automated Driving
2.3.1 High-level 1t-UC2 description

Problem description: HD maps are used by AVs for making driving decisions. The HD maps must represent
with high precision the road environment to guarantee that the AVs perform the most appropriate driving
actions. Outdated HD maps represent a risk for the AVs and a continuous update is required to ensure that
correct information is provided to the AVs. Modifications to the road environment, such as roadworks and
temporary road obstructions, can indeed misalign the representation provided by HD maps to the real
situation. The AVs can contribute to keeping the HD maps updated by providing the sensor data that they
gather during driving.

Gap analysis: In this use case, it is required that the B5G/6G networks can be dynamically reconfigured to
allocate the required resources. Differently from It-UC1, dynamic resource allocation is not only needed for
data uploading (e.g., when the AV has to transmit sensor data for HD-maps updating) but it is also required
for data download (e.g. when an AV enters the area of interest, and it has to download the HD-maps update).
In this UC, the status of HD maps represents the information from CAM vertical that is made available at the
B5G/6G network level for triggering the needed reconfiguration actions in the network. Another peculiarity of
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this UC is the experimentation of edge server handover approaches when the AV, which provides sensor
data for updating the HD maps, moves from an area served by an edge server to an area served by another
one.

2.3.2 Scenarios, context and workflows

This UC aims to show how the HD maps, which are used by the AVs, can be updated by exploiting sensor
data shared by the AVs themselves. The scenario of this UC is illustrated in Figure 2-4. Similarly, to 1t-UC1,
this UC wants to experiment that the B5G/6G network can accommodate the dynamic networking needs of
the AVs for updating HD maps. The AV, when it detects a modification in the road environment (e.g.,
roadworks, road obstruction), starts the transmission of its sensor data to an edge service that is devoted to
HD map updates. This service collects sensor data from several vehicles to enhance the trustfulness in the
received information and then it creates a new HD map. When a new release of the HD map is available for
a specific road segment, incoming vehicles can retrieve the updates.
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Figure 2-4 Scenario of It-UC2 fDynamic Collaborative Mapping for Automated Drivinga

The workflow of this UC (as shown in Figure 2-5) is the following:

1. The AV detects a change in the road environment (e.g., roadworks) with respect to the HD map.

The AV notifies the change in the road environment to the edge server map service.

3. The edge map service requests the Orchestration framework for the computing resources required
to update the HD map.

4. The Orchestration framework replies to the request of the resource allocation.

5. The edge map service requests to the AV to provide the raw sensor data.

6. The vehicle requests the relevant Network API for the required networking resources to send the
raw sensor data.

7. The relevant Network API replies to the networking resources request.

The AV sends the raw sensor data to the edge mapping service.

9. The vehicle, after having completed the sensor data sharing, notifies the releases of the networking
resources.

10. The edge mapping service completes its task, and it notifies the release of the resources.

11. The edge mapping service requests the relevant Vertical Service to report the vehicles that are in
the area of the HD map update.

12. The Vertical Service provides updates about the vehicles that are in the area.

13. The edge mapping service notifies a new arriving AV of the HD maps change.

14. The vehicle requests the relevant Network API for the required networking resources to receive the
HD maps update.

15. The relevant Network API replies to the networking resources request.

16. The vehicle requests the edge mapping service to send the HD maps update.

17. The edge mapping service sends the HD maps update.

n

©
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18. The vehicle, after having received the HD maps update, notifies the releases of the networking
resources.
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Figure 2-5 1t-UC2 workflow.
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2.3.3 How can the It-UC2 benefit from the B5G networks

This UC aims to contribute to the implementation of new features in B5G/6G networks, which can guarantee:
a) The allocation of computing and communication resources can be performed dynamically by using
the ENVELOPE APIs.
b) The information from CAM vertical applications is available to B5G/6G networks.
c) The AV, when it moves to a geographical area served by a new edge server, experiences a seamless
service by the applications running at the edge; the applications are migrated transparently for the
AV between the two edge servers (i.e., MEC handover).

2.3.4 1t-UC2 requirements

2.3.4.1 Functional requirements

Type: FR Role: MNO Priority: must (Mandatory)

Description: An eMBB slice, that is characterized by high throughput, must be made available to the end-
user (i.e., the AV).

Type: FR Role: MNO Priority: must (Mandatory)

Description: A V2X slice, that is characterized by low latency and high reliability, must be made available
to the end-user (i.e., the AV).

Type: FR Role: End-user Priority: must (Mandatory)

Description: The end-user (i.e., the AV) needs to be capable of establishing simultaneous communication
on two slices.

Type: FR Role: End-user Priority: must (Mandatory)

Description: The AV must be able to send a message to notify the Mapping Service about a change in
the environment. This message must contain information that the Mapping Service could use to fulfill the
[t-UC2_FN_6 requirement (e.g., Location and what change in the environment has been detected).

Type: FR Role: End-user Priority: must (Mandatory)

Description: The AV must be able to receive a notification about the change of the HD Maps.
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Type: FR Role: Platform Operator Priority: must (Mandatory)

Description: The Orchestration framework must deploy the HD Map Service given the resources
requested by the Mapping Service.

Type: FR Role: End-user Priority: must (Mandatory)

Description: The AVs must be able to retrieve the updates of the HD Maps.

Type: FR Role: CAM Service Provider Priority: must (Mandatory)

Description: The Mapping Service must dnsordaththa mustde serd tg the
HD Map Service.

Type: FR Role: CAM Service Provider Priority: must (Mandatory)

Description: A specific Vertical Service must expose the information and the identity of all AVs given a
specific location.

Type: FR Role: End-user Priority: must (Mandatory)

Description: An AV that wants to send its sensor data must be able to request the desired QoS using
Network API.

Type: FR Role: End-user Priority: must (Mandatory)

Description: An AV that wants to receive HD map update data must be able to request the desired QoS
using Network API.
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2.3.4.2 Non-Functional requirements

Type: NFR | Category: Compliance to | Role: MNO Priority: must (Mandatory)
standards

Description: End-to-end 5G system must be 3GPP standard compliant, and support network slicing for
general purpose traffic and high-priority critical traffic.

Type: NFR | Category: Performance Role: MNO Priority: must (Mandatory)

Description: The 5G Core should be able to guarantee the appropriate QoS level for critical services.

Type: NFR | Category: Performance Role: MNO Priority: must (Mandatory)

Description: The 5G system should be capable of handling resource allocation by prioritizing and
allocating more resources to high-priority traffic associated with critical tasks.

Type: NFR | Category: Performance | Role: MNO Priority: must (Mandatory)

Description: The communication channel used by the AV must provide a guaranteed QoS with high
reliability and high throughput when required by the UC.

Type: NFR | Category: Data Quality Role: End user Priority: must (Mandatory)

Description: The VS must be able to receive vehicle location with high accuracy.

ENVELOPE Deliverable D2.1: UCs 1 20 ((l



EN = ELOPLE

3 DUTCH SITE UC ANALYSIS

Digital twin (DT) is a relatively new concept in product design and manufacturing, having been around for
less than 10 years. Hence, minimal research exists on how DT-driven design and manufacturing can improve
product design and product quality. Moreover, much of the technology required to realize DT is still in
development, such as big data analytics and Internet of Things (I0T) communication [1].In this section, a five-
dimensional DT for a product is introduced according to [1] and presented in Figure 3-1.

Digital Twin
Data

Physical Digital
Twin Twin

Figure 3-1 Five-dimensional DT for a product.

The physical entity (physical twin) is the real product that can be operated by users. It is created from raw
materials or parts, through machining, cleaning, assembly, testing, and packaging.

The virtual entity (digital twin) is the mirror image of the physical product, including mainly four types of
models, that is, geometry models, physics models, behavior models, and rule-based models.

Digital twin data is data collected from both physical and virtual spaces which can be analyzed (data

analytics), integrated, and visualized. In addition, advanced artificial intelligence techniques can be

incorporated to enhance t he DTés <cognitive ability (e.g., reaso
representation), so that certain recommendations can be made automatically.

Services: there are mainly two types of services in the DT, functional service, and business service. The
former encapsulates different data, models, algorithms, etc., into services to support the DT, such as services
for model assembly, simulation, and verification. The business services can be presented to users through
software interfaces with standard inputs and outputs for clear instruction and easy usage.

Connections: as shown in Figure 3-1, the connections among the previous four parts include connection
between the physical entity and DT data (CN_PD), virtual entity and DT data (CN_DV), services and DT data
(CN_DS), physical entity and virtual entity (CN_PV), physical entity and service (CN_PS), as well as virtual
entity and services (CN_SV), respectively. These connections are enabled by technologies such as network
communication, 10T, and network security.
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