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Abstract

This deliverable reports on the set of identified use cases and the initial requirements
coming from vertical industries that are considered relevant for the project. It also

analyses key project performance indicators and how they relate to the ones identified
by 5G-PPP.
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Executive Summary

The 5G-TRANSFORMER project aims at evolving mobile transport networks toward
more flexible and scaling SDN/NFV based transport and communication infrastructures
supporting diverse vertical industries. It is expected that 5G-TRANSFORMER enables
vertical industries to meet their service requirements within customized slices; and
aggregates and federates transport networking and computing fabric, from the edge up
to the core and cloud, to create and manage slices throughout a federated virtualized
infrastructure.

The scope of this deliverable, which is the first document of WP1, is to describe the
Vertical industries (Automotive, eHealth, Entertainment, e-Industry and MNO/MVNO),
highlighting the peculiarities and the main characteristics, analysing use cases from
different verticals, in order to derive and classify an initial set of requirements for the
telecommunication infrastructure and thus guide activities related to the architecture
design and the definitions of the services. The final outcome consists in a set of
requirements, which will be taken as input for other tasks and the rest of the WPs.

The deliverable introduces and analyses the five Vertical industries involved in 5G-
TRANSFORMER using UML design principles. The UML methodology includes needs
analysis of the vertical domains, relevant actors and use cases identification, as well as
detailed use cases description through Use Case and Sequence Diagrams, which
allows the extraction of the usages high-level and detailed requirements.

GQEHRANSFORMER H2020-761536
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1 Introduction

The 5G networks are envisioned as means to give rise to a wide range of vertical
industries with very diverse and stringent service requirements. To enable such vision
of "Internet of Everything", especially from vertical industries, the motto of 5G-

TRANSFORMER ©project i s to transform todayds

distributed SDN/NFV-based 5G Mobile Transport and Computing Platform (MTP)
capable of simultaneously supporting an extremely diverse range of networking and
computing requirements to meet the specific needs of different vertical industries.

Two technologies are being regarded as key pillars for 5G: (i) Slicing [1] enabling per
slice management of virtualized resources; and (ii) Multi-access Edge Computing
(MEC) [2]. While the main impact of slicing will be on the cost reduction side, MEC will
enable low-delay or delay sensitive services that are not currently possible. The
infrastructure sharing between different tenants enabled by slicing will highly decrease
the costs of operating the network, which will be shared among different actors. In
addition to slicing, MEC is the other key technology driving Operative Expenditure
(OPEX) reduction in upcoming years by reducing the traffic pushed into the core
networks and enabling new services, specifically low latency ones. Large scale
deployment of commodity equipment (such as MEC data centres) can enable a 50%
improvement in latency and geo-targeted delivery of innovative content and services at
the edge, which vyields a 35% cost reduction in backhaul and transmission. Network
softwarization, virtualization and automation, supported by such commodity hardware,
will significantly contribute to reduce both Capital Expenditure (CAPEX) and OPEX
between 40- 50% 2.

Considering these two key technologies, the EU H2020 5G-PPP Phase-2 5G-
TRANSFORMER project inherits the transport infrastructure of the phase-1 project 5G-
Crosshaul?, defining an integrated network that can transport backhaul and fronthaul
over the same transport substrate. In 5G-TRANSFORMER, this network will be
extended to bett er support slicing and MEC, t o
into mobile transport networks by provisioning and managing MTP slices tailored to the
needs of vertical industries (e.g., enterprise, manufacturing, media and entertainment,
automotive, healthcare, etc.). In addition, it will include federation of resources from
multiple domains, building on top of the research performed on the phase-1 5GEX3,
enabling a creation of end-to-end networks consisting of disjoint resources. The
technical approach is twofold: (1) Enable Vertical Industries to meet their service
requirements within customized MTP slices; and (2) Aggregate and Federate transport
networking and computing fabric, from the edge up to the core and cloud, to create and
manage MTP slices throughout a federated virtualized infrastructure.

5G-TRANSFORMER will look into new mechanisms for monetization of the new
generation of networks. 5G will not focus only on the end user side facing side (i.e., the
RAN), but a large part of its developments are focused on opening the door to vertical
industries to use tailor-made slices for their own purposes. New revenues will be
generated from providing dedicated tailor-made virtual networks to vertical industries.

1Core Analysisi Mobi | e Edge Computing 2016, 0 Market repo
2

3
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In addition, 5G-TRANSFORMER will offer the possibility of hosting over-the-top
applications in the network, leveraging time proximity and context information exposed
by the network. This represents a unigue value which can be exploited for revenue
generation by operators and application service providers alike, thus creating new
value chains.

1.1 Organization of the document

In this deliverable, 5G-TRANSFORMER introduces five Vertical industries with specific
topics covered in 7 sections that are as follows:

1. Introduction

Vertical Domains

Use Cases

High-level Requirements
Vertical Applications for 5G-T
Analysis of KPls

Conclusion

Nooobkowbd

In the introduction of every section, a methodology is defined and elaborated by each
vertical industry.

In the rest of the current Section 1, the key concepts and challenges, as well as the
relationship of 5G-TRANSFORMER with other European projects and its Innovation
potential (the main technical innovations identified for each of the key modules of the
project) are presented. This section mainly elaborates the 5G-TRANSFORMER
business ecosystem, the identification of traditional and potential new stakeholders,
and the basic relationships among them. The primary references for initiating this
analysis are 3GPP and NGMN.

In Section 2, a general overview of each Vertical industry is introduced, along with the
main characteristics, possible scenarios, involved actors and their peculiar demands
which 5G emerging technology could potentially solve. The aim of this section is to
provide a clear picture of all the needs that are specific to a particular vertical industry,
describing the key innovation areas that need to be advanced, and thus provide the
basis for further consideration of addressing them in the following sections.

Section 3 contains general descriptions of the Use Cases that are addressing the main
needs derived from each vertical domain, introduced in Section 2. In this section,
representatives from all Vertical industries involved in this project provide their vision on
how 5G will enable the development of new Use Cases mapped in three clusters:
Mission Critical Services, Massive |loT and Enhanced Mobile Broadband.

In Section 4, general requirements and the key performance indicators (KPIs) are
defined. Each vertical industry has its own specific requirements, deriving from the set
of identified use cases, both Functional (e.g. latency, reliability, availability) and Non-
Functional. These requirements are elaborated addressing expectations of scenarios
mentioned in the previous sections. The final goal is to illustrate how 5G will be able to
process significantly different requirements contemporary.

Section 5 covers description of five Use Cases, selected for an in-depth study, that will
be possible candidates for the final demonstration. The aim of each of the five Verticals

GQEHRANSFORMER H2020-761536
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is to provide a detailed description, as well as a concrete requirements list. Additionally,
early performance evaluation approaches are defined, in order to give a starting point
for the upcoming WPs. D1.2 will present a more advanced analysis of these use cases
and their technical requirements on the system design, and D5.1 will provide a
description of how use cases will be deployed for demonstration and validation.

Section 6 presents 5G-PPP KPIs relevant to the 5G-TRANSFORMER project. This
section first provides an initial qualitative assessment of the relevance of each of these
KPIs in relation to the planned contributions in the project, classified into performance,
societal, and business related KPIs.

Finally, Section 7 provides a summary of the work done in this deliverable through
some key conclusions.

This document will be used as an input for the remaining tasks in the 5G-
TRANSFORMER project, mainly the D1.2 deliverable that will present a more
advanced analysis of the system design that and a description of the high-level
architecture of 5G-TRANSFORMER.

1.2 5G-TRANSFORMER initial draft architecture

The initial architecture concept of 5G-TRANSFORMER was presented and described
in the DoA. Although it is not in the scope of this deliverable, it is depicted in Figure 1
and described here briefly for clarity in order to provide a background on the work
gathered along this document for the different vertical domains. In particular, some
vertical use cases may mention or refer to some of the key blocks defined in the DoA
architecture. Yet, the detailed work on the architecture as well as on the different blocks
will be made in D1.2 and in the corresponding deliverables in WP2, WP3 and WP4.

According to the initial description outlined in the DoA, the 5G-TRANSFORMER
architecture will be built around the three following main blocks:

1 Vertical Slicer (VS): It is a common entry point for all vertical industries into the
5G-TRANSFORMER. It coordinates and arbitrates vertical slice requests for the
use of networking and computing resources. Slices are requested at the VS
through an intuitive, yet powerful interface using templates or blueprints with
simple interconnection models, thus relieving the vertical industry from
specifying their slice details. The motivation is to provide a common
methodology to the definition of slices from vertical industries enabling easy-to-
use mechanisms to deploy the requested slice in a short time-scale. The VS is
therefore in charge of mapping the high-level requirements and placement
constraints of the slice template into a set of one or more V(N)F graphs and
service function chains (SFCs), hiding thus the complexity of the system to the
vertical consuming the slice.

1 Service Orchestrator (SO): It is the main decision point of the system. It
manages the allocation and monitoring of all virtual resources to all slices (from
vertical industries and others, such as MVNOs). Depending on slice
requirements and network context, the SO will interact with other SOs to take
decisions on the end-to-end service (de)composition of virtual resources and
their most suitable execution environment.
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FIGURE 1: 5G-TRANSFORMER INITIAL DRAFT ARCHITECTURE CONCEPT

1 Mobile Transport and Computing Platform (MTP): It manages the underlying
physical mobile transport network and computing infrastructure. It evolves the
5G-Crosshaul solution to integrate MEC resources from multiple domains, and
provide support for 5G-TRANSFORMER slicing concept. It enforces slice
requirements coming from the SO and provides physical infrastructure
monitoring and analytics services. For example, if it detects that the requested
slice requirements from the SO cannot be fulfilled with current 5G-Crosshaul
network configuration in a given area, it might decide to deploy a different
configuration for 5G-Crosshaul network in that area.

1.3 Ecosystem and Stakeholders of 5G-TRANSFORMER

The 5G-TRANSFORMER approach will allow manufacturers, solution integrators,
network and service providers, and Small Medium Enterprises (SMEs) to enter the
market, by reducing the entry barrier through virtualization and standardized interfaces
based on open APIs or protocols. SMEs will be able to provide technological solutions
which will be compatible with the overall system, e.g., new hardware components in the
infrastructure or software components in the Management and Organization (MANO)
layers. Manufacturers and solution integrators could use the quick deployment enabled
by the virtualization and the standardized interfaces to increase the level of innovative
solutions popping up in the market. Mobile Network Operators (MNOs) and
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infrastructure providers will open the door to vertical industries to create tailored slices
for their specific functionalities and requirements. With this, they will gain new sources
of revenue from providing dedicated tailored virtual networks to vertical industries and
from offering Over-The-Top applications in the network, while reducing capital and
operational expenditures (i.e., CAPEX and OPEX) leveraging on the multi-tenancy
paradigm enabling more efficient resource management and sharing.

This section elaborates on the 5G-TRANSFORMER business ecosystem including
identification of traditional and potential new stakeholders, and basic relationships
among them. Two primary references are used to initiate this analysis: the 3GPP [3]
and NGMN ([4], [5], [7]).

1.3.1 Ecosystem and stakeholders in 3GPP

3GPP is defining a number of business roles to be participant of the next generation
network services. These roles are:

1 Communication Service Customer (CSC): stakeholder that demands
communication services.

1 Communication Service Provider (CSP): actor providing communication
services. It has the capability of designing, building and operating its
communication services to be offered to CSCs.

1 Network Operator (NOP): actor that provides network services. It has total
responsibility for designing, building and running its networks to offer such
services.

9 \Virtualization Infrastructure Service Provider (VISP): this stakeholder provides
virtualized infrastructure services, including virtual networks. This actor designs,
builds and operates its virtual infrastructure(s). The VISPs may also offer their
virtualized infrastructure services to other types of customers including to CSPs
directly, i.e. without going through the NOP.

1 Data Centre Service Provider (DCSP): actor which provides data center
services, taking care of designing, building and operating the data centers under
its responsibility.

1 Network Equipment Provider (NEP): stakeholder representing the suppliers of
network equipment. In 3GPP the VNF Supplier is considered as a kind of NEP.

1 NEVI Supplier: this actor supplies network function virtualization infrastructure to
its customers.

1 Hardware Supplier: stakeholder that supplies hardware.

Some of these roles could be played by the same organization. Figure 2 shows
graphically the relationships among all these actors.

According to 3GPP, in addition to the role relationships shown in the figure, there could
also be relationships between non-neighboring roles in the diagram. Furthermore,
network operators may also base their offering not just on virtual infrastructure, but also
on physical infrastructure. Additionally, some of the above roles may be combined into
a single organization.
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FIGURE 2: ROLE MODEL OF 3GPP [3]
1.3.2 Ecosystem and stakeholders in NGMN

NGMN has also defined a number of roles and envisioned business models [4], [5], [7].
These are presented in Figure 3.

[Role | Business Models

XaaS: laaS, NaaS, PaaS Network Sharing
Asset Ability to offerto and operate for a 3rd party Ability to share Network infrastructure
B ) provider differentnetwork infrastructure between two or more Operators based on
Provider | capabilities (Infrastructure, Platform, static or dynamic policies (e.g.
/ Network) as a Service. congestion/excess capacity policies)

Enhanced Connectivity
Vi |\ Besteffort IP connectivity in retail IP connectivity with differentiated feature
Connectuvuty ) (consumer/business) & wholesale/MVNO set (QoS, zero rating, latency, etc..) and

enhanced configurability of the different
connectivity characteristics.

Provider

Operator Offer Enriched by Partner Partner Offer Enriched by Operator

Partr_ler Operator offering to its end customers, Partner offerto its end customers enriched
Service based on operator capabilities by operator network and other value
P id (connectivity, context, identity etc.) enriched creation capabilities (connectivity, context,
roviaer by partner capabilities (content, application, identity etc.)
etc..)

FIGURE 3: NGMN ROLES AND BUSINESS MODELS [7]

The Asset Provider acts as provider of infrastructure with the required capabilities for
provisioning and operating such infrastructure at different levels, like Infrastructure,

Platform or Network as a Service. A step beyond goes in the direction of enabling the
sharing of such infrastructure based on policies.

The Connectivity Provider role provides connectivity, either basic Best Effort or with
enhanced-differentiated capabilities. Basic connectivity is considered for
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wholesale/MVNO as well as retail customers. On the other hand, enriched connectivity
is considered to extend the existing business models by providing enhanced
connectivity, in terms of performance, flow differentiation and configurability for
supporting the emerging 5G services.

Finally, the Partner Service Provider envisions two variants. The first variant directly
addresses the end customers of an operator, where the operator provides integrated
service offerings based on operator capabilities (connectivity, context, identity, etc.)
enriched by content and specific applications offered by partners (like 3rd party OTTS).
The second variant empowers partners (3rd parties / OTTs) to complement their own
offer to the end customers by considering the capabilities of a network operator.
Example of both variants could be video streaming service in the first case, and remote
health monitoring in the second.

1.3.3 Gaps in 3GPP and NGMN ecosystem modeling with respect to 5G-
TRANSFORMER

After reviewing both 3GPP and NGMN propositions, it becomes evident that multi-
domain aspects are not sufficiently covered. In other words, the models in [3] and [4]
focus on single domain service provision. It is then required to incorporate the multi-
domain dimension into those models.

To this respect, [5] introduces the notion of partnership between two providers, where
one (named P-Hosted) provides a slice to a customer, and negotiate with another
provider (named P-Hosting) for complementing such offering with the setup of a
complementary slice (or sub-slice) using functions and resources from the hosting
domain for globally composing the final slice offered to the customer. This multi-domain
scenario is similar to the one ambitioned by 5G-TRANSFORMER, and should be
integrated into the project ecosystem and stakeholders modelling.

Additionally, the roles defined by 3GPP are mostly focused on communication services,
and so, are defined from the point of view of an operator. On the other hand, more
flexible relationships are considered by NGMN (e.g., operator-enhanced partner
offerings). Since the focus of 5G-TRANSFORMER is to serve vertical industry needs,
which may be diverse, and not just, communication service-oriented, the more flexible
approach offered by NGMN better reflects the various possible customer-provider
relationships between verticals and operators.

1.3.4 Mapping 5G-TRANSFORMER components to 3GPP and NGMN models

The differentiation of actors done by 3GPP will be taken as reference for defining the
5G-TRANSFORMER stakeholders. 5G-TRANSFORMER defines in its early high-level
architecture three basic components: the Vertical Slicer, the Service Orchestrator, and
the Mobile Transport Platform (briefly introduced and described in sub-section 1.2). It is
then necessary to match the 3GPP actors to the 5G-TRANSFORMER components to
further developing the functional architecture of the project driven by this ecosystem.

At the time of mapping components to actors it is necessary to differentiate two
different levels of orchestration, as defined by [6]: Network Service Orchestration (NSO)
and Resource Orchestration (RO). Both levels of orchestration have different scope.
The NSO is responsible for the lifecycle management of a Network Service, e.g., the
decision on the sequence in which VNFs are created. On the other hand, the RO is in
charge of coordinating the resources necessary for creating the service.
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Attending to such differentiation, Table 1 represents the mapping of 3GPP and NGMN
models to the 5G-TRANSFORMER high-level architecture, and helps to identify
functional capabilities to be considered in each of the three main components of the

project.
TABLE 1: Mapping of NGMN and 3GPP models to 5G-TRANSFORMER
components
NGMN model ‘ 3GPP model 5G-T model Comments ‘
Partner Service Communication Customer external
Provider (Partner Service Customer | Vertical Customer to SG-
offer enriched by (CSC) TRANSFORMER
operator) requesting a service
Vertical Slicer Bu3|_ness .
relationship
Partner Service c - Orchestration ~  of
: ommunication network  services,
offer enriched by (CSP) Service different  domains
partner) Orchestrator (NSO) | __ operationai
isolation of
customers
Orchestration of
Service resources, including
Orchestrator (RO) multi-domain ~ones
o and isolation of
Connectivity Network Operator slices
Provider (NOP)
Provision of
connectivity,
including transport

Asset Provider

Virtualization
Infrastructure
Service Provider
(VISP)

Data Centre
Service Provider
(DCSP)

Network
Equipment
Provider (NEP)

NFVI Supplier

Hardware Supplier

Mobile Transport
Platform

and service nodes
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Two of the 3GPP roles can play different (even simultaneously) functions in 5G-
TRANSFORMER. The Communication Service Provider (CSP) can incorporate the
function of Vertical Slicer, for honoring Customer requests of services, and at the same
time, playing the role of Service Orchestrator for the lifecycle management of 5G-
TRANSFORMER network services. In addition, the Network Operator Provider (NOP)
can play the role of Service Orchestrator for orchestrating the resources even across
multiple administrative domains, and/or the role of Mobile Transport Platform, focused
on connectivity of transport and service nodes.

Furthermore, two kinds of infrastructures can be identified as relevant for the project:
transport network infrastructure and computing infrastructure. The NOP can be
considered to play the role of transport network (physical) infrastructure provider, while
the Data Centre Service Provider (DCSP) can be considered to play the role of
(physical) computing infrastructure provider. However, for the Virtualization
Infrastructure Service Provider (VISP), differentiation on the type of virtualized
infrastructure can be required, in order to distinguish among e.g. federation of data
centres or interconnection of transport networks.

Finally, for the scope of the project, some simplifications can be done when considering
the 3GPP actors falling into the NGMN Asset Provider category. A first simplification is
to collapse the role of NFVI Supplier and Hardware supplier into the roles of DSCP and
NOP as providers of infrastructure. The second one is to integrate the scope of Network
Equipment Provider (NEP) as PNF supplier into NOP as well, since the implementation
of network functions can be assumed to be an essential part of NOP.

In summary, 5G-TRANSFORMER stakeholders are defined in Table 2.
TABLE 2: 5G-TRANSFORMER stakeholders
5G-T stakeholder 5G-T component Comments

5G- In 5G-TRANSFORMER, the main role
TRANSFORMER Vertical Customer considered as consumer of services is
Service Customer the vertical.

The VS provides the one-stop shop to
reguest services.

Service For the use case of M(V)MNO, the SO
Orchestrator plays the role of service provider.
Resource Orchestration capabilities can
be present or not at 5G-
TRANSFORMER SO component level,
Service depending on the specific use case.
Orchestrator and / | According to this, a CSP could be at the
or Mobile Transport | same time NOP-RO if it additionally

Vertical Slicer

Service Provider

Network Operator i
Service Orchestrator

(NOP-RO) Platform requires orchestrating resources.
In any case, RO capabilities will be
always needed at 5G-TRANSFORMER
MTP component level.
Network Operator i All these roles fit into the Asset Provider
Transport  Platform category defined by NGMN.
(NOP-TP) Mobile  Transport | Different actors can be present in the
Data Centre Service | Platform 5G-TRANSFORMER ecosystem and
Provider (DCSP) they can be considered for defining the
Virtualization techno-economic  model (business
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Infrastructure
Service Provider i
Transport
Infrastructure (VISP-
T)

Virtualization
Infrastructure
Service Provider i
Computing
Infrastructure (VISP-
C)

model, monetary flows, etc.).
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2 Vertical Domains

According to [8], 5G will create an ecosystem for technical and business innovation
involving vertical markets such as automotive, energy, food and agriculture, city
management, government, healthcare, manufacturing, public transportation, and many
more. It will serve a larger portfolio of applications with a corresponding multiplicity of
requirements ranging from high reliability to ultra-low latency going through high
bandwidth and mobility.

In this section, a general overview of automotive, entertainment, eHealth, e-Industry
and mobile network operation (MNO) verticals are introduced. For all the domains the
main characteristics, with the possible application scenarios, are presented. In each
scenario, different actors are involved, with their features and their peculiar needs
relating with the new emerging technologies. The final goal is to illustrate how 5G can
address such new challenges.

In this section, each of the five Vertical domains is analyzed, providing the following
information:

1 An overview of the vertical industry that highlights the main challenging
characteristics, identifying eventually different operating scenarios;

1 An UML Diagram illustrating the involved actors;

1 Alist of high-level needs that should be addressed by the 5G technologies;

1 A description of the future challenges.

2.1 Automotive

In the global context of road transport, connectivity will be a critical enabler to support
the take-off of new opportunities as the advance toward higher automation levels.

The automotive industry sees two main trends with relevance for the 5G automotive
vision: (1) automated driving and (2) road safety, infotainment and traffic efficiency
services.

These trends pose significant challenges to the underlying communication system, as
information must reach its destination reliably within an exceedingly short time frame i
beyond what current wireless technologies can provide. 5G, the next generation of
mobile communication technology, holds promise of improved performance in terms of
reduced latency, increased reliability and higher throughput under higher mobility and
connectivity density.

Both real-time safety and non-safety applications require understanding the dynamics
of the network topology characteristics. Automotive domains come with several
challenging characteristics:

1 Highly dynamic topology: due to high speed of movement between vehicles, the
topology is always changing.

1 High number of connected nodes, with variable characteristics.

1 Interaction with on-board nodes, which can be automotive sensors, or devices
brought into the car, by the driver or by passengers.

1 Interaction with on-street sensors: knowledge of street conditions and about
road users can enhance the vehicle context awareness.
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1 Always reliable connectivity: safety applications must be always available, not
only under cellular coverage.

1 Standardization: cooperative applications are based on information exchanged
among vehicles of different carmakers, therefore a common language is
needed.

Needs and Actors of the automotive domain are correlated to the possible operating
scenarios, which are strongly characterized and with their own peculiarities. For
instance, as discussed in [9], the distribution of lethal vehicle crashes is different in
case of urban or rural scenarios, as it is different the nature of the accident and the
involved actors, shown in Figure 4.

Rural and Urban Percentages of Speeding-Related Fatalities in Traffic Crashes, by Time of Day and Day of the Week, 2013
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FIGURE 4: RURAL AND URBAN PERCENTAGES OF SPEEDING-RELATED FATALITIES IN

TRAFFIC CRASHES

Crashes vary also according to the class of vehicles involved and the environmental
context, as reported by IIHSHLDI (Insurance Institute for Highway Safety Highway Loss
Data Institute) in [10], and summarized in the following Table 3.

TABLE 3: MOTOR VEHICLE CRASH DEATHS BY VEHICLE TYPE AND LAND USE

Motor vehicle crash deaths by vehicle type and land use (FARS
2015)

Rural Urban Total*

Deaths|% |Deaths|% |Deaths|%
Cars and minivans 6,845 |52(5,402 |41(13,116|100
Pickups 3,095 [69(1,159 |26(4,467 |100
SUVs 2,716 |60(1,567 [34|4,560 |100
Large trucks 421  |70]155 |26|600 100
Motorcycles 1,915 |41|2,299 |49|4,693 (100
Pedestrians 1,160 |22|3,704 |69|5,376 |100
Bicyclists 214 [26(492 |60(817 |100
Total* 17,114 (49|15,362|44|35,092|100
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Motor vehicle crash deaths by vehicle type and land use (FARS
2015)

Rural Urban Total*
Deaths|% |Deaths|% |Deaths|%

*Total includes other and/or unknowns

To outline the automotive domain, its operating scenarios should be described and

taken into account:

I Urban
i Rural
1 Highway

i Transversal

In order to better analyse the needs of the automotive domain versus the incoming
communication technology, this section introduces five main scenarios quite different

for their peculiar features outlining the key aspects that impacts the 5G.

The summarization of all the actors that will be mentioned in the scenarios, and the
relationships among them, are presented in Figure 5, Figure 6, Figure 7, Figure 8:
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FIGURE 5. AUTOMOTIVE ACTORS - LIVING BEINGS

GQEHRANSFORMER

H2020-761536



Report on Vertical requirements and use cases 27

Y
»

A

Devices

SN
ﬁti

Infrastructure In-vehicle Portable
> sensor device
\
AN

XTT??&

Drone Smartphone Tablet Wearable

/“FV\

XXX

Smartphone Tablet Wearable

FIGURE 6: AUTOMOTIVE ACTORS - DEVICES

Commercial Passenger Agricultural Emergency Public
vehicle vehicle vehicle vehicle transportation

et 7 A TN
o o Q9 O O O

AANAA KA AA

Light Heavy Shared  Private Police  Ambulance  Fire
Commercial Commercial  vehicle vehicle van truck
vehicle vehicle

FIGURE 7: AUTOMOTIVE ACTORS i VEHICLES

GQEHRANSFORMER H2020-761536



Report on Vertical requirements and use cases 28

Service
Provider

TN
A XXX XAXA A

Entertainment Navigatien Payment Car maker Smart city Mability Digital  Traffic Fleet
services services  services  services  services services map information management
service
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2.1.1 Urban

As defined in the National Geographic Encyclopaedia, anurban areais
the region surrounding a city. Most inhabitants of urban areas have non-agricultural
jobs. Urban areas are very developed, meaning there is a density of human structures
such as houses, commercial buildings, roads, bridges and railways. Many urban areas
are called metropolitan areas, or "greater," as in Greater New York or Greater London.
When two or more metropolitan areas grow until they combine, the result may be
known as a megalopolis.

Actors of mobility in Urban environment, besides vehicles and drivers, are:

1 Road users like pedestrians, bikers, cyclists.

1 Public transport vehicles, like buses, trams, taxis.

1 Emergency vehicles, like ambulances or fire trucks.
1 Road mobility management objects, like traffic lights.
1 Adult passengers (but quite often the driver is alone).
1 Children or elderly people.

T Smart-city.

1 Road-works operators.

1 Commercial vehicles.

The road topology is composed by intersections, traffic lights, roundabouts, zebras,
reserved lanes for public transportation or for bicycles; traffic flow can be very different,
due to a presence of pedestrian and ZTL zones, very low speed zones (near schools
for instance) and of roads with higher speed zones and less severe congestion (like in
sub-urban areas). Traffic is congested in specific timeframes and specific zones; the
mobility is highly impacted if any exceptional event occurs (like road maintenance); the
weather events have an impact on the mobility, but less relevant than in
urban/suburban zones. Industrial zones can host company headquarters, and therefore
can be interested by incoming/outcoming traffic flows in specific timeframes. In general,
very poor mobility information is available, but this could change in the future with the
advent of smart cities. The presence of surface public transportation can slow down the
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traffic and introduce unexpected crossing pedestrians. Hazardous manoeuvres can be
originated by the traffic congestions and could lead to low speed accidents.

Typical personal vehicle usage is for short distances and periodic paths; in any case it
is linked to the working day routines. Usually the driver is alone in the vehicle or is
together with a recurrent passenger (children brought to school, colleagues). The
vehicle march follows a fstop&goo pattern, with frequent unexpected events. The urge
to reach the destination (shops, office, primary school, etc.) brings to an impatient
driving style, while being absorbed by

who is often involved in a multitasking attitude. Daily duties can be performed in a short
time, when the vehicle needs to be parked. The activity of searching (and paying) a
parking |l ot is a typical ur ban annoying

Main needs of the urban scenario therefore are:

1 Informed mobility.

1 Lean mobility.

1 Enhanced real time awareness (e.g. of vulnerable road users, other vehicles
behavior or intentions, road status...).

Path optimization.

Convenience in parking.

Reduction of the frequency and severity of crashes.
Seamless and Convenient integration with daily life.
Entertainment.

Accessible and reactive Emergency Services.

9 Economical saving.

2.1.2 Rural

As defined in the National Geographic Encyclopaedia, a rural area is an open swath of
land that has less domestic or other buildings and less people. Rural areas have a very
low population density. Many people live in a city, or an urban area. Their homes and
businesses are located very close to one another. In a rural area, there are fewer
people, and their homes and businesses are located far away from one another.
Agriculture is the primary industry in most rural areas. Most people live or work
on farms or ranches. Hamlets, villages, towns, and other small settlements are in or
surrounded by rural areas.

= =4 =4 -8 —a -

Actors of mobility in Rural environment, besides vehicles and drivers, are:

1 Road users like bikers, cyclists.

Agricultural vehicles.

Heavy Commercial vehicles, like trucks transporting dangerous goods.
Public transport vehicles, like inter-city buses.

Adult passengers.

Children.

Road-works operators.

Animals.

=A =4 -4 8 —a -8 9

The road topology is composed by very few (or not at all) intersections and
roundabouts; there are larger sections with high speeds allowed, but at the same time
often the presence of agricultural vehicles (e.g. tractors) slows down the traffic. Low-
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speed driving (or sudden stops) can occur also due to big trucks with very limited
speeds (e. g. 70km/ h) . Extra caution 1is
road crossings are frequent. For example, collision with large wildlife or livestock
animal (deer, cow) can result in major vehicle damage and serious injuries. The lack of
precise mapping and bad connectivity can lead to drivers getting lost, arriving to
sections where the road is closed or possibly ending up on difficult or dangerous roads.
The weather eventsmay have high impact on the road conditions (e.g., snowy roads).
Agricultural burning might produce smoke on the road (visibility may be suddenly
reduced). In some parts, one lane per direction requires additional precautions
(especially when overtaking). Roads may have many slopes and uphills that create
blind spots in the route ahead. Help may be difficult to reach in the event of an accident.
Speed limits vary a lot compared to urban areas. In general, maintenance of the roads
is much worse than in urban/sub-urban /highway areas.

Usage of the road and of the vehicle is usually for long distances (e.g. connecting two
destinations, commuters) or for daily purposes (inhabitants performing everyday tasks).
The length of the journey could be relevant, and the dullness of the trip may induce
drowsiness or boredom. On the other side, the panorama could be joyful and nice to
be seen, and the journey could be a nice experience without any rush to reach the
destination.

In summary, the main needs of this scenario are:

T Informed mobility.

1 Enhanced real time awareness (e.g. of vulnerable road users, other vehicles
behavior or intentions, road status...).

Reduction of the frequency and severity of crashes.

Entertainment.

Accessible and reactive Emergency Services.

9 Economical saving.

2.1.3 Highway

Highway scenario refers to main roads with fast-moving traffic, having limited access,
separate carriageways for vehicles travelling in opposite directions, and usually a total
of four or six lanes.

= =4 —A

Actors of mobility along Highways, besides vehicles and drivers, are:

1 Emergency vehicles, like ambulances or fire trucks, police.
Highway Information Service.

Adult passengers.

Children.

Heavy Commercial vehicle.

Dangerous Goods or Exceptional size Transportation.
Road-works operators.

Bikers.

= =4 =4 -8 4 -4 9

The road topology is typically composed by entry/exit lanes, possibly with access gates,
and without any intersection (with rare exceptions). Road maintenance is high and they
are suitable for high speed vehicle flows. Roads are used both for personal mobility or
goods transportation; therefore, the presence of trucks can be relevant, especially in
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working days. Objects can fall down from trucks, and can be cause of serious
accidents, especially in case of dangerous good transportation. The traffic can be
intense, both in working or festive day. Close to payment gates (if they are present),
long queues can be present. The infrastructure is well equipped, with sensors and with
informative panels. There are zones along the road where vehicles can stop, in case of
any necessity. Due to its length, the road can go across different conditions, in terms of
weather or regulation (inter-state roads).

Usage of the road and of the vehicle is usually linked to high speed, for both long and
short journeys. In case of short ones, the target is to reach the destination as soon as
possible; in case of long ones, more options are possible, as it could be a work travel
performed by a passenger car or by a truck, (trucks or employees that must reach their
destination) or could be a holiday travel. Seldom the travel is thought to be pleasant.

In summary, the main needs of this scenario are:

1 Informed mobility.

1 Lean Mobility.

1 Enhanced real time awareness (e.g. of vulnerable road users, other vehicles
behaviour or intentions, road status...).

Reduction of the frequency and severity of crashes.

Entertainment.

Accessible and reactive Emergency Services.

Easiness to access to under payment services.

1 Economical saving.

= =4 —a -9

2.1.4 Transversal Domain

In the fast-moving world of innovation, 5G will enable new services, connect devices,
and empower new user experiences to support an extreme variation in use cases
which spans over a massive number of connected things. Thanks to technology
evolution, the vehicle can be thought as a connected object in this world, relating it to a
moving sensor.

The need to collect as much information grows day by day, in order to improve
awareness and make the vehicles evolve along with technology. Therefore, with the
transversal domain is intended the scenario of all collected information regarding the
vehicle status, insuring continuous monitoring, processing and analysis of the vehicle
and maintenance data, from the design project to the daily revision, which would be
beneficial for all the involved actors.

The main actors of this domain are:

The owner.

The manufacturer.

Fleet manager.

Automobile Service Centre.
Customers.

=A =4 =4 - A

The owner expects to have an up-to-date vehicle with perfectly working functionalities.
In that sense, the maintenance is an element of crucial importance, since it can prevent
potential issues before they even occur. For example, when traveling, many people can
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have wrong estimation about fuel level or battery level and that can lead to unplanned

shutdown of the car in the middle of the road. In order to increase availability and

|l i feti me of the system, the owner has the nee
functions, which, in the long term, can have a positive impact on the economical

aspect. The owner can demand an increase of convenience in the vehicle, in according

to the current driver and the mood of the moment. Furthermore, a continuous
monitoring of vehiclebs status can begitpeeded,
(e.g. antitheft systems) or provide the exact location of the car in every moment.

The car maker is involved in the design, development, manufacturing, marketing, and
selling vehicles. Hence, the manufachasrer 6s go
possible about its vehicles and their drivers, by utilizing advanced technologies. Car
makers mainly have the need to: (1) offer a higher quality product and (2) increase

customers6 satisfactions. More informmgdgion abo
regarding certain vehicles models, can address the manufacturer to understand where
the problems mainly arise. Manufacturers need

desires and habits, to offer more personalized contents and to understand what are the
most utilized services.

Furthermore, by updating telematics vehicle components, the owners can benefit from

the newest contents, which directly increases their satisfactions, that is one of the

primary targets for the car maker. Since lifetime of the electronic elements is much

small er than vehicleb6s and it is very importan
latest innovations, continuous updating is a necessity. For example, ten years ago the

smartphones did not even exist, on the other side, ten years old cars are still in use.

Transport industry, involving fleet, is one of the sectors where development of the
Aconnected worl do (includi ngdgleetihciided carfréntali s pr ogr
car sharing, company cars and any other innovation regarding smart cities

transportation.

According to online encyclopaedia, fleet management can include a range of functions,

such as vehicle financing, vehicle maintenance, vehicle telematics (tracking and

diagnostics), driver management, speed management, fuel management and health

and safety management.

The main need of any fleet is to be aware in every moment about the status of all the
vehicles. Also, é@igblagdtihgi Aibddnderous habit s
help in improving fleet security. Upgraded and constant supervision is also very

important, since the frequent occurrence of robberies. Car sharing management faces

tremendous obstacles when collecting the vehicles that need to be maintained or

returned at a specific location. For example, when the customers leave the vehicle far

away from the place where it should be situated, or if there is more than one vehicle

that needs to be transported. Therefore, improving overall transport efficiency is a

necessity.

Different Automobile Service Centers (depending on the brand) offer a variety of
services to their customers, which can facilitate maintenance of vehicles. Since the
technology is evolving on daily bases, regular updates are necessary, and one of the
main needs of this section is managing bug fixes and other software issues when the
vehicle is far away from any Service Centre (e.g. on the trip, h i g h Wy.dtysé well-
known fact that performing vehicle maintenance on time, keeps vehicles on the road
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and running efficiently, saving both time and money. Nowadays, as a consequence of a
fast lifestyle, often can happen that people forget about regular testing and check-ups
about vehicl es usiohal the tomponents; and By tthe time they notice
the potential problem it can become more serious or irreparable. Also, many people
can have wrong estimation (or ignorance) about oil level and the adequate time for
change, which can lead to severe damage of engine.

Main needs of this domain are:

1 Accessible and reactive Emergency Services.
Accessible and reactive Maintenance Services.
Seamless and convenient integration with daily life.
Increase of vehicle lifetime.

Vehicle security and control.

Vehicle Monitoring.

Vehicle easy pick-up.

1 Economical saving.

= =4 -4 -8 —a -9

2.1.5 Future Challenges

Evolution of IoT has affected the most automotive industry, with the introduction of
connected cars. Currently, connected cars are offering just some services and
entertainment opportunities, but sharing of sensor data will completely revolutionize the
market, enabling new opportunities for both customers and manufacturers.

Constant increase of number of connected devices entails increasing of the demands.

Experience of driving is changing, alongside deployment of new use cases. The

expectation of 5G technology (with all the new wide array of possibilities that are
introduced) is that it wildl turn cars into mor
Integrated cameras, sensors and other connectivity components are making 0T

interesting for both, customers and car manufactures. 5G will also enable a possibility

for creation of intelligent infotainment systems.

The goal is to get rid of (or decrease as much as possible) human error, therefore

making the Quality of Experience (QoE) significantly convenient and safer via constant

connectivity. To make it possible, high speed mobile network is also required. Cloud
functionality and MEC depl oy me nwardapedectiinpus hi ngo
by bringing new solutions that will revolutionize the driving experience. One of the most

important key factors is that no physical connection is needed.

As the performance (due to seamless connection) will increase, simultaneously the
number of data collected from the cars will be increased. The 5G technology is
introducing a new solution for data rates, ability to store, process and manage the Big
data within the minimal latency.

Regarding the concern about data privacy that comes along with connected cars, there
are different requirements depending upon the area of deployment. (ex. demands in
America, Europe and Asia vary from region to region), but at the same time, benefits of
sharing data are numerous.

Sharing generic roadway information/situation is one of the possibilities, resulting in a
better driver experience.
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One of the main concerns that should be resolved is how connected cars will be
protected from cyberattacks. Reliability is a necessity, which requires the existence of
methods for developing connected car applications.

Quick adaptation to different scenarios is also a necessity.

According to 3GPP, [11], introducing the C-V2X Transmission Mode, the whole new

Aworl do of possi bil it ilitgasfiniolging éhenpedegtiiansgintheThe pos s
communication (including motorcyclists) brings out new performances and

simultaneously increases and improves awareness (involvement) in a specific

environment, since the constant awareness is of crucial importance.

2.2 Entertainment

Entertainment vertical is a wide topic that covers lot of areas of interest related to
human entertainment and leisure. Current analysis will focus on and specific area of the
entertainment domain as it is Sport Events, and especially in all related to fan
interaction, known as FAN ENGAGEMENT.

The main goal of fan engagement is making the venue smart and following the fan
along the fan journey. Give the fans more interaction, more engagement and make
them feel like they are more part of the game than they ever could be before.

Fan Engagement is about generating interactions and emotions through contextualized
content and data, as shown in Figure 9.

FIGURE 9: FAN ENGAGEMENT

As per today, existing technologies provides connectivity and content distribution
according the following specifications in the following table.
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