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EXECUTIVE SUMMARY

This document is the deliverab®6.6z Final report on the business models for cross border 5G deployment
enablingCAML4 EA AA1 EOAOAAI AGO POOPI OA EO O bPOT OEAA A
in the deliverabledD6.2 z Preliminary reporton the business models for cross border 5G deployment
enabling CANM which was aiming to define 5G for CAM stakeholdatskeholderinteractionsand their
motivations. Main 5G for CAM stakeholders are listed below:

9 MNOs,

Automotive OEMSs,

SW/ Service providers,
MNO vendors

OBU/RSU providers,

Road operators,

CITS centres,

R&D institutions,

1 End users (individualglrivers)

= -4 - -8 -8 -9 -9

In D6.2, business model of &8IG-MOBIXuser storiesvasanalysedoy usingthe business model canvas tool
Business related gaps were identified, and recommendations were given to sb&/elefined gaps.
Additionally,asetof questionnaires w&sprepared in D6.2 to use in this deliverable D6.6, to understand what
the 5G for CAM business model understanding according to stakeholders.

In section 3 of this deliverable, customer exploration map tool is usd@iw5G for CAM stkeholdersto
identify problems and challenges tifeir customer,useror stakeholder and to explore possible solutions for
identified problems. To have such studyve collected answers from expert 8@0OBIX partners. According

to MNOs, the biggest challergon 5GCAM deployment is to try and find justification for the capital
expenditure associated with the network rollout to support all these G&M functionalities The biggest
unknown for MNOs when it comes to 5GAM to leverage their network infrastruatel is the unknown
customer. Where can the MNO compensate the cost of increasing coverage and capacity. For Automotive
OEMs the main challenge is the standardization of an-8XAM application. OEMs know how to implement
standardized and regulative applicatis such as AEBS (Advanced Emergency Braking System), LDWS
(Lane Departure Warning System), but it is unknowmn them how to implement a safe, secure, and
interoperable 5GCAM application. Common unknowsifior all stakeholderarewhatkind of services migh

be preferred bycustomersand what will bethe related market penetration rate. ®se unknownsinder

the private sectoinvestment. Additionally, most of the stakeholders want travea definition of liability
bordersof a 5GCAM service, to have safand accidenifree operations.

In section 4a recommendation rating study igresented In this study,l5recommendations identified in
D6.2were classifiedby four different categoriesCross border corridor recommendations, human centric
recommendations, deployment and investment recommendatiorend legal recommendations
Afterwards, these recommendations were asked to project partners from various stakeholder ghdigps.
collected 10 answers from various stakeholder groups in our proigemeachrecommendationrated from
cost and utility perspectiveaccording to the responses by the interviewed stakeholdefee most
important recommendations according t8G-MOBIXexpert partners are listed in this sectiohccording to
answers to crosborder corridor related recommendations, largeale validations were consistently rated

10
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as the most important recommendation in terms of utility, as well as the most costly one in effort. The
variety of studies that target a good understanding of the imess ecosystem and the driving forces behind

the market was considered especially useful as well, with a much lower costhuman-centric

OAAT I 1T AT AACET T O OAAOGEITh OODBPCOAAA 1T &£ AOOOAT O OEE
important recommendation in terms of utility, its final score being the lowest of the four recommendations

due to its being also the one considered the most costly.deployment and investment related
recommendations section, responses show that the most important recomaagion regarding utility was
Investment on Software Architectures, SOC andD&lvelopment though it was also the recommendation

rated with the highest cost. On the other hand, tl@operate for 5G Deployment was, by a significative
margin, rated the lowset in cost. Though its utility was rated the loste®f the Deployment and Investment
recommendations, it was only by a small margin, so it is also the recommendation with the best utility to
cost ratio. According to answers to legislative recommendatidnem the utility perspective the highest
AOAOACA OAI OA 1T £ OGEA OAI OA EO AOOOEAOOAA O OEA O
deviation of both scores (utility and costs) between the partners. Furthermore, the highest ratio of utility
score is marked by the data economy recommendation. From the cost perspective, the recommendation of
(etermine the Best Use of Public Funds for 5G InfrastruétureE AO OEA 11 xAO0O OAT OAnh
most accessible recommendation from the economidrgf view.

Questionnaires that were prepared in D6.2, were askedanous stakeholderand answersvereanalysed

in section 5In total, we collected 63 responses to our questionnai@gestionnaires were created from the
business model canvas pilé&&s 4 EAOA DEI 1 A0OO AAT AA AAEET AA AO ¢
O#0001T 1T A0 2A1 AOGET 1 OEEDP6h O+AU 0AOOT AOOdehaskéuieOO 3 (¢
stakeholders what the most valuable border crossing@G&M service for their orgazation is.As it can be

seen inFigurel, advanced driving is the most valuable one.

Advanced Driving  Vehicles Extended SensorsRemote driving Vehicles Quality
Platooning of Service
Support

ERO mMNO mNEP mOBU-RSU = OEM

Figure 1: Value of border crossing 5&CAMServices

After that, we askedquestion consideringthe difficulty to integrate 5G for the CAM services in each
OOAEAET T AAOOGS 1T PAOAOGET 1T Oh AOPAAEAI T U xEEI A AT OAAC
integrated in the operations for all skeholders butroad operators. Another question we asked the
stakeholders is whicBG CAM services will bringhangego their relationship withtheir customers MNOs

11
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indicate that all services will change their relationship with their customers, kiwork equipment
providers consider that none of the proposed sergwdl strongly change their relationship with customers.
Afterwards, we wanted to learn who is the key partner for stakehold&svernment is always a key partner

for almost all stakehold€d & C OT fod&lOperatdrsialso play a huge rolébout the obstacles and
challenges relatedquestionto have 5GCAM servicesaaddresses the most topical challenges for each
stakeholder in its operation. To summarize, we can say that for MNO, the mailengas are Roaming
handover, Cros$order operations, standardization, and legoverage areas for 5GAM applications. For

OEM, the main challenges are Standardization, Accuracy ofgesitioning and lowcoverage areas for 5G

CAM applicationsFor NEP, he main challenge is MNO handover, but RAN optimisation and ebosder
operations are also challenging.

Considering OBU/RSU, the main challenges are MNO handover, connection loss while cross border
operation, latency and Data and applicatidevel protoml interoperability. Road operators have totally
different concerns, and their main challenge is cybersecurity, and service providers consider that packet loss
caused by congestion is their main challenge.

We asked these questionnaires also to end usershsas drivers and passengers. In total we had 27
responses. As summary, the use of-M®BIX service will mostly increase their feeling of safety in traffic
and their travel comfort, as well as decrease their stress while driving. But when we ask therb@CAM
services would affect their choice of travel mgdeey all respondd that they would use public transport,
passenger car, walk or bicycle and taxi services as often as today, so the availabilHGIEBI& service will
not affect their choice of travel modé&.hey are also somewhat conceby the price of 58CAM services

but they are mt afraid of their need to learn new skills or change their routine.

12



& °C

1.INTRODUCTION

1.1 5G-MOBIXconcept and approach

5GMOBIX aims to showcase the added value of 5G technology for advanced Connected and
Automated Mobility (CAM) use cases and validate theoNity of the technology to bring automated
driving to the next level of vehicle automation (SAE L4 and above). To do S&4OBIX has
demonstrated the potential of different 5G features on real European roads and highways, creating and
using sustainablédusiness models to develop 5G corridds&MOBIXhas also utilized and upgraded
existing key assets (infrastructure, vehicles, components) allowing the smooth operation and co
existence of 5G within a heterogeneous environment comprised of multiple ilemnintechnologies

such as IT&5 and &/2X.

5GMOBIX executed a series of CAM trials along crbssder (xborder) and trial sites using 5G
technological innovations to qualify the 5G infrastructure and evaluated its benefits in the CAM context.
The Projet has also defined deployment scenarios and identified and responded to standardization
and spectrum gaps.

Firstly, 5GMOBIXhas defined critical scenarios requiring advanced connectivity provided by 5G, and
the associated features to enable selected advanced CAM use cases. The matching of these advanced
CAM use cases and the expected benefits of 5G was tested during trias oarridors in different EU
countries as well as in Turkey, China, and Korea.

The trials also allowed®G-MOBIXto conduct evaluations and impact assessments and to define
business impacts and cost/benefit analysis. As a result of these evaluations and international
consultations with the public and industry stakeholderSGMOBIX identified new business
opportunities for the 5G enabled CAM and proposed recommendations and options for its deployment.
They have been presented in previous deliverables of work package 6 which are D6.1, D6.2, D6.3 and
D6.4. These documents can be found in project webgitgps://www.5GMOBIXcom)).

1.2 Purpose of the deliverable

This deliverable aims telaborate possible new business opportunities that ®2M will create. Other
projects can take this deliverable asaederence in the future witlits completecontent. Deliverableontains
customer exploration map tool thas used to show possiblistomer of eactstakeholder what are their
customers liksand dislikes, jobs to be done, challengediat wedo notknow about 5G for CAM, existing
sdutions and what would be game changing in the future. Details of this study can be found in section 3.

In the Sectiord, recommendations are listed that are important to have a solid 5G for CAM business model
and a rating study has been reported. Ratirgf®w, which recommendation is the most important about
cost and utility perspective. Audienseof this deliverable should consider these recommendations to
achieve sustainable business.

In section 5, deliverable shows a questionnaire analysis. These questionnaires were prepared in D6.2 and

disseminated after publishing D6.2 the project website. Questionnaires aimed to understabdsiness
model development strategy and obstacles on ttwad. To achieve this, we asked stakeholdetsat isthe

13
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value proposition of 5G for CAM services, what are key resources and key partners of stakedidesse
obstacles challenges, cost structure of 5G for CAM, what are revenue streams and wisgmeay of
stakeholders.

1.3 Intended audience

The dissemination level of D&is public (PU) and is meant primarily for (a) all members obBMOBIX
project consortium, and (b) the European Commission (EC) sendicesnded audience is all 5GAM
stakeholders that areat least but not limited tothe automotive industry, telecom industry, policy makers,
research organisations, governmental bodjesandard developing organisations and insurance companies.

Interested readers may also refer to:

9 D6.1- Plan and preliminary report on the deployment options for 5G technologies for CAM.

i D6.2- Plan and Preliminary Report on the business models for cross border 5G deplogmariing
CAM.

9 D6.3- Plan and Preliminary Report on the standardisation and spectllatation needs.

i D6.4- Plan and Preliminary Report on EU Policies and regulations recommendations.

14
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2.PLANAND METHODOLOGY

2.1 Customer Exploration Map

The Customer Exploration Map tool helps stakeholders to identify problems and challenges of their
customer, user or stakeholder and to explore possible solutions for this prodleithis documentims to
identify what are the5G-CAMcustomers, what they want, challenges and unknowns on the roallatce
successfubG CAMbusiness model.

To achieve thisaset of questions listed belohas been asketb stakeholdesin 5G-MOBIXwork group and
each stakeholder perspective is reped

MNOs, automotive OEMs, application providers, network equipment providers, OBU/RSU providers, road
operators and end users are the related stakeholders HC2® deployment.

91 Whoareyour customes/ uses/ stakeholdes?

1 What aretheir likes and dikkes?

9 Jobs to be done and challenges to achieve solid 5G for CAM business model

1 What wedo notknow, what are our assumptions, black spots and why/when is something a challenge / a
good experience etc.

i What are the existing solutions that are used ould be used instead of 5G for CAM services?

1 What would be game changing, perfect solution, and experience that 5G for CAM promised?

Detailed analysis can be seen in section 3.

2.2 Questionnaires

Questionnaires thahave beerprepared in D6.2, has been used to analyse business nuddeb for CAM
services. Questionnaire example that is used to understand MNO stakeholder perspective can be seen in
Annex1.

Five 5G for CAM use case category that are listed in 3GPP TS 4. d86ument explained at the beginning
of the survey. Theseategoriesare advanced driving, vehicle platooning, extended sensors, remote driving,
and vehicle quality of services support.

After this explanationguestions about 5G for CAM were asked. Questions were atheubusiness model
canvas tool that was usdd elaborate business model opportunities D6.2 Question categorized as value
proposition, key resources, customer relationip, key partners, obstacles and challenges, cost structure
willingness to pay and revenue streams.

Details of the analysis can be seen in section 5.

2.3 Recommendation Evaluation

Recommendations thatare used in this evaluation were listed before in D6Fbr the evaluation
methodology, the approach of D6.1 was followedlYe collected 10 answers from project partners. They
rated 15 recommendations based on their utility and cost perspective.

15
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The evaluation criteria objective is to understand the impact tretommendations have and provide a
prioritization level base in colours (red, yellow, green as presented in chapter 4)xetbmmendation
evaluationstudy assessegach recommendation based on two factors:

Utilization:

The utilization value measures the level of how critical each criterion is, ranging from 1 to 5. With 1 having a
minimal impact and 5 a critical impact. These recommendations are assessed based on the

Table 1: Utilization Cost Impact Matrix

OR eris bette
o} Average g
. WEIGHTED SCORE
Scoring System 1 2 3 WEIGHTS | SCORE| CALCULATION
Has little value, [Has average valdlt has the potential Has great user value - wil
Impact Has user value Has no user valugbrings awarenesy somewhat limits | to simplify 5G for| greatly help adoption of 5G 0,17 0,00
to a specific gag an existing gap| CAM adoption for CAM
Ithas _Ihe potentig Has great business value
to increase : ;
. this recommendation can
. investment or the| . K X
Has 1o busines Has little value, |Has average valy creation of new improve investment in 5G fd
Impact Has business value (for Europe?) value brings awarenes{ somewhat limits roducts and CCAM and will help creatq 0,17 0,00
to a specific gag an existing gap p N new
services, or ) )
" products/services/busines{
mitigate known

models, or solve known gay
gaps

It has the potential
to mitigate or
circumvent a
technical gap

Has great technical value
this recommendation bridge 0,17 0,00
a significant technical gaf

. Has little value, |Has average valy
) Has no technical ,_. L
Impact Has technical value value brings awarenes{ somewhat limits

to a specific gag an existing gap

It has the potentia] Has great value in terms of

Has little value, |Has average valu X . X .
to improve improving operational

Has no operationd

Impact Has operational value brings awarenes{y somewhat limits X . X 0,17 0,00
value . - operational procedures - it can bring
to a specific gag an existing gap - ) -
procedures multiple operational benefitd
Has no it has the potential
standardisation . to drive Solves a significant
value, does not Has litie value, |Has average valy standardisation | standardisation gap or is
Impact Has standardisation value ! brings awarenes{ somewhat limits 0,17 0,00

utilise or validate efforts or support|based on existing well kno
an existing an existing industry accepted standard
standard standard

to a specific gag an existing gap

o

Recommendation is time

Criticality | This recommendation is time critigalnot time critical 2021-2035 2021-2030 2021-2025 | critical and should be applig 0,17 0,00
within 2021-2023
SUM SHOULD BEEQUALTP1 1 O .: 0,00

Lifecycle cost:
The lifecycle cost analyses the cost of acquisition and the recommendation's utilization by defining the

acquisition cost of the research, development, deployment and integration of the solutions. The cost of
utilization is ddined as the cost to operate, train, maintain and deploy these solutions.
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Utilisation

5G

Table 2: Lifecycle Cost Impact Matrix

Lifecycle Cost fact( 4 5 ANSWERS | WEIGHT$ WEIGHT* SCORE
Cost to research 2 0,1 0,2
Cost to develop) X 1 0,2 0,2
Cost to deploy X 2 0,1 0,2
Cost to integrate X 3 0,1 0,3
Cost to operate X 4 0,1 0,4
Cost to train X 3 0,2 0,6
Cost to maintain X 3 0,1 0,3
Cost to dispose X 2 0,1 0,2

il IF

The average between the utilization and the lifecycle cost will provide us with the leyeiooitization of
the recommendations. The prioritization is weighted from 1 tavih 1recommendationhaving avery low
importance andwith 5avery highcriticality.

3.CUSTOMER EXPLORATION MAP

Customer Exploration Map

 Who is our customer f user / stakeholder ¢ What arethair likes and dislikes ?
: Be specific " 3 L k §
i Jobs to be done & challenges What we don't know

: Fufidafal | wodul § aifstanial | Suppoing Aeedh i b apedili Lusl iof Assprmplicrn, black spots

Quastes

i Existir

i ey o

1B SOIUTIONS

of Sl

THIS WOULD BE GAME CHANGING!

Ermgarhize with yous ©urk e g el der

Figure 2: CustomerExploration Map example to fill by stakeholder
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An example of the customer exploration map tool can be sedfignre2. Answers fronthe expert team in
5GMOBIXproject were collected according to this template.

Below we have presented the results for stakeholder groups MNOs, automotive OEMs, application
providers, network equipment providers, OBU/RSU providers, road operators and end users.

3.1 MNO Perspective

3.1.1. Who are our customers / users / stakeholders?

Primarily, MNOs are looking at every person / legal entity or device as a (potential) customer. Translated
into the context of 5@CAM technology and use cases, the customers are individuals, automotive OEMs and
infrastructure operators (government)

3.1.2. What are their likes and dislikes?

All customers are looking for efficient and safe travels. However, adding such features increases the cost of
the vehicle as well as operation of the infrastructure. As such nobodyuiseitly) willing to take on the
enhanced cost of 5&AM

3.1.3. Jobs to be done and challenges

As 5GCAM use cases are becoming more advanced and technology may be reaching maturity levels
sufficient for broader rotbut, MNOs need to increase the coveraaged capacity of their 5@etworks. This
includes the capabilities unlocked only through Staaldne (SA) operation of the 5G network. As typically

the existing customers for MNOs do not tend to accumulate in great numbers across the major road
infrastructure networks, MNOs find themselves faced with discrepancies between past focus areas
(urbanized areas with high concentration of personal / business users) for their netweokireliforts and

the now required focus on major roads (and border crossings).

The biggest challenge for MNOs is to try and find justification for the capital expenditure associated with
the network rollout to support all these 5GAM functionalitiesThe business case is communal, and the
value is in the absence of a transaction (deat). There is no business case today that can be monetized on
the absence of a transaction

3.1.4. What we dond know?

As indicated, the biggest unknown for MNOs when it comes toG&8M to leverage their network
infrastructure is the unknown customer. Wherenctne MNOcompensatethe cost of increasing coverage
and capacity.

3.1.5. Existing Solutions

For CAM useases, a lot of time and effort has been allocated towardsGBXechnology in the past. For
MNOs, this is not part of their connectivity offering and théseno business model associated with it for an
MNO. But this technology suffers from the same challenges and unknowns; actually even more so as there
are no opportunities to leverage these investments beyond their primary focus whereas for 5G connectivity
it is merely a question of finding secondary uses to strengthen the business case. As most countries /
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member states have introduced coverage obligations towards MNOs as part of their spectrum auctions, a
basic availability will always be achieved ahe#the existing ITSG5 requirements

3.1.6.  This would be game changing

For MNOshe biggest game changer will occur if some of the 6GM technology would find its way into
existing fleets under agovernmental interventionrequiring all vehicleand fleet owners to retrofit
technology with connectivity, even if just for a single sgfe¢lated use. This would draw investments from
MNOs to best serve this specific market.

3.2 Automotive OEM Perspective

3.2.1. Who are our customers / users / stakeholders?

Fleet owners, confined area (such as ports, mining, construction) operators, end arigerthe main
customers of the automotive OEMSs.

3.2.2. What aretheir likes and dislikes?

Low-cost operation is important for fleet owners and confined area operationsv-cost operation could be
achieved by decreasing number of employees, operation time, actg¢hat a human got hurt or an
equipment damagedSafety is also another important aspect for such customers.

End usersd.gdrivers, passengers) also look for comfortable, safe and fast travels.

Regardless of which group the end user falls into;&&MVtechnology can contribute to addressing their
concerns. Autonomous vehicles can be calibrated to optimise driving practices that can avoid aggressive or
erratic driving that wears out tyres and brakes more quickly. Replacement of brakes and tyres arfetteo

major maintenance costs borne by fleets and drivers. Elimination of driving offences reduces costs and
should help to reduce the driver risk element of insurance premiums.

Reduction or elimination of accidents and unexpected damage to the vehiateresult in significant
savings, such as repair cost and provision of an alternative vehicle while out of service.

&1 O &£ AAO AOEOAOO ET DPAOOEAOI AOh AOQOTIT AOGETT AAT A
tasks that could otherwise édistracting such as making calteading messagesr filling the necessary
forms for crossing borders

For the vehicle OEM it should be possible to ensure that Real Driving Emissions testing is more predictable,
leading to closer alignment with WLTC tédts and giving the customer more confidence in stated fuel
economy and CO2 claims.

Where CAM is deployed in confined areas such as ports, greater productivity and predictability can result. In
addition,removing some of the people from hazardous areasaamiribute to health and safety and reduce
costs incurred by protective measures.
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3.2.3.  Jobs to be done and challenges

Since customes desire lowcost, fast, comfortable, and safe operation/travel, an automotive OEM should
focus on its 5G for CAM application developments to fulfil these requirements. For that purpose, related
KPls, such as reduced operation time, number of accidentsegmted should be added to 5GAM
application field tests.

Main challenge here is the standardization of anG&M application. Today, Automotive OEMs know how

to implement safety applications such as AEBS (Advanced Emergency Braking System -ausamatic

brake system designed to prevent collisions or limit their consequences) or LDWS (Lane Departure Warning
System, that detects line marking on the road surface and warns the driver of unintentional lane departures),
but these applicationslo not interact with anyexternal infrastructureTheir operation is entirely contained
within the vehicle This is not the case for 5GAM applications. Network is another key pillar to achieve
reliable, safe, and secure applications. And that is why regulatory bodigsdatdization institutesshould

define related application requirements and test conditions, to have interoperability among all automotive
OEMsandsafe, secure applications.

The human element of the system cannot be underestimated, and OEMs will nge@pare and educate

their customers for the arrival of automated vehicles. There might be some resistance to such radical
changes in the way a vehicle operates, and the benefits should be clearly communicated. If an accident does
occur, there is a dangehat the OEM will be blamed, and a strategy for managing this would be wise.

Automation can also bring challenges from an OEM branding perspective. With automation bringing ever
more standardised modes of operation, OEMs will need to seek alternative veagkfferentiate their
product (automated sports car?). This will be a challenge.

OEMs will also need to develop new business models that incorporate the connectivity element of
automation, as well as the services delivered via the infrastructure. Thisidlhe seen as a benefit and an
opportunity to generate repeating revenue throughout the life of the vehicle. It will need interaction with a
new group of stakeholders which they previously may not have been in contact with, and familiarisation
with a newindustry.

3.2.4.  What we dond know?

Which 5GCAM application will be the first industry standard to deploy on vehicles, what will be the
minimum requirements, who will liable if an accident occurred during® application active on cruise,
how will the currat business models evat e

3.2.5.  Existing Solutions

It is possible to see 5GAM proof of concept application deployments on the market today, such as tele
operated (remote) driving, automated valet parking for AVs, Cooperative Manoeuvres etc. mogtidi
were demonstrated in5GMOBIXand other H202dCT-18 projectq3], [4] ,but none of them deployable
yet.

CV2X PC5 and DSRC based CAM applications which are powereehiog athd/or 4&.TE communication,
are early steps of 5GAM applications5GAA releases their findings about related fields in their weljSite
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3.2.6.  This would be gane changind

For confined area operators and fleet owners, removing drivers from the loop will be the mainaamger
sincehumans arene of the main expenditures of the operations and theyramge errorprone than robotic
systems Whenever we see 5GAM applications common deployment on the market, it will be enable
driverless operations.

3.3 Application Provider Perspective

3.3.1. Who are our customers / users / stakeholders?

Customers vary épending on the application, it could be targeted towards thehicle owners/drivers,
application providers or the telco/service providers. For example, cybersecurity services can be provided to
all types of stakeholders, business/operational support services can be provided to the infrastructure
providers (i.e. fobilling, SLA assurance), etc.

3.3.2. What aretheir likes and dislikes?

According to the results of a recent public consultatjéhon Connected, Automated Vehicles, the vehicle

owners require a feeling alecurity and cyberresilience Another significant trend is that afata sharing.

About one third of vehicle owners would accept data sharing with public authorities in order pmdtthe
development of publignterest services, while a third would prefer restricted/conditional data sharing, and

one third would decline all data sharing. The vast majority of respondents (75%) considers it very important

to be able tochoose among diferent service providers independent from the vehicle manufacturer.

)T AOOGOOU AAOGT 0O A1 O ACOAA 11 AUAAOOAAOOEOU AAET C
by 3¥DAOOU AAOT 006 AO OEA 1100 AOOrEchis (9846) 66 BuginessOOOE
potential for the reuse of norpersonal vehicle data.

3.3.3.  Jobs to be done and challenges

Although most industry actors claim the process collected data in accordance with EU data protection rules
(69.9%), they also report (64.2%0EAO OEAU Al 11 0 EAOA AOGPAOEAT AA xE
bl OOAAEI EOU6Q8 -1 O0OA OEAT EAI £ ET AOOOOU AAOQOT OO0 j ai
existing data protection rulesWhen it comes to automated vehicles, the rulglsoperation must be the

same in all countries. This is necessary for all stakeholders like road operators, fleet managers, car

manufacturers and MNOs.

3.3.4. What we dond know?

The business case for advanced-68M services is not very clear in many EU regidinis not clear what

kind of services might be preferred by drivers in each region and the related market penetration rate. This
can hinder investment in this sectdrhe business case for ITS companies may be different to the public and
private transpat by cars or buses.
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3.3.5.  Existing Solutions

According to the results of the public consultation and based on industry respondents, among the most
preferred solutions for accessinguehicle data and resources at short/medium term are:

i Extended vehicle model via OEM baekd servers,

9 Neutral server model,

 Other solutions listedared 3 AAOOAA G6AEEAT A )1 OAOEAAAD O/ PAI
Interface (SVI) concept.

Furthermore, UNECE WP.29 is working on the definition of storafggata from CAVs.

3.3.6.  This would be game changing

Solutions for virtualised cybersecurity could be game changing, as this approach could make remote
management easier for all parties involved. Furthermore, the introduction of data sharing services from a
trusted intermediary with anonymisation, encryption, authorisation, authentication on the fly, can simplify

OEA Ai11AAOGETT 1T 4&# AAOGA AT A EOO OEAOEI C AilTT ¢ OAAO

3.4 Network Equipment Provider

3.4.1. Who are our customers / usersstakeholders?

Network equipment providers mainltarget three customer segments wittheir hardware, software and
services portfolio: Communications service providef€SP) enterprise verticals and hyperscalers.
Additionally, they focus on licensees in eted industries that benefit from the value tifeir innovations,
primarily in the mobile devices, automotive, consumer electronics and emerging 10T industries.

3.4.2. What are their likes and dislikes?

CSPs nurture a more diverse supplier ecosystased on open architectures. Their aim is to broaden their
supplier options and increase competition to strengthen their pricing power towards the network vendors.
We have seen the first examples of CSPs relying on hyperscalers to lead the transitictota-dased
operational and business model. This introduces new players and increases competition for established
network vendors. Lastly, geopolitics and environmental, social and governance (ESG) criteria influence
investment decisions. Security and seignty have become important factors in the vendor landscape.
Governmentfunded broadband initiatives influence the investments of CSPs, for example in rural areas and
support the emergence of neutral hosts.

Within the enterprise verticals segmentshe digitalization and automation of operations across verticals
accelerates demand for critical networks. In transportation, the transition to softwametric operations

and the adoption of industrial clouds and operational technology (OT) edge will funtlcezase efficiency.
Private wireless networks and misskanitical transport edge applications are key enablers. In
transportation, vehicle automation and the assistance to vehicle drivers are the main concern because these
networks should be deployed.
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Hyperscalerare companies like Alphabet (Google), Amazon (Amazon Web Services), Microsoft and Meta
Platforms (Facebook) that provide cloud solutions at a global scale, leveraging massive, connected data
centers. Hyperscalers need optical networks and IRingu Within optical networks, we foresee that data
center interconnect (DCI) technology will be a strong driver. Hyperscalers assume an increasingly important
role in the telecommunication domain and will become ecosystem partners and potential compsetitor
Hyperscalers target edge computing as the next growth engine for industrial automation workloads and
low-latency applications.

3.4.3.  Jobs to be done and challenges

Critical networks combine carriegrade resiliencereliability, and security withweb scaleflexibility and
elasticity. As we move ahead in an era of digitalization, critical networks will gain much more importance
and reliability requirements will increase significantly. Network vendoeed to positiontheir solutionsin

the automotive sector, tying their automotive customers enhanced capacity and connectivity while
offering greater energy efficiency and ease of deploymeviendors alsmeed to improve also with new
radio features the scalability of the radio handovers for automated vehicled@ridansport applications.

Solutions that provided by vendorseed to progress to new sectors like transportatidrendorsneed to
drive the market in fiber and 5G fixed wireless access, aogtinal networks to give customers increased
performance anctost efficiency. These networks must be deployed throughout the border of the countries
to provide continuity on the sensors network and automotive virtualized applications.

Cloud and Network Servicggovided by vendors will provide new solution categy that will enable on
premises processing of a hosttoansportation andndustry 4.0 applications and help customers accelerate
their digitalization plans. Vendors must launch new Softwarasa-Service products fortheir
communications service provideustomers, giving them more flexibility and ways to capture revenue from
transport sector.

3.4.4. What we dond know?
Risks related tovendorstrategy and its execution

1 6 A1 Adbibgt®Obecome and remain as a leading provider of technology, software and:esrivi
the industries and markets in whithey operate.

i Trends, such as cloudification, open RAN/openness, virtualization and disaggregation with potential
impact onO A T Apo®@dicdof products and services, competitive landscape, business models and
theirmargin profile

1 The degreeO AT A inv@dint@nts, including venture funds, result in technologies, products or
services that achieve or retain broad or timely market acceptance, answer to the expanding needs
or preferences of our customers or consumeos in breakthrough innovations, research assets,
digitalization,and intellectual property that we could otherwise utilize for value creation

1 6 AT Ahbt &hd success in acquiring or divesting businesses and technologies, in integrating

acquisitions entering licensing arrangements, and in forming and managing joint ventures or
partnerships
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Surrounding economidjnancial,and competitive environment

i General economic and financial market conditions and other developments in the economies and
industries where we, our customers and partners/suppliers operate

9 Duration of the COVIEL9 outbreak, disruptiveness of the related measures to contain the virus and
other prolonged impacts of the pandemic

i The cyclical nature of the markets in whielendors operate, competitorbehaviour customer
consolidation, customer purchase and spendb&haviour deployments and rollout timing

| Accelerating inflation and our ability to pass increased cos®t# 1 Adusiotnés

i Price erosion largely driven by contit@®n challenging the connectivity business modelsveihdor
customers

1 6 AT Adepedddncy on a limited number of customers and large rydtr agreements

1 Competitiveness of or developments regarding pricing and agreement tewasdors offer,
includingdevelopments with respect to customer financing or extended payment terms or credit
lines that we provideheir customers

1 Willingness of banks or other institutions to purcha@ndorsreceivables.

3.4.5.  Existing Solutions
There is a diversity déchnology and enterprise with different approaches in the market.

The RAN market, including associated network management solutions and network services, is a highly
consolidated marketAll vendors offer similar solutions, such as 5G SA, NSA core angrieinfrastructure
equipment. Deployment is currently limited.

Cloud and Network Services operates in a fagiving marketplace characterized by numerous competitors

that range from niche providers to global technology enterprises whose offerings spasradeechnical
capabilities.The competitive environment comprises networking companies, infrastructure and application
software suppliers, services specialists, hyperscalers, cloud providers and a wide range of industry segment
businesses.

3.4.6.  This would begame changind
3AT 01 060 AAPITUI AT O ET Al AEEEAEAT O TATTAO AT A EI
create in Europe a global market size able to compete in the global market. So, roads must be covered with
mobile connections

The sensormetwork must be directly connected between the countries, not centralized in country/region
isolated silos. So, fibre must be interconnected in the border of the countries.

This basic infrastructure along the roads will be the baseline for the full demoymf a panEuropean
automotive radio network.
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On top of this network diversity of operators public or private could interconnect different radio layers with
radio Slices supporting many different Use Cases.

3.5 OBU/RSU Provider Perspective

3.5.1. Who are our cistomers / users / stakeholders?

Car manufacturers, road operators, end useDEM's, telecommunication companies, regulators, road
authorities, insurance companies and end users.

3.5.2. What aretheir likes and dislikes?

Being able to enjoycomfortable and safe travel is one of the main challenges offered by autonomous
mobility. Having technologies that minimize risks will facilitate their adoption by public entities and their
exploitation by companies.

From the end user's point of view, beiable to provide them with comfortable, entertaining and safe travel
experiences will help increase interest in using these types of services.

Low cost and safety are the main concerns for both types of providers. The RSUSs, in particular, imply several
costs for road operators, from acquisition and installation to maintenance and end of life discarding. As such,
it is important to install the least expensive and with minimdife-cycle costs that comply with the
requirements. RSU capabilities, as well astallation procedures, must keep this in mind. Road operators
and end users are also concerned with traffic efficiency, i.e., making vehicles travel from origin to destination
in as less time and with as less expenditure of energy as possible.

The OBUs istalled in the vehicles allow access to a multitude of information and data of each vehicle. This
allows monitoring the correct behaviour of the system and the detection of vehicle faults, as well as the
measurement of indicators such as driving speed,etm@tion noise, number of lane changes, following
distance between vehicles... All this information allows an exhaustive analysis of the user's behaviour and
the operation of the entire vehicle system.

Providing vehicles with OBUs capable of workingwt €apacity with the latest technologies, such as 5G,
can lead to better overall driving performance at all levels. It should be added that all V2X communications
are supported by the OBU, enabling more accurate information to be obtained from and farslriln
combination with the RSUs integrated in the road infrastructure, a technology is available that will enhance
the improvement and efficiency of driving and traffic management.

One of the main challenges is to achieve full acceptance by users hed sibkeholders of this equipment
and the benefits that OBUs can provide in their daily lives, which is an essential role for the application of
new connected vehicle technologies.

technologies like 5@evelopments is one of the loagrm goals. The overall implementation and upgrade
costs and the current shortage dfardwareelements such as chips is one of the current "brakes" to the
implementation of OBUs in vehicles.
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To promote the progress of OBUs and implement improvements in line with mobility needs, it is still
necessary to coordinate driving simulation systems with field ¢est both controlled and reatorld
environments.

3.5.3. Jobs to be done and challenges

In the interest of safety, both OBUs and RSUs should be able to acquire and transmit data in as close to real
time as possible. While 5G, with its associated very low latestyyw 5G enabled devices to communicate

at the necessary velocity, this would be for naught if OBU and RSU sensors/associated sensors are incapable
of obtaining data at a similar velocityt is important to take into account the costs associated with the
development of the system, so boosting its scalability in production as soon as possible will be key to
achieving its success.

It will also be necessary to study the needs in terms of computing resources, so it will be necessary to take
into account thepower requirements of the chips, as well as the artificial intelligence that will be used,
achieving a good exploitation of data and joint decision making.

When defining the user experience, it is critical to take into account user training, as its ro@uddrigger
serious problems that would delay the adoption of these technologies, such as the distractions they
generate in level 3 automated driving scenarios.

It will also be key to include different user experiences for all users, including groups such as the elderly,
people with some kind of disability, etdCTAG for example has developed its own OBU (HMCU) integrating
elements and the latest upgrades for §@sing for example Qualcomm chips for its modems integrated in

the HMCU). These thouse developments within the research field are helping to drive down costs in the
future and bring more OBU options to the market.

3.5.4. What we dond know?

Current investmentn device integrations and developments for OBUs and OBUs themselves is still a highly
variable factor as they are in many aspects, such as 5G adaptatiessarch,and experimental
deployments. It is also still somewhat uncertain which direction willtdleen by the elements to be
integrated in OBUs such as 5G modems and chips suitable for full use with 5G technalugiibe 5G
infrastructure.

How much interest will road operators have in installing R88s far, the interest and acceptance of
different operators in devices such as RSUs @iUsis very positive. In the SISCOGA corridor, for example,
numerous devices of this type have been deployed and encouraged development in various pgects (
MOBIX AUTOPILOT, CROADS, CMOBILE, CRUSOE ...).

Who is lable for incorrect readings from the RSUs sensdrBi3 question cannot be simplified to a short
answer even if we can answer it even without standardisation or supporting regulations. There are several
actors involved and the failure to receive or trarisem RSU can be due to a multitude of factors (from purely
mechanical failure to failure to send messaging by a sender outside the RSU, sensor failure, network failure,
GPS failure....).
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As the RSUs are wired together, it is possible to detect problemmotely. If the messages have been sent

in a correct way, in this case it can be considered that the vendor of the RSUs or OBUs should be responsible
for solving problems in reading the messages and providing the necessary support and maintenance of this
equipment in case of failure or error.

How many RSUs will be needed per road segméntizpends on what is considered as a road segment
reference as we understand it to be the specific representation of a portion of road with uniform
characteristicsIf there are no obstacles, an RSU can provide coverage of up to 1km. It does not usually
provide coverage over the entire motorway, but it is hecessary to have a strategy for its placement, for
example to place them at all the entrances to the motorway and éfr¢his no entrance in between, every
10km. This way the events are registered when entering the motorway and if an event update arrived it
would receive it every 10km. Anywaldepends on the characteristics of the usase you assess. Accidents
could result in a short distance message by direct communicatioftV2X,DSR@G and a longer distance
message to the downstream flow using a cellular solutions, and to the ITS center for traffic management
guidance. It is not a one fit solution. Gantries over tbhad are a means of communication towards Ron
connected traffic participants. For some of these items a RSU may be necessary

What will be the interoperability requirements for easy and cost effectigployment of RSUs and OBUs?

The basic requirement to be considered is compliance with the defined standards. For this purpose, for
example, regular Plug Test sessions are held, which CTAG also attends with its teams and which ensure
interoperability. Also, dfferent levels of interoperability could be considered in order to define the
requirements to be considered, also taking into account #technical aspects of interoperability (Source:

EC New European Interoperability Framework 2017):

Legal Interoperaility
Organisational Interoperability
Semantic Interoperability

= =4 -4 A

Technical Interoperability

Within the main technical aspects should be considered as main requirements to be fulfilled to ensure
Interoperability:

Data Security

Data Integrity

Data Accessibitly
Transport Protocols

=4 =4 4 a4 A

Services & Messages

Understanding between the different interfaces at all levels (physical layer, data link layer, network layer,
access layer, application layer, presentation layer, session layer) must be achlietezections between
entities such as messaging servers and -eisdr applications must also be standardised to ensure
interoperability and increase market choice for different vendors and purposes.
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3.5.5.  Existing Solutions

There are already a range of commeity available OBUs and RSWi#th 4G LTE, DSRC and\@X PC5
capabilities though prices are still high and real world, everyday use is still low and mostly untested.

In line with the above, it is important to take into account the costs associated witld#dvelopment of the
system, so boosting its scalability in production as soon as possible will be key to achieving its success.

This would be game changing

OBUs will allow vehicles to send/receive position and sensor readings to/from other vehicy (V2
infrastructure (V21), network connected software (V2N) and pedestrians (V2P). RSUs on the other hand,
allow the capture and sending of data related to road conditions and traffic operation. Both technologies
would be instrumental in increasing road e&f and decreasing accidents and mortality, not to mention
reducing traffic congestion and all associated problems. Moreover, OBUs can be installed in legacy vehicles,
S0 we can gain these benefits more immediately, without having to wait for further dgwveént of other
technologies, like selfiriving vehicles. OEMs, road operators and ars#rs would value efficient, cost
effective and interoperable OBUs and RSUs that could be easily deployed and interfaced within an existing
communication infrastructurewith minimum configuration effort.

3.6 Road Operators Perspective

3.6.1. Who are our customers / users / stakeholders?

Vehicle drivers (private), freight vehicle drivers, bus and coach drivers, Transport and Logistics companies,
Emergency Services, Local amétional governments (officers and elected official§hortly, everyone
using the road.

3.6.2. What are their likes and dislikes?

Road Operators want to provide a higjuality service to their customers. They like systems and
technologies that reduce congesticand accidents. A particular dislike is the costs of deploying, operating
and maintaining technology solutions.

3.6.3.  Jobs to be done and challenges

Road Operators are unsure whether to invest in 5G or FBS0&sed technologies as they are unclear what
technology will become dominant and what will be supported by vehmbnufacturersRoad operators are
unsure whether third parties such as mobile operators will roll out the necessary infrastructure or whether
they need to deploy it. Road Operators are awareaofomated vehicles but unclear on when they will
become common on their networks.

3.6.4.  Existing solutions

There are some roads equipped with reamle units, 5G and ITS5 but these are generally limited to test

bed / technology pilot sites. Older technologissich as variable message signs are used to provide
information to drivers such as roadworks or congestion and to provide safety messages such as temporary
speed limits.
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3.6.5. What we dond know

What will be theuptake of connected and automated vehicle semgcover the short to medium term (next
10 years). This influences investment decisions and choices on which technologies to deploy on road
networks.

3.6.6.  This would be game changing!

Provision of affordable 5G services throughlomard units and infrastructure that has real impacts on driver
behaviour and traffic conditions. If accidents and delays can be reduced, this will significantly improve the
AGPDAOEAT AA £l O 10ersAFAr tolréadshis Mighdiéad to Ide@sdd income as more drivers
use the road due to the higher quality experience.

Provision of information directly kvehicle could lead to reduced need for physical infrastructure such as
variable message signand ultimately, reduce operational costs. However, this would mean that the
majority or all vehicles capable of receivingviahicle information.

3.7 End User Perspective

3.7.1. Who are our customerd users/ stakeholders?

End users will comprise drivers of catemmercial vehicles such as trucks and vans, passenger service
vehicles for example buses and taxis, emergency service vehicles including breakdown services, and vehicles
with trailers such as caravans. It could be argued that other users might inclueeaticular actors such as
pedestrians and cyclists, as well as motorcyclists, who have an interest in the behaviour and safety of
motorised traffic. These are the direct end users although some of those described in the immediately
preceding sections abdv8 4 EA OAOEOAOOS8 ET Al OAAO OEI OA OOEIT ¢ 4
are manually controlled and everything in between.

3.7.2. What are their likesand dislikes?

For those that will continue to use manually operated vehicles for some timejetisas for pedestrians,
cyclists/motorcyclists etc., it will be important that automated vehicles behave in a predictable and
consistent manner to prevent potentially dangerous evasive action. Maintaining that predictability
regardless of the nature of ghroad (e.g., urban, rural, border corridor etc.) will be important, as those road
users should not be expected to modify their behaviour, depending on whether the road has effective
connectivity. This will be particularly important during the transitiaorh driven to automated vehicles,
where different levels of autonomy will be using the road along with manually driven vehicles. Where safety
is improved it benefits the occupants of all vehicles and potentially other road users such as pedestrians.

DriverO 1 £ AOOT I AOAA OAEEAI A0 AO AEEAEAOAT O 1 AGAT O xEI
in as many locations as possible. In SAE lexe3/4 cars there may be a need for the driver to take control

of the vehicle under certain circumstaes, and one of those might be in areas where there is insufficient
connectivity for the vehicle to operate safely in a collaborative or autonomous condition. Provision of
ubiquitous connectivity and access to automation infrastructure in as many locatenpossible will
minimize the probability of driver intervention being needed, and increase driver satisfaction and
confidence in the systems. This in turn is likely to increase the adoption of automated vehicles leading to
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greater economy of scale leadirig reduction in vehicle prices. Where autonomy is intermittent it will be
difficult to achieve widespread adoption of vehicles with the technology.

There are possibilities for commercial users. Automated trucks can provide savings in terms of driver cost,
but also from potential fuel savings gained by platooning, which has the added benefit of increasing road
capacity safely. Buses can gain from the ability to remove the driver, potentially creating space for more
passengers. Removal of the driver can omappen if journeys can be completed in their entirety without

the need for manual intervention and that will depend on ubiquitous connectivity and access to
infrastructure before those benefits can be realised. Platooning still has benefits when a idrineplace
however it is mor valuable if it can be achieved in unbroken sections of road.

Ensuring that the connectivity and infrastructure is present throughout the road network will benefit the
end user in terms of safety and commercial returns, ad a&driving the adoption of vehicles with higher
levels of autonomy, bringing multiple benefits such as access to efficienteffsttive transport to a
greater number of people and enabling the transition from legacy transport modes.

3.7.3.  Jobs to be done ancthallenges

The infrastructure and technical jobs to be done are discussed in other sections of this report. The need to
gain longterm user acceptance and 'btig’ will be needed for adoption of automation. End users must be
informed and educated so thahey understand why this is taking place and what the benefits will be to
each user group. There will be implementation costs and many of those will be borne by users both through
the vehicles they use and also via taxation for some of the infrastructure.

The process will need to start before implementation of infrastructure, to encourage acceptance and to
prepare users to invest in vehicles with the necessary technology. There will be challenges to persuade users
who do not appreciate the proposed benefisnd will wish to continue using manually driven vehicles for
longer periods. Interaction between automated and manual vehicles will be important.

3.7.4. What we dond know?

The biggest unknown is how user groups will react to automation and therefore the faenetration into
the market. The 5G infrastructure must be able to deal with the highest rate of adoption that can be foreseen
to maintain confidence in user groups from the outset.

It may be assumed (but needs to be tested) that commercial road usdérsegithe biggest benefits first,
and therefore are likely to adopt technology earlier than the general population. Early adopters will be
important to demonstrate the benefits to ither use groups.

It is not yet known how incidents will be viewed amongugroups and those that will have to fund the
technology and infrastructure. Any incident that can be interpreted as being related to automation and 5G,
could be reported unfavourably by press and other actors that are external to this endeavour. Tldis cou
affect confidence and adoption of the technologies.

3.7.5.  Existing Solutions

This is a wideanging and open question. From a user perspective the technology should be transparent,
requiring no prior knowledge or ability to interact. As a newly emerging tedbgy the only alternatives
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from this perspective are the current situation of manually controlled vehicles, some with ADAS capability
and earlierstage autonomous capability, and other modes of transport.

3.7.6.  What would be gamechanging?
The main influencesdre are likely to be cost, confidence and legislation.

The cost equation must work for commercial adopters of automation. For freight forwarders, for example,
the benefits must at least match the cost of implementation. Adoption among one set ofisars provides
confidence to others to consider automated vehicles and use of the infrastructure.

, ACEOI AGETT OEAO AT AT OOACAOG Ei bl Al AT OGAGETT x1 Ol £
responsibilities, or to determination of liability in the eveof an accident, or to a number of other areas that

will either drive or hinder this programme. It is important that there is an alignment between states to ensure
consistency across border corridors in terms of both cost and legislation.

These are areabat address the needs of potential end users.
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4. RECOMMENDATIONEVALUATION

In thischapter, recommendations are taken from D6.2 preliminary report of on the business models for cross
border 5G deployment enabling CAM. Recommendation rating methodologykisrtdérom@6.1 gan and
preliminary report on the deployment options for 5G technologies for @AM
Recommendations are categorized with four different group:

1 XBRgz Cross border corridor recommendations,

1 HCRz Human centric recommendations,

1 D&lz Deploymert and investment recommendations,

i LzLegal recommendations.

The prioritization of the measures is shown next to the recommendations under the following terms:

U:  Utility Score . High priority
C: Lifecycle Cost Score () Medium priority
F:  Final Score = (Utilitgcore/Lifecycle Cost Score) . Low priority

The scores listed in subsections were provided by a questionnaire that asked to-MOBEX stakeholders.
Questionnaire is also mentioned in the section 2.2.

4.1 CrossBorder Corridor Recommendations

Table 3 presents th€rossborderrecommendations provided by the<GMOBIX project partners in relation

to 5G technology fo€CAMapplications. According to the responses by the interviewed stakeholdenge-

scale vabations were consistently rated as the most important recommendation in terms of utility, as well
as the most costly one in effort. The variety of studies that target a good understanding of the business
ecosystem and the driving forces behind the marledre considered especially useful as well, with a much
lower cost. Therefore, in the case of the utility-cost ratio, they were ranked higher than largeale
validation. The recommendation that offered the best utilitg-cost ratio is the requirementof a cost
benefit analysis in the critical corridors, that is contingent on the definition of critical parameters for policy
and business requirements.

Table 3: Crossborder Recommendations

ID Recommendation Description U C F
XBR1 Create a Cost In order to execute on the existing plans regarding t @ 3.101 @ 200 @ 152

Benefit Analysis critical corridors where 5G CAMervices can be usec
::(:)rr:ir:jzfsntlcal some public investment is necessary for those locatic
where privateinvestmentalone is not sufficient (or no
soon enough). In order to create a CBA for such pu
investment, policymakers need to define inputs. For thi
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XBR2 Perform a VRIO
analysis for
potential products
and offerings

XBR3 Perform large-
scale validation to
increase trust in
the research
results

XBR4 ' Regionalmarket
analysis

to happen, ecosystem participants must provide poli
makers with guidance on how certain parametersf

policy requirements affect the necessary investment. Tl
is aniterative process which requires investment of tin
and resources from all participants.

Perform a VRIOanalysis for potential products ant
offerings, targeting the Cross Border Corride
environment and its  specificities:  Technic
improvements are not sufficient to ensure the hic
innovation potential coming from the5G-MOBIX CBC
trials or the viability offuture products and offerings
coming from the CBCs. VRIO analysis assesses

(V)alue, (R)arity, (I)mitability, (O)rganisational suppc
associated with a capability, in order to estimate its effe
on the creation of competitive advantage. VR®ses
four important questions: (a) Is the offering Valuable?
Is it Rare? (c) Is it hard to Imitate? (d) there

Organisational support to ensure its exploitation? Whi
all requirements are met, lonterm competitive

advantages are created.

Perform largescale validation to increase trust in th
research results: Large scale data pilots aeeessary to
AAAOAOCO OEA OAAEITTI1TcCUBO
environmens. Liaison with similaprojects such as 5(C
CroCo and 5G CARMEN and exchange of information
strengthen our understandingf the effects of a growing
number of connected vehicle when it comes to da
volume, latency, reliability, availability etc. The
availability of rigorous research results proving tt
viability of 5G for CAM (and thewide dissemination) car
go a long way towards increasing trust in the technolog
both for investors and fothe buyers of 5G CAM service:
Regionalmarket analysis should be performed to asse
the potential for growth of 5G for CAM in thepecific
countries (e.g. Compound Annual Growth Rats
Additional analysis should be made to assess whkahe
buying power for 5G CAM the area. Furthermore, there
needs to be an assessment of the masbughtout

services by the drivers in the region, as such selecti
might not be universal across the EDeployment plans
can then be finetuned to the connectivity and latenc
requiremerts for the requiredservices, optimising the
potential for adoption of 5G CAM as well as the placem
of investment in theCrossBorder Corridors.

® 31
@ 3.799
@ 31

@ 21

@ 02

@ 208

@ 148

@ 135

@ 149
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4.2 Human CentricRecommendations

4EAOA OAAT I T AT AAGETT O AOA DPAOO 1T &£ xEAO s$a8¥w EAAT O
technologies, policies, cooperation strategies, etc. that can be considered to help alleviate the negative
impacts of the barriers and act as busineagalysts boosting adoption and deployment of 5G and CAM. The
purpose of these recommendations would be to increase awareness, research and innovation human capital
within the EU. According to the responses by the interviewed stakeholders, recommendat@R1H
O5PbCOAAA 1T £ AOOOAT O OEEI 108 EO Al AAOI U ATl 1T OEAAOAA
final score being the lowest of the four recommendations due to its being also the one considered the most
costly. It should be noted, that eweif the overall utility score of HCR1 is the highest of the group, when
looking at the business impact alone, this recommendation is only third of the four, so it seems that there is
agreement between the responders that this is a complex recommendatiomssess. The highest ratio of

OEA &£ 60 1 AAOCOOAO Al OOAOPITAO OiF OEA (#21 &' OAOAI
overall utility, and second best in terms of costs, and second best again in business impact on its own,
making it an agred recommendation to focus on.

It should be noted, however, that absolute differences in the final scores of the 4 HCR recommendations are
quite small. Utility in all 4 cases was considered between 3 and 3.5, Cost between 2.5 and 3, with overall
ratios with even smaller differences. This seems to suggest that none of the recommendations in this
category can be considered to be a clear priority over the others. The fact that they were all more or less
equally rated as something that can be addressed in the decade in terms of time criticality also suggests
OEAO OEA xAU OEAOA AOA AAOAOEAAAR OEAU AT OI A AA «
other, but without an urgency to push for any of them significantly.

Table 4: Human-centric Recommendations

__ID__ Recommendation Descripion U C __F
HCR1 Upgrade of current = Although there is a large number gfrofessionals
skills active in the 5G, CAM, big data, cloud computir

computer vision, embedded devices, artifici

intelligence and automotive markets, and E

academic and research institutes heavily invest

their education, the realization of the 5@nabled @ 3,433 ® 304 ® 113
CAM vision requires continuous education of you

professionals with additional focus on the specificiti

of 5G and CAM. In order to alleviate the impact of t

technical disparities among member states, the

needs to be invested effort to improve edu@.
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HCR2 | Improve 5G and
CAM related
education in
universities

HCR3 Fostering Job
Creation and
Entrepreneurship

HCR4 Guaranteeing
consumer choice

Another important aspect is the upgrade of currel
skills in the existing workforce. For example, tt
increased automation in ITS centers requir
personnel retraining. It is important to note that at
the level of publicly funded projects, disseminatic
and communication activities are instrumental an
should be intensified. The inclusion of academic a
research partners in 5G CAM projects ensures t
these activities will reach a large audience, wi
additional focus on students, early stage research
and young professionals in the beginning of the
careers. Commercial partners need to ensure tt
their knowledge reaches their employees and clien
The roadmapping activities, research paper
evidencebased best practices and recommendatiol
to be published by many projects, can be consider
a further step towards the effective dissemination (
specialized knowledge.

At the Member State level, a strong connectic
among hightier research and academi
establishments and the workforce should k
established. Legislation could foster the creation

start-ups by ensuring tax breaks and protectir
licensed or patented intéctual property. The Digital
Single Market policies of the EU are a stepping stc
for the creation of a viable ecosystem of high
innovative startups, however there are blocking
factors when it comes to 5G/CAM. The creation o
data-driven economy whee third parties can create
addedvalue services on big data in the area

transport can greatly benefit from 5G CAM assumil
that a level of protection personal data can always
enforced.

It is one thing when a consumer buys a particu
vehicle which uses a cellular service from a partict
MNO in order to provide services that are integral
the usage of the vehicle. It is another thing when tl
cellular sevice from this particular MNO limits the¢
choice of which additional services can be used in
vehicle. Consumers should be free to choose wh
MNO/MVNO they want to use for such services (e
Infotainment)

® 3,168

® 3,067

3,218

2,72

@ 256

D 2,68

1,16

® 1,20

® 12
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4.3 Deployment and Investment Recommendations

Table 5 presentshe Deployment and Investment recommendations provided by 8&MOBIX project
partners in relation to 5G technology for CAM applications. The responses show that the most important
recommendation regardingitility was Investment on Software Architectures, SOC andDdvelopment
though it was also the recommendation rated with the highest cost. On the other handCtuperate for

5G Deployment was, by a significative margin, rated the lowest in cost. Thisgiglility was rated the lower

of the Deployment and Investment recommendations, it was only by a small margin, so it is also the
recommendation with the best utility to cost ratio.

Analysing the responses, we also found out that #@@MOBIXproject patners see the most business value
on the Investment on Better Infrastructure and Investment on Software Architectures, SOC and Al
Development recommendations while the Investment on Software Architectures, SOC and Al
Developmentrecommendation is seen as the most time critical.

Table5: Deployment and InvestmentRecommendations

ID__Recommendation
D&I1 Investment On Road infrastructure needs to be upgraded to meet i 3,67 T 3,23 O 1,14
Better the demands of the future, to ensure efficient and
Infrastructure

sustainable mobility and logistics, to enable digital
services and to remain resilient to the effects of
climate change and resource scarcity. Increasing E
Competitiveness needs to include investment, cost
price, and innovation in road infrastructure and
traffic management and must satisfy industry and
public authorities, as well as consumers/drivers in
order to be sustainable. On regional level,
investment in transport infrastructure have been
shown to correlate with competitiveness, through
enhanced accessibility of services and transport
endowment, lower office rental prices, reduction in
emissions and noiskevel, increased labour supply
and productivity, increased new business density,
increased number of enterprises in certain sectors,
growth of FDI inflows, increased export of goods ai
services, etc. Many CAlklated services are also at
the core of smart cities operational concepts which
also correlate with regional competitiveness. Bettel
infrastructure is especially needed both in remote
regions, to help closing the economic, social and
productivity gaps, and crosBorder regions, to
ensure the swift and safe deployment of 5G for/anc
CAMautonomous features of CAVs.

D&I2 | Investment on These areas are the major investment that the [ 3,74 . 3,34 ® 112
Softv_vare leading countries have made to win the race of 5G
Architectures, SOC and autonomy. The EU must invest heavily in the

and Al )
Development development and promotion of more FAB
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development, Al and software otherwise the Chine
and American companiesould dominate these
areas and the stakeholders in Europe would be full
dependent on them to develop any autonomous
vehicle and 5G hardware products. That would put
Europe and the industrial ecosystems in a difficult
position as all the IP and the ownefrtbe value add
business for the European economy would be
outside of the EU.

D&I3  Cooperate for 5G  When a cros$order infrastructure is planned, it [ 3,59 W ) 1,30

Deployment must be decided how the costs, benefits and

responsibilities will be dividebdetween the
respective parties. Road operators, road authorities
and mobile network operators should collaborate tc
create synergies for connectivity deployment along
CAM corridors and cross borders, working togethel
to develop enéto-end solutions for fuire mobility
and transportation services.

4.4 Legislative Recommendations

Table 6 presentghe legislative recommendations regarding the cresgrder issuesFrom the utility
perspective the highest average value of the score is attributed to ¢ OAAOET ¢ A AAOA
recommendation, with a very low deviation of both scores (utility and costs) between the partners.
Furthermore, the highest ratio of utility over score is marked by the data economy recommendation. From
the cost perspective, thed AT 1 | AT A Déé&rhine thie BestOse of Public Funds for 5G Infrastruéture

has the lowest score, which makes it the most accessible recommendation from the economic point of view.

Overall, the legislative recommendations are commonly agreed by théngas and the scoring is constant
xEOE OEA 11 x AGdeatingaiDatE Adoriomdi G\ Haking @pen Discussions About Machine
Ethico 8

Another significant finding is that all recommendations are equivalent in value, have low deviations between

the partners and low costs of implementations. A crucial aspect of the costs in the legal sections is that it
cannot be compared with the required costs in recommendations targeting infrastructure aspects.

Table 6: Legal Recommendations

ID Recommendation Description U C F
L1 Creating a Data 5Genabled CAM in conjunction with smal . 3.516 ® 231 . 1.25
Economy infrastructures has the capacity to transforr

the economy by enabling third parties ti
create new datadriven services. The mail
challenge is to create ethical data proxies th
can provide sanitized data to any arested
third-party, in order to minimize risks tc

AEOEUAT 08 AECEOAI C
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L2

L3

L4

Legislating for
the Future and
Creating Clear
Liability
Borders

Determine the
Best Use of
Public Funds for
5G Infrastructure

Having Open
Discussions
About Machine
Ethics

compliance. This would be a key step to enat
a data economy. The creation of industn
standard data formats is necessary as it wot
contribute to data interoperaility as well as
the creation of anonymization and sanitizatio
services that would facilitate multimoda
transportation, providing a complete trave
experience for passengers.

5G for CAM creates a complex ecosystem
actors, creating a web of B2B and B?
relations. There need to be clear definition «
fair use policies, penalisation procedure
liability borders, consumer rights protections
as well as a clear understding on the effects
of such policies to billing, fees and taxatio
Special attention should be paid to cres
border harmonisation of legislation linked t
5G for/and CAM solutions, to ensure

homogenous deployment throughout the ELl
and the maximum prote@ET 1T 1T £ ¢
rights. Currently the vehicle owner i
responsible for any kind of damage caused
the vehicle. The risk is typically covered |
insurances. With automatic driving vehicle
this may have to be changed, because tl
OEM or car operatofin case of remote driving
or fleet management) gets a highe
responsibility for failures. This will have to
aligned within Europe.

the EU has already signalled its intention

stimulate  the  development of 5C
infrastructure covering some roads / corridor
Arguably, this was the most important steg
but in order to implemat such a plan a CB/
should be made in order to decide where tt
benefits for the public good justify the usage ¢
public funds to stimulate additiona
investment in 5G infrastructure

Certain application follows the state of thi
user, and once a HO is performed tt
application instance running on the other sic
of the border needs There are cases wher
driver is required to make a moral choice, €|
swerve and risk damage to the veld@dnstead
of injuring a pedestrian. A recent survey fro
MIT showed that moral choices when drivir
are not universal. Although the EU he
provided guidelines for Trustworthy ant

() 3334

@ 3183

@ 323

242

@ 221

D 237

() 1.38

@ 144

1.36
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Ethical Al, there needs to be a comprehensi
framework for the ethical progamming of
automated vehicles, and a close inspection
the moral choices involved in driving. Havir
iTOAl OAEACOAOAO AA
trust in  connected, cooperative ant
automated mobility and may influence the
uptake of a novel and disruptiviechnology.
have the previous user information/data fror
the instance running in the originating countr
border.
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5.ANALYSIS OF QUESTIONNAIRE ANSWERS

5.1 Introduction

5GMOBIXplans to demonstrate the potential of different 5G features to bring automated driving to the
next level of vehicle automation, through trials on real European roads, along-barger and local
corridors. 5G core technological innovations are used talifjuthe 5G infrastructure, evaluate its benefits

in the Connected and Automated Mobility (CAM) context, and create sustainable business models to
develop 5G corridors.

The emergence and rise of connected automated vehicle refer to both technologicalirehcstrial
developments; in progressive yet rapid stages, it will become possible to safely confer more and more
driving responsibilities to automated systems in road transport. These innovations involve personal vehicles,
but also public transport and lagfics/freight vehicles.

4EA T AEAAOEOA EO O1 OAEA EOI 1 AAOAT OAcCA 1T &£ OAAETI
system with the following 5&CAM service use case categories:

i1 Advanced Driving
Advanced Driving enables serautomated or fully automated driving. Longer intetvehicle distance is
assumed. Each vehicle and/or RSU shares data obtained from its local sensors with vehicles in proximity,
thus allowing vehicles to coordinate their trajectories or manoeuvres. In addition, ealsicle shares its
driving intention with vehicles in proximity. The benefits of this use case group are safer traveling, collision
avoidance, and improved traffic efficiency.

i Vehicles Platooning
Vehicles Platooning enables the vehicles to dynamicallynfargroup travelling together. All the vehicles in
the platoon receive periodic data from the leading vehicle, in order to carry on platoon operations. This
information allows the distance between vehicles to become extremely small, i.e., the gap distance
translated to time can be very low (sub second). Platooning applications may allow the vehicles following to
be autonomously driven.

1 Extended Sensors
Extended Sensors enables the exchange of raw or processed data gathered through local sensors or live
video data among vehicles, RSUs, devices of pedestrians and V2X application servers. The vehicles can
enhance the perception of their environment beyond what their own sensors can detect and have a more
holistic view of the local situation.

1 Remote Driving
Reamote Driving enables a remote driver or a V2X application to operate a remote vehicle for those
passengers who cannot drive themselves or a remote vehicle located in dangerous environments. For a case
where variation is limited and routes are predictaldech as public transportation, driving based on cloud
computing can be used. In addition, access to clbaged backend service platform can be considered for
this use case group.

i1 Vehicle Quality of Service Support

Vehicle quality of service support dolas a V2X application to be timely notified of expected or estimated
change of quality of service before actual change occurs and to enable the 3GPP System to modify the
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NOAI EOU 1T £ OAOOGEAA ET 1 ETA xEOE 6 Wée qualitp bi SkvcOET T 6
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a manual takeover is necessaryhe benefits of this use case group are offerings of smoother user
experience of service.

Theentire mobility and transport ecosystem will need to adapt to these upcoming changes, therefore we
are interested in how each member of the potential-BBM ecosystem operates.

In this survey5G-MOBIXtries to elaborate business perspectives of varistakeholder, how they see value
proposition, who are the key partners for them, what are the challenges on business level, what are their
key resources to achieve 5GAM application, network, equipment etc.

The survey is targeted at 5G or CAM ecosystermkettalders and differentiates between different
categories with a tailored questionnaire for each.

The current questionnaire has been running for more than one month, fromMato June 2 2022. We

had huge difficulties to collect enough responsesdach stakeholder@roups. Indeed, the final number of
responses for each group is:

Table 7: SurveyRespondents

3O0AEAET T AAOOS ' O NumberOf Respondents

Software / Service Providers 11
Road Operators 4
OBU/RSUProviders 6
Network Equipment Providers 3
Cloud/MECProviders 1
OEM 3
MNO 8
End Customers 27

We decided to exclude from the analysis thtakeholder groupategories with less than 3 respondents in
order to have representative resultsSince, Cloud/MEC Providers stakeholder group has less than 3
respondents, it has been excluded and marked as red in the T@able

Nevertheless, even within the categories with more tant 3 respondents, the numtes answer ad/or a

big standard deviation between the responses dat allow us to capitalize all the questions.

Therefore, the following results are not as wide as we expected, but all insights possible have been
extracted.

The analysis of the results will be peeging following the cases of the Business Model Carjvador all
stakeholders but the En€Customers. For these last one, a dedicated paragraph is available at the end of this
section.

5.2 Value Proposition

This sectioraims to highlight the value propositions underlining th& Services.
Inthe first question, we asked the stakeholders what the most valuable border crossi@BGservice for
their organization is.
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Advanced Driving  Vehicles Extended SensorsRemote driving Vehicles Quality
Platooning of Service
Support

ERO mMNO mNEP mOBU-RSU i1 OEM

Figure 3: Value of border cr@sing 5GCAM Services

For road operatorsextendedsensors (50% commenting with the redution of accidents) theradvanced
driving (25%) are the most valuable services.

For MNO,the most valuable serviceare vehicles quality of service 50%¢lvanced driing 25%,vehicle
platooning 12,5%, but they highlighted that MNO do not choose the use cases and that the technology is
not mature enough to really determine the value of the services.

From network equipment provider perspective, there is no value diffeegbut selecting the firsts in time,
they have choseadvanced driving (33.3%) andhicle platooning (33.3%).

OBU/RSU have chosaxtendedsensors (33.3%ptfurther develop traffic data sensing and management
but alsoadvanceddriving (16.67%) ancemote driving (16.67%).

Advanced driving is the most valuable border crossing@® service for OEM (100%) even if they
comment that extended sensors and remote driving are also valuable.

The second question aimed at rating the value propositions for eaclCA® service categoryegarding

their relevance for their organisation.

Road operators, MNO have very divided opinions, with no consensus on the value proposition, and they split
their preferences between all responses, without allowing us to reveal clear trends.

Road operators emphasized for Extended sensors on improved maintenance and cost reduction and they
added Improve Highway safety in this new environment, New business models baseéetwork services

and edge computing services to reduce CAPEX and OPEX costs of Road Operators and Automation of Road
Operator' services related to traffic management as possible value propositions.

&1 O -./h OEA OAlI OA DPOI bi OEOEDI EOPADAOARO) IEDAO OIAKDIA
Platooning and Vehicles QoS. They also consider that Vehicle Platooning will improve quality of customer
experience and that Vehicle QoS will create New Data based services and New customers.

Network EquipmentProviders gave us a more united point of view. They consider the value propositions:
Improved market share, improved quality of service, new customers, energy efficiency, innovative image

and security adequate for Advanced Driving, Vehicle Platooning, Remaving and Vehicle QoS.

-1 OA OEAT EAI £ 1T /&£ OEA 11 AT OA OTEO POI OEAAO0OS OAO
OEA OAI OA DPOiI PiI OEOEIT O%i EOOGEI T O OAAOAOCEIT 068
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Concerning OEM, they consider that the value of Advanced Driving is: Inctenaeket share, improved
safety of vehicles and new revenue opportunities, for Extended Sensors it is Improved safety of Vehicle,
Innovative Image and New Revenue Opportunities, for Remote Driving : Innovative Image, Closer customer
relationships and New &enue Opportunities and for Vehicle QoS: Improved Safety of vehicles. They also
commented thatIncrease customer happiness and decrease their cost of ownership to vehttleiris
number one priorityand added Higher multGbps peak data speeds, Productiomprovements and new
invest, More reliability and Massive network capacity that increased availability and consequent more
vehicles capacity on the road and a more uniform user experience to more users as Value proposition.
Software Service Providers algave very heterogenous responses that do not allow us to make conclusion.
Most of them did answer the questions but no real trend is determined.

Then, we asked the stakeholders on the impact of the@&M services on the goals of city and transport
planners.

This question was targeting only Road operators. The following table represents their responses concerning
the consequences they foreseen.

Table 8: Impact on the goals of city and transport planners

Support and Improvement NEEY

Promotion and supplement of publi
transport.

Enhancing cros®order labour mobility

Reduction of (individual) motorized traffic.

Reduction of vehicle ownership.

Promotion of active modes of transpo
(walking, cycling).
Improvement  of
infrastructure capacity.

Promoting crosshorder trade

traffic  flow ang Less conflicts between different road users.

Improvement
infrastructure capacity while border crossin

of traffic flow and Increase of equity/ improvingmobility of

mobility constrained users.

Improvement of traffic safety.

Improvement of land use/ less space requit
for road transport (parking space, cres

border site etc.)

Lowering emissions caused by road traffic (
pollution and greenhouse gas emissions).

Integration of land use and mobility needs.

Less noise emissions.

Efficient/ less investment in
infrastructure.

(roaq
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5.3 Key Resources
AEEO OAAOEITT EO AAAEAAOAA O1 EAU OAOTI OOAAO AT A AE

The following table represent the responses:

Table 9: Stakeholders' portfolio focus

StakeholdersGroup Focus

RoadOperators Traffic management and safety

Tolling payment.

Efficiency of the road infrastructure.

Users Security,

Traffic reduction

MNO Connectivity

New services, including connectivity

Mobile network,

Data network,

Application platforms,

Service management

Communication

NEP Radio and Core HW and SW

MEC

Network Management solutions (inc. network orchestratio
and slicing)

5G RAN and core provider

OBU/SRU Softwaredeveloper

Artificial intelligence

Design and develapment of multisensor perception systems fq
the automotive industry.

Backoffice tools (video big data).

Tools for integrated mobility management

Simulation and planning of new mobility strategies.

RSU manufacture

Roadside extended sensors to support automated vehicles
comprehensive solutions for traffic management

Focused on the infrastructure side

Service Providers Autonomous Driving software

Remote operation and highly automated driving

Privacy and data protdion, ethicsby-design, security, socig
acceptance of technology

Big Data

MLOps

Integration

Software Development

Data ingestion from the car

AI/ML based post processing ad intelligence generation at
cloud/edge
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feedback to the car / autonomous drivitgmmands to improve
efficiency and safety

ITS Solutions for Infrastructure Operators

Testing and certification, and test tool development

Then, we asked OEM about their 5G key resource factors that are mandatory to enallAMG
Theyconsidered the following key resource factors:
1 Mobile Network Operator (MNO), 5G devices and properly infrastructure
i Labour. It is very tough to find qualified person on the job market which fit with your demands.
i Vehicles. They will have extra equipmenténable 5@CAM and it will cost a lot.
i Labour, hard to find well trained employee. Network prices are unknown, and it will affect also.

AEA EITTTxETC NOAOOETT AiT OEAAOAA OEA AEEEZEAOI OU
operations especially while border crossing
Advanced Driving seems to be difficult to be integrated in the operations for all stakeholders but Road
Operators.

70.00%

60.00%

50.00%

40.00%

30.00%

20.00%

10.00% I

0.00%

Very difficult Somewhat Not difficult
Difficult

H Service Providers m OBU/RSU ®m NEP MNO Road Operators

Figure4: Difficulty for Advanced Driving

For Vehicle Platooning, the integriti T ET  OEA OOAEAEIT T AAOSO 1T PAOAOET I
MNO have some doubt.
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70.00%
60.00%
50.00%
40.00%
30.00%
20.00%
10.00% I

0.00%

Very difficult Somewhat Not difficult
Difficult

m Service Providers m OBU/RSU m NEP MNO Road Operators

Figure 5: Difficulty for Vehicles Platooning

Concerning Extended Sensors, theseno clear trend concerning the implementation in the operations.

60.00%
50.00%
40.00%
30.00%
20.00%
10.00% I

0.00%

Very difficult Somewhat Not difficult
Difficult

B Service Providers m OBU/RSU mNEP MNO Road Operators

Figure 6: Difficulty for Extended Sensors

Remote Driving, like Advanced Driving, will be difficult to integrate for all stakeholders.
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80.00%
70.00%
60.00%
50.00%
40.00%
30.00%
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10.00% I I I
0.00%
Very difficult Somewhat Not difficult
Difficult

m Service Providers m OBU/RSU m NEP MNO Road Operators

Figure 7: Difficulty for Remote Driving

And finally, for Vehicles quality of service support, no clear trend can be extracted.

60.00%
50.00%
40.00%
30.00%
20.00%
10.00% I I I

0.00%

Very difficult Somewhat Not difficult
Difficult

H Service Providers mOBU/RSU m NEP MNO Road Operators

Figure 8: Difficulty for Vehicles QoS Support

Then, we asked the OEM whether theirganizationis currently developing or offering the following 5G
CAM services for their customers, and how, in context of border crossing, they wouddfort in regard to
the implementation of 5G for the following CAM services in their production.

They declared having extended Sensors and Remote Driving services in development, butlithept
respond or give clear trends for the other services.
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Moreover, they considered that Advanced Driving and remote Driving will demand very high efforts,
Extended ®&nsors high efforts, Vehicles Platooning low efforts, while no clear trend for Vehicle QoS
Support.

The next question explored in what areas is further expertise and/or substantial progress necessary to enable
deployment of the 5@CAM services.

In general, all stakeholdeid notrespond to this question.

One participant adNO declared needindigital roadinformation andregulationand one Service Provider
highlighted Certification Processes.

Considering the importance of the enablement afrider crossing 5&€AM services most of the participants
responded between somewhat important and very important.

80.00%
70.00%
60.00%
50.00%
40.00%

30.00%
20.00%
10.00%

0.00%

Not Important Somewhat Very Important
Important

m OEM Service Providers mOBU/RSU mNEP = MNO = Road Operators

Figure 9: Importance of the enablement of border crossing 56&CAM Services

Tofinalizethis section, the last two queions were pointing out the expectations of OEM about seéb@"
connected autonomous vehicles on the EU public roads, and the estimated percentage of the vehicles
produced by them with "5G" connectivity in 2030.

One third expect 5G connected Autonomoushicles on the roads between 2026 and 2029, and the other
two thirds between 2030 and 2035, and two thirds expect to have more than 20% of their production
equipped with 5G connectivity in 2030.

5.4 Customer Relationship

In this section, we asked the stakalders which5G-CAM services will bringhangesto their relationship
with their customers
MNGQsindicate that all services will change their relationship with their customers.
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OEMs consider that Advanced Driving, extended Sensors and Remote Driving services will change their
relationship with customer, but Vehicles platooning and Vehicles quality of Service Support will not.
Network Equipment providers consider that none of tipeoposed service will strongly change their
relationship with customers.

OBU/RSU indicate that only Extended Sensors Service will change their relationship with customers.

For Road Operators, Remote Driving and Vehicles Quality of Service Support wilahdmgact on their
relationship with customers.

Software Service provider mostllid notrespond to this question.

5.5 KeyPartners

In this section, we asked the participant&at partnerships are essential fdremto support deploymenbf
border crossingGCAM services

7 4.0
6 35
5 3.0
4 25
- 2.0
3 s
2 5
! 0.5
’ & & & & 0 A A 5 s 5 Y
F&fF¥FLEeESF S EFLEIEFEFLFFF S
& L8 Q\c Q\L OQE /\\é\ Q@ \§ G}\"\ \Oﬁ Q@q& Q\Cl OQ\ 05‘“ Q\jq ORS-J R
& F AN N I $ of NI N
R Cr 'S - o Vel
§ ¢ T # O E & T T
\(}\" »ho o \\‘\“ ‘_\‘(‘- -S{} \,.\’()
© & CY &® %@@“ & oy
Figure 10: MNO partnerships ; ' :
9 P P Figure 12 OBU/RSUpartnerships
2.0
- 3.0
5 25
2.0
1.0 4 E
05 1.0
05
0 0
& & F S RS L
EHfFIFLFLFLFISLSTFS S & T E S F
& O S O 4 & O & & <& o N & > K i
& o &R E S S e S S R A S O .
S 0@ Q&L P S F & o & & K g &S
< F W F S F @ S @ (SR & D F
RO S @ R (G & 3 s
$ e & & O & & ¢ T2
& & & & R & &
& o 0 & o
‘h

Figure11: NEPpartnerships . .
g P P Figure 13: OEM partnerships

49



r;fgs 5GMOBIX

Figure 14: Road Operatorspartnerships

Figure 15: Service Providers partnerships
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huge role. They mainly cited that standardized services are needed, and government is driving a lot of the
standards, andoad operators are required to take ownership and work together to digitize the roads.

MNO and OEM are describing the largest ecosysteindeed, OEMs are driving the technology and future
demand, and connectivity is required because there will be no utilisation of 5G without working and reliable
networks.

The survey tried to understand whateps are needed to form the cooperation betare the above
mentioned partners but participants did not respond to this question.

5.6 Obstacles and Changes

In this section, the first question is investigating the concerns of some of the stakeholders on dedicated
subjects.

66.7% of OEMs have concernsateld to accepting maneuvers coordination messages from a road
infrastructure, mostly in regard to safety and responsibilities. They consider that liabilities must be defined
strictly.

75% of Road operators considers having concerns related to acceptirgfdah vehicles, from a data
protection / GDPR point of view, but also considering the quality of data (real data, with no errors or delays)
whereas 66% of OBU/RSU have no concerns on this issue.

The second question addressthe most topical challenges foeach stakeholder in its operation. The
AElT11TxETC OAAI AO EIi 1l OOOOAOA OEA OOAEAET T AARAOOS OAO
For MNO, the main challenges are Roaming handover, Ghbosder operations, Standardization and lew
coverage areas for 5GAM gplications.

For OEM, the main challenges are Standardization, Accuracy ofgaiioning and lowcoverage areas for
5GCAM applications.

For NEP, the main challenge is MNO handover, but RAN optimisation and-lbosder operations are also
challenging.

Considering OBU/RSU, the main challenges are MNO handover, connection loss while cross border
operation, latency and Data and applicatidevel protocol interoperability, but 6 more categories are also
challenging.

Road operators have totally different comms, and their main challenge is Cybersecurity, and Service
providers consider that packet loss caused by congestion is their main challenge.

These tables give the detailed results:
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Standardizatio |
Security I
RAN (Radio Access Network) optimisatio n—
Automation
Law enforcement entities  |mm—"mm
Geo-constrained information dissemination schem cu———

Data and application level protocol interoperabyil it "
Network QoS when switching MNO S -—-—
Accuracy of geo- positioning (GNSS ——
Data loss while crossing borc e
Change of IP stack when switching networ K/
Low coverage areas for 5G-CAM appliC aiti o i
LatenC |
Roaming han cl oV e I | —————
Connection loss during cross border 0 e ati O r——————————————————
Cross border operation < —
Manoeuvre coordination messages from a road infrastructu n— —— —————

MNO hand Ve I
Figure16: MNOs challenges

Standardization

Security

RAN (Radio Access Network) optimisation
Automation

Law enforcement entities (SQ020

Geo-constrained information dissemination scheme

Data and application level protocol interoperability

Network QoS when switching MNO

Accuracy of geo- positioning (GNSS

Data loss while crossing borders

Change of IP stack when switching networke

Low coverage areas for 5G-CAM applicatiorms
Latency

Roaming handover

Connection loss during cross border operations
Cross border operations

Figure17: OEM challenges

Standardizations I
Cybersecurity I
RAN (radio Access Network) optimisatio /i
Production of new 5G equipments
Cross border operation:s I—

MNO  hand oV e |

Figure 18: NEP challenges
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Figure19: OBU/RSU Challenges
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Figure 20: Road Operators challenges

Traffic Safety - Standardization - Cross border operatio
Data Protection I
Increased bandwidth for in vehicle Infotainmen EE——SS——
Dynamic resource allocation I
Packet loss caused by congestio |
Long-haul communication (latency issue |
Edge Node Orchestration I

Figure 21: Service Providers challenges

In the next question, the focus was made on challenges related to the implementats@& BIOBIXborder-
crossing services.

OEMs, which expect to have around 10% of their vehicles production equipjte a sim card from the
factory to enable advanced driving functions in 2024, think that the main challenges related to the
implementation of the5G-MOBIXservices are the lack of standardization, the fact that the technology, as
well as the equipmentsinot ready, and expensive. Concerning the liability challenges 6€A8 services

in case of safetgritical issue occurred, they consider that liability must be defined strictly in regulations,
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and that strict agreements between MNOs to understand litie are mandatory. They also consider as
moderate the level of costs required for data protection. They highlight the fact that regulations must be
completed in order to see 5GAM enabled vehicles on the road before 2026, and that standardization of
5G#! - ADPDPI EAAOGEI T EO 1TAAAAAR AO xAll AO TETEIOI O
On their side, MNO consider that there is no clear demand for border crossir@MNE services, and thus

no priority. Nevertheless, they cited standardized network slice instancestaperability and contracts as
challenges. They also consider that a network service provider can never take responsibility for safety
critical issues regarding mobility. From a legal point of view, they highlight some issues currently known,
like data breakout at other country will conflict with current data interception legislatamd data exchange
during handoverthat might cause issues with privacy legislatjoas well as new challenges around
responsibilities, governance, sanction regime, agreements fTDD interference avoidance, RAN
optimization to achieve coverage and avoid ping pongs, and resources sharing.

While considering regular congestion and traffic safety as the most topical challenges on their road
networks, Road operatordid notgive a abar answer to the question related to the implementations@-
MOBIXborder-crossing services. Nevertheless, they highlight the challenge of a common traffic regulation
between road operators in European corridors, as well as the needloplerformance ¢ automatize traffic
management serviceand ontinuous control of trafic management servicewhen switching from one
MNO to another In order to enable 5G&AM services, they added the need of a common traffic policies
between different countries and comam regularization and standardization of CAM road infrastructure
technologies.

For NEP, the main challenges related to the implementation of boitessing 5&8CAM services arRadio
optimization and KPIs generation for service monitorjrmgossborder MNOseamless handovers; networks
synchronization; solution scalabilityand the oordination of large group partners, arranging permissions at
border areaand working conditions at border areaThey consider that a connectivity and roaming
framework for CAM ervices is needed to enable 8GAM services.

For OBU/RSU, the main challenges aehiaving homogeneity of processes and legislatipobtaining
network values that are truly adequate for the implementation of the proposed CAM servigaanizing

costs as well as the connection between MNO amgldl aspects, together with procurement processeat

are considered athe key blockers for any actual deploymemfioreover, the harmonization of data privacy
related aspects (namely in the scope of wadechnology), together with responsibility related aspects on
automated/remote driving need to be address by legislation.

Then, service providers consider that the main challenges from their perspective arbsbkite certainty

in handover from networko others, data protection anddata sharingissuesamong third parties through
ethical data proxies/trusted intermediaries, as discussed in the upcoming EU Data Governanas el
asregulation, interoperability issues related with bad network covea and long interruption timesand
MNOs agreementsFor the challenges related to liability for the safeglated issues, they consider that
liability borders are not welllefined, and it could complicate insurance claims and corporate liability
policies and that a clear framework is needed. Moreover, in their opinion, applications must handle latency
and data loss related issues, and a clear regulation should decide who is responsible and to what extent.

5.7 CostStructure

The following questions of this séon aim to obtain financial information. Nevertheless, and due to the
sensitive nature of the questions, the questions were not answered by the participants, and we fully
understand. However, some of them provided some indicative figures that are sumethrin this
paragraph and tables.

54



W 5C ]

For the expected increase in some cost categories for supporting the deployment-GiaBGservices for
the next 10 years, we can find some insights for Service Providers, MNO and OEM.

Table 10: Expected impacts on costs

Service Providers \I\[e; OEM
Staff costs Negligible to Minor Minor to Moderate Moderate
Equipment and Moderate to Significant| Significant No data
materials, including
maintenance costs
Consulting / External | Minor toModerate Moderate Minor to Moderate
services
Network / Cloud / Moderate Significant to Major Moderate to Significant
Hosting
Patent / Sublicense | Moderate Moderate to Significant| Moderate

5.8 Willingness to Pay

In this section, we wanted to estimate hdikely OEA OOAEAET 1 A& & spitilgB® AOA
CAM services during the next 10 yearsnsidering the differensGMOBIXservices.

In some case, the responses were too eclectic to be usable, but some trends can be analyzed.

Tostart, all OAEAET 1 AAOOS CO1I OB AOA OI i1 AxEAOG 10 O1 OATT U 1
NEP are also likely ready to invest in all the described services.

Vehicle Platooning and Vehicle Quality of Service Support seem to be a good investment idea for Service
Providers and NEP, but not for Road Operators, and Remote Driving do not really interest Service providers
and Road Operators.

5.9 Revenue Streams

The final paragraph is dedicated to revenue stream.

Considering the mode of payment, OEM prefer Onetime Payment for Equipment and materials, they also
consider Onetime payment or Pay per vehicle as a possibility for Consulting / External Services. For Network
/ Cloud / Hosting, they prefer Payment per useMonthly / Quarterly / Yearly fees, and for pateneyh
expect a Pay per use. They consider that customer could have discounts if the drivers provide road data.

In the last question, stakeholders haddwaluatethe expected impact in revenue ftineir organisation as a

result of deployment of 5G for the CAM services for the next 10 years
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Road Operators OBU/RSU Service Providers

m Advanced Driving m Vehicle Platooning
m Extended Sensors Remote Driving

Vehicle Quality of Service Support
Figure 22 Expected Impact on revenue per stakeholders' group

Road operators are the most pessimists considering possible incomes. They ddégdhave nothing that
AT T A O CcAT AOAOGA AgGOOA ET AT I Adbos8

Advanced Driving  Vehicle Platooning  Extended Sensors Remote Driving Vehicle Quality of
Service Support

m Road Operators mOEM mMNO NEP = OBU/RSU m Service Providers

Figure 23: Expected Impact on revenue peservice

Considering the services, they are quite balanced in terms of revenue generation, even if Vehicle Quality of
Service Supprt is less prolific.

5.10End Customers Questionnaire

This category of stakeholders had a dedicated questionnaire, very different fromittier stakeholders and
then not comparable.
In a nutshell:

56



- 27 respondents

- 50% in age group 367 years

- 81% living irurban area

- Current work status: 89% Paid work

- 90% of them have a car available fc
their use (all the time or quite often)

Figure 24: Car availability

4-5 days per week 1-3 days per week1-3 days per month less than once per

(almost) daily
m Walking Bicycle

Car as driver

Figure 26: Means of transportation

#1 1T AAOTET ¢ OEAEO 1124
almost daily their car as driver, and they wall
They add bicycle, public transport, and car
passenger in their weekly routine.

Only a very small part of them issed to cross
border in their normal life.

m Less than 1500
km (A2)

1500 - 5000 km
(A3)

= 5000-10000 km
(A4)

10000 - 20000
km (A5)

11%

15%

26%

Figure 27: Driving distance habits

H Electric scooter

m Yes, (almost) all
the time

Yes, quite often

= Rarely (e.g. 4-25
times/year)

No or hardly ever

(almost) never
month

Motorcycle

m Car as passeng@ Public transport

= (almost) daily (A2) ~
OOA
1-3 times per week
(A3)

= 1 -3 times per
month (A4)

5-10 times per year
(A5)

a couple of times
per year (A6)

Figure 25: Border-crossing habits

56% ofthe respondents did drive between 1500 and
10000 km during the last 12 months as a driver, and
none of them drive more than 50000 km.
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