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EXECUTIVE SUMMARY

4EEO EO A AEvEIGaiod ieihodblogy &8 péan O £ -MaBIX prijéect. The main objective of

the deliverable is to provide a detailed and rigorous description of the evaluation methodology that will be
employed for the quantitative and qualitative evaluation of BGDBIX solutions for crossorder maility

in the context of advanced automated driving (AD) applications. The deliverable identifies the key
objectives of the evaluation methodology, across all fronts, namely, Technical Evaluation (T5.2, in Section
2.7), Impact Assessment (T5.3, in SectR), and User Acceptance (T5.4, in Sectib8. The document
provides a detailed description of the overall evaluation methodology, with a particular focus on the
Technical Evaluation front (SectiaB). To this end, D5.1 initially overviews the evaluation methodology
(Section3.]), identifying the main stages aluding data collection, aggregation, pegrrocessing, etc. The

data collection framework is described in detail (Secti8r?) including the identification of logging
information required for the evaluation of the selected key performance indicators (KPIs) and technical
approach in collecting this data from the various locations in the network. At the same time, D5.1 delves
into the details of the network events, stadeand transitions identified in the presence mobility (Section
3.3. This serves the purpose of defining the framework for the corresponding statistianipulation of the
measurement data, but further also allows the specification additional KPls, explicitly capturing roaming
latencies (Sectio3.3.9. In this overall context, the deliverable next identifies the exact measurement data
required for the evaluation of the selected KPIs. This includes measurement data both for the evaluation of
network capabilities (Sectior8.4) i.e., application agnostic performance evaluation of the established
infrastructure, and for the evaluation of performance as perceived within the context of the selected user
case categries / user scenarios (UCC/US) irNBGBIX (Sectior8.5and Appendix C). This information
associates the exact measurement data with KPIs anbdoiXler issues completing the big picture of
technical performance evaluation. Finally, D5.1 focuses on activities on the generalization front (Section
3.7, identifying and elaborating osimulation-basedactivities and their complementarity to the trials
themselves. This includes aspects related to the use of traffic traces for the evaluation of network/system
scalability aspects, as well as the investigation of radio propagation and interference isswezbta support
network deployment decisions. In Section 4 the document presents the methodology for the assessment of
the impact of 5GMOBIX solutions, with respect to both societal and business aspects, taking both a
gualitative and a quantitative evaltian approach. Section 5 presents the methodology developed for the
assessment of the user acceptance, in what concerns the overall technological propositiorAM®B&X

and related services.

The rest of the document is organized as follows. Section I¢ritess the purpose of the document and its
intended audience. Section 2, presents the objectives of the evaluation process-MCEBX. Sections 3,

4 and 5 subsequently present the methodologies for the Technical Evaluation, Impact Assessment and User
Acceptance evaluation processes correspondingly. Finally, Section 6, presents the conclusions.
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1.INTRODUCTION

1.1. 5GMOBIX concept and approach

5GMOBIX aims to showcase the added value of 5G technology for advanced Cooperative, Connected and
Automated Mobility (@CAM) use cases and validate the viability of the technology to bring AD to a high level
of vehicleautomation SAE L4 and above). To do this, 330BIX will demonstrate the potential of various

5G features on real European roads and highways and createusedsustainable business models to
develop 5G corridors, with particular emphasis on seamless service provisioning across borders. In this
effort, 5GMOBIX will utilize and upgrade existing key assets (infrastructure, vehicles, components) and
further ensire the smooth operation and eexistence of 5G within a heterogeneous environment
comprised of multiple incumbent technologies such as-BSand &/2X.

5GMOBIX will execute CCAM trials along crdsder and inland corridors using 5G core technological
innovations to qualify the 5G infrastructure and evaluate its benefits in the context of CCAM services across
borders. To this end, the Project first defines critical scenarios needing advanced connectivity provided by
5G, and the required features to erlalsome advanced CCAM use cases. The matching of these advanced
CCAM use cases and the expected benefits of 5G will be tested during trials on 5G corridors in different EU
countries as well as in Turkey, China and Korea.

The trials will also allow 5GIOBIX to 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 stakeholders, SOBIX will identify new business oppartities for the 5G enabled
CCAM and propose recommendations and options for its deployment. Through its findings on technical
requirements, operational conditions and pilots, B@OBIX is expected to actively contribute to
standardization and spectrum allation activities.

1.2. Purpose of the deliverable

The purpose of this deliverable is to provide a detailed and rigorous description of the evaluation
methodology that will be employed for the quantitative and qualitative evaluation ofMGBIX solutions

for crossborder mobility in the context of advanced AD applications. To this end, the deliverable defines a
clear set of evaluation objectives aimed to clarify the target of the evaluation methodology. Previously, D2.5
presented an initial set of KPIs and mesij@imed to set up the scene for the evaluation framework across
UCCs/USs, including also aspects related to Impact Assessment and User Acceptance. D5.1 takes the next
step in pursuing a high degree of detail regarding the KPIs and metrics, taking irdargdbe specificities

of the Trial Sites (TSs) e.g., deployed features/solutions, and the selected UCCs and USs, for each TS. At the
same time, D5.1 highlights the relation of the selected KPIs and evaluation methodology with the identified

1Society of Automotive Engineers
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x-border issue (D2.1). This aims to pave the way towards the evaluation of thieBIX solutions,
eventually leading to theoughtafter conclusions. On the technical evaluation front, D5.1 aims to establish
the evaluation methodology of the project, including a wisket of aspects related to measurement activities
i.e., required logging information, technical approach on retrieving this information, as well as post
processing of the retrieved information for the purpose of KPI evaluation. This constitutes a firsinstep
identifying the requirements for the subsequent delivery of the corresponding data collection and
management software infrastructure in T3.5. Taking a step further, the deliverable builds on the established
methodology to further assess the selected IKPand identify the overall data measurement
objectives/requirements, providing the initial guidelines for exact configuration of the measurement tools
provided by WP3 and utilized in the trials, managed in WP4. D5.1 further delivers a precise descfiption
the states of the network components, along with events taking place due to mobility (on both the user and
control planes) and the transitions in between. This description sets the ground for the detailed evaluation
of handover events and provides aimawork for the evaluation of the recorded measurement data, as
highlighted in D2.5. In this context, D5.1 describes the details of statistical manipulation of the
measurement data, with respect to the identified events/transitions. Furthermore, the delblerprovides

an evaluation methodology that will be used for the generalization of the experimental results from the trial
sites, to broader scenarios. Though the deliverable puts particular weight on the technical performance
evaluation methodology, it Bo establishes the evaluation methodology for the Impact Assessment and
User Acceptances activities in 8@0BIX. The MultActor Multi-Criteria Analysis (MAMCA) methodology

is presented along with the methodology for the Ca3¢nefit Analysis (CBA) thatilvbe employed for
Impact Assessment. Additionally, D5.1 describes the methodology employed for the User Acceptance
investigation, including a framework for modelling User Acceptance, along with the user survey and
validation methodology.

By establishindhe methodology to be followed in Tasks 5.2 to 5.4, D5.1 sets the ground for the subsequent
work in WP5, which will be reported in Deliverables 5.2 to 5.4.

1.3. Intended audience

The dissemination level of D5.1 is public (PU) and is meant primarily for agralbers of the 5@MO0BIX
project consortium, and (b) the European Commission (EC) services.

This document is intended to serve not just as an internal guideline and reference for-MIOBBX
beneficiaries, especially the TS and the UCC/US leaders, suf@l the larger communities of 5G and CCAM
development and testing.
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2.EVALUATION OBJECTINGE

2.1. Technical evaluation objectives

Task 2.5 provided a list of technically related KPIs grouped into two main areas: general KPIs, devoted to
gualify5G as the core connectivity infrastructure for CCAM, and handover KPIs, more explicitly focused on
the crossborder mobility performance. At the same time, D2.5 further identified target KPI values capturing
the performance requirements of the applicatisrconsidered in 5&OBIX. The evaluation methodology

will contribute to the obtainment of the result KPI values from the trials phase, further subsequently
enabling a comparison with the predefined target values (where available). On a high level, tiserval

the purpose of evaluating the performance of the -BM®BIX architecture as perceived by users on the
CCAM application level. The main focus of this performance evaluation process is to assess the impact of
crossborder mobility on the CCAM serviceRro this end, the comparison against the predefined target KPI
values aims to capture service deterioration / disruption in the presence of-barger mobility and the
associated handover/roaming events, in the form of the observed deviation from tigetarlues.

However, in order to comprehend the performance of the network and identify the exact sources of any
(quantified) service deterioration, the project will further engage in a finer grained look on performance.
First, this translates to the aessment of the network capabilities in an applicatiagnostic manner e.g.,
identifying the maximum achievable throughput in a particular cell, assessing the latency in particular
segments of the network. Such measurements will serve the purpose of evtadutite later on observed
endto-end, user perceived and applicati@pecific performance in the context of the underlying network
capabilities. Second, paying particular attention to the impact of crbesder mobility, the evaluation
methodology will futher include the identification of mobility related events, states and transitions e.g.,
identifying the handover/roaming events, with the purpose of both quantifying the effect of the
corresponding control plane procedures triggered by user equipment ¢a&ility events, and further
enabling the appropriate statistic processing of the raw measurement data (as also discussed in D2.5).

Summarizing, the technical evaluation methodology will serve the followiigh-levelobjectives:

9 Assess network capaliles in an UCC/U&gnostic manner, contributing to the understanding of the
baseline performance of the network, orthogonal to application specificities and performance
requirements. The evaluation methodology aims at both data and control plane perforenanc

Data plane network capabilities will be assessed on both an-eme&nd and a per network segment
basis (see Sectiod.4).

Control planea detailel assessment of events/states and transitions will enable the fgnained,
explicit look at Xborder issues e.g., roaming latency (see Sec8d)

9 Assess user perceived performance on an-em&nd basis, in a UCC/tspecific manner. This will allow
the assessment of the impact of crebsrder mobility on CCAM applicatielevel (see SectioB.5
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2.1.1. Technical assessment of oorder issues

As mentioned in D2.1 and D2.2, the great challenge in the deployment of the UE@Yd®sshorder
locations is to deal with the effects of roaming/ handover @eses to get a timely, continuous and seamless
operation of the corresponding CCAM applications. In this sense, it is the design of the architecture of the
UCC/US which is conditioning the appearance of the particular dsosder issues. The goal of thedhnical
Evaluation is to analyse the different implementations of these cilossder mobility solutions provided by

the trial sites involved in the Project and validate them for automated driving.

5GMOBIX employs two types of trial sites in order to cosevide range of scenarios and implementations

of the UCC/USs, namely, the crelssrder corridor (CBC) trial sites and the local trial sites. The CBCs are the
real testing grounds to understand the implications of roaming/handover processes in the exeofitihe

CCAM applications. The local trial sites, both in the inland corridors and also the ones in the two sides of the
CBCs, are thought as a kind of early deployments in the trials phase in order to get the first insights into the
5G core technologidannovations in CCAM functions. In addition, the inputs from inland corridors allow
both CBCs to test additional features and mainly will help to align views in 5G among the trial sites; this is
particularly significant in the case of the internationalbgeration with CN and KR trial sites. The roadmap

of the Project is designed in such a way the goal of the inland corridors is to deliver an added value (D2.2
section 4.6 and 5.6, appendix to D2.3, and annexes A, B and C to D2,3) to thbamaesssites.

In the framework of 5&@MOBIX, four different categories of cros®rder issues were identified (D2.1 and
D2.2): telecommunication, application, security & data privacy, and regulation. Telecommunication and
application issues can be directly linked to thehaviour of the Technical KPIs, but this is not the case of
security & data privacy and regulation issues that consequently are out of the scope of this Evaluation.

The collaborations between EBT and GR'R and the local sites are defined by WP2. Thd sabsections
explain the complementarity between the CBC and local trial sites, with respect to evaluation objectives,
and define the way to evaluate the technical inputs in the CBCs.

2.1.2. Technical evaluation of ESPT contributions from local trial sites

The ESPT corridor deploys four out of the five UCCs. The contribution of the local trial sites to tRF ES
cross border affects/relates to Advanced Driving and Extended Sensor UCCs.

In the case of Advanced Driving UCC, the designs ePE®CC/USs are exped to have issues with the
roaming latency between Telefénica and NOS networks (TR1) and with the change of IP between the
applications hosted in ES and PT MECs for the message transmission (TC1). At application H&/Er, ES
approach implies an #ehicleprocessing of the CCAM applications dealing with issues of interoperability
(Al1) and unsteady communications (AC1). A combined contribution between FR and Fl and the solution by
DE will feed E®PT CBC supplying alternatives of design and implementatitSPT vehicles use one single

2 An overview of the project UCC/US is provided in Appendix A.
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SIM so that it is expected and thus longer latencies are expected in the cases of ITS messages, when
switching between the NSA networks of Telefonica and NOS (TR1),) and also and of the IP change in of the
applications hostedh the Spanish and Portuguese MECs for the message transmission (TC1). At application
layer, ESPT approach implies an-vehicle processing of the CCAM applications dealing with issues in of
interoperability (Al1l) and causing unsteady communications (AC1)

Table 1: FR+FI contribution in Advanced Driving UCC
uccC Advanced Driving

_Complex manoeuvres in cross border settings (lane merge + overtaking)
Trial Sites involved FR, FI

Description 1i[5] Provide multiSIMOBUSs for testing different approaches in muRLMN roaming and

contribution handover scenarios

Extended evaluation Comparison between the change of network managed by the operators when
single SIM and the management in the OBU when two SIMs are available

Cross lorder SIS TR1: NSA Roaming Latency

addressed

TC1: Continuity Protocol

The extended evaluation with FR and Faljlel) is focused on the telecommunications issues addressed in
ESPT designs (TR1 and TC1). To handle them, the FR and FI solution is based on an OBU that allows two
SIMs working simultaneously, vith the ESPT approach uses one single SIM. This means to manage in an
appropriate way the switching between the Telefénica and NOS networks. Based on this, the key KPlIs to
measure the degree of impact on the cressrder situations are those related totémcy (KPI 1-&End to

End Latency and KPI:8ser Plane Latency), KPIiThroughput and the ones specific for the handover
process (KPI2:NG-RAN Handover Success Rate, KPI&@blication Level Handover Success Rate and
KPI2.3Mobility Interruption Timé).

Table 2: NL contribution in Advanced Driving UCC
uccC Advanced Driving

Complex manoeuvres in crodmrder settings (lane merge)
Trial Sites involved|\I%

DIEelfojile]gMel R ip[=] Compare the vehicle and infrastructudecisionmaking approaches. NL brings OBU (devi
and software) and MEC (software) to the CBC. During the manoeuvres, beTEBU and NL
OBU log the performance in order to compare it later.

3Including also the additional KPIs defined in D5.1, see Se8t®2 This applies to subsequent references to
handover/roaming KPlIs.
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Extended Comparison between hvehicle or infrastucture decisioamaking approaches for Advance
evaluation Driving user stories.

(O LENelo] o [SIMEEIIEIACL: V2X continuity
All: Data Interoperability

NL provides also an alternative design for Advanced Driving Uka@l€ 2), but in this case, providing
alternatives for the application border issues (AC1 and B rocessing the data needed to run the test in
the MEC, instead of the vehicle as-P$ design. Aga, the Technical Evaluation should be focused on the
handover KPIs (KPI2ZMNG-RAN Handover Success Rate, KPI&@blication Level Handover Success Rate
and KPI2.2Mobility Interruption Time), but also on quantifying the degree of the delays (KFEAdBD End
Latency and KPI1-Bser Plane Latency).

For the Extended Sensors UCC, the more critical ebusder issues are again the roaming between the ES
and PT NSA networks when uploading the large files with theehicle sensors data or downloading the
updated HBMaps (TR1) and the IP change in applications running in both ITS Centers (TC1) at telecom
layer. At application layer, it can suffer unsteady communications between vehicles and ES and PT ITS
Centers (AC1), interoperability issues (All) and ldokomputing when processing the data from the in
vehicle sensors (AP2).

Table 3: DE contribution in Extended Sensors UCC

Extended Sensors

ucc
S

U Complex manoeuvres in crofmrder settings (US1) and Public transport with HD me

services and video surveillance (US2)

Trial Sites involved [8]3

DO 0 O OEAA OAEEAI AOh - %# O AT A 2350 HEMenabled

contribution extended sensors with surround view generatiorx E O BHBE imap® E & Ackbnditdns.

S ELREVEIIELT N Deployment of the DE user story in new scenarios. Exploration of the interoperability bety
systems and networks in different countries. Compare results 6PE&nd DE deployments

(OSSN o[o] o TN ESI[E TR1.NSA Roaming Latency

TC1. Continuity Protocol

ACL1. V2X Continuity

All. Data Interoperability

AP2. On demand Processing

DE supports the Extended Sensors UCC by testing its own developmentsRii Effrastructure Table3).

This comparison touches on telecommunications and application border issues. In this case, theredisnoal
1 link between the data flows in both implementations so that the KPIs have talbalated for the global
solution. As it is supposed a great amount of data to be transferred, the key KPIs are those related to the
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bandwidth (KPI1.4Jser Experienced Data Rate, KPITRroughput, KPI1.6Reliability, KPI1.8Network
Capacity) and also thenes involved in the roaming process (KPIRGRAN Handover Success Rate,
KPI12.2Application Level Handover Success Rate and KRNRBIlity Interruption Time).

2.1.3. Technical evaluation of GRTR contributions from local sites

The GRTR corridor deploys twout of the five UCC. The contribution of the inland corridors to the TBR

cross border is in Platooning UCC that is affected by the switching between the NSA networks in GR and TR
(TR1), the communication between both MECs (TN4), the potentially unsteanhymunications between

the infrastructure and the vehicles (AC1) and gexsitioning (AGL).

Table4: FI contribution in Platooning UCC

ucc Platooning

oiAc‘)'l' iTET C xEOE OOAARA xEAO ) OAARAd &EO1 AOGE
Trial Sites involved (&

DLESelglojile]g BN} 1[5 The LEVIS (Live strEaming Vehlcle System) platform from AALTO is used to obtain HD
streams (with location tags) from vehicle(s) and relaying it to authorized subscribers ¢
stream

S ELNAVEITETIN Explore continuity related issues of CCAM services when vehicle platoon travelshomoes
and roams between networks

(O] (o110 ool o TN ES(IE] Streaming continuity during intePLMN HO
TR1 NSA Roaming Latency
AC1 V2X Continuity

Fl is contributiy GRTR corridor in Platooning UCC by a streaming servicable 4). This feature is
addressed to evaluate the impact of the roaming latency (TR1) and the communica¢itwmeen the
vehicles and the cloud (AC1). The KPIs that will give the most meaningful results are the ones linked to the
bandwidth (KPI1.4Jser Experienced Data Rate, KPITRroughput, KPI1.6Reliability, KPI1.8Network
Capacity) and also the ones invetl in the roaming process (KPIZNIG-RAN Handover Success Rate,
KPI12.2Application Level Handover Success Rate and KRNBBIlity Interruption Time).

2.2. Impact assessment objectives

The 5G Strategic Deployment Agenda for Connected and Automated Mobility Eropée
statesthat the European Commission has fully recognized the importance of 5G for future mobility solutions

45G Strategic Deployment Ageradfor Connected and Automated Mobility in Europkitial proposal 31 October
20109.
https://5g-ppp.eu/wpcontent/uploads/2019/10/2019103ditial-Proposai5 G SDAfor-CAMin-Europe. pdf
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and embraced the deployment of 5G technologies including both network and direct communication in
transport as a European public polipyiority. It is also believed that transport and specifically Connected

and Automated Mobility is the area where 5G technologies can yield tangible benefits more rapidly, acting

as a catalyst to accelerate the way towards other sustainable 5G ecosysiemsOlE A  x EBu€idessbD AP A C
Feasibility Study for 5G V2X Deployment A WPPFYit' has already been estimated, that positive business

cases can be expected for 5G CAM cases. However, investments on 5G networks to cover highways and
roads are required andusiness feasibility of that is yet to be verified.

The 5GMOBIX project is positioned to showcase the added value of 5G technology for advanced CCAM use
cases and validate the viability of the technology to bring automated driving to the next levedlofle
automation (SAE L4 and above). B9@OBIX spans cooperation between automotive and
telecommunication industries, dynamically adapting 5G technologies to automated transport in response
to the increasing importance of cooperative technologies in ttseictor. Therefore, multiple stakeholders

are involved in 5@&/0BIX development, future implementation and use. This broad stakeholder
community shall be consulted in the project and an analysis of the potential existing and emerging
partnerships and conditins and capabilities among the stakeholders for developing innovations and
business will be assessed.

In this context, the purpose of 5BOBIX Impact Assessment is to assess the impacts of seamless service
provisioning across borders from a so@oonomt perspective. The objective is to explore systematically
the benefits, costs and business opportunities of the developed solutions and the services that they will
enable, in order to identify the most promising opportunities and the main barriers foroyeptnt, and to
identify the key stakeholders for advancing in development of sustainable business supported by-the 5G
MOBIX technologies.

To this end, a specific set of metrics is targeted for quality of life and business impacsodibil impacts
andpotential business impactsof the systems and applications, that will be demonstrated in the CBC trial
sites (supported by the local trial sites) in the context ofMGBIX project, and future CCAM solutions and
services that will be enabled by the sotuts, will be explored. The aim is to perform an assessment of the
proposed business models and value propositions (inputs from WP6) to assess the costs and the benefits for
the different stakeholders and to identify the key stakeholders for advancing tawaleployment of the
solutions. Assessment of wider societal impacts will support public authorities and other organizations to
identify the role of the 5G enabled crebsrder CCAM services in solving challenges related to mobility and

to recognize alsohe potential indirect impacts of those solutions in a region or country.

The main objectives of the impact assessment task are:

55G PPP Automotive Working Group (2019). Business Feasibility Study for 5G V2X Deployment, 5G Automotive
White Paperhttps://bscw.5g
ppp.eu/pub/bscw.cqi/d293672/5G%20PPP%20Automotive%20WG_White%20Paper_Feb2019.pdf
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1 Explore how 5@VIOBIX systems can affect quality of life, in terms of personal mobility, traffic efficiency,
traffic safety andhe environment

i Evaluate how the cooperation between the stakeholders and trial sites in the project has contributed to
the development of new innovations and business models and (future) deployment of solutions

9 Assess the costs and benefits of BOBIX slutions from the perspectives of the society, innovation
ecosystems and individual businesses.

2.3. User acceptance objectives

A key success factor in the deployment of a new technology is a previous understanding of hasezad

will react, experience and feract with it. Measurements of acceptability, social acceptance, and public
support appear to be positively correlated with the ease and success of implementation of a new technology
[12][52]. Knowing in advance that a group of stakeholders produces positive assessments of a given system
or technology, might predict willingnest® accept and even support it actively in the futy&s]. In this
context, the main goal of the User Acceptance task in theNsGBIX project is to obtain knowledgend
comprehension about the acceptance rates of different stakeholders that will be effectivaises of 5G
technology in CCAM scenarios.

Fagnant and KolemafiL7]have identified main barriers to implementation and massrket penetration

£ #1171 AAOAA AT A 1 001 i ACGAA 6AEEAT A0 j#!60Q8 4ET OA
on licensing and test standards; the definition of liability details; s#gw@nd privacy concerns; and, finally,

a lack of clear assessment of the impact on interaction with other components of the transportation system.
Addressing the last of these barriers is an important focus for thdVEIBIX project. While one of the main
project goals is to propose solutions for technical and logistical challenges inherent to border crossing, there
is a concern for ensuring that public perception and user needs are taken into account, to guarantee higher
levels of user acceptance. The ratiyity-bias in user experience happens when users tend to pay more
attention, or give more weight to negative experiences over neutral or positive ¢igls Particdarly,

recent incidents with CAVs have demonstrated that this technology may be particularly prone to be affected
by this phenomenor2][7][26].

In this context, one of the 5&10BIX project objectives is to understand the public reaction to the proposed
5GBased cros$order solutions and to predict the effect of their implementatidihile the potential users

may not even know what communications technology is deployed in the system they are using, their overall
experience with the mobility service may be affected by technological variables that are outside their
awareness or compreimsion. Many of the proposed CCAM uszses are heavily dependent on vehitbe
network (V2N), vehiclgo-infrastructure (V2I) and vehicl®-vehicle (V2V) communication and it is unclear
how breaks in service continuity may affect the overall user expegeln this regard, country borders pose

5 For instance, early experiments for assessing user annoyance caused by long conversational delays, conducted at
the Bell Labs, guided the definition of orbit height for the first civil communications satellite. See Gertner, J. (2012)
The idea factory: BéLabs and the great age of American innovation. Penguin.
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particular connectivity challenges. On the one hand, roaming and handover processes may cause increased
latencies in the exchange of ITS messages, raw sensor data or video stream, which may affect operation of
CCAMuserstories that depend on a timely and constant flow of data. On the other hand, differences at the
application level between the networks of two countries may cause interoperability issues and unstable
communications. It can also happen that lack ofrqmuting power at either vehicle or network processing
units may result in sudden processing delays when switching networks.

Moreover, to ensure the safety of the vehicles and occupants, it may be necessary to compromise the
performance of the usease, forinstance, by setting safety distances between vehicles that would seem
excessive in a context of regular manual driving. This can also negatively affect the perception of users who
may not understand the need for particular constraints and/or regard imeficient.

In the context of ITS, User Acceptance has been defined as adimiénsional concept that constitutes the
endresult of a group of smaller factors such as: perceived safety, perceived usefulness aruf-aase
perceived trust, perceivedrgoyment, and objective usability. In Section 5 of this deliverable, we describe
the development of useimquiring methodologies to assess user acceptance through the metrics proposed
on deliverable D2.5. This includes (1) analytic methods, such as gueaties and structured interviews,

and (2) observational ones, such as usability assessment using interaction data). Section 5 describes the
rationale that guided the development of a User Acceptance Model (Section 5.1) adapted to capture user
acceptance ates in all the dimensions relevant for the technology being developed in thé16BIX

project; and will describe the planned analytical and observational methodologies for data collection
(Section 5.2).

Summarizing, the objectives of the evaluation prosesvith respect to User Acceptance aspects are as
follows:

i Evaluate acceptance and acceptability for the CBC 4s¢eries, for the participants taking part in the
trials

Evaluate perceived acceptance metrics (sedbessed KPIs)
Evaluate usability metriceegarding the performance experienced by the users (e.g. number of forced
retakes), when engaged in the trials
When applicable, evaluate the ussystem interaction metrics (e.g. errors made by the remote
operator in the remote driving US)

i Evaluate accence of general public to the CBCs us#ries.
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3.4%# (. ) #! , @ 6METIBADOLOGY

This section describes the technical performance evaluation methoddlmglye followed during and after

the trials to enable evaluation of the KPIs as defined in D2.5. As explained in the previous section, this
includes not only the assessment of CBC mobility on CCAM application level, but also the baseline network
performane / capabilities in an applicatieamgnostic manner. In the following, we present an overview of

the overall evaluation methodology, which applies to both types of evaluation activities (Se&&tlprThen,

we delve into the details of the methodology, elaborating on the identity of the measurement data (Section
3.2.)), as well athe measurement methodology (Sectidh2.2. We present our approach in identifying key
events/states and transitions occurring in the network during CBC mobilinesSectior8.3, that, on the

one hand, drive the specification of additional roaming/handover specific KPIs to complement the ones
defined in D2.5, while, on thether provide a firm mobilityrelated timing framework for the evaluation of

the perceived KPI values. Having defined the overall measurement framework, we subsequently describe
how it is going to be applied across trial site infrastructure and UCC/Us&s g0 eventually derive the
necessary data for the KPI evaluation; in this, we further link the measurement methodology with the
selected KPIs and the relatedbérder issues (Section3.4 and 3.5. Finally, we elaborate on the poest
processing of measurement data for the evaluation of the final KPI values (Se&&pnand we further
present our approach on the generalization of results (SecBan

3.1. Evaluation methodology overview

The objective of the technical evaluation is to produce the relevant KPIs values. During the execution of the
relevant UCC/US in the trials, numerous measurements will be performed. Once the measurements are
made, the KPIgan be calculated. Based on standard and established conformance and interoperability
testing methodology[29], one of the first steps is to identithe potential location ofPoints of Control and
Observation(PCOs) in the system under test where measurements will be taken. A PCO, in the context of

"The FESTA methodology [19] has been taken into serious consideration in the definition of the Technical Evaluation

i AGET AT1 T cuUu8 (1 xAOAOhR toGieEnkfy realrie Effedtsiand@enafitsh @ | A1 tdinvEstgate

the impacts of mature ICT technologies in real use. The core research questions should therefore focus orrin{piacss
As such the FESTA methodology has been considered most suitable for contributing in the shapingloptet
Assessment and User Acceptance methodologies (Sectibm@md 5 correspondingly). Nevertheless, we note the
following (highlevel) alignment of the Technical Evaluation Methodology with the FESTA methodology steps: (1)
Function selectiorcorresponds to the functionality supported both onetimetwork domain, as described in D2.2, and

the application level functionality, as described in D2.1; 8¢ case definitiorcorresponds to the set of UCC/US
defined in D2.1; (3fentification of research questiomst high level, the main research ggstion relates to the support

of service continuity in CBC environments, however, on a closer look, a series of research questions are defined in a
direct correspondence to the-Korder issues (and related challenges) defined in WP2dyppthesedormulaion: in

terms of technical evaluation purposes, and on a rather high level, the main hypothesis to be tested relates to the
existence of service deterioration due to mobility in CBC environments; taking a closer look, a series of test hypotheses
isdireci U AAOEOAA xEAT AOOAOOET ¢ OEA Ouoiddr Bshdés Quith dfdc@s 0@ EI D
Telecommunication issues), (Befinition of KPIgreliminary KPIs were identified in D2.5, but a refinement has taken
place in D5.1, linking the KWith particular Xoorder issues (see Sectio8sgland3.5 as well as Tables in Appendix C).
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the project evaluation methodology, is a specific point within the system under test, at which either an
observation (measurement) is recorded, or traffic is injected (see also Se@ignt.2and 3.7.1.1 In
general, most of the measurements will be passive and based on recording real UCC/US traffic; however, in
order to characterise the network, prior to the UCC/US trials, and even to suppasbtaegnment of certain

KPls, specific traffic may need to be injected (active measurements). The concept of system under test
refers to the complete implementation of the solution for each UCC/US, which includes the vehicle with its
communication modems andther elements and all the components of the networks.

System under test
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Figure 1: System under test and Points of Control and Observation (PCOs) measurement approach
4AEA OOAx AAOA ETEAAOQCEIT AT A Al 11 Adedx&dathed thekdnvii@id A A E
(measurements) that have to be collected to later process and calculate the KPIs. This approach also
includes the capability of injecting traffic packets in the system under test to be able to set the adequate
test scenario so that the relevant KPI can be computed, out of the measurements taken.

4EA AT i bl AOGA 1T AAOGOOAI AT O OUOOAI O1 bDPAOAEI Oi OEA O4
AT 11T AAQGET T 6 11 AOGlkedA(Ex@aqt, TAaGstdormAand@ bad) mbduléadngert the raw data

i 1 AAOOOAT A1 66q ET O A OOEOAAI A AAOA &I Oi AO8 4EA £
and the output will be the calculated KPIgzigure 2 provides an overview of the process to perform
validation in any UCC/US.
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Figure 2: Complete measurement methodology from capturing data to obtaining KPlIs.

The data processing step, further detailed in Sectihrronsists of taking the formatted data and applying

a set of filtering and processing calculations to finally obtain the targeted KPIs. This will be done using data
processing tools and scripting languages, and specific attention will be paid on the events, states and
transitions of the system due to mobility, in the targeted handover scenarios. As described in S&gation

an alternative measurement methodology will be considered through simulation to obtain estimations

about the behaviour of the 5G network under high traffic load and considering different mobility and data
transfer scenarios.

3.2. Data collection methodology

The system under test, where the evaluation has to take place, has three basic elements: ITS station,
network and ITS control centre.

ITS Control Centre

Appllit:ztion < > ‘;@l«‘
B T | newok | ) '

UE

PCS interface
f /2 A= \k\ f s < T ﬁk\
@
UE UE

Figure 3: Main elements in the System Under Test.

The PCOs will be located at relevant communication interfaces. In terms of communications, there are
OAOETI 6O OAI AOGAT O Aiii 61T EAAOGEI T AEATTAI O xEAOA ET O

9 ITS station to ITS control centre communicationacimel.
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9 ITS station to cellular network communication channel.
9 ITS control centre to network communication channel.
i ITS station to ITS station (for some UCC/US use case categm@sstories) communication channel.

PCOs shall be organized in levels. Tévels are associated to the architecture layer where data collection
EAO O1 AA DPAOAI Oi AAHh Infetiatioh techdodgy Opeh Bystend bierEonnkdipn 01 O
Conformance testing methodology and framew[#8]. Three levels are proposed, as described below.

9 Level 0, AccessAbove the Access layer (LTE, 5G, etc.) defined in ETSI EN 3(0286%his PCO is
required to obtain relevant information about the radio access network parameters (signal strength, cell
identification, etc.).

i Level 1, Transport:Above the transport level, specifically at the IP network/transport layer. This PCO is
required to obtain relevant information about the capacity of the network (throughput, delay, etc.).

i Level 2, ITS application:At the level where ITS messages or ottaplication data, such as video
streams, are exchanged between the ITS stations or between an ITS station and the ITS control centre.
This PCO is required to obtain relevant measurement data at application level such-&s-end latency,
user experiencedata rate, reliability, etc. which can be employed for the evaluation of the corresponding
KPIs e.g., TEKPI1.1User experienced data rate, TEPI1.3End to End Latency, FTEPI1.6 Reliability,
etc., as defined in D2.5.

Centralized Cloud Vertical App E2E Application level Vertical App
Application client (server)
Level 2
Vertical App _— Vertical App
Edge Cloud (client) E2E Application leve (server)
Application Level 1,2 [ Level 1,2 }
Vertical A —
Peer-to-Peer ertical pp _—
application (peer) E2E Application level
°° —
UE App Edge App ITS Control App
= [vern |
Radio Interface Radio Interface Edge Transpoﬂ 5G Core
T
ITS Station 5G Radio Cloud
UE Network ITS control centre

Figure4: PCO levels in the system under test.

At the ITS statiojthe three PCOs (level 0, 1, and 2) are located as shown in the next figure.




4 >C

Figure5: ITS Station PCO levels in the system under test.

Level 0, AccessAbove the AccesaVer (LTE, 5G, etc.). These measurements shall be performed at chipset
level, and specific tools of the chipset vendor of the communication chipset incorporated into the ITS station
(OBU, RSU, etc.) are required to observe this point (i.e., take measutsjhefihis PCO will allow taking
measurements of relevant cellular network information, signal strength and quality, plus the protocol
message exchange. It will allow to identify when a handover is taking place.

Level 1, Transport: Above the transport levie specifically at IP network/transport layer, using IP
connectivity. This level allows evaluating QoS indicators (such as TCP/IP or UDP/IP throughput, UL and DL,
one-way delay, packet loss, etc.) and monitoring the traffic received. This level can als®deo run tests

using synthetic traffic that emulates the characteristics of real traffic (see also Se@&i@rks2and3.7.1.1

Level 2, ITS applicationITS messages, or other traffic, exchanged between the ITS station and the ITS
control centre (or between ITS stations) at application level shall be logged, together with the timestamp
when these messages are transmitted and received by other ITS stafidns evaluation point is required

to obtain relevant parameters at application level such as latency, ipgeket gap, reliability, etc.

The vehicle where the ITS station is installed shall provide positioning information using and external
position estmation device (e.g., external GPS). In the particular case of the NL trial siten&l@ed
positioning information (e.g., using mmWave) will also be available and subject to assessment.

At the networkthe PCO levels are located as shown in the figuglow, in the cases of both NSA and SA
deployment options.

8 The related chipset capabilities are under investigation with the vendors.









































































































































































































































































































