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ES-PT CBC Overview

e The Spanish-Portuguese corridor connects the cities of
Vigo and Porto (250 Km, ) and use next roads/highways:
¢ Spain:
¢ City of Vigo (4 Km).
¢ Asg (120 Km).
¢ APg (5 Km).
¢ Portugal:
e A3 (5 Km).
¢ Na13 (2km).
¢ A28 (7 Km) near the Porto Airport and Boat Passenger
Terminal.
e Cross-Border:
¢ Located in the border of the north of Portugal with Spain.

¢ Established by the Minho/ Mino river, disposing of two
bridges providing the road infrastructure serving trucks, cars

and pedestrians.

¢ International trade as well as large passenger commuting
flows are of great importance and provide ideal conditions for
the execution of diversified trials to showcase the advantages
offered by the 5G connectivity to CCAM use cases.




ES-PT CBC Overview
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User Stories
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User Stories
Automated Overtaking
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User Stories
HD Maps
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Vireceives event
from ITS Center

V1records its sensors
during roadworks
(manual driving)

V2receives event

Cloud process
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V2 downloads new HD
map from cloud, and
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User Stories

Multimedia service for passengers
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User Stories

4K Video Surveillance
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User Stories

Cooperative Automated Operation
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User Stories

Remote Control
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Trials Location
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Trials Location
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Trials Location
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5G Network
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5G Network

Core & MEC

Vigo (O Calvario) .
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5G Network
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5G Network

5G roaming scenarios & handover

e Roaming scenarios: two possibilities are going to be tested in order to clarify the best option for
V2X services: Local Breakout and Home Routing.

e The HO area :

¢ Initial adjusted by changing cell power and
antenna electrical tilts.

e Fine tuning of HO area through adjustment of A3
event offset and time to trigger.

A A

a30ffsetRsrpinterFreq

RSRP SP [dBm]

-

a3TimeToTriggerRsrpinterFreq




5G Network

CB Issues andTS Collaboration.

Telecom

Telecom& Application

Application

Regulation

/ NSA Roaming \
interruption
SA Roaming
interruption

Inter-PLMN

interconnection latency

Low coverage Areas

Session & Service
Continuity

Data routing

T
==
=)

Insufficient Accuracy of
GPS Positioning

Data and Protocol
Stack Interoperability

/ Dynamic QoS \
Continuity

Geo-Constrained

Law enforcement

interaction

Information
Dissemination

=/

decision-making (NL).

view generation”

Dual-SIM OBU solution

Discovery service protocol (DNS-
like name resolution service).

Benchmark in-vehicle decision-
making (ES-PT) vs infrastructure

Deployment of “EDM-enabled
extended sensors with surround
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Roadside, Cloud & Remote Control Infrastructure

Infrastructure Architecture Overview

C-ITS Platform
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Roadside, Cloud & Remote Control Infrastructure

Infrastructure Architecture Overview
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Roadside, Cloud & Remote Control Infrastructure
Roadside Infrastructure (1) — Vehicle detection

Valenga, Viana do Castelo, Alto Minho, Norte, 4
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Roadside, Cloud & Remote Control Infrastructure

Infrastructure Architecture Overview

C-ITS Platform
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Roadside, Cloud & Remote Control Infrastructure

Roadside Infrastructure (I) — Anticollision system

Anticollision system 5G RSU Smartphone App
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Roadside, Cloud & Remote Control Infrastructure

Infrastructure Architecture Overview

Core Network
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Roadside, Cloud & Remote Control Infrastructure

Remote Control Infrastructure

Remote Control Equipment

Direct connection
to the MEC




Roadside, Cloud & Remote Control Infrastructure

Infrastructure Architecture Overview
C )

C-ITS Platform
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Roadside, Cloud & Remote Control Infrastructure

Cloud & Edge Infrastructure

ITS Centre Platform

5 N\
Graffic Management\ /HD-map Processing\
& Monitoring module
module
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Control
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Vehicles & OBUs

Vehicles

Volkswagen Golf

D-GPS
(Differential GPS)

Front
camera

Map Unit

2D LIDAR &@ IMU (Inertial
Measurement Unit)

Ultrasonic In-vehicle Communications Unit
Sensors (V2X, ITS Gs, 3G, 4G, 5G)

CTAG Autonomous Shuttle

Lateral D-GPS 360° 3D
cameras (Differential GPS) LIDARs

Map Unit

In-vehicle Communications Unit

(V2X, ITS Gs, 36, 4G, 56) bR

Citroén C4 Picasso

D-GPS
(Differential GPS)

Front
camera

2D LIDAR ——EEs B IMU (Inertial
/ ~ Measurement Unit)
Ultrasonic In-vehicle Communications Unit
sensors (V2X, ITS Gs, 3G, 4G, 5G)

ALSA Commercial Bus

D-GPS Surveillance
(Differential GPS) cameras

Tablets for users

Front
camera

Industrial
PC

In-vehicle Communications Unit & Roiter IMU (Inertial
(V2X, ITS Gg, 3G, 4G, 5G) Dk Measurement Unit)

Renault Clio Station Wagon

N
i — N

¢

A-to-Be connected vehicle

Interiors of the ALSA bus
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Vehicles & OBUs

OBUs

)
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ITOBU (QJ;cteI 5G chipset
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Technical Evaluation

Technical Evaluation Purposes

/ Analyse the difference between Home Routing and Local Break Out\

* Analyse the impact of speed on roaming and handover

* Analyse the transition between MECs

*  Analyse the difference between the infrastructure-decision and the in-
vehicle-decision

* Analyse the interoperability between devices

* Analyse the cloud and MEC based operations

*  Analyse the video streaming

Vir‘\ 5GMOBIX




echnical Evaluation

General Architecture and POCs Measurement tools for ES-PT CBC

DEKRA TACS,«‘ Application layer Transport layer
Performance Tool
ISEL QoS
Application ISEL Platform ISEL QoS

Vehicle

erne Ne . Proprietary tools
Advanced Remote E;::::resd Irigzgimz @ S Keysight Nemo Handy prietary TCPDUmp
o o support
Driving Driving

Keysight Nemo Outdoor
Application Access layer

COREPT

Network 1 G-Net Track Pro I ISEL Qo5 I QXDM
Nokia propietary tools I Propietary tool based on chipset library I

Network
SIM

Route
*  Target Speed

JAll Test case description
Scenario
MQTT

Use Case
Category
Variant of the
User Story
Broker

Trial Site ::.I:e User Story Scenario Test Case
ategory
ES | ES | Asg highway | 100 km/h

B PT|PT| A28 high: km/h
\ : tvanced | opeores | ES T variant ES-‘PT [ ‘ESZI cr;zsl::ar;!e:‘\,:o::m.‘h
\ ﬂ ES-PT Advance manoeuvres in
\ ﬂ Driving cross-border
\ settings ES-PT variant stressing the network

Q NL variant

Remote Driving Interface
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User Acceptance Evaluation

* The acceptabilityof atechnological concept, such as a CCAM use-case is affected by
the implementation;

Motivation

* Even awell-designed applicationwill be perceived as bad if, for instance, the network
communications fail frequently, hindering the user experience.

_ _ * Evaluate the impact of 5G connectivity on the acceptability of CCAM use-cases, on the
Objective boarder context.

4 )
Trials with users:

* Simultaneous with technical evaluation;
Method \____* Limited number of users. y

~\

{ .
* Onlinesurveys:

* Opento the community.
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User Acceptance Evaluation
Methodology —Trials with users

Participants will be passengers of the vehicles but not drivers

We will also evaluate the acceptability of the professional/remote drivers ]

Evaluate in two contexts: ]

* No connectivity breaks — Local trials
e With possible connectivity breaks — On the border

|

e Quantitative —validated psychometric scales
e Qualitative
Method * Open answer questions —Interviews / Focus groups

e Events (e.g. forced take-overs from automated system)
* Behavior (e.g. glances towards the road)

Vﬂ‘\ 5GMOBIX



User Acceptance Evaluation
Methodology — Online survey &

Evaluate acceptability with a larger pool of respondents (online).

e Based on plausible scenarios of technology performance (best case scenarios and less than ideal scenarios)

Textual description
+images |

v
+ animation Worst Case (e.g)
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Preliminary results

Agnostic tests

Agnostic test performed in April 2021.

b Luser@remotedrivingmec:~/jaime$
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On the safe side,
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Preliminary results

Agnostic tests
RSRP 5G New Bridge

TCP DL Throughput. New Bridge D DEKRA
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Trial Plan
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Support MediaPublicTransport
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Conclusions

¢ Diversity of scenarios
¢ Highwayand non-highway (open)borders (great for exploring a seamless transition between countries);
¢ The proximity of two nearby citiesin each side of the border;
e Two differentand MNOs in each side of the border.

¢ Partner complementarity

¢ Complementary stakeholders coveringthe complete value chainincluding car manufactures, telecom
companies, publicadministrations and research institutions;

¢ Theinvolvementof the countries' public road authorities in the project.

¢ Open border with a strong relation between the two adjacent municipalities.
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. A great contribution for the future of sG CCAM in the region
Conclusions g i iiellEO
The deploymentof these 5G CCAM services and applications will

provide a strong impulse in both countries towards the development of
opportunitiesaround 5Gin the ITS sector.

e Partners from Portugal and Spain, together with the partners from all over Europe, are committed
in preparing the future of CCAM using 5G-based technologies;

¢ The geographical, cultural and commercial context of this Cross Border provides great conditions
to explore different use cases in the several dimensions to explore;

¢ The diversity of User Stories that are being explored will provide great insights about the way how
5G technology can lever CAM;

e Technical evaluation, user acceptance and impact assessment activities will provide valuable
information that W|Il'support future decisions in this area;

e Some of the developments may turn into real applications in a near future.
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