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Glossary of terms and abbreviations used

Abbreviation / Term  Description

5G
5GPPP
Al
AMQP
API
AR
ASC
BO2BO
CAM
CAN
CAV
CCAM
CGITS
CPM
CST
DbwW
DL
E2E
eMBB
ETSI
EU
FT
GA
GDPR
GIS
gNB
GNSS
GPS
HD

IF
IMU
loT
ITS
KPI
LAN
LIDAR
LT
LTE
MEC
MEC2BO
mMTC
MNO
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5th generation

5G Infrastructure Public PrivaRartnership
Artificial Intelligence

Advanced Message Queuing Protocol
Application Programming Interface
Augmented Reality

Assisted Service Continuity

Back Office to Back Office
Connected and Automated Mobility
Controller Area Network

Connected Autonomous Vehicle
Cooperative, Connected and Automated Mobility
Cooperative Intelligent Transport System
Cooperative Perception Message
Qitical andSecuredTransportations
Drive Bywire

DownLoad

Endto-End

enhanced Mobile BroadBand
European Telecommunications Standards Institute
European Union

Field Trial

Grant Agreement

General Data Protection Regulation
Geographic Informatio®ystems

Next Generation NodeB

Global Navigation Satellite System
Global Positioning System
High-Definition

Integration Fabric

Inertial Measurement Unit

Internet Of Things
IntelligentTransport Systems

Key Performance Indicator

Local Area Network

Light Detection And Ranging

Lab Trial

Long Term Evolution

Multi-Access Edge Computing

MEC to Back Office

massive Machine Typggommunications
Mobile Network Operator
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MPC
MQTT
NAT
NB-loT
NDT
NFC
NLOS
NR
NTP
NSA
OBD
OoBU
OSM
Pl
PID
PPS
PRAE
RAN
ROS
RSU
RTK
RTMP
RTSP
RTT
SA
SIM
SLA
SNR
SPATEM
SQL
TCP
TLS
TMS
TWP
ucC
UE
UHD
UL
UPF
URLLC
USB
V2BO
V2MEC
V2P
V2x
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Model-predictive contro

Message Queuing Telemetry Transport
Network Address Translation
NarrowBand Internet of Things

Normal Distributions Transform

Near FieldCommunications
Non-LineOf-Sight

New Radio

Network Time Protocol
Non-Standalone

On-Board Diagnostics

On Board Unit

Open Source MANO

Performance Indicator
Proportionalintegralderivative (control)
Pulseper-second

Predictive Resource Allocation of V2X Related Network Functions enabler
Radio Access Network

Robot Operating System

Road Side Unit

Real Time Kinematics

RealTime Messaging Protocol
RealTime Streaming Protocol
Round Trip Time

Standalone

Subscriber Identity Module

Service Level Agreement
Signaito-Noise Ratio

Signal Phase And Timing Extended Message
Structured Query Language
Transmission Control Protocol
Transport Layer Security

Transport Management System
Tenant Web Portal

Use Case

User Equipment

Ultra High Definition

UpLoad

User Plane Function

Ultra Reliable Low Latency Communications
Universal Serial Bus
Vehicle to Back Offic

Vehicle to MEC

Vehicleto-pedestrian
Vehicleto-everything
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VCU Vehicle Computing Unit

VPN Virtual Private Network

VR Virtual Reality

VRU Vulnerable Road User
WLAN Wireless Local Area Network
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Executive Summary

The 5GROUTES project will conduct advanced field trials of most representative and inn@Aaki{€onnected

and Automated Mobilityapplications seamlessly functioning across a designated 5Glaoodsr corridor (Riga
ValgaTallinnHelsinki) spanning aross 3 EU member sta@mrders (LatvigEstoniaFinland) in order to validate

the latest 5G features and 3GPP specifications under realistic conditions, so as to accelerate the widespread
deployment of 5&nd-to-endinteroperableCAMecosystems and sepgs in digised motorwaysand shipways
throughout Europd1].

5GROUTERlamedthree iterative and consecutive testing cycles each lasting for about 6 months, preceded by
relevant setup/preparation and lab trigleriods,and followed by correspondingarallel evaluation and/or re
design/upgrade improvement periods to ensure a smooth and aligned evolution of the validations in the field
trials. The first set of field trialsvas planned to be performe8G Mn-Sandalone (NSAhetworks and the
followingtrials in 5GStandalone $A Release 16 networks, with deploymentf different versions of the CAM
Services Platform, which is developed®ROUTES

The scope of this deliverable isteport on the results of the first lab trial period, which precedles 5G NSA
field trials During the first set of lab trials, the CAM Services Platfoasstill under deployment, andnly two
enablerswere deployed the V2X(Vehicleto everything broker (VTT) and th€&enant Web PortaEBOS). These
enablerswere deployed on the cloudlhe purpose of the lab trialgas toassure that the use cases are ready for
the planned 5G NSA field trialkhedifferent components of the use casegre integratedlocally at the sites of
the developing partners, and tesivere mainlyperformedat the facilities of the developers or irearby5GNSA
test sites, to which they have accekkence, most of the testwere performed in single network environments
with as main focu$o testwhether the use caseperform as expectedandwhetherthe target KPlin the field
trials can be achieved

In addition,crossborder handovetests were performed at theirtual crossborder site in Bikerniekin order
to avoid issues related to the connection of the 5G modem tdeisenetworksm the field trial sitesthe partners
have agreed to usthe same modem for the majority of the use cas&s.modem the Mikrotik 5G router has
been selected, which has been tested extensively inBhernieki virtual border siteCrossborder testswere
performed for two use cases (UC3.2 and UC3.3) in May 2023, and are reported in this report.

The deliverable repostfor each use case on the lab trials performadorderto assess the functioning and
performance of therespectiveuse case, as well as tme field trial readinessverification. The lab trials were
performedmainly near the facilities of the developeRorfield trial readinessverification,a checklist is used,

for assumgthat the use case is ready be evaluatedat thefield trials. Tie checklistddresgsthe operation of

the different components (vehicleQnBoard UnitOBU$, external servers, infrastructure sensors, oteeaidt

user devics like smartphones), the CAM servidd® integration with the enablers, and the 5G networktla

field trial sites.The testdor the checklistvere mainly performed by the use case leaders, and the Estonian and
Latvian MNOs verified the operation of the networks at the trial sites.

By assuring that the use case works locally, and that dyosder behaviour is supported for similar use cases
and theuser equipment (UByhichisused in the use case, the use cases are ready to go to the field trials.

Thelab trial tests were performd during the first half of 2022, and threport was written inJune2022

Followingthe feedback from the European Commission and the revievierMay 2022 the project was
refocused during Summer 2022, and consequently the planned 5G NSA trials weegfoohpd,whereassome

of the use cases were discarded. This report gives the status of the work done on the use cases prior to the
refocusingWork is reported according to the original use case structure, which is described in D1.1.

Table1 gives an overview of the readiness of the use cases for the field. thialdune 2022, not all the
components, which were needed to execute and evaluate the use cases in theitéd, were ready. The 5G

test networks in Valg&alka and Muug&/uosaari were still under test or being developed at the end of June.
Some functionalities of the Tenant Web Portal, such as the automated transfer of logging data were still under
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development. At the first submission of the report in the Summer of 2022, the completion rateA@¥s The
completion rate for the readiness for the planned 5G NSA trials has been reviewed in Septembé&nZz0R3.

the refocusing, use cases UC3.2, UC5.3 and We2e discontinued, and use cases UC3.3 and UC5.2 were
redesigned.

When reviewing the completion rate for 5G NSA t€$tblel), the integration with the CAM ServicB$atform
(which is only used for the 5G SA testa$ not been taken into accouritablel shows the readiness for 5G NSA
field trials.Aspectswhich are still under development in September 2023 are related to the integration of the
logging (.e.,automated starting and stoppind tbgging at experiments, allowing to harmonise the timing of the
logs at different devices an automated upload of the logs at the end of the experinamd)avenot yet been
tested. Issues which still not be integrated further by the use cases maimdyer¢o logging(such asthe
synchronisation of the different dajand the integration with thenablers.

Tablel Overview of the5G NSAield trial readinesscompletion for the use cases

Vehicle related issues| 94 %| 100 %| 100 % 89 % | 100 % 100 % | 100 % 79 % 33 %
OBU related issues 100 % | 100 % | 100 % 70% | 100% | 81% | 100 % 65%| 33%
Infrastructure related

issues 71%

External servers 92 %| 92% 50%/| 83% 100 %| 100 % 100 %/| 58 % 0%| 83%
Other end user

devices 100 %| 83%| 83%| 29%| 31%
Subtotal: user device

related issues 96 % | 98% | 100 % | 62% 80% | 100%| 92% | 100%| 83% 6 92% | 58%| 21%| 67 %
CAMservices 100 % 100 % 0%

Privacy and security

issues 100 % 0% 0% 100%| 25% 0%
Subtotal: Use case

Specific 96 % 98% | 100% | 64% 80%  100%| 87% | 100%| 92% 92% 6 56%  15% 60%
Tenant Web Portal 81%| 81%| 71%| 50%| 50%| 75%| 50%| 88% | 71%| 63%| 50%| 50%| 57%
V2X router 10 % 100 % 80 %

Subtotal Enabler

related issues 81% 81%| 71%| 35% 50% 83%| 50%| 85% 71%| 63%| 50%| 50%, 57%
5G network related

issues 100 %| 100 % | 100 %| 100 % | 100 %| 100 % | 100 % | 100% 0 % 0% 25% 0% 0 %
Network handover

related issues 100 % | 100 % | 1009%| 100 % 100 9% 100 % | 100 % | 100 % | 100 % | 100 % 0% | 100% | 100 %
Subtotal: Network

related issues 100 % | 100 % | 100% | 100% | 100 % 100 % | 100 % | 100% 5%, 75%| 14%| 50%, 60%
Total 93%| 95%| 94%| 58% | 76%| 94%| 81%| 9% | 83%| 80%  48%| 28%| 59%

After the first set of lab trials, the main work on the use ca®esised ortheir integrationwith the related CAM
services in the CAM Services PlatformisTitegrationis performed in 2023 and will beported in D3.9This
report contains inAnnex1 the description of thentegration and testing for a single use case (UC1.3db@ncy

video transmission). The CAM Services Platform has been deployeihigally tested in an experimental
environment @ CTTC laboratory in Barcelona. The use case under test includesdie RS2 LINRE& ¢ /

This CAM service is virtualised in the CAM service platform and is deployed at the start of an experiment. The

CAM service follows thdE and when the UE is about to cross the border and switch domains, the CAM service

is instantiated in the second domain. The UE communicates with the enablers from the CAM service platform to

allow a smooth transition between the different instances of @&&M service.
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1 Introduction

The 5GROUTES project will conduct advanced field trials of most representative and innoC#Me
applications seamlessly functioning across a designated 5G-lwwodes corridor (Riga/algaTallinnHelsink)

spanning across BU member state€dorders (LatvigEstoniaFinland) in order to validate the latest 5G features

and 3GPP specifications under realistic conditions, so as to accelerate the widespread deployment of 5G E2E
interoperableCAMecosystems and servicesdigitised motorways and shipways throughout Eurofig.

The scope of this deliverable is teport on the integration tests and théeld trial readinessverification
performed by the different use casdsr the 5G NSA trialsvhich were planned to be performed in the second
half of 2022

1.1 Mapping 5SGROUTE®utputs

The purposeof this sectionis to map5GROUTES

a tDAddegyhent commitments, both within the formal
5SSt A@SNIofS FYyR ¢l &1 RS

AONARLIIA2YyZ |3FAyad GKS LINR2S
Table2: Adherence to5SGROUTEBE O ' ! $ AT EOAOAAT A O 4A0EO $AOAOE
5GROUTESA 5GROUTESSA Component  ~coPective .
Component Title Outline Document Justification
P Chapter(9
DELIVERABLE
TASKS
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R iV
5GROUTESSA 5GROUTESSA Component espective o
: . Document Justification
Component Title Outline
Chapter(9

1.2 Deliverable Overview and Report Structure

1.2.1 Relation to Other Deliverables

Thisdeliverable takes input from the following deliverables:

- D1.1[1] and D1.92]: description of the use cases atie KPIs

- D1.3[3] and D3.14]: description of thecG networks

- D1.7[5] and D1.176]: description of thaest assessment framework

- D2.1[7], D2.3[8], D2.5[9] and D2.911]: description of the 5ROUTES framework and the enablers
- D2.7[10]: description of theTenant Web Portdunctionalities

- D33[12]: description of theCAM infrastructure development wrehicles railways and maritime

1.2.2 Deliverable Structure

The main purpose of this deliverable is to report on the integration work of the use cases, the lab trials and the
field trial readiness verification.

Chapter 2 describes the methodology used for the lab trials andig¢hektrial readinesyerification
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Chapter 3 describes the woperformedfor the various use cases: the architecture and sequence diagram of the
use cases, the integration work, thebtrials and thdfield trial readinesserification resultsField trial readiness
verification is based oohecklists

Chapter 4 provides conclusions andeemendations.
Annex 1 contains the detailathecklists for verification of 5G NSA field trial readiness.

Annex 2 containsfor a single use case, a description of the interaction between the user equiparhthe

CAM services and enablers from the CAM Services Platismwell as the testing of the integratiohhis work

has been performed in 2023. The integration of the use cases with the CAM Services Platform will be reported
in D3.9
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2 Methodology

2.1 Roleof Lab Trials in the Project

2.1.1 5GROUTES lterative Approach

1 One of the key objectives of the HBOUTES project is to provide a practical and novel 5G Platform
speciaised in the field of CAM services with emphasis on coisrain scenarios. The SBOUTES
Platform is a multcloud system (core and edge) built as the combination of innovative technological
enablers developed within the project to comply with the needs AMQuse casef/]. Enablers are to
be understood in this project as pieces of software that facilitate an enhancement or new functionality
over a 5G InfrastructureEach enabler offarand/or produces functionalities from the 56ROUTES
Platform to the use case servicd$e enablers of the 58OUTES platform will be implemented first for
testing in selected lab environments (CTTC), and consecutively in the fietshttir@nment in Latvia and
EstoniaThe time plan for the various enablers is detailed in D219

ThetechnicalKPls of each use case will be evaluatedng the field trials, to illustrate how 5G capabilities and
5GROUTE®cchnical enablers are leveraged and how they impact application performaneBCAE E8se

cases will showcase a wide gamut GAMservices, each with a unique set of netwadtated and apfication

related KPlIs. The impact of 5G technologies ®BIROUTE®chnical enablers on the aforementioned KPIs will

be measured and quantified. A special emphasis will be placed on service continuity, i.e., how the application
performance is impacted ding handovers between 5G telecom operators or betweetiular and satellite
connectivity. Multiple cros®order scenarios will be tested in field trials, involving multimodal modes of
transport (i.e., automotive and maritime). Conclusions and recommeodsatiwill be drawn including
recommendations for furthefield trials. When possible, the impact of 5G deployment will be alsalysedso

to potentially allowMNOsto evaluate their 5G network deployment scope, pattern and duration.

Thereare twotypes of tests in 5@ROUTES:

9 Technical testing ifab trials. The purpose of the lab trials is to test the functionalities and the readiness
of the use cases in restricted closed areas and allow thettiniag of the 5G technological enablers
which will ke integrated in thdargescale field triad, to address most of the challengesinimise the
risks and reduce the uncertainties before the laggale field trials are set and executér assuring
readiness of the use cases to proceed to fiedd trials, the verification approach from the S@0OBIX
project[15] will be used.

There are two types déb triak:
o trialsLISNF2NY SR f20F€tfte& yS radllities, koSestdse $asefingtibnaliiy,S & S
potentially with tests in local 5G test networks, 5G commercial networks or in closed test tracks.
0 trialsin test labs, especially CTTC and TTU, with the purpose of testingefeation of the use
cases witlthe CAM Services Platform, develope®@&ROUTES.

9 HReld trialsvalidate the capabilities of both the 5G technology and the use cases of the vertical industries
(i.e.,automotive, infotainment, transport/logisticgp enable their commercial exploitation. During the
project, each use case will deploy a layered tesfiragtice to drive development, involving significant
industry representative testsjerifications,and validations.

This document describes the lab test trimgpreparation of theplanned5G NSA field triaJsvhich were planned

to take place in Autumn@2 Due to the requirement to refocus the trials and due to the delay of 5G roaming
availability, the original trial plan was modified. The original first set of trials with 5G NSA, was discarded in order
to reserve sufficient resources for 5G SA tests

The decision to cancel thBG NSA field trialsvas made in August 202%hen the trials, reported in this
document, were finishedn Autumn 2022also the use cases were restructuradd the following changes were
made in the use cases:
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UC3.2 was cancetledue to limited crosdorder aspects;

UC5.3 was cancelled as the planned rail network is not deployed;

UC2.2 was cancelled as the crbssder aspects are handled in other use cases;

UC3.3 focus was changed from Vulnerable Road Useositiworks;

UC5.2 focus was changed to video transmission in maritime environment;

L/ MdmME '/ m®H YR !/ mdo I NEethO®matoghBR> A YSELIRK T I K
features from the original use cases

f UC2.1, UC3.1 and UC3.3 are combiked |
border for connected and automated drivig:

= =4 =4 =4 -8 =9

& A Y Bhasing geicSpticd laril Sadchazard at the
1SSLIAY3I YIAYy FSI{GdaNBa 27F 0

2.1.2 GeneralTest Process

The process for technical performance testafghe use casesonsists of tk follow phases:

1 The use case KPlIs are defined in D1.9, and the waytbheyeasured irthe field trials inD1.12. The test
scenarioswvill bedescribed in D4.1.

91 During thelab trial phasethe functionality of theuse case componenis verified. The verificationis
performed by the use case leaders in their own facilities or in test facilities to which they have access.

1 At the end of thefirst lab trial phase, the readiness for t& NSAield trials is verifiedThe purpose of
the labtrials is to verify that the use case works as expéctnd that alcomponentsare in place for
the field trials. Thefield trial readineswerification is explained in more detail in sectids3.

1 During use case development, each use dassgrates logging of the data. The daiastored in the

Tenant Web Portalatabase, which also provides functionalities for synchronisation of the logging of the

data, and fordata upload and download. KPIs are calculated from the collected data and the calculated

KPIs are transferred back to thenant Web Portal

The5G NSAield trial cyclewas planned to b@erformed inAutumn 2023.

A second lab trighhasetakes placaluring2023. During these lab trials, focus is on the integration of the

use cases with CAM services and with theFRBBUTES CA®rvices Platform, consisting of the enablers,

which has been developed in WP2, as well as on dyosder issuesThe use cases are tested together
with the enablers, developed in WP2, in the labs. The second labphate igeported in D3.9which

is planned for April 2024 his report includes in Annex 2 a description of the integration of a single use

case andthe testing of the use case with the CAM Services Platform, performed in CTTC.

I The actual field trials consist of two phases. In the initial phpleened for Spring 2024, few simple
scenarie are executed, and measurement performed focusing on thesstmrder behaviour, and on
validating theinteraction between the use cases and the CAM Services Platform. The second phase
planned for Summer 2024is concentrated on evaluating the final version of the use case
implementations.The scenarios to be tesdl in the field trials are reported in D4.1. During the trial
experiments are performed and data for the technical performance evaluation are collected. Based on
the collected data, the use case specific technical Pls are calculated, and the evaluatlts aes
reported in D4.6The trial executions are reported in D4.5.

= =

2.2 Availability of 5GROUTE%nablersfor LabTrials

The enablers which are developed irPRYare integrated in the CAM Services Platform ateployed ina lab
environment at CTTQ\ more cetailed description of the enablers, which are included in @&M Services
Platformand their timetable is provided in D2[91].

During the first labrials which are described in this repoxnly theenablers essential for theperation of the
use cases in the NSiald trials, aretested, i.e.,the V2Xmessage routing serviand theTenant WelPortal For

the 5G NSAield trialsthese enablers arstalled at public networks, whereas in the 5G SA field trials they will
be deployed in the 5(ROUTES CAMrvices Patform.
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2.2.1 Tenant Web Portal

The Tenant Web Portglf'WP) as described in D2.@a¢cts as a central hub for the collection of data produced
during the5GROUTEGBse casédab and field trials andervesasthe main user interface of thproject providing
the functionality to the UC owners to initiate an experiment andisualisehe KPI results.

The Tenant Web Portal provisithe following functionalits:

1 Use case anBerformance IndicatofP) configuration: via the Tenant Web Portal, thee case leaders
configure the Pls and thresholds for each of the use cases. The Composite Indicators are calculated using
PI thresholds, as described in D1.9.
1 Logging Control functionality: The Tenant Web Portal indlmigging control functionalities for starting
and stopping of logginge.g., through transmission of a specific signal to all devices collecting
information, including test identifier.
9 Data collection: As per D1.12, data for the agnostic network measurements is collected using specific
tools by each network operator. Datanbe collected in two ways:
o reaktime data collection at theTenant Web Portalthrough an MQTTMessage Queuing
Tdemetry Transpoitfunctionality of the Integration Fabric. THenant Web Portatontairs a
MQTT client through which data can be collected. The components, whistcollect the data,
needto transmit the data according to a specified MQTT topic stngctu
o0 localised data collectiore.g.,at the vehicles involved in thigeld trials. After each specific test
repetition or test run, data is uploaded the Tenant Web Portag.g.,using MQTT or manual
upload.
Data Processing and KPI visualisation: KPlsadezalatedfrom the collected datandvisualigd.
Data storage: The Tenant Web Portal containdatabase with both general information on the tests
performed, the raw test data collected and the Pls. As an alternative to the actual raw data, therdata ca
be stored by thedest leaderand transferred to a common accessible repository after quality assurance.
Data download functionality: Use case leadeas download the data collected for quality assurance
and analysis.

= =4

=

Figurel gives an overview of the interaction of the end user with the Tenant Web Portal during data
collection andvisualisatiorprocess.

@)

Integration Fabric

Use case setup Database Composite
m indicator Visualisation
MQTT broker @ “ calculation

Vehiclel M
app

Vehicle2
app

Tenant Web Portal

Performance indicators
calculated by use case team

=
app

NFV _
(eg CAM
service)

Figurel Data collectionprocess and KPI assessment using the Tenant Web Portal.
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The Tenant Web Portal is hosted by eB&%ess ta first version ofhe Tenant WelPortalwasprovided to all

use case leadeiis April 202. Duingthe lab trialsthe Tenant Web Portalvastestedon the matter of usability,

user interface, the integration with the U@sd datapresentation The Tenant Web Portalvas also used for
benchmarking the KPI calculation and visualisation process, as described in 8&®omhe version tested
implemented on the cloud, and allows to assign test IDs, configure the KPIs, enter KPI values, upload data files,
and visualise the ¢oposite KPIs.

2.2.2 V2XMessage Routing Service

The purpose afhe V2X messag®utingenabler is to mantain a persistent connection in crebsrder scenarios
while enabling V2X message sharing between road users connected to different nethloeR&2X Messag

Routing Via MEC enabler allows vehicles to exchange the messages with low |&ignog2 shows the
architecture of the V2X Message routing servicethis figure vehicles in differendomainsare connected to
the V2X broker, which is deployed on a local MECVRebrokers in the different domains exolggmessages
with each other. Te following protocols are identified at this point:

o V2MEC: Vehicle to MEC.
o MEC2ME®@r communication between instances in different domains, or between an instance
on the edge and in the cloud.

MEC2ZMEC

MEC2BO-interface MEC2BO-interface
hroke V2X broker
V2BO interface V2BO interface

V2ZMEC V2MEC

Figure2: V2X Message Routing enabler Architecture

The communications between the broker and the us@/@MEQ are based orthe MQTT communication
LINE(G202t ® ¢KS O2YYdzy A @he broker vindtbeShiaak Sfficgare dabéd @i thel AKIRP
(Advanced Message Queuing Protgabmmunication protocolaiming to be compliant with thelP-based
protocol fromthe GROAD®latform [17]. The messages from the broker are routed to the interested parties
based on the quadtretle information, whichisa methodto build a datastructurefor distributingdata streams
with respect togeographic areas (single points, lireedinks, areas)andis often used in Geographic Information
SystemgGIS) and backend servéis].

For thefirst set of lab triad andthe 5G NSAield trials, the V2Xessage Routing serviecehosted and operated

by VTT in Oulurinland The first versiorprovided to the partners is only a single instance, and hence only the
MQTT broker is used, and not the AMQP based connection between two instances of the V2X Message Routing
service Accesdo the services providedto 5GROUTES partners on request.
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2.3 Field Trial Readiness Verification

The method to assure that the use cases are ready to proceed tdidhktrials is based on the verification
approach from the 5@10BIX projecf15].

2.3.1 SequenceDiagram

The sequence diagrams serve as the main tool fovehédicationand define the data flow for each of these
case scenarios which will be trialle&or field trial readinessverification, we concentrate on the data
communication between componentsr infrastructure which are provided by different partnergor the
different checkpointsthe verification testsnustbe defined in more detail

The different checkpoints in the sequence diagram are idedtifieEhe checkpoints correspond to either
interactions between different components or to outputs of specific components,algorithms for collision
detection. The verification withainlyconcentrate on the checkpoints involving different actors.

The quence diagrams shown in this report for the use cases are at application level and show the interactions
between theUser Equipment B and the application services and enablers used in the use cases. The sequence
diagrams are developed for the 5G N®Ats$, in which tB CAM Services Platform is not deployed {iring

these trials, the CAM services and enablers, which will be part of theSEAddes Platform, are deployed at the
cloud.Hence, vinen the UE crosses the border, and when connection to the second network is established, the
UEs will connect to the same enablers and CAM servicas ths first network The lowedevel interactions
between the UEand the networkswhich may depend upothe UE chipset or the networkonfiguraion, are

not addressedn these sequence diagrams.

Figure3 gives the example of the sequence diagram for ke case 3.1 (Sensor info sharidg)this example,

an objectis detected by a connected vehicle (CV1). The vehicle builds a CPM (Cooperative Perception Message),
which is published. Thé2X brokerto which the vehicle is connected, routes the mesdagactors who have
subscribed to the messages in the ar€éaensure interoperability of the CPM with the messages generated by

the other use cases generating CPMs (UC2.1 and UC3.3)utesaseare included in the sequence diagram.
TheconnectedvehicleCV2 receives the message, fuses the data with other observationsyamng the driver

if needed

i CV“'U‘:?”SC” gg’ 1 V2X broker g;z cv2 UC2.1/UC3.3 UE
~VIT Vit VT ; —VEDISWMICERTH

Actor

Object : II‘
detection s i i
Cps'l publish CPM N ! CPM
| N :
broker _
forward CPM
Fusion : Driver
| warning/

Figure3: Sequence Diagram fause case 3.1 (Sensor info sharing)

For each of the mulactor checkpoints the required teséseidentified. The test definition includes the test case
objective, the components and the partners to be invohasiwell asvhere the test will be performed. In order
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to optimally use the resarces, e.g.in order to avoid travel and transport of vehicles over long distances, it
should be assessed whether and how tests can be performed remdtest. casesnust be defined for the
checkpoints, both for the transmission of the message, but alssédtting up and activating the connection

between the different components involved in checkpoints.
Table3: Checkpointtest definitions for UC3.1

Checkpoint

Multi-

Test objective

Component(s)

Verification

actor? location
1 N extraction of object | CV1 sensor VTT VTT VTT
metadata and CPM| processing, OBLU
generation app
2 N publishing of CPM | CMLOBU app, | VTT VTT VTT
to V2X broker V2X broker
3 Y publishing of CPM | V2X broker SWM, VEC VTT VTT
by other actors
4 N geomessagingf V2X broker VTT VTT VTT
the broker
5 Y receipt of CPM by | V2X broker, CV | VTT, VTT to be verified
vehicle- assuring OBU app SWM, VEO SWM, VED between
message SWM, VED
interoperability and VTT
6 N fusion of data (CPM CV OBU app VTT VTT VTT
and own
observations)
7 N warn driver CV OBU app VTT VTT VTT

Remote verification should be used as much as possible, for optiseabf the resources. This can be &=l
e.g.,through remote connection to servers, exchange of files containing the messages to be transmitted
Connectivity of modem equipmerns planned to be tested by involving local partners and use of the same
modem equipment.

2.3.2 KPIBenchmarking

In D1.9 the KPIs for the different use caaesidentified, as well as a processdefined for calculating composite
KPIsThe KPls, identified in D1.9 are integrated in the first version of émant Web PortallThebenchmarking
process consists of:

1 performingmeasurements for a specific test scenario of a use;case

9 assessing the gqual of the measurements, e.gassuring whether all measurements aynchronisd
with each other, and that all data needed for the calculation of the KPIs have been logged;

i calculating the indicators of metrics, likeedian or 95% percentile of eAd-end latency,for the test

scenario

entering the data of the calculated metrics in thenant Web Portal

assessing the values of extended indicators, which cannot be directly measured

assessing the target values of the smart performance indicators

visualigtion of the KPIs in th@enant Web Portal

=A =4 =4 =9

Based on the results of this exercise, the approach developed in &@9D1.12s validatedand, if needed,
updatedprior to the calculation of the KPIs for the first set of field trials
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The use case leaders have tested Tenant WelPortaland have proposedhanges to the Tenant Webortal
Figure 4 provides a screenshot of the representation of tessults pin the Tenant Web Portal for the
measurements of UC3.1, shownHigure41.

Data transmission in a single network B s

&

Figure4: Visualisation of measurement results in Tant Web Portal

During the lab trial tests some issues with the KPI methodology idergified:

1 the need for functionalities tgerform statistical analysisf the experimentf a singlescenarig and
the visualisation of the aggregated valyues

1 theresults and the visualisation of the results depends highly on the threshold values set by the use case
leader¢ KS GKNBaK2ft R @It dzSa I ar&cfteddaddtd dsdess. 1 KS G £ dzS T

2.3.3 Verification Checklist

For assuring that the use case is readygmceeding to thdield trials, a verification checklist, based on the
checklist developed in the BROBIX projec{15], is used.The checklist is based on saffsessment by the
developing partners.

There will be different versionsf the checklisfor the differentfield trial phases, each one corresponding to a
ALISOATAO awStSrHrasSé 2F (KS dzasS Ol asS | yR (fdé&chioMNiel LI
enablers Additionally there is a column for the location, to indicate where the test is performed, @ the use

case developer premises, at a lab g TC, through remote connectionBjie checklist addresses issues, which

can be gouped in the following groups:

I Use case specific tests
o vehicle related issuesssues related to the vehicle and the sensors and applications installed in
the vehicles
0o OBU(OnBoard Unit)related issuesissues related to the OBU, whichnistalled in the vehicles
For the field trials, the Mikrotik 5(24] is used, and a limited set is also made available by LMT
for testing. For the lab trials, usEases may also use other modems which have been proven to
work in the 5G test or commercial networks in which the lab trials are performed
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(0]

infrastructure related issuesfor those use cases, which rely on reside equipment, issues
related to sensors ahother roadside infrastructure which communicates with the netwprk
external serversissues related to backend servers, which are used by the use cases
other end-user deviceselated issuesfor those use cases, which use emskr devicessuch as
smat phones

CAM service related issuesCAM services are pieces of softwarkich are mainly used by a
single use casevhich will bedeployedasVNs (Virtual Network Functiong) the CAM Services
Platform A list of the CAM services is included in B2} The CAM services are5&G NSA éld
trials installed on the cloud, under the responsibility of the use casb. i@ the5G SAield trials
they will be part of theCAM Services Platform;

privacy and security related issueshis involves both GDPRGeneral Data Protection
Regulationrelated issues, as well as protocols and processes for data security.

1 Enabler réated tests:testsrelated to the integration of the use cases with the enahlé the first set
of field trials, this involves:

(0]
(0]

V2X brokerdescribed in sectiod.2.2
Tenant Web Portal, described in sect2.1

1 Network related tests test related to the integriaon of the use cases with the field trial networRfese
tests are performedy the local MNOs and local partnenssing the modems which will be used in the
field trials

Thespecifictests arelistedin Table4.

Table4: Issues addressed in the verification checklist

Vehicle related issues

V1 All CAVare readyand available for théield trials

V2 The physical components argegrated and operate correctly

V3 The physical components, integrated in the vehicle, send the correct information

V4 The vehicle applications, including the automated driving applications, behaseasted and
have been validated

V5 The vehicle applications are correctly installed

V6 The vehicle application has access to all required data in real timevéhigle data, sensor data)
from other components.

V7 Messages and data content and encoding have been agreed between partners.

V8 The vehicle has safety measures in place to allow the driver to take control

V9 Permits: all necessary permits foerforming the tests, including driving on public roads, have
been received

V10 All required data are logged during the tests, and can be retrieved after the tests

OBU related issues

V11 All OBUs are ready amdailable for the field trials

V12 TheOBUsre correctly installed in the CAV/CV

V13 The applications in the OBU behave as expected and are validated

V14 The OBUs can manage and rifhgairty the requiredapplications

V15 The OBUs connect and have access to the 5G network

V16 The OBUs haueve connection to the 5ROUTES platform

V17 The OBUs are capable to transmit and receive the relevant messages according to the rele
standard and encoding

V18 The OBU receives all relevant messages (algorithms for geolocatiditi@may of messages are
working)

V19 The OBUs allow for improved positioning (compared to GNSS positioning)

V20 Synchronisation measures are used for the OBU
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V21

SIM cards aravailable for the field trialsand attach to the 5G network

V22

Allrequired data are logged during the tests, and can be retrieved after the tests

Infrastructure related issues

11 The availability of the infrastructure sensors is assured

12 The infrastructure sensors connect and have access to the 5G network

13 Theinfrastructure sensors have live connection to theBQUTES platform

14 The infrastructure sensors are capabldr@ansmit andreceive the relevant messages according
the relevant standard and encoding

15 Synchronisation measures are used for theasfructure

16 Applications at the infrastructure (edge) are working correctly and havetirealaccess to all
required data

17 SIM cards aravailable for the field trialsand attach to the 5G network

18 All required data are logged during thests, and can be retrieved after the tests

External servers

S1 External servers and software, which are needed for the user story, are available

S2 External servers are connected to the network and accessible by all partners needing acceg

S3 Theapplicationson the external servers have been installed correctly and behave as expecte
have been validated

S4 Messages with the servers can be exchanged according to the relevant specifications

S5 Synchronisation measures are used for the server

S6 All required data are logged during the tests, and can be retrieved after the tests

Other enduser devices (e.g. VRldvices, smartphones)

D1 Other enduser devices, which are needed for the user story, are available

D2 Enduser devices are connected to the network

D3 The enduser devices have live connection to theeBGUTES platform

D4 The application algorithms on the ener device are installed correctly and work as expected

D5 The enduser devices are capable transmit the relevaniessages according to the relevant
standard and encoding

D6 Synchronisation measures are used for émetuser devices

D7 SIM cards aravailable for the field trialsand attach to the 5G network

D8 All required data aréogged during the tests, and can be retrieved after the tests

CAMservices related issues

C1 The CAMservices can bdeployed in the field trial site

Cc2 The CAMservices can connect to all relevant enser devices, 5&0OUTES enablers aexternal
servers

C3 The CAM services have access to all required data

C4 The CAM services behave as expected and have been validated

C5 The CAM services are capable to transmit and receive the relevant messages according to
relevant standard and encling

C6 All required data are logged during the tests, and can be retrieved after the tests

Enabler related issues

Specific checks will be included for all enablers which are used by the use cases.

Tenant WelPortal

ET1 The use case can be configured in the Tenant Rétal

ET2 Data logging at the different UEs and CAM services can be started from the VéslaRbrtal
ET3 Data logging can b&topped,and data uploaded to th&enant Web Portal

ET4 Stored data can be retrieved from the Tenant Wedital

ETS KPIs can be entered into tiienant WelPortal
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ET6 KPIs can be visualised in thenant Web Portal

ET7 Data is logged according to agreed formats

ET8 Timestamps for all logged data are consistent with each other

V2X broker

EV1 The enduser applications can connect to tM2X broker

EV2 The enduser applications publish messages according tatireed protocol

EV3 The enduser applications receive the messages to which they have subscribed

EV4 The algorithms for geolocation and filtering of messages work as expected

EV5 Metrics (can be logged) and can be downloaded

5G network related issues

N1 All partners have access to the needed interfaces and infrastructure

N2 The complete test area is covered by the-s&works

N3 All applications and data logging are synchronised

Network handover related issues

N5 The MNOs can manage the connectivity handover procedures

N6 The UE can connect to both MNO1 and MNO2

N7 The UE can roam from MNO1 to MNO2

N8 All relevant information is exchanged when moving between networks

Privacy and security issues

P1 AlAy @2t SR LI NIYSNE OFly SEOKIy3aS vYSaal 3Sa

P2 All partners have agreed on the processes for exchanging certificates and have access to th
agreed certificates.

P3 Exchange of privacy related data, including vehicle related information and video, is in line v
guidelinese.g. GDPR)

The checkKlist is filled in as an Excel documené responsible partngrerformsa selfassessment of the tesin
whetheritfulfhA t & GKS NBIdZANBYSyidiad ¢KS GSad NBadAZ G Aa SA
Gy20 NBfSOIyiéd ¢KS 02 Y Lhréasan®fgf the 3drdRte yhédklist & cafcaldied &1 O

Completion percentage = (#Passed + #BlytR)/(#Passed + #Partially + #Failed + #Not_Tested)

G
K

The Excel file contains 3 checklists, one for each releadeeldtrials). The checklist®r the later trials inherit

the results of thechecklist for the first releas@.he checklists, which have been filled in by the use case leaders,
are included in Annex to this document.An overview of the results, following the grouping of the issues
mentioned above, is includdad the description of the use case tests in the failag chapter.

2.3.4 Field Trial Readines¥erification Process

As indicated in the previous section, the verification checklist contains checks for both the performance of the
use case, as well as the integration of the use case with the enablers and the tictegfahe use case in the
network.

For thefirst field trialruns, which are performed in theGNSA networks of LMT and Tediathe virtual cross
border site in Bikerniekithe only enablers which are in use are the WB§sage Routing servieed theTenant
Web Portal Access to the V2Message Routingnabler was provided in February 2022cess t@ draft version
of the Tenant Web Portakith limited functionalities wagrovided in April 2022.

2.3.4.1Network tests

For the field trials, the Mikrotik 5G rout§24] will be used byalmostall use cases, except whepecific devices
such as smartphoneme used The use of a sge modem for all use cases simplifies the testing pragésssts
performed with the modemsn the field trial sitedy the local partnersre succedsl, the use case participants
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canassume thathe modem will also work for their use cases in thedfiglal site. TheMikrotik 5G routerhas

been developed in close collaboration of Mikrotik and LMT. Detailed tests of the toanebeen performedin

Mikrotik 5G lab environment in Riga which is provided by LMT. Some of the measurements as traffic monitoring,
signal strength and SNRignal to Noise Ratiaye shown inFigure5, Figure6 and Figure7, Figure8 shows an

overall view of interfaces monitoring view. Kpril 2022basic tests have been performed by Telia as.well
Coverage tests have been performed in Bikernieki, where the whole racétraokered.

Al monitor-traffic
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Figure5: Traffic monitoring tests
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Figure7: SNR tests
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Allinterface stats
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Figure8: Interfaces status view

2.3.4.2Roaming tests

Roaming and handover testgere performedin Bikernieki and demonstrated in May 2022 during a demo for the
5GROUTES reviewerBhe results of the testkr use cases UC3.2 and UC3Bich were demonstrated, are
descibed n more detail in section3.7.4and3.8.4
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3 Use Cas®verview

This section gives an overview of the lab trials and the checkigetdrtrial readinesper use caseFor each use
case first a brief introductions provided, including thescenariosthe use case roadmap, treomponents and
the sequence diagramThe roadmap indicates whiclse case and network functionalities will be tested in the
different lab trials and field trials. The introduction fdlowed by a description of how lab trials and the
verification for fidd trial readiness were performed, followed by the resultdadf trials and the verification. The
next steps are then described: what is still needed prior to go to the field.trials

3.1 UCL1.1 Dynamic Vehicles Platooning

3.1.1 Use Case Overview

The goal of UC1.11ts form a string of vehicles travellirmgcloseas safely possible to each othenaking use of
URLLC, thus enabling shorter intehicle distances than with purely sendmsed perceptionKigure9).

Network domain

AJ /) (( Engm g Telia
I}~

Vehicle domaﬁﬂ N

It~

Figure9: UC1.1visualisation

3.1.1.1 Use Case Description

Vehicles driving in a higépeed platoon requirgensors fomeasuring the distance of th@eceding vehicle, and
fast and reliable network communicatiofor exchangingkinematics data(speed and accelerationyith
participating vehiclesTo test the performance of sensors and network interfadhae following scenarios are
planned to beexecuted in the first trial pase, using two vehicles

1. Telemetry exchange without drivinget both vehicles exchange telemetry data while stationary

2. Vehicle following(with and without communication) let the automated vehicle follow a manually
controlled vehicleonce with radafonly sensing, and once with communication enabled

3. Simulatedcrossborder test let the automated vehicle follow a manually controlled vehicle and simulate
a network interruption.

The KPIs that will be mainly focused on in the first trial phase are netwadskikKéluding bandwidth, reliability
and latency, as these are critical for all use cases led by EDI (aiellUC1.2). Thesecondaryset of KPI
measurements for this use case involves longitudinal and lateral distance deviations between vehicles.
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3.1.1.2 Roadmapof UC1.1 in the SROUTE®roject

The longterm trial plan for UC1.1 involves a gradual increase in complexity of the platooning system. This will
be done by increasing the number of vehicles and exploringitent to which intervehicle distances can be
decreased while increasing platoon speeds. Another aspect that will be tested in the upcoming trial phases, is
the performance difference between 5G NSA and 5G SA implementations of vehicle pldtaenthe goal of

the first trials is to verify the furmimental functionality of the platooning system, and the following traais
planned tobuild upon these results.

Lab trial #1low-latency kinematics data exchange between two vehicles in 5G NSA networks

Field trial #1:low-latency kinematics data exchange between two vehitiescrossborder situation

Lab trial #2platooning between two vehicles in 5G NSA networks

Field trial#2: platooning between two vehicles in 5G NSA netwankascrossborder situation

Lab trial #3:;platooning between two or more vehicles in 5G SA networks and dynamic manoeuvring
Field trial #3:platooning between two or more vehicles in 5G SA networkisdymamic manoeuvring in
a crossborder situation

= =4 =4 =8 -4 =9

3.1.1.3 Components
The following components are relevant for a complete execution and evaluation of UC1.1:

1 Connected autonomous vehicle (CAV)bmard unit (OBU):
o DbW system (vehicle actuation)
Radarand camerdlongitudinal distancesstimation)
5G modem (kinematics data exchange)
Automotive grade computation platform (main computing unit)
Power equipment (for powering computer and peripherals)
0 LIDARlIocalisation in HD map
1 Software (EDI CCAM platform):
0 vehicle catrol systemand platoon manager
o MQTT client
1 MQTT broker (server and software)

(0]
(0]
(0]
(0]

To verify target KPIs, we make uselod Wiresharksoftwareto extract all relevant network and vehicle data
from any given trial run.

3.1.1.4 Sequence Diagram

Apart from theleading vehicle, allehicles participating in a platoanust perform the following operations

1. Transmit own kinematic data via MQTT
2. Receive kinematic data from other vehicles and apply control

Figurel0shows the process of transmitting kinematics dataafticipatingvehiclesto the V2Xbroker, including
network interruption and reconnection mechanisms.

©5GROUTES Page |30




D3.8Report on lab trialsfindings and field trials operational readiness v1.0

> ]

publish vehicle data

Cloud server MEC 1 MEC 2
Leading vehicle Platoon Manager V2X Broker V2X Broker Following vehicle
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Figure1Q UCL1.1 vehicle data publisher sequence diagram.

The leading vehicle is mainly concerned with publise&mgsordata, since it is generally controlled by a human
driver (or a lanefollowing routine) while the following vehicle does both: publish its ownekatics and
subscribe tdeadingvehicle data.

The platoonstart request is initiated by the leading vehicle e Platoon Management Serviocghich then
provides the vehicle with necessary information for communicating with the V2X broker, upon thkich
BSKAOf SQa h. ! Odlayponiagicleddhit inforhatién Nd-the rékeriihe Platoon Management
Service isused for keeping track of the identity and order of vehicless located inthe cloud,as it has less
stringent timing requirements than the V2X broker, which is used foldd@ncy sensor data sharingfollowing
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vehicle may then join the platoon through a similar process, wimicktbe accepted by the leading vehicléen
it can launchts Cooperative Adaptive Cruise Control (CACC) systbecome part of the platoon.

A network interruption automatically triggetke offline backup controller of following vehicles through a system
that monitors the rate of incoming messagékhis force all platoon participants to increase inteehicle
distancesfor safety At the same time, the OBUsontinuously attempt to reach the V2X brokeOnce
reconnected, the vehicles automatically restart publishing sensor data, theisaieling the platoon.

3.1.2 Lab Trials and Verification Process

Basic functionality tests (DbW, radar, MQTT data exchange performancevete.performedat the EDI labs
statically (between local PCgnd by driving within the EDI territory at low speetifost of these tests were
performed from February to Aprd022. Additional tests were done durirgp23 andvere mainly related to time
synchronisation issuesMiore involvedpreparations for thefield trials (starting in Aprik023and ongoing}ake
LX I OS 2y GKS . Rigusiywhighlisiequippe®d \Bith Netwark towér, on which bothLMT and
Teliacells are installedor a simulated crosborder environment More details on these tests are given in the
following section.
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9 5 L Q-#asedwériication strategy involsgerforming separate tests for differ¢ hardware and software
components (DbW system, MQTT communication, vehicle control algorithms etc.) before moving on to more
complex tests that combine several functionalities at once (e.g. DbW actuation from control signals that have
been obtained via IQTT). This ultimately leads to final verification tests that are as close to the field trials of as
possible.

3.1.3 Lab TrialResults

All EDI lab trialevere performed in theEDI lakor within EDI premisesvhere slow speed driving is possiblie.
order to obtain information aboutransmitted data from the vehiclesve useWireshark.Data files obtained
from this software can be parsed for further analysis, bothiietivork KPIs and vehicle KPlke tests hat have
been performedwithin the 5GROUTES projeirt preparation of the 5G NSA field triaise shown inrableb.

Table5: List of already peformed tests for UC1.1.

Test specification Description
DbW systemtest basic automated Send manualcommands (acceleration and brake pedal positio
actuationfunctions steering torque) and evaluate behaviour.
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MQTT subscriber/publisher test
communication performance Vi
MQTT broker.

Send and receive vehicle data via MQTT broker, measure loof
fFiSyOe dzaAy3d 95L Qa FRWer?).Asshadted
was later repeated at the Bikernieki racetrack, in order to h
conditions that are more similar to the final trials.

Control algorithms validate the
control algorithms that are latel
used for realising the usease.

Produce a virtual feedback loop and evaluatéi K S
performance by using:

1. Purely virtuainput data and models

2. Data obtained from past recordings
The latter is visuaded inFigurel4, which shows both the steering P
(ProportionatintegralDerivativg and the Model Predictive Controlle
(MPC) for vehicle speed contrdlhe plot shows the responsiveness
the respective controllers to a reference signal obtained from recor
vehicle data (speed and steering angle)

02y

Live synchronized driving initial
integration test that combines
multiple relevant functionalities.

Let a manually controlled vehicle send speed and steering a
information to the automated vehicle reattime, which then execute
the same driving behaviouExample results of this test are shown
Figurelb.

Time  synchronization ensure
minimal time offsets betweer
participating vehicles.

Performvehicleon-boardcomputer time synchronizatiowith GPS anc
pulseper-second(PP$signas usingthe Chronysoftware while driving
on . At S Ndfcaréck. Nhe systemtime offset of the an-board
computerswith respect to theGPSeferenceis shownin Figurel6.

MQTT broker loopback latency
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Figure12 MQTT broker loopback tesat EDI facilities
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Figure13 MQTT broker loopback test at Bikernieki racetrack

The loopback tests performed at EDI premises showed overall lower latencies due ter shstdnces to the
broker. On theracdrack we found no explicit correlation betweeehicle speed and network performance but
the latency was affected by outside factors, k&K S @S KA Of SQa L2 &

obstructiors.
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Figure1l4 Control system performance using a virtual ego model and recorded data as inputs.
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Figurel15 Control system performance in a synchronized driving test.

Both sets of control system tests shedadequate performance for moving on toore complex trials on the
Bikernieki racetrack.

GPS + PPS offset fram system time {(chrony log)

7

25

Offset in microseconds

100 200 200 400 500 600
Time from 7:40 UTC to 10:54 UTC

Figure1l6 GPS time offset fromvehicle on board computer.

In order to measurehe latency KPI, all vehicles need to hasynchronized system tim&hesystem time is
synchronized using GPS recesaardits PPS outpytwhich is connected to eboard computer§serial port. This
test shows adequate synchronization offset.

3.1.4 Field Trial Readiness

The following table gives an overview of the checklist testing status, details of which can be fadumeinl
(Section6.1):
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Table6: Field trial readiness for UC1.1

Fail_—Parly Completod

Vehicle related issues O 1 94%
OBU related issues 10 0 0 0 100 %
External servers 5 0 1 0 92 %
UE related issues 23 0 2 0 96 %
Tenant Web Portal 5 0 3 0 81 %
Enabler related issues 5 0 3 0 81 %
5G network related issues 1 0 0 0 100 %
Network handover related issues 3 0 0 0 100 %
Network related issues 4 0 0 0 100 %
Total 32 0 5 0 93 %

The performed tests so far have provided the following results:

1 Vehicle related issuedrial readinessof the DbW systenhas been shown through tests with manual
torgue signals and integration of the DbW system in the control loop with virtuatesatded reference
data, done in the EDI lab$heradarhasbeen testedseparately(more on this in sectio.5).

1 OBU related issueand external serversthe vehicles have been successfully tested with the Mikrotik
routers, which are planned to be used during the final trials.

1 TenantWeb Portal test definition and data entry capabilitidsave been tested. Complete integration
tests ofportal in the test cycles are still to be done.

1 5G network:the availability of 5G NSA was tested in a synchronized driving test on the Bikernieki
racetrack, using a Mikrotik routeHigherlevel issues have been tested by MNOs.

9 Privacy and securityfor this usecase, there are no privagglated issues, as only vehicle kinematics
data is being exchanged between vehicles.

3.1.5 Next Steps

Prior to the field trals, the management service for the management of the platoon which keeps track of the
status of the vehicles in the platoon, will Gealized

The logging capabilities of the system will be finalized, and/étécle functionswill be adapted dependingn
the detailed planning of the field trials.

Duringthe refocusing of the project, the use casasO2 YO AY SR A UGK !/ Mm®H | yRRe ! /| mMmdo
GKNRdAK LG22y Ay3éEd ¢KS dziablersf the £AM Setvites Bldform i AsSureNI { |
service continuity when crossing borders.

3.2 UCL1.2 CooperativeaneChange

3.2.1 UseCase Overview

The goal of UC1.2 is to perform a lane chamgmoauvre while coordinating movements with other vehicles,
thus minimising any effects on traffic flowr{gurel?).
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Figure17 UC1.%isualisation

3.2.1.1 Use Case Description

Refer to sectior3.1.1(UC1.1) for relevant KPI information, as basie case share similar metric3hefirst field
trial will be used to teshspects that are common to all EBle case (UC1.5andUC1.2). In addition to common
aspects, the following scenarios are planned to be tested for UC1.2:

1. GPSRTK(RealTime Kinematicsand LIDARbasedlocalisation: test transmission didar and GPS data
between vehicles.

2. Lanekeeping andane changgesty (1 Said GKS @SKAOf SQa Ol ldnexchahge ( &
manoeuvre making use of thdutowareplatform [12].

3.2.1.2 Roadmap of UC1.2 in the R®UTE®roject

Similar to UC1.1, the lorgrm trial plan for UC1.2 is to gradually increase its compleXite. first trial will be
used to test a singlear lanechange manoeuvre and localization performance. For further trials, there will be
addtional vehicles on the neighbouring lane to execute more involved cooperative manoewhds also
taking into account risks of network disruption during the manoeuiiéferent localization strategies will also
be considered, with lidabased positioning in HBaps, including lane information, and GBB8d camersbased
positioning with lane detection done optically.

3.2.1.3 Components
The following components are relevant focamplete execution and evaluation of UC1.2:

1 Connected autonomous vehicle (CAV)bmard unit (OBU) by EDI:
o DbW system (vehicle actuation)
Radar (lateral and longitudinal distance measurement)
5G modem (kinematics data exchange)
Automotive grade computatio platform (main computing unit)
Power equipment (for powering computer and peripherals)
0 LIDARr GPS RTK (produce fighDefinition)maps andocalis vehicle in them)
1 Software (EDI CCAM platform):
0 vehicle control system (control algorithmsporting to DbW system)
o MQTT client (transmission and reception intehicle data)
0 CAN drivers and other interfaces
0 Autowareplatform for additionaimanoeuvres based on HD maps
1 MQTT broker (server and software)

(0]
(0]
(0]
(0)

Refer tosection 5 inD3.3 for more informon on components and architecture.
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3.2.1.4 Sequence Diagram

Similarto UC1.1vehicles participating in cooperative lane chargiél at least one of two roles:

1. Transmit own kinematic data via MQTT
2. Receive kinematic data from other vehicles and applytrol.

Due to these similarities to UC1.1, the following sequence diafpaoses more on Hvehicle aspects that lead
to a successful execution of a laoeange manoeuvré-igurel8).

MDT-matching

:
t
]
]
1
1
1
i
i
i
| : :
update radar data update control inputs_; :
J ’ i i
% ]
1
i
1
1
1
i
]
i

y CAN/ROS MQTT/ROS y Caontrol

‘CCAH Platform ‘ Interface ‘ ‘ Interface ‘ ‘ MQTT Broker ‘ System Autoware DbW System
| loop | | | |
| activate o decode CAN data | update | i i
LJ vehicle data ! i update

H update

]
]

update control inpm‘:—ﬂ control follow control
| outputs

! update lane
o

publish
control tepic apply
control

]

"l
o

b A 4

publish

confrol topic

Figure18 UC1.2 communication and control system sequence diagram.

3.2.2 Lab Trials and Verification Process

Refer toSection3.1.2(UCL1.1) for information about trial locations.

95L Q& dzaS Ol &S OSNATFAOIFIGAZ2Y &aAGNI GS3e Ay@2f @Sa LISNA
components (DbW system, MQTT communication, vehicle control algorithms, etc.) before rapvimgnore

complex tests that combine several functionalities at once (e.g. DbW actuation from control signals that have
been obtained via MQTT). This ultimately leads to final verification tests that are as close to the field trials as
possible.

3.2.3 Lab TrialResults

The following table describes additional tests performed for UC1.2 that are not covered by UC1.1 tests.

Table7: List of already performed tests for UC1.2.

Test specification Description

LIDARocalisation RecordlIDARRI G Ay =+l f1Fk+lf3F | YR (Narmeh
Distributions Transforinmatching for vehicldocalisation in an HD mapFgure
19).

GPS RTigcalistion RecordGNSSlJata in the streets around EDI labs, evaluate signal strength

localisation accuracy.

Virtual map evaluation / NBI G4S |y | 5 YHguk2® &nd integrat NJrtheSCARLAAD]
simulator (while researching the optimal point cloud density for b
performanceand accuracy tradeffs).
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Figure200 HDI AD 1T £ A DPi OO0EI T 1 &£ OEA "ECAOI EAEE O
3.2.4 Field Trial Readines¥erification

Table8 gives an overview of thetatus of the field trial readiess verification, based on tlehecklisf which can
be found inAnnex 1(Sectiont.2):
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Table8: Field trial readiness for UC1.2

Fail __Parly Completortt

Vehicle related issues 0 0 100 %
OBU related issues 10 0 0 O 100 %
External servers 5 0 1 0 92 %
UE related issues | 24 0 1 0 98 %
Tenant Web Portal 5 0 3 0 81 %
Enabler related issues | 5 0 3 0 81 %
5G network related issues 1 0 0 0 100%
Network handover related issues 3 0 0 0 100%
Network related issues | 4 0 0 0 100%
Total 33 0 4 0 95 %

For the context of the first trial phase, a large part of the results described idare equally relevant for UC1.2.
The following points can be noted about results specific for UC1.2:

1 Vehicle related issueswvhile the functionality olGPSnd lidar sensors has been validatéiaey are yet
to be tested as part of a control loop.

91 Privacy and securityfor this usecase, there are no privaaglated issues, and any usage of optical
sensors like cameras is only meant to yield relevant metadatdalileemarkings.

3.2.5 Next Steps

The rext steps for UC1.2 involhategration tests that validate the larehange routine in the context of a
cooperative driving scenario.

Duringthe refocusing of the project, the usecased O2 YO AY SR @A GK |/ mom | y-R
S R

throughplai2 2y Ay 3é¢ @ ¢KS dzasS OFasS Attt 06S AyiuS3INXGS
service continuity when crossing borders.

3.3 UCL1.3 Se&hroughViewfor Safe Automated Overtake

3.3.1 UseCase Overview

The use case relies on the capability of BBuorks to offer broadband video services in mobile environments.

In such a scenario, a car is stuck behind a slow vehicle and does not have a clear view to safely overtake. To do
so, the car willing to overtake receives (through a manual request) a sideam from the slow one, permitting

the driver to have a broader visual over the road and enabling ansaf®euvre
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5G cell 2 5G radio MEC
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Figure21 Realtime video transmission for automated overtaking scenario

3.3.1.1 UseCase Description

The scenario where the overtakinganoeuvringakes place is at the border of two countries, in order to have a
network handover scenario during thego vehicl€ aurpassing process. The main objective is to assess the
performance of the video streamingstgm in a crosdorder situation.

Data is collected in both cars: the measurement software Qo$adhis utilised to measure the network KPlIs
during the uplink ad downlink video transmissions. All the KPIs are collected in a single text file (one for every
Qosium Scope instance running a measurement). Afterwards, this filanuallyuploaded to theTenant Web
Portal

The target KPlIs to satisfy are:

1 E2E latencywith 50 ms for both UL/D{Upload/Downloadtommunication and about 200 ms for the
userperceived latency
9 Throughput of 15 Mbps, which corresponds to a typical HD video

3.3.1.2 Roadmap in the 5(ROUTE®roject

For UC1.3 two vehicles/OBldse involved (one with camera, the second receiving data). The overtaking
plannedto bdlJS NF 2 NY¥ SR g A G K + ¢thir@field e WherQtierlSadsaudziédhporarilydokesto
other trafficparticipantsg during thefirst and secondield trial only the information exchange will be evaluated.
For the E2E latency measurements only one car wilititised.

1 Lab trial #1 Lowlatency wdeo transmission between twidEsusing ME@ 5G NSA network&or easier
verification, in the lab trials both UBse installed in the same vehicle.

9 Field trial #1:Lowlatency video transmission between two vehicles in NSA networks in-booder

situations

Lab trial #2.Lowlatency video transmission between two vehicles using MEC in 5G SA networks

Field trial #2: Lowlatency video transmission between two vehicles in 5G SA networks irloyodsr

situations

Labtrial #3: low-latency video transmission and automated overtaking

Field trial #8: low-latency video transmission and automated overtaking in 5G SA mk$wo cross

border situations

= =

= =
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3.3.1.3 Components

To verify the target KPIs we proceeded to build in Oulu and Helsinki our first static indoor testbeds to assess our
network and devices behaviours while sending low latency T&nsmission Control Protocol)ideo
communication over our 5G VTT NSA test network. Afterwards we testethé@ Elisgpublic networkin outdoor

and indoor static situations.

FRONT VEHICLE BEHIND VEHICLE
Qosium Probe + Scope MPV Video Player

Qosium Probe + Scope

— <4—Video request —
Video stream to proxy—#»

Il

Video stream >
« 3 ~—
Public RTMP-proxy video server
CPE Qosium Prob CEE
router router
5G NSA 5G NSA

Elisa Elisa

Logitech
Brio 4K

Figure22 Single MEC VTT Esptastbed

The testled, shown inFigure22 utilises two Linux computers for streaming and collecting the measurements
GAGK vz2aAidzyd ¢KS TFullBey ds a @& soddaeSL QgitectORiyAKidaimSralJconnected to

a USB port. The front vehicle uses a local script to transcode the video to a public RTMIR&aEmMe
Messaging Protocol/ Red@ime Streaming ProtocdWEC server hosted at VTT. The client who requests to see
the video requests it at the proxy server and displays it on its screen. Both computers are wired connected to a
5G terminal, which connects them to the 5G NSA/SA network.
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3.3.1.4 Sequence Diagram

Proxy Server_1 Proxy Server_2

Camera MEC 1 MEC 2 CAV2 CAV2 display

' '
' '
' '
. v

"stuck behind

—video service publish->» slow vehicle

—start stream——¢ .
encode video —>

.«——check video availability——]
———video request

decode video ———— >
decode video ——»

NETWORK INTERRUPTION - stop MEC 1 video server

« ' — 5|
stop stream stop stream atop:stream stop stream
NETWORK RECONNECTION
= ——————video service publish————»
—start stream—»
encode >
<«——check video availability—
«—video request—
——decode—>
decode >
"ready to
_overtake"
<
Automated | [ | )
overtaking overtaking
finished"
>
< &——stop transmission
<—end stream— L] H f
e | ! ! 1
' s 1 H
' ' 1 ' H '
E i i E = :
Camera %AE“\S MEC 1 MEC 2 %’:ﬁ CAV2 CAV? display
[vrT] [vrT]
Proxy Server_1 Proxy Server_2

Figure23 Overtaking UQ.3sequence diagram

Figure23 shows the sequence diagram of the overtakingnoeuvrein a crossborder situation, when there are
MECs at both networks$n addition, thefigure represens, from the application point of view, the interaction of
the video application with the ME®@vhen crossing a virtual border without the support of the-BGUTES
technical enablers.
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When the UC1.3 scenario starts, the CAghiclereports the availability of its front camera view to the network
cell it is currently located. More specificallAV1sends the video strearto a local edge server. When the
followingautomatedvehicle wants to safely overtake, it requests to the network what the slow vehicle sees. In
this video requestCAV23 S K A Of Sii FOMB/ dz# K S Sii K She Gahgebf kh& BblodRdSengodzére not
sufficient to prove that overtaking is safe enougihs therefore the responsibility of the driver to decide whether

it is safe to overtake or not. Based on the transmitted video, the ddweefirms that the automated overtaking
manoeuvre can be initiateddnce theovertakingmanoeuvreis performed thevideo transmission stops.

During a border crossing, this kind of service is generally disrupted due to the handover procedures, introducing
image freezing. Hence, to guarantee service continuity handover should be as fast as possible. Two 5G network
functionalities areplanned to beused, which are Slicing and Mobile Edge Computing. Slicing will allocate and
separate two services: one dedicated to enhancing mobile broadband, so video transmission itself, and the other
one to lowlatency V2X critical messag. Slicing will only be tested during tt& SAield trials. The Assisted
handover enabler will be used to minimise the service disruption during network chbypgeforming both cars

of the video service IP address at the other side of the border.

Thea9/ Qa LJX I GF2NY NP Slaendy yoininBicaloh amodg thé 2ehiSeg @ndzbl fBovitlexhe
slicing isolation. Moreover, the presence of a distributed MiE&bled 5G network will be beneficial to host
computational power for data/video pre@ssing.

In case there is NGAM Services Platformas will behe caseduring the first set o6G NSAield trials, the video
proxy will be operated in the clouduring the5G SAield trials, the videgproxy will be deployed in the CAM
Servicedlatform.

In the laboratory tests the initiation and termination of network connections were deliberately controlled to
simulate the crosborder impact. To recreate the network disconnection effect, the video proxy application
running in MEC 1 has beempped to force the CAV1 and CAV2 to respectively start pushing and requesting the
video stream to the MEC2 IP address. The IP addresses of both MECs, located in Espoo and in Oulu were known
a priori.

3.3.2 Lab Trials and Verification Process

The first lab trialsvere performed in VTT premises in Oulu and then mainly in the Espoo faailittes end of

2021 and the beginning of 202mitially only thdlocal5GTN NS#est from VTT irthe Espoonetwork has been

utilised for static tests, but afterwards we procetmuse Elisa 5GIMcards for the indoor and outdoor tesks
commercial 5G NSA networkSigure243 K2 6 & (G KS &aSiddzLld Ay *¢¢Qa flF oo Ay 92
the 5G NSA 5GTN test networtlie outdoor testavere performedin the Otaniemi aredFinland) close tothe

VTT facilities.
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Figure24 3 A00ODP ET 64480 1 AA ET %OPITdq AO 1 AEOhodedhEahrigd@OAAT ET
receiving laptop with Mikrotik modem

The lab verification process activities were mainly focused on checking the expected delays and packet losses
from the video transmissions between different video servers in Espoo and Thdumainarget was to assess
whether theendto-end user perceived latency KPI target of 200 ms can be achibiféetent video cameras

have been tested in order to find the most suitable model to satisfy the delay requirements set for a smooth,
low-latency and fgh-quality video stream.

3.3.3 Lab TrialResults

To measure the network communication delay we utilised the software Qosium, and for the E2E latency, we
decided to take a screen clock capture technique, which basically consists of pointing th@ BoktA vieoS Q &
camera to the screen where the video is displayed (bekigtiicle computer screen). Taking the time difference

of the time values displayed in the video screen loop, we obtain an approximatetbesrd! latency. The DL

and UL measurements have beeatkén respectively by measuring the delay between the camera and the MEC
and from the latter to the user watching the video.

Looking athe test results of th&eebruary2022indoor tessA Y 9alLl22 2@0SNJ 6KS +¢¢Qa p
observed that the KBlare satisfied, getting less than 15 ms for the communication (both for UL and DL) and
under 180 ms for the E2E latency.

Similar results have been achievedddirst outdoor test, which had on average 20 for the E2E latency (over

several manual timéifference measurements) and values ranging from 15 to 25 ms for the UL and DL network
communication, utilizing & Mbpsbitrate video transmission. During tHest outdoor test we had a phone
recording the location of the car, which permitted ustoploK S RSt | 2 Qa @I NAl oAt AGE 20
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Figure25 UL and DL network delays obtained during our first outdoor trial in Otaniemi, Espoo

In a second outdoor trial taken in mAbril 2022 we had the chance to test thdikroTik5G router (used for the

uplink network interface), in order to compare how the delays and packet losses behave sending the video
stream at first to the Espoo VTT public MEC server and then to the VTT Oulu MEC. As in the first trial, the video
transmision configuration utilized a single video proxy MEC, which receives a video generated by a Logitech
camera over RTSP TCP wittbaMbpsaverage bitrate. In a preliminary indoor static test, we observed that the
Oulu MEC has (on both UL and Bim)smore network delay compared to the Espoo MEC.

During thetest drive in Espoo, the network delay variation for both uplink (UL) and downlink (DL) remained
stable, with values of 25ms and 10ms, respectively. However, in a particular road area experiencindgrghadow
there was a temporary increase in delay by approximatelgnS0n both directions of measurement.

Delay (Zoomed in)

Figure26: Uplink delay variation while driving over two shadowing areas

wSLISFdAYy3a GKS akyYS @ARS2 adNBIYAy3d GSad 20SN) GKS h
with the UL and DL delays respectively at 30ms and 15ms, with an increase of about 50/60ms in plo®dyea

covered by the 5G Elisa NSA netwdike video transmission quality has been constantly monitored during the
driving test, which permitted to observe how the shadowing effect can temporarily generate video freezing
effects and severe pixelization. Nonetheless, the video stream applicatianingurat the client side never
stopped, and once back in the optimal area the video quality became normal.
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We repeated the test at the end of M@022dzii A t AT Ay3 2dzNJ +¢¢ Q& pD¢b {! ySiq
Rel. 15), utilizing the Netged&tighthawk[25] and MikroTik[24] routers. Two 5G SA base stations serving the
network connectivity are installed on top of the Futurehub building in Otaniemi, Espoo. Maintaining the same
outdoor racing track, we proceeded to test our use case setup utilizing at first the Netgear as the car pushing the
video and then the MikroTik, in oed to see which router better performs in terms of delay. In the following
pictures we can see that the Netgear has in a good coverage area ab@6tmis and 900ns in bad areas. We

can observe in the traffic sent diagram that whenever the delay increfisesraffic decreases accordingly, and

when the car comes back in the optimal coverage area it tries to catch up sending the video to the destination

at a higher data rate.

Delay (Zoomed in) Traffic, primary, bits/s (Zoomed in)

Figure27.. AOCAAO80 5, AAI Au AT A OOAAEAEA OAT O

Switthing the Netgear with the MikroTik, we can see how more frequemtr performance when the 5G SA
coverage is lacking, raising the delay to 800ms several times. The minimum delay ranges betwsém 26ms.

We observed in our indoor premises how thekkdiTik struggles more than the Netgear to connect to the 5GTN
network in NLO@NonLineOf-Sight)areas.

Delay (Zoomed in) Traffic, primary, bits/s (Zoomed in)

Figure28: MikroTik UL delay and traffic sent

Ly +tff GKS (Sada ¢S dziAftAl SR GKS +£¢¢Qa be¢t o0bSig2N]
the outdoortestswe utilized a LBlox devicg28] to collect the GNSS information and record/stored it with the
software UCenter[29]. The GNSS location collection directly inside Qosium is under testing.

To sunmarize, the number of measurement files generated by the UC1.3 trial are mainly three:

1. Qosiumbased text file for the UL network measurements (from the car pushing the video to the MEC)
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2. Qosium file for the DL (MEC to the client displaying the video)
3. U-Cener GNSS location file

A Qosium measurement file collects several KPls e.g., traffic generated, network delay, jitter etc. between the
primary and secondary probes.

3.3.4 Field Trial Readiness Verification

The following table gives an overview of the checklistitey status, details of which can be foundAnnex 1
(Section6.3):

Table9: Field trial readiness for UC1.3

Fail _Parly Compleiordt

Vehicle related issues 0 0 100%
OBU related issues 7 0 0 0 100%
UE related issues 16 0 3 0 100%
CAM services 3 0 0 0 100%
Tenant Web Portal 5 0 0 2 71%
Enabler related issues 5 0 0 2 71%
5G network related issues 1 0 0 0 100%
Network handover related issues 3 0 0 0 100%
Network related issues 3 0 1 0 100%
Privacy and security issues 1 0 0 0 100%
Total 29 0 0 2 94 %

The issues which are still open are mainly related toldiggingof the data, which has to be finalised.

1 Vehicle related issues: the transmission of data has been tested in laptops, which can be installed in the
vehicles. The tests on the performance of the video transmission have been described in the previous
section.

1 OBU related issues: the applicatibasbeen tested with the Mikrotik 5G router, which will be used in
the field trial tests

1 CAM services: the video proxy CAM service has been tested on the MECfatiWfies andworks as
expected.

1 Tenant WebPortal issues: the transfer of KPI data has been tested. The integration of the logging was

implemented.

Network related issues have been tested by the MNOs in Bikernieki.

Privacy and security issues: a label is attached to the vehicle indisatgamingof videofor research

purposes.

=a =

3.3.5 Next Steps

The logging will be finalide and thenthe use case will be later demonstrated in BikerniekiValga/Valka
depending on the detailed planning of the field trials.

Duringthe refocusing of the project, the use cas@ascombined with UC1.1 andUQR Y | &Ay 3f-S dza S
OKNRdAAK LI Fd22yAy3aed

The use case is integrated with the enablers of the CAM Services Platform to assure service continuity when
crossing borders. The &I N} G A2y Ay @2f gSa o620K (KS RSLIX2eYSyid 27
Services Platform. The use case makes also use of thdasxdége Routing servicEAM vehicle status messages

are transmitted, which are used by the PRAE{Rtive Resoure Allocation) in order to instantiate the video
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proxy in the second network prior to crossing borders. The Assisted Service Continuity enabler is used to extract
the IP address of the CAM service when crossing borders. The integration and the testsugileeddén Annex
2 of this report.

3.4 UQ.1RealTime Traffic Information and Cooperative Intersection Collision
Control

3.4.1 UseCase Q@erview

3.4.1.1 Use Case Description

The primary goabf the use casé to assure and enable a reliable exchange of road traffic stitizsbetween

I dzi2y2Y2dza darBalJuseStNdEugh ehhArRed reataffic video fed and controlled via V2X
communication standardsnaking benefit 06G networkcapabilitiesTheuse casscenariogvaluatethe service
continuity and the GITS (Cooperative Intelligent Transport Systemsgrvices along the crosorder
environment. The GITS servicegtegrate the capabilities of Awith those ofthe 5G network to collect and
interchange data improvin2 | R st N&E Q

Through the enhared realtime traffic visual monitoring and the control of an intersection traffic for cooperative
automated driving, an improvement in safeity expectedfor VRUs in a pedestrian crossing and a collision
warning between vehiclegesulting in the coordinabn of transport networks (e.g., enhancement in terms of
vehicle position speed, driving trajectories, collision warnings, user comfort in traffic jams). Additionally, the use
case will simultaneously integrate novel traffic management services for VRtFs,as safe passing, which
reflects a red light onto the pavement preventing them to cross streets when they are distracted.

Considering the dedicated 5G networkke following scenarios have been designed to progressively validate
the technologies and @Aservices in therossborder corridor between the cities &falka and Valga.

Considering the characteristics of the intersections, the time required to receive the authorisations from the local
authorities, as well as the equipmenéeded the developmat and evaluation of the CT'S systems and services
consider:

1 firstly, the assessment and validation of therformanceindicators in the intersection located in Valka
city as well as the testing of the safety features enabled.

1 once the required traffic equipment is installed in the Valga intersection (complete design and
installation of the traffic equipment), then continue with the required evaluations.

The main KPI which will be assessed during the lab trialerakéo-end @mmunication latency, reliability and
bandwidth.

3.4.1.2 Roadmap of UC2.1 in the ROUTES project

Once the authorisations from local authoritiesrealizethe installation of the required equipment on the chosen
intersections in Valga and Valka citege receied, the activitieswill focuson the testing of the systemas well
as in the deployment of the safety features.

Considering the progressive implementation of traffic management services, the results from each evaluation
will feed the next lab or field tal to be tested.

9 Verification of Network and infrastructu&mart crossings, smart light system): lab trial #1 and field trial
#1.

9 Basic features testing of the traffic equipment installed., data acquisition from the video monitoring
system(Traffic light forecast/ traffic light assistant): Field trial #1 and Lab trial #2.
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1 Transmission and receipt ofICS messages, such as CPM, SPASighal Phase And Timing Extended
Message)etc. (Multimodal monitoring): Lab trial #2, field trial #3.

9 Functional verification of the safety features enabled at intersection levelg., Traffic Light
ForecastTraffic Light Assistant, Imminent Signal Violation Warning, Whdtilal Monitoring, etc: field
trial #3.

9 Final validation of results considering the data te=ai from the safety features enabled in both
intersections (i.e., Valka and Valga): field trial #3.

3.4.1.3 Components

Regarding the intersections in the cities of Valka and Valga, the following listiep#wf equipment to be
installed.

Table1Q Components used in UC2.1.

Equipment Tota_l Estonia- V_alga Latvia- VQI ka
Quantity Intersection Intersection
Traffic signal controller ITC3 2 1 1
Traffic Lights Combiac CILANE 6 6 0
SafelLight System Combia CILANE 14 6 8
Roadside Unit Cohda MK5 2 1 1
. . Swarm Perception
Swarm Analytic Sensor Box OP100 2 1 1
Al Cameras Hikvision 4 2 2
5G Router XR80 Sierra Wireles 2 1 1

3.4.1.4 Sequence Diagram

UC 2.1 considersraliable exchange of information through a 5G network enabling safety features for VRUs and
autonomous vehicles. To do so, UC2.1 expiectise the enablers developed under tfeE5ROUTERrojectand
integrated in the 5G platform, which at the same timepallthe interchange of information with UC3.1 and
UC3.3. The figure below presents the flow of information between the installed equipment, the 5G platform as
well as the use cas@svolvedin the testing.

UC 2.1 Cooperative Intersection Collision Control

Send CPMe

|
Send CPMc

| A-OMNIA | ! A-CAMERAS || A-RSU | | A-UC31 || A-UC33 | | A-V2X Broker | | A-Object F. | | B-V2X Broker || B-Object F. | | B-OMNIA Il B.CAMERAS | | B-RSU | | B-UC31 || B-UC33 |

Valga City - SWARCO UC2.1 - Infrastructure UC CLUSTER Valga City - CAM Platform A Valka City - CAM Platform B Valka City - SWARCO UC2.1 - Infrastructure UC CLUSTER
| A-ONNIA | E A-CAMERAS | | ARSU | | AUC31 | | AUC33 | | AV2X Broker | | AObjectF | | B-V2X Broker | | 8-Object F. | | B-OMNIA 1 | B-CAMERAS | | B-RSU | | BUC31 | B-UC33 |
1 T 1 1 1 T 1 1 1 1 T T 1 1
1 | I | 1 I | I 1 | | | I I
| | ISPATE,MAPEM 1 ‘I [ I 1 I | I I I
I T T T T > | 1 1 | | I I I
I | I I l I I I | I I I
1 I | chu ] 1 1 1 I | I I I
1 | | I ] I I | | I | |
| | I I CPM,SPATMAP _ | I I | | | I I
| | I I > I I | | I I I
| | I | ) [ 1 | | I I I
I I I oo LRwvehde | ) | _CEMVence I I I I i I I
l | I I 1 I | I I I
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| | I g B it > [ l | | | I I
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Figure29: 5GROUTE®roject -UC2.1 Information Flovand synergies with UC3.1 and UC3.3
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3.4.2 Lab Trials and Verification Process

The feld trials will be performed in the city of Valka. The selected intersection in this location considers the
installation of additional equipment (i.ecameras, swarm analytic sensors, traffic light controller, RSU) which
have been agreed with local authorities. Tbeal authoritierovided the requested authorisations to complete

the installation activities, whiclwere finalised later in 2022 in Valga and Valk8imultaneouslyas the
intersection in Valga city requires a complete installation of the traffic equipment as well as the systems, a traffic
study has been performed to define an optimal traffic signal control in functidghe constantly changing traffic

demand.

Tablel1Challenges during the lab trials and field trials

Lab trial#1 Lab trial# 2  Lab trial# Localized Localized Extended
3 Trial #1 Trial #2 trial #3
Description = Verification of = Transmission Data Data Aggregation | Final
Network and and receipt = gathering Acquisition | of validation
infrastructure  of GITS and from the information = and
messages analysis video and analysis analysis of
monitoring information
system
Location TTU 5G Testbeds (TalligiJaltech ValgaValkacities
Milestone  Validate initial =~ Enable the Final Scenario Enable Final
architecture / cloud validation | trials/data @ safety Validation
Ensure the platform for reception features at
communication data analysis and intersection
between the and transmission level (VRUSs,
systems predictive Technical vehicles)
algorithms. verification  Functional
of the pilot  verification
Challenges = Service Assure the Data Technical Assure the
continuity transmission analysis verification = transmission
considering the  of data to considering of the GITS @ of
crossborder test the the systems information
scenario predictive continuity = considerig  between
algorithms of the the video the center
on the cloud @ servicein  monitoring = and the
platform the cross objects on
border the road

3.4.3 Lab TrialResults

3.4.23.4.1.3The lab trials involved thealidation of the architecture that ensures the communicationvieen

the cooperative intelligent transport systems-(CS). This process hesnsidereda technical verification of the
functionality, and interoperability of the-O'S systems, taking into account the video monitoring capabilities.
However, some aspectslated to the video monitoring systems still need to be finalized, such as the cauradity
privacy of the video data. Therefore, further testing and evaluation will be conducted to ensure that the video
monitoring systems meet the requirements and stardfaof the @TS domain.

©5GROUTES Page |51




D3.8Report on lab trialsfindings and field trials operational readiness v1.0
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Figure30: Valga Intersectiorg Video Monitoring System with vehicles trajectories

3.4.4 Field Trial Readiness Verification

The following table gives an overview of the checklist testing status, details of which can be fdnmkinl
(Section6.4):

Tablel12 Field trial readiness for UC2.1

Pass  Fail  Partly Nottested Completior¥

Infrastructure related issues 4 0 2 1 71%
External servers 2 0 2 2 50%
UE related issues 6 0 5 3 62%
Tenant Web Portal 4 0 0 4 50%
V2Xbroker 0 0 1 4 10%
Enabler related issues 4 0 1 8 35%
5G network related issues 2 0 0 0 100%
Network handover related issues 3 0 0 0 100%
Network related issues 5 0 0 0 100%
Privacy and security issues 0 0 1 0 60%
Total 16 0 5 11 58%

3.4.5 Next Steps

Asthe road infrastructure equipment has been installed in Valga and \¢ilgs the nextstepsof the UQ.1are
focalized to:

Verify the data acquisition from the video monitoring system

Aggregée and analyze datto enablethe safety features (VRUSs, vehicles)

Perform a finctional testing of the €TS systems with the enabefi.e., V2X Broker)

Exchange V2X messages with UC3.1 and We8valuate theenablers of the CAM Services Platform
Final validation and analysistbie CAM serviceprovided

=A =4 =4 =8 =9

©5GROUTES Page |52




D3.8Report on lab trialsfindings and field trials operational readiness v1.0

Duringthe refocusing of the project, the use cas@scombined with UC3.1 and UC3.3 in a single use case
6Sharing perception and road hazard at the border for connected and automated dridhregutsécase will be
integrated with the enablers of the CAM Services Platftandeployment of the CAM services used by the use
case ando assure service continuity when crossing borders.

3.5 UC2.ZTraffic Jam Chauffeur

Importantnote: this usecase is planed to be discontinuedlThe contents of this section have been left intact to
reflect thestate of progresin June 2022

3.5.1 UseCase Overview

The goal of UC2.2 is to assist vehicle passengers in and around traffic jams by providing remote detection of

traffic jams in addition to automatic cruisirfgigure31).

Network domain

' -
((‘ 3)\ > Q Telia

/ ERICS50N

Figure31 UC2.2 visualization.

3.5.1.1 Use Case Description

The use case uses the sametrics as UC1.1¢stion 3.1.1). The first field trial willbe used to tesaspects that
are common to all EDI use cases (UC1.1, UC1.2 and UC2.2). In additiomtoncaspects, the following
scenarios are planned to be tested for2JZ

z

1. Slow deceleration towards detected trafficjani Sa it GKS @OSKAOf SQa FoAfAGe
after having detected a distant traffic jam.

2. Lowspeed trajectoryfollowingY G S & d Gdbifty tadSlewaitOifitéh@ed trajectory while taking
nearby vehicles into account.

3.5.1.2 Roadmap of UC2.2 in the S®UTE®roject

Similar to UC1.1 and UCL1.2, the ldagn trial plan for UC2.2 is to gradually increaseciimplexity. The first

trial will be used to test a simple traffic jam scenario to test trajecfolipwing and localisation functions. The
plan for further trials is to extend the scenarios with road signs, traffic lights and othesazhelements that

have to be reacted to. In addition, the mechanism for detecting and reacting to a distant traffic jam will also be
considered in greater detail.
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3.5.1.3 Components
The following components are relevant for a complete execution and evaluation of UC2.2:

9 Connected awdnomous vehicle (CAV) dioard unit (OBU) by EDI:
o DbW system (vehicle actuation)
Radar (lateral and longitudinal distance measurement)
5G modem (kinematics data exchange)
Automotive grade computation platform (main computing unit)
Power equipment (for poweng computer and peripherals)
LIDARF GPS RTK (produce HD mapslacali vehicle in them)
0 Array of cameras (semantic interpretation of surroundings)
1 Software (EDI CCAM platform):
o0 vehicle control system (control algorithms reporting to DbW system)
o MQTTclient (transmission and reception intgehicle data)
o CAN drivers and other interfaces
0 Autoware platform for additionainanoeuvre based on HD maps
1 MQTT broker (server and software)

O OO 0O

Refer to D3.3 for more information on components and architecture.

3.5.1.4 Sequeace Diagram

At the time of writing, the expected solution for integrating caméra 8 SR @A aAiz2y Ayidi2 95
Connected and Automated Mobility (CCAM) platform is to leverage exititnyvarefunctionalities. Hence, the
sequence diagram below is yesimilar to the one shown in subsectidr2.1.4(UC1.2).

{CCAP—‘I PIatformJ CAN/ROS J { MQTT/ROS J {MQTI' BrokerJ { Control J [ Autoware J { DbW System J

Interface Interface System
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Figure32 UC2.2 communication and control sequence diagram.

3.5.2 Lab Trials andVerification Process

Refer t03.1.2(UC1.1) for information about trial locations.

95LQa dzaS OFasS OSNATFTAOIGAZ2Y &GN} GS3Ie Ayg2f oSa LISNA
components (DbW system, MQTT comnuaion, vehicle control algorithms, etc.) before moving on to more
complex tests that combine several functionalities at once (bW actuation from control signals that have

been obtained via MQTT). This ultimately leads to final verification testatbas close in execution to the use

cases as currently possible.
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3.5.3 Lab TrialResults

The following table describes additional tests performed for UC2.2 that are not covered by UC1.1 and UC1.2
tests.

Table13 List of already perfomed tests for UC2.2.

Test specification Description
Preliminary camera stream acquisition test Integrate array of cameras into vehicle and acquire carr
data using the OBU with Nvidia PX2.

Camerabased detection Apply Adbased algorithms on vehicle camera streams
recogni traffic elements.
Radarbased emergency braking Test emergencyprake function upon detecting a pedestrie

(tested with a mannequin, as shownkigure33).

Figure33: Braketest setup with a mannequin.

3.5.4 Field Trial Readiness Verification

The following table gives an overview of the checklist testing status, details of which can be féumkinl
(Sectior6.5):

Tablel4 Fidd trial readinessfor UC2.2

Pass Fail Partly  Nottested Completiorfo
Vehicle related issues 7 0 2 0 89%
OBU related issues 5 0 4 1 70%
External servers 4 0 2 0 83%
UE related issues 16 0 8 1 80%
CAM services 0 0 6 0 50%
Tenant Web Portal 4 0 0 4 50%
Enabler related issues 4 0 0 4 50%
5G network related issues 1 0 0 0 100%
Network handover related issues 3 0 0 0 100%
Network related issues 4 0 0 0 100%
Total 24 0 8 5 76%
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For the context of the first trial phase, a large part of the results describgd idare equally relevant for UC2.2.
The following points can be noted about vits specific for UC2.2:

1 Vehicle related issueswhile the localisation and detectiofunctionalties of cameras and lidarkave
been validated, they are yet to be tested as part of a control loop.

9 Privacy and securityfor this usecase, there are no privaaglated issuesas the optical sensors are only
supposed to yield metadata like classes and lane marking information, witthansmitting any
personalized data.

3.5.5 Next Steps

The next steps for UC2.2 involve fully integrating lidar measurements amdagbinto EDI CCAM platform (also
used by UC1.2) and adjusting the existing control loop to handleab@roaching towards a tré€ jam and low
speed trajectoryfollowing, planned to be finished in early Q3/2022.

However, duringhe refocusing of the project, it was decided to discontinue work on this use case.

3.6 UQ.1Sensor Info Sharingor Cooperative Situation Awareness
3.6.1 Use Cas®verview

3.6.1.1 UseCase Description

Through communication with infrastructure and other vehicles, connected vehicles can enhance the perception
of their environment beyond what their own sensors can detect so as to have a more holistic view of the local
situation. The use case buildgoon work performed in other projectand ongoing workvithin ETSIregarding

the collective perception afbjects Collective perception is based on the exchange of metadata of objects, such
as relative position, speed, class anzkesihe observations are transmitted to other users in the area, which
update their locatlynamic map based on the information received.

The scenarios for the use case are described in.[Dufing thefirst set oflab trials sensor sharing between two
OSKAOf Sa dzaAy3a GKS +H- NRdziAYy 3 aktSshetliBoh $hE caseSwhitre theS R | (
vehicles are connected to the same V2X nogitserviceand connected to two different networks are tested.

The mairKPI whichs testedduring thelab trialsis endto-end communication latency

3.6.1.2 Roadmap of UB.1lin the 5GROUTE®roject

During the firstlab triak and the first field trials, the mafiocus is on the exchange of CPM messages between
different road uses. UC3.1 will also work together with UC2.1 and UC3.3 and exchange messages with the users
involved in these use cases

During the second lab trial tesémd field trialsmore challenging scenarios will be testeéd which the same user
isdetected by mitiple sensors (i.e. from the infrastructurgdC2.1) and from an enaser device (UC3.8nd the
application will be integrated with the 580OUTES platforrglicing will also be addresseahd its impact on the
performance will be evaluated.

During he third set of lab trials the use case will be integrated with automated vehicles,

3.6.1.3 Components

The use case uséso OBUSs, installed in two vehicles. The first OBU, consists of a detectipoammected to a
5G modem. During the lab trialslodemswhichhave been testeth other 5G related projects, were useduch

as Huawei CPR6] and Netgear Nighthawl5]. The detection software has been developed in previous
projects, such as Al4[2], and theobjectdetection is based on twsensors:
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9 camera: detection of objects using the Al tool Y@X]for detection and classification of objects. Based
on YOLO the location of the object within the sensor field of view is determined.

1 LIDAR: based on the LIDAR point data, in the boundingbtie camera object, the distance to the
object, and hence the coordinates of the objects in the reference coordinate system of the vehicle are
calculated.

camera LIDAR
GNSS antenna

AL

uBlox

Figure34: OBU withdetection unit, used in UC3.1

The detection uni{Figure34) contains the LIDAR, camera, GNSS sensor and Jetson Xavier for procesSi@g. The
modem is placed in the vehiclandboth the detection unit and the modem am®nnected to an inverter in the
car (Figure35).

Figure35$ AOAAOQET T O1 EO ET OO0 AHficlefdrAestiplirposegt 4 6 0 AOOT | AGAA
3.6.1.4 Sequence Diagram
Figure36 shows the sequence diagram for the implementation of UC3.1 during the first lab trials aficsthe
set of field trials. The vehicles exchange the information usiemgle V2X broker, which is installed at VTT.
During border crossing, there will be a short disruption in the service when the OBU switches from network and

connects back to the V2X brok&uring the second lab trials and the field trials heavill be two instances of
the V2X brokerwhich arepart of the CAMServices Platform, developed by th&G-ROUTE project
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3.6.2 Lab Trials and Verification Process

Thelab triakand verification testsvere performed in VTT facilities in Tampefénlandn MarchJune2022 The

uni
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Figure36: Sequence diagram for UC3.1 for the laliarand theNSAfield trials.

V2X broker is implemented fDulu ands connected to the 5GTN test networlihe lab trials were concentirad

on assuring that theise case performs as expected andverify theendto-end latency in a single 5G NSA test
network, and that the V2X broker works as expectil$q the situation that vehicles are connected to different
networkswastested. The operation of the detection unds well aghe transmission of the CPM tmather

devicewere verified, while it wasvisuallyvalidatedthat the device was on the correct place.

3.6.3 Lab TrialResults

First, the performance of the detection pgoam was verified, and information was exchanged between two
devices.The first tests were performed using the WLAMireless Local Area Netwonkgtwork at the parking
place of the VTT facilities aampere in March 20227 person walked in front of theetiection unit and CPM
information was sent via the V2X broker in Ouluitd S
network. Tests were performed in collaboration with the BAFEPLUSroject [23], togetherwith partners of
this project.The detection unit was mounted on a trailer. As objectVRU dummy was used. Based on the

LISNE 2y Q&

f 1 L2 L

g KA OK

s

g |

detection, a CPM message is generated, which is transmitted to the V2X broker using commercial 4G/5G

network, and the message is received in a vehkilgure37 shows a screenshot of the MQTT influxdb dashboard
of the V2X brokertotallingabout140 000 published messages during the tabbut20 messages/second under

load.
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Figure37. Screenshot of the MQT influxdb dashboard

Two V2X broker instances were installed in different machines in VTT Oulu, to verify if data flows when vehicles
are connected to different network§he performance of the V2X brokers was verified in terms ofterehd

latency in docal network. In total two tests were performed: 1) latency test with a single bréligu(e38), and

2) latency test with two brokers having an AMQP connection between thegure39). The latencyor both

tests was measured by a subscriber and a publisher client, connected to a broker. A publisher was sending CPM
message with a typicalpayload of 4063 bytes with message rate of 1 message per 100 ms. A publisher and
subscriber were providing thimestamp of sending and receiving the message, allowing to calculate latency.
For twobroker measurement, the brokers were deployed on different physical machines. Latency results are
presented inFigure4O.

Ethernet connection AMQP

-
-+

V2X server /(lzx server

A

L 4

V2x MQTT publisher /
server subscriber MQTT publisher
/ subscriber
Figure38: Single broker latency measurement setup. Figure39: Two-broker latency measurement setup.
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Latency (ms) comparison of 1 broker vs 2
brokers

B Single broker (msg payload 4063 bytes per 100 ms)
B Two brokers (msg payload 4063 bytes per 100 ms)

14
12
10

Figure40: V2X broker latency test.

Tablel5 Latency comparison between two setups.

Average latency (ms| Min latency (ms) Max latency (ms)

Single broker 2.21 1.2 12.7
Two brokers 3.25 1.9 11.3

The latencyf CPMs between the detection unit and a vehicle BGanetworkwas tested at the parking place

of VTT Oulu, where there is coverage of the 5GTN NSA test newititkuse of a single V2X brokdiests were
performed with different modemsn the vehicle as the Mikrotik was not yet available for these tedtse
GoodmillSystemaN24 5Grouter [27], the Huawei CPE router and the Netgear Nighthawk router. The median
latency between the detection unit and the receiving vehigeg the MEC varies between 12 ms (Huawei), 20
ms (Netgear) ad 24 ms (Goodmill).

CPM - Tests Oulu

80
70
™ [ ]
[ ] [ ]
60 * e Bl Oulu Goodmill test 1
® [ ]
50 - : . M Oulu Goodmill test 2
s 8 e o e 3 .
40 e o B Oulu Huawei test 1
: [ ] [ ]
20 ° [ Oulu Huawei test 2
[ ]
B Oulu Huawei test 3
20
B Oulu Netgear test 1
10
0

Figure4l Endto-end latencies measured between detection device application and vehicle application

3.6.4 Field Trial Readiness Verification

Tablel6 gives an overview of thigeld trial readinessests:
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Tablel6 Field trial readiness$or UC3.1

Fail __Parly Compleiordt

Vehicle related issues 0 0 100%
OBU related issues 9 0 0 0 100%
UE related issues 16 0 0 0 100%
Tenant Web Portal 6 0 0 2 75%
V2X broker 4 0 0 0 100%
Enabler related issues 10 0 0 2 83%
5G network related issues 1 0 0 0 100 %
Network handover related issues 3 0 0 0 100 %
Network related issues 4 0 0 0 100 %
Total 30 0 0 2 94 %

The main results of the verification tests include:

1 Vehicle related issuedor thefirst field trials, a box containing the LIDAR and camera will be placed on
the vehicle. The algorithm for detection is basedppevious work at VTT, and communication between
two devices from VTT has been test@theend-to-end latency was measured with different OBUs in a
5G NSA test network in static conditiofsgure4l).

1 OBU related issuegshe OBU has been tested, and communication between two VTT devicedsbas
been tested Interoperability with CPMs from other providerbas been checked through dffe
exchange ofest CPMmessagesvith the other partners in the project

1 Tenant Web Portalthe entry of KPIs has been tested, but starting and stopping of logging them
Tenant Web Portal has not yet been tested

1 V2Xbroker: the basic message exchange has been tesibd performancef the V2X broker has been
tested, as described in the previous section

1 5G network:handover and roaming has bet#sted by theMNOs The MikrotiksGrouter will be used
for the field trial tests

9 Privacy and securityfor this use case there are mmivacy related issues, as only metadata will be
exchanged, and only data idsearch vehicle the trial site.

3.6.5 Next Steps

The logging for the use case will foether developed and testegrior to the trials inLatvia and Estonia.

Duringthe refocusing of the project, the use case was combined with UC2.1 and UC3.3 in a single use case
G{ KINAy3 LISNOSLIiA2Yy FYR NRIFIR KIFETFNR G GKS 062NRSNJ
integrated with the @ablers of the CAM Services Platform for deployment of the CAM services used by the use
case and to assure service continuity when crossing borders.

3.7 UC3.2 ConnectetMaintenance

Note: during the refocusing of the project in the Summer of 202%s decidd to discontinuefurther work on
this use case.

3.7.1 UseCase Q@erview

3.7.1.1 UseCase Description

In the Connected Maintenanagse casgvehicles send On Board Diagnostics (OBD) to a central gelwead
server)which analyses the data in real time. This is a typical MMTC use case: critical aspects of mMMTC systems
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are the capacity/cost of the system; throughput and latency constraints are low enabling to improve reliability
via retransmission.

For the Connected Matenance, vehicles exchange information with a sergach as

- Localiation information containing absolute position

- The required bandwidth is the bandwidth to connect a car torthgvork,throughMQTT type of service.

- Latency is the time between theansmission of a message and its reception in the server, ping roundtrip
tests will be used for latency testing

- Capacity is expressed as the number of vehicles per cell per MHz

- Crossborder situation impact is evaluated based on service interruption tilaency and packet loss
ratio when driving from Domain A to Domain B.

loT cloud platform
GatewaYA “" MQTT br0ker
REST templates

=
e

5G SA-Core Net A D
@)
é Wfﬁ S’”EW?E essages /

oy | S ﬁ 5G SA-Core Net B

k___r_w_r_ﬂ!JE

)))
‘ : S (
| ' 55393
| 1 e a‘:""
: W sTP
3 »——/;\}t/hgmaf‘RE 5G—RAN Network B
| \ ; i
5G-RAN Network A ' QNI%:'

Figure42: Architecture of UC3.2

During the lab trials, the following scenarios are tested:

1 Connectivity to the 5G network, network and servésailability
9 Connectivity to the cloud server,
91 Data upload to the cloud server.

The target KPIs measured during the tests will be as follows:

1 Round Trip Time (RTDoop latency is measured as the time between transmission and response at the
same UEping tests

1 Minimum granted throughput The data rate as perceived at the network layer between two selected
end-points.

3.7.1.2 Roadmap of UC3.2 in the SBUTE®roject

Theuse case.2 has started lab trials with NBT connectivity in 4G LTE network. The next stage has been 5G
NSA connectivity upgrade for the OBU. As there idisiinct NB-loT service in 5G NSA network, comnaiata
service is used for OBU connectivity to cloud server.

The second lab trial tests includata upload to thecloud serverdata fiteringand postprocessing for predictive
maintenance as well as for driving style prediction.
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The third set of lab tal tests include mobility and capac#&imulationtests.

3.7.1.3 Components

Theuse case3.2 OBUhasbeen upgradedwith 5G NRINew RadioNSA connectivity and GNSS receiver. The
components are shown oRigure43 below. For the 5G NR NSA connectiatylikroTik routerisused. The OBU
will be connected to the router throughAN (Local Area Networkable.A GNSS receiver is connected to the
OBU to get BS positioning dataRTK functionalitys planned to be addetb the G°S receiver at later stage.

An OBDII reader isonnected to the OBU through USB connectiarorderto retrieve the sensor data from a
vehicle.An inverterisused to provide power to the routeln order to improveparameteracquistion capability

an additional laptop is attached to the 5G NSA routardata collection apfication for the laptopwill be
developedto facilitate data acquisition and storage

Cumulocity loT .
- REST templates ;
LMT/Telia S — === —m s

GPS data (RTK?)
Inverter
Router NSA \ J _
& [ i > OBDII data

Laptop
Network parameters

Figure43: Lab trials components in 5G NR NSA network.

3.7.1.4 Sequence Diagram

Within this use casethe OBU starts a network connection to the MQTT broker which is located at the cloud.
After the network connection is establishedsensor data reading request is issuedthe OBDII readeiThe
sensor data isentback to the OBU, which will forward this data to the cloud. In the cloud the sensor data is
collected and preprocessed. The preprocessed data is fed to a preditaiieine Learninglgorithm, which will
predict the car maintenance needs and the driv@siving style estimation. The prediction data will be
distributed to third partystakeholdersThe sequencealiagramis presentedin Figure44.
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Figure44: Lab trials components in 5G NR NSA network.

3.7.2 Lab Trials and Verification Process

Lab trials have been performed in TTU campus diging February and March 202itial tests have been
performed with OBU attached to 4G LTEINB modem. The next tests, withe Mikrotik 5G NSA modem at
3,5GHz banavere performed inMlarch-May 2022 Telia 5G NR NSA test site is used for lab trials in TTU campus,
Tallinn.In additon, crossborder tests were performed in Bikernieki in May 2022 using the Mikrotik 5G modem.

3.7.3 Lab TrialResults

Functionalities testeduringlab trials with OBU with 4G LTE-MB modem for the UC3.2 (data summary shown
in Tablel7):

1 OBU functionality to read OBDII data from vehicle and filter the data,
9 Sensor data connectivity testing to the cloud server througHdBconnection,
1 NBIloT network dataneasurements and reporting to the cloud,
1 MQTT protocol configuration for the cloud services, Iniibltriak with a gasoline vehicle,
1 GPS data collection and integration tests,
1 Cloud MQTT functional tests,
9 Data upload testing with MQTT wiglayload inSmartRESgrotocol,
1 Latency ping tests.
Tablel7 NBHoT lab trialsRTT ping testesults.
Inside building Inside car City driving
_ (no OBD data) (no movement)
Duration (sec) 1795 1765 1596
Ping TXcount 702 653 530
PingRX_count 702 653 530
Ping lost_count 0 0 1
Ping timeout_Couni 0 97 221
Ping timeout_rate = 0% 14.8% 41.8%
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' Ping avg_delay (ms 470 428 453 |
Functionalities tested with lab trials with 5G NR NSA modem at 3,5GHz band:

1 Network coverage tests have been performediflucampus area at Telia test network (shoimrfrigure

45),
1 Handover tests between multiple cells (the test site hasIB)}e
1 Tests with a new 5G NSA modem (MikroTik router) performed

RSRP [dBm]

RSRP (Average)
|

-140,00 -55,00
or Less or More

Figure45: 5G NR NSA coverage test during lab trials in TTU campus.
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Figure46: 5G NR NSA ping tests during lab trials in TTU campus

Figure46 shows ping tests performed in 5G NSA network with MikroTik router. Ping test aynigrshown in
Tablel8.

Tablel8 5G NSA lab trials RTT ping test results (MikroTik router).

_____________Inside car (no movement)

Duration (sec) 1690
Ping TX_ count 1552
Ping RX_count 1552
Ping lost_count 0
Ping timeout_Count 0
Ping timeout_rate 0%
Ping avg_delay (ms 18.49

3.7.4 Crossborder roaming tests in Bikernieki

Crosshorder roaming was tested in the virtual crassrder in Bikernieki in May 202Roaming was tested by
sending continuously ping messadgesm the OBU in a moving vehide a server located in Tallinn. The 5G
modem used was the Mikrotik 5G router.

Figure47 shows the latency for a vehicle moving from the Telia network to the LMT network with a Telia SIM.
The latency in the home networké.,connected to the cre in Tallinn) is on average 14 ms, the average latency
in the visiting network is 40 ms. The network performance decreasgle the latency increases prior to the
handover, during which no network is passed.
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Figure 47: Latency measurement (ping RTT) for vehicle moving across the border from the Estonian to the Latvian

network

The network handover starts withraeasurementevent, e.g. and A2 everiB0]. This event cannot directly be

measured using ping messages, but it is assumed to occur when the latency increases substanyialfier@
handover preparation time of 12 seconds the upéane is interrupted. The usgilane interruption time is 25

seconds, after which transfer of data is resumed.
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Figure48: Service interruption for ping transfer
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3.7.5 Field Trial Readiness Verification

Table19 Field trial readinessor UC3.2

s o oo o

Vehicle related issues 5 0 0 0 100%
OBU related issues 5 0 3 0 81%
External servers 5 0 0 0 100%
UE related issues | 15 0 3 0 92%
Tenant Web Portal 4 0 0 4 50%
Enabler related issues | 4 0 0 4 50%
5G network related issues 3 0 0 0 100%
Network handover related issues 4 0 0 0 100%
Network related issues | 7 0 0 0 100%
Privacy and security issues 0 0 0 1 0%
Total 26 0 3 5 81%

3.7.6 Next Steps

Tests for 5G NR N8apacitytestswill be performed as the final phase of lab trials.

During the refocusing of the project, it was decided to discontinue work on this use case.

3.8 UQC3.3 VRLLollision Avoidance

3.8.1 Use Case Overview

3.8.1.1 UseCase Description

In the VRU collision avoide@use casgconnected VRUsharetheir presencewhilenot connected VRUs can be
detected by the infrastructure. Then, information abdotalistion of VRUs and vehicles is exchanged between
road users using MEC services, so that, every participantaiMRU or a vehicle awarein real time of other

dza Sldchtion andmotion dynamicsand can adapt itbehaviourappropriately to avoidh potentialcollision. As
illustrated inFigure49, V2X communication can support swhapplication by enabling:

9 communication between VRUs and vehicles
1 deployment of smart intersectign
1 perception sharing between vehicles

As suchanapplication require a continuous update regarding the situatiesuch adocation, speed, direction
of travel of road users to smoothly anticipate any risk and avoid sudden emergency braking due to late detection
- ensuring reatime communication and rtevork availability is required in all conditions.
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I

Figure49: UC3.3chematic Description.

The following scenarios are planned to be testieding the three testing cycles 65ROUTEBroject

1.

VehiclePedestrian Connectivity ave®G to est the application correct connectivity over a real 5G
NetworkTest in lab trial #1 and field trial #1.

Infrastructure to vehicle connectivity over fGtest the connectivity between the vehicle and a smart
infrastructure over a real 5@etwork Test in field trial #1.

Test road hazard detection, i.e., dangerous situation between vehicle and pedestrian, with V2P (Vehicle
to Pedestrian) Communication in 5[&st in lab trial #2 and field trial #2.

VRU Collision Avoidance using 5G Connigdtiviest continuity of data flows between different entities
(vehicles, pedestrian, infrastructure) under mobility conditions and with multiple users. Test in lab trial
#3 and field trial #3.

3.8.1.2 Roadmap of VRU Collision Avoidance in thel®GQUTES Project

Asummary of what is expected to be ready for each lab and field trial test is presented below.

1
)l

T

Lab trial #1: Transmission, receipt and processing of CAM/CPM, routing of messages through MECs
Field trial #1: Evaluation of performance of CAM/CPM exchangey @sbG NSA network at a cross
border.

Lab trial #2: Performance of road hazard detection in more challenging environments (multiple sources
for detection of the same object)

Field trial #2: Evaluation of road hazard detection using different enableng;r{sintersection,
localisation of VRU using 5G) using a 5G SA network at abcnmis.

Lab trial #3: Integration and final validation with vehicles and VRUs on different scenarios, e.g.,
performance of the system in case multiple VRUs are present

Fieldtrial #3: Final validation. Tests in the crdmsder corridor in intersections equipped with VRU
detection systems and in road sections emuipped with such dedicated infrastructure.

3.8.1.3 Components

For UC3.3the CAV is equipped with an éBoard Unit (OBUANnd 5G router for exchanging its current state on
the network andthe VRU is carrying prototype device providing connectivityiaits onboard 5G moduleBoth
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devicescan transfer information regarding their localization and can be alerted dependinigeonisk level via
dedicated services.

Public
internet

V2X message exchange |

V2X Broker 1" -

V2X Broker |

CAV Components VRU Device

B e o

5G Module

Figure50: Components of UC 3.3

More details about the functionalities of every component are listed below:

1 CAvV OBU

o Cooperative Awareness Service is in charge of generating, encodingerding CAM

o MQTT Clientis in charge of sending and receiving data packets

0 VRU Collision risk assessment is responsible for evaluating if any VRU present a risk to collide
with the CAV

1 VRU Device

o Cooperative Awareness Service responsible for generatingoding and decoding of CAM
transferred messages

0 MQTT client service handling the communication with the MQTT broker (connection and
publication and reception of data messages)

o VRU warning service is responsible for constantly evaluating collisienreiated to the VRU,
based on the perception achieved by the received awareness messages and triggering warnings
to the user if necessary

0 basic HMI warnings implementation including audio and visual signals

1 V2XBroker
0 Server accessible in the network fexchanging data messages between the different entities

3.8.1.4 Sequence Diagram

Within the use case, both CAV and VRU gain awareness by relying on the developed compamnaetsl
illustrates the data flow between CAV and VRUrtonitor collisionrisks through exchange of V2X messages
(CAMc Cooperative Awareness Messag#jile CAV is crossing the border

In this use case, bbtusers connect to theinome5G networkand can share their status using CAM published
on V2X brokersBy subscribing to the messages publishedhiir current geographical tilegthe CAVcan
consume V2xnessagesent bythe VRU(similarlythe VRU can consume V2X messages producededgAV).
Upon the border crossinghe CAVioses its connectivity with its home network and need to reconnedhe
visiting network.
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In the first trials, V2X brokers are deployed in public intertietis, the CAVreconnects to the V2X broker
available using the endpoint of its home countimycontinue receiving V2X messages frilie VRUHere, service
interruption is recgnized by the loss of connectivity with 5G network and lasts Gat¥ has reconnected to the
V2X brokerDuring, this period, CAd&ent fromthe VRU device are logue to the disconnection of receiven
the CAV.
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Figure51 Sequence diagram fodC3.3

3.8.2 Lab Trials and Verification Process

As illustrated irFigure52, UC componentweretested at VEDECOM facilities in Versailles Satory, Frahege
access to a test track equipped with private 5G Netwanmk a full coverage by a 5G Commercial netwisrk
provided

In addition, the trial site is equipped with roadside equipment (cameraDAR to test the behaviour of use
case components when intertieg with the infrastructure and for monitoring purposes.

First offline tests have been conducted to ensure compatibility between different entities (Vehicle and VRU).
Then remote laboratory testeave beendone to validate the capabilities of different devices (OBU and VRU
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device) as well as the availabilitydifferent servers. Finally, outdoor tedisive beemperformed tofinalise the
validation of application in dynamic situations.

Candidate road for testing

uc Private 5G Base Station ) Site with roadside equipment

Figure52 Overview of VEDECOM facilities in Versailles Satory.

3.8.3 Lab TrialResults

To validate the readess of use case components, tests/e beerperformed in various conditionduring the
first iteration (Q3 2021 to Q2 2022)

1. Offline testswere done to validate interoperability between the different components.

2. Remote laboratory teste/ere done to testunitary interaction between different components.

3. Outdoor testswere finally done statically and dynamically to validate all the use case components
together.

Table20: Tests performedin Versaillego test component readiness in UC3.3.

Test Description Related Main result

specification checklig item

Message Exchange encode Offline V7 CAM data packets hav

interoperability = message (CAM / CPM) been shown to be
binary formats between compatible (OK)

the partners
CPM data packetsvere
not totally compatible
initially due to the use of
different compiler. After
investigation with UC2.]
and UC3.1the issue hag
been resolved

Vehicle position OBU installed on vehicl Remote V3,V5,V6V17 GITS Protocol stack ¢
and dynamics  and is able to generate laboratory vehicle OBU is able t
CAM from vehicle dat: access MQTT broker ar
sources (GNSS, CAN) publish encoded CAN

(OK)
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Test

specification

Description

Related
checklig item

Main result

VRU position an¢c VRU device is able t Remote D5 GITS Protocol stack ¢
dynamics generate CAM  from laboratory VRU device is able t
embedded GNSS access MQTT broker ar
publish encoded CAN

(OK)

Integration of OBU installed in vehicle Remote V1, V2, V13  CITS Protocol stack ¢

CAM issued by and CAM sent from VR| laboratory V18 vehicle OBU is able t

VRU in device. receive CAM publishe

VEDECOM by VRU device usin

vehicle OBU is able to dece MQTT broker (OK)
CAM and provide the S1 S2,S3, S4,
information to S5
supervision system for ris
assessment

Integration of OBU installed in vehicle Remote D1, Db GITS Iotocol stack of

CAM issued byand CAM sent fron laboratory VRU device is able t

vehicle in VRLU vehicle to VRU device. receive CAM publishe

device by vehicle using MQT
VRU device is able t S1, S2, S3, S broker (OK)
decode CAM and provid S5
the information to asses
collision risk

VRU collision ris| Upon the detection of Outdoor tests V4, V11, V12| Notification of the

assessment VRU from the systen V19, V20, presence of VRU at th
anticipates any collisiol vehicle side after the
risk with VRU and issue reception of message.
an appropriate
message/instruction  tcg
avoid any accident.

VRU alert systen Upon the detection of Outdoortests D2,D4, B Warning to the VRLU
vehicle approaching received when vehicle i
towards the VRU and ale approaching
is raised for the user

Logging anc Vehicle and VRU can I¢ Offline - V10,v22,D8 Both OBU and VR

metric application related Postprocessing device stre application

calculation information to assess logs as csv files durin
performances the tests.
ET1, ET3, ET4,
ET5, ET6ET7, Use <case <can b
ET8 configure in the Tenan
Web Portal (TWP) an
application logs can b
uploaded in the TWP.

Full lab trials have been performed in April 2022 with UC components developed for the first iteration of trials.
Both CAV and VRi¢vice were present on the test site wiitG connectivity capabilitieas illustrated irFigure
53andFigure54. They were connected to 5G NSA Public Network and could exchange data using a M&TT brok
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deployed in the facilities of the laboratory test site. AdditionaHigure55 shows on a map the different path
taken by the vehicle and location of the VRU during the trials.

Figure53 VRU equipment for F'gsgi?jelzfg?ﬁgggt ||2§t§i|:g n
UC3.3 used during lab trials '

Figure55: Geographical path of vehicle (green) and location of VRU (red) during the tests

To validate UC components, multiple iterations have been performed with the CAV approaching towards the
VRU. Figureb6illustrated the results of 4 iterations from the perspective of both CAV and VRU.

First, based on the reception of Cooperative Awareésssage issued by the VRU, CAV can assess the distance
remaining before the collision. Second, as the VRU device also receives Cooperative Awareness Message from
the CAV, it can trigger alert to the user. As shown, on the right axis of the figure beff@nerdilevels of alert

have been implemented depending on the estimated risk.
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Figure56: Results of applications for UC obtained during different iterations

To prepare for thefield trials, logs have been collected at the apation and message level to assess
performance of the network with the UC.

Figure57 shows the distribution of entb-end latency measured at the reception of messaggghe CAV.
During, these tests median value have been measured to be 116ms, which is above the expectethvhiees.

next trials, it is expected that this valageuld be decreased by tlieeploymentof 5G SA network andAM service
platform.

Figure58 shows the distribution of packet delivery ratio calculated based on 30s time slots during the trials. Here,

the results shows that more than 99.5 packets aoerectly received for more than 90% of the assessed time
windows.

Cooperative Awarenes Message Cooperative Awarenes Message

VRU

60 80 100 120 140 160 180 200 0.980 0.985 0.990 0.995 1.000 1.005 1.010
End-to-end delay [ms]

Packet Delivery Ratio

Figure57: Distribution of endto-end latency measured Figure58: Distribution of packet delivery ratio for

during the exchange of Cooperative Awareness  Cooperative Awareness Messageseasured at both CAV
Messages between CAV and VRU (green) and VRU (red)
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3.8.4 Crossborder roaming tests in Bikernieki

Roaming was tested for UC3.3 in Bikernieki. In the test V2X messages were sent by th&VRO8e (12 +¢ ¢ Q
broker, which distributed it to a UE in a vehicle crossing the virtual border. The vehicle UE used the Mikrotik 5G
router.

Table21 Tests performedin Bikerniekito test component readiness in UC3.3

Test Description Related Main result
specificdion checklist
item
On site 5G Vehicle and VRU ar Outdoor | EV1, EV2, Both vehicle and VRUcan
Connectivity test connected to different 5C test EV3EV4 | connect respectively in Telia ar
networks and car LMT 5G NSA networks.
exchange safety relate
messages They exchange CAM messag

N1, N2, N3 through 2 V2X routers deploye
in VTT facilities

On site cross Vehicle is approaching th Outdoor = N5, N7 Cross border is forced b

border scenario VRU and crosses th test switching off Telia gNb Vehicle
border, i.e itchanges from attach to LMT network after fev
its home network to a seconds when using a Mikrot
visiting network 5G router.

Test also conducted with muit
SIM solution from Gadmill, no
interruption is observedvith this
setup.

Figure59 (left) shows the endo-end latency from the moment of message generation until the receipt at the
UE in the vehicle. There is an interruption time of about 3 seconds before getting agaagesg$rom the V2X
broker. Prior to the border crossing there is a degradation in the latency.

It has to be noted that in this case the method for changing the network was different as in the tests for UC3.2:
the Telia base station was switched off, toreahe roaming with LMT, instead of having real roaming.
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Figure59 (right) shows the data rate. In normal conditions, 10 messages of 42 bytes are received per second.
After connection break, messages which are buffered in the broker, are received, causing a peak in the data rate.
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Figure59: Endto-end latency and received data rate from VRU message generation to receipt at the vehicle éngss
the border

3.8.5 Field Trial Readiness Verification

The following table gives an overview of the checklist testing status, details of which can be found il Annex
(Section6.d):

Table22 Fiel trial readiness for UC3.3

Fail Partly Not tested Completior?o

Vehicle related issues 8 0 0 0 100%
OBU related issues 10 0 0 0 100%
External servers 5 0 0 0 100%%
Other end user devices 7 0 0 0 100%
UE related issues 30 0 0 0 100%
Tenant Web Portal 7 0 0 1 88%
V2X broker 4 0 0 1 80%
Enabler related issues 11 0 0 2 85%
5G network related issues 3 0 0 0 100%
Network handover related issues 3 0 0 0 100%
Network related issues 6 0 0\ 0 100%
Total 47 0 0 2 96%

As can be seen ifable22, the main verification tests have been focused on the issues related to user equipment.
Satic and dynamidests are completed successfultyvalidate UE rated issues

During thelab trial, availability of V2X message router in the cloud has been confirmed so that is can be used
with the use case components during the trigdsailability of Tenant Web Portal has been confirmed with the
possibility to crete test scenarios and upload results from data logs taken directly on the user equipment. As
shown in the previous section some KPIs such agemthd latency and reliability can be measured from the
current logs. Calculation of other KPIs is still unmtegressand should be updatefbr next iterations.

Finally,5G networkhas been testeih Bikerniekracetrackwith the UC equipmenibut not tested inthe test site
of Valka/Valgaluring lab trials Thiswill be done before starting théeld trials on that test site
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3.8.6 Next Steps

UC components for the first iteration have been validated in the closed site and are ready the be validated in the
final trial site in order to start the trial periodn 5G NSAThe equipment is ready to collect measurement and
some offline processing ieing developed for the calculation and upload of KPIs on Tenant Wab Portal.

Duringthe refocusing of the project, the use case was combined with UC3.1 and UC3.3 in a singlseuse ca

G{ KINAy3 LISNOSLIiA2Yy FYR NRIR KIFETFENR Fd GKS 062NRSNJ
caseisrefocusedai 2f f AAA2Y SFNYAYy3I gAGK Y20AES NRIRg2N] 2 LIS
are used to identify mobile roadwk equipment. Work also includes deployment of the CAM service, which
provides the warning to road users, in the CAM Services Platfoh@.use case will be integrated with the
enablers of the CAM Services Platform for deployment of the CAM senvibihare used by the use case, and

to assure service continuity when crossing borders.

3.9 UC4.1 360° Immersive Multiser Gaming on the Go

3.9.1 Use Case Overview

3.9.1.1 Use Case Description

Use case 4.1 consists of a collaborative augmented reality game in which playets twate and interact with
virtual elements that are placed in the real space and move around them.

Players point the camera in different directigria order to find the AR elementand see them through the
augmented reality view on screen. Virtudementsare shown integrated in the real scene captured by the
smartphone camera. Every iteialocated based on GPS coordinates so the playestimeim thanks to the
device embedded GPS, compass, and inertial sensors.

The virtual elementare common to #d users who are playing the same game session, and they see those
elements located in the same positions in the real world regardless of the position of each player, thanks to the
fact that both participants and virtual elements will be geolocated.

Lab tial scenario 1 Test the application over a 5G network in CTTC testbed fadlitgly® and adjust
application features to solve 5G compatibility issues.

On this first field trial, the objectivisto check the compatibility of the game in a 5G NSA environnTdva main
goal is to have the game working in a laboratory controlled environment and check the response of the different
parts involved.

Server and network performance measuremeats takenlocally in order to ensure the enough capabilities of
the network for the correct playing of the game.

Lab trial scenario 2Find thecontainerizedapplication working limits. Stress the network and the application
until failing conditions and then sampdystem related measurements.

Since thebehaviourand complexity of the game is modulable and in a certain way adaptable to the conditions
that the network allows, the objective of these lab trial is to find if the network limitations are high enough to
allow smooth and efficient game plafter the containerization For this, different configurations that require
different network capacities (latency, bandwidth, and calculation tinaesjested, looking for the most suitable

for the correct functioning ofhe game and for the poorest situation where the systems keep working properly.
Measurements of all these teswre taken to lateranaly® the efficiency of the 5G network in different
conditions.

Lab trial scenario 3Final application overafunctionality. Check that all the pipeline modules and workflow of
the application work flawlessly
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The plan of this last scenarie to test all the functionalities needed for the correct full garbhehaviour
replicating all reaknvironmenal conditions,including disconnection simulation for border crossifige testing
specifications for this scenariare improved when scenarios 1 and 2 tests will be finished, and their results
analysed.

3.9.1.2 Roadmap of Immersive Multiuser Gaming on the Go in theREBJTESBject

The objective bthe first field trials is to check the readiness on the client application and the server to work
correctly in a 5G environmenthe first field trials are planned twe performed on the already available 5G NSA
network; therefore part of the network components correspoado the infrastructure of a commercially
available 4G network.

For future trials, in addition to including the different enablers developed in the project and expanding the tests
to include elements such as serversthe edge, on roaming tests and border crossing, it will also be interesting
to compare these results with the current ones, to determine which improvements are detected when moving
from a current commercial network infrastructure to a specific infrastinpe for 5G.

3.9.1.3 Components

UCA4.1 incorporates the following main components:

Android 5G O\

Smartphones

5G Lab-site

network

Game server

Figure60: UC4.1Lab trialcomponents

Game serverContainerizedservice(Ubuntu 20.04)which is deployed during the 5G SA field trials in the CAM
Services Platforngonnected to the 5G network core, in charge to make the game scene calculations, receiving
Fff dzZASNRQ AYGSNIOGA2yasx OF t Odameadndiyaly updatify akicoringécdzh | Y F
devices accordingly.

5G Android Smartphonerunsthe game client, devices must have GPS, compass and rear camera. The game is
played in these devices, where the user can see the scene environment and interact with the elieciaded.
Forbasic testingpne smartphoneas enough, but the ideakto use two or three for the testing.

5G Network connectionCommunication between smartphones and game seisfnally performed over a 5G
network environment.
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3.9.1.4 Sequence Diagram

Connection request

A J
®
1+
2
o

Connection
stablished

Y

------- ->[ Loop begin ]
: : User data, location, interactions, ... :

. [ Scene calculations
Scene status, events, ...

A

Server statistics

/\Q‘ [ Scene update } Lt ;[ Statistics calculations

A~

A [ Statistics calculations } Do

D= Statistics show and . ' .
6 - register Lo

——————— -[ I Loop end

Connection close

Figure 61 Sequence diagram of UC4.1 (Multiuser gaming on the go).

3.9.2 Lab Trials and Verification Process

The laboratory tests have been carried out both locally in the Brainstorm offices in Valencia and in the 5G
laboratories of the CTT in Barcelona, during the months frdviarch to May2022

Given the low complexity of the infrastructure for this use case, the verification for the preparation of the field
trials is quite simple.

First, it is necessary to verify the correct and fluid communication between server and client, verifying that the
connection is stable and, secondly, validate the conditions present in the network, for the latter measurement,
both on the client and servesides, of reatime performance statistics that will be recorded (latency, processing
time, data sent/received, messages prcond.). In addition to displaying this data in real time, during the
execution of the application the client also saitdocally for later analysis.

3.9.3 Lab TrialResults

Remote server testThe first test, done in MarcB022focusedon testing the servevirtualized(installed in a

VM, still notcontainerized for correct behaviour and performance. This test has been performezhdyr by
connecting remotely from Brainstorm office in Valencia to CTTC laboratories in Barcelona troughvatdBN (
Private Network connection to check the readiness of the server. The client in this case has been a Unity Engine
project emulating the gme behaviour. After solving basic configuration issues, the tests were successful.

Local testsTests performed locally in Barcelona CTTC laboratories during end March and begin 202%oril
with a physical smartphone device connected to demtainerizd game server, with the objective to take and
store network performance measurements.

Tenant Web:During June€2022 as the Tenant Web started to be available, trials of manual access and data
reporting have been done, concluding these tests satisfactiorillje absence of automatic access to the server
through the APIs
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Handover:Some testabout application reconnection have beparformed butusing only one network provider

and simulating the handover disconnecting manually the network connection oflekice. The results have
been successful, getting very low reconnection times from the application side when connection is recovered
(less than 250 milliseconds). It has not yet been possible to carry out handover tests on a real infrastructure.

Results:
Theresultsobtained areshown inTable23; the characteristicare satisfactoryhowever, better performance is
expected in future tests, when more components of 8@ SA network become available.

Table23 Results of lab trials for UC4.1

Server frames per second 180¢ 200 fps
Endto-end latency 60¢ 80 ms
Server income data 4-5 kbps
Server outcome data 350kbps
Server processgtime 1¢2ms
Client reconnection time < 250 ms

3.9.4 Field Trial Readiness Verification

The following table gives an overview of the checklist testing status, details of which can be faumteinl
(Sectior6.9):

Table24: Field trial readiness folJC4.1

Partly __Not tested ___ Completiort6

Other end user devices 4 0 2 0 83%
UE related issues 4 0 2 0 83%
CAM services 6 0 0 0 100%
Tenant Web Portal 5 0 0 2 71%
Enabler relatedssues 5 0 0 2 71%
5G network related issues 0 0 0 1 75%
Network handover related issues 3 0 0 0 100%
Network related issues 3 0 0 1 75%
Total 18 0 2 3 83%

The performed UC 4.1 tests have been carried out both in Brain&awn offices and ithe CTTC laboratories
During the first trialsa dedicated server has been used to manage the @uservicesn both locations After

the servicecontainerizatiorthe trials have been carried out employing the servigening ondockersystem and

later, after its adaptation for the CAM repositargn the Kubernetes clustePreliminary tests have been carried

out on a game prototype simulating several simultaneous clients with satisfactory results. The tests carried out
on wired commercial networks, VPNscithe laboratoryhave resulted in a correct functioning of the game with
connection to the server in real time and very low latencies that allow it to function correctly, which will allow
comparing the results obtained with those of the next field tests.

Tests of automatic disconnection and reconnection of the game to the server have also been carried out, and
after several iterations this reconnection time has been reduced to a minimum under local networks, which
guarantees that the MNO change test damcarried out later during the field trials.

The correctisualisatiorand saving of the network, server and game statistics that will be used for the calculation
of the KPIs has also been verified.
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3.9.5 Next Steps

The expected next steps are the connection vaththe enables that the project infrastruatire providesFirst
the implementation of MQT€ommunication as the project infrastructure (focused on CAM) requiiress. will
allow the communication wit the other infrastructurecomponents.

As the game cliertransmits the data to the game server employing a proprietary prototiod communication
with the enablerswill be implemented replicating the operations thactammoncar OBUSs carrying out. The
implementation anctodification of CAM messages and theamsmissiorfreceptionto/from the V2X brokewill
allow: the clients monitorization by theresources allocation and management systertPRAE the
communication withthe integration fabric(IF) allowing the receptiorof experiment starf experimentlD and
stop experimentparametersto synchroniseall the experimental operatioa along all the clients and services
involved Moreover, the communication witthe assisted service continuifASC)that allows to receive the
information needed by the clients to connect to theervice when entering the visiting domainill be tested
Fnally, the deliveryof the collected KPIs tthe TWP, employing the post ARVill be testedas soon ashis
functionality will beavailable.Thereplicationof the OBUs communicatiocemployinga SW prototype will also
allow the simulatiorin lah of GPS tracks at thiénal experimentallocations hencetesting in this wayallowsa
real positional situatiorbut in silico conditions.

3.10UC4.2 3D Redlime Virtual Collaboration on the Move

3.10.1Use Case Overview

3.10.1.1 Use Case Description

Use case 4.2 consists of a reale virtual conference session where a presenter, captured with stereoscopic
cameras on a green screen ssttransmitted to VR headsets of taadienceand embedded in a virtual scenario.

This setup allows the presenter to show 3D animated content to the viewers and get feedback from the same
audience. The viewers are allowed, employing the VR headset censrotb point to virtual environment
elements and, by means of voioetes, post questions and get response from the remote presenter.

The use case will provide the required means for the presenter to be stereoscopically captured and inserted in
vitual OSY I NA2a&a AyOfdzZRAYy3I AYYSNEAGS 3INILKAO StSYSyila
presenter and consumers to communicate between each other on specific details of the surrounding virtual
scenario.

Lab trial scenario 1Verify that all the intetonnected systems are working propeoyer a 5G network in CTTC
testbed facility. Discover and adjust application features in order to solve 5G compatibility issues.

On this first field trial, the objective is to check the compatibility of the streamed video content in a 5G NSA
environment. The main goal is to adjust the presenter acquisition and video content stream to work properly in
a laboratory controlled environent and check the reliability of the different systems involved.

The system verification and adjustment phasgly some measurements thaire taken on bitrate and data
throughput. The scope of the tests to adjust the different communication features tthe network
requirements and obtain the first functional streaming system configuration compatible with 5G network
features and getting advantage of them.

Lab trial scenario 2Find the application working limits. Stress the network and the streamindjcagipn
(increasing frame rate and resolution) until not optimal conditions (the stream is played back not fluidly) and
measure system related indicators.

The streaming features can be modulated, starting from a singlesteneo stream until 4K stereoh@& objective
of this lab trial is to find if the network features are capable to allow for smooth and efficient stream playback.
For this experiment, different configurations (framerate, resolution, mono or stereo video modaktigsted,
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to establish he most suitable adjustment for content acquisition and streaming. During thesettestsghput
and E2E latencgre sampled to later analyse the efficiency of the 5G network in different conditions.

Lab trial scenario 3This trial will test the first copiete version of the system including audience feedback to

the presenter. This version will allow to quantify the delay of the audience feedback to the presenter in order to
understand if adjustments are needed to have the system working properly anddl@tde session interactions

for a real virtual meetingAlso, it willcheck that all the pipeline and workflow of the application works flawlessly.
+SNATFE GKS ¢gK2fS aeadsSyQa TSI GdzZNBasz |t NB bdmeasu®a G SR
the performance of the involved systems to detect available improvements needed for videoconferencing
system working properly. Replicate all real environment conditions, including disconnection simulation for
border crossingThe testing spediations for this scenario will be improved when scenarios 1 and 2 éests
finished, and their results analysed.

3.10.1.2 Roadmap of 3D Redime Virtual Collaboration on the Move in the SBOUTES Project

The objective on the lab trials is to check progressittedyreadiness of the different systems involved in a 5G
environment.The multicasservicethat distributesthe content to the viewers anghould be deployed on edge

is containerizedemploying docker. This condition should be tested deeply, dinstocke platform and later
managednsidethe Kubernetesnvironment.

For future trials, in addition tahe implementation of the different enabler€employmentdeveloped in the
project, the tests will bevaried simulatingall the operations that need to be corgbed to migrate the clients
from one domainto the otherand that can be testeth a lab environmentComparison of the resultsbtained

in lab settingswith those recorded during the field triaisill be done to determine which improvements are
detected wherthe application and related operatiose executed in aabledlocalnetwork infrastructure(best
network configuration}o the mobile 5Ginfrastructure

3.10.1.3 Components

Client - Laptop + HMD
Pre-recorded video 5G Modem

Figure62: UC4.2 Components

Acquisition and streaming serveiStandalone capturing station cabled to the @®@&. This hardware stage
includes a connected stereoscopic camera that captures the presenter on the green screen setup. This system is
in charge osampling frames from the capturing camera and pack them for streaming directly to the VR player
at the other side of the 5G connection. Also, for testing, the possibility to uset@poeded video stream server
isexplored, in order to avoid the need afaktime recordings continuously.

Video Proxy ServerService thatprovides the bridge between the acquisition and streaming seraad the
mobile (laptopsklients. The service multicathe video content coming from the source amulltipliesit based
on the number of clientsThis servicés migrated tothe visitingdomain.

5G Modem:To connect the client side to the network, and because the virtual reality headsets currently available
on the market do not allow a direct connection to the B&work, an intermediate interface is needed. For this,
a 5G Modem and a featured laptagpused.
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Laptop:On the one hand, isused as an interface to connect the 5G modem and the virtual reality headset, but
also it also performthe final scene rendenig to be sent to the headset. The laptigused to decompress the
video and integrate the presenter into the virtual scene, leaving the headset for now only as the display interface.
For this reason, customers who do not have access to a VR headseseaitahd the presentation directly
through a laptop.

VR HeadsetConnected to the laptop, responsible to capture the user headtracking and interaction, and also
responsible tovisuali® the virtual environment render.

3.10.1.4 Sequence Diagram

A 2

Presenter - Connection request : Clients
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Video fransmission

M :‘ Scene calculations | @
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ol :‘ Scene update | /\Q

Actions, voice notes

@ | Actions supervision .
: Actions, voice notes
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.l I‘ Statistics calculations | LA

.=
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Statistics show and register

Figure63: Sequence diagram of UC42Collaborative conference on the go.

3.10.2Lab Trials and Verification Process

The laboratory tests have been carried out both locally in the Brainstorm offices in Valencia and in the 5G
laboratories of theCTTC in Barcelona, during the months from March to RG22

Given the low complexity of the infrastructure for this use case, the verification for the preparation of the field
trials is quite simple.

First, it is necessary to verify the correct and fliidkeo transmission from the server to the client, verifying that
the connection is stable, and secondly, validate the conditions present in the netwotke latter, both on the
client and server sides, reaine performance statisticare recorded (data sent/received, video bite, frames
per secondresolution application latency and the client savgall this data locally for later analysis, in addition
to displaying it in real time during the execution of the application.
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