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Motivation

Global Connec
Car Market

OPPORTUNITIES AND FORECAST,
2020-2027

Global Connected Car Market
is expected to reach
$225.16 billion by 2027.

Growing ata (
(2020-2027)

Global connected car mark&019: $63.03 billion
--> 2027: $225.16 billiolCAGR of 17.1%)
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Connected Car Market

2010 [ 2027

—

Driver Assistance Safety Entertainment Well-being Vehicle Management Mobility Management

Driver assistance is projected as the most lucrative segments

https://www.alliedmarketresearch.com/connectecarmarket
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https://www.alliedmarketresearch.com/connected-car-market

5GMOBIXTrials

LOCATIONS

«» ¢ 2CrossBorder Corridors (CBC)
¢ 4complementary European Trial Sites (TS)
¢ 2complementary Asian Trial Sites (TS)

(( )) NETWORK
A ¢ 295GgNBs
¢ NSAArchitecture (investigatedbA)

#Sular» \/EHICLES
e 21SAE L4 automated vehicles

USE CASES
e 5Suse case categories based on 3GPP TS 22.186, focusinrbander operation

Advanced Vehicles Extended Remote VehicleQoS
Driving Platooning Sensors Driving Support -

(A

5GMOBIX
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Trial Sites

Finland

I .
& Spain- Portugal

Porto z Vigo is a ParEuropean xBorder
5G corridor for Connected and
Automated Mobility

s=— Greece- Turkey

Kipoi Z Ipsalasite is a main entry point
into EU territory for cargo, with heavy
customs operations

Crossborder Corridors European Trial Sites  Asian Trial Sites
o 5°
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Development, Integration, Roll-Out Aspects (1)

SA networks with roaming -'—

at z o
Shinetworks ooty == Edge service discovery and migration

. Number of Service :ontinuitygwithmulﬁpleedges MCSIMcreics continuity,
1 Shuttle EV Bus (L4) R Y = (- Meodermimule. 1M serice migeston)
1 Citroén C4Picasso (L4) S ——— T
2 Citroén C4Picasso (LO) R M | S
=Sl 1 Volkswagen Golf (L4) 10 T 1| ; 7
1 ALSA bus (LQ) — |
1 PT connected vehicle (LO) ::;:::ﬂ::zmmg NSA roaming in hard-border conditions
2 FordMAX (L4) 2 Possie A nework ith NS rosming i
1 Volkswagen Passat (L1)
DS 1 V?_I'T'z\;/vstga egr,ngu(irl‘)(Ll) 4 Key 5G Network Characteristics and Features
1 RenaulTwizy(L4) 5
1 Ford Focus (L1)
1 Renault ZOE (L4) =
1 Renault Scenic (L1) [ s ]
1 VolkswageiTouareq(L4) 5 . ]
2 Toyota Prius (L4)
1 SDIA (L4) 1 = J
1 Renault XM3 (L4) 2 (o e >
21 vehicles 32 OBUs ( L5

5G-MOBIX Deployment Timeline
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Development, Integration, Roll-Out Aspects (2)

CBC/TS Commercial/ TestComponents

ES

)
Py,

—
Pu)

O
m

T

Z
=

A O
Al =2

NSA Commercial: Transport network, 1x 4G RAN (MOCN) 4
Test: 1x Core, 5G RAN, MEC
Commercial: IP and Transport Network
NI () Test: 1x RAN, 1x Core, MEC 3
NSA Commercial: IP and Transport Network 1
Test: 1x RAN, 1x Core
Commercial: IP and Transport Network
NSA Test: 4x RAN, 1x Core 3¢+
Commercial: 2x NS&ore+ 2x RAN, 1x MEC
ASTS Test: 1x SAore+ 1x RAN, MEC 2
Commercial: 2x NS&ore+ 2x RAN
MRS Test: 2XxRAN, 2xCore, MEC 2
Commercial: 1x Core
NSA Test: 3x RAN + 2x Core, 2x MEC S
SA Commercial: 1x 4G RAN (MOCN), 1x 4G transmis 6
Test: 3x 5G RAN, 3x Core, 3x MEC
SA Commercial: 2x Core (China Mobile, China Unicom) 3
Test: 2x RAN 2x MEC
NSA Test 3
29

800 MHz (LTE B20), 1800 MHz (LTE B3)
2600 MHz (B7), 3.7 Hz (5G NR n78)

1800 MHz (LTE B3), 3700 MHz (5G NR n78)
LTE B7 (2600) 20MHz, NR n78F (33600)

LTE B7 (2600) 20MHER n78G (3608700)

NSA: 2.1 GHz (5G NR n1) + 800 MHz (LTE B20), 900 MHz (L1
1800 MHz (LTE B3)

3.6 GHz (5G NR n78) + 1800 MHz (LTE B3), 2600 MHz (B7)
SA: 3.7 3.8 GHz (n78)

2600 MHz (B7), 3.5 GHz (n78)

700 MHz (4G), 800 MHz (4G), 1800 MHz (4G)
2100 MHz (3G/4G), 2600 MHz (4G)
3500 MHz (5G), 3748800 MHz (n77), 26 GHz (n258)

3.7 GHz (5G NR n78)
27 GHz (5G NR n258), LTE: 800 MHz (LTE B20), 1800 MHz (L

3.5GHz(n78), 4.9 GHz(n79)
2.6GHz(n41)
22-23.6 GHz



ESPT-0Overview

(N

Edgeinfrastructure

3
MEC

p I
vmands |
Il Remote Driving Interface

MQrT
Broker

\

g ¢ Emt
DENM ﬂ mt ‘
o T

- A

-
]

C—I'fg_ﬁ;t})rm
(& iyu'_)
] o :

CAM =
! MEC
mMaQTT
Broker

] m L v | [} oo ]

[ ]
i
A\

v
B =

L .

ITS Centre Platform

ITS Centre Platform
" HD-map Processing | [ Traffic Management

module & Monitoring
module

TSSO
= 785
::J;&V R i
Lin —] Rl

[0 S CHLK 4
————

‘ S
__an update (DB) @

MoTT
ol U
AN 4 J

AM




ESPTz Main Aspects

NOS
NSAOption 3x

PT MEC

TELEFONICA
NSAOption 3x

ETSI
messages

Il
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GR TRz Overview

Roaming
Connecti
vity

Core Network

GR
Inspection/ TR
control Inspection/
center control

rF‘AhE cgnter

Base
Station

1
1
((( ))) Base
- Station
- T
N\

AssistedBorderCrossing

Extended
Sensors

CUSTOMS SITE

Remote
Driving

Platooning

Extended
Sensors

Platooning

I

Vehicles

Vehicles Platooning

Platooning Sensors

Extended }

o COSMOTE TURKCELL
Cuard Band
S0AMHz
3500 3600 3650 3750
MHz MHz MHz MHz
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Overview

e Located betweerKipoi(GR) andpsala
&TR? extending to a service area of 9
m that includes hard borders and
customs checkpoints.

e The target of the GRR field trials,
that were initiated in 2019 and were
completed June 2022, has been

e Evaluation of the 5G network
technology and deployment options

¢ Emphasis on the impact to service
continuity and experienced
application latency of the handover
from one operator to another
(COSMOTE to Turkcell, and vice versa)
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DE Trial'Site- Overview

GeoBroker Synchronization
GeoBroker 2 shares

EDM 5 with vehicles in
EDM Service Area 1

(( ?{)g) (),

Areal EDM Servi Area 2
_ ervice rea
EDM Service Handover Announcement
Announcement Area (1+2) Area 2
Areal
= o= o0 EDM 5
EDM 1 EDM 2 EDM 3 EDM 4 A o
RSU X detects
blocked lane

& 2 Join Handshake Q Slow Legacy
o ® isloinable=TRUE @® () '.\ i

Truck Turning

Follower Exchange Platooning Leader @
| Control Messages (PC5) A | |

SubscribeYArea 1 Subscribe HaYndover Area Subscribye Area 2

Complex Roundabouts

3,65 km,
three-lane eachdirection,
with road markings




FR Trial Sitez Overview

Use Case : Advanced Drivingssistedwith 5G Infrastructure

T™™MC2

V2X Application

. o — TMC: road
Phase 1: MEC-assisted lane server e traffic
change manceuvre / infomration
database

Data fusion \ e Inter-MEC cooperation for extended  —
a collision risk MEC 1 Server perception _ | MEC2 Server
analysis &trajectory - -
calculation y — Dat.a.fu5|?n
> :_771 3 ° AD prohibited * I—| collision risk
A N g lane + seeed limit E analysis & trajectory
/ calculation
=5 A
o | X
rator perator2

Vehicle A

_h—
_

I Phase 2: Cloud-assisted lane change
manceuvre with contextual speed
I adaptation

Border
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Development of a 5G OBU

A Hardware : Compact Unit with
several radios i availability of 5G
chipsets (5Gmm, PC5)

A Software : V2X Application Client i
MAP, CAM, CPM, MCM

Development of V2X applications
in MEC and communications
using preliminary architecture of
V2X Application Server and Client
and Uu interface

Early experimentation of 5Gmm
A Experimental Network deployed in
Satory + UE Evaluation Kit

Service Continuity with MultiSim

and Satcom

A  5Gcm5Gem, 5GerbGmm, 5Gem
Satcom

A with and without out Link Aggregation

QoS Predic " 5G



FR Trial Siteg Main Aspects

End to End latency improvement for V2X with 5G-NR and MEC

High Troughput

PermitsUploadof raw datafrom
AV (cameras, lidars)

High Reliability

Computation in MEC

Computation time in MEC for
Perception (Images & Cloud points
treatment and data fusion) and
RiskAnalysis

Adaptive QoS é_@

Network notifies CAV about

future UL data rate drop
below 20Mbps and its
d

V2X application takes
appropriate actions

Roadside sensors

CAV

MEC

X App server  Data fusion Risk assessment

LT
i —— - L
ln_Periodic CAM, CPM
~
™ Periodic CAM
=, Sensor data
4
Sensor data
=~
o
MCM
MEC
oadSide SOrS cAV v \‘ﬁ
<7 V2X App server  Data fusion Risk assessment
¥ ‘ ) ‘ ) == = -

v

Motivation

Anticipate suddenchange in communication performances at the

border due tohandovefroaming.

Predictionmodulein MEC

Predictscommunicationperformanceshasedon machinelearning
modelfrom datacollectedduringopenroadtesting

Asksusersto adapttheir behavior(videoquality, CAM and CPM

nMAaccanndrariian~yn ecnanAVYhrarninalh nAtifirnatinan mMmacecan~nna (INONND



FI Trial Sitez Overview (2 user stories)

¢ Remote drivingin a redundant network

environment
¢ Motivation : service continuity for SAE L4
autonomous vehicle with stringent uplink
capacity demands
¢ Approach: Selection or aggregation of links
1250Brrl1J multiple 5G networks with muksIM

¢ Extended sensorswith redundant edge

processing

¢ Motivation : Continuous access to edge
computing resource for vehicular video

Redundancy /

Rosming/ e € ‘ . crowdsourcing and HD maps application

¢ Approach: MEC discovery and migration
across networks using DNig&ased approach

%8 5GMOBIX
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NL Tralz Overview - 5G-network with 3 SA cores
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NLTrial Site- 5G SA technologies

¢ Local BreakOut (LBO)

with MEC (Multiaccess Edge Computing) and Geonstrained Information dissemination

z Inter-MEC exchange between 5&A networks

¢ Network slicing to create a high priority CCAM slice

o Provide latency and reliability QoS for CCAM by separating internet traffic on low priority slice

¢ SA Roaming optimization with Release and Redirect
o Dynamic R&R could not be fully realized with available componetésted with predefined setups

W >C
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NLTrial Site- 5G SA technologies

¢ Local BreakOut (LBO)

with MEC (Multiaccess Edge Computing) and Geonstrained Information dissemination

¢ Inter-MEC exchange be

gz Network slicing to create
a Provide latency and reliability

e SA Roaming optimizatio
o Dynamic R&R could not be

m 5GMOBIX
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NLTrial Site- 5G SA technologies

e Local BreakOut (LBO)

with MEC (Multiaccess Edge Computing) and Geonstrained Information dissemination

¢ Inter-MEC exchange between 5&A networks

e Network slicing to create a high priority CCAM sli
o Provide latency and reliability QoS for CCAM by separating int¢

e SA Roaming optimization with Release and RediI
a Dynamic R&R could not be fully realized with available compor
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NLTrial Site- 5G SA technologies

e Local BreakOut (LBO) I

with MEC (Multiaccess Edge Computing) and Geonstrain o low prierity slice

Live video stream (25 Mbps)
for Remote Driving
on high priority CCAM slice

e Inter-MEC exchange between 58&A network

g =

RSU

¢ Network slicing to create a high priority CCAM slice

o Provide latency and reliability QoS for CCAM by separating internet traffic on low priority slice

e SA Roaming optimization with Release and Redirect
a Dynamic R&R could not be fully realized with available componegtésted with predefined setups

%8 5GMOBIX
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NLTrial Site- 5G SA technologies

e Local BreakOut (LBO)
with MEC (Multaccess Edge Computing) and Gi

¢ Inter-MEC exchange between 58A n

e Network slicing to create a high prior
a Provide latency and reliability QoS for CCAM |

¢ SA Roaming optimization with Release and Redirect
o Dynamic R&R could not be fully realized with available functionzligsted with preconfigured setups

% 5GMOBIX

5G-Mobix Final Event 13-14 Sept.2022 [ NL Trial site



CN Tral Sitez Overview

Partners

Location

Networks

RSU/MECs

Vehicles

OBUs

Use cases

SINOTRUK
ibEES

Jinan, Shandong Province, China

1x Dedicated 5G network (SA, China Mobile)
2x Commercial networks (China Mobile and China
Unicom)

1x RSU with edge MEC.
2x MEC

2x connected automated vehicle (L4)
2x connected trucks (L2)

i@ Y -(YoodzZnéX

A UCC#4/US#4.ReDr-DataOwnership
A UCC#1/US#1.2dDr-CloudAssisted
A UCC#2/US#2.3lat-AssCloud

Region Warning

Position Service

Automated Driving

G gNB

5GMOBIX Final Event 1B4 Sept. 2022

Transportation Events

Center Cloud
Traffic Control

\Region Cooperation

Edge Cloud

5GgNB ah

|fferent|a| Referenc
Station

5G C-V2XPCg
e s communication Iink‘i- =-> communication link

= == GNSS Positioninc
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CN Trial Sitez Main Aspects

Use cases addressed

¢ US#4.3: Remote driver controls vehicles through mitiMN coverage area, using dealodem /duatSIM solution to achieve 485G,China

Mobile->China Unicom network switching.

¢ US#1.3: During crossing complex intersection, the cl@ssisted vehicle completes intersection coordination, changing lanevtadacollisions,

and giving way to pedestrian.
¢ US#2.3: Clouehssisted trucks with platooning are driving across the virtual clomsler area on the highway.

Conclusions: = e
¢« 2A1T 1T OA AOEOET C OAOOI OO EAOA AAAT 1T AOAET AA EI

e Link Aggregation provides the best performance compared to sirtgji! trials.

¢ Future hybrid V2X applications will benefit from integration5@ SA networks.

5GMOBIX Final Event 1B4 Sept. 2022
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KRTrial Sitez Overview

| US#5.2: Tethering |

Provide wireless
connectivity to
passengers

CU : Central Unit
DU : Distributed Unit
UE : User Equipment

mmWave link
- 22.3-22.9 GHz
gNB DU

Real-time
vehicle control | Remote Control center

pieptay _J
‘Real -time video m

Driving and vehicle data
directions —
| US#4.5: Remote Driving |
KR UC(Tethering, RCV)s overview
Baseband board . RS (ro2d sitation monoring unt)
odeB-CU (L213)
FPGA (Codec) Veticle UE (L213)
Router
Intemet 10G Ethernet ﬂ ﬂ m
—
Mcu &
3 DOR RAM
E’-7 N Q
5G Core gNodeB-CU  gNodeB-DU \2\ “ ’
(L213) (L1RA)
Vehicle UE  Vehicle UE
(L1RF) (L213)

/ AN

In-vehicle UE

Cros&pol

antenna In-vehicle UE

-
-
¢
~
RCS
- Left: Control input generation unit
- Right: Vehicle status monitoring unit

System overview (Tethering(Left), RCV(Right))

Overview

e Two test sites
¢ Public highway test siteYeoju 45 Highway (7.7Km)
,,,,, P14

¢ Two Use Cases
¢ Tethering vieammWavecommunication
¢ RCV vianmWavecommunication

¢ Evaluation of the SA 5G networkn(n\Wave
technology and deployment options
¢ Permission to use FACS (Flexible Access Common
Spectrum) : band (22.04323.0432 GHz)

¢ Emphasis on the impact to service continuity and
experienced user latency of the handover based or
mmWavecommunication

g
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2 CrossBorder Corridors (CBC)
4 complementary European Trial Sitg
2 complementary Asian Trial Sites (

295GgNBs
NSAArchitecture (investigatesA)

21SAE L4 automated vehicles

5use case categories based on 3GPP TS 22.186, focusirgander operation

5G-Mobix Final Event 134 Sept. 2022



