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Motivation
3
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Global connected car market 2019: $63.03 billion

--> 2027: $225.16 billion (CAGR of 17.1%)

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

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


LOCATIONS
2Cross-Border Corridors (CBC)
4 complementary European Trial Sites (TS)
2 complementary Asian Trial Sites (TS)

NETWORK
295G gNBs
NSAArchitecture (investigatedSA)

VEHICLES
21SAE L4 automated vehicles

USE CASES
5use case categories based on 3GPP TS 22.186, focusing on x-border operation

5G-MOBIX Trials

Advanced 
Driving

Vehicles
Platooning

Extended
Sensors

Remote 
Driving

VehicleQoS
Support
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Trial Sites

Spain - Portugal

Greece -Turkey

Porto ɀVigo is a Pan-European X-Border 
5G corridor for Connected and 

Automated Mobility 

Kipoi ɀIpsalasite is a main entry point 
into EU territory for cargo, with heavy 

customs operations

Finland

France

Germany

Netherlands

China

S. Korea

Cross-border Corridors European Trial Sites Asian Trial Sites
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Development, Integration, Roll-Out Aspects (1)

CBC/TS Vehicles Used
Number of 

Deployed OBUs

ES-PT

1 Shuttle EV Bus (L4)
1 Citroën C4-Picasso (L4)
2 Citroën C4-Picasso (L0)
1 Volkswagen Golf (L4)

1 ALSA bus (L0)
1 PT connected vehicle (L0)

10

GR-TR 2 Ford-MAX (L4) 2

DE
1 Volkswagen Passat (L1)
1 Volkswagen Tiguan (L1)

1 Toyota Prius (L1)
4

FI
1 Renault Twizy(L4)

1 Ford Focus (L1)
2

FR
1 Renault ZOE (L4)
1 Renault Scenic (L1)

5

NL
1 Volkswagen Touareq(L4)

2 Toyota Prius (L4)
6

CN 1 SDIA (L4) 1
KR 1 Renault XM3 (L4) 2

Total 21 vehicles 32 OBUs
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Key 5G Network Characteristics and Features

5G-MOBIX Deployment Timeline



Development, Integration, Roll-Out Aspects (2)

CBC/ TS Type Commercial/ TestComponents Num. gNBs Freq. Bands

ES NSA
Commercial: Transport network, 1x 4G RAN (MOCN)

Test: 1x Core, 5G RAN, MEC
4

800 MHz (LTE B20), 1800 MHz (LTE B3)

2600 MHz (B7), 3.7 Hz (5G NR n78)

PT NSA (SA)
Commercial: IP and Transport Network

Test: 1x RAN, 1x Core, MEC
3 1800 MHz (LTE B3), 3700 MHz (5G NR n78)

GR NSA
Commercial: IP and Transport Network

Test: 1x RAN, 1x Core
1 LTE B7 (2600) 20MHz, NR n78F (3500-3600)

TR NSA
Commercial: IP and Transport Network

Test: 4x RAN, 1x Core
3 (+1) LTE B7 (2600) 20MHz,NR n78G (3600-3700)

DE NSA/SA
Commercial: 2x NSA Core+ 2x RAN, 1x MEC

Test: 1x SA Core+ 1x RAN, MEC
2

NSA: 2.1 GHz (5G NR n1) + 800 MHz (LTE B20), 900 MHz (LTE B8), 
1800 MHz (LTE B3)

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

SA: 3.7 - 3.8 GHz (n78)

FI NSA/SA
Commercial: 2x NSA Core+ 2x RAN

Test: 2xRAN, 2xCore, MEC
2 2600 MHz (B7), 3.5 GHz (n78)

FR NSA
Commercial: 1x Core

Test: 3x RAN + 2x Core, 2x MEC
3

700 MHz (4G), 800 MHz (4G), 1800 MHz (4G)

2100 MHz (3G/4G), 2600 MHz (4G)

3500 MHz (5G), 3700-3800 MHz (n77), 26 GHz (n258)

NL SA
Commercial: 1x 4G RAN (MOCN), 1x 4G transmission

Test: 3x 5G RAN, 3x Core, 3x MEC
6

3.7 GHz (5G NR n78)

27 GHz (5G NR n258), LTE: 800 MHz (LTE B20), 1800 MHz (LTE B3)

CN SA
Commercial: 2x Core (China Mobile, China Unicom)

Test: 2x RAN 2x MEC
3

3.5GHz(n78), 4.9 GHz(n79)

2.6GHz(n41)

KR NSA Test 3 22-23.6 GHz

Total 29



ES-PT - Overview
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ES-PT ɀMainAspects

ES 
SIM

TELEFÓNICA
NSA Option 3x

ES 
SIM

NOS
NSA Option 3x

PTgNb

30 km

0 km

PT CORE ES CORE
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0 km
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GR-TR ɀOverview

GREECE TURKEY

Base 
Station

GR 
Inspection/ 

control 
center

TR 
Inspection/ 

control 
center

Core Network

CUSTOMS SITE

Base 
Station

Cloud 
Platforms

Roaming 
Connecti

vity

PlatooningPlatooning Truck routing

Core Network

AssistedBorderCrossing

Vehicles
Platooning

Extended
SensorsRemote 

Driving
Vehicles

Platooning
Extended
Sensors

Extended
Sensors

Overview

Located between Kipoi(GR) and Ipsala
(TR) extending to a service area of 9 
km that includes hard borders and 
customs checkpoints.

The target of the GR-TR field trials, 
that were initiated in 2019 and were 
completed June 2022, has been

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

US2: Extended Sensors 

US1: Platooning



FR Trial SiteɀOverview
Development of a 5G OBU
Å Hardware : Compact Unit with 

several radios ïavailability of 5G 

chipsets (5Gmm, PC5)

Å Software : V2X Application Client ï

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
Å Experimental Network deployed in 

Satory + UE Evaluation Kit

Service Continuity with MultiSim
and Satcom
Å 5Gcm-5Gcm, 5Gcm-5Gmm, 5Gcm-

Satcom
Å With and without out Link Aggregation

QoS Prediction

Use Case : Advanced Driving assistedwith 5G Infrastructure
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High Troughput

Computation in MEC

High Reliability

Å PermitsUploadof raw data from
AV (cameras, lidars)

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

FR Trial SiteɀMain Aspects
End to End latency improvement for V2X with 5G-NR and MEC

Adaptive QoS Å Motivation

Å Anticipatesuddenchange in communication performances at the 
border due to handover/roaming.

Å Predictionmodulein MEC 

Å Predictscommunication performancesbasedon machinelearning
model from data collectedduringopenroadtesting. 

Å Asksusersto adapttheir behavior(videoquality, CAM and CPM 
messages frequency, speed) throughnotification message (IQN).



FI Trial Site ɀOverview (2 user stories)

5G-Mobix Final Event 13-14 Sept. 2022

Remote driving in a redundant network 
environment

Motivation : service continuity for SAE L4 
autonomous vehicle with stringent uplink 
capacity demands
Approach: Selection or aggregation of links 
from multiple 5G networks with multi-SIM 
OBU

Extended sensors with redundant edge 
processing

Motivation : Continuous access to edge 
computing resource for vehicular video 
crowdsourcing and HD maps application
Approach: MEC discovery and migration 
across networks using DNS-based approach



NL Trial ɀOverview - 5G-network with 3 SA cores

TUE

KPN

KPN
TNO

border

border Collision avoidance

Remote Driving

Extended Sensors



NL Trial Site - 5G SA technologies

Local Break-Out (LBO)
with MEC (Multi-access Edge Computing) and Geo-constrained Information dissemination

ɆInter-MEC exchange between 5G-SA networks

Network slicing to create a high priority CCAM slice
ü Provide latency and reliability QoS for CCAM by separating internet traffic on low priority slice

SA Roaming optimization with Release and Redirect
ü Dynamic R&R could not be fully realized with available components ɀtested with pre-defined setups
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NL Trial Site - 5G SA technologies

Local Break-Out (LBO)
with MEC (Multi-access Edge Computing) and Geo-constrained Information dissemination

Inter-MEC exchange between 5G-SA networks

Network slicing to create a high priority CCAM slice
ü Provide latency and reliability QoS for CCAM by separating internet traffic on low priority slice

SA Roaming optimization with Release and Redirect
ü Dynamic R&R could not be fully realized with available functionality ɀtested with pre-configured setups



CN Trial Site ɀOverview
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CN TS

Partners

Location Jinan, Shandong Province, China

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

RSU/MECs
1x RSU with edge MEC. 
2x MEC

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

OBUs ΪØ Ϋ' -(ΫΦΦΦȤήέΧ

Use cases
ÅUCC#4/US#4.3 ReDr-DataOwnership
ÅUCC#1/US#1.3 AdDr-CloudAssisted
ÅUCC#2/US#2.3 Plat-AssCloud



Use cases addressed:

US#4.3: Remote driver controls vehicles through multi-PLMN coverage area, using dual-modem /dual-SIM solution to achieve 4G->5G,China 
Mobile->China Unicom network switching.

US#1.3: During crossing complex intersection, the cloud-assisted vehicle completes intersection coordination, changing lane to avoid collisions, 
and giving way to pedestrian.

US#2.3: Cloud-assisted trucks with platooning are driving across the virtual cross-border area on the highway.

5G-MOBIX Final Event 13-14 Sept. 2022 

Conclusions:
2ÅÍÏÔÅ ÄÒÉÖÉÎÇ ÒÅÓÕÌÔÓ ÈÁÖÅ ÂÅÅÎ ÏÂÔÁÉÎÅÄ ÉÎ #. 43ȭÓ ÈÙÂÒÉÄ ÎÅÔ×ÏÒË ÄÅÐÌÏÙÍÅÎÔ ÏÆ 6Ψ8 ÁÐÐÌÉÃÁÔÉÏÎÓȟ -%# ÂÒÏËÅÒ ÁÐÐÌÉÃÁÔÉÏÎÓȟ etc.

Link Aggregation provides the best performance compared to single-SIM trials. 

Future hybrid V2X applications will benefit from integration of5G SA networks.

CN Trial Site ɀMain Aspects



KRTrial Site ɀOverview
Overview

Two test sites

Public highway test site : Yeoju 45 Highway (7.7Km)

0ÒÉÖÁÔÅ ÔÅÓÔ ÓÉÔÅ ȡ +!4%#(ȭÓ 0ÒÏÖÉÎÇ 'ÒÏÕÎÄ ɉΧ+ÍɊ

Two Use Cases

Tethering via mmWavecommunication

RCV via mmWavecommunication

Evaluation of the SA 5G network (mmWave) 
technology and deployment options

Permission to use FACS (Flexible Access Common 
Spectrum) : band (22.0432-23.0432 GHz)

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

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

KR UC(Tethering, RCV)s overview



LOCATIONS
2Cross-Border Corridors (CBC)
4 complementary European Trial Sites (TS)
2 complementary Asian Trial Sites (TS)

NETWORK
295G gNBs
NSAArchitecture (investigatedSA)

VEHICLES
21SAE L4 automated vehicles

USE CASES
5use case categories based on 3GPP TS 22.186, focusing on x-border operation

5G-MOBIX TrialsɀWrap-Up
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