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Deploying and trialing 5G for CAM
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Accelerate deployment of 5G at cross-border areas
Carry out trials along X-border corridors to assess 5G capabilities for CAM
Qualify the 5G-infrastructure and evaluate the benefits of 5G within the CAM context
Identify spectrum allocation gaps, contribute to standardisation and 5G CEF preparation

OBJECTIVES

ABOUT

Define deployment scenarios & recommendations including x-border context
Perform cost/benefit analysis and impact assessment 
Identify new business opportunities for 5G-enabled CAM
Investigate legal, regulatory and security issues 

EU funded Innovation action (H2020-ICT-18-2018)
November 2018 – September 2022
59 partners from 11 countries in Europe (incl. Linked Third parties)
9 non-EU funded partners from China and South Korea

Technical
Business





Who are we doing this for



Cross border traffic

Source: Detecon Analysis; ACEA_report-vehicles-in-use-europe-january-
2021-1
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Remarks:
• The German-Dutch corridor and the Spanish-

French corridor see the highest daily 
vehicular road traffic

• The traffic along the Finnish-Norwegian 
corridor is by far the lowest with less than 
700 vehicles per day

• Shuttle buses account for only a maximum of 
1% of the traffic. This is including long- and 
short-distance public transportation buses

• 4 different vehicle types:
• Passenger vehicles, transport vans, 

(shuttle) buses and trucks
• We assume that the share of overall vehicles 

in use is the same as on cross-border 
highways. Thus, trucks and transport vans 
may be underrepresented.

Vehicles per day (all lanes, both directions):



And what is the L3+ expectation 

5G for CAM Summit

Netherlands

Greece

Germany

France

% of CAVs

Finland

Norway

Portugal

Spain

Turkey

Fleet share of Level 3+* by country with country adj. (all vehicle types):

Source: Detecon Analysis; ACEA; OICA; McKinsey; Deloitte
Within this study, CAVs & CAM are defined as level 3-5 as per SAE definitions. 

2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

Finland 0,00% 0,48% 1,08% 1,90% 2,95% 4,23% 5,76% 7,53% 9,54% 11,81%

France 0,00% 0,53% 1,18% 2,08% 3,23% 4,64% 6,32% 8,26% 10,47% 12,96%

Germany 0,00% 0,73% 1,65% 2,90% 4,51% 6,48% 8,81% 11,52% 14,60% 18,08%

Greece 0,00% 0,13% 0,28% 0,50% 0,78% 1,12% 1,52% 1,98% 2,51% 3,11%
Nether-
lands 0,00% 0,63% 1,41% 2,48% 3,86% 5,54% 7,53% 9,85% 12,49% 15,46%

Norway 0,00% 0,63% 1,42% 2,50% 3,88% 5,58% 7,59% 9,92% 12,58% 15,57%

Portugal 0,00% 0,28% 0,63% 1,11% 1,73% 2,49% 3,38% 4,42% 5,61% 6,94%

Spain 0,00% 0,36% 0,82% 1,44% 2,24% 3,22% 4,38% 5,72% 7,25% 8,98%

Turkey 0,00% 0,24% 0,53% 0,94% 1,46% 2,09% 2,84% 3,72% 4,71% 5,84%
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The project



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

5G NETWORK
8 NSA 5G networks
4 SA 5G networks
29 gNBs deployed in total

VEHICLES & Roadside infrastructure
21 SAE L3 & L4 automated vehicles
32 5G enabled OBUs
24 MEC/Edge nodes
22 Road Side Units

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

5G-MOBIX at a glance

Advanced 
Driving

Vehicles
Platooning

Extended
Sensors

5G for CAM Summit

Remote 
Driving

Vehicle QoS
Support



5G-MOBIX – Work areas

9
5G for CAM Summit

Elaborate Verification Scheme to 
guarantee:

Network readiness & targeted 
performance
Vehicle & RSI readiness
Proper Use Case functionality
Correct integration among 
components

Verification & Evaluation Results are already being 
placed in the deliverables

Trials have been completed, only final Local 
Breakout trials are performed in the CBCs



5G networks
Site Type Commercial/ Test Components # gNBs Freq. Bands Slicing

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)

No

PT NSA (SA)
Commercial: IP and Transport Network

Test: 1x RAN, 1x Core, MEC
3 1800 MHz (LTE B3), 3700 MHz (5G NR n78) No

GR NSA
Commercial: IP and Transport Network

Test: 1x RAN, 1x Core
1 LTE B7 (2600) 20MHz, NR n78F (3500-3600) No

TR NSA
Commercial: IP and Transport Network

Test: 4x RAN, 1x Core
3 (+1) LTE B7 (2600) 20MHz, NR n78G (3600-3700) No

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)

No

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

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

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)
No

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)
Yes

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)

Yes

KR NSA Test 3 22-23.6 GHz No

1010 KPIs (e.g. user experienced data rate) are assessed for on each of the sites 



Deployed Advanced 5G technologies 
overview
Technology / 

Site
ES-PT GR-TR DE FI FR NL CN KR

C-V2X 5G-V2X
5G-V2X 

(PC5 
support)

5G-V2X 
(PC5 

support)
5G-V2X

5G-V2X 
(PC5 

support)

5G-V2X 
(PC5 

support)

5G-V2X 
(PC5 

support)
5G-V2X

MEC Deploy-
ment

Yes, Nokia 
solution

Yes, 
Ericsson 
solution

Yes, near 
edge & far 

edge

Yes, MEC 
Service 

Discovery

Yes, Far/ 
Cloud Edge

Yes, MEC 
Discovery 

SSC M3

Yes, China 
Mobile 

solution
No

Network 
Slicing

No No No Yes No Yes Yes No

Roaming
Cross-
border

Cross-
border

Multi-SIM 
in NSA/SA

Multi-SIM 
in NSA/SA, 
Lab SA-SA

Multi-SIM 
in NSA

Virtual 
cross-
border

Multi-SIM 
in NSA/SA

No

Satellite 
Deployment

No No No No Yes No No No

10 KPIs (e.g. user experienced data rate) are assessed for on each of the sites 



Agnostic: Spectral efficiency at both 
cell-center and cell-edge

5G for CAM Summit

Cell center

Cell edge

DL UL



Agnostic: Roundtrip latency

5G for CAM Summit



Getting the live CAM data



Execution of the trials



Trials quick view

Full Trials Full trials
Year
Months

UCC Activity title 

Weeks 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

Platooning AsseRSU LT Demos LT LT LT LT LT LT LT

Extended sensors EDM LT Demos LT LT

Contribution to CBC
DE 
contributio

OR

Extended sensors Edge 
Processing LT

Remote Driving Redundant 
NE

LT + D Demos LT + Final De  

Contribution to CBC
FI 
Contribution 
to ES-PT  

Contribution to CBC
FI 
contribution 
to ES-PT   OR

Contribution to CBC
FI 
contribution 
to GR-TR                            OR OR  OR OR

Advanced Driving AssInfrastr
ucture  Final DEMO 21/LT

Contribution to CBC
FR 
contributio  CL R

Contribution to CBC
FR 
contributio  OR

Advanced Driving CCA (VTT) LT LT

Extended sensors CPM (TNO) LT LT LT LT LT LT

Remote Driving
5GPositioni
ng (TU/e + LT LT LT LT LT

Contribution to CBC
NL 
contributio

CL R CL R CL R Demos 5/04

Advanced Driving
CloudAssist
ed LT LT LT Demos

Platooning AssCloud LT LT LT Demos

Remote Driving
DataOwner
ship LT LT LT Demos

Remote Driving mmWave

Vehicle QoS Support Tethering 

June

M44

August

M34

2022
October September November December

2021

Demos

Demos

M40M37 M38 M41 M42

LT (FR) LT

LT (FI)

2021

LT (FR)

M36M35

LT

July

M33

KOREA TRIAL SITE

May

M43

FINLAND TRIAL SITE

GERMAN TRIAL SITE

FRENCH TRIAL SITE

NETHERLANDS TRIAL SITE

CHINA TRIAL SITE

LT (FR)

February AprilMarchJanuary

M39

LT(FR)LT (FR) LT(FR) LT(FR)

Year
Months

UCC Activity title 

Weeks 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

GERMAN TRIAL SITE

Platooning AsseRSU
LT LT

Extended sensors EDM LT
LT

Contribution to CBC DE contribution to ES-PT

FINLAND TRIAL SITE

Extended sensors Edge Processing

Remote Driving Redundant NE

Contribution to CBC FI Contribution to ES-PT (Edge discovery 
service) 

Contribution to CBC FI contribution to ES-PT (Multi PLMN/ Multi-
SIM) 

Contribution to CBC FI contribution to GR-TR (LEVIS)        
FRENCH TRIAL SITE

Advanced Driving AssInfrastructure   

Contribution to CBC
FR contribution to ES-PT (5G connected 
car) 

Contribution to CBC
FR contribution to ES-PT (Multi PLMN/ 
Multi-SIM) 

NETHERLANDS TRIAL SITE

Advanced Driving CCA (VTT)

Extended sensors CPM (TNO) LT LT  

Remote Driving 5GPositioning (TU/e + KPN) LT

Contribution to CBC NL contribution to ES-PT (VTT + TNO) LT (fi) LT

CHINA TRIAL SITE
Advanced Driving CloudAssisted LT

Platooning AssCloud LT

Remote Driving DataOwnership 
KOREA TRIAL SITE

Remote Driving mmWave LT LT LT LT LT LT

Vehicle QoS Support Tethering LT LT LT LT LT LT

June 

M32

Early Trials
2021

May

M31

January

M27

April

M30

March

M29M28

February

LT (FI)LT (FI)

LT (FR)

LT (FI)

LT (FI)

LT (FI)

LT (FI) T (GR-TR

LT FR

LT (FR)

LT (FI)

LT (FI)



Trials impressions 

5G for CAM Summit



Creating the learnings



Cross-Border Issues (XBIs)
& Considered Solutions (CSs)

Cross-Border Issues (XBIs): identified set of technical challenges towards seamless cross-border 
CAM functionality over 5G  11 XBIs addressed  in 5G-MOBIX

Considered Solutions (CS):  identified set of the most promising technical approaches to address 
the identified XBIs  27 CSs will be evaluated in 5G-MOBIX

X-Border Issue

Considered Solution 1
(Technology X, Feature Y)

Considered Solution 2
(Technology X, Feature Y)

Considered Solution 3
(Technology X, Feature Y)

US#3.1 – TC#5, TC#6

US#4.2 – TC#11, TC#12

US#2.1 – TC#8, TC#9

Issue/Challenge Considered Solution Investigated in CBC/TS Relevant US & Test Case



XBI versus CS
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XBI_0 T Baseline x
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NSA Roaming 
interruption x x x

XBI_2 T SA Roaming interruption x x
XBI_3 T

Inter-PLMN  
interconnection latency x x

XBI_4 T Low coverage Areas x x x
XBI_5 T&A

Session & Service 
Continuity x x x x x x x x x x x x x

XBI_6 T Data routing x x x x
XBI_7 T&A

Insufficient Accuracy of 
GPS Positioning x

XBI_8 A Dynamic QoS Continuity x x x

XBI_9 A
Geo-Constrained 
Information 
Dissemination x x x

XBI_10 T mmWave applicability x
XBI_11 T

Network slicing 
applicability x



XBI and CS coverage

Nr of XBIs/CSs per site Nr of sites addressing XBIs

5G for CAM Summit



To wider deployment



Cost expectations

Planning new sites @700

Simulation @700

Simulation @700

700 MHz 3500 MHz

700 MHz 3500 MHz

Simulation @3500Planning new sites @3500

BoQ
700 

BoQ
3500 

Costing

#existing

#new

Mapping existing sites Simulation @3500

#existing

#new

Costing

Source of sites: cellmaper.net, antenasgsm.com, data.anfr.fr, keraies.eett.gr, publications

5G for CAM Summit



Example Radio Planning GR-TR

Source of sites: cellmaper.net, keraies.eett.gr, publications

5G for CAM Summit

700MHz FDD radio coverage simulation: Existing + New Sites 3500MHz TDD radio coverage simulation: Existing + New Sites

700 MHz 3500 MHz

Remarks: Remarks:

Existing site

New site. GR: ∆ +4, TR: ∆ +4

Existing site

New site. GR: ∆ +9, TR: ∆ +9

Best signal

Good signal

Poor signal

Best signal

Good signal

Poor signal



Capacity 
sufficient?

Capacity 
sufficient?

Costs expectations -> key influencing factors

PT-ES DE-NLGR-TR

61,900

FI-NO

739,080

1,273,040

157,800

1,184,400

ES-FR

94,800 234,800

2,244,600

408,000
599,800

Costs in € CAPEX total

annual OPEX
700 MHz 3500 MHz

FI-NOPT-ES

696,880

GR-TR DE-NL

962,100

ES-FR

157,800 94,800

1,273,040

234,800

2,186,400

408,000 360,400
61,900

Costs in € CAPEX total

annual OPEX

1,753,080

PT-ES

401,400

ES-FR

5,479,100

GR-TR FI-NODE-NL

2,912,400

213,300

3,753,780

490,100
909,200

2,756,000

352,600

Costs in € CAPEX total

annual OPEX

DE-NL

Costs in €

PT-ES GR-TR

3,753,780

FI-NO ES-FR

2,912,400

1,753,080

401,400 213,300 490,100

5,479,100

909,200

2,756,000

352,600

CAPEX total

annual OPEX

Important disclaimer: The cost results are estimates. We assume that these costs may 
vary +/- 20% within one country from operator to operator.
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Ongoing Work & Next Steps

Troubleshooting LBO deployments 
& executing related final tests
Local evaluations & results (almost 
done)
Combined results analysis

TS contributions to Cross-Border Issues 
(XBI) & Considered Solutions (CS)
Which CSs have a relevant impact on 
XBIs
Cross-comparison of results
Lessons learned

Development & Deployment lessons 
learned already available

26

Development & Deployment lessons learned

Compatibility of early/pre-commercial equipment 
not guaranteed and feature sets not necessarily 
complete

Accurate synchronization of connectivity 
equipment is essential for measuring the 
performance of a 5G network.

The HW and SW used for the OBU (chipset, OS, 
antennae, etc.) plays a critical role in the observed 
performance. More stable versions of 5G chipsets 
in the future should help boost performance

Testing MEC applications requires elaborate E2E 
integration testing to account for the diverse set of 
potential errors in any of the infrastructure 
elements and software implementations

5G for CAM Summit



www.5g-mobix.com

This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No. 825496.

Thank you 
And enjoy the demo
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