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5Growth: 5G-enabled Growth in Vertical Industries
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Slice B

Slice C

Slice A

Data center 

(hosting cloud)

Edge data center

(hosting edge cloud)

5G End-to-End Infrastructure

(Radio, Transport, Cloud)

Orchestrator

Radio

Orchestration

Industrial Applications

Mission of the Project:  Automatically build, deploy and manage

different vertical industrial services over a shared End-to-End 5G 

system (incl. Application Domain,  Infrastructure Domain, Orchestration 

Domain), and perform real field trials validation and demonstrations



To empower vertical industries, such as Industry 4.0, Transportation, and Energy 
with an AI-driven Automated and Shareable 5G End-to-End Solution

5Growth Vision
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• Develop 5Growth platform to provide 

zero-touch and automated provisioning 

and management of vertical services 

ensuring their service SLAs

• Leverage on the 5G PPP Phase 2 

project 5G-TRANSFORMER 

(5GT) platform

• Developing AI-driven innovations

• Integration with ICT-17 5G End-to-

End platforms (5G EVE and 5G-VINNI)

• Field trials to perform technical and 

business validation of 5G for various 

vertical industries (Industry4.0, 

transportation, and Energy)



• Project Innovations
• 5Growth Platform
• ICT-17 Integration

• Vertical Pilots
• Use Cases
• Pilot Deployment 
• 5G Validation  

• Lessons Learned and the Way Ahead

Content
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Project Innovations

5



5Growth Platform and Innovations
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Baseline Architecture based on

5G-TRANSFORMER

Zero-touch closed-loop 

management & orchestration

Enhanced & automated vertical 

support (e.g. RAN support, security)

E2E network slicing management

(across multi-domains)

RANTransportCore

Enhanced 

monitoring & 

data analytics

AI/ML 

Platform

12 Innovations have been developed



Extensions for Integration with ICT-17 Platforms
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SM + 

NFVO

IFA013/SOL005 (Os-Ma-Nfvo)NFV Network Service request

Vertical (Sub-)Service request 

(REST API - vertical service management)

NFV Network Service request

(Service Federation) - IFA013/SOL005

Infrastructure

Abstraction

Network Slice request

NSaaS

Provider

CSP

/DSP

Network 

Operator

VISP

DCSP

Vertical 

Customer

Resource 

Request
IFA005 (Or-Vi)

A joint effort of 5Growth collaboration with 5G EVE and 5G-VINNI projects

Publication: X. Li et al., "Multi-Domain Solutions for the Deployment of Private 5G Networks," in IEEE Access, 

vol. 9, pp. 106865-106884, 2021, doi: 10.1109/ACCESS.2021.3100120.



Implementation &  
Proof-of-Concepts
• Vertical domain managed by the 5Growth platform

• 5Growth GitHub (open source at public GitHub)
• https://github.com/5growth 

• ICT-17 5G Experimental Platforms
• 5G EVE:

• https://www.5g-eve.eu/
• 5G-VINNI:

• https://www.5g-vinni.eu/

• Three multi-domain interactions supported
• Demo video: https://youtu.be/6CRYAwSlMZo
• Drivers for 5G EVE and 5G-VINNI 

5Growth + 5G EVE

5Growth + 5G-VINNI

5Growth Interaction with 5G Experimentation Platforms | Xi Li 8

Vertical domain

5G-VINNI

5G EVE

Drivers Repository

5Gr-VS driver towards 5G EVE https://github.com/5growth/5gr-vs

5G EVE IWL catalogue driver https://github.com/nextworks-it/5g-catalogue

5G EVE IWL Lifecycle Manager 

driver

https://github.com/5growth/mso-lo

5Gr-VS driver towards 5G-

VINNI

https://5growth.eu/redmine/projects/5growth/r

epository/5gr-vs

SONATA adaptor https://github.com/5growth/sonata-drivers Vertical domain

https://github.com/5growth
https://www.5g-eve.eu/
https://www.5g-vinni.eu/
https://youtu.be/6CRYAwSlMZo
https://github.com/5growth/5gr-vs
https://github.com/nextworks-it/5g-catalogue
https://github.com/5growth/mso-lo
https://5growth.eu/redmine/projects/5growth/repository/5gr-vs
https://protect2.fireeye.com/v1/url?k=73a23a1a-2c39005f-73a27a81-867b36d1634c-a4b3b36afb397d1c&q=1&e=009a424e-857a-488d-8a06-784b5fa3b994&u=https%3A%2F%2Fgithub.com%2F5growth%2Fsonata-drivers


5Growth Platform Impact
• Building blocks software provided 

as open-source for R&D community
https://github.com/5growth

• Contributions to multiple Open source Projects 

• Multiple 5G PPP/H2020 projects using them as a baseline
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5Gr-SO

5Gr-VS

5Gr-RL

https://github.com/5growth


Vertical Pilots
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• 5Growth aims to perform real field 
trials involving customer sites of four 
vertical locations in Portugal, Spain 
and Italy

• This requires the development, 
installation, validation and testing of 
commercial 5G radio, transport and 
core technologies in vertical sites, 
connected with the ICT-17 platforms

• Pilots
Industry 4.0:
• INNOVALIA
• COMAU

Energy:
• EFACEC_E

Transportation:
• EFACEC_S

5Growth Pilots
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Vertical premises

Vertical premises

5G EVE

Industry 4.0

Energy

Transportation

Industry 4.0



Industry 4.0:  Smart factory

5Growth Pilot Use Cases
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@ Innovalia:

• Remote Operation of equipment 

• M2M collaboration for factory automation  

@ COMAU

• Digital Twin 

• Telemetry/Monitoring 

• Digital tutorials and remote support

5G Network CPE 5G

Video surveillance 

camera

CPE 5G

Onboa

rd

5G 

Table

t

Maintenance 

Agent

5G Tablet

Transportation: Safety control of the 
railway level crossing

@ EFACEC_S

• Train Detection 

• Video Surveillance 

Energy 

@EFACEC_E

• Maintenance of secondary 
substations on MV/LV network

• Detection of last gasp

Defined 9 use case applications across 4 Vertical Pilots



5Growth Pilot use case requirements in comparison 
to current industrial solutions 
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Deployment of all 5G infrastructures
supporting 5Growth pilots (features)
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PILOT 

SITE

3GPP

Rel.

3GPP Architecture

Options

Spectrum Operator & 

Vendor

Access 

Network

Core

Network

End 

Devices

Monitored

KPIs

Italy:

COMAU-

TURIN

Rel 15 • Option 3 – NSA 3.7 Ghz

(80 MHz)

• TIM

• Ericsson

• TDD 7:3

• MIMO 

4x4

• 256QAM

vEPC

-Edge Deployment

(COMAU)

-Central Office 

(TIM)

UE (OPPO)

CPE (Nokia)

• RTT Latency

• UL Data Rate

• DL Data Rate

• Reliability

Portugal: 

Transport

ation

AVEIRO

Rel 15 • Option 2 - SA 3.7 GHz

(100 MHz)

• Altice PT

• Fraunhofer 

Fokus& 

ASOCS

• TDD 7:3

• MIMO 

4x4

• 256QAM

5GC-Rel15

-Central Office

(ITAv)

CPE (Huawei)

CPE (Quectel)

• RTT Latency

• UL Data Rate

• DL Data Rate

• Reliability

Portugal: 

Energy

AVEIRO

Rel 15 • Option 2 - SA 3.7 GHz

(100 MHz)

• Altice PT

• Fraunhofer 

Fokus& 

ASOCS

• TDD 7:3

• MIMO 

4x4

• 256QAM

5GC-Rel15

-Central Office

(ITAv)

CPE (Huawei) • RTT Latency

• UL Data Rate

• DL Data Rate

• Reliability

Spain: 

5TONIC

Rel 15 • Option 3 – NSA

• Option 2 - SA

3.5 GHz

(50 Mhz)

• Telefónica

• Ericsson

• TDD 7:3

• MIMO 

4x4

• 256QAM

vEPC & 5GC-Rel15

-Edge Deployment

(5TONIC premises)

-Central Office

(5TONIC)

UE (Xiaomi)

CPE (WNC)

• RTT Latency

• UL Data Rate

• DL Data Rate

• Reliability



Deployment of all 5G infrastructures
supporting 5Growth Pilots (setups)
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INNOVALIA PILOT (MADRID)

EFACEC PILOTS (AVEIRO)  

COMAU PILOT (TURIN)

• Deployment of real vertical industrial equipment and applications

• Deployment of real 5G E2E chain using commercial 5G products

• 5Growth - ICT17 platform integration, leveraging on the E2E 5G 

infrastructure provided by the ICT-17 projects

• Exploring different Non-Public Networks (NPN) deployment models

• Selected 5Growth Innovations integration into all the pilots

• In-house deployment and 5G validation @Vertical Premises 
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4G Antenna – Radio 2203

5G Antenna – Air 6488

Robotic Cell

5G Terminal

5G Terminal

UC1 Robot

Radio, Transport, Application Rack

Systems in TIM site

Switch connected to HSS Switch connected to COMAU (VPN)



Deployment of all 5G infrastructures
supporting 5Growth pilots (Validation)
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All 5Growth 

pilot sites’

5G set-ups are

up and running, 

validated and 

characterized for

network

performance

over several

configurations



• A theoretical framework can be 
depicted considering achievable 
ranges

• Metrics are collected 
and service KPIs validated

• Some Core KPIs can be 
manipulated to emulate 
different network conditions

• It becomes possible to establish 
the performance conditions that 
allow determining service 
operation

• Those conditions become the 
main result of experiments

• This framework is being 
contributed to ETSI INT TC

Measurement Goals and Results
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KPI1

(ex: Reliability)

KPI2

(ex: Latency) Theoretical Best
(ex: 1,0 ms)

Theoretical Best
(ex: 99,999%)

Ideal
(100%)

Ideal
(0 ms)

Satisfied by 
former 

technologies

Former Best
(ex: 99,900%)

Former Best
(ex: 15 ms)

5G Service KPI1

Correct

5G
 S

er
vi

ce
 K

P
I 2

Beyond current 
technology 
possibilities

Unacceptable
Partially

Acceptable 

Partially
Acceptable 



• Successfully deployed all vertical pilots with the real 5G infrastructure & 5G equipment and vertical applications
• Phase I: tested in the lab environment 
• Phase II:  deployed at the vertical sites  

• Completed all Pilot Validations and KPI Measurements
• Validation of the 5G capabilities to support vertical services at all the vertical sites 
• Validation of selected set of service and core KPIs per vertical use case through the conducted  field trials

Pilot Deployment and Validation Campaigns
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 First validation campaign: Feasibility
• Including tooling and data infrastructure
• Report data on initial measures and service KPI mappings

 Second validation campaign: Experiment control
• Integration with ICT-17 infrastructures
• Measures and mapping enabled by ICT-17 integration
• Impact of a limited set of innovations

 Third validation campaign: Vertical focus
• Integration of ICT-17, and 5Growth Platform at vertical premises
• Full measure and mapping analysis
• Impact of selected innovations

 The challenge of addressing COVID consequences
• The higher the remote control, the lower the expected effects

Pilot Deployment & ICT-17 Integration Validation Campaigns



5Growth project has made significant contributions to multiple 5GPPP white papers 

“Business Validation in 5G PPP Vertical Use Cases”– (June 2020)

“Empowering Vertical Industries through 5G Networks” – (September 2020)

“Edge Computing for 5G Networks” – (February 2021)

“AI and ML – Enablers for Beyond 5G Networks” – (May 2021)

“Service performance measurement methods over 5G experimental networks” – (May 2021)

“Delivery of 5G Services Indoors – the wireless/wire challenge and solutions” (September 2021)

“5G PPP – View on 5G Architecture V4.0” – (November 2021)

A remarkable achievement in this respect is the selection of the 5Growth Pilots in the top 10 list of the 5G Infrastructure PPP T&Ps Brochure. 
• COMAU Pilot (“5Growth - Industry 4.0: Low-latency on a shared Network”) selected among the top ten of the 5GPPP 

Infrastructure Trials and Pilots brochure No. 2 in 2020.
• COMAU Pilot (“5Growth - E2E Transport-aware Orchestration”) selected among the top ten of the 5GPPP Infrastructure Trials and 

Pilots brochure No. 3 in 2021.
• INNOVALIA Pilot (“5Growth: Industry 4.0 Remote Operation of Metrology Machinery over 5G”) selected among the top ten of the 

5GPPP Infrastructure Trials and Pilots brochure No. 3 in 2021.

All vertical pilot videos will be available online 
• https://5growth.eu/video-gallery/
• https://www.youtube.com/5GROWTH

Highlight of Achievements of 5Growth Pilots
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https://5growth.eu/video-gallery/
https://www.youtube.com/5GROWTH


Lessons Learned & 
The Ways Ahead
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Lessons Learned
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• The ICT-17 platforms (5G EVE and 5G-VINNI) have been used to support 5Grwoth vertical service 
deployment in all pilots, the provided 5G capability by the ICT-17 platforms have been validated in 
the pilots over several configurations.

• The ICT-17 platforms APIs are mainly provided at the Northbound towards the verticals or other 
5GPPP projects for the purpose of 5G validation and experimentation, but the support for the 
interaction at the lowers layers are rather limited, and this aspects has been deeply explored by 
5Growth.

• 5Growth explored multiple levels of multi-domain solutions to inter-connect the vertical domains (ICT-
19 platform) with the public network domain (ICT-17 platform), this enables more interaction and 
flexibility for vertical service deployment and management, especially supporting different Non-Public 
Network (NPN) deployments.

• 5Growth interacted with the ICT-17 platforms through their provided APIs and portals, but specific 
drivers have been developed for the interactions

• 5Gr-VS driver towards 5G EVE and 5G-VINNI for on-boarding, instantiation and lifecycle management of vertical 
services 

• The 5G-EVE Interworking Layer (IWL), we developed 5Gr-SO driver as part of the SBI of 5G-EVE IWL component 
(Adaptation Layer)

• However, the interaction is still not fully dynamic, not yet possible for the closed-loop service management 

• Different new stakeholders are emerging in B5G/6G,  especially with private NPN networks,  there are 
still open challenges for the MNOs and infrastructure providers to expose their network management 
and re-configurability capabilities. This needs tighter cooperation and interaction among the different 
stakeholders (verticals, service providers, cloud and network infrastructure providers, MNOs).



5Growth project is going to finish in February 2022, however, further 
impact and exploitations will be explored beyond the project lifetime
• Further exploitation opportunities of the commercial 5G products as 

well as vertical products through industrial events, patents, SDOs.
• Further exploitation of developed 5Growth innovations, 

Programmable and orchestrable monitoring, methodology and 
tooling concepts (e.g. Data infrastructure and aggregator)

• Consolidation of experiment descriptors
• Reproducibility and test environments

• Data infrastructures as the backbone for digital twins
• For the network itself
• As a service to network users

The Ways Ahead
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