
 

 

 

 

H2020 5Growth  Project 

Grant No. 856709 

 

D5.5: Demonstrations at Mobile World 

Congress and EUCNC or equivalent 
 

Abstract 

One of the dissemination goals of 5Growth is to conduct technology demonstrations in high -impact 

venues, such as EuCNC. This document briefly explains the demonstration activities carried out the 

second year of the project, which have been virtual conferences and online events due to the COVID-

19 global pandemic. Other information related to the demonstrati ons carried out by the project is 

also provided.   
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1. Introduction  

As part of the project Communication, Dissemination, and Exploitation Plan (CoDEP) [1], one of the 

dissemination goals of 5Growth is to present technical demonstrations of project results in relevant 

events. These demonstrations are used to showcase in a tangible way what is presented in the form 

of deliverables, papers, talks, etc. in other venues. This document briefly explains the demonstration 

activities carried out in the second year of the project during 7 online events and/or conferences, 

namely: 

¶ IEEE INFOCOMõ20. 

¶ IEEE INFOCOMõ21. 

¶ Online webinar Layer123/5Growth. 

¶ ACM MobiHoc 2020. 

¶ ETSI ENI PoC#9. 

¶ OSM Ecosystem day. 

¶ IEEE NetSoftõ21. 

Additionally to these 7 events, 5Growth had a prominent participation during EUCNC21. Apart from 

the 7 demonstrations (4 pilots and 3 innovations), the project was  actively represented in the 

following activites: 

¶ Tuesday, 8 June 2021. 

o Workshop 6: 5G Private Networks. 

Á Talk: 5Growth NPN Deployment Solutions & Industry 4.0 Pilot Examples. 

Á Talk: Outlook for operator adoption of 5G Private Networks. 

o Workshop 8: From 5G to 6G Automated and Intelligent SecuriTy (FAST). 

Á Paper: 5Growth: Hardening Interdomain Vertical Services with Moving Target 

Defense (MTD). 

¶ Wednesday, June 9. NET1 ð Network Softwarisation I. 

o Paper: 5Growth: Secure and Reliable Network Slicing for Verticals. 

¶ Thursday, June 10, NET2 ð Network Softwarisation II. 

o Paper: 5Growth Data-Driven AI-Based Scaling. 

¶ Friday, 11 June. Special Session 8: Autonomous Network Management towards 6G. 

o Panel: Seeding the long-term vision for Autonomous Network Management on the 

road to 6G Projects. 

During these events, several different demonstrations were shown (refer to Table 1 for the associated 

event): 

¶ NFV Service Federation: enabling Multi-Provider eHealth Emergency Services. 

¶ Arbitrating Network Services in 5GNetworks for Automotive Vertical Industry. 

¶ vrAIn: AI-driven orchestration of vRAN resources. 

¶ 5Growth Demo: Scaling Composite NFV-Network Services. 
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¶ ETSI ENI PoC #9: Autonomous Network Slice Management for 5G Vertical Services. 

¶ Scaling Federated Network Services: Managing SLAs in Multi-Provider Industry 4.0 Scenarios. 

¶ Demo: AIML-as-a-Service for SLA management of a Digital Twin Virtual Network Service. 

¶ Demonstrating a Bayesian Online Learning forEnergy-Aware Resource Orchestration in 

vRANs. 

¶ ETSI ENI PoC #9: Autonomous Network Slice Management for 5G Vertical Services. 

¶ Demo: Vertical's intent evolution at service runtime driving vCDN automated scaling. 

Slice Isolation for 5G Transport Networks. 

Information about other demonstrations carried out in the project  as well as a summary of 

communication, dissemination, and exploitation activities can be found in D5.2 [1] and D5.3 [2]. 

This period was heavily impacted by COVID-19, with the cancelation of several major events (or of 

the 5Growth participation due to logistical iss ues). Moreover, the events that were not cancelled have 

been held in virtual fashion, with the limitations this format entails.  

Event name Demo(s) presented 

INFOCOMõ20 NFV Service Federation: enabling Multi-Provider eHealth Emergency 

Services 

INFOCOMõ20 Arbitrating Network Services in 5GNetworks for Automotive Vertical 

Industry 

Online Webinar  vrAIn: AI-driven orchestration of vRAN resources 

ACM MobiHoc 2020  Scaling Composite NFV-Network Services 

ETSI ENI PoC#9 Autonomous Network Slice Management for 5G Vertical Services 

INFOCOMõ21 Scaling Federated Network Services: Managing SLAs in Multi-Provider 

Industry 4.0 Scenarios 

INFOCOMõ21 AIML-as-a-Service for SLA management of a Digital Twin Virtual Network 

Service 

INFOCOMõ21 Demonstrating a Bayesian Online Learning forEnergy-Aware Resource 

Orchestration in vRANs 

OSM Ecosystem Day Vertical's intent evolution at service runtime driving vCDN automated 

scaling 

IEEE NetSoft'21 Slice Isolation for 5G Transport Networks 

EUCNC´21 5Growth Pilot. EFACEC Energia´s energy pilot 

5Growth Pilot. EFACEC Engenharia e Sistemas transportation pilot 

5Growth Pilot. COMAU Industry 4.0 pilot 

5Growth Pilot. Innovalia Industry 4.0 pilot 

5Growth Innovation. ML-driven scaling of Digital Twin Service in 5Grwoth 

5Growth Innovation. Performance Isolation for 5G Network Slicing 

5Growth Innovation. Moving target defense  

TABLE 1 ð LIST OF 5GROWTH DEMONSTRATIONS AND EVENTS   
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2. INFOCOMõ20: NFV Service Federation: enabling Multi -Provider 

eHealth Emergency Services 

This work has been done in collaboration with  the 5G-TRANSFORMER (5GT) project  [3], whose 

developed NFV/SDN orchestration stack is the baseline architecture used to design, build and 

develop the 5Growth orchestration platform.  

This demonstration [4] showcased the developed 5GT/5Growth  network service federation (NSF) 

procedure [13] and how it is applied to satisfy the requirements of an eHealth vertical use case. This 

use case requires the deployment of a composite NFV-NS at different locations in two different 

administrative domains (AdDs). First, the monitoring back-end service (Monitoring NFV-NS) is 

deployed in the cloud of service provider 1 (AdD1) and, second, an Emergency Service, triggered by 

a detected anomaly (e.g., upon losing vital signs of the monitored patient), needs to be dynamically 

deployed at the edge in the premises of service provider 2 (AdD2), which is close to the patient.  

In particular, the developed NSF procedure demonstrated  (i) the deployment of a federated 

composite network service in different AdDs for the defined eHealth use case, and (ii) the dynamic 

initiation (and stitching with a previously running NFV NS) of the emergency service at NS run-time. 

2.1. IEEE INFOCOM (2020) 

IEEE INFOCOM is a top ranked conference on networking in the research community. It is a major 

conference venue for researchers to present and exchange significant and innovative contributions 

and ideas in the field of networking and closely related areas. IEEE INFOCOM covers both theoretical 

and systems research. For INFOCOM 2020, the conference included a main technical program, a 

number of workshops, a keynote speech, panels, a student poster session, and demo/poster sessions. 

The conference was held virtually from the 6th to the 9 th of July 2020. 

2.2. Media content  

The presentation banner of the event is shown below: 
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FIGURE 1: WEBSITE FOR IEEE INFOCOM 2020 

The programme is on the website at: https://infocom20.info/  

 

FIGURE 2: PROGRAMME AS SHOWN ON THE WEBSITE, WITH 5GROWTH'S CONTRIBUTION HIGHLIGHTED 

The demonstration recording is available at: https://youtu.be/PNLYJyoMrak 

https://infocom20.info/
https://youtu.be/PNLYJyoMrak
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FIGURE 3: YOUTUBE VIDEO OF THE NFV SERVICE FEDERATION DEMO 

2.3. Demonstration details 

 

 

FIGURE 4: SETUP UNDER DEMONSTRATION FOR THE NFV SERVICE FEDERATION DEMO 

Figure 4 presents the setup under demonstration, where each AdD (e.g., representing different 

service providers) runs its own 5GT platform (5GT-VS, 5GT-SO, 5GT-MTP and 5GT-MON). This setup 

is split between two sites: the CTTC 5G Lab (Castelldefels, Spain) and the 5TONIC Lab (Madrid, Spain). 

We demonstrated the deployment of a composite NFV-NS in two different AdDs for the defined 

eHealth use case exploiting the NSF capabilities of the 5GT platform. This composite NFV-NS has 
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two nested NFV-NSs. First, the Monitoring NS is the back-end service performing real-time 

monitoring of patientsõ location and vital signs (e.g., heart rate). It is represented by the blue VNFs in 

Figure 4. In case of emergency, the Edge NS is deployed close to the patientsõ location in order to 

assist emergency teams with for instance, AR/VR services, or to provide faster access to patientõs 

health records, thus improving on-site medical care. In Figure 4, it is represented by the two yellow 

VNFs. The main steps of the demo are:  

1) The Monitoring NFV-NS is deployed in AdD1 as explained in [5]. The VNFs are deployed 

over PoP#1 (MME, PGW & HSS), PoP#2 (SERVER) and PoP#6 (SGW & SEC-GW). Once the 

service is deployed, the vital signs data flow between SERVER and patient A UE can traverse 

PGW, SGW, SEC-GW and Radio access, which is a hardware element of PoP#6.  

2) An emergency event is emulated (e.g., loss of vital sign from monitored patient). Then, the 

SERVER VNF triggers the deployment of the composite NFV-NS at the 5GT-VS of AdD1, which 

includes the Edge NFV-NS. 

3) When processing the composite NFV-NS request, the 5GT-SO of AdD1 decides to deploy 

the remaining nested Edge NFV-NS at AdD2 due to NFV-NS availability and closeness to 

patientõs location to satisfy the low-latency requirement imposed by the emergency situation. 

Then, it starts the NSF procedure to request the deployment of the Edge NFV-NS to the 5GT-

SO of the AdD2 through the So-So interface. The Edge NS will be stitched with the Monitoring 

NFV-NS at the AdD1 to form a federated NFV-NS. 

4) The Edge NFV-NS is deployed at AdD2 and the required links between the different nested 

NFV-NSs are established through the Inter Administrative Domain Link. 

5) Upon successful Edge NFV-NS deployment, the data flows from the emergency teamõs UE 

to the ESERVER through Radio access, SGW and EPGW. This enables fastest and improved 

medical care by on-site emergency teams thanks to the dynamic deployment of NFV-NSs at 

the edge.  

 

A more detailed explanation can be found at [4].  
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3. INFOCOMõ20: Arbitrating Network Services in 5G Networks for 

Automotive Vertical Industry  

This work has been done in collaboration with 5GT, whose developed NFV/SDN orchestration stack 

is the baseline architecture used to design, build and develop the 5Growth orchestration platform.  

This demonstration [6] shows the capabilities of the 5GT/5Growth orchestration platform to arbitrate 

vertical services. In this context, arbitration refers to the handling of various services of a given vertical 

customer according to their SLA requirements, service priorities, and resource budget available to 

the vertical. In the 5GT stack the responsible of this task is the 5GT-VS, that allows the whole platform 

to handle the different service requests by the same vertical while satisfying the agreed SLAs between 

the service provider (SP) and the vertical. 

3.1. IEEE INFOCOM (2020) 

This innovation has been presented at the same flagship event INFOCOM 2020 as Innovation in 

Section 2 in this document. The conference was held virtually from the 6th to the 9 th of July 2020 and 

the interested reader is referred to section 2.2 for Media Content references. 

3.2. Demonstration details 

 

FIGURE 5: SETUP UNDER DEMONSTRATION FOR THE ARBITRATING NETWORK SERVICES DEMO 

Figure 5 presents the setup used for the demonstration, which is split in three different geographical 

sites, namely Barcelona (Spain), Torino (Italy) and Pisa (Italy). These sites are interconnected by means 

of control and data plane virtual private networks (VPN). The whole 5GT platform (5GT-VS, 5GT-SO, 

5GT-MTP and 5GT-MON) is placed in Barcelona.  
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In this case, we demonstrated the automated fulfilment of the established business SLAs between a 

vertical, namely an Automotive vertical, and the 5GT SP, by using the 5GT platform and the 

infrastructure in Figure 5. The 5GT platform satisfies the SLAs in two ways. First, the 5GT platform 

deploys automatically the requested automotive NFV-NSs while meeting the constraints (e.g, 

latency) expressed in the corresponding network service descriptors (NSDs). Second, and this is the 

main focus of this demonstration,  the 5GT platform satisfies the resource budget available to the 

vertical through the arbitration capabilities.  Two types of NFV-NSs are deployed during the 

demonstration, namely the Video Streaming (VS) NFV-NS and the EVS NS, as depicted in Figure 5. 

The VS NFV-NS provides multimedia content to vehicular  users, while the EVS NFV-NS enhances 

road safety by detecting and alerting vehicles approaching an intersections that are on collision 

course. The VS NFV-NS presents two deployment flavours, with different priorities, as specified at 

the moment of  onboarding through the 5GT -VS. The óhigh priorityó flavour consists of one video 

server VNF holding a web-server and a cache of videos, indicated as Video Server X in Figure 5. The 

ólow priorityó flavour adds, to the above VNF, another VNF (Video Control X), which interacts with 

the Radion Network Information Service (RNIS) to adjust the video streaming quality based on 

channel quality experienced at the vehicle Onboard Unit (OBU). This flavour of the VS NFV-NS has 

lower priority because it consumes more resources and the primary goal of the Automotive Vertical 

is to offer the video streaming service, no matter which video quality can be provided. The EVS NFV-

NS consists instead of three VNFs, namely the Cooperative Information Manager (CIM) DB, the 

Warning message VNF, and the EVS VNF. A full description on the logics of this NS can be found at 

[7]. Being a safety service, the EVS NFV-NS has high priority. The main steps of the demo are as 

follows:  

1) The Vertical User requests the instantiation of the two VS NFV-NS flavours through the 

5GT-VS User GUI. The 5GT-SO processes the request as explained in [5], deploying the VS 

NFV-NSs in the underlying infrastructure while satisfying the NFV-NS constraints embedded 

in the descriptors. The ólow priorityó instance of VS NFV-NS is deployed between two PoPs 

and its óVideo Control 2ó VNF is placed close to the RNIS as it needs to leverage low-latency 

channel quality measurements. 

2) The Vertical User requests the instantiation of the EVS NFV-NS through the 5GT-VS User 

GUI. The arbitrator module of the 5GT-VS checks the resource budget available for this 

Vertical user and realises that the three NFV-NSs cannot run simultaneously. Based on the 

priority of the current deployed NFV-NSs and the new incoming request, the arbitrator 

decides to terminate the ólow priorityó VS NS to release resources for the EVS NS. 

3) Once the 5GT-SO confirms the termination of the ólow priorityó VS NFV-NS, the 5GT-VS 

proceeds with the instantiation of the EVS NFV-NS, which is deployed in the PoP close to the 

roadside unit  to honor the latency requirements embedded in the request.  

 

A more detailed explanation can be found at [6]. 
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4. Online webinar Layer123/5Growth: vrAIn: AI-driven orchestration 

of vRAN resources 

In this demo we demonstrate vrAIn. VrAIn is an orchestration engine powered by deep learning to 

optimize jointly the allocation of computing and radio resources in Virtualized Radio Access 

Networks. VrAIn monitors the buffer states and the available channel quality information over time 

across all users in all radio access points or wraps in the system, which we refer to as contextual 

snapshots. These contextual snapshots are fed periodically along different decision periods into 

vrAIns main engine for processing.  

 

FIGURE 6: VRAIN SYSTEM OVERVIEW 

As a result, we map a given contextual snapshot into a pair of policies: one a CPU control policy 

which imposes an upper bound on the relative t ime that the computing platform can process each 

virtualized access point, and two, a radio control policy which establishes an upper bound on the 

modulation and coding scheme eligible by each of the virtualized radio stacks. In addition to 

contextual data monitoring probes on the radio stack measure a number of Network Key 

Performance Indicators which we use to train the internal models of vrAIns engine.  

4.1. Layer123 

Layer123 connects everyone involved in the network transformation process ð helping operators  and 

network owners to virtualise their networks and find commercial benefits from the improved 

performance this transformation brings. Sessions cover technical details (like SDN, NFV, OpenRAN, 

edge computing, applied AI, disaggregation, automation and orc hestration) and also reveal how 




































































































