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Executive Summary – Abstract  

 

After summarizing the main features and the essential findings of the 5G ESSENCE project that have been 
performed around the three selected use cases serving vertical market needs and developed upon the 
essential project architecture, the purpose of this Deliverable is two-fold:  
On the one hand, the aim is to provide a detailed overview of the various activities that took place during 
the entire lifecycle of 5G ESSENCE project, in order to realize an explicit awareness of the project within an 
extended variety of sectors, including business areas, the academia, end-users and many more. In this 
framework, we have identified all performed communication and dissemination activities and, in 
particular, we have focused on the project website, the presence in social networks, related videos, 
newsletters, press releases, publications in workshops/conferences and journals, leaflets, posters and 
brochures. The 5G ESSENCE has targeted distinct areas of the market sector and has performed multiple 
and successful activities in order to broadly “make its specific context known” to any third party. 
On the other hand, the present work summarises some of the benefits coming from the 5G ESSENCE 
context that have clear and positive impact on various areas, with emphasis given to the societal ones. The 
project promotes a variety of innovative technological features that impact the broader market sector and 
may have -explicitly and/or implicitly- a significant impact to the end-users, thus affecting social 
implications. As the 5G ESSENCE introduces suitable and validated solutions to satisfy a certain number of 
objectives, this can promote the adoption of novel solutions that can offer services of better quality and 
can enhance various related KPIs, in the dawn of the establishment of 5G. In this framework, we also 
discuss 5G ESSENCE’s strategic impact and contribution to the related H2020 Work program as well as 5G 
ESSENCE’s contribution to the improvement of innovation and to the well-identified 5G-PPP KPIs.  
The soundness of 5G ESSENCE solutions and market potential 5G is a fundamental shift and a “key 
enabler” in the future of the digital world, changing the way people innovate, collaborate, and socialize, 
and this shift to 5G introduces novel challenges and approaches.  

 

 
 

5G-PPP Disclaimer:  
This Deliverable has been prepared by the 5G Initiative, via an inter 5G-PPP project collaboration. As such, 
the contents represent the consensus achieved between the contributors to the report and do not claim to 
be the opinion of any specific participant organisation in the 5G-PPP initiative or any individual member 
organisation. 
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1 Introduction  
 

1.1 5G ESSENCE – Main Context 
 
5G networks have been targeted to meet the requirements of a highly mobile and fully connected society. 
The coexistence of human-centric and machine type applications will define very diverse functional and 
performance requirements that 5G networks will have to support. Within the 5G System (5GS), end-to-end 
(E2E) network slicing, service-based architecture, Software-Defined Networking (SDN), and Network 
Functions Virtualisation (NFV) are seen as the fundamental pillars to support the heterogeneous key 
performance indicators (KPIs) of the new use cases in a cost-efficient way. The 5GS gives mobile network 
operators the unique opportunities to offer new services to consumers, enterprises, verticals, and third-
party tenants by addressing their respective requirements. 
 

The 5G ESSENCE (ICT-02-2016, H2020-5GPPP-GA No. 761592) project “addresses the paradigms of Mobile 
Edge Computing (MEC) and Small Cell-as-a-Service (SCaaS) by fuelling the drivers and removing the barriers 
in the Small Cell (SC) market, forecasted to grow at an impressive pace up to 2020 and beyond, and to play 
a “key role” in the 5G ecosystem. 
 

The 5G ESSENCE project provides a highly flexible and scalable platform, which is able to support new 
business models and revenue streams by creating a neutral host market and reducing operational costs by 
providing new opportunities for ownership, deployment, operation and amortisation.  
The 5G ESSENCE project leverages knowledge, SW modules and prototypes from various 5G-PPP Phase-1 
projects

1
, SESAME

2
 (H2020-ICT-2014-2) being particularly relevant. 

 
Among the fundamental objectives of the 5G ESSENCE context are listed as follows: (i) Full specification of 
critical architectural enhancements; definition of the baseline system architecture and interfaces for the 
provisioning of a cloud-integrated multi-tenant SC network and a programmable Radio Resource 
Management (RRM) controller; (ii) development of the centralised software-defined radio access network 
(SD-RAN) controller to program the radio resources usage in a unified way for all Cloud-Enabled Small Cells 
(CESCs); (iii) exploitation of high-performance and efficient virtualisation techniques for better resource 
utilisation, higher throughput and low delay at the network service creation time; development of Network 
Function Virtualisation (NFV) Orchestrator’s (NFVO) enhancements for the distributed service management; 
(iv) demonstration and evaluation of the cloud-integrated multi-tenant SC network, and; (v) conduct of a 
market analysis and establishment of new business models, and finally, maximisation of impact on the 
realisation of the 5G vision

3
.  

 
Figure 1, as appearing below, illustrates the 5G ESSENCE’s main concepts to fulfil the abovementioned 
objectives coming purely from vertical markets. More specifically, the 5G ESSENCE project relies upon the 
CESC concept, which is a multi-operator enabled small cell that integrates a virtualised execution platform, 
and on a two-tier Edge Data Center (DC) able to support the execution of Virtual Network Functions (VNFs).  
The Edge DC is composed of a centralised Main DC and a Light DC resulting from the combination of the 
execution platforms of each CESC.  

 
The 5G ESSENCE project will accommodate a range of Use Cases (UCs), requiring reduced latency, increased 
network resilience and low service creation time. One of its major innovations is the provision of E2E (end-
to-end) network and cloud infrastructure slices over the same physical infrastructure, so that to fulfil 
vertical-specific requirements as well as mobile broadband services.  
 

                                                           

1
  More details can be found at: https://5g-ppp.eu/5g-ppp-phase-1-projects/  

2
  H2020 5G-PPP SESAME (Grant Agreement No.671596) project: Small Cells Coordination for Multi-tenancy and Edge 

Services. For more details, see: http://www.sesame-h2020-5g-ppp.eu/.  Also see: https://5g-ppp.eu/sesame/  
3
  European Parliament Think Tank (2016, January): 5G network technology: Putting Europe at the leading edge.  

 Available at: http://www.europarl.europa.eu/thinktank/en/document.html?reference=EPRS_BRI(2016)573892  

https://5g-ppp.eu/5g-ppp-phase-1-projects/
http://www.sesame-h2020-5g-ppp.eu/
https://5g-ppp.eu/sesame/
http://www.europarl.europa.eu/thinktank/en/document.html?reference=EPRS_BRI(2016)573892
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Building upon these foundations, very ambitious objectives are targeted, culminating with the prototyping 
and demonstration of the 5G ESSENCE system in three real-life use cases associated to vertical industries, as 
seen in Figure 1.  
These are: (i) Edge network acceleration in a crowded event; (ii) Mission Critical (MC) applications for public 
safety (PS) communications providers, and; (iii) in-flight entertainment and connectivity (IFEC) 
communications. 
 

 
 

Figure 1: 5G ESSENCE - Main Concepts and Targeted Verticals. 
 
At the network’s edge, each Cloud-Enabled Small Cell

4
 (CESC) is able to host one -or more- service VNFs, 

directly applying to the users of a specific operator that has accessed the related platform. The CESCS are 
devices that include both the processing power platform and the small cell unit. They can be deployed at 
low- and medium-scale venues and scan support multiple network operators (i.e., they promote the so 
called as “multitenancy” feature). Furthermore, CESCs can support network services and applications at the 
edge of the network. 
 
The Light Data Centre (DC) can be used for implementing different functional splits of the SCs as well as for 
supporting the mobile edge applications of the involved end-users. At the same time, 5G ESSENCE proposes 
the development of SC management functions as VNFs, which run in the Main Data Centre and coordinate a 
fixed pool of shared radio resources, instead of considering that each small cell station has its own set of 
resources. These VNFs can be instantiated inside the Main DC and be parts of a Service Function Chaining 
(SFC) procedure. 
 
The CESC Manager (CESCM) is responsible for coordinating and supervising the use, the performance and 
the delivery of both radio resources and services. It controls the interactions between the infrastructure 
(i.e.: CESCs and Edge DC) and the network operators.  
In addition, it handles related Service Level Agreements (SLAs). As of the proposed architectural approach, 
the CESCM also encompasses telemetry and analytics as fundamental tools for efficiently managing the 
overall network. The Virtualised Infrastructure Manager (VIM) is responsible for controlling the NFV 

                                                           

4
  Regarding the specific role of the Cloud-Enabled Small Cell (CESC) in the 5G ESSENCE framework also see the 

discussion provided in the framework of the 5G ESSENCE Deliverable D2.2: “Overall System Architecture and 
Specifications”, February 2018. Accessible at: http://www.5g-essence-h2020.eu/Deliverables.aspx 

http://www.5g-essence-h2020.eu/Deliverables.aspx
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(Network Function Virtualisation) Infrastructure (NFVI), which includes the computing, storage and network 
resources of the Edge DC. 
 
It should be mentioned that 5G ESSENCE does not only propose the development and adaptation of the 
multitenant CESC platform, the virtualisation infrastructure and the centralisation of the software-defined 
(SD) radio resource management described above; it also addresses several aspects that affect performance 
in 5G virtualised environments such as virtual switching, VNF migration and Machine Learning (ML) 
algorithms, which allow orchestrating diverse types of lightweight virtual resources. 
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1.2 5G and Small Cell Market Status 
 

Soundness of the 5G ESSENCE solutions and market potential 5G is a fundamental shift and a “key enabler” 
in the future of the digital world, changing the way people innovate, collaborate, and socialise. 
Simultaneously, this shift to 5G also introduces and/or implicates for novel challenges and approaches. The 
introduction of 5G technologies in economic and societal procedures of everyday life is a “key” asset that 
supports transformation of the vertical industries and focuses upon the development of cloud 
infrastructure and the concomitant development of mobile broadband digital access networks. 
 
This rising demand for high data volume and bandwidth-greedy applications will certainly introduce new 
(and occasionally more complex) requirements in the existing infrastructure. The services market offered by 
the network edge is estimated to grow up to €7.1 Billion by 2021, at a compound annual growth rate of 
32,6%

5
. The advent of the Internet of Things (IoT) and the predictive and real-time (RT) intelligence on 

network devices act as a “catalyst” to the growing adoption of edge cloud solutions and services. To 
respond, the next generation (NG) of communication and services includes virtualised applications that run 
much closer to mobile users ensuring network flexibility, economy and scalability.  
The delivery of services from an edge cloud represents a new synergistic business model between network 
service providers or edge cloud providers and enterprises

6
. For the edge cloud provider it represents an 

opportunity to nearly double the revenues associated with the new services, while for an Information 
Communication Technology (ICT) services enterprise it shows a potential opportunity to add a new revenue 
stream to its portfolio by using and delivering over the top services. 
 
The small cell market, which is at the core of the 5G ESSENCE project, is exhibiting a very substantial growth 
in the last years and will continue to grow to the point that, the value of Long Term Evolution (LTE) small 
cells will represent more than 85% of the small cell equipment market

7
. A recent market status report

8
 from 

the Small Cell Forum
9
 (SCF), indicated that up to 13,3 million small cells were shipped up to the end of 2015, 

and that during 2015, the urban small cell shipments grew 280%.  
A respective analysis

10
 forecasts that the global small cell networks market will grow up to €3,6 billion by 

2020 at a Compound Annual Growth Rate (CAGR) of 29,80%. Similar forecasts
11

 have predicted for even 
higher revenues, reaching €6,2 billion by 2020. It is also worth emphasising that more than 90% of this total 
revenue will be associated to small cells in non-residential areas, like it is the case of the small cells 
considered in the 5G ESSENCE examined scenarios. 
 
The 5G ESSENCE realises a two-tier cloud architecture enabling the provision of dynamically repurposed 
virtual network infrastructures with tailored computing and flexible networking capabilities. This will greatly 
benefit the Mobile Network Operators (MNOs) and Over-the-Top (OTT) players to deploy and offer cutting-
edge services to specific customers, with increased cost savings (e.g., energy efficiency thanks to the Edge 
DC design and the portability of functionalities closer to the mobile network edges) and allowing optimal 
reuse of the deployed virtual infrastructures. 
 
At the same time, in order to promote greater network capacity, scalability and reduced latency, ultra-
dense networks with numerous small cells have been proposed. They require advanced interference 

                                                           

5
  “Edge Analytics Market by Component (Solutions and Services), Analytics Type, Business Application (Marketing, 

Sales, Operations, Finance, and Human Resources), Deployment, Vertical, and Region – Global Forecast to 2021”, 
published by MarketsandMarkets, 2016. 

6
  An estimate of the potential revenue associated with providing these edge cloud hosted services can be found, for 

example, in: M. Weldon, “The Future X Network: A Bell Labs Perspective”, CRC Press, 2016. 
7
  Also see, for example: K. Hill, “6 predictions for the small cell market”, February 2016.  

Available at: http://www.rcrwireless.com/20160227/featured/6-predictions-for-the-small-cell-market-tag6-tag99 
8
  Small Cell Forum (SCF): “Small cell deployments. Market status report”, February 2016. 

9
  The Small Cell Forum (SCF) is an international association whose members support small cell deployment, removal 

of commercial and technical barriers, work with regulators and municipalities, partnership with enterprises and 
forge of new business cases. For more details also see:  https://www.smallcellforum.org/ 

10
  “Small Cell Network Market worth 3.92 Billion USD by 2020”. Available at: 

 http://www.marketsandmarkets.com/PressReleases/small-cell.asp 
11

  See: Small Cell Forum (SCF): “Small cell deployments. Market status report”, February 2016. 

http://www.rcrwireless.com/20160227/featured/6-predictions-for-the-small-cell-market-tag6-tag99
https://www.smallcellforum.org/
http://www.marketsandmarkets.com/PressReleases/small-cell.asp
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mitigation and advanced automation of management and operations, all at the edge of the network. In this 
context, the Small Cell as-a-Service (SCaaS) approach (enabled also through multi-tenancy and the network 
slicing model propose in the scope of the 5G ESSENCE approach) will be substantially more efficient in 
highly dense scenarios than solutions based on independent deployments on a per-operator basis, thus 
bringing significant cost reductions. A study by Nokia

12
 investigated how many small cells would be needed 

to deliver the same Quality of Experience (QoE) by using the neutral host model compared to each of three 
operators deploying its own small cell network. The results showed that deploying a small cell network 
provided a substantial boost of up to 35% in the “baseline” QoE measured in terms of the number of 
subscribers receiving 1,8 Mbps downlink throughput. Even more, only 25 shared sites were needed in the 
neutral host deployment compared to 57 sites required if the operators used the “go-it-alone” method. 
That represents a 56% saving in the number of sites, leading to a significant reduction of costs. In similar 
terms, a relevant study by Ericsson

13
 analysed the benefits of a wholesale model in which operations and 

assets are shared among multiple players through a third party. The financial benefits of this model were 
quantified to be around 40% in terms of asset savings and up to 31% in terms of cash-flow improvements. 
Based on the aforementioned references, we clearly observe that the 5G ESSENCE solutions based on the 
neutral host model for facilitating the sharing of infrastructure among many tenants can lead to an 
important impact in terms of cost savings for network operators. 
 
In a recent interesting study promoted by the SCF

14
, it is identified that resource management is one of the 

fundamental approaches to kick-start the multi-operator model. In particular, the resource management 
model of the small cells should enable greater operator's control over his resources, evolving this approach 
towards full network slicing in virtualised environments, so that the different tenants can access their own 
resources. In this respect, it is expected that the new enhanced operation achieved thanks to the cSD-RAN 
controller of the 5G ESSENCE will become fundamental, so impacting towards a wider adoption of the 
multi-operator model. 
 
Under all perspectives mentioned above, the core challenge in the 5G ESSENCE’s scope develops an 
ecosystem to sustain network infrastructure openness, built on the pillars of network virtualisation, mobile-
edge computing capabilities and cognitive network management. A further challenge addressed in the 5G 
ESSENCE framework is that it dramatically decreases network management operating expenses (OPEX) 
through automation, whilst increasing user perceived QoE and security. 
 
 
  

                                                           

12
  See, inter-alia: “Small cell deployments: you don’t have to learn the hard way Study for Small Cells deployment”. 

Available at: http://resources.alcatel-lucent.com/asset/200248. 
13

  Ericsson, “Wholesale Network Sharing”, White Paper, May 2012.   
Available at: https://www.ericsson.com/en/news/2014/11/white-paper-wholesale-network-sharing--evolving-the-
model 

14
  Small Cell Forum (SCF) 017.06.01: “Market drivers for multi-operator small cells”, January 2016. 

http://resources.alcatel-lucent.com/asset/200248


Embedded Network Services for 5G Experiences (5G ESSENCE)    

Grant Agreement No.761592  30.11.2019 

 

 
Deliverable D1.5 (“Report on Awareness and Wider Social Implications”)  19/84 
 

End User-1

5G ESSENCE

SP-1

SP-2

EPC

Data 
Centre

EPC

Data 
Centre

End User-2

Internet
cSD RAN

VNFs

NFV M&O

Main DC
CESC

Small Cell Light DC

Edge DC

Data 
Centre

Data 
Centre

End User-1

End User-2

CESC

From…

Small Cell Light DC SP-1

SP-2

EPC

Data 
Centre

EPC

Data 
Centre

Internet

2 5G ESSENCE’s Fundamental Features  
 

2.1 5G ESSENCE Architectural Approach 
 

As the telecom ecosystem moves towards the 5G era, important performance factors such as end-to-end 
latency critically depend on whether the mobile edge and the target applications reside in an edge cloud 
located close to the user or not. While the air-interface latency can be minimised independently of the 
service latency, having the application or service functions close to the user is also necessary to reduce the 
end-to-end round trip time and also the overall service creation time, which again argues for the placement 
of these functions in a common edge cloud. 
 
As shown in Figure 2, the virtualisation of the small cells, as envisaged within the scope of 5G ESSENCE, 
“opens the door” for the inclusion of enhanced mobile-edge computing capabilities that allow acceleration 
of content, services and applications, increasing responsiveness from the edge of the network. The 5G 
ESSENCE two-tier cloud resides very close to the users and performs a series of processing-intensive tasks 
that can neither be achieved with the traditional network infrastructure, nor with the “light” processing 
power introduced by SESAME which targets to virtualise mainly small cell related software. In this respect, 
the 5G ESSENCE supports an enriched mobile users’ experience, minimising service deployment time and, 
at the same time, it enables network operators and infrastructure owners to open the radio network edge 
to third-party partners allowing them to rapidly deploy innovative applications and services. 
 

 

Figure 2: 5G ESSENCE Impact on Service Deployment. 
 
In the 5G ESSENCE’s approach, the Small Cell concept is evolved as not only to provide multi-operator radio 
access, but also to achieve an increase in the capacity and the performance of current RAN infrastructures, 
and to extend the range of the provided services while maintaining its agility. To achieve these ambitious 
goals, the 5G ESSENCE project leverages the paradigms of RAN scheduling and additionally provides an 
enhanced, edge-based, virtualised execution environment attached to the small cell, taking advantage and 
reinforcing the concepts of MEC and network slicing. 
 

Network slicing enables network operators and communications service providers (CSPs) to realise, operate 
and manage different logical networks (slices) on top of the same physical infrastructure, while providing a 
diverse set of network/service level differentiation

15
. While network slices can span both the RAN and the 

core network for an E2E solution, several granular levels of slicing can be identified and considered in the 

                                                           

15
  See: M. Richart, J. Baliosian, J. Serrat, et al. (2016, September): “Resource Slicing in Virtual Wireless Networks: A 

Survey”, IEEE Transactions on Network and Service Management, 13(3), pp. 462-476. 
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5G scenario. Among these, flow-level slicing is the most granular level as achievable with FlowVisor
16

, 
considering security, QoS, and isolation related issues, within the network architecture. Besides, an end-
user data packet flow can be associated precisely with a network slice, or a set of slices, supported within 
the same network infrastructure. To this end, several solutions have been explored based on SDN concepts 
for slicing strategies

17
, their management and prioritisation

18
, and effects on RAN and core network

19
. 

Several other forms of network slicing can be considered at higher abstractions and in different network 
segments. Among these is spectrum slicing, which facilitates the dynamic allocation of radio resources 
under the control of a cloud-enabled controller for RRM. Within the SDN/NFV paradigm, active 
infrastructure level slicing becomes more coherent and logical as networks operate as logical flows on the 
same underlying infrastructure. The prime concern in this context is network/service isolation and QoS 
guarantees which are being actively investigated

20
.  

To this aim, the 5G ESSENCE provides an holistic E2E infrastructure that includes all radio aspects of the 
network and, at the same time, it offers edge processing power on-demand and per-tenant. In this 
approach, network abstraction and virtualisation do serve as “key enabling technologies” for delivering 
consistent network isolation fitting in the two-tier cloud concept in terms of scalability and reliability. Thus, 
5G actors are be able to operate virtual networks on top of the physical infrastructures, with virtual 
resource isolation and virtual network performance guaranties, enabling the delivery of the network as-a-
Service (Naas) and providing the flexibility needed to provision network resources. Also, they are allowed to 
tailor network slices as required for the particular use cases of the targeted vertical industries. 
 
The architecture provided so far by the SESAME 

21
project has acted as a “solid reference point” for the 

actual case of the 5G ESSENCE project. It combines the current 3GPP framework for network management 
in RAN sharing scenarios

22
 and the ETSI NFV framework

23
 for managing virtualised network functions

24
. The 

CESC offers virtualised computing, storage and radio resources and the CESC cluster is considered as a cloud 
from the upper layers. This cloud can also be “‘sliced” to enable multi-tenancy. The execution platform is 
used to support VNFs that implement the different features of the Small Cells as well as to support for the 
mobile edge applications of the end-users. 
 

The 5G ESSENCE project realizes a two-tier cloud architecture that enables the provision of dynamically 
repurposed virtual network infrastructures with tailored computing and flexible networking capabilities. 
Following the 5G ESSENCE approach, the Small Cell concept is evolved as not only to provide multi-operator 
radio access, but also to achieve an increase in the capacity and the performance of current RAN 
infrastructures, and to extend the range of the provided services while maintaining its agility.  
 
The CESC provides the computing, storage and radio resources at the edge, while the CESC cluster is the 
cloud platform. This cloud platform can also be “sliced” to enable multi-tenancy, and it is used to support 

                                                           

16
  See: R. Sherwood, G. Gibb, et. al. (2009): Flow Visor: A Network Virtualization Layer, Technical Report (pp.1-15). 

Available at http://OpenFlowSwitch.org/downloads/technicalreports/openflow-tr-2009-1-flowvisor.pdf  
17

  See, for example: K. Samdanis, X. Costa-Pérez, V. Sciancalepore (2016, July): “From network sharing to multi-
tenancy: The 5G network slice broker”, IEEE Communications Magazine, 54(7), pp.32-39. 

18
  See, for example: M. Jiang, M. Condoluci and T. Mahmoodi (2016): “Network slicing management & prioritization in 

5G mobile systems”. In Proceedings of the 22
nd

 European Wireless Conference 2016, Oulu, Finland, May 18-20, 
2016. 

19
  I. da Silva, G. Mildh, A. Kaloxylos, et al. (2016): “Impact of network slicing on 5G Radio Access Networks”. In 

Proceedings of the European Conference on Networks and Communications 2016 (EuCNC-2016), Athens, Greece, 
June 27-30, 2016. 

20
  See, for example, the context proposed in: H. Moraes, M.A.M. Vieira, et al.(2016): “Efficient virtual network isolation 

in multi-tenant data centers on commodity Ethernet switches”, IFIP Networking Conference (IFIP Networking) and 
Workshops 2016, Vienna, Austria, May 17-19, 2016. 

21
  SESAME (“Small cEllS coordinAtion for Multitenancy and Edge services”) 5G-PPP Project, Grant Agreement 

No.671596. For more details, also see: http://www.sesame-h2020-5g-ppp.eu/. 
22

  See, for example:  3GPP TS 23.251 v13.1.0: “Network Sharing; Architecture and functional description (Release 13)”, 

March 2015. 
23

  See: “NFV Management and Orchestration - An Overview, GS NFV-MAN 001 V1.1.1”, European Telecommunications 
Standards Institute (ETSI), 2014. 

24
  See, for example: https://www.etsi.org/committee/nfv 

http://openflowswitch.org/downloads/technicalreports/openflow-tr-2009-1-flowvisor.pdf
http://www.sesame-h2020-5g-ppp.eu/
https://www.etsi.org/committee/nfv
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Virtualised Network Function (VNFs) that implement the different features of the small cells as well as to 
support the mobile edge applications delivered to the end-users. 
 
The 5G ESSENCE project targets the development and demonstration of an innovative architecture, capable 
of providing Small Cell coverage to multiple operators “as-a-Service”, enriched with a two-tier architecture: 
a first distributed tier for providing low latency services and a second centralized tier for providing high 
processing power for compute-intensive applications. To that end, 5G ESSENCE envisages to virtualize and 
to partition Small Cell capacity while, at the same time, it aims to support enhanced edge cloud services by 
enriching the network infrastructure with an edge cloud. In particular, the 5G ESSENCE framework 
combines the MEC and NFV concepts with Small Cell virtualization in 5G networks and enhances them for 
supporting multi-tenancy and for increasing the network capacity and the available computational 
resources at the edge. 
 
The technical approach of 5G ESSENCE project is presented in Figure 3, where the working architecture is 
illustrated with specific emphasis upon the functional elements and interfaces

25
. The 5G ESSENCE system is 

equipped with a two-tier virtualised execution environment, materialised in the form of the Edge DC, which 
allows also the provision of MEC capabilities to the mobile operators for enhancing the user experience and 
the agility in the service delivery. 
  

 The first tier, that is the Light DC hosted inside the CESCs, is used to support the execution of VNFs 
for carrying out the virtualisation of the Small Cell access. In this regard, network functions 
supporting traffic interception, GTP encapsulation/ decapsulation and some distributed RRM/SON 
functionalities are expected to be executed therein. VNFs that require low processing power such 
as, for example, a Deep Packet Inspection (DPI), a Machine-to-Machine (M2M) Gateway and so on, 
could also be hosted here. The connection between the Small Cell Physical Network Functions 
(PNFs) and the Small Cell VNFs can be realised through, for example, the network Functional 
Application Platform Interface (nFAPI). 
 

 The second cloud tier, that is the Main DC, hosts more computation intensive tasks and processes 
that need to be centralised in order to have a global view of the underlying infrastructure. This 
encompasses the cSD-RAN controller which will be delivered as a VNF running in the Main DC and 
makes control plane decisions for all the radio elements in the geographical area of the CESC 
cluster, including the centralised Radio Resource Management (cRRM) over the entire CESC cluster. 

 
This encompasses the cSD-RAN controller which will be delivered as a VNF running in the Main DC and 
makes control plane decisions for all the radio elements in the geographical area of the CESC cluster, 
including the centralised Radio Resource Management (cRRM) over the entire CESC cluster. As the 
geographic area of the cell cluster is at the edge of the 5G network, main and light DCs can be logically 
grouped together to form an edge DC. The legacy DC can be distinguished from the edge DC, being at the 
core of the cellular network. 
 

                                                           

25
  For more details also see 5G ESSENCE Deliverable D2.2: “Overall System Architecture and Specifications”, February 

2018. Available at: http://www.5g-essence-h2020.eu/Deliverables.aspx 

http://www.5g-essence-h2020.eu/Deliverables.aspx
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Figure 3: 5G ESSENCE System Architecture. 
 
The 5G ESSENCE architecture allows multiple network operators (tenants) to provide services to their users 
through a set of CESCs deployed, owned and managed by a third party (i.e., the CESC provider). In this way, 
operators can extend the capacity of their own 5G RAN in areas where the deployment of their own 
infrastructure could be expensive and/or inefficient, as it would be the case of, for example, highly dense 
areas where massive numbers of Small Cells would be needed to provide the expected services. 
 
In our scope, a CESC consists of a Multi-RAT 5G small cell with its standard backhaul interface, standard 
management connection (TR069 interface for remote management

26
) and with necessary modifications to 

the data model (TR196 data model
27

) to allow Multi-Operator Core Network (MOCN) radio resource 
sharing. The CESC will be composed by a physical small cell unit attached to an execution platform based on 
one of x86

28
, ARMv8

29
, MIPS64

30
 architectures, to be decided later during the project. Edge cloud 

computing and networking are realised through the sharing of computation, storage and network resources 
of those micro-servers present in each CESC and form the Light DC for implementing different 
features/capabilities of the Small Cells. Therefore, the CESCs become a neutral host for network operators 
or virtual network operators that want to share IT and network resources at the edge of the mobile 
network. 
The CESC is meant to accommodate multiple operators (tenants) by design, offering Platform as-a-Service 
(PaaS), capable of providing the deployed physical infrastructure among multiple network operators. 
Different VNFs can be hosted in the CESC environment for different tenants. This also provides the support 
for mobile edge computing applications deployed for each tenant that, operating very near to the end 
users, may significantly reduce the service delivery time and deliver composite services in an automated 
manner. Moreover, the CESC is the termination point of the GTP-User Plane (GTP-U) tunneling which 

                                                           

26
  TR-069, “CPE WAN Management Protocol (CWMP)”, Broadband Forum. 

27
  TR-196v2, “Femto Access Point Service Data Model”, Broadband Forum. 

28
  The x86 is a family of backward compatible instruction set architectures based on the Intel 8086 CPU and its Intel 

8088 variant. More related information can be found, for example, at: https://en.wikipedia.org/wiki/X86. 
29

  For more details also see, inter-alia: https://developer.arm.com/docs/100026/latest/programmers-model/armv8-r-
architecture-concepts. 

30
  For more details, also see:  https://www.mips.com/products/architectures/mips64/. 

https://en.wikipedia.org/wiki/X86
https://developer.arm.com/docs/100026/latest/programmers-model/armv8-r-architecture-concepts
https://developer.arm.com/docs/100026/latest/programmers-model/armv8-r-architecture-concepts
https://www.mips.com/products/architectures/mips64/
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encapsulates user IP packets from the core network entities (e.g., the Evolved Packet Core (EPC) Serving 
Gateway (SGW) in LTE) destined to the User Equipment (UE) and vice versa. ` 
 
The CESC exposes different views of the network resources: per-tenant small cell view, and physical small 
cell substrate, which is managed by the network operator, decoupling the management of the virtual small 
cells from the platform itself. In the CESC, rather than providing multiple S1 (or Iu-h interface) connections

31
 

from the physical small cell to different operators’ EPC network elements such as Mobility Management 
Entity (MME) and SGW, such fan-out is done at the Light DC. The CESC is further the termination of multiple 
S1 interfaces connecting the CESC to multiple MME/SGW entities as in S1-Flex. The interconnection of many 
CESCs forms a “cluster” which can facilitate access to a broader geographical area with one or more 
operators (even virtual ones), extending the range of their provided services, while maintaining the 
required agility to be able to provide these extensions on demand. 
 
The original 5G ESSENCE architecture has further been extended via the inclusion of Telemetry and 
Analytics modules, as discussed in the context of the related deliverable D2.3

32
. 

 
The 5G ESSENCE system presents a high degree of dynamicity, due to the constantly changing behaviour of 
services and workloads to be supported by the radio and cloud infrastructure. From this perspective, a 
proper monitoring system able to adapt to the different supported scenarios is required. The data collected 
by the monitoring system is used for visualization purposes (for human consumption) and it is also provided 
to a set of analytics techniques capable of extracting insights from the data and, via feedback loop, enabling 
the realization of efficient resource allocation across the infrastructure, through the orchestration system. 
These are the functionalities provided from the 5G ESSENCE CESC Manager (CESCM). 
 
The Orchestration module includes the Service Orchestrator (SO) and the Resource Orchestrator (RO) as 
part of Open Source MANO

33
 (MANagement and Orchestration), in charge of configuring in one go, both 

the compute resources and the network resources, and the Virtual Infrastructure Manager (VIM) in 
combination with OpenStack

34
, taking care of the computing resources, and OpenDaylight

35
, taking care of 

flows, connections and communication between VNFs (and maybe other resources). 
 
 
  

                                                           

31
  Also see, among others: http://4g5gworld.com/ltefaq/what-are-lte-interfaces 

32
  5G ESSENCE Deliverable D2.3: “Alignment with 5G-PPP Phase-1 Technologies and Final Architecture”, November  

2018. 
33

  Open Source MANO: https://osm.etsi.org/. 
34

  OpenStack: https://www.openstack.org/. 
35

  OpenDayLight: https://www.opendaylight.org/. 

http://4g5gworld.com/ltefaq/what-are-lte-interfaces
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2.2 5G ESSENCE – Use Case 1 
 

The 5G ESSENCE demonstrates a combined 5G-based video production and video distribution towards 

delivering benefits to both media producers and mobile operators, who will be able to offer enriched event 

experience to their subscribers. The production/distribution of locally generated content through the 5G 

ESSENCE platform, coupled with value-added services and rich user context, enables secure, high-quality 

and resilient transmission in real-time, thus ensuring minimal latency. The final demonstration of the 

respective UC1 took place at the Egaleo Municipal Football Stadium “Stavros Mavrothalasitis” with capacity 

of about 8,000 spectators, in October 2019. 

 

In the context of the 5G ESSENCE infrastructure sharing support, each network operator will be in the 

position to optimise its network usage, thus resulting in lower OPEX. Additionally, network operators will be 

able to rapidly deploy new services to deliver directly to users a higher Quality of Experience (QoE) and to 

offer “Content as-a-Service”, increased bandwidth and storage solutions to content providers and venue 

owners. The content providers will also benefit from reduced latency and improved user QoE by positioning 

content at the mobile edge and, in addition, they can offer augmented services by leveraging the network 

information. Finally, the involved stadium owner will obtain additional benefits by leveraging the deployed 

5G ESSENCE infrastructure and its functionalities, by capitalising live contents to spectators from many 

cameras, statistics, etc. 

 

The developed scenario provides the logic for distributing the live video feeds received from the local 
production room to local spectators in a highly efficient manner. The Municipal Football Stadium “Stavros 
Mavrothalassitis” (provided by the Municipality of Egaleo (MoE) partner of the 5G ESSENCE project) is 
covered with a cluster of multitenant, eMBMS-enabled as CESCs (Cloud Enabled Small Cells) and, together 
with the CESCM (CESC Manager) and the Main DC, they can potentially be connected to the core networks 
of multiple telecom operators.  
 

The Egaleo Stadium was covered with a cluster of eMBMS- (evolved Multimedia Broadcast Multicast 

Services-) enabled CESCs and, together with the Main Data Centre (DC) of the original 5G ESSENCE 

architecture, it was able to be connected to the Core Networks (CNs) of multiple telecom operators. In this 

Use Case, the video content from cameras is sent for processing locally at the Edge (similar to the proposed 

use case by ETSI MEC [1-8]). Then the video streams are broadcasted locally, by using the 3GPP eMBMS 

functionality. Spectators are able to dynamically select among different offered broadcast streams. In this 

scenario as well as in similar “big event” scenarios, massive data traffic do not affect nor overload the 

backhaul connection as it is produced, processed and consumed just locally (i.e.: the case of a 5G MEC 

scenario, aligned to the 5G 3GPP specifications [9-16]). 

 
The video content from cameras is sent for processing locally at the Edge DC (similar to the proposed use 
case by ETSI MEC

36
). Then the video streams are broadcasted locally using the CESCs and spectators are 

able to dynamically select between different streams offered. In this and in similar massive event scenarios, 
the data traffic does not impact the backhaul connection since it is produced, processed and consumed 
locally (Figure 4). 

                                                           

36
  Multi-access Edge Computing (MEC) offers application developers and content providers cloud-computing 

capabilities and an IT service environment at the edge of the network. This environment is characterized by ultra-
low latency and high bandwidth as well as real-time access to radio network information that can be leveraged by 
applications. MEC provides a new ecosystem and value chain. Operators can open their Radio Access Network 
(RAN) edge to authorized third-parties, allowing them to flexibly and rapidly deploy innovative applications and 
services towards mobile subscribers, enterprises and vertical segments.  
The Multi-access Edge Computing initiative is an Industry Specification Group (ISG) within ETSI. The purpose of the 
ISG is to create a standardized, open environment which will allow the efficient and seamless integration of 
applications from vendors, service providers, and third-parties across multi-vendor Multi-access Edge Computing 
platforms. For more details also see, among others: http://www.etsi.org/technologies-clusters/technologies/multi-
access-edge-computing  

http://www.etsi.org/technologies-clusters/technologies/multi-access-edge-computing
http://www.etsi.org/technologies-clusters/technologies/multi-access-edge-computing
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Figure 4: 5G Edge Acceleration at a Stadium. 
 
To provide a comprehensive overview of the 5G ESSENCE UC1, which is meant to relieve the current 
demand of the civil aviation market, it is worth highlighting the business roles that can be envisaged: 
  
The actors involved in this scenario are listed below

37
: 

 
 Small Cell Network Operator (SCNO): Owner of the infrastructure deployed in the stadium.  
 
 Virtual Small Cell Network Operator (VSCNO): Users of the infrastructure available in the stadium to 

provide services to the end-users. 
 
 End-Users: Users of the networking services. 
 
 Mobile Operators (MOs): Network operators responsible for bringing the network and 

communication services to the stadium. 
 
 Service Providers (SPs): Companies providing some of the Virtual Network Functions to the SCNO.  

 
Examples of “key” service providers for this use case are as follows: 
 
o Football/sport society. 

 
o Live event organizer. 

 
o Municipality. 

 
o Video/content provider. 

 

                                                           

37
  About the actors and their roles in the 5G ESSENCE project, also see the more generalised discussion provided in the 

framework of the 5G ESSENCE Deliverable D2.1 (“System Use Cases and Requirements”). Also see the discussion 
provided in the 5G ESSENCE Deliverable D5.1 (“Planning of Demonstration and Network Services for Use Case 1”). 
Both these two deliverables are available at the projects website, at: http://www.5g-essence-
h2020.eu/Portals/0/5G%20ESSENCE_%20Deliverable%202.1_v1.0_Final.pdf?ver=2018-10-04-143227-963  

http://www.5g-essence-h2020.eu/Portals/0/5G%20ESSENCE_%20Deliverable%202.1_v1.0_Final.pdf?ver=2018-10-04-143227-963
http://www.5g-essence-h2020.eu/Portals/0/5G%20ESSENCE_%20Deliverable%202.1_v1.0_Final.pdf?ver=2018-10-04-143227-963
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 Spectrum Owner: In the licensed spectrum case, it is the stadium which leases the spectrum from an 
operator or a mobile operator that offers a service. 

 
 

2.2.1 UC1 - Key Performance Indicators (KPIs) 
 
The Key Performance Indicators used in the 5G ESSENCE scope vary, depending on the service evaluated in 
order to better understand and illustrate the behaviour of each specific part.  
 
The demonstration of this use case contributes to validating some of the requirements that were listed in 
the Deliverable D2.1 [17]. Specifically, Table 1 below enumerates the list of requirements that can be 
“addressed” by this UC1, organized according to the categories that were identified. 
 

Table 1: 5G ESSENCE Requirements for Use Case 1. 
 

Category Requirement Description Notes 

General 
Reliability / 
resilience 

The 5G ESSENCE system 
will be able to always 
provide the requested 

services. 

The deployment of edge service instance 
allows maintaining the operability when the 
backhaul connection is damaged.   
In addition, deployable systems will be 
dynamically integrated to the small cell 
cluster as a new CESC.   
This deployable system will extend radio 
coverage. The connection with the small 
cell cluster will be made through wireless 
backhaul technology. 

Resource 
Management 

Elasticity 

Elasticity in cloud resource 
management is an 

important functional 
requirement for the edge 

cloud to “balance” the 
service demands and 

management requirements 
against the level of 

resources defined by either 
the SLAs or real-time 
service requirements. 

This elasticity can manifest in the form of 
increasing or decreasing the number of 
involved VNFs (scale up, scale down), their 
placement in the cloud, allocated resources 
to VNFs, priorities, etc. 
Furthermore, the CESCM will implement 
elastic schemes for resource allocation 
purposes. 

Resource 
Management 

QoS guarantees 

Radio Resource 
Management (RRM) 

functions shall be able to 
provide the required QoS 
guarantees for a service. 

This requirement enables that each service 
receives its required level of QoS. 

Network 
slicing and 
service 
provision 

New service 
provision 

The 5G ESSENCE system 
will be able to provide new 

services, as well as to 
extend the existing ones by 

enriching them with new 
features. 

For example, providing multimedia services 
including replays and dynamic video 
adaptation leverages on the high rate 
capacity offered by the local network 
solution. 

Network 
slicing and 
service 
provision 

Local service 
provision 

The 5G ESSENCE system 
will be able to provide 

services locally, within the 
Main DC. 

The deployment of edge service instance 
allows maintaining the operability when the 
backhaul connection is damaged. 
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VNF and SFC VNF placement 
The 5G ESSENCE will 

enable the control of VNF 
placement decisions. 

The SDN controller acquires information on 
traffic flows and can feed it back to the VIM 
to influence VNF placement decisions. 

VNF and SFC 
VNF 
configuration 

The 5G ESSENCE will 
enable the configuration of 

individual VNFs. 
VNFs must be administrated via the SDN. 

VNF and SFC SFC support 
The 5G ESSENCE system 

will support Service 
Function Chaining (SFC). 

When configuring VNFs, the SDN controller 
must be able to setup SFC networks. 

VNF and SFC 
VNFs 
interconnection 
with SFC 

The 5G ESSENCE will offer 
interfaces to administrate 

the interconnection 
between VNFs with SFC. 

In order to be able to administrate 
interconnection between VNFs, the VIM 
shall provide ways to configure SFC. 

 
 

2.2.2 UC1 - Technical Enablers and Functionalities 
 
This section intends to present the mapping between the testbed architecture for assessing the 5G ESSENCE 
UC1 based on the testbed components presented in previous sub-sections and the corresponding general 
architecture of 5G ESSENCE, as specifically presented in the Deliverable D2.2 [18]. This architecture is 
shown in Figure 5 and consists of the following main elements:  
 

(i) The CESC, composed by a small cell physical network function attached to an execution 
platform (i.e. micro-server) able to run VNFs corresponding to either small cell functionality or 
specific service-level functions.  
 

(ii) The Edge Data Centre (DC) that is a two-tier virtualised execution environment composed by 
the Light DC (which results from the aggregation of the micro-servers of each CESC) and the 
Main DC (which is centralised and can host more computation intensive tasks).  
 

(iii) The CESC Manager (CESCM), which includes the components of the ETSI NFV MANO 
framework

38
, that is the NFVO and Virtual Network Function Manager (VNFM) for carrying out 

the lifecycle management of network services and VNFs, the Element Management System 
(EMS) / Network Management System (NMS) for carrying out the management of the 
deployed CESCs in terms of Fault, Configuration, Accounting, Performance, Security (FCAPS

39
) 

operations, and a telemetry and analytics module that collects and analyses relevant 
indicators of the network operation.  
 

(iv) The Virtualised Infrastructure Manager (VIM) that manages, monitors and optimizes the 
operation of the NFVI (NFV Infrastructure) resources.        

 
The support of eMBMS in this use case relies on several functionalities hosted at different components of 
the 5G ESSENCE architecture. At the CESC side, the small cells should incorporate the functionality 
associated to the Multi-Cell /Multicast Coordination Entity (MCE) that manages the allocation of resources 
for eMBMS transmissions. In turn, the Main DC hosts the rest of components of the eMBMS architecture in 
the form of a VNF that includes the BMSC, the MBMS GW and the MME. The video content to be delivered 
to the eMBMS-capable UEs will be produced by the Edge Video Orchestrator - Master Orchestrator (EVO-
MO) that will also run as a VNF in the Main DC. In the selected stadium use case, the EVO-MO does not 
perform CPU intensive tasks (such as transcoding for external video sinks) and, thus, a simple DC will have 
enough capacity. At the same time, this choice ensures that the video content is confined within the area 
covered by the small cell.  

                                                           

38
  For more related information also see, inter-alia: https://www.etsi.org/technologies/nfv  

39
  See, for example: https://en.wikipedia.org/wiki/FCAPS  

https://www.etsi.org/technologies/nfv
https://en.wikipedia.org/wiki/FCAPS
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The Main DC also incorporates a virtual EPC
40

 (Evolved Packet Core) function that allows the video 
upstreaming and offloading the traffic locally in the stadium, where the CESCs have been deployed without 
the need to have access to the national backbone of the operator.  
 
At the CESCM side, Figure 3 illustrates the EMS/NMS, which is in charge of configuring the parameters of 
the small cells, and the NFVO/VNFM components, in charge of, for example, instantiating and terminating 
the abovementioned VNFs. 
 
Figure 5, below, illustrates the interrelationships between the different components of the architecture for 
demonstrating the delivery of eMBMS data to the UEs. The demonstration assumes that the eMBMS 
content can be originated either from fixed cameras or from mobile cameras hosted at different UEs. In 
both cases the images captured by the cameras are delivered to the EVO-MO in upstream via the vEPC for 
processing it. For that purpose, mobile cameras will have access to the CESCs as other UEs and will transmit 
information through the radio interface by means of a data radio bearer. At the main DC, this data will be 
received by the local vEPC who will deliver it to the EVO-MO.   
 
Based on the data received from the cameras, the EVO-MO will produce the content to be distributed to 
the UEs. As seen in Figure 5, this content is injected to the BMSC inside the eMBMS VNF and then it is 
passed to the MBMS GW who delivers it to the involved small cells. 
 

 
 

Figure 5: UC1 - Demonstration Architecture. 
  

                                                           

40
  The EPC is the latest evolution of the 3GPP core network architecture. More informative details can also be found, 

among others, at: https://www.3gpp.org/technologies/keywords-acronyms/100-the-evolved-packet-core  
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2.2.3 UC1 - Testbed Description 
 
The local video production and distribution through eMBMS is ultimately performed in the Egaleo Stadium. 
However, the integrations, development and testing along the 5G ESSENCE project have been performed 
across testbeds made available by selected partners and connected among each other.  
 
The cloud testbed that is used for the duration of the 5G ESSENCE, to enable this use case, consists of three 
different site deployments; the interconnected sites are located approximately 10-15 kilometers apart and 
their interconnection is based on microwave links. All three sites use a common base infrastructure, but 
each one has different features (also see Figure 6). 
   

 
 

Figure 6: Map of the three Testbed Sites. 
 
The campus of NCSR “Demokritos” (NCSRD), in north-east Athens, is a 150-acre area combining indoor and 
outdoor environments, covered by five software-driven 5G wireless nodes and supported by an optical 
backbone. In particular, the experimental setup at the campus of NCSR “Demokritos” comprises of five 
main parts such as follows:  

 
 the core network;  

 
 the backhaul network;  

 
 the access network;  

 
 mobile terminals connecting to the access network, and;  

 
 distributed cloud deployments with computing, storage and networking resources.  

 
The infrastructure provided by NCSRD consists of a macro-cell located at a high mast, covering a wider area, 
within the campus and three small cells that serve focused coverage areas. Both the macro-cell and small 
cells are purely software-defined (SD), in the sense that: (i) They are driven by fully reconfigurable and open 
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SDR equipment, and; (ii) they also feature edge computing equipment (“Light Data Centres”) for hosting 
virtual appliances. All radio access points are connected to a core facility (currently based on LTE EPC) 
through dedicated fibre links.  
 
The testbed also features micro-servers integrated in each macro/small cell, according to the Cloud-Enabled 
Small Cell concept. These micro-servers create a distributed Network Function Virtualisation Infrastructure 
(NFVI) based on OpenStack

41
 and OpenDaylight

42
.  

In this manner, CESCs are both edge computing-capable and multitenant, enabling a small cell 
infrastructure to be shared among multiple tenants. Edge services deployed in the CESCs include several 
VNFs (vDPI, Security Appliance, Network Monitoring) as well as of virtualized appliances (Transcoder, Video 
analysis for object recognition).  
The core functions (EPC) are also located on site. The EPCs from different vendors have been tested. The 
eNodeBs (Small Cells and Macro-Cell) are connected to the EPC over different types of backhaul links (fiber, 
RF, copper). User Equipments (UEs) of various types have been tested (mobile phones by various vendors, 
laptops equipped with appropriate dongles, software-defined UEs based on SDN platforms). All types of UEs 
have embedded USIMs, appropriate for authentication to the EPC. 
 
The testbed also hosts a core Cloud/SDN experimental platform for the experimentation needs of the 5G 
ESSENCE project. The NCSRD testbed also features SDN-enabled network devices that support OpenFlow 
protocol

43
, as well as legacy devices including firewalling and routing equipment. Finally, the NCSRD site 

connects to the Internet via GRNET
44

, using a dedicated hardware firewall whose rules are fully 
customizable. 
 
The OTE Building (OTE Academy), to the north of the Maroussi-Athens city is a multi-functional complex, 
combining various indoor and outdoor usage scenarios. The testbed includes an OpenStack-based cloud 
infrastructure, while being interconnected to OTE’s Labs, providing thus additional capabilities for testing 
new technologies either for PoC or for field trials.  
 
The OTE testbed includes, among others, eight Nokia 4G/4G+/Wi-Fi small cells, a flexible End-to-End (E2E) 
IoT platform, as well as a broadband connection over GRNET, serving as backhaul link. 
 
The Egaleo Stadium, in western area of Athens, is an actual “field” testbed, supporting a wide variety of 
real-life scenarios, ranging from massive MTC to flash crowd events. The Egaleo Municipal Stadium “Stavros 
Mavrothalassitis” is a football ground located in Egaleo, in the west of Athens. The stadium was built in 
1966 and totally renovated in 2006. The stadium belongs to the Municipality of Egaleo and its capacity is 
8.217 (seated) spectators. The stadium is used by the football team of Egaleo (Egaleo FC). In addition to the 
football matches, the stadium is used for various events, such as music concerts. In general, the stadium is a 
modern one and has all the appropriate facilities and infrastructures. The established telecoms and IT 
infrastructure aims at showcasing the value of 5G in big sports and/or cultural events. 
 
The access part of the infrastructure is based on three low-power cells, covering the entire stadium, 
integrated with local virtualisation-capable IT resources, thus forming suitable CESCs. The capability of these 
CESCs to be multi-tenant and to host edge services does enable a new business model, under which the 
CESC infrastructure is owned by the stadium operator (rather than by MNOs) who, in turn, leases slices to 
MNOs, MVNOs and enterprise users.  
The stadium is connected to the main site of the testbed (NCSR “Demokritos”) where the core functions are 
expected to reside, with a backhaul point-to-point microwave link. A Virtual Private Network (VPN) over the 
Internet also exists, as a fallback solution. 
  

                                                           

41
  For more details see OpenStack (OS) website: https://www.openstack.org/ 

42
  For more details see OpenDaylight (ODL) website: https://www.opendaylight.org/ 

43
   For relevant information about the OpenFlow protocol see, for example: https://en.wikipedia.org/wiki/OpenFlow 

44
  For more details see information included in the original GRNET Website: https://grnet.gr/ 

https://www.openstack.org/
https://www.opendaylight.org/
https://en.wikipedia.org/wiki/OpenFlow
https://grnet.gr/
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2.2.4 UC1 - Pilot Description 
 
The selected facility is covered with a cluster of multitenant, eMBMS-enabled CESCs and, together with the 
CESCM and the Main DC, can be connected to the core networks of multiple telecom operators. The video 
content from cameras is sent for processing locally at the Edge DC. The video streams are broadcasted 
locally by using the CESCs. Spectators are able to dynamically select between different offered broadcast 
streams. The main infrastructure needed for this demo is depicted in the following figure (Figure 7). 
 

 
 

Figure 7: Main Infrastructure for the Stadium Use Case Demo. 
 
Following to the successful integration and testing of the UC1 infrastructure, the 5G ESSENCE has been able 
to deploy the following network services enabling UC1:  
 

 Multicast Video Delivery in Multi/Single View. 
Here the intended objectives have been to assure that:  
- the multicast video is delivered to the small cell and UEs, by receiving related multicast 

streams; 
- multicast video is delivered to UEs and can be watched in Multi/Single View; in this case the 

aim has been to confirm that users can watch videos delivered by multicast in single view and 
multi-view with the quality known from unicast transmission; 

- the small cell provides sufficient capacity to all available multicast videos; 
- stable delivery of multicast to UEs is feasible; in particular, no significant performance 

degradation observed during evaluation period; 
- the multicast delivery effectively covers all areas of interest in the stadium; 
- audio/video synchronization is achieved for multicast delivery. 

 

 UE View Switching during the Video Delivery. 
In this service the intended objective has been to assure that quality of experience is preserved 
when switching from multi-view to single view and vice versa; in fact, relevant switching times 
have been small and do not affect user experience significantly. 

 

 Video Delivery with Handover. 
In the context of this service the intended objectives have been to assure that:  
- seamless handover for multicast video transmission takes place; in fact, no video degradation 

observed when moving from one cell to another;  
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- seamless multicast video transmission for mobile encoder is feasible; in particular, no 
difference in unicast and multicast delivery observed when the video source moves from cell to 
cell. 

 

 Unicast vs. Multicast Video Delivery. 
In this service case, the intended objectives have been to:  
- demonstrate the reduction in resource usage when using multicast delivery; in fact, significant 

reductions in resource usage (radio, backhaul) have been performed when using multicast 
instead of unicast. 

- compare transmission delay in unicast and multicast video delivery; here results have 
demonstrated that the transmission delay for multicast delivery is very slightly higher 
compared to unicast transmission (due to the longer chain of entities crossed) but not affecting 
the user experience. 

 
Two successful demos already took place in the stadium. The first demo took place in July 2019, during 
Egaleo team’s training. The second one took place in October 2019, where two football teams had a typical 
90-minutes match. The event was broadcasted via the 360

o
 camera to the eMBMS-enabled end-devices of 

the viewers. Apart from the 5G ESSENCE partners, many external viewers also attended this event, including 
two members of the Greek Parliament, the Mayor of Egaleo with two his predecessors, as well as the 
Deputy Minister of Digital Governance. 
 
The following figures depict several photos taken during the two aforementioned events. 
 

 
 

Figure 8: The Pilot Demo at Egaleo Stadium (July 2019). 
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Figure 9: The Pilot Demo at Egaleo Stadium (October 2019). 
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2.3 5G ESSENCE – Use Case 2 
 
During emergency events, both natural and man-made, the commercial telecommunication networks may 
be impacted and not be able to offer services. For this reason, there is also a Public Safety (PS) 
communication network, which is used in parallel to commercial ones. Due to the need of ubiquity, this 
network is wireless, but dedicated frequencies and robustness are paid with small bandwidth and high costs 
of terminals and equipment. First responders and PS operators express the need to exchange data, images 
and video, not only voice. Therefore, the trend is to use both commercial and PS networks to exchange 
information [19]. The 3GPP has started since 2006, in particular with Releases 12, 13 and 14, to include 
functionalities related to mission-critical applications as public safety in the mobile networks standards [20].  
 
With its capabilities able to “meet” the requirements for massive number of connected devices (mMTC), 
ultra-reliable and low-latency communications (uRLLC) and enhanced mobile broadband (eMBB), 5G is 
presenting itself as the ideal candidate for a mission-critical and PS solution. Mobile edge computing (MEC), 
Software-defined networking (SDN), network function virtualization (NFV), network slicing, cloud computing 
and seamless integration of different radio technologies [21] will furthermore empower 5G to use the 
common infrastructure for the commercial users to create safety networks within them ([20, [22). 
 
The 5G ESSENCE project aims at supporting the requirement of the PS sector (i.e. which requires prioritized 
and high-quality services), by providing a highly flexible and scalable platform. This platform will be based 
on edge computing, Small Cells (SCs) and on the implementation of End-to-End (E2E) slicing, elastic 
resource allocation, operability of the service in emergency situations and high service Quality of Experience 
(QoE). In the proposed solution, Virtualised Network Functions (VNFs) are deployed and chained with the 
needed connectivity performance in the edge computing platform, to support partially computing intensive 
and delay constrained applications. 
 
 

2.3.1 Legacy PS Solutions vs. State-of-the-Art 
 

Current solutions for mission-critical applications include narrowband communication systems, such as 
terrestrial trunked radio (TETRA) and Tetrapol (TETRA for police) in Europe, and Project 25 (P25) in North 
America [23]. These traditional PS communication services provide advanced security features and 
functionalities, but cannot support the high data rates required for the increase of data traffic and the 
overall multimedia content transmission when it comes to mission-critical applications. As the benefits of 
integrating mission-critical communications towards commercial mobile broadband standards have been 
assessed and accepted by multiple authorities, the Long Term Evolution-Advanced (LTE-A) mobile radio 
technology has become a reference technology and has been regarded as a possible technology for the next 
step of the evolution of the dedicated public safety systems [19]. These 4

th
 generation (4G)  mobile 

communications networks support several enabling technologies for critical communications, including 
device-to-device (D2D) communications [24], group communications [25], direct mode communications 
(also referred to as proximity services, ProSe), mission-critical push-to-talk, video and data (MCPTT, 
MCVideo, MCData) and end-to-end security. Maintaining these communications in emergency situations 
such as natural disasters or accidents is the main challenge of public safety LTE networks [26]. 
 
Nevertheless, the original dedicated systems for public safety and other mission-critical applications have 
been developed for different purposes and needs from the ones taken into account in the development of 
LTE-A and in other commercial mobile networks. To this end, there is a big challenge in exploiting the 
infrastructure of the broadband commercial systems for providing reliable services for mission-critical 
applications. The commercial networks lack of the high level security and reliability that mission-critical 
applications require and, for this reason, the 3GPP has started “addressing” these requirements as part of 
the LTE evolution, with the first document concerning public safety published in 3GPP Release 11 [27]. 
 
A common technology for both commercial and dedicated public safety networks could offer many 
advantages and opportunities to both worlds. Sharing the network resources will reduce costs and 
deployment time, while maintaining a single infrastructure supporting commercial and mission-critical 
communications. The native support of (edge) cloud computing, SDN and NFV towards the concepts of 
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network softwarization and slicing promote 5G as the ideal proponent in order to fully and flexibly address 
the needs of PS applications.  
 
Some examples on how 5G networks can be exploited to realize mission-critical PS services are presented in 
[20] and [22]. The 5G ESSENCE project offers orchestration and Cloud Enabled Small Cell (CESC) 
infrastructure sharing, which is a new approach that has never been done before. The contribution in [22] 
focuses on the benefits of MEC-based architecture for mission-critical push-to-talk (MCPTT) services, by 
proposing a hierarchical distributed MCPTT architecture that allocates the user plane (UP) at the edge, 
while keeping the control plane (CP) centralized for synchronization and assistance purposes. The work in 
[20] studies and implements the use of commercial technologies for mission-critical services for two 
important use cases: (i) First priority communication use case where authors apply dynamic QoS 
management to prioritize the MCPTT application by using policy and charging rules function (PCRF) in the 
core network, and; (ii) rapidly deployable network use case, where a distributed LTE network is 
implemented for the scenarios in which the legacy commercial network might be unavailable. However, 5G 
with enhanced capabilities can better support PS applications, as described next.  
 
 

2.3.2 UC2 - Description 
 
The 5G ESSENCE project aims at significantly contributing to the achievement of the requirement of the 
Public Safety sector by providing a highly flexible and scalable platform, based on edge cloud computing 
and small cells. Therefore, instead of owning a dedicated infrastructure to provide PS services, which entails 
high costs of buying, installing and maintaining infrastructure elements, PS operators have already started 
moving their business to a Mobile Virtual Network Operator (MVNO) paradigm. This will manage the 
allocation of resources to the critical actors who require prioritized and high-quality services. Therefore, 5G 
ESSENCE PS use case has special requirement reflected in the implementation of E2E slicing, elastic 
resource allocation, operability of the service in emergency situations and high service QoE.  
 
5G ESSENCE’s common orchestration of radio, network and cloud resources is expected to fully “meet” the 
requirements of the PS sector. The objectives to properly support a PS application are the followings [28]:  

 

 The priority access of first responders to the 5G ESSENCE enabled platform and, more generally, to a 
virtualised communication infrastructure. 

 

 The dimensioning and elastic resource allocation to first responders of radio, network and cloud 
resources in case of emergency. 

 

 The integration of first responders’ deployable communications systems (macro base-stations, multi-
RAT devices) to the 5G ESSENCE platform. 

 

 The hosting of Mission Critical applications and virtualised EPC (Enhanced Packet Core) to Edge DC for 
extremely low latency.  
 

 
The 5G ESSENCE scope focuses on two MC services: MC Push-To-Talk (MCPTT), and MC messaging and 
localization services. The process of those services are as follows: 
 

1. 5G ESSENCE’s platform owner provides the required network slices to different tenants. 
 

2. Allocation of data rates is made by the cSD-RAN controller in accordance with the cloud resources 
already allocated in the Edge DC by the VIM. In case of emergency, the CESC will add new resources 
taking into consideration the request, close-to-zero delay and maintaining the connection even if the 
backhaul is damaged. Moreover, 5G ESSENCE cSD-RAN controller will enforce the priority access of 
first responders by extending the slices to the radio part, thus creating the end-to-end slices that 
isolate those responders from other parties' communications. 
 



Embedded Network Services for 5G Experiences (5G ESSENCE)    

Grant Agreement No.761592  30.11.2019 

 

 
Deliverable D1.5 (“Report on Awareness and Wider Social Implications”)  36/84 
 

3. In case that ICT infrastructure is damaged, the service operability is guaranteed by deploying the 
control plane at the edge. Therefore, when the backhaul connection is damaged, a new CESC is 
displayed to mitigate the damage in the macro base stations. 
 

Figure 10 illustrates the different components involved in the service of MCPTT. Eventually, an IP Multimedia 
Subsystem (IMS) can be implemented as a centralized subsystem attached to the EPC of each operator. 
Moreover, the MCPTT server can be brought near to the user to achieve a distributed and scalable approach. 
As for the localisation and messaging service, the proposed solution called as FeedSync (FS), is based on a 
publish subscribe modular solution that works on top of the 5G ESSENCE, leveraging the flexibility of 5G 
architecture.  
More interestingly, the virtualised approach enables on the fly deployment of new resources close to the 
users. 
 

 
 

Figure 10: Components involved in a MCPTT service for PS deployment. 
 
As for the localisation and messaging service, the proposed solution, called as FeedSync, is based on 
innovative publish subscribe modular solution that operates on top of the 5G ESSENCE leveraging the 
flexibility of 5G architecture.  
 
More interestingly, our virtualised approach enables on-the-fly deployment of new resources close to the 
users as envisaged by the 5G ESSENCE approach. What is more, instantiated resources can be “tailored” to 
the capacity of the hosting hardware in the sense that light versions of our application are favored when it 
comes to instantiating services in small cells and light DC, as highlighted in Figure 11, below.  
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Figure 11: Mapping the 5G ESSENCE Architecture to a PS Deployment for Messaging and Localisation. 
 
 
 

2.3.3 UC2 - Key Performance Indicators 
 

The Key Performance Indicators used in the 5G ESSENCE scope vary, depending on the service evaluated in 
order to better understand and illustrate the behaviour of each specific part.  
 
The KPIs required by this use case are detailed below [17]: 
 

 MCPTT Access time (KPI 1) is defined as the time between when an MCPTT User request to speak 
(normally by pressing the MCPTT control on the MCPTT UE) and when this user gets a signal to 
start speaking. This time does not include confirmations from receiving users.  
 

 The End-to-end MCPTT Access time (KPI 2) is defined as the time between when an MCPTT User 
requests to speak (normally by pressing the MCPTT control on the MCPTT UE) and when this user 
gets a signal to start speaking, including MCPTT call establishment (if applicable) and possibly 
acknowledgement from first receiving user before voice can be transmitted.  
 

 The Mouth-to-ear latency (KPI 3) is the time between an utterance by the transmitting user, and 
the playback of the utterance at the receiving user's speaker. 
 

 The Late call entry time (KPI 4) is the time to enter an ongoing MCPTT Group call measured from 
the time that a user decides to monitor such an MCPTT Group Call, to the time when the MCPTT 
UE’s speaker starts to play the audio.  
 



Embedded Network Services for 5G Experiences (5G ESSENCE)    

Grant Agreement No.761592  30.11.2019 

 

 
Deliverable D1.5 (“Report on Awareness and Wider Social Implications”)  38/84 
 

 System response time (KPI 5) defined as the time required to distribute a chat message to all 
members of group.  
 

 Number of delivery failure (KPI 6) denotes the number of messages that were not delivered after 
the delivery deadline. Indeed, after the expiry of this deadline messages become obsolete and are 
simply discarded. 

 
 

2.3.4 UC2 - Technical Enablers and Functionalities 
 

This section intends to present the components and functionalities that support the realization of an MC 
application for PS as in UC2. Actually, those are the enablers provided by the 5G ESSENCE solution 
“addressing” such a type of applications. The enablers composed the general architecture described in 
Deliverable D2.2 [18].  
 
This architecture consists of the following main elements:  
 

(i) The CESC, composed by a small cell physical network function attached to an execution 
platform (i.e. micro-server) able to run VNFs corresponding to either small cell functionality or 
specific service-level functions. Those include both radio specific operations, as advanced 
scheduling algorithms, and network functions in a virtualized form. Data and metric collection 
for analysis and optimization purposes is provided as well. 
 

(ii) A programmable radio resource management controller to achieve high flexibility in using the 
available radio spectrum and related features in a multi-RAT environment. 
 

(iii) A centralized software-defined radio access network (cSD-RAN) controller to program the 
radio resources usage in a unified way for all CESCs, also in a multi-RAT environment. 
 

(iv) The Edge Data Centre that is a two-tier virtualised execution environment composed by the 
Light DC (which results from the aggregation of the micro-servers of each CESC) and the Main 
DC (which is centralised and can host more computation intensive tasks). 
 

(v) The CESC Manager (CESCM), which includes the components of the ETSI NFV MANO 
framework , that is the NFVO and Virtual Network Function Manager (VNFM) for carrying out 
the lifecycle management of network services and VNFs, the Element Management System 
(EMS) / Network Management System (NMS) for carrying out the management of the 
deployed CESCs in terms of Fault, Configuration, Accounting, Performance, Security (FCAPS) 
operations, and a telemetry and analytics module that collects and analyses relevant 
indicators of the network operation. 
 

(vi) The Virtual Composition Framework (i.e., a set of tools) for supporting virtual function 
composition, communication and management, including scaling, as well as bridging with 
additional elements as defined in the previous listed item. 
 

(vii) The higher level orchestrator’s enhanced for the distributed service management in a multi-
tier architecture. 
 

(viii) The Virtualised Infrastructure Manager (VIM) that manages, monitors and optimizes the 
operation of the NFVI (NFV Infrastructure) resources. 

 
From Release 11 onwards, the 3GPP is considering the requirements of Mission-Critical (MC) 
communications as a central topic to address the key requirements of the next generation broadband 
Public Safety (PS) networks. Clearly, there is a trend towards different forms of network sharing models as 
opposed to building out dedicated legacy PS networks. In order to efficiently and flexibly support the 
demanding set of requirements of the Public Safety vertical, the 5G ESSENCE project proposes a Software 
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Defined Radio Access Network (SD-RAN) architectural framework that leverages NFV and SDN to provide a 
complete virtualised ecosystem suitable for the execution of Virtual Network Functions (VNFs).  
 
This way, building 5G-based MC communication services at the Edge DC makes it possible to relieve the 
core network (CN) from the traffic that can be efficiently processed and served closer to the end-user and, 
thus, to reduce the response time which favors the service itself as well. To this aim, the decoupling of the 
control and user planes of the different stacks frees from the enormous fronthaul latency restrictions. 
Additionally, the use of end-to-end network slicing mechanisms will allow sharing the infrastructure among 
other vertical industries or services and customising its capabilities on a per tenant basis. 
 
 

2.3.5 UC2 - Testbed Description 
 
The validation is carried out by implementing a PS use case and running a real-time demonstration on the 
ground. The demonstration of the PS use case cannot be based on a static scenario, since one of its 
objectives to be proven is the elastic allocation of resources attending to different levels of emergency 
conditions detected by the monitoring system. Therefore, a deployment topology in three main stages is 
considered. At the beginning, in a situation under normal circumstances, the system instantiates the network 
slices that correspond to a default service agreement. Here, the first responder only needs a reduced amount 
of access capacity and communication features for its normal operations. Then, triggered by an emergency 
incident, the first responder requires increased capacity in terms of both data rate and edge computing 
resources, in order to serve a higher number of communications and/or PS users.  
 
This situation may involve a deterioration of the service for legacy users, since their network slice must be 
reduced in order to appropriately allocate the higher priority PS service. Finally, the service responds to an 
extreme situation of damaged infrastructure where a coverage extension is needed. In this situation, 
backhaul connectivity is lost, all the resources must be dedicated to the public safety network slice and the 
PS organization may dynamically add new access points to the network to improve connectivity.  
 
The validation scenario is described in Figure 12 that highlights the issued 5G ESSENCE architecture and 
relevant components to support the PS use case implemented within the project [28].  
 

 
 

Figure 12: 5G ESSENCE Architecture Instantiation for the PS Use Case. 
 
Each supported PS service is associated to a different network slice. The first one is the MCPTT service 
corresponding to slice 1 in the above figure (Figure 12). The second one is the chat messaging and 
localisation service corresponding to slice 2. Other slices including for example commercial services are also 
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naturally considered, but are not depicted in the figure, for simplicity purposes. Both PS services rely upon 
different VNFs running at the Edge DC and upon the radio transmission capabilities provided by the small 
cell at the CESCs.  
 
The MCPTT service includes an MCPTT server at the network side, an IMS, a DNS and an HSS. These 
functionalities can run as VNFs in the Main DC as they are common to all the CESCs in a service area. In turn, 
the MCPTT client will be hosted at each UE. Based on this, the creation of network slice 1 involves the 
instantiation of the abovementioned VNFs, done through the NFV MANO entities (NFVO/VNFM/VIM), and 
the instantiation of a RAN slice that provides a certain capacity to support the MCPTT transmissions at the 
radio interface, configured by the RAN slicing management function (a number of descriptors that specify 
the operation of the RRM algorithms. The services and features to support MCPTT are the followings. 
 

 Group calls (with preemption for priority): to start a group call, the caller just selects the target 
group, presses the PTT (Push-to-Talk) button, speaks and the voice message is delivered instantly).  
 

 Private calls (in a one-to-one manner). 
 

 Emergency calls: pre-emptive calls due to an emergency condition. Upon the request of and 
emergency call, on-going calls can be terminated in order to free up resources for a higher priority 
call. 

 
The demonstration of the MCPTT use case must meet the performance requirements of the standard [29] 
that is: 300 ms for the access time, 1000 ms for the end-to-end access time and 3000 ms for the mouth-to-
ear delay. One of the most important performance criteria is the MCPTT access time, which is defined as 
the time between an MCPTT user requests to speak and when this user gets a signal to start speaking. In 
addition to these PS users (i.e. first responders by a PS Institution), the other actors involved in an 
emergency scenario related to MCPTT service are: a legacy Mobile Operator, a PS Operator and the legacy 
users. 
 
The MCPTT-enabled architecture (and correspondingly also the FS solution) involves the following 
elements: MCPTT clients (devices of first responders and personnel at the central station) and server 
(providing connection to clients and control-plane operations), media distribution unit (for media 
transmission on the data-plane), media mixer and the MCPTT user database (for profiling, AA and security). 
 
In detail, there are more options for the virtualization of the MCPTT service architecture. The basic option is 
with all the functional blocks of the service packed in a single VNF. This configuration simplifies the 
connection between blocks, but provides little flexibility for scaling possibilities. While, the ultimate step of 
separation corresponds to the separation of also the data and control planes of the MCPTT service, bringing 
the data plane and needed control plane elements to the edge to reduce the transmission latencies. 
 
As for the Network Slice 2 associated to the messaging service, it involves three types of functions, namely 
the FeedSync (FS) Client of the central station, the FS client at the UEs and the FS server. A FS server is 
assumed to be associated to each CESC deployed during the emergency situation to provide the 
communication with the UEs connected to that CESC and with the central station. Hence, it can be assumed 
to run as a VNF at the Light DC. In turn, the FS client of the central station can run at the Main DC or even at 
the PS operator premises outside the CESC infrastructure. 
 
Applications such as WhatsApp, Telegram and others have motivated the interest of PS operators in these 
modern services. What is more, the one-to-many communication pattern allowed by these application, the 
facility in creating and modifying groups as well as the diversity of content these tool allow (both text and 
multimedia) constitute new features of high interest for mission critical operations. 
Intensively relying on software and web-based highly distributed frameworks, these new applications can 
be easily deployed on top of the 5G ESSENCE architecture (software components as VNFs).  
 
In an operational situation, PS agents need to exchange a set of well-defined information. In addition to the 
communications between deployed rescuers, an interaction with the command centre is also required. The 



Embedded Network Services for 5G Experiences (5G ESSENCE)    

Grant Agreement No.761592  30.11.2019 

 

 
Deliverable D1.5 (“Report on Awareness and Wider Social Implications”)  41/84 
 

exact position of all deployed agents as well as a history track of exchanged messages can help enhance the 
efficiency of the operations. Leveraging the 5G ESSENCE architecture the web application-based FeedSync 
framework as a publish - subscribe content distribution tool is adopted [28]. In addition to classical chat 
services, the implemented use case ensures the set of features summarised below: 
 

 Periodic sharing of the position (GPS coordinates) of the deployed rescuers.  
 

 Direct communications between terminals. 
 

 A diversified content exchange. 
 

 Sharing of a content with multiple participants located in a precise geographic area (e.g., orders to 
participant in a specific location). 
 

 Management service with a centralized server for administration, configuration, and management 
as well as for authentication and authorization. 
 

 Geo-content management with the configuration of areas for geo-targeting and geo-fencing. 
 
The assessment of the implemented use-case covers unit, integration, functional and validation testing. To 
underline that qualification and validation focus not only on verifying the correct functionality, but also on 
the performance of the platform, the overall satisfaction of the end-users and the fulfilment of all related 
functional and non-functional requirements.  
 
 

2.3.6 UC2 - Pilot Description 
 
The final demonstration of this use case took place at the B-APCO event in Newcastle, UK, on the 13

th
-14

th
 

of November 2019. The venue was the Newcastle United Football Club premises at St. James’s Park. In 
order to demonstrate the success of the 5G ESSENCE project to fulfil the PS workers needs for flexibility, it 
has been showed, in the context of a realistic operational end-user scenario, the real-time establishment of 
a 5G ESSENCE platform and the prioritised access to that platform by actors representing first-responders. 
The demonstration storyline follows the activities of first responders in a crowded city to ensure the safety 
of everyone. Two different mission critical services have been considered: Mission Critical Push-To-Talk 
(MCPTT) application and Chat-and-Localization application. The demonstration was able to show three 
different situations, that is: the normal circumstances when there is no emergency; an emergency in the 
specific area, and; an emergency in that area with a damage in the ICT infrastructure.  
 
In the first situation, the 5G ESSENCE platform provides the required network slices (in terms of radio 
frequencies, data rate, cloud resources and QoS) in the area of the CESC cluster. This situation is considered 
as a baseline to deploy the second situation, where an emergency in the area occurs. In this case, the 
CESCM will be able to react to the new service requirements and satisfying the needed requirements of first 
responders in terms of capacity and computation resources, because the PS communications provider may 
require additional service in order to cope with an increased number of first responders or additional types 
of services such as mission-critical video transmissions. In the third case, when the ICT infrastructure is 
damaged during a natural disaster or a terrorist attack, the first action should address the need for radio 
coverage extension. In this stage, a deployable system to mitigate the damage in the infrastructure will be 
used. The deployable system will offer 5G connectivity to the first responders in the field. 
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2.4 5G ESSENCE - Use Case 3 
 

One severe limitation in existing IFEC is the gigabit Ethernet (GbE) network that connects all built-in seat 
screens to the central media server (where the IFE content is made available and displayed to passengers as 
a catalogue of movies, TV series, games, etc.). This can cause “bottleneck” of the system when many 
passengers attempt to request contents available in the central media server.  
One simple way to relieve this bottleneck is to bring part of the IFE content closer to or even in the seat 
screens. In principle, it could be even possible to deploy a new Ethernet network with higher speed in line-
fit aircrafts, but this implies high costs due to new certification processes and installations as well as 
inflexibility in the long term, due to keeping the archaic network architecture.  
 
Another appealing solution is the wireless IFEC, where the passenger accesses the available media content 
through its own PErsonal Device (PED). In this context, the next generation of wireless IFEC can be unveiled 
through a 5G network edge that contains compute, storage and networking capabilities along with the 
management system to deploy Virtualised Network Functions (VNFs).  
The unique architecture of the 5G ESSENCE context, which combines efficiently virtualised and multi-tenant 
small cell (SC) networks with a multi-tier edge cloud infrastructure stands for a clear advancement toward 
the next generation of wireless IFEC. To offer cost-effective, on-board wireless connectivity, leveraging on 
the multi-tenancy feature of 5G ESSENCE will be beneficial.  
 
Particularly, following a neutral host approach for the on-board network shall allow multi-operator 
connectivity services to the passengers, also accounting for variable service offerings and market 
competitiveness. The next generation of wireless IFEC shall also leverage on a multi-radio access technology 
(Multi-RAT) connectivity, mixing licensed and unlicensed spectrum that can be managed through the cSD-
RAN controllers developed by the 5G ESSENCE project.  
 
On this basis, the IFEC use case will experiment video transcoding service, Radio Access Network (RAN) 
slicing, content caching and multicasting. Functions will be virtualized and managed through a network 
orchestrator, while telemetry modules will be used to monitor the integrity of the services and of the 
infrastructure as a whole. 
 
 

2.4.1 In-Flight Entertainment and Connectivity (IFEC) - Generalised Context 
 
The civilian aviation sector has been traditionally niche compared to the mass-market consumer electronics 
with extremely high requirements of reliability, safety and security, which are crucial to Original Equipment 
Manufacturers (OEMs), airlines and the aviation ecosystem.  
For example, the ARINC standard specification series

45
 are those followed by equipment for certifying 

specific parts of the airplane. Although initially ancillary, the entertainment and connectivity system on-
board airplanes started to slowly evolve from rudimentary systems to highly technologically advanced ones.  
 
For instance, it is increasingly more common to find Wi-Fi on-board and wireless Internet access, typically 
established through GEO satellite connectivity. 
 In this regard, it is worth mentioning the recent European wide system called European Aviation Network 
(EAN) [30] that uses 4G Base Stations (BSs) for connecting airplanes in addition to satellite.  
 
More facts about the evolution of the IFEC market can be found in Figure 13, below: 

                                                           

45
  For more details see, for example: https://www.aviation-ia.com/product-categories/arinc  

https://www.aviation-ia.com/product-categories/arinc
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Figure 13: Facts about IFEC ([31-34]). 
 
If only few decades ago the entertainment offer of airlines was limited to few movies, progress in storage 
capabilities and devices with small form factors that are certified for flying turned the airplane into a 
completely controllable playground for entertaining passengers with hundreds of movies, several TV series, 
games and music. Content is typically stored in a central media server that uses highly customized software 
and ruggedized hardware.  
Unfortunately, the existing in-flight network exhibits several bottlenecks: the existing Gigabit Ethernet 
network (defined in ARINC 638 [35]), which connects all the different components of the IFEC system (i.e. 
screens (Cabin Loops in Figure 14), wireless Access Points (APs) and servers); the limited number of APs and 
the satellite link backhaul for connectivity to the ground. 
  

 
 

Figure 14: Simplified A320 In-Cabin Network Layout Example. 
 
Wireless IFEC is clearly an appealing cost-effective solution that can ease the complex cabling problem, 
harnessing airline revenues and customer engagement by making IFE applications accessible directly 
through Personal Electronic Devices and not only through the seat screens. In that case, passengers 
download and install an Application (App) that enables access to the content in the media server through 
Wi-Fi. While the current wireless IFEC is dominated by different Wi-Fi standards and with the increasing 
demand for wireless communications and passengers’ Bring-Your-Own-Devices (BYOD) model

46
, along with 

                                                           

46
  Bring your own device (BYOD)—also called bring your own technology (BYOT), bring your own phone (BYOP), and 

bring your own personal computer (BYOPC)—refers to the policy of permitting employees to bring personally 
owned devices (laptops, tablets, and smart phones) to their workplace, and to use those devices to access 
privileged company information and applications. For more details about these interesting aspects also see, inter-
alia: https://en.wikipedia.org/wiki/Bring_your_own_device  

2017 • IFE was worth $3,768 million while the Cabin Connectivity market was worth $722 million.

2018

• In-Flight Connectivity (IFC) is considered the second most important factor when choosing 

an airline, behind only airline reputation.

• Quality is key: for 62% Respondents no Wi-Fi at all is better than a poor-quality service.

• 53% of Respondents would be willing to give up their In-flight alcoholic drink to get online.
• First successful flight using the European Avionics Network (A2G Connectivity).

2020 • Most new delivered aircrafts will have in-flight connectivity.

2027 • Market Expected Growth: 8,2 % for IFE and 13% for Connectivity.

2019 • 4.59 billion passengers are expected to fly worldwide; 5,7% more than in 2018.

Gigabit Ethernet 100Mbit Ethernet

Media Server #1

Media Server #2

Camera
Crew 
Panel

Access 
Point #1

Cabin 
Loop #1

Cabin 
Loop #2

Access 
Point #3

Access 
Point #2

https://en.wikipedia.org/wiki/Bring_your_own_device


Embedded Network Services for 5G Experiences (5G ESSENCE)    

Grant Agreement No.761592  30.11.2019 

 

 
Deliverable D1.5 (“Report on Awareness and Wider Social Implications”)  44/84 
 

the demand of broadband Internet access (nowadays achieved via GEO satellite backhaul) more focus is laid 
on the design of the on-board infrastructure.  
 
Hence, current IFEC systems on-board aircrafts are currently implemented, integrating wired and wireless 
networks used for delivering different services. The wired network mainly consists on Gigabit Ethernet 
cables connecting one-after-the-other each built-in seat screen to a media server. The wireless network is 
typically based on unlicensed radio access technologies, especially Wi-Fi, and are used to distribute the 
media content to the Personal Devices of the passengers, via an airline app. In some aircrafts, some 
Licensed Radio Access Technologies (i.e.: 2G/3G/4G) have been deployed as well. However, in the 5G era, 
the on-board wireless infrastructure is still mainly used for telephony and basic Internet Access, provided 
the existence of a satellite connection on-board, but without targeting enhanced passengers or crew in-
flight experience. In this context, the next generation of IFEC can be unveiled through a 5G network edge 
that contains compute, storage and networking capabilities alongside with the management system to 
deploy Virtualised Network Functions (VNFs) and Virtualised Network Services (VNSs).   
 

The 5G ESSENCE project proposes -in the framework of Use Case 3- a reference integration solution of a 
service-centric 5G network within an aircraft, for the 5G Era. This novel solution uses a new approach in 
which the GbE network can be almost substituted by a fully integrated and coordinated multi-RAT access 
network, managed by different cSD-RAN controllers deployed in the 5G ESSENCE Edge Cloud for optimally 
managing the available radio resources in both licensed and unlicensed spectrums. Implementing this novel 
strategy, the weight and the maintenance costs of the wires can be greatly diminished, thus minimizing the 
exposure of system as well to potential bottlenecks related to the scenario where multiple passengers 
access the media server simultaneously [36].  
 
Moreover, thanks to the 5G ESSENCE native multi-tenancy, the potential business models and monetization 
possibilities are highly diversified, allowing introducing a new group of actors like IaaS providers, Mobile 
Network Operators (MNOs), Service providers (SPs) and Content Providers (CPs) or the airline itself. Those 
players can deploy several network services over the Mobile Edge Computing (MEC) platform in the Edge 
Cloud through the Network Exposure Function (NEF) of the 5G network by using the slicing features of the 
solution for guaranteeing the desired service isolation, the SLAs promised to the end users and internal 
services. This embarked Multi-Operator Core Network (MOCN) can also potentially deploy mMTC and 
URLLC slices for aircraft sensors and on-board high-end IoTs offering a myriad of new connectivity services 
for both the crew and the passengers with the final goal of enriching and enhancing the in-flight experience.  
 
 

2.4.2 UC3 Description 
 
The 5G ESSENCE UC3 revolves around the Next Generation IFEC (NG-IFEC) system, setting up the ambitious 
goal to include the sector of civil aviation in the 5G ecosystem by means of the 5G ESSENCE system 
architecture (see Figure 15). The unprecedented flexibility offered by 5G technology creates an opportunity 
for the next generation IFEC (interchangeably referred to as the aircraft network) that shall include a variety 
of devices ranging from Personal Electronic Devices to wireless seat screens.  
Hereinafter, a PED will also be referred to as user equipment (UE). The ensemble of the radio technologies 
on-board constitute the network inside the aircraft. 
 
The 5G ESSENCE architecture combines efficiently the virtualised and multi-tenant small cell network with a 
multi-tier edge cloud infrastructure as an essential advance towards the next generation IFEC. The aircraft 
becomes a self-contained 5G network edge wherein computing, storage and networking resources are 
deployed. As already mentioned, the existing network on-board exhibits several bottlenecks.  
 
In that context, the multi-tier edge cloud infrastructure can relieve the current limitations and bring the 
flexibility to add new (network) services, in general. Therefore, the 5G ESSENCE UC3 also leverages on the 
paradigm of Multi-Access Edge Computing

47
 (MEC) to cope with a resource constrained environment, 

                                                           

47
  Multi-access Edge Computing (MEC) offers application developers and content providers cloud-computing 

capabilities and an IT service environment at the edge of the network. This environment is characterized by ultra-
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where virtualised network functions can be orchestrated along with the services selected for this use case 
demonstration. 
 
5G ESSENCE UC3 will enable multi-tenancy in the aircraft network hosting multiple operators and service 
providers by embracing the concept of neutral host. This is the case of a multi-tenant environment, where 
multi-tenancy extends over different mobile operators and the services that they can offer.   
If adopted by airline companies, this approach can foster market competitiveness between mobile 
operators to offer advanced services on-board to a wide range of end-users’ terminals of different types 
and capabilities.   
 
5G ESSENCE UC3 will enable on-board multi-RAT communication, also implicating for aeronautical certified 
Wi-Fi access points and mobile network technology enabled small cells. Regarding small cell technology, this 
5G ESSENCE use case experiments both commercial and open source implementations. Among the possible 
open source options, srsLTE [37] will be deployed over the software defined radio Ettus B210 [38].  
For commercial solutions, this use case will deploy small cells compliant with the latest 3GPP Release 13 
[39] and Release 14 [40]. Regarding 3GPP Release 15, at the time of planning the testbed, it must be noticed 
that the standardization is not yet over and, hence, product availability of this release cannot be forecasted 
precisely. 
  
Regarding the services that intended for demonstration, the 5G ESSENCE UC3 showcases the application of 
video transcoding in an aircraft environment, content caching on-board, multi-RAT management and 
multicast content delivery. In the remainder of this document, the term Cloud Enabled Small Cell (CESC) 
shall denote the small cell device connected to a micro-server.  
 
Similarly, the term CEAP (Cloud Enabled Access Point) shall denote a Wi-Fi Access Point connected to a 
micro-server. Both elements will compose the Light DC infrastructure. 
 

 
 

Figure 15: Next-Generation integrated In-flight Connectivity and Entertainment Systems. 
 
  

                                                                                                                                                                                

low latency and high bandwidth as well as real-time access to radio network information that can be leveraged by 
applications. For further details see, for example: http://www.etsi.org/technologies-clusters/technologies/multi-
access-edge-computing  

http://www.etsi.org/technologies-clusters/technologies/multi-access-edge-computing
http://www.etsi.org/technologies-clusters/technologies/multi-access-edge-computing
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2.4.3 UC3 - Involved Stakeholders 
 

To provide a comprehensive overview of the 5G ESSENCE UC3, which is meant to relieve the current 
demand of the civil aviation market, it is worth highlighting the business roles that can be envisaged in the 
next generation IFEC [17]. 
  

 Infrastructure Provider: This stakeholder is the owner of the infrastructure deployed on the 
aircraft. In the simplest case it can be an airline company but also a mobile network operator 
(MNO) that is interested in providing its services on-board. In case the airline will take over this 
role, it can open the infrastructure to a multi-tenant environment to foster market competition. In 
case a mobile network operator will take this role, exclusive use is foreseen but with the possibility 
to make the infrastructure available to multiple content producers.   
 

 Virtual Small Cell Network Operator (VSCNO):  This stakeholder can be among the tenants of the 
infrastructure available in the aircraft to provide services to the end-users/passengers. 
 

 End-User (EU): User of the networking services provided by the VSCNO and infrastructure provider 
(i.e. passengers). 
 

 Mobile Operator (MO): It is the market actor responsible of bringing the network and 
communication services to the aircraft. Different models can be envisaged. On the one hand, a MO 
could be the owner of the on-board infrastructure, whereas on the other, extreme it could be just 
one of the tenants. Intermediate business models could involve exclusive use of the network on-
board, which belong ultimately to the airline. 
 

 Service Provider (SP): That actor can be among content producers that provide also a complete 
package that include the service VNFs to be deployed in the infrastructure on-board. To broaden 
the definition, the VNFs provided by the infrastructure provider are also in scope. 
 

 Spectrum Owner (SO): This stakeholder allows a further breakdown of roles and mainly applies to 
advanced business models in which licensed spectrum subletting is allowed (e.g. spectrum sharing 
and management). For example, an airline could lease “light” forms of spectrum licensing from a 
terrestrial mobile network operator. Different usage models and payment methods could be 
envisaged. 

 
 

2.4.4 UC3 – Technical Enablers and Functionalities 
 

In the current state-of-the-art (SOTA) of technology solutions for IFEC, the cabin environment is strictly 
regulated by a complex certification process that applies to both hardware and software components that 
are meant to be on-board aircrafts.  
Moreover, common practices are not fully up to date to the much faster pace of technology evolution. 
Anyway, the ZII partner, as a worldwide leading company in the IFEC market, is forecasting a significant 
paradigm change in the next few years. As such, ZII is researching the way to open the cabin environment to 
newer scenarios, a wider portfolio of services and to different wireless technologies as well.  
 
Following the abovementioned spirit, different services and techniques are foreseen as main pillars for 
deployment and demonstration in the 5G ESSENCE Use Case 3. Below a list is available: 
 

 Multi-Operator Core Network (MOCN): In order to extend the current services portfolio, the 
possibility to open the aircraft infrastructure to a variety of stakeholders, thus breaking the 
traditional conservative approach, is appealing. The 3GPP MOCN feature, already known since the 
GSM days, is envisaged a simple yet effective way through opening the infrastructure to the new 
market. There are diverse applications for this feature on-board, such as having different telecom 
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operators on-board, having different content providers (e.g. Netflix
48

 and HBO
49

), offering different 
services depending on the core network provider, etc. As a proof-of-concept (PoC) that exploits 
different in-flight areas, two CNs will be deployed in the IFEC tested: one will be used for passenger 
services, while the other will be focused on crew operations. The passengers’ CN will be used to 
provide on-board services, such as the dynamic flying maps (demonstrated with the video 
transcoding VNF). The crew’s CN will focus on facilitating the flight attendants’ communications 
during the trip. To that aim, VoLTE will be demonstrated. This feature enables the possibility to 
have one-to-one or one-to-many calls between the cabin crew members. Moreover, since it will be 
a dedicated CN for this purpose, isolation to the in-cabin communications will be ensured. 

 

 Caching service: Caching refers to reducing server load by serving and reusing local copies of digital 
material to the clients. It assumes that a limited pool of resources is serving a seemingly unlimited 
number of clients. Reverse proxying is based on the same technical premise, although it assumes 
that a limited number of clients is requesting access to seemingly unlimited servers. In this 
scenario, caching may refer to caching media server content to be served to the passengers of a 
flight, while reverse proxying applies to the passengers browsing the Internet. This functionality is 
deployed as a VNF-based service in 5G ESSENCE UC3. The VNF architecture, specifications and 
usage can be found in [41]. 
 

 Video Transcoding: The Video Transcoding is a relevant service to demonstrate as complements 
the Caching service by means of adapting the video service from a high definition copy of a video 
content stored in the Caching system to adjust the video source to the needs of the different users. 
To guarantee that that this media content is consumable from as many devices as possible in the 
aircraft, the Video Transcoding service adapts and optimizes the source making this online video 
content viewable across platforms and enabling HTTP live streaming and adaptive bitrate delivery, 
optimizing both the transport network load and the access network load. This service is provided 
through a VNF running on the media server and a Mobile App running on PEDs. A transcoding 
engine inside the VNF is in charge of delivering videos with different resolutions to acclimate to 
different end-users’ device types (smartphone and tablets with different size of the display) and 
capabilities. More in detail, one or more high-resolution video streams coming from one -or more- 
external video cameras will be transcoded and transmitted in real time to PEDs. The passengers 
can access the service by downloading the airline Mobile App and consume it through LTE (or Wi-
Fi) radio access. The different formats of transcoded videos will be also stored and streamed 
towards end-users on demand, to share past phases of flight. 

 

 Efficient multicast: Currently, all IFEC components (i.e. built-in screens) are wired, on-after-the-
other, to the media server. This deployment brings kilometres of cabling on-board, which is 
expensive for the airlines in terms of installation and maintenance, since it adds weight to the 
aircraft and contributes to higher maintenance costs because the connectors tend to break. 
Therefore, one of the possibilities for the next generation IFEC is replacing all these Ethernet cables 
by Wi-Fi modules on the screens that connect to the server. Doing so, raises multiple challenges, 
especially because Wi-Fi’s performance decreases dramatically in dense environments such as an 
aircraft cabin. Moreover, there are moments in the flight when there is the need of sending the 
same content simultaneously to different clients (e.g. safety advertisements). That moment can 
become critical when relying on unicast communications, since the network would overload. 
Therefore, multicast is a must when considering the content needs to be distributed to a group of 
passengers but not to all of them (e.g. targeted advertisements). However, again its behaviour is 
not adequate over Wi-Fi. To that purpose, an efficient multicast service will be deployed to ensure 
the proper video transmission to different passengers’ groups while reducing the bandwidth 
utilization during these situations, allowing also the possibility that other services run together and 
smoothly at the same time (for instance, caching). 
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 Network slicing: Network slicing allows creating logical networks customized with precise network 
resources and isolation properties, optimized to fulfil diverse performance requirements and to 
operate independently on a common infrastructure. In particular, the slicing model deployed in 
this scenario leverages on network programmability provided by 5G-EmPOWER [42] and is focused 
on the wireless access segment (i.e., LTE RAN slicing). The goal of providing this service to the 
passengers lies upon providing VIP services to business class passengers by offering them a bigger 
slice of the network for media content consumption. 
 

 Edge Cloud Monitoring (Telemetry), Analytics and Orchestration: One of the main contributions 
of 5G ESSENCE WP4 is the design and implementation of a framework which integrates Telemetry, 
Analytics and Orchestration systems in the CESCM used in the 5G ESSENCE Edge Cloud

50
. The data 

collected by the monitoring system is provided to a set of analytics techniques capable of 
extracting insights from the data and, via feedback loop, enables the realization of efficient 
resource allocation across the infrastructure, through the orchestration system. 
 

 cSD-RAN Controllers: Manager of wireless technologies in licenced/unlicensed spectrum for the 
IFEC use case. In this scenario, three controllers are available: the one developed in the WP3 of 5G 
ESSENCE, 5G-EmPOWER [42] and the Wi-Fi cSD-RAN controller

51
. More specifically, we distinguish 

the following: 
 

o The 5G ESSENCE cSD-RAN Controller implements the main functions of the Edge Cloud 
related to Radio Resource Management in an isolated VNF. It coordinates multiple small 
cells, by providing the resource abstraction of the 4G small cells, jointly managing the 
different RAN resources in real time for delivering an optimized service and enhanced 
quality of experience to the served users.  
 

o The 5G-EmPOWER SD-RAN controller is an open source mobile network operating system 
for SDN/NFV research and experimentation in heterogeneous mobile networks. 5G-
EmPOWER can manage both Wi-Fi access points and LTE small cells. With 5G-EmPOWER it 
is possible to carry out RAN slicing, which can be done by public land mobile network 
(PLMN). 
 

o The Wi-Fi cSD-RAN Controller consists of a VNF making control plane decisions for all the 
CEAPs in the cluster, including centralised Radio Resource Management (cRRM), Self-
Organizing Network (SON) and multi-tenancy RAN slicing features. 

 
 

2.4.5 UC3 - Testbed Description 
 
The certification and qualification procedures for the in-flight equipment are strict, complicated, long and 
expensive. That is the reason the infrastructure (storage, computing and networking) deployed on-board in 
an aircraft can be defined as out fashioned and its evolution is slower than in other market sectors. All 
devices must be designed to comply with specific power supply constraints, ought to be ruggedized and be 
capable of coping with extreme (low and high) temperatures and electric shocks.  
For all these reasons, the equipment on-board is constrained when comparing it to its homologue on the 
ground. Therefore, the infrastructure to be implemented in this use case is going to try to comply with 
these restrictions in order to reproduce an environment as realistic as possible.  
 
Figure 16, as appearing below, illustrates the system architecture to be deployed in the IFEC use case and 
provides mapping to the high level 5G ESSENCE architecture shown in Figure 3 (note that colours in the 
following Figure 16 have been selected to “match” the original architecture depicted in Figure 3).  
All elements depicted in that picture will be part of the aircraft infrastructure.  
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Figure 16: Mapping the IFEC System to the High-Level 5G ESSENCE Architecture. 
 
As shown in Figure 16, the cabin architecture keeps the split between the Light and the Main DC. It is 
acknowledged that the whole aircraft network can be modelled as a self-contained network edge. Future 
products that will be deployed by aircraft manufacturers and airlines target to enable a more resourceful 
media server with increased storage, higher RAM and high-end CPU.  
In parallel, the aeronautical a mix of certified and not certified radio access technologies across the aircraft 
will be endowed with increasingly higher computing power to reduce the stress on the communication 
network on-board (wireless or wired). These considerations allow us to highlight the suitability of the 5G 
ESSENCE system to the next generation IFEC.  
 
Referring to Figure 16, the Light DC is located on the right-hand side of the figure (highlighted with blue 
color) and it is composed of several resource constrained micro-servers, which are connected to small cells 
(creating the CESCs) and to Wi-Fi Access Points (enabling the CEAPs), thus forming a cluster.  
On the left-hand side (highlighted with orange/red colour), the Main DC and the CESC Manager (CESCM) are 
merged into a more powerful server and the aeronautical certified server. The Light and Main DC are 
connected via a programmable switch.  
The core networks are connected through a switch and they run in a separate machine to enable end-to-
end passengers’ connectivity. 
 
 

2.4.6 UC3 - Pilot Description 
 
All the enablers and functionalities previously described are the main pillars of the final demonstration, 
which will be held by the end of November 2019 in Munich.  
The outcome of the third demonstration of 5G ESSENCE will be a video recorded at the ZII’s Airbus A320 
cabin mock-up (please refer to Figure 17) and it will show all the phases of a flight and how the upgrades 
proposed by the project can bring the current IFEC systems to an enhanced level.  
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Figure 17: Airbus A320 Cabin Mock-up at ZII’s Premises. 
 
The focus of the pilot will be on demonstrating the 5G ESSENCE architecture suitability for the next 
generation IFEC. To that purpose, the planned storyline for the demo follows the activities of a real flight. It 
is to say, it begins when a passenger enters the aircraft and go to the assigned seat and finalizes when the 
aircraft has landed at its destination and the passenger gets out of the plane. In between, there are many 
situations that will be handled by the 5G ESSENCE system, such as enabling/disabling the IFEC, multicasting 
the safety advertisements, allowing/forbidding the external camera viewing, watching movies that are not 
stored locally in the seat screen or PED, multicasting targeted advertisements, etc. 
 
The refinement of the final demonstration, deciding how to show the improvements given by the 5G 
ESSENCE architecture and measured through the above mentioned KPIs, will be defined during the features 
development and unit integration phases, since it may happen that not all new software can run 
simultaneously due to the hardware limitations imposed to the testbed to comply as much as possible with 
a realistic situation in an aircraft for civil aviation. 
In any case, the demonstration will be carried out in a realistic aircraft environment, and the outcome will 
produce recommendations and feedback for the adaptation of the testbed to indoor environments with a 
high density of radio terminals (including airplanes, trains, etc.). The most ambitious goal that could be 
achieved with the testbed is to “pave the way” for future aeronautical qualification and certification of the 
respective 5G ESSENCE system components. This could lead to the further exploitation and 
commercialisation of the system beyond the 5G ESSENCE project.  
 
Finally, 5G ESSENCE has already provided intermediate successful demonstrations about the capabilities of 
the Next-generation In-Flight Entertainment and Connectivity, which are available on-line. First, the 
efficient multicast and network slicing features where presented during the first-year review of the project 
in Brussels on September 2018 [43]. Later, the video transcoding service for IFEC scenarios was shown at 
EuCNC 2019

52
 in Valencia, on June 2019 [44]. There are other multiple successes, such as the MOCN 

deployment or the zero-touch-orchestration methodology already available in the UC3 group, which have 
not been individually shown yet in public fares but will be exhibited during the November’s 2019 
demonstration. 
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2.5 5G ESSENCE - Main Objectives 
 

Towards pursuing the project’s goals, the following main measurable objectives have been identified. 
 
Objective 1: To specify the critical architectural enhancements from 5G-PPP Phase-1 that are needed to 
fully enable cloud-integrated multi-tenant small cell networking 
The majority of the technological pieces of the 5G puzzle (especially those related to SDN/NFV) has already 
been available from 5G-PPP Phase-1, as research prototypes or early commercial systems. Towards large-
scale adoption and deployment of 5G technologies expected to occur in 5G-PPP Phase-2, the 5G 
components had to be integrated together and to form a complete solution that will enable the next 
technological revolution. 
The 5G ESSENCE approach has been built mainly upon 5G SESAME project (but also on other relevant 5G-
PPP Phase-1 projects, such as SPEED-5G

53
, COHERENT

54
, SONATA

55
), trying to remove some specific barriers 

for network capacity and processing power scaling. For that reason, at the initial point of the 5G ESSENCE, 
the open architecture of SESAME has been expanded to encompass larger technological and business gains 
by further maturing the principles that have already been identified. 
 
Objective 2: To define the baseline system architecture and interfaces for the provisioning of a cloud-
integrated multi-tenant small cell network and a programmable RRM controller, both customisable on a 
per vertical basis 
The 5G ESSENCE consortium has selected three high-impact use cases to demonstrate. These and the 
technological barriers that have been identified from Phase-1 have driven the definition and specifications 
of 5G ESSENCE architecture and the high level architecture of the subsystems. The novel, two-tier approach 
of the Edge DC, permits the delivery of high-bandwidth, high-performance, and low-latency services, with 
higher accessibility and regardless of users’ location. The Main DC is the natural choice to implement 
smarter RRM strategies for achieving bigger capacity gains. An open architecture and open Application 
Programming Interfaces (APIs) have been adopted in order to make network operators (virtual or not) and 
verticals to “trust” the multi-tenant and multi-tier structure.  
 
Objective 3: To develop the centralised SD-RAN controller that will program the radio resources usage in 
a unified way for all CESCs 
The 5G ESSENCE project targets the capacity benefits of C-RAN without the corresponding enormous 
fronthaul costs. This can be achieved by decoupling the user/data plane and the control plane for the Radio 
Access Network (RAN), in a similar way that this is done in data networks with SDN technology. The idea is 
to exploit further the work done relating to Long Term Evolution (LTE) virtualisation in SESAME, and 
decouple the small cell data and control planes.   
A software-defined centralised control plane for dense radio access networks allows the formation of a 
fixed pool of shared radio resources, instead of considering that each small cell base station has its own set 
of resources. In the 5G ESSENCE framework, the radio resources have been viewed as a three-dimensional 
grid of space, time, and frequency slots; and have been allocated to each CESC through a logically 
centralised radio access control plane. The centralised RRM controller has become able to execute 
Coordinated Multi-Point (CoMP) procedures, as well as to implement power control and Enhanced Inter-
Cell Interference Coordination (ICIC) for small cells. 
The design of this 5G ESSENCE cSD-RAN controller has been a challenging task, since the emphasis has been 
around processing latency (that should be in order of tenths of milliseconds). The addition of the Main DC 
offered by the 5G ESSENCE scope has been ideal for hosting RRM controllers based on spatial segmentation. In 
other words, the Edge DC resources (i.e., the combination of the Main DC and Light DC) need to have the 
ability to deliver extremely low-latency, mission critical RAN management solutions and high performance 
services to users. The 5G ESSENCE cSD-RAN controller directly targets to reduced interference between small 
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Grant Agreement No.671705. For more details also see: https://speed-5g.eu/    
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  COHERENT (“Coordinated control and spectrum management for 5G heterogeneous radio access networks”) project, 
Grant Agreement No.671639. For more details also see: http://www.ict-coherent.eu/  
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cells, which is particularly beneficial for dense deployments. It is anticipated that 5G ESSENCE RRM will double 
the RAN capacity in dense deployments. Further, the RRM controller will support and take into consideration 
multi-RAT deployments. 
 
Objective 4: To exploit high-performance and efficient virtualisation techniques for better resource 
utilisation, higher throughput and less delay at Network Services creation time 
In the 5G ESSENCE CESC platform, the three first and foremost virtualisation requirements are data 
isolation, latency reduction and efficiency. Tenants of the 5G ESSENCE platform need to be properly 
separated from each other so as to ensure that they cannot influence each other. Latency reduction allows 
the fast scaling of resources as required, instead of pre- and over-provisioning, to support the high 
dynamicity of networks of today and the future. This is especially important in the concept of CESC, in which 
the number of stakeholders are expected to be much higher than the present ones. This is also a “key” 
driver in the quest for improved efficiency, since as the number of stakeholders increases, so does the load 
on the infrastructure. 
To fulfil the three critical virtualisation requirements, the 5G ESSENCE explores the advantages of various 
virtualisation techniques (i.e., containers, virtualisation with standard Operating Systems (OSs) and 
unikernels) within the context of high impact use cases. The project has developed tools for the automatic 
creation of unikernels towards deploying high-performance and lightweight Virtual Machines (VMs). These 
will be especially useful in high-throughput, low-latency scenario (e.g., in video streaming, transcoding, etc.) 
Optimisations to existing virtualisation platforms (e.g., Xen, Open Platform for NFV (OPNFV), KVM4NFV 
project

56
) are also expected, especially by removing a lot of unnecessary functionalities for virtualised 

network drivers and portion of the overhead introduced by the default tool-stack and virtualisation 
manager during creation, destruction, and migration of VNFs. Furthermore, the 5G ESSENCE approach 
explores and unlocks the potential of further latency reduction through novel VNF scheduling algorithms 
within the hypervisor. Depending on the number of VNFs that run concurrently, the VNF creation time can 
be reduced up to five times.  
Moreover, within the 5G ESSENCE context, processing data through several VNFs in sequence, each 
executing a well-defined piece of functionality and thus composing complicated functions from small 
building blocks (e.g., Superfluidity’s Reusable Function Block (RFB) concept

57
), is a common scenario. 

Therefore, the requirements for switching VNFs with each other and externally are increased in comparison 
with SESAME. For interconnecting VNFs that are hosted in the same physical machine, virtual switches are 
the prime candidate. This means that the overall performance of the platform is strongly influenced by the 
performance of the virtual switches. Therefore, the project implements advanced switching logic within the 
virtual machine hypervisor or the container manager for increased switching performance. The 5G ESSENCE 
improves the performance of software switches, e.g., using a Data Plane Development Kit (DPDK) enabled 
Open vSwitch (OVS) to support advanced network functionalities, such as Network Service Headers (NSH) 
and the resulting Service Function Chaining (SFC) architecture. The 5G ESSENCE also targets to develop SDN-
enabled virtual switches to support E2E services via virtual network slices. 
 
Objective 5: To develop the orchestrator enhancements for distributed service management 
The 5G ESSENCE focuses upon the orchestration of diverse types of lightweight virtual resources, thus 
enabling efficient VNF placement and live migration. The definition, design and implementation of the 
service orchestration solution is on scope, so as to efficiently manage the network embedded E2E services 
over the available virtualised infrastructure. The envisaged techniques have been developed from the 
understanding of models that capture dependencies between elements of services and scaling functions 
that relate elements to each other and to application-level performance metrics. 
Additionally, dynamic telemetry and monitoring of the available resources and capacity have been 
implemented. Based on this information, novel prediction models (e.g., based on machine learning 
approaches) have been developed and applied in order to decide the most effective resource allocation 
scheme, both on a local (CESC) and on global (orchestration) level. All the above models enable the 
orchestration solution to manage a service “as a whole”, instead of treating each service element 
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  For more details also see: G. Bianchi, E. Biton, et al. (2016, July): “Superfluidity: A Flexible Functional Architecture 
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independently. Moreover, application-level traffic predictions are able to be translated into specific 
virtualised service configurations so that services can meet even stringent SLAs.  
According to the 5G ESSENCE landscape and the technologies to be developed, the Orchestrator focuses on 
balanced service distribution over the two-tier Edge DC. The 5G ESSENCE Orchestrator jointly considers the 
decentralised data centre environment with the operation of cSD-RAN controller for multitenancy.  
 
Objective 6: To demonstrate and evaluate the cloud-integrated multi-tenant small cell network via three 
real-life vertical industries 
The “hard” division between network operators cannot continue to exist, given the expected rise in the 
numbers and the importance of mobile user devices. The 5G ESSENCE context supports new business 
models that naturally introduce coordination among multiple operators, IT providers and OTT players. Thus, 
the project builds upon multitenant and multi-technology small cells (the CESCs) by managing allocation of 
connectivity resources and leveraging the advantages of a host neutral provider.  
Within 5G ESSENCE’s scope, it has been addressed the network slicing based on virtualisation techniques 
that provide the capability to modify the network behaviour by changing functions or reconfiguring 
parameters. Since normally the challenge consists on allocating all radio, network and cloud resources to 
several actors requiring different services with different priorities in space and in time, this has to leverage 
both the software-defined mobile networks and the NFVI edge/core capabilities. The 5G ESSENCE prototype 
platform, configured for the demonstration of each industry-specific (“vertical”) use case, provides services 
to all subscribers from each operator transparently.  
 
Objective 7: To conduct a market analysis and to establish new business models. Detailed techno-
economic analysis and roadmapping towards exploitation and commercialisation by industrial partners is 
also a priority 
Actors in the European telecom scene are at a major turning point: mobile network traffic is rising and 
subscribers’ revenue is declining.  In this context, the 5G ESSENCE project explores the means to deliver its 
achievements to the market, with emphasis in the quantification of benefits, especially in terms of total 
cost of ownership, revenues and profits. This allows the sharing of existing and new infrastructure by many 
operators in a multitenant environment, thus enabling new business models that will help new entrant 
market players to develop and analyse the perspectives of potential “win-win” strategies based on the 
developed solutions. Key actors, revenue streams, and cost/performance drivers of the various RAN 
partitioning options have been identified.  
Most of the 5G ESSENCE’s results are close-to-market, so all industrial partners and Small Medium 
Enterprises (SMEs) involved in the project have a clear and expressed commercial interest to exploit them. 
 
Objective 8: To ensure maximisation of 5G ESSENCE impact to the realisation of the 5G vision by 
establishing close liaison and synergies with 5G-PPP Phase-1 & 2 projects and the Association. To pursue 
extensive dissemination and communication activities, as well to assess the perceived impact from the 
stakeholders and the wider community 
The 5G ESSENCE project focuses upon using all available means to disseminate and communicate the 
achievements, the results and the knowledge acquired. To this end, contributions to standardisation bodies, 
working groups, advisory boards and fora have been planned and realised. Joint dissemination activities in 
the 5G-PPP Program Events have been also provisioned along with coordinated actions leading to a holistic 
approach for 5G-PPP; these have successfully been performed. Scientific excellence has been demonstrated 
by an outstanding number of papers in prestigious international conferences and open access journals (with 
acknowledgment to the 5G ESSENCE), while various media and marketing collateral channels have offered 
communication of high impact and optimal quality.  
 
Following to the above objectives we can also mention that the 5G ESSENCE project is an ambitious one,  
incorporating a practical approach. The project culminates with a pre-commercial prototype platform that 
includes all the proposed modules, namely, CESCs, Edge DC and CESCM functionalities. The prototypes have 
been tested, integrated and demonstrated in real environments as described for each Use Case, separately. 
Thus, there have been three dedicated Proof-of-Concepts (PoCs) to show-case the different features of the 
5G ESSENCE framework, that is: 
- The cSD-RAN controller (key partners: ISW, TCS, i2CAT, UPC, CNET, EHU, CASA). 
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- The high performance virtualisation technologies adapted to suit the specific requirements of the 
cloud-enabled small cell infrastructure (key partners: NECLE, ATOS, ITL, CNET, NCSRD). 
 

- The 5G ESSENCE orchestrator that jointly considers the decentralised data centre environment with 
the operation of cSD RAN controller for multitenancy (key partners: INTEL, NECLE, ATOS, TCS, i2CAT, 
CNET, NCSRD). 
 

- The dynamic telemetry and ML-based resource allocation modules (key partners: INTEL, NECLE, TCS, 
i2CAT). 

 
5G ESSENCE devotes considerable attention to integrate the technical features developed in the project and 
to demonstrate them in the real-life environment. The individual PoCs have been tested and validated at 
different premises offered by the involved partners (e.g., ZII, MoE, BAPCO). As a result, the TRL achieved for 
all the components integrated within the 5G ESSENCE integrated prototype is “7”, (i.e., system prototype 
demonstration in operational environment) according to the TRL classification given in Annex G of H2020 
Work Programme and, therefore, the PoCs developed in 5G ESSENCE have reached a maturity level being well 
in line with 5G-PPP Phase-2

58
.  

  

                                                           

58
  This is considered to be a remarkable progress that a heavily industry-focused consortium as in 5G ESSENCE can offer 

to the 5G community, to allow for early development and prototyping of 5G components, thus fuelling further research 
and innovation development and promotion in 5G-PPP. 
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3 5G ESSENCE’s Awareness Framework 
 
The 5G ESSENCE project, conformant to the contractual obligations of the GA No.761592, has developed 
the communication strategy of the corresponding consortium; in particular, the partners have performed 
communication actions to “promote” the project’s aim and vision to various audiences “as wide as 
possible”, using different channels and with a wide range of initiatives.  
 
The objective of the communication strategy was to foster awareness of 5G ESSENCE through the project 
value chains, under a continuous and dynamic context underling more and more the results obtained 
along the different phases of the project, in particular in the last period through demonstrations, which 
had shown to general public the potentiality of the 5G ESSENCE platform.  
 
Both specialised and more general audiences had been selected, in order to reach technical and “less 
technical” profiles and the consortium had care to choose the correct level of details according to the 
target audience for each dissemination event. 
 

In order to realize awareness of the Project, the related activities have been performed within the 
framework of the dedicated WP8. Key achievements in Tasks 8.1, 8.3 and 8.4 are listed as follows

59
:  

 
 

General public dissemination  
- Creation and maintenance of the 5G ESSENCE website

60
 with dedicated created graphics. Update of 

website contents with all the public project materials and documents and with the final 
results. 

 

- Active presence on the social networks (above all in Twitter and YouTube, but also in Facebook 
and LinkedIn). 

 

- Creation of Four (-4-) published Newsletters, both in project’s website as well as in 5G-
PPP’s website. 

 
- Dissemination during 4 demonstration pilot events (2 in Egaleo Athens; 1 in Newcastle, UK, 

and; 1 in Wessling-Munich, Germany). Successful realisation of scheduled demos. 
 
 
Scientific dissemination  
Research results have been published in international journals and conferences, as follows; in 
addition, the project took care to organise dedicated sessions in various events of both market 
and scientific impact:  

 
- Research results published international journals and conferences: Twenty-eight (-28-) published 

journals of which eight (-8-) have been co-authored between different partners; Fifty-nine (-59-) 
conference papers, of which thirty (-30-) are co-authored papers. 

 
- Organization of three (-3-) 5G ESSENCE-related research Special Sessions (i.e.: in EuCNC-2017

61
, in 

EuCNC-2018
62

 as well as in EuCNC-2019
63

), plus other three (-3-) 5G ESSENCE-related Workshops (i.e.: 

                                                           

59
  For more details see: (i) 5G ESSENCE project, Deliverable D8.3: “Dissemination, Communication and Standardisation 

Report – Period 1”, June 2018; (ii) 5G ESSENCE Deliverable D8.4: “Dissemination, Communication and 
Standardisation Report – Period 2”, June 2019, and; (iii) 5G ESSENCE Deliverable D8.5: “Dissemination, 
Communication and Standardisation Report – Period 3”, November 2019. 

  
 

60
  5G ESSENCE Project, Deliverable D1.1: “Project Website”, July 2017. 

  
 

61
  For more details about the framework of the EuCNC-2017, see: https://www.eucnc.eu/2017/www.eucnc.eu/. 

https://www.eucnc.eu/2017/www.eucnc.eu/
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the 5G-PINE 2017 in EANN-2017
64

, the 5G-PINE 2018 in AIAI-2018
65

 and the 5G-PINE 2019 in AIAI-
2019

66
), and three 5G ESSENCE dissemination Sessions (i.e.: in Infocom World 2017

67
, in Infocom World 

2018 and in Infocom World 2019
68

). 
 

- Five (-5 -) White Papers published on the project and 5G-PPP websites. 
 

- One (-1-) White Paper published on SML website. 

 
 
Dissemination in industry, standardization bodies and open source community  

 Participation, with dedicated sessions, to industrial events (such as: the 5G Core Summit 
2019, the Telco AI Summit Europe 2019 Event and the Infocom World-2017, -2018 and  
-2019 Conference and Exhibition). 
 

 ETSI ISG MEC meetings, ETSI MCPTT and NFV Plugtest events. 
 

 MulteFire. 
 

 TIP (Telecom Infra Project). 
 

 
Contribution to open source initiatives  

 Contributions in a number of open source projects and supporting the initiatives. 
 
 
5G-PPP involvement

69
 

 Participation to events and meetings organized by 5G-PPP Working Groups.  
 

 Collaboration with other 5G-PPP projects achieved, through joint organization of events.  
 

 Participation to initiatives organized by other 5G-PPP projects (and vice versa).  
 
 
The consortium had strongly promoted 5G ESSENCE concepts, activities, and innovations aspects in a lot of 
events and papers, because of these the communication activities related concrete outcome of the project 
can be a mean of promotion of the competencies, products and services of the project partners. 
 
The following table (Table 2) depicts an overview of the consortium efforts towards the promotion and 
dissemination of the project results along the project full duration. The table reports an overview of the 
achieved dissemination results. 

 
 

                                                                                                                                                                                

62
  For more details about the framework of the EuCNC-2018, see: https://www.eucnc.eu/2018/www.eucnc.eu/special-

sessions/special-session-10/index.html . 
63

  For more details about the framework of the EuCNC-2019, see: https://www.eucnc.eu/2019/www.eucnc.eu/special-
sessions/special-session-3/index.html . 

64
  For more details see: https://conferences.cwa.gr/eann2017/. 

65
  For more details see: http://easyconferences.eu/aiai2018/workshops.html  

66
  For more details see: http://www.aiai2019.eu/workshops/  

67
  See: https://www.infocomworld.gr/. 

68
  See: https://www.infocomworld.gr/21o-infocom-world-2019/5g-epistimoniki-synantisi-aithoysa-makedonia/  

69
  For more details see: (i) 5G ESSENCE project, Deliverable D8.3: “Dissemination, Communication and Standardisation 

Report – Period 1”, June 2018; (ii) 5G ESSENCE project, Deliverable D8.4: “Dissemination, Communication and 
Standardisation Report – Period 2”, June 2019, and; (iii) 5G ESSENCE project, Deliverable D8.5: “Dissemination, 
Communication and Standardisation Report – Period 3”, November 2019. 

  
 

https://www.eucnc.eu/2018/www.eucnc.eu/special-sessions/special-session-10/index.html
https://www.eucnc.eu/2018/www.eucnc.eu/special-sessions/special-session-10/index.html
https://www.eucnc.eu/2019/www.eucnc.eu/special-sessions/special-session-3/index.html
https://www.eucnc.eu/2019/www.eucnc.eu/special-sessions/special-session-3/index.html
https://conferences.cwa.gr/eann2017/
http://easyconferences.eu/aiai2018/workshops.html
http://www.aiai2019.eu/workshops/
https://www.infocomworld.gr/
https://www.infocomworld.gr/21o-infocom-world-2019/5g-epistimoniki-synantisi-aithoysa-makedonia/
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Dissemination Activities - Results during the Full Life-cycle of the Project 
 

Name Results 
 

Project Website Website is updated regularly. A visitor can find all the information about the project 
results, the events and the published materials (papers, deliverables, whitepapers and 
newsletter for example), link to dedicated social network channels. 
The number of visitors from the beginning of the project increased. 
 

Newsletters Four (-4-) published newsletters both in the project website and in the 5GPPP website. 
http://www.5g-essence-h2020.eu/Dissemination/Newsletters.aspx  
https://5g-ppp.eu/5g-essence-newsletters/ 
 

Social Network- 
Facebook 

https://www.facebook.com/5GEssence/ 

Social Network- 
Twitter 

Updated regularly with 205 followers. 
https://twitter.com/5GPPP_5GESSENCE 
 

Social Network- 
LinkedIn 
 

Closed group of 14 professional 
https://www.linkedin.com/groups/13578850/  

Social Network- 
YouTube 

Created in the second reporting period (RP2) and improved in the second part of the 
RP2. At the moment there are 4 videos available and 2 linked video of partners. There 
have been 40 visualizations. 
https://www.youtube.com/channel/UCtSDKlcbeLA1FgVAGaCq2MA 
 

Partners’ 
external 
websites and 
social channels 

Every partner in his website included a page or more related to the project. Partners 
made tweets and social network posts related to the project. Many examples can be 
found in in the previous deliverables

70
. 

Scientific 
Publications - 
Journals 

Twenty-eight (-28-) papers published in journals. 

Scientific 
Publications - 
conferences 

Fifty-nine (-59-) papers coming from participation to scientific conferences. 

Scientific 
Publications - 
White Papers 

Six (-6-) published White Papers: Five (-5-) of which both in the project website and in 
the 5G-PPP website and  one (-1-) in SML website. These can be found at: 
http://www.5g-essence-h2020.eu/Dissemination/WhitePapers.aspx  
https://5g-ppp.eu/5g-essence-white-papers/ 
http://smartmobilelabs.com/blog/whitepaper-real-time-streaming/ 
 

Participation to 
Talks, webinars 
 

Thirty-six (-36-) participations to talks, panels, webinars, workshops. 

Demonstrations Nine (-9-) demonstrations (at EuCNC 2018, EuCNC 2019 and 4 pilots events). 
 

Open source 
activities 

Four (-4-) collaborations in open source community projects (Linux Foundation, 
Prometheus, Mission Critical Open Platform, 5G-EmPOWER). 
 

Participation to Forty seven (-47-) events in which project partners presented project results, in 

                                                           

70
  See: (i) 5G ESSENCE project, Deliverable D8.4: “Dissemination, Communication and Standardisation Report – Period 

2”, June 2019, and; (ii) 5G ESSENCE project, Deliverable D8.5: “Dissemination, Communication and Standardisation 
Report – Period 3”, November 2019. 

http://www.5g-essence-h2020.eu/Dissemination/Newsletters.aspx
https://5g-ppp.eu/5g-essence-newsletters/
https://www.facebook.com/5GEssence/
https://twitter.com/5GPPP_5GESSENCE
https://www.linkedin.com/groups/13578850/
https://www.youtube.com/channel/UCtSDKlcbeLA1FgVAGaCq2MA
http://www.5g-essence-h2020.eu/Dissemination/WhitePapers.aspx
https://5g-ppp.eu/5g-essence-white-papers/


Embedded Network Services for 5G Experiences (5G ESSENCE)    

Grant Agreement No.761592  30.11.2019 

 

 
Deliverable D1.5 (“Report on Awareness and Wider Social Implications”)  58/84 
 

other relevant 
events 

particular the EuCNC and the Mobile World Congress (MWC). 

Press release The project can be found in four (-4-) press releases (OTE, ITL, WI3 and the Xen Project). 
 

Other 
dissemination 
activities 

Contribution to the” 5G-Italy White eBook” 
Presentation in the European 5G Annual Journal 2019 
https://www.5gitaly.eu/wp-content/uploads/2019/04/5G-Italy-White-eBook.pdf 
 

 
Table 2: Overview of the 5G ESSENCE Project Dissemination Activities. 

 
  

https://www.5gitaly.eu/wp-content/uploads/2019/04/5G-Italy-White-eBook.pdf
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3.1 5G ESSENCE – Communication Activities 

Communication activities include all those actions set by the 5G ESSENCE partners to “raise awareness” 
about the project existence and uptakes as well as about the project objectives and results achieved during 
5G ESSENCE’s lifetime, both by individual partners and by the consortium as a whole.  
The final objective of the communication strategy has been to foster awareness of the 5G ESSENCE scope 
through the project interested value chains. Coordinated communication activities have been performed to 
reach various audiences promptly and to promote the 5G ESSENCE’s visibility to other related H2020 
projects, within the EC, the international fora and the general public.  
 
The 5G ESSENCE project has carried out specific actions for enacting its communication strategy, by 
adapting it with the project evolution to promote progress within an audience “as broad as possible”, and 
by changing the transmitted message to maximise the corresponding impact. The target included both 
specialised and more general audiences, reaching then technical and less technical profiles, adapting the 
message to the target audience. 
 
The main communication effort has been realised through the project website (http://www.5g-essence-
h2020.eu/). Figure 18, below, provides an overview of the welcome screen. 
 

 
 

Figure 18: 5G ESSENCE Website - Welcome Screen. 
 
The project website has been created at the early beginning of the project in order to foster related 
activities, events and results to “attract and raise awareness of the 5G ESSENCE scope” among specialised 
users and the general public. This task was led by the project coordinator (OTE), who has the responsibility 
of maintaining the website. Detailed description of the website has been provided in the context of the 
related 5G ESSENCE Deliverable D1.1 (“Project website”).  
 
The registered domain serves as the single contact point for the online presence of the 5G ESSENCE project. 
The website contains a public part that is accessible to all Internet users and provides the external 
community with the current information on the aims and the progress of the Project.  
 
It also provides a link to the private section dedicated to the 5G ESSENCE consortium partners, which is only 
accessible by using specific credentials (http://programsection.oteresearch.gr). The website organisation 
(see Figure 19) allows that the general consortium information and contents are easy to retrieve and 
presented in an easy to understand.  
 

http://www.5g-essence-h2020.eu/
http://www.5g-essence-h2020.eu/
http://programsection.oteresearch.gr/
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Figure 19: 5G ESSENCE Website Graph 
 
As already described in D8.3 [45], in D8.4 [46] and in D8.5 [47], the website contains not only the high level 
project description and objectives, but also the project deliverables, all published and submitted papers as 
well as recent news and/or activities.  
The project website also hosts the project Newsletters and the White Papers, which are freely available for 
download. 
 
The 5G ESSENCE consortium has produced leaflets, posters and brochures to be used to communicate to 
different audiences, via selecting the “most appropriate means” upon dependence on the specific occasion. 
They have been created with the goal of raising general awareness around the 5G ESSENCE “key values”, 
propositions and results. Leaflets and brochures were distributed during international events (e.g.: EuCNC 
2017, EuCNC 2018, EuCNC2019, Infocom World 2017, Infocom World 2018 and Infocom World 2019, 5G 
Core Summit 2019, Telco AI Summit Europe 2019 and many more).  
Posters were hanged and presented during conferences and other venues with the purpose to promote 
project results. 
 

The communication activities via the 5G ESSENCE Newsletters have taken place with several ones (see 
Table 2, above). The consortium has decided to make the Newsletters available on the project website as 
well as on the 5G-PPP website. No subscription is needed for accessing these documents. 
 

Each partner has been involved in the communication activities by using social networks and its own 
website, per case. Few examples are reported in [46] and in [47]. 
 
During the second reporting period, the 5G ESSENCE project has also become active in a YouTube channel, 
where several videos recorded during demonstrations -or events- have been published.  
 

  



Embedded Network Services for 5G Experiences (5G ESSENCE)    

Grant Agreement No.761592  30.11.2019 

 

 
Deliverable D1.5 (“Report on Awareness and Wider Social Implications”)  61/84 
 

3.2 5G ESSENCE – Dissemination Activities 

5G ESSENCE also focuses on using all available means to disseminate and communicate the achievements, 
the results and the knowledge acquired during the project. To this end, contributions to standardization 
bodies, working groups, advisory boards and fora have been planned. In particular, joint dissemination 
activities in the 5G-PPP Program have also been taken into account.  
The scientific outcomes of 5G ESSENCE have been described in a number of papers taking into account 
prestigious international conferences and journals. References to all publications have been collected on 
the project’s website. Specific targets of dissemination through publications included: International 
Conferences, Workshops and Symposia, Journals, Magazines, European Community Publications. The 
publications and project results have been disseminated among the top researchers in the field. Also, quick 
dissemination of research results has been pursued, as the majority of the articles have been provided in 
open access mode. 
 
The 5G ESSENCE Project has developed specific actions which compose the dissemination strategy of the 
consortium. Besides dissemination to the scientific community, the project also deployed a broad range of 
activities and different dissemination “channels”, aimed to reach the wider RTD and innovation community, 
as well as industry. This took place with the aim of nurturing a broader understanding and preparing the 
ground for adoption of the project-related results. The dissemination of the results was carried on through 
the various activities presented in Table 3, below.  
A detailed list of all project dissemination activities covering the full duration of the Project has been 
provided in [45-47]. 
 

Type of activity Target audience Description Partners involved 

Scientific articles Academic and industrial 
research community 

Conferences, Open Access 
Journals and Peer 
Reviewed Publications 

All partners 

White Papers Industrial decision makers 
and RTD engineers 

Technical documents 
detailing 5G ESSENCE’s 
features, advances and 
achievements released at 
according to progress in 
UCs 

OTE, WI3 and WP5-
WP7 partners 

Project showcases RTD community, wider 
ICT and Communications 
Technology interested 
public 

Demonstrations, and 
project Booth of 5G 
ESSENCE’s system 
components 

Mainly WP5-WP7 
partners with the 
participation of several 
project partners 

Events Organization Graduate level engineers 
and researchers 

Seminars, tutorials and 
participation of project 
partners to various events  

All partners 

Collaboration with 
other projects 

European ICT research 
community 

 Working Groups within 
the 5G-PPP, as well as 
direct liaisons with 
related projects  

Individual liaison-
contacts  

Software Code Release Developers and research 
community 

Release mature software 
to the related 
communities 

Individual liaison-
contacts 

 
Table 3: Summary of Dissemination Activities carried out by the 5G ESSENCE Consortium. 

 
The project website was used for providing access to public deliverables, white papers, scientific 
publications, demonstration information, and material explaining 5G ESSENCE innovations.  
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3.3 5G ESSENCE – Open Source Activities 

According to the plan of leveraging our initiatives with different Open Source Foundations consortia, the 
5G ESSENCE project has participated in a number of open source project activities, in order to create a 
“reference point” for the related innovation technologies.  
Some partners are particular active in this context, as presented below: 

 

Open Source Activities 
 

Partner Description Open Source  Community 
 

NECLE 
 

NECLE partner has contributed to the open-source 
community Linux Foundation

71
 with the development 

of a new unikernel suite named as “unikraft”
72

.  
This project, after the endorsement of the Linux 
Foundation as an official “Xen incubator project”

73
, has 

been presented and demonstrated at various high-
visibility conferences in the last year, such as USENIX 
LISA 2018

74
, Open-Source Summit EU 2018

75
, and 

FOSDEM 2019
76

 in Brussels. 
 

Linux Foundation 

i2CAT 
 

The i2CAT partner has contributed to Prometheus 
open-source systems monitoring and alerting toolkit 
by developing a specific exporter for Wi-Fi Access 
Points managed by Hostapd software

77
.  

It is available in the public list of exporters and 
integrations of Prometheus

78
 under Apache-2 license

79
.   

 

Prometheus 

EHU EHU partner is the leading founder of The Mission 
Critical Open Platform (MCOP), a collaborative project 
that aims at facing the challenges of the new MCPTT 
complex ecosystem. To that end, the project defines, 
develops and validates the MCOP platform, which 
identifies neat interfaces between the different 
technologies in the UEs, reduces the integration efforts 
and removes the entry barriers. 
 

Mission Critical Open Platform  

FBK FBK released the 5G-EmPOWER components for LTE 
under an Apache 2.0 license. All the code is available 
on GitHub together with tutorials and documentation. 
Online resources available at: https://5g-empower.io/. 
 

5G-EmPOWER 

 
Table 4: Several Activities in Open Source consortia. 

 

                                                           

71
  See: https://www.linuxfoundation.org/  

72
  See: https://www.xenproject.org/developers/teams/unikraft.html  

73
  See: https://www.xenproject.org/  

74
  See: https://www.usenix.org/conference/lisa18  

75
  See: https://events.linuxfoundation.org/events/open-source-summit-europe-2018/  

76
  See: https://fosdem.org/2019/  

77
  See: https://w1.fi/hostapd/ 

78
  See: https://prometheus.io/docs/instrumenting/exporters/ 

79
  For more details also see: https://www.apache.org/licenses/LICENSE-2.0  

https://5g-empower.io/
https://www.linuxfoundation.org/
https://www.xenproject.org/developers/teams/unikraft.html
https://www.xenproject.org/
https://www.usenix.org/conference/lisa18
https://events.linuxfoundation.org/events/open-source-summit-europe-2018/
https://fosdem.org/2019/
https://w1.fi/hostapd/
https://prometheus.io/docs/instrumenting/exporters/
https://www.apache.org/licenses/LICENSE-2.0


Embedded Network Services for 5G Experiences (5G ESSENCE)    

Grant Agreement No.761592  30.11.2019 

 

 
Deliverable D1.5 (“Report on Awareness and Wider Social Implications”)  63/84 
 

3.4 5G ESSENCE – Actions in the 5G-PPP Context 

The 5G ESSENCE project has a strict collaboration with the 5G-PPP IA and most of the 5G ESSENCE partners 
are involved in ten (-10-)  Working Groups as indicated in Table 5, below. 

 

Working Group Partners Involved 

KPI Management NCSRD 

5G Architecture NCSRD, WI3 

Vision and Societal Challenges 8BELLS 

Pre-Standard NECLE 

5G Automotive WG ATOS 

Network Management UPC, OTE, FBK/CNET WI3, EHU, ORION, CPT 

Security TCS, CPT 

Trials  OTE, TCS, ZII 

Steering Board  OTE 

Technical board  NCSRD 

 
Table 5: Description of 5G-PPP WGs considered by 5G ESSENCE Consortium. 

 
The 5G ESSENCE project has been particularly active in a subset of four ( -4-)  5G-PPP Working Groups (as 
discussed in [47]) that is: the Architectural Working Group, the 5G-PPP Network Management & QoS WG, 
the 5G-PPP Pre-Standardization WG and the 5G-PPP Technology Board. 
 
In the scope of the 5G ESSENCE project some joint activities have been explored in the form of joint 
scientific papers, the organisation of joint sessions/workshops and technical panels organised in 
international conferences relevant to the projects. In particular we took into account the following projects 
(also see: [46-47]):  
 
- 5GCITY

80
 for the neutral host model and for the vertical services;  

 
- 5G-MoNArch

81
 to extend of existing architecture design with key enabling innovations for inter-slice 

control and cross-domain management;  
 
- MATILDA

82
 for the adoption of a unified programmability model and abstractions, and the creation of 

an open development environment;  
 
- 5G Xcast

83
, focused on Broadcast and Multicast Communication Enablers for the Fifth Generation of 

Wireless Systems. 
 
- 5GTOURS

84
, to get the European 5G Vision of “5G empowering vertical industries” closer to 

commercial deployment with highly innovative use cases involving cross-industry partnerships. 
 

                                                           

80
  5GCity (“A Distributed Cloud and Radio Platform for 5G Neutral Hosts”) project (GA No.761508) website, 

http://www.5gcity.eu/ 
81

  MoNArch (“5G Mobile Architecture for diverse services, use cases and applications in 5G and beyond”) project (GA 
No.761445) website https://5g-monarch.eu/ 

82
  Matilda (“A Holistic, Innovative Framework for Design, Development and Orchestration of 5G-ready Applications’ 

and Network Services over Sliced programmable Infrastructure”) project (GA No.761898) website, https://5g-
ppp.eu/matilda/ 

83
  5G-Xcast (“Broadcast and Multicast Communication Enablers for the Fifth Generation of Wireless System”) project 

(GA No.761498) website, http://5g-xcast.eu/  
84

  5G-TOURS (“SmarT mObility, media and e-health for toURists and citizenS”) project (GA No.856950) website, 
http://5gtours.eu/ 

http://www.5gcity.eu/
https://5g-monarch.eu/
https://5g-ppp.eu/matilda/
https://5g-ppp.eu/matilda/
http://5g-xcast.eu/
http://5gtours.eu/
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- 5G-VINNI
85

, to develop an E2E 5G facility that can be used to first demonstrate the practical 
implementation of infrastructure to support the key 5G KPIs, and then to allow vertical industries to 
test and validate specific applications that are dependent upon those KPIs. 

 
- NGPaaS

86
, to deliver innovative technologies enabling and accelerating the telco-grade PaaS 

transformation across the industry. 
 
- SLICENET

87
, to exchange ideas and experiences about network slicing and slice management in 

virtualised multi-domain, multi-tenant 5G networks. 
 
- 5G-EVE

88
, to exchange knowledge about performing demonstrations and testing in real environments 

for the support of real-life use cases. 
 
- 5G-DRIVE

89
, to exchange knowledge about enhanced Mobile Broadband (eMBB) issues. 

 
 
  

                                                           

85
  5G-Vinni (“5G Verticals Innovation Infrastructure”) project (GA No.815279) website, https://www.5g-vinni.eu/  

86
  NGPaaS (“NGPaaS: Next Generation Platform as a Service”) project (GA No.761557) website, http://ngpaas.eu/  

87
  SLICENET (“SLICENET: End-to-End Cognitive Network Slicing and Slice Management Framework in Virtualised Multi-

Domain, Multi-Tenant 5G Networks”) project (GA No.761913) website, https://slicenet.eu/  
88

  5G-EVE (“5G-EVE: 5G European Validation platform for Extensive trials”) project (GA No.815074) website, 
https://www.5g-eve.eu/ 

89
  5G-DRIVE (“5G HarmoniseD Research and TrIals for serVice Evolution between EU and China”) project (GA 

No.814956) website, https://5g-drive.eu/  

https://www.5g-vinni.eu/
http://ngpaas.eu/
https://slicenet.eu/
https://www.5g-eve.eu/
https://5g-drive.eu/
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4 5G ESSENCE - Social Implications 
 
In order for the European economy and society to be able not only to “maintain” but also to “fortify” both 
their roles and influences on the wider international environment, it is important to realize innovative 
actions and to expand knowledge so that “to keep a strong position in a strategically important market such 
as the one of the ICT sector”, as the latter is influenced by the fast Internet penetration

90
.  

 
Digital technologies, if carefully managed, have an important role to play in ensuring sustainable and 
equitable societies

91
. Three major opportunities have been identified: (i) continuing to connect the 

unconnected and vulnerable to basic digital access, to enable financial inclusion, education and 
empowerment; (ii) taking advantage of machine learning (ML) and artificial intelligence (AI), as well as the 
computing power promised by cloud, to accelerate drug and crop development, and improve targeting of 
areas of poverty and hunger, disaster impact, and education and health outcomes through the processing 
of complex datasets, and; (iii) autonomous machines to transform agriculture, and city utility, service, and 
security provision. 
 
The expected diversity of new (personal and professional) usages results in new requirements on 
availability, latency, reliability, trustworthiness and security. Therefore, this can lead to new trends and 
approaches as of networking, with the related features and functionalities much more closely “embedded” 
within the applications. In addition, users gradually become more and more “demanding” in terms of 
contents and service requirements, whilst getting increasingly sensitive to privacy and sustainability issues, 
thus implying for resilient constraints on networks and service platforms

92
.  

 
In turn, this imposes for major challenges that can radically affect the entire existing framework of network 
infrastructures facing, for example, a vast majority of issues such as:  
 
(i)  Adequate “handling” of the increased  network traffic together with the provision of all necessary 

capacity and/or spectrum available, so that to serve -and to fulfil- reasonably, all relevant requests 
coming from different services, devices and users, in a fully converged environment;  

 
(ii)  Suitable accommodation of novel classes of services/facilities (e.g., covering imposed attributes 

coming from the IoT, M2M communications or content-based applications, or by any other future 
“complex” environment that may potentially appear), while preserving “low” -or “reasonable”- CAPEX 
and OPEX features, supporting  economies of scale and avoidance of unnecessary investments;  

 
(iii)  Strengthening Internet’s penetration in all sectors of our lives and economies, by making it an 

“indispensable means” for realizing an explicit, ubiquitous and dependable infrastructure in mobile, 
wireless and fixed communications. In fact, Internet “drivers” are all kind of services and applications 
from low (sensor and IoT) to high throughput rates (e.g. high quality video streaming) and low to high 
latency, and for a variety of devices supporting these services and applications;  

 
(iv)  Supporting all necessary actions for providing a guaranteed level of Quality of Service/Quality of 

Experience (QoS/QoE) together with enhancement of privacy and security over the Internet, especially 
for professional uses and with the aim of offering optimal performance from both network and end 
user device point of view;  

 
(v)  Making the communication critical infrastructures “as resilient as required” by consumers of 

interconnected critical infrastructures (such as smart grid), and;  

                                                           

90
  European Commission (2010): Communication on Europe 2020 Flagship Initiative Innovation Union (COM(2010) 546 

final, 06.10.2010). Brussels, Belgium: European Commission. 
91

  See: Global e-Sustainability Initiative (GeSI) – Deloitte (2019): Digital with Purpose: Delivering a SMARTer2030. 
Available at: https://gesi.org/storage/files/DIGITALWITHPURPOSESummaryWEB.pdf  

92
  NetWorld 2020 ETP (2014): 5G: Challenges, Research Priorities, and Recommendations - Joint White Paper. 

European Technology Platform (ETP) for Communications Networks and Services. 

https://gesi.org/storage/files/DIGITALWITHPURPOSESummaryWEB.pdf
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(vi)  Supporting measures for realizing reduced energy consumption.  
 
This imminent wave of innovation will have a tangible exploitation and socio-economic impact by 2020, 
through the deployment of the so called “5G infrastructure”. However, 5G will be much more that the next 
step beyond 4G, as it is expected to be the “core functional system of our modern digital society and 
economy”

93
, thus generating a truly converged and tremendously “dense” communication infrastructure, 

integrating IT systems (e.g., processing and storage) with plentiful network resources.  
5G is to become a sort of universal, highly flexible and ultra-low latency virtualized infrastructure, capable 
of serving immense numbers of smart terminals, devices, machines, things, sensors, cars, drones, etc., with 
significant processing and storage capabilities that may be exponentially increased, via relevant cloud-based 
applications

94
.    

 
In fact, it is expected that by the year 2020 there will be more than 30 times as much mobile Internet traffic as 
there was in 2010. However, this will not be the same type of traffic as that of today, due to the enormous 
growth of the smartphones and tablets being in use globally as well as due to the huge progress in the 
penetration/use of sensors, actuators, machines and of other IT equipment that use the Internet as the 
means for communication. 5G is a new network technology and infrastructure that will “bring the capacities 
needed to cope with this increased growth in the use of communication – especially wireless – technologies by 
humans and by machines”

95
.  

 

Assuming the framework previously discussed, it should be expected that future 5G networks will not only 
be based on transport and routing/switching technologies but will be more “flexible and open”, able to 
evolve more easily than today’s networks and also to embed sensing, computing and storage resources in a 
converged and unified infrastructure, able to “orchestrate” the delivery of services in a secure manner

96
.  

The 5G networks will also provide a significantly higher system capacity than today and solve any 
anticipated spectrum scarce. In addition, they should also promote -to the extent possible- a common 
network management for mobile and wireless, in terms of constant performance optimisation, fast failure 
recovery, and fast adaptations to changes in network loads, architecture, infrastructure and technology. 
 
The European vision towards assessing, understanding and then realizing the wide multiplicity of all 
previous challenges takes place via a dedicated Public-Private Partnership (PPP) Programme

97
, able to 

provide solutions, architectures, technologies and standards for the ubiquitous 5G communication 
infrastructures of the next decade.  The 5G Infrastructure PPP

98
 is a unique opportunity for the European 

ICT industry to compete on the global market for 5G infrastructure deployment, operation and services. 5G-
PPP’s goal is to sustain as well as to improve the competitiveness of the European ICT industry and to 
ensure that “European society can enjoy the economic and societal benefits these future networks will 
bring”. 5G development is accelerating with progress in standardisation, trials, cooperation between main 
players and projects. 

                                                           

93
  European Commission (2012): Communication on A European strategy for Key-Enabling Technologies – A bridge to 

growth and jobs (COM(2012) 341 final, 26.06.2012). Brussels, Belgium: European Commission. 
94

  J.G. Andrews, S. Buzzi, W. Choi, S. Hanly, A. Lozano, A.C.K. Soong, and J.C. Zhang (2014): What Will 5G Be?, IEEE 
JSAC, Special Issue on 5G Wireless Communications Systems, 32(6), pp.1065-1082. 

95
  See, for example, the context discussed in: European Commission (2014, February): MEMO: What 5G can do for 

you. Brussels, Belgium: European Commission. Available at: http://europa.eu/rapid/press-release_MEMO-14-
129_en.htm. 

96
  Horizon 2020 (2013): Advanced 5G Network Infrastructure for the Future Internet. Brussels, Belgium: European 

Commission. 
97

  5G-PPP framework, [https://5g-ppp.eu/]. 
98

  The 5G Infrastructure PPP, in short “5G-PPP”, is a joint initiative between the European Commission and the 
European ICT industry. The 5G-PPP is aiming at securing Europe’s leadership in sectors where Europe is strong or 
where there is potential for creating new markets (such as smart cities, e-health, intelligent transport, education or 
entertainment & media). The 5G-PPP initiative will reinforce the European industry so that to successfully compete 
on global markets as well as on open/new innovation opportunities. Among the priority actions are to deliver 
solutions, architectures, technologies and standards for the ubiquitous next generation communication 
infrastructures of the coming decade. 

http://europa.eu/rapid/press-release_MEMO-14-129_en.htm
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Furthermore, 5G can also support and enhance the convergence between fixed and mobile networking 
services with the related development of core and transport networks. 5G can “integrate networking, 
computing and storage resources into one programmable and unified infrastructure”, which can be 
customized according to the interests of multiple costumers. 
 
5G is also expected to drastically reduce total cost of ownership (TCO) of the infrastructure, on one hand, 
and the service creation and deployment times, on the other. Recognizing network traffic patterns 
proactively is essential to avoid undesired states that can even threaten the operation, performance and 
disposal of the network. This can be achieved by integrating Self-Organizing Network (SON

99
) features

100
, so 

as to reconfigure resources to attain high QoS and to handle load balancing optimization problems
101

.  
The main benefits of introducing SON functions in cellular networks are as follows:  
 
(i)  Reduced installation time and costs;  
 
(ii)  reduced OPEX (operational expenditure) due to reductions in manual efforts in connection with 

monitoring, optimizing, diagnosing, and healing of the network;  
 
(iii)  reduced CAPEX (capital expenditure) due to more optimized use of network elements and spectrum;  
 
(iv)  improved user experience, and;  
 
(v)  improved network performance. 
 
Therefore, service/network management should be developed in parallel with suitable advanced 
automation, with cognitive operations and via developing mechanisms for Big Data to serve both enhanced 
QoS and QoE independently of the “nature“ of the prosumer (i.e.; human or machine or thing). 
 
 

While many technical activities around 5G are scaling up globally, requirements analysis of key vertical 
sectors is rapidly progressing

102
. The emergence and deployment of 5G technology is likely to trigger 

innovation in this industry, thus leveraging sustainable societal change. There is a vision for 5G to become a 
stakeholder driven, holistic ecosystem for technical and business innovation integrating networking, 
computing and storage resources into one programmable and unified infrastructure. In addition, thanks to 
real time and larger traffic volume capabilities, 5G is expected to enable the transport of software to the 
data rather than the other way round (i.e.: executing software on the device where the data is produced 
instead of sending all data to a centralised data centre); therefore paving the way for new opportunities in 
the cloud computing market, where European companies may gain significant market share. In the long run, 
it will not be sufficient to explore the requirements of the vertical industries but also conduct a proper 
analysis of market trends in order to sense new, upcoming technology especially through companies 
outside the industrial mainstream. Potentially disruptive technologies typically grow widely undetected by 
the established industry innovation. Unanticipated 5G features are likely to emerge from future 
technological, legal, societal and socio-economic considerations. 
 
Following to the above context, it is essential for the EU to follow-up results obtained from ongoing 5G-PPP 
projects do that to: develop a consensus on 5G systems/infrastructures/services; identify vertical 
application domains which would benefit from 5G (views of other sectors  on 5G requirements) and 

                                                           

99
  Briefly, SON is a collection of procedures (or functions) for automatic configuration, optimization, diagnostication, 

and healing of cellular networks. It is considered to be a major necessity in future mobile networks and operations 
mainly due to possible savings in capital expenditure (CAPEX) and operational expenditure (OPEX) by introducing 
SON. 

100
  O. Østerbø, and O. Grøndalen (2012): Benefits of self-organizing networks (SON) for mobile operators. Journal of 

Computer Networks and Communications 2012 (Article ID 862527), pp.1-16. 
101

  Next Generation Mobile Networks (NGMN) (2007, May): Use Cases related to Self Organising Network, Overall 
Description. Frankfurt, Germany: NGMN. Available at: http://www.ngmn.org/nc/downloads/techdownloads.html. 

102
  See: 5G-PPP: “5G empowering Vertical Industries“. Available at: https://5g-ppp.eu/  

http://www.ngmn.org/nc/downloads/techdownloads.html
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associated challenges; identify the societal, economic, environmental, business and technological benefits 
obtainable from the realization of 5G main concepts; collect publicly available visions and major technical 
trends from industry, research community and available information from other regions; identify 
commonalities, bottlenecks and differences in visions and technical trends. 
  



Embedded Network Services for 5G Experiences (5G ESSENCE)    

Grant Agreement No.761592  30.11.2019 

 

 
Deliverable D1.5 (“Report on Awareness and Wider Social Implications”)  69/84 
 

4.1 5G ESSENCE’s Strategic Impact and Contributions to the related H2020 

Work Program 
 
This section summarises 5G ESSENCE’s impacts listed in the H2020-ICT-2016-2017, topic ICT-07-2017 “5G 
PPP research and Validation of critical technologies and systems”, concretely the Research and Innovation 
Actions section, Strand 1 that covers “wireless access and radio network architecture/ technologies” and 
Strand 3 that is about “Software Networks”. 
 
Network functions are anticipated to take place over a unified operating system in a number of points of 
presence (PoPs), especially at the edge of the network for fulfilling specific performance targets. As a result, 
it will heavily rely on emerging technologies such as Software Defined Networking

103
 (SDN), Network 

Functions Virtualization
104

 (NFV), Mobile Edge Computing
105

 (MEC) and Fog Computing
106

 (FC) to achieve 
the required performance, scalability and agility.  
The above aspects are all essential features within the “core” actions of the full framework of SESAME and 
have depicted in the related Project deliverables. In the following we discuss per case and in more details, 
each one these innovative features correlated to fundamental KPIs.  
 
The following table (Table 6) provides a short correlation of the 5G ESSENCE’s relevance to the 
corresponding EC’s work program. For every separate relevant part of the original WP we provide 5G 
ESSENCE’s responses correlated to the well-defined project objectives (as discussed in Section 2.5 of the 
present document). Numbering of the objectives is as in Section 2.5.  
 

Work Program 
 

Relevance to 5G ESSENCE 

“The challenge is to eliminate the current and 
anticipated limitations of network infrastructures, by 
making them capable of supporting a much wider 
array of requirement than is the case today and with 
capability of flexibly adapting to different "vertical" 
application requirements.” 

The flexibility to adapt to multiple vertical 
application requirements is one of the “key” 
capabilities targeted for the 5G ESSENCE concept. 
This is reflected in an architecture able to support 
both distributed data centres and centralised 
clouds depending on the needs of the applications 
in three high impact use cases, each with very 
different requirements. 
 
Related Measurable Objectives: 1, 2, 6 
 

“5G Networks have to cover a wide range of services 
from different use case and application areas/verticals, 
for increasingly capable user terminals, and for an 
extremely diverse set of connected machines and 
things; to cope with an increasingly cloud-based service 
access (>90% of the internet traffic will go through data 
centres); to support a shift from the Client-Server model 
to XaaS…” 

The 5G ESSENCE aims the application of network 
embedded cloud concept for enabling the network 
slicing considering three different verticals sectors 
that exhibit requirements of different nature.  The 
5G ESSENCE concept relies upon the use of multi-
tenancy in Small Cell as-a-Service (SCaaS), so that 
the different verticals can share the deployed 
small cell infrastructure without owning neither 
the hardware nor the software.   
 
Related Measurable Objectives: 3, 4, 5, 6 

                                                           

103
  E. Haleplidis, J.H. Salim, S. Denazis, et al. (2015): Towards a Network Abstraction Model for SDN. Journal of Network 

and Systems Management, 23(2), pp.309-327. 
104

  N.M. Mosharaf, K. Chowdhury, and R. Boutaba (2010): A Survey of Network Virtualization. Computer Networks, 
54(5), pp.862-876. 

105
  J.O. Fajardo, F. Liberal, et al. (2016): Introducing Mobile Edge Computing Capabilities through Distributed 5G Cloud 

Enabled Small Cells. Mobile Networks and Applications, 21(4), pp.564-574). 
106

  L.M. Vaquero, L. Rodero-Merino (2014): Finding your Way in the Fog: Towards a Comprehensive Definition of Fog 
Computing. ACM SIGCOMM Computer Communication Review, 44(5), pp.27-32. 
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“This challenge includes optimisation of cost 
functions (capex/opex) and of scarce resources (e.g., 
energy, spectrum), as well as migration towards new 
network architectures.” 

5G ESSENCE proposes the development of a 
centralised 5G cSD-RAN Controller, allowing a 
more optimised usage of the radio resources in 
the small cells, thanks to centralising some SC 
functions. It also includes advanced smart SON 
solutions for optimising the network configuration, 
thus achieving OPEX reductions. 5G ESSENCE’s 
multi-tenant approach also leads to optimal capex 
spending for network operators. 
 
Related Measurable Objectives: 1, 2, 3, 7 
 

“A particular issue is to leverage work and results of 
phase 1 (WP 2014-15) and to accelerate on proof of 
concepts and demonstrators.” 

The proposal mainly relies on the results obtained 
in previous Phase-1 project SESAME, in which most 
of the 5G ESSENCE partners were involved. The 5G 
ESSENCE project strongly focuses upon proofs-of- 
concept and demonstrators, as reflected in the 
current Work Package (WP) structure with three 
demonstration WPs, each one addressing a 
different use case and an associated vertical.      
 
Related Measurable Objectives: 1, 6, 8 
 

 
Strand 1 covers wireless access and radio network architecture/technologies: 

 

“(Radio) Network functional architectures and 
interfaces leading to a stable vision / reference 
architecture for 5G in support of the standardisation 
work expected to culminate under the 2017-2020 
period. It provides a platform for technical 
coordination with other 5G initiatives. This 
architecture efficiently supports different 
deployment topologies ranging from fully distributed 
to fully centralised, with reduced management 
complexity and minimised signalling overhead. It 
also covers technologies like Wi-Fi. It supports the 
“5G services and verticals” framework ...” 

The 5G ESSENCE scope extends the architecture of 
SESAME towards the so-called Edge DC, which 
combines both the distributed Light DC and a 
centralised data centre (Main DC). By modifying the 
functions placed at one or the other entity, this 
concept enables a flexible architecture able to 
accommodate different topologies depending on 
the requirements of each use case. These can range 
from a fully centralised approach in which the 
functions reside at the Main DC to a fully distributed 
approach where the functions reside at the Light 
DC.  
The 5G ESSENCE focuses upon the development of 
a prototype platform that includes small cell/Wi-Fi 
integration (supporting also multitenancy), SON 
evolution, and further virtualisation of the small cell 
layer. 5G ESSENCE’s open architecture and the 
relevant APIs can drive commercialisation and 
integration of multi-operator neutral small cells in 
5G standards evolution. 
 
Related Measurable Objectives: 1, 2, 3, 8 
 

“Co-operative operation of heterogeneous access 
networks integrating virtual radio functions into 
service delivery networks, including 
broadcast/multicast technologies (terrestrial 
/satellite) and supporting SDN and virtualisation 
techniques of RAN functions...” 

The 5G ESSENCE relies upon efficient virtualisation 
and software-defined techniques for slicing the 
RAN among multiple technologies and multiple 
vertical industries, thus creating a heterogeneous 
ecosystem where the same infrastructure is 
shared as-a-Service among different tenants.  
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Related Measurable Objectives: 3, 6 
 

“Coordination and optimisation of user access to 
heterogeneous radio accesses including ultra-dense 
networks, supported by intelligent radio resource 
management framework. This covers the joint 
management of the resources in the wireless access 
and the backhaul/fronthaul as well as their 
integration with optical or legacy copper networks;” 

The 5G cSD-RAN Controller of 5G ESSENCE  
manages the multi-technology radio resources 
available at a number of small cells deployed in a 
certain area, distributing them between the users 
belonging to the different verticals. The use of 
centralisation and the flexibility enabled by the 
use of software-defined techniques allows 
coordinating and optimising the resource usage, 
thus leading to enhanced operation. The 5G cSD-
RAN Controller reduces interference between 
small cells, which is particularly beneficial for 
dense deployments.  
 
Related Measurable Objectives: 3, 6 
 

“Multi-tenancy for Radio Access Network (RAN) 
sharing, covering ultra-dense network deployments 
with the ability to allocate traffic to shared MNOs 
infrastructure while satisfying their SLAs. Load and 
deployment are key aspects. Impacts in other 
segments of the network (e.g., backhaul), is taken 
into account for joint management;” 

Multi-tenancy for RAN sharing is at the heart of 
the 5G ESSENCE concept. The 5G ESSENCE allows 
the creation of different network slices for 
enabling the sharing of the small cells among 
different verticals and Mobile Network Operators 
(MNOs) in accordance with agreed Service Level 
Agreement (SLA) terms. Smart deployment and 
service orchestration functions are “key” for 
achieving an efficient utilisation of the shared 
infrastructure.  
 
Related Measurable Objectives: 3, 4, 5 
 

 
Strand 3 covers the “Software Network” 

 

“Software network architecture to support an access 
agnostic converged core network and control 
framework enabling next generation services 
(including services for vertical sectors) and 
integrating next generation access and devices. The 
architecture leverages the SDN/NFV paradigm...” 

5G ESSENCE relies on virtualisation and software-
defined techniques for enabling the services from 
vertical sectors to share the small cell 
infrastructure. The key concepts will be 
instantiated in the three use cases associated with 
the different verticals (service provision in sport 
events, mission critical applications and in-flight 
communications). 
 
Related Measurable Objectives: 3, 4, 5, 6 
 

“A unified management of connectivity, with end to 
end security mobility and routing (including 
multicast/broadcast) beyond current concepts (e.g., 
tunnelling) for flexible introduction of new services. 
This aims at a unified physical infrastructure and 
includes corresponding abstractions – (virtual) 
resources, functions, hardware, etc. – for control and 
orchestration.” 

The 5G ESSENCE concept relies on a physical 
infrastructure composed by a number of small 
cells and by cloud computing capabilities that is 
shared among multiple verticals. Physical resource 
abstraction is at the heart of both the 5G cSD-RAN 
controller of WP3 from the perspective of radio 
resources and the service orchestrator of WP4 
from the perspective of cloud computing 
resources.  
 
Related Measurable Objectives: 3, 4, 5, 7 
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“Scalability and efficiency related to increasing 
deployment of software-based network equipment 
and functions as well as corresponding more diverse 
services and usages. These include ease of 
deployment of multitenant networks, cost and 
energy efficiency, "five 9" reliability, flexibility and 
perceived "zero latency" where relevant;” 

5G ESSENCE’s core concept is based on software-
based solutions for both radio resource 
management and service orchestration. Besides, 
5G ESSENCE investigates the mechanisms for the 
dynamic creation of network slices with low 
resource requirements. All these elements  
facilitate the ease of deployment of new services 
in multitenant networks.  
 
Related Measurable Objectives: 4, 5 
 

“It covers the full network infrastructure from core 
network to heterogeneous access, also with 
integration of the 5G architecture with legacy 
infrastructure. The target is for a Network Operating 
System (NOS) with hardware and user interfaces to 
manage and orchestrate ...” 

5G ESSENCE’s service orchestration solution is be 
able to manage the network embedded E2E 
services over the available virtualised 
infrastructure.  
WP4 investigates the creation of a unified 
management tool able to control a virtualised 
infrastructure composed by different kinds of 
virtual resources. 
 
Related Measurable Objectives: 4, 5 
 

“Management and security for virtualised networks 
and services to support service deployment decisions 
related with location and lifecycle management of 
network functions, and flexible configuration of 
network nodes. Network analytics tools, knowledge 
reasoning and cognition, may be extended towards 
network operations to cope with complex, 
heterogeneous, and dynamic networks featuring 
large numbers of nodes, and to correlate all 
monitoring sources in order to create a real-time 
supervision of Quality of Service and Quality of 
Experience. Management of security (privacy where 
appropriate) across multiple virtualised domains is a 
key aspect to be covered by this call.” 

The 5G ESSENCE relies on telemetry and network 
analytics tools that can collect and process 
different types of monitored network data for 
extracting knowledge models (e.g., time-domain 
traffic patterns, spatial traffic distributions, etc.) 
that will drive the management decisions.  
These tools can be applied both in the SON 
functions of the cSD-RAN controller and in the 
service orchestrator.  
In addition, the 5G ESSENCE Security Framework 
addresses security challenges for virtualised 
networks and services, by securing and hardening 
the 5G ESSENCE infrastructure. The framework is 
based upon technologies that provide the 
expected levels of security in 5G networks in order 
to establish the trust and confidence required for 
its widespread adoption. 
 
Related Measurable Objectives: 4, 5 
 

 
Table 6: Positioning of 5G ESSENCE to the respective EC’s Work Program. 
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4.2 5G ESSENCE - Relevance to 5G-PPP KPIs 
 
The 5G ESSENCE project is fully aligned with the 5G-PPP program, which has identified

107
 a set of relevant 

KPIs to be monitored and complementing the impacts of the related EC Work Programme. The following 
table identifies how the 5G ESSENCE contributes to these relevant 5G-PPP KPIs (those not elaborated already). 
 

Business KPI 
5G-ESSENCE Contributions 
 

Leverage effect of EU research 
and innovation funding in terms 
of private investment in R&D for 
5G systems in the order of 5 to 
10 times 

The industrial partners of the 5G ESSENCE consortium including both big 
companies and SMEs, have already identified exploitation plans for making 
use of the 5G ESSENCE results in their businesses. The use cases of the 5G 
ESSENCE serve as real-world tests to gauge the applicability of the designed 
solutions, providing valuable feedback on the viability of approaches and 
potential necessary adaptations for bringing them to the market. This 
definitely contributes to increasing the levels of private investment for 5G 
systems at European level. Specific areas in which further investment by 
companies is envisaged include the delivery of pioneering services by 
operators, the hypervisor optimisation in cloud deployments, the low-
overhead virtualisation solutions for constrained devices in the embedded 
cloud at the network edge or the inclusion of the small cell management 
features developed in the 5G ESSENCE in the mainline product roadmaps. 
 

Target SME participation under 
the 5G-PPP initiative 
commensurate with an allocation 
of 20% of the total public funding 

The 5G ESSENCE consortium includes seven SMEs (CASA, ISW, ATH, SML, 
ORION, 8BELLS, CPT), representing the 27,6% of the total PM resource 
allocation of the project and 26,4% of the total budget. They contribute to 
the technical roadmap and objectives in the project and have been involved 
in the “key” technological component development and innovation aspects 
in the project from an early stage (e.g., the cSD-RAN controller, the 
demonstrations in the 5G Edge Acceleration in a Stadium use case, etc.).  
The SMEs are well positioned to leverage the technological expertise within 
the 5G market space either through the consortium or as individual entities. 
Furthermore, the depth of the industrial participation allows the SMEs to 
work closely with the large players to gain valuable expertise, and further, 
the contribution to open standards and open source communities provide 
the opportunity for better exploitation plans and commercialisation 
potential. 
 

Performance KPI 5G ESSENCE Contributions 
 

Very dense deployments to 
connect over 7 trillion wireless 
devices serving over 7 billion 
people; 

The provision of wireless services in dense deployments is one of the main 
targets of the 5G ESSENCE concept. The capability of offering a multitenant 
network is “key” in such scenarios, so as to avoid multiple separate 
deployments on a per operator basis.  
Besides, the two-tier architecture proposed by the project has been specially 
“suited” for highly dense scenarios, since it allows centralising the control 
plane (CP) functions, so that a more efficient coordination between CESCs 
can be achieved (e.g., in order to mitigate interference between CESCs).  
This capability of the 5G ESSENCE has been demonstrated in two of the use 
cases, namely the 5G edge acceleration in a stadium and the inflight 
connectivity and entertainment systems, both of them characterised by a 
high density of users connected to the infrastructure. 
 

Secure, reliable and dependable 
Internet with a “zero perceived” 
downtime for services provision. 

The two-tier 5G ESSENCE architecture inherently targets the provision of 
MEC services running at the Edge DC. These can be hosted either in the 
distributed Light DC running at the CESC, or in the centralised Main DC, both 
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  W. Mohr (2016, June): “The 5G Infrastructure Public-Private Partnership”, available at: http://5g-ppp.eu. 
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of them located at the edge of the network.  
The project architecture has been designed to be flexible so that the best 
locations for the VNFs composing the offered services can be selected 
depending on the use case, thanks to the use of advanced telemetry and 
analytics tools. All these elements actually facilitate the provisioning of 
services with “zero perceived” downtime (e.g., by allowing local production 
of multimedia content in a stadium, by exploiting content caching, etc.).  
 

Societal KPI 5G ESSENCE Contributions 
 

Enabling advanced user 
controlled privacy 

The 5G ESSENCE solution provides a flexible architecture facilitating that it 
can securely be shared by different tenants and/or vertical industries 
through E2E network slicing mechanisms that will ensure the desired levels 
of isolation and privacy between the different users.  
This has been particularly demonstrated in the use case on 5G E2E slicing for 
mission critical applications, which enables the coexistence of users with very 
different requirements, and under strict privacy constraints. 
 

Reduction of energy consumption 
per service up to 90% (as 
compared to 2010) 

By allowing CAPEX/OPEX cost reduction through multi-tenancy/multi-service 
capabilities instilled through CESC infrastructure sharing, the 5G ESSENCE 
actually provides a key societal contribution towards the reduction of CO2 
from the ICT industry, in line with the objectives of many EU Member States. 
Further, by leveraging the MEC capabilities, the CESC management 
functionalities leverages the VNFs to deploy mobile core network 
functionalities closer to the edges, thus reducing the overhead on signalling 
which will be translated into energy savings.  
Further, the use of dynamic telemetry and analytics tools facilitates an 
efficient management of the CESC networks, enabling the implementation of 
smart techniques for energy saving (e.g., by switching some of the CESCs 
when there is no traffic, etc.). 
 

European availability  of a 
competitive industrial offer for 
5G systems  and technologies 

CESC MEC capabilities, inherent to the multi-tenant 5G ESSENCE architecture, 
do provide a new ecosystem and value chain for new applications and service 
delivery at lower costs due to the higher efficiency in resource usage, 
achieved also thanks to a smart management relying on advanced analytics 
tools.  
Software and application providers can serve the new ecosystem by 
developing and bringing to the market innovative and ground-breaking 
services and applications. 
 

New economically-viable services 
of high societal value like U-
HDTV and M2M applications 

The 5G ESSENCE scope greatly improves the capabilities of CSPs and service 
providers to “add” new revenue streams for innovative services that have 
higher societal value and better QoE delivered from closer to the end-user. 
Placing relevant applications closer to the edge and slicing the infrastructure 
to offer multi-tenancy capabilities allows the users to be offered with 
economically-viable applications, leveraging on the OPEX gains and other 
service compositions.  
Such new services and applications are particularly relevant for the use cases 
of the 5G ESSENCE dealing with content provision in the stadium and with 
the inflight connectivity and entertainment systems, where it can be 
expected that broadcast services (e.g., U-HDTV) could be included. 
 

Establishment and availability of 
5G skills development curricula in 
partnership with EIT 

The 5G ESSENCE partners are contributors to the EIT108 (the KIC109 on ICT 
Labs, where the Madrid and Trento node partners have involvement in the 
Project). This will allow the project to create knowledge transfer plans 
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  See, for example: https://era.gv.at/object/news/1878. 
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leveraging the EIT framework to develop both education and business 
related promotion of the 5G ESSENCE concepts and further to showcase the 
5G ESSENCE prototypes and demonstrations in cooperation with the EIT to 
potential customers and stakeholders.  
Besides, the academic partners of the  5G ESSENCE intend also to introduce 
the project concepts in the curricula of teaching programs for the next 
courses at graduate, master and doctoral levels, thus contributing to 
increasing the knowledge and skills about 5G.  
 

 
Table 7: 5G ESSENCE Project – Contributions to “address” 5G-PPP KPIs. 
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4.3 5G ESSENCE - Strengthening of European Competitiveness  
 
5G is the next generation mobile network that enables innovation and supports progressive change across 
all vertical industries and across our society

110
. Through its Radio Access Network (RAN) design and its 

orchestrated end-to-end architecture, it has the potential to boost innovation and generate economic 
growth in the European economy. The 5G service models support agility and dynamicity, thereby impacting 
the granularity, duration and trustworthiness of business relationships. The ability to combine private and 
public networks and data centres across multiple domains in a secure and controlled way facilitates 
collaborative business processes. It reshapes the digital business ecosystem with new value chains linking 
stakeholders from the telecommunications world and the vertical industries in win-win situations. New 
stakeholders emerge in this evolved ecosystem, for example cloud companies and software houses that 
profit from the cloudification and virtualization of the infrastructure, and brokers that facilitate sharing of 
spectrum and trading of connectivity and processing resources. Small and medium-sized enterprises and 
start-ups are able to embed 5G in their innovative products and services for existing and new customers 
and markets, leveraging on the Anything as-a-Service (XaaS) model. 
 
The 5G service models support agility and dynamicity far beyond what is possible today, thereby impacting 
the granularity, duration and trustworthiness of business relationships. Network Slicing -a key concept of 
the 5G architecture-  enables such capabilities and allows Network Service Providers (NSP) to develop new 
offerings using the XaaS model. The NSPs can flexibly allow the co-existence of multiple tenants on their 
infrastructure. The tenants, who represent a whole range of different vertical industry stakeholders -called 
Online Service Providers (OSP)- offer products tailored to the specific needs of their end-users. The ability to 
combine private and public networks and data centres across multiple domains in a secure, controlled and 
provable way paves the way for collaborative business processes. This enables flexible value chains and 
value added services in a cost efficient way. Vertical industry stakeholders’ involvement in the 5G value 
chain marks the most important change compared to 4G. Stakeholders from vertical industries (such as 
automotive, energy, factories, health, media, public transportation, aeronautics and other sectors) can take 
the role of OSPs providing services directly to end-customers on top of the infrastructure and connectivity 
services of NSPs. 
 
The core contribution of 5G ESSENCE is to create novel and concrete opportunities for generating 
competitive advantages for the European ICT market and vertical industries. The 5G ESSENCE is rooted at 
the core requirement for improving innovation capacity in the European mobile industry by consolidating a 
very tight convergence of the telecommunications, IT market and vertical business sectors. This is the key 
difference moving towards 5G-PPP Phase-2 where the European ICT market will see the emergence of new 
vertical business segments and services for consumers and enterprise customers. Furthermore, such a 
convergence will be key to deal with the explosion of data traffic and the ever-increasing introduction of 
novel applications and cutting-edge services by the service providers and OTT players. A strong indicator 
and success criterion of the 5G ESSENCE project that concretely shows the potential to deliver a substantial 
improvement in innovation capacity is the perfect mix of multi-dimensional industrial partners coming from 
the telecommunications and IT sector, with worldwide industrial leaders from other sectors. The 
consortium consists of a variety of players, as indicated below:  
 
- Mobile network operators, as OTE and WI3 (belonging to leading European telecom groups) targeting 

to increase their revenues in the 5G sector;  
 

- Network equipment manufacturers, as TCS, a top equipment and IT solutions vendor targeting to 
improve their presence at international level, including Europe; 
 

- Global ICT technology companies, as INTEL and NECLE, who are market leaders in different ranges of 
technology products, solutions and services; 
 

                                                           

110
  5G Vision – The 5G Infrastructure Public Private Partnership: the next generation of communication networks and 
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- Network and IT solutions suppliers as ITL, and a large IT services provider as ATOS, who are leading 
European players in the Telecommunications services sectors; 
 

- Innovative high-tech SMEs focused on complementary business and R&D sectors, as ISW in software 
development for advanced wireless systems; ATH in flexible mobile core deployments; ORION in 
virtualised infrastructure management solutions; 8BELLS in mobile market analysis and business 
modelling; SML in edge video orchestration and video-based incident reporting,  CPT in security and 
threat analysis, and CASA in network access solutions which incorporate RF engineering, high-density 
access aggregation, software innovation and extreme subscriber management capabilities. 
 

- Representatives of vertical sectors, as ZII, BAPCO and MoE that will map the new network and service 
capabilities to the emerging and developed markets’ needs and validate and demonstrate the 
prototype platform.     

 
In the following, we outline clearly how the innovation capacity and integration of new knowledge for the 
different stakeholders is achieved by the proposition in 5G ESSENCE. 
  
 
Competitive Advantage for Communication Service Providers and Application Providers:  
The 5G ESSENCE will bring several competitive advantages to the CSPs and service/application providers 
(OTTs) such as those listed as follows: 
 
• Rapid deployment of new services for consumer and enterprise business segments which can help them 

differentiate their service portfolio, benefitting from the CESC framework;  
 

• Adding of new revenue streams from innovative services delivered closer to the user, together with 
offering the user a better service-oriented QoE, leveraging the Edge DC and the CESCM entities, and 
furthermore, improving revenue opportunities by sharing the infrastructure for specific service 
providers.  
 

• Introduction of new applications which are aware of the local context in which they operate (RAN 
conditions, localised information, density information, etc.) through the integration of the CESC virtual 
small cells functionalities, which open up new service categories and enrich end-user offerings. 
 

• Drastic reduction of OPEX costs by offloading management related functionalities closer to the edge and 
by developing smarter management techniques, and further limiting the Total Cost of Ownership 
(TCO)/CAPEX costs by promoting shared infrastructures enabled by the multi-tenancy and the 
virtualised multi-service management framework (CESCM). 
 

• Flexible development of market innovative and ground breaking services and applications that take 
advantage of the contextual information provided by the CESC on the radio network conditions and 
other information at the edges (e.g., edge caching, critical services); 
 

• Creation of new market entrants by “opening-up” the shared infrastructures to new software and 
application providers, infrastructure vendors and other CSPs, thereby increasing revenues and also 
promoting regulatory support.  

 
 
Competitive Advantage for Equipment Manufacturers and Vendors:  
Using the 5G ESSENCE approach, the equipment manufacturers can be able to greatly enhance their 
product portfolio and develop novel offerings in virtualised and cloud-enabled small cells platforms. The 5G 
ESSENCE solutions and especially the CESC offerings allow the manufacturers (like TCS), to “place” 
themselves as “key proponents” in the mobile edge-computing arena, which is critical towards 5G network 
deployments.  
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The project enables equipment manufacturers to offer competitive solutions that can co-locate computing 
and small cells through an Edge DC, towards delivering computational and networking resources via VNFs 
empowered by HW accelerators.  
 
 
Competitive Advantage for IT service providers and solutions suppliers:  
IT service providers and solutions suppliers get the maximum benefit and advantage out of the 5G ESSENCE 
project by being able to closely work with leading mobile market vendors and ICT companies, and so they 
have the opportunity to “position themselves” strategically and gain an early-entrant advantage within the 
industry, also keeping in consideration the rapid evolution of the mobile edge computing market, expected 
to be a €14bn market by 2020.  
In particular, by contributing to the design and prototyping of the CESC, Edge DC, and CESCM 
functionalities, the IT industry can get a clear roadmap and exploitation opportunity to be placed as “key 
proponents” in the open source development communities, promoting the enhancement of solutions which 
can be developed further through collaboration with application and open programmable platforms 
developers. This enables the IT suppliers to even directly approach equipment vendors, to offer competitive 
solutions at lower costs, enabling new business avenues and increased revenues. The virtualisation and 
“cloudification” of the network architectures often result in transformation of the networks and increase 
the demand of a broad range of expertise of ICT. 
 
 
Benefits for Enterprise Customers, Home and Mobile Users:  
European vertical industries are seeking enhanced technical capacity in order to differentiate themselves at 
international level and to strengthen their brands. To this end, the benefits introduced by the 5G ESSENCE 
approach are numerous. As regarding the selected Use Cases for demonstration 5G ESSENCE is in position 
to address both the increasing operational traffic at events and to fulfil the high expectations from 
spectators. Telecom operators become able to differentiate their products and increase brand awareness 
with large volume of spectators. In this context, the event organisers can also have access to new and 
potentially big, revenue streams. The public safety professionals can benefit from the 5G ESSENCE solutions 
since lower cost and more interoperable, with improved functionalities, equipment will be available to 
them. This can lead to safer working and to better operational efficiency. Finally, the airline companies 
through 5G ESSENCE IFEC system can also expect new revenue streams, better service differentiation and 
improved passenger experience. 
 
 
Competitive Advantage for SMEs:  
The decoupling of software and hardware via SDN and NFV technologies, and the introduction of successful, 
open source software stacks for networks leads to open network ecosystems that are no longer limited to 
the large manufactures and their telecom customers. With the use of COTS instead of current proprietary 
technologies, as proposed by 5G ESSENCE, network functionalities will not remain restricted in monolithic 
“boxes”, but can become totally virtualisable, and thus, easily reconfigurable. This greatly influences SMEs 
that develop network services, since they become able to innovate and launch new applications leveraging 
the new capabilities of 5G.  
In the new, unlocked ecosystem of 5G ESSENCE, SMEs can take the role of the network application 
developers (specific competitive advantage for companies in the sector of ATH, ISW, ORION, SML, CASA) 
and maintainers. Lowering the barrier for new market entrants is a recognised benefit for software network 
technologies, and is of particular importance for the telecom market, which is traditionally dominated by a 
few “big” players. 
 
  
Benefits for Academia and the Research Community:  
The 5G ESSENCE context has targeted high quality publications at top conferences and open access journals 
and has leveraged greater collaboration between industry and academia around cloud-enabled small cells 
for mobile-edge computing services and deployments. Furthermore, the great emphasis of 5G ESSENCE to 
contribute to new industry standards and open source communities’ initiatives, and the clear commitment 
to release specific solutions developed in the project as open source tools, greatly benefits the scientific and 
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research community in Europe. The acquired knowledge enables the proposition and proper design of new 
courses related to 5G networking, as well as the update of the existing. Ph.D. and Master Theses to be 
further supported, aiming to introduce students to the new era of 5G networking. 
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4.4 5G ESSENCE - Benefits for Society  
 

One of the major priorities of Europe is to become a smart, sustainable and digitally inclusive economy. 
These priorities are expected to help the EU and the Member States to deliver high levels of employment, 
productivity and social cohesion. One of the flagships towards this aim is “Digital Single Market”

111
] 

targeting to better access for consumers to digital goods and services, the right conditions for digital 
networks and innovative services and maximum growth potential of the digital economy.  
Targeting to these objectives, 5G ESSENCE is an open ecosystem and a dynamic value chain for new 
applications and services at lower costs due to the higher efficiency in resource usage.  
 
The 5G ESSENCE initiative and full scope of actions enables the mass adoption of connected digital services 
by consumers, enterprises and governments, as a key economic driver that accelerates growth, facilitates 
job creation and facilitate societal well-being.  
 
More specifically, 5G ESSENCE addresses the community societal challenges as follows: 

 

 Provides social well-being: The employment of software network technologies, greatly promotes 
service efficiency and agility, resulting to improved perceived quality of experience. This is critical as 
more and more basic services from governments, banks, retailers, media companies, and other 
stakeholders are conducted online. 
 

 Reinforces social cohesion: The infrastructure sharing and the business models on shared resources that 
5G ESSENCE introduces will bring -as a consequence- lower service fees. Therefore, European citizens 
will have effective and equitable access to communication services, skills and knowledge. 
 

 Supports connectivity in extraordinary events: Thanks to the flexibility, agility and configurability 
offered by SDN/NFV technologies and the edge cloud setup, it is possible to offer and configure new 
services on the spot with a setup time of only a few minutes. The 5G ESSENCE project can offer natively 
the extra capacity, the lower latency, and the dramatically reduced service creation time needed in 
emergency cases and at sporadic/flash crowd events. 
 

 Stimulates growth in all industries that can exploit 5G technology: European economy will strongly 
benefit from the new services and greater efficiencies suggested by the project to become more 
competitive, to create new business models, and to offer new job opportunities. 
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5 Concluding Remarks 
 
The soundness of 5G ESSENCE solutions and market potential 5G is a fundamental shift and a “key enabler” 

in the future of the digital world, changing the way people innovate, collaborate, and socialize, and this shift 

to 5G introduces novel challenges and approaches. The introduction of 5G technologies in economic and 

societal procedures of everyday life is a key asset that supports transformation of the vertical industries and 

focuses on the development of cloud infrastructure and the concomitant development of mobile 

broadband digital access networks. The 5G ESSENCE is an Innovative Project that addresses the paradigms 

of Edge Cloud computing and Small Cell as-a-Service (SCaaS) by fueling the drivers and removing the 

barriers in the Small Cell (SC) market, which plays a “key role” in the 5G ecosystem. The 5G ESSENCE scope 

provides a highly flexible and scalable platform, able to support new business models and revenue streams 

by creating a neutral host market and reducing operational costs, with new opportunities for ownership 

deployment, operation and amortization. Such targets are fully in line with the today’s technical and 

business needs, and as a consequence, with the needed innovations, which the SDOs are also addressing.  

The proposed solution allows multiple network operators (tenants) to provide services to their users 
through a set of Cloud Enabled Small Cells (CESCs) deployed, owned and managed by a third party (i.e., the 
CESC provider). This not only extends the legacy NFV and MEC frameworks, but it is also in line with the 
vision of a fully integrated solution, where MEC applications can be also deployed and managed as VNFs, as 
being addressed by ETSI. Clearly, it is an outstanding innovation to realize a holistic solution integrating and 
leveraging in a synergic way dense coverage by small cells, edge computing and network function 
virtualization, even with the needed tools and facilities for flexible, efficient and automatic operations. Such 
innovations of 5G ESSENCE project allow for the creation of network slices to address the needs of any 
vertical, fully including the radio part of the network in terms of resources and integrated management with 
orchestration. For the purpose, enhanced virtualization features, radio resource schedule and management, 
software defined data and control planes deployment, advanced measurements and analytics (also in RAN) 
and closed-loop control by machine learning for adaptation and optimization have been conceived, 
developed and validated along the project execution. 
 
In this document we have presented a detailed overview of the various activities that took place during the 
entire lifecycle of the 5G ESSENCE project, by summarizing the main objectives together with the proposed 
architecture and with an explicit description of the main Use Cases coming from the vertical markets. This 
can be assessed as an “abstracted” but simultaneously as “concrete” approach, purely demonstrating the 
progress performed and the innovations achieved by the project.     
 
This has been essential towards discussing a variety of forthcoming actions in order to realize an explicit 
awareness of the project within an extended variety of sectors, including business areas, the academia, 
end-users and many more. In this context, we have identified all performed communication and 
dissemination activities and, in particular, we have focused on the project website, the presence in social 
networks, related videos, newsletters, interviews, press releases, publications in workshops/conferences 
and journals, leaflets, posters and brochures. The 5G ESSENCE project has targeted distinct areas of the 
market sector and has performed multiple and successful activities in order to broadly “make its specific 
context well and explicitly known” to any third party. 
 
On the other hand, the present work has summarised some among the benefits coming from the original 
5G ESSENCE context that have clear and positive impact on various areas, with emphasis given to the 
societal ones. The 5G ESSENCE project promotes a variety of innovative technological features that can 
strongly impact the broader market sector and may have -explicitly and/or implicitly- a significant influence 
to the end-users, thus affecting several social implications. As the project introduces suitable and validated 
solutions to satisfy a certain number of well-defined objectives, this can promote the adoption of novel 
solutions that offer services of better quality and can enhance various related KPIs, in the dawn of the 
evolution of 5G. In this framework, we have also discussed 5G ESSENCE’s strategic impact and contribution 
to the related H2020 Work program as well as 5G ESSENCE’s contribution to the improvement of innovation 
and to the well-identified 5G-PPP KPIs. This strongly correlates the full scope of 5G ESSENCE- based actions 
to the related innovative strategic priorities of the European Union.   
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