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Abstract 
 
The purpose of this White Paper is to provide a complete overview of the 5G ESSENCE project, starting from the 
project objectives and the selected approach to suitably “address” the considered issues. The present White Paper 
presents the 5G ESSENCE architecture and the three considered use cases, conformingly to the scope of the original 
Grant Agreement. Each use case is described and explained with the corresponding architecture customization. The 
technical hardware and software solutions are described for each use case, together with the functionalities 
developed by the partners contributing to the developed testbeds. The White Paper also presents the final 
demonstration that has been realised for each distinct use case, in which not only the above mentioned functionalities 
have been tested and demonstrated, but also some KPI measurements have been realised. The White Paper 
summarizes the KPIs that have been defined for each use case being in line with the well-defined 5G-PPP KPIs, and 
also gives an overview of the type of performed measures. Although the obtained detailed figures following to the 
trials cannot be published because of their confidentiality nature, the demonstrations have showed that the 5G 
ESSENCE solution worked quite fine and it is able to accomplish the above mentioned KPI. 
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1 Introduction 
 
The 5G ESSENCE Project takes into account two paradigms of the 5G ecosystem, Mobile Edge cloud Computing and 
Small Cells (SCs), which are forecasted to have an increased usage in the next years in order to offer 5G services. The 
5G ESSENCE Project 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 via the provision of new 
opportunities for ownership, deployment, operation and amortisation. 
 
The technical approach exploits the benefits of the centralisation of Small Cell functions as scale grows through an 
edge cloud environment based on a two-tier architecture: a first distributed tier for providing low latency services and 
a second centralised tier for providing high processing power for computing-intensive network applications. This 
allows decoupling the control and user planes of the Radio Access Network (RAN) and achieving the benefits of Cloud-
RAN without the enormous fronthaul latency restrictions. The use of end-to-end (E2E) network slicing mechanisms 
allows for potential sharing of the 5G ESSENCE infrastructure among multiple operators/vertical industries and 
customises its capabilities on a per-tenant basis. The versatility of the architecture is enhanced by high-performance 
virtualisation techniques for data isolation, latency reduction and resource efficiency, and by orchestrating lightweight 
virtual resources enabling efficient Virtualised Network Function (VNF) placement and live migration. 
 
The 5G ESSENCE framework leverages knowledge, SW modules and prototypes from various 5G-PPP Phase-1 projects, 
with SESAME1 being particularly relevant. Building upon these foundations, very ambitious objectives have been 
targeted, culminating with the prototyping and demonstration of the 5G ESSENCE system in three real-life use cases 
associated to vertical industries, briefly described as follows: 
 

 5G Edge network acceleration for a stadium: The 5G ESSENCE demonstrated a combined 5G-based video 
production and video distribution towards delivering benefits to both media producers and mobile operators, 
who were 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, have enabled secure, high-quality and resilient transmission, in real-time and with minimal latency. 
 

 Mission critical applications for public safety: The 5G ESSENCE demonstrated how one -or more- Public 
Safety (PS) communications providers could use the resources offered by a deployed 5G ESSENCE platform 
for the delivery of communication services to PS organisations in a country/region. More specifically, in the 
Mission Critical (MC) use case, the infrastructure owner exploited the 5G ESSENCE system capabilities to 
provide the required network/cloud slicing capabilities with dedicated SLAs to different types of tenants, 
prioritising the PS communications providers and allowing the Mission Critical Push-To-Talk (MCPTT) service. 
 

 Next-Generation integrated in-flight connectivity and entertainment systems: The 5G ESSENCE In-Flight 
Entertainment and Connectivity (IFEC) demo has tested and validated the multi-tenancy enabled network 
solution for passenger connectivity and wireless broadband experience. The multi-RAT Cloud-Enabled Small 
Cells (CESCs) have been implemented as a set of integrated access points to be deployed on board. 
Afterwards, since inflight entertainment has to consider the explosive growth of multi-screen content 
consumption, the 5G ESSENCE CESCs will stream on demand multi-screen video content (both from on board 
servers and via satellite/air2ground links) to the wireless devices. 

 
The White Paper is organized as follows: the present Section provides an overview of the paper contents and of the 
5G ESSENCE project; Section 2 describes the approach that has been used in the project and the corresponding project 
objectives, together with the resulting architecture. Section 3 details the three considered use cases, providing for 
each one a description, the corresponding customized 5G ESSENCE architecture, the testbed and the functionalities 
that were demonstrated during the pilots events. Section 4 gives a summary of the main KPIs that have been taken 
into consideration during the demonstrations, and, finally, Section 5 provides conclusions and remarks. 

  

                                                           
1  H2020 5GPPP 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/ 

http://www.sesame-h2020-5g-ppp.eu/
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2 Project Solution 
 

2.1 Approach and Objectives 
 
Although 5G has yet to be defined, it is universally agreed that it will represent a combination of already existing types 
of communication networks, as well as new and ground-breaking implementations and technologies. The 
consolidation of cellular, Internet of Things (IoT), and Wi-Fi networks, as well as broadcast networks and automotive 
systems, together with the new technologies such as small cells, mmWaves, massive MIMO, beamforming and full-
duplex, will all lead to new wireless solutions that will provide higher transmission rates, lower latency and overall 
better coverage and performances. 
 
The main problem of most of 5G solutions that have been proposed until today is that they neither have been 
“adequately” tied to a solid business case nor well integrated to the legacy infrastructure of network operators and 
the rest of actors within the communications ecosystem. The new technological solutions should not be the only 
concern for 5G development, as the current economic position of the telco operators needs to be taken into 
consideration, as that will help producing new benefits, creating new markets and services.  
 
Recent research has shown that most users are not currently interested in data rates much higher than those of 4G 
even when available, and the number of applications that require ultra-low latency is yet relatively limited (i.e., 
autonomous driving, tactile internet, augmented/virtual reality, etc.). Since this does not lead to new revenues in the 
short-term at least, there arises the ultimate necessity that 5G reduces operators’ costs. 
 
To address this requirement, the 5G ESSENCE context introduces innovations in the fields of network softwarisation, 
virtualization and cognitive network management. The use of end-to-end network slicing mechanisms allows for 
sharing the 5G ESSENCE infrastructure among multiple operators/vertical industries and customizing its capabilities on 
a per-tenant basis.  
 
This approach allows new stakeholders to dynamically enter the network value chain, and offers on demand access to 
“evolved” Small Cell platforms with enhanced Mobile Edge computing (MEC) capabilities to Small Cell operators, 
network operators and OTT players. In the planned 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.  
To achieve these ambitious goals, the 5G ESSENCE 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.  
The existing 5G architecture is a solid reference point for the 5G ESSENCE original approach, which combines the 
current 3GPP framework to network management in RAN sharing scenarios and the ETSI NFV framework for managing 
virtualised network functions. 
 
 

2.2 Architectural Overview 
 
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.  
The proposed solution allows multiple network operators (tenants) to provide services to their users through a set of 
Cloud Enabled Small Cells 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, e.g., highly dense areas where massive numbers of 
Small Cells would be needed to provide the expected services). 
 
The technical approach of 5G ESSENCE project is presented in Figure 1, where the working architecture is illustrated 

with specific emphasis upon the functional elements and interfaces 0[2]. The 5G ESSENCE system is equipped with a 

two-tier virtualised execution environment, materialised in the form of the Edge Data Centre (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. 
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 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). Finally, backhaul and 
fronthaul transmission resources are be part of the CESC, allowing for the required connectivity. 
 

 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. Other potential VNFs that could be hosted by the Main DC 
include security applications, traffic engineering, mobility management, and in general, any additional 
network E2E services that can be deployed and managed on the 5G ESSENCE virtual networks, effectively and 
on demand. 
 
 

 
 

Figure 1: 5G ESSENCE System Architecture. 
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3 Use Cases Realization 
 
The 5G ESSENCE project addresses a variety of use cases (UCs) all critical for vertical industries. They are deployed and 
validated in real life conditions to actually demonstrate how the project solution is important for the realization of 5G. 
The selected use cases are: 5G Edge Network Acceleration in a Crowded Event; Mission Critical applications for Public 
Safety, and; In-Flight Entertainment and Connectivity (IFEC) communications. The implementations leverage well-
known and accepted standards, as well as open-source SW, when available.  
Every distinct use case is a very important context, where our effort has been to verify the new capabilities coming from 
the 5G systems in terms of reduced latency, increased network resilience, and less service creation time, with respect to 
existing systems for many verticals. Importantly, this enables and fosters the creation of a novel ecosystem where new 
business models can be envisioned and new actors -such as neutral host providers and vertical industries- can enter the 
value chain. 
 
 

3.1 UC1 - 5G Edge Network Acceleration at a Stadium 
 
The 5G ESSENCE project demonstrated 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 and with minimal latency. 
 
In the context of the 5G ESSENCE infrastructure sharing support, each network operator will be in position to optimise 
his network usage, resulting in lower OPEX. Additionally, network operators will be able to rapidly deploy new 
services, to deliver directly to users 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 on mobile edge and, in addition, they can offer 
augmented services by leveraging the network information. Finally, the stadium owner will obtain additional benefits 
by leveraging the deployed 5G ESSENCE infrastructure and its functionalities, by capitalising live content to spectators 
from many cameras, statistics, etc. 
 
The scenario provided 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) was covered with a cluster of multitenant, eMBMS 
enabled as Cloud Enabled Small Cells (CESCs) and, together with the CESCM and the Main DC, they could be 
connected to the Core Networks (CNs) of multiple telecom operators.  
 
The video content from cameras was sent for processing locally at the Edge DC (similar to the proposed use case by 
ETSI MEC2). Then the video streams were broadcasted locally by using the CESCs and the stadium spectators were 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. 
 
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.  
 

                                                           
2  For  more details also see: https://www.etsi.org/technologies/multi-access-edge-computing  

https://www.etsi.org/technologies/multi-access-edge-computing
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The Main DC also incorporates a virtual EPC3 (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 1 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 2 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 2, the EVO VNF is connected to the BMSC and the above mentioned 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. 

 
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 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 protocol4, as well as 
legacy devices including firewalling and routing equipment. Finally, the NCSRD site connects to the Internet via 
GRNET5, using a dedicated hardware firewall whose rules are fully customizable. 
 

 
 

Figure 2: Demonstration Architecture. 

 
The use case provides a set of services related to live video streaming. One of the key aspects is the lowest possible 
glass-to-glass latency of video streams. Glass-to-glass latency [3] denotes the time needed for a scene in front of the 

                                                           
3  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  
4   For relevant information about the OpenFlow protocol see, for example: https://en.wikipedia.org/wiki/OpenFlow 
5  For more details see information included in the original GRNET Website: https://grnet.gr/ 
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camera glass to be detected, encoded, transmitted, decoded and rendered onto the display of the stream-receiver. 
This increases the level immersion into the venue as it allows even distant observers to both see the original scene as 
well as additional videos of the same at the same instant in time.  
 
The observer has a smart phone application which shows those additional video streams. The smartphone app allows 

the user to see a set of video streams in an overview-like layout, as shown in Figure 3(a). The number of video views in 

this mode is configurable within the application. The video views have a lower resolution and corresponding bitrate 

(SD resolution, around 0.8 Mbits/s bitrate) in order to limit the resource usage on the network and on the phone, 

itself. When touching one of the Multi View videos, an overlay showing stream name and current bitrate appears. On 

each of the video views, the actual stream to be shown can be chosen by the user. A double click onto a video in the 

multi view brings this video into the full screen mode (see Figure 3(b)).  

In parallel to switching to the full screen mode, the application stops the preview (SD) version of the stream and 
internally requests a high bitrate version of the same stream (HD view). Consequently, the user can watch the chosen 
camera perspective in high quality. 
 

 
(a) 

 
 
 
 

 
(b) 

 
Figure 3: (a) Multi View, and; (b) Single View. 

 
The Egaleo stadium facility was covered with a cluster of multitenant, eMBMS-enabled CESCs, with 3 low power cells 
able to cover the entire stadium, and, together with the CESCM and the Main DC, was connected to the core network, 
which is located in the NCSRD campus with a backhaul point-to-point micro-wave link.  
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 4). 

The 5G ESSENCE project has successfully demonstrated the first use at the Egaleo Municipal Football Stadium “Stavros 
Mavrothalasitis”, on October 02, 2019.  
Two football teams had a typical 90’ match and, through the used 360° cameras, this event has been broadcasted to 
the eMBMS (evolved Multimedia Broadcast / Multicast Services) enabled UEs of the involved spectators. 
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Figure 4: Main Infrastructure for the stadium use case demo. 

 
 

3.2 UC2 - Mission Critical Applications for Public Safety 
 
Latest 3GPP releases address the key requirements expressed from the Public Safety (PS) domain for next generation 
(NG) broadband public safety networks [4]. Further improvements to the 3GPP standards to cope with mission critical 
communications requirements are considered as a “central topic” in the 3GPP requirements study for 5G [5].  
 
Regarding PS service delivery models, there is a clear trend towards different forms of network sharing models as 
opposed to building out dedicated PS networks [6]. For example, the Emergency Services Network in the UK is going 
to use the RAN infrastructure of a commercial provider [7]; Blue Light Mobile [8] service by PS operator Astrid in 
Belgium offers access through roaming agreements with commercial operators; FirstNet in the US, while it counts with 
spectrum dedicated to PS, is expected to enable secondary use by commercial applications [9]. In this context, multi-
tenancy becomes a cornerstone challenge. 
 
The 5G ESSENCE’s common orchestration of radio, network and cloud resources is expected to significantly contribute 
to the fulfilment of the requirements of the PS sector, bringing new tools to share both radio and edge computing 
capabilities in localised/temporary network deployments between PS and commercial users. The challenge consists on 
allocating radio, network and cloud resources to the critical actors (e.g., the first responders), who by nature require 
prioritised and high-quality services. For an allocation like this to be efficient and thus to enable E2E network slicing, 
the 5G ESSENCE solution will be applied.  
 
The respective Figure 5 illustrates the particularisation of the general 5G ESSENCE architecture, including the relevant 

components to support the Public Safety use case. This use case supports two different PS services, as they will be 

described later on in the following section, each one associated to a different network slice. The first one is the MCPTT 

service corresponding to slice 1 in the figure. The second one is the chat messaging and localisation service 

corresponding to slice 2. Other slices including, for example, commercial services are also naturally considered but are 

not depicted in the figure for simplicity.  

 
Both PS services rely upon different VNFs running at the Edge DC and on the radio transmission capabilities provided 
by the small cell at the CESCs. The MCPTT service includes an MCPTT server at the network edge, 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.  
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Based on this, the creation of network slice 1 involves the instantiation of the abovementioned VNFs, done through 
the NFV MANO [10] entities (the OSM NFV Orchestrator6 [11], Juju VNF manager7 [12] & OpenStack Virtualised 
Infrastructure Manager8 [13]), and the instantiation of a RAN slice that provides a certain capacity for supporting the 
MCPTT transmissions at the radio interface, configured through the RAN slicing management function (e.g. through a 
number of descriptors that specify the operation of the RRM algorithms such as radio admission control or the packet 
scheduling behaviour).  
 
As for the network slice 2 associated to the messaging service, it involves three types of functions, namely the FS 
(FeedSync) Client of the central station, the FS client at the UEs and the FS server. A possible mapping of these 
functions on the 5G ESSENCE architecture is shown in [14][15].  
 
There, a FS server is assumed to be associated to each CESC deployed during the emergency to provide the 

communication with the UEs connected to that CESC and with the central station. In that respect, 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. The table below (Table 1) summarizes the main software 

components with which the above mentioned architecture has been realized. 

 
 

 
 

Figure 5: Instantiation of the 5G ESSENCE Architecture for the Public Safety Use Case. 

 
 

                                                           
6  OSM is delivering an open source Management and Orchestration (MANO) stack aligned with ETSI NFV Information Models. As 

an operator-led community, OSM is offering a production-quality open source MANO stack that meets the requirements of 
commercial NFV networks.  

7  Juju has adopted a domain neutral model and does not encode policy. It can therefore be described as a generic VNF Manager 
(VNFM) and not a VNF Orchestrator. In fact, Juju is useful across many domains and is being adopted in big data, cloud 
infrastructure, PaaS and other scale-out scenarios. This is very useful as it ensures that common elements such as databases, 
messaging systems, key value stores, logging infrastructure and other “glue” functions are charmed and available for automatic 
integration, reducing the burden on vendors and integrators. For this reason, Juju should not be classified as a NFV 
Orchestrator (NFVO), but rather working with MANO vendors to enable them to use Juju as a neutral VNF modelling system.  

8  OpenStack is the only virtual infrastructure manager in OPNFV. The role of the virtual infrastructure manager is to configure the 
compute, hypervisor and infrastructure network domains. When there is no SDN controller, it can also configure the underlying 
physical networks. However, in the OPNFV scenarios, OpenStack only deals with configuring virtual switches (i.e. infrastructure 
networking).  
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Public safety VNFs  

 

The Mission Critical Push-To-Talk and the messaging and localisation (Chat) service were 
deployed as virtual functions in the respective WP6 demonstration.  

Management and 
orchestration  

 

OSMv59 [16] was used for deploying, managing, chaining and orchestrating the UC2 
VNFs. OSM was selected in order to remain coherent with other contributions in the 
project and in order to leverage the experience of the project partners in the area. 

Open Source EPC 

 

An open source EPC was used to ensure a full deployment of the UC2 network. NEXT EPC 
[17] is an open source implementation of the Evolved Packet Core of LTE networks [18] 
supporting up to Release 13 [19] and continuously updated. 

eNodeB software 

 

5G ESSENCE UC2 solution operated the SDR-based radio platform as an eNodeB with the 
help of an open source implementation of an LTE eNodeB10. The srsENB is a complete 
software radio LTE eNodeB, written in C++ and building upon the srsLTE [20] library. 

cSD-RAN Controller 

 

The 5G-EmPOWER controller [21] was selected in order to create and manage slices in 
the deployed public safety network. This framework is maintained by FBK -a member of 
the 5G ESSENCE consortium- and runs on top of the srsLTE suite. 

Monitoring and Telemetry 

 

5G ESSENCE solution leverage the efforts deployed on Prometheus[22] in other work 
packages in order to detect on the RAN any change that request adaptation of the 
defined slices. Based on gathered information from Prometheus, one can trigger changes 
in 5G-EmPOWER slice definition and guarantees. 
 

Virtual Infrastructure 
Manager 

The Virtual Infrastructure Manager (OpenStack) took care of the computing resources 
and the RyU11 [23] was used a SDN Open Flow Controller. 
 

 
Table 1: Software Building Blocks. 

 
The demonstration of the MCPTT 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.  
 
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 public safety users. This 
situation may involve a deterioration of the service for legacy users, since their network slice(s) must be reduced in 
order to appropriately allocate the higher priority MCPTT service.  
Finally, the pilots demonstrated how 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 

                                                           
9  Open Source MANO (OSM) is an ETSI-hosted open source community delivering a production-quality MANO stack for NFV, 

capable of consuming openly published information models, available to everyone, suitable for all VNFs, operationally 
significant and VIM-independent. OSM is aligned to NFV ISG information models while providing first-hand feedback based on 
its implementation experience. Release FIVE brings a number of improvements over previous releases.  

10  One of the biggest differences between LTE networks and legacy 3G mobile communication systems is the base station (BS). In 
3G systems, there is an intelligent and centralizing node like the RNC (Radio Network Controller) and it needs to control all the 
radio resources and mobility over multiple NodeBs (3G base stations) underneath it in a hieratical radio access network. All 
NodeBs need to do is behave exactly according to commands from the RNC sent over the Iub interface. In LTE, on the other 
hand, eNBs (evolved NodeBs) as base stations have to manage radio resource and mobility in the cell and sector to optimize all 
the UE’s communication in a flat radio network structure. Therefore, the performance of an LTE eNB depends on its radio 
resource management algorithm and its implementation. 

11   Ryu is a component-based software defined networking framework. Ryu provides software components with well defined API 
that make it easy for developers to create new network management and control applications. Ryu supports various protocols 
for managing network devices, such as OpenFlow, Netconf, of-config, etc.  
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the MCPTT network slice and the public safety organization may dynamically add new access points to the network in 
order to improve connectivity. 
 
The 5G ESSENCE pilot focused on two mission-critical services, that is: (i) Mission Critical Push-To-Talk (MCPTT), and; 
(ii) mission-critical messaging and localization service.  
 
The process of provisioning those services can be summed up as follow: 
 

1. The 5G ESSENCE platform owner provides the required network slices to different tenants. 
 
2. Allocation of data rates is made by the SD-RAN controller in accordance with the cloud resources already 

allocated in the Edge DC by the VIM. In case of emergency, the Cloud Edge Small Cell 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 SD-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's parties' communications. 

 
3. In case that ICT infrastructure is damaged, the 5G ESSENCE solution maintains the operability of the services by 

deploying the control plane in the edge. Therefore, when the backhaul connection is damaged, then a new 
CESC is displayed to mitigate the damage in the macro base stations.  
 

The final demonstration of this use case took place at the B-APCO event in Newcastle, UK, on the 13th-14th 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 fulfilling 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. 
 
 

3.3 UC3 - Next-Generation In-Flight Entertainment and Connectivity 
 
The 5G ESSENCE use case 3 (UC3) focuses on the next generation of Inflight Entertainment and Communications (IFEC) 
systems. The new approach offered here, suggests different solutions to improve current limitations on the on-board 
communications. Namely, it is proposed to remove the gigabit Ethernet cables connecting all on-board screens in a 
daisy-chain-fashion by a new wireless infrastructure which allows providing a better customer experience to the 
passengers, while providing a more cost-effective solution for the airlines. Removing wires is one of the big novelties 
in this approach, since those are one of the most frequent maintenance activities performed in any aircraft populated 
with IFEC systems. They are also a big contributor to the aircraft weight, which directly translates to higher fuel costs 
for the airline.  
 
This new wireless network can be unveiled through a 5G network edge that contains compute, storage and 
networking capabilities along with the management system to deploy Virtualized Network Functions (VNFs). However, 
new components such as an on-board data center are required to allow this new projected infrastructure to be 
successful.  
Moreover, to ensure its proper functionality, cSD-RAN controllers developed within the 5G ESSENCE UC3 will be used 
to manage the mix of licensed and unlicensed spectrum available on board thanks to the different multi-radio access 
technology (Multi-RAT) connectivity introduced by this new solution. 
 
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.  
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Therefore, the actual use case also leverages on the paradigm of Multi-Access Edge Computing12 (MEC) to cope with a 
resource constrained environment, where virtualised network functions can be orchestrated along with the services 
selected for this use case demonstration. 
 
5G ESSENCE UC3 has enabled 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 enabled 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 
[24] will be deployed over the software defined radio Ettus B210 [25]. For commercial solutions, this use case will 
deploy small cells compliant with the latest 3GPP Release 13 [26] and Release 14 [27]. 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.  
 

 
 

Figure 6: Mapping the IFEC system to the High-Level 5G ESSENCE Architecture. 

 
As shown in Figure 6, 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 

                                                           
12  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. 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
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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).  

 
Referring to Figure 6, 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. 
 

 
 

Figure 7: IFEC Service within the 5G ESSENCE Scope. 

 
One of the video services that was considered and demonstrated is obtained by installing on the airplane one or wider 

angle, Ultra High Definition Video Cameras able to capture the landscape below, it is possible to stream video content 

to PEDs with different video resolutions. The users (passengers) could choose the resolution that better “fits” the 

screen of their devices, or this could be done even automatically (Figure 7).  

This solution (named i-EVS) is made of a Mobile App running on PEDs and a VNF running on the 5G ESSENCE Platform. 
It offers real time video transcoding of multiple video streams, distributed in different format to different groups of 
users. The video cameras stream landscape videos to the on-board data center, which transcodes them in real time 
into different video formats. Both the streams are transmitted in low resolution to passengers, who can preview them 
concurrently and choose between them which video to see at High Resolution.  
Business class passengers will enjoy the maximum resolution available, while economy passengers will be limited to 
lower HD resolutions. 
 
All the enablers and functionalities previously described are the main pillars of the final demonstration, which was 
held at the end of November 2019 in Munich.  
 
The outcome of the third demonstration of 5G ESSENCE was a video recorded at the ZII’s Airbus A320 cabin mock-up 

(please refer to Figure 8) and it showed 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 8: 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. 
 
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 (incl. 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.  
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4 Key Performance Indicators Overview 
 
The deliverable D2.2 [2] provided a complete list of all the considered Key Performance indicators (KPI) for the 5G 
ESSENCE project, starting from the KPIs that the 5G-PPP has selected.  
This Section aims to give a summary of the main KPIs that have been measured during the demonstrations described 
in the Section above, so that to realize a reliable Proof-of-Concept (PoC).  
 
The most important considered KPIs are: 
 

 Service Deployments/Creation Time: Focusing the problem Upon profiling the deployment of MEC 
applications, the service creation time KPI is mainly addressed by using a combination of individual 
Performance Counters (PCs) that impact on service deployment and service creation time including the 
following: VNF Instantiation Time, VNF memory footprint and VNF density per HW resource unit (Compute, 
Network, Storage). Even though the VNF instantiation time is the most relevant one, the other two PCs are 
also highly relevant to understand the system behaviour in high load conditions. The goal is providing VNFs 
with service creation times lower than 100ms. 
 

 Network Management and Deployment OPEX: Furthermore, the 5G ESSENCE project aimed to introduce a 
new group of KPIs related to the Virtual Infrastructure (NFVI) itself, in order to be able to categorize the 
performance of the infrastructure as part of the Performance Management (PM) service so that to optimize 
the Network Deployment OPEX. Besides of the basic performance counters evaluated, other Performance 
Counters relevant to the NFVI are evaluated in order to provide a new understanding of the interaction of the 
NFVI and the network performance. Figure 9 provides an example of which Performance Counters relevant to 
the NFVI can be considered. 
 

 Mobile Data Volume per geographical area: The 5G ESSENCE targeted measuring the Data Volume in both 
real equipment and System Level Simulations. The target mobile data volume per geographical area should 
be ≥ 10 Tb/s/km2, while in an indoor scenario of 1.000m2, the data volume shall be then ≥ 10 Gbps 
aggregating the different RATs considered in the 5G ESSENCE (5GNR, 4G, WiFi).  
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Figure 9: Example of Performance Counters relevant for the NFVI considered in the 5G ESSENCE Project. 

 
The measurements during the demonstrations showed that the above mentioned KPIs can be reached by the 5G 
ESSENCE solution, even if the details cannot be reported in this document due to their confidential nature. 
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5 Conclusions and Remarks 
 
In this White Paper, the 5G ESSENCE project solution has been presented with the three considered and 
demonstrated use cases. The three testbeds have also been described together with the final demonstrations. 
  
A large-scale facility as the Egaleo Municipal Football Stadium “Stavros Mavrothalasitis” was used for the validation of 
the respective first 5G ESSENCE Use Case 1. The coverage in this facility was provided by a cluster of multitenant, 
eMBMS-enabled SCs and a main DC able to be connected to the core networks of multiple telecom operators. The 
Edge DC is processing video content from cameras deployed on-site, which is broadcasted locally without affecting the 
backhaul. 
 
The venue chosen for demonstrating Use Case 2 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 Use case 3 has been demonstrated at ZII’s premises in a realistic aircraft environment (Airbus A320 Cabin Mock-
Up at ZII) and has included some aeronautical certified components. 
 
In order to “address” the needs and requirements of a robust and agile network management, and building upon the 
pillars of network functions virtualization, mobile-edge computing and cognitive management, the 5G ESSENCE 
project aimed to deliver new business models and revenue streams in the real-life use cases associated to the vertical 
industries of entertainment, which is purely: the case of edge network acceleration in a crowded event; civil 
protection and emergency management, with the network slicing for managing first responders needs in case of 
mission critical situations, and; the case of In-Flight Entertainment and Communications systems, with the 
management of small cells and video steaming during the flight.  
 
The 5G ESSENCE project provided three examples of deployment of a fully featured 5G infrastructure with the ability 
of generating new revenue streams for some of the most dynamic and growing industries:  
 

 The entertainment one, allowing the venue owners (e.g., municipalities, stadiums, site owners, and virtually 
anyone who manages a property and can install and run a local Small Cell network) to deploy a low cost 
infrastructure and to act as neutral host network and service provider. 
 

 The emergencies management, allowing the creation of first responder’s services (like MCPTT), and 
infrastructure in case of emergency. 
 

 The commercial aviation sector, allowing the creation of a low cost and shared infrastructure on the planes, 
for in-flight entertainment and connectivity. 

 
The considered KPIs have been measured during the pilot events and showed that the 5G ESSENCE solution was able 
to satisfy the required performance level. 
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