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1 Introduction 
The present Newsletter depicts the actual current state-of-the-art as well as the actual progress of the 5G 

ESSENCE project funded by the European Commission under Grant Agreement No.761592, also being part 

of the 5G-PPP Phase 2 framework. 

The document comprises of a brief -but quite explicit- summary of the main objectives of the 5G ESSENCE 

effort accompanied by related motivations, trends and proposed approaches regarding 5G 

implementation, so that to purely serve as a reliable conceptual introduction to any potential reader. The 

next section discusses the actual framework for optimization of virtualization, orchestration and resource 

allocation as performed within the scope of the on-going progress of the project. In the continuity of the 

document we focus on the 5G ESSENCE proposed use case and identify the progress performed, per case. 

2 Objectives 
The 5G ESSENCE project is a research and innovation action 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, 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 aims to offer 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 amortization. The main measurable 

objectives of the 5G ESSENCE include: 

 Full specification of critical architectural enhancements (with reference to the original context of 
the proposed 5G-PPP reference architecture). 

 Definition of the baseline system architecture and interfaces for the provisioning of a cloud-
integrated multi-tenant Small Cell network and a programmable radio resources management 
(RRM) controller. 

 Development of the centralized software-defined radio access network (SD-RAN) controller to 
program the radio resources usage in a unified way for all CESCs (Cloud-Enabled Small Cells). 

 Development of orchestrator’s enhancements for the distributed service management, in a multi-
tier architecture. 

 

To a certain extent, the 5G ESSENCE framework leverages knowledge, SW modules and prototypes from 

previous 5G-PPP projects of Phase 1. However, the 5G ESSENCE goes a step further with the aim of 

accommodating a range of use cases in terms of reduced latency, increased network resilience and less 

service creation time. One of its major innovations is the provision of an end-to-end (E2E) network and 

cloud infrastructure slices over the same physical infrastructure, so that to fulfil vertical-specific 

requirements as well as mobile broadband services, in parallel.  

Building upon these foundations, 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, that 

is: 5G edge network acceleration for a crowded event (e.g., in a stadium) with local video production and 

distribution; Mission Critical (MC) applications for Public Safety (PS) communications providers, and; (iii) 

In-Flight Entertainment and Connectivity (IFEC) communications services for passengers. 

Figure 1, as below, depicts the proposed use cases serving the vertical sectors. 
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Figure 1: 5G ESSENCE essential conceptual approach 

3 Motivations, Trends and Approach towards 5G Implementation  
Although 5G has yet to be defined in several instances, 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, mmWave, massive MIMO (Multiple-Input, Multiple-Output), beamforming and full-

duplex, will all lead to new wireless solutions that shall be able to offer higher transmission rates, lower 

latency and, overall, better coverage and performances. 

The main concern of various 5G solutions 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. Thus, the new technological solutions should 

not be the only concern for 5G development as the current economic position of the telecommunications 

operators needs to also be taken into consideration towards help producing new market benefits.  

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 -at least in the short-term- at this point raises the ultimate necessity that 

5G shall also reduce operators’ costs. To address this essential requirement, the 5G ESSENCE project 

introduces innovations in the fields of network softwarisation, virtualisation and cognitive network 

management. More specifically, the use of end-to-end network slicing mechanisms will allow 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 other OTT players. 

4 Framework for Optimization of Virtualization, Orchestration and 

Resource Allocation 
The 5G ESSENCE 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, 

that is: (i) a first distributed tier for providing low latency services, and; (ii) a second centralized tier for 
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providing high processing power for compute-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 E2E network slicing mechanisms allows 

for sharing the 5G ESSENCE infrastructure among multiple operators/vertical industries, thus supporting 

multitenancy. The versatility of the architecture is further 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. To 

that end the 5G ESSENCE envisages to virtualise 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. 

Network Function Virtualisation (NFV) is currently recognised as one of the “key enabling technologies” 

for the deployment of 5G networks, while the NFV Management and Orchestration (MANO) framework 

and its various aspects have been specified by keeping view of management and orchestration of 

virtualised network functions and services. Multi-access Mobile Edge Computing is a widely adopted ETSI 

standard that specifies the architecture and functional components with related interfaces of a platform 

to offload application tasks from mobile users over a hosting (virtualised) infrastructure at the edge  of the 

telco network. The 5G ESSENCE effectively combines the MEC and NFV concepts with Small Cell 

virtualisation in 5G networks and enhances them for supporting multi-tenancy as well as for increasing the 

network capacity and the available computational resources at the edge. The purpose of the Edge Data 

Centre (DC) is to provide Cloud services within the network infrastructure, as well as to promote and assist 

the exploitation of network resource information. To this end, all the normally hardware located modules 

of the Light DC and the Main DC will be delivered as resources using novel virtualisation techniques. 

 

 

Figure 2:  The essential 5G ESSENCE architecture 

 

Figure 2, as illustrated above, “depicts” the original concept of the proposed 5G ESSENCE architectural 

approach. As already mentioned, the 5G ESSENCE platform is equipped with a reliable two-tier virtualised 

execution environment. The first tier (i.e., 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/de-capsulation and some distributed 

RRM/SON functionalities are to be executed therein. The VNFs that require low processing power (e.g., a 

Deep Packet Inspection (DPI), a Machine-to-Machine (M2M) Gateway and the like) can also be hosted 

here. The connection between the Small Cell Physical Network Functions (PNFs) and the Small Cell VNFs 
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can be realised through, for example, the network Functional Application Platform Interface (nFAPI). 

Finally, backhaul and fronthaul transmission resources can be part of the CESC, thus allowing for the 

required connectivity. The second cloud tier (i.e., the Main DC) will be hosting 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 that 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, also including the centralised Radio Resource Management (cRRM) over the entire CESC cluster. 

Other potential VNFs that can 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. 

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. It 

exposes different views of the network resources, that is: per-tenant small cell view and physical small cell 

substrate. In fact, the CESCM is the “central” service management and orchestration component in the 

architecture. In a more generalised context, it integrates all the traditional network management 

elements and the novel recommended functional blocks to realise NFV operations. The CESCM functions 

are built upon the services provided by the VIM (Virtualised Infrastructure Manager) for appropriately 

managing, monitoring and optimising the overall operation of the NFVI resources (i.e.: computing, storage 

and network resources) at the Edge DC. The role of the VIM is important for the deployment of NFV 

services with the aim of both forming and providing a layer of NFV resources, for the latter to be made 

available to the CESCM functions. 

The 5G vision embraces the integration of Radio Access Network (RAN) with the cloud computing 

paradigm.  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).  The scope and the recent achievements of the project are relevant to: (i) 

Advanced and Efficient Virtualisation Platforms; (ii) Dynamic Telemetry and Resource Allocation, and; (iii) 

Orchestration of Distributed End-to-End Services. Figure 3 illustrates a high-level unified view of 

improvements and components being under investigation in the project. 

 

 

Figure 3:  Updates in the 5G ESSENCE architecture via the inclusion of telemetry and orchestration 
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Current technology in Network Function Virtualization Infrastructure (NFVI) requires enhancements to 

support the performant and deterministic execution as well as fast instantiation of Virtual Network 

Functions (VNFs) for 5G networks, in order to timely respond to network variations. In the 5G ESSENCE 

architecture the NFVI spans across Main DC (i.e. the core cloud) and Light DCs (i.e. edge clouds), and this 

requires dealing with wide distribution and heterogeneity. The high dynamicity characterising the system 

calls for an efficient, distributed and adaptable monitoring system. Monitoring data is provided to an 

analytics engine to extract insights to support orchestration decisions and enable efficient resource 

allocation across the overall infrastructure. An end-to-end orchestration of infrastructure and services is 

crucial for reliable deployment and execution of services. In this scope, the 5G ESSENCE orchestration 

platform also manages the lifecycle of services and it fully supports an ETSI-based view of MANO, trying to 

extend related concepts towards embracing the highly distributed and dynamic infrastructure that 

characterises the project.  

The usage of VM Unikernel-based solution is currently seen as “the most suitable choice” for the intended 

virtualization technology due to the higher level of maturity in terms of flexible support of the network 

configuration. Since the development of unikernels generally requires significant amounts of man-hours 

by operating system experts to design and implement the required functionality, one specific goal 

targeted within the 5G ESSENCE is to create a new development framework (named as the “unikraft”), to 

reduce this overhead, make unikernel development a less costly endeavor and broaden their applicability.  

For the 5G ESSENCE, a combination of Prometheus and OPNFV Barometer has been selected as “the most 

suitable solution” to monitor the dynamic state of the two-tier cloud infrastructure. This provides a 

complete framework to “handle” different types of infrastructure entities separately, and to allow 

analysing the E2E services in the related architecture. Prometheus connects with different exporters 

developed within the project, so that to collect the pertinent metrics of the service composition. 

Furthermore, the Prometheus alerting system allows for defining alerts on metrics and notification over 

multiple channels, in case of any discrepancy or occurring event(s) with the infrastructure. A Machine 

Learning (ML) model approximates, at any point in time, the state of a (sub-)system and allows for solving 

tasks such as resource usage prediction and anomaly detection. 

Among other requirements, it is crucial to provide location-awareness, as well as resource and energy 

efficient, dynamic and scalable orchestration. An OSM (Open-Source MANO) orchestrator (as proposed by 

the ETSI) is in charge of configuring in one attempt, both the compute resources and the network 

resources. The OSM will be seating on top of two main components: (i) the SDN controller (OpenDaylight-

ODL), taking care of flows, connections and communication between VNFs (and potentially of other 

resources), and; (ii) the Virtual Infrastructure Manager (OpenStack) taking care of the computing 

resources. 

5 Applications and Use cases 
The 5G ESSENCE “addresses” a variety of use cases, being critical for the vertical industries. These are 

deployed and validated in real life conditions aiming to demonstrate the way how the proposed project 

solution is important for the realization of 5G, per case. In particular, the originally selected use cases are as 

follows: (i) the 5G Edge network acceleration in a stadium with local video production and distribution; (ii) 

Mission Critical applications for public safety, and; (iii) In-Flight Entertainment and Connectivity 

communications for the plane passengers. The implementations will leverage well-known and accepted 

standards, as well as open-source SW, when available. Every use case is a very important context in which 

the target is to verify new capabilities coming from the 5G systems in terms of reduced latency, increased 

network resilience and less service creation time, with respects 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 where actors (such as neutral host providers and vertical industries) can efficiently enter 

the value-chain.  
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5.1 5G Edge Network Acceleration in a Stadium 
In this case, the “core” target is to demonstrate 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 and distribution of locally generated 

content through the 5G ESSENCE platform, coupled with value-added services and rich user context, will 

enable secure high-quality and resilient transmission in real-time, thus ensuring minimal latency. 

A large-scale facility with a capacity of about 8,000 spectators such as the municipal football stadium 

“Stavros Mavrothalasitis” at the center of the Egaleo town in the wider Athens area in Greece is available 

for the validation of this use case. The facility’s coverage will be provided by a cluster of multitenant, cloud 

edge-enabled small cells and a main DC connected to the core network of one -or more- telecom operator 

to realize services running as VNFs. The Edge DC will be processing video content coming from cameras 

deployed on-site which will be sent for processing locally at the Edge (similar to the ETSI MEC context). 

Then the video stream is to be broadcast locally by using the 3GPP eMBMS (enhanced Multimedia 

Broadcast Multicast Service) functionality. Spectators shall be able to dynamically select among different 

offered broadcast streams.  

In this scenario -as well as in similar “big event” scenarios- massive data traffic will not affect nor overload 

the backhaul connection as it will be produced, processed and consumed just locally.  

In fact, this use case demonstrates a typical MEC configuration that keeps traffic as close as possible to the 

end-users, allowing them to consume digital media with high quality and low latency.  

 

 

Figure 4: 5G Edge Network Acceleration in a Stadium 

The supported services are:  

 Multicast Video Delivery in multi/single view. 

 User Equipment (UE) View Switching during the video delivery 

 Video Delivery with handover. 

 Unicast vs. Multicast Video Delivery. 
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5.2 Mission Critical applications for Public Safety 
Public Safety (PS) communications providers can use the facilities and resources offered by a deployed 5G 

ESSENCE platform for the delivery of communication services to PS organizations in a country/region as in 

the Mission Critical use case, with the latter implicating for “strict” requirements, not easily fulfilled by 

traditional infrastructure sharing models. The 5G ESSENCE aims at significantly contributing to the 

achievement of the requirement of the PS 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 prioritised and 

high-quality services. Therefore, this specific 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. The work focuses upon two important MC services: (i) on the Mission 

Critical Push-To-Talk (MCPTT), and; (ii) on the mission critical messaging and localization service. 

 

 
Figure 5: Mission Critical applications for public safety: the MCPTT case 

 

The MCPTT is a PS MC voice communication type, aimed at the coordination of emergency teams that are 

organized in groups. It provides an arbitrated method by which two -or more- users may engage in 

communication. The demonstration of this 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. We propose a deployment topology in three main stages, 

as shown in Figure 5. 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 

has to be reduced in order to appropriately allocate the higher priority MCPTT service. Finally, the aim is 

to demonstrate “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 
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dedicated to the MCPTT network slice and the PS organization may dynamically “add” new access points 

to the network in order to improve connectivity. In this MCPPT case, the infrastructure owner can exploit 

the 5G ESSENCE system capabilities so that to provide the required network/cloud slicing capabilities with 

dedicated Service Level Agreements (SLAs) to different types of tenants and by prioritising the PS 

communications providers, according to the different contexts.  

The 5G ESSENCE provides a solution for an efficient and elastic (i.e. run-time adapted to QoS 

requirements) end-to-end network slicing and the efficient orchestration of the radio, network and cloud 

resources. The deployment of edge service instances serves a twofold objective as it enables close-to-zero 

delay in the MC services, while it allows for maintaining the operability even when the backhaul 

connection is damaged. This use case primarily pursues low latency, unlike the other use cases more 

focused on achieving higher throughput.  

 

As of the localisation and messaging service, the proposed solution, called as FeedSync1, 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 favoured when it comes to instantiating services in small cells and Light DC, as highlighted 

in Figure 6, below. In an operational situation, public safety 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. In this location, the 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, we propose the FeedSync framework that a publish subscribe based content 

distribution tool considers. Our solution, in addition to classical chat services, ensures the set of suitable 

features summarised as: Blue Force Tracking (BFT) information; geo-located multi-part content; direct 

communications between terminals; capacity of content sharing; management service, and; geo-content 

management. The proposed context, completely relying on software, allows for easy virtualisation and 

deployment of the 5G ESSENCE framework leveraging the SDN and VNF paradigms. 

 

 

Figure 6: Mapping of the 5G ESSENCE architecture to a PS deployment for messaging a localisation 

                                                           
1
  For more related information also see, inter-alia: https://codex.easypropertylistings.com.au/article/28-how-to-install-

and-use-feedsync  

https://codex.easypropertylistings.com.au/article/28-how-to-install-and-use-feedsync
https://codex.easypropertylistings.com.au/article/28-how-to-install-and-use-feedsync
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5.3 In-flight Entertainment and Connectivity (IFEC) 
Here, the expected goal is to validate the multitenancy-enabled network solution for passenger 

connectivity and wireless broadband experience. This use case leverages integrated access points to be 

deployed on board for hosting airborne applications (such as video player ones and files that can be made 

available for in-flight streaming) and caches (a version of the in-flight portal – gateway with which 

passengers can connect to). In particular, this use case can enable multitenancy in the aircraft network 

hosting multiple operators and service providers by embracing the concept of neutral host. This supports 

market competitiveness between operators aiming to offer advanced services on-board to a wide range of 

end-users’ terminals of different types and capabilities. 

The 5G ESSENCE solution 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 of IFEC. The 

aircraft becomes a self-contained 5G network edge wherein computing, storage and networking resources 

are deployed. This is the case of a multi-tenant environment, where multi-tenancy extends over different 

mobile operators and the services that they can offer.  Thus, the proposed approach can enable on-board 

multi-RAT communication, specifically aeronautical certified Wi-Fi access points and mobile network 

technology enabled small cells (see Fig.7).  

The demonstration will be held at the premises of Zodiac In-flight Innovations (ZII) in Munich, Germany, 

where the multi-tenancy and multi-RAT are the network related technical enablers upon which the use-

case concerned services (caching, video transcoding and multicasting) are developed and, with the 

deployment of the Media server, VNF orchestrator and edge-cloud controller (together with the other 

micro-servers of the 5G ESSENCE architecture). 
 

 
Figure 7: In-flight Communications and Entertainment System 

 

Among the supported services are:   

 Content caching on-board: Caching the first few minutes of the most popular movies directly in the 

Light DC. Once one movie is “hit”, the rest of the movie content is requested to the central server 

and stored locally for further passengers’ requests. Both, the cached and stored movies may be 

refreshed during the flight according to their popularity during the trip. 

 Application of video transcoding in an aircraft environment: By installing on the airplane a camera 

(up to 8K resolution), the landscape below is captured and streamed for local storing 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 

 Multicast content delivery: Some of the limitations of Wi-Fi multicasting are overcome by 

implementing procedures related to Software-Defined Networking, Radio Resource Management 

and Self-Organizing Networks. Video streams for safety advertisements, lunch menu 

announcements or personalized commercials are multicast. 
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