
1 | P a g e  

     White Paper # (Next-Generation In-Flight Entertainment and Connectivity Solution in the 5G ESSENCE project) 

Next-Generation In-Flight Entertainment and 
Connectivity Solution  

in the 5G ESSENCE Project 
 

White Paper release v1.0 

Published 29/10/2019 

 

Main Contributors 

E. Temprado and L. Goratti - TriaGnoSys GmbH, Safran Passenger Innovations, Weßling, Germany (Zodiac In-flight 

Innovations - ZII), Germany 

I. P. Chochliouros - Hellenic Telecommunications Organization S.A. (OTE), Greece 

M.R. Spada - Wind Tre S.p.A. (WI3), Italy 

 

Broader Conceptual Supporters from 5G ESSENCE WP7 Effort 

In addition, the main contributors of the present 5G ESSENCE White Paper for the description of Use Case 3 (IFEC 

scenario) would like to express their thanks to 5G ESSENCE project partners involved to the realization of the relevant 

WP7 within the wider scope of the project, especially for the completion and submission of prior respective WP7 

deliverables.  Their prior contributions in corresponding 5G ESSENCE deliverables have been explicitly and/or implicitly 

useful towards finalizing the present document in the form of a White Paper”. 

Ó. Carrasco and F. Bouchmal - CASA Communications Technology S.L.U. (CASA), Spain 

E. Coronado and R.Fedrizzi – Fondazione Bruno Kessler (FBK), Italy 

M. Catalan - Fundacio Privada i2CAT, Internet i Innovacio Digital A Catalunya ( i2CAT), Spain 

E. Jimeno - ATOS Spain SA (ATOS), Spain 

A. Albanese and C. Meani - ITALTEL S.p.A. (ITL), Italy 

O. Segou - ORION INNOVATIONS PRIVATE COMPANY (ORION), Greece 

I. Giannoulakis - National Centre for Scientific Research “Demokritos” (NCSRD), Greece 

 

 

 

 

 

 

 



2 | P a g e  

     White Paper # (Next-Generation In-Flight Entertainment and Connectivity Solution in the 5G ESSENCE project) 

 

 

 

5G ESSENCE project  

Project Website: http://www.5g-essence-h2020.eu/ 
 
 
 

  5GESSENCE@5g-ppp.eu  
 

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

  https://twitter.com/5GPPP_5GESSENCE 
 

  https://www.linkedin.com/groups/13578850 
 

 

Project Coordinator:         Dr. Ioannis P. Chochliouros (Hellenic Telecommunications Organization S.A. (OTE), 

Greece) ichochliouros@oteresearch.gr 
 

Technical Coordinator:  Dr. Anastasios Kourtis (National Centre for Scientific Research “Demokritos”                                              

(NCSRD), Greece) kourtis@iit.demokritos.gr  
 

 

This project has received funding from the European Union’s Horizon 2020 / 5G-PPP Research and Innovation 

Programme under Grand Agreement (GA) No.761592. The contents of this document reflect only the authors’ view 

and the Commission is not responsible for any use that may be made of the information the document contains. 

 

  

http://www.5g-essence-h2020.eu/
mailto:5GESSENCE@5g-ppp.eu
https://www.facebook.com/5GEssence/
https://www.facebook.com/5GEssence/
https://www.facebook.com/5GEssence/
https://twitter.com/5GPPP_5GESSENCE
https://www.linkedin.com/groups/13578850
mailto:ichochliouros@oteresearch.gr
mailto:kourtis@iit.demokritos.gr


3 | P a g e  

     White Paper # (Next-Generation In-Flight Entertainment and Connectivity Solution in the 5G ESSENCE project) 

Abstract 
The purpose of this White Paper is to provide an insight of the current In-Flight Entertainment and Communications 

(IFEC) system and how the activities developed by the 5G ESSENCE Use Case 3 (UC3) can bring into life the Next 

Generation (NG) of IFEC systems. This White Paper focuses on presenting the services that are being developed for 

this use case, creating context for them within the next generation of IFEC. Moreover, the White Paper positions 5G as 

the “technology enabler” for the next generation of equipment on-board aircrafts for civilian transportation, showing 

that the 5G ESSENCE general architecture provides the proper playground to develop advanced network services 

leveraging on Software-Defined Networking (SDN) and Network Functions Virtualisation (NFV). Therefore, this White 

Paper presents a detailed description of the functionalities developed by the partners contributing to the testbed 

developed for UC3 and which Key Performance Indicators (KPIs) can be used to evaluate performance. The testbed 

architecture is provided and mapped to the overall 5G ESSENCE system architecture as well. The UC3 activities 

culminate with the final demonstration delivered at the premises of Zodiac In-flight Innovations in Munich by 

November 2019. 
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1 Introduction 
The purpose of this White Paper is to provide a description of the activities developed within the 5G ESSENCE project 
to demonstrate the respective Use Case 3 (UC3) aiming to develop a modern 5G testbed, tailoring the 5G ESSENCE 
overall system architecture to the communication scenarios of an aircraft for civilian transportation. Hereinafter, the 
term In-Flight Entertainment (IFE) denotes the media content that passengers can consume during the flight time, 
whereas IFEC is the combination of IFE and communication technologies.  
 
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. 
 
The remainder of this White Paper is organized as follows. Section 2 describes current IFEC systems and presents their 
limitations. Section 3 describes how following the 5G ESSENCE approach the current IFEC systems can be enhanced to 
bring to live the Next Generation IFEC. Section 4 provides the conclusions that can be raised from this White Paper. 
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2 In-Flight Entertainment and Connectivity Systems 
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 series1 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) [1] that uses 4G base stations for connecting airplanes in 

addition to satellite. More facts about the evolution of the IFEC market can be found in Figure 1: 

 

Figure 1: Facts about IFEC ( [2] [3] [4] [5]) 

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 [6]), which connects all the different components of the IFEC system (i.e. screens (Cabin Loops 

in Figure 2), wireless Access Points (APs) and servers); the limited number of APs and the satellite link backhaul for 

connectivity to the ground.  

 
Figure 2: 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 

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

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.
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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) model2, along with 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).   

                                                                 
2  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  

https://en.wikipedia.org/wiki/Bring_your_own_device
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3 The 5G ESSENCE Approach 
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 [7].  
 
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.  
 

3.1 5G ESSENCE System Architecture 
The 5G ESSENCE has proposed for realization a two-tier cloud architecture that will enable the provision of 

dynamically repurposed virtual network infrastructures with tailored computing and flexible networking capabilities. 

Following the 5G ESSENCE original 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 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 approach, which combines the current 

3GPP framework to network management in RAN sharing scenarios and the ETSI NFV framework for managing 

virtualised network functions.  

In the scope of the 5G ESSENCE framework, the core innovation is proposed via the consideration and the inclusion of 

a Cloud-Enabled Small Cell (CESC) which acts as a Small Cell but also realizes several remarkable computing 

capabilities. At the network’s edge, each CESC is able to host one -or more- service VNFs, directly applying to the users 

of a specific Network Operator (NO). Similarly, VNFs can be instantiated inside the Main Data Centre (DC) and be parts 

of a Service Function Chaining (SFC) procedure. Thus, the CESC provides the computing, storage and radio resources at 

the edge, while the CESC cluster is the corresponding cloud platform. This cloud platform can also be “sliced” to 

enable multi-tenancy, and it is used to support 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 technical approach of 5G ESSENCE is presented in Figure 3, where the working architecture is illustrated, with 

emphasis on the functional elements and interfaces3. 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 (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/ decapsulation and some distributed RRM/SON functionalities are expected 

                                                                 
3  For more details also see the 5G ESSENCE Deliverable D2.2: “Overall System Architecture and Specifications”. Available at: 

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

http://www.5g-essence-h2020.eu/Deliverables.aspx
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to be executed therein. VNFs that require low processing power, e.g., a Deep Packet Inspection (DPI), a 

Machine-to-Machine (M2M) Gateway and so on, could also be hosted here.  

 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 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. 

 

 

Figure 3:  5G ESSENCE System Architecture 

3.2 NG-IFEC: Use Case 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 

4). 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 Computing4 (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 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, 

                                                                 
4  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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srsLTE [8] will be deployed over the software defined radio Ettus B210 [9]. For commercial solutions, this use case will 
deploy small cells compliant with the latest 3GPP Release 13 [10] and Release 14 [11]. 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 4: Next-Generation integrated In-flight Connectivity and Entertainment Systems 

3.2.1 Stakeholders Involved in the NG-IFEC 
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 [12]. 
  

 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. 

 

3.3 Technical Enablers and Functionalities 
In the current state-of-the-art 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 
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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 operators on-board, having different content 
providers (e.g. Netflix5 and HBO6), 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 [13]. 
 

 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-

                                                                 
5  See: https://www.netflix.com/gr/ 
6  See: https://www.hbo.com/ 

https://www.netflix.com/gr/
https://www.hbo.com/
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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). 

 

 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  [14] 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 Cloud7. 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 [14] and the Wi-Fi cSD-RAN controller8. 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. 

 

3.3.1 Use Case 3 Key Performance Indicators (KPIs) 
The Key Performance Indicators (KPIs) used in 5G ESSENCE vary depending on the service evaluated in order to better 

understand and illustrate the behaviour of each specific part. In [13] and [15] the reader can find an extensive list of 

the KPIs related to each enabler or functionality. In this document, a short list for each of them is presented as 

follows: 

  Multi-Operator Core Network (MOCN):  
o Licenced RAN KPIs (following 3GPP specifications [16] [17]): 

 RRC Connection Success & Failure Rate (%); 
 Downlink (DL) and Uplink (UL) Average Throughput (mbps); 
 DL and UL Peak Sector Throughput (mbps); 
 DL and UL Peak & Average RF Utilization (%); 
 eNB Cell Availability; 
 DL and UL MCS Distribution; 
 SINR. 

 Caching service:  
o Network latency; 
o VNF performance on different load conditions and caching refresh intervals;  
o Long duration performance (continuous running for 2h, 4h, 8h, 24h, 36h, etc.). 

                                                                 
7  For more details also see, inter-alia: http://www.5g-essence-h2020.eu/Deliverables.aspx  
8  ibid. 

http://www.5g-essence-h2020.eu/Deliverables.aspx
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 Video Transcoding:  
o Number of frames per second (fps) that the platform can process in the transcoding operation; 
o Transcoding efficiency (fps/power-consumption ratio); 
o Overall latency (delay introduced by the transcoder with respect to the real time video reception). 

 Efficient multicast:  
o Wi-Fi multicasting group management efficiency: 

 Throughput for dedicated multicasting applications. 
o Overall CEAP resource management efficiency: 

 Overall data rate and channel utilization (w.r.t. number of multicast receptors). 

 Network Slicing:  
o RAN slicing efficiency and end-user application performance: 

 Performance comparison with classical scheduling mechanism (non-sliced); 
 Throughput measurements varying number of UEs per tenant. 

o Inter-slice performance impact: 
 Throughput measurement to check the fulfilment of the slice allocated resources. 

o Slice deployment and control: 
 Functional validation of slice creation/deletion; 
 Time to apply a slice modification request. 

 Edge Cloud Monitoring (Telemetry), Analytics and Orchestration:  
o RAM and Disk usage; 
o On-board DC CPU temperature and usage; 
o Total bandwidth used per RAT; 
o MB/s transcoded; 
o Number of accesses to files (popularity). 

 cSD-RAN Controllers:  
o Virtualization and multitenancy at the Small Cell RAN: 

 service deployment time, amount of radio resources per tenant. 
o Small Cell RAN optimization for dense scenarios: 

 throughput, delay, QoE of the end-users (network related KPIs). 
 

3.4 IFEC Testbed  
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 5 shows 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 Figure 5 have been selected to match Figure 3). All 
elements depicted in that picture will be part of the aircraft infrastructure.  
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Figure 5: Mapping the IFEC system to the High level 5G ESSENCE architecture 

As shown Figure 5, 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 5, 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. 
  

3.5 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 6) 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 6: 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 (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.  
 
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 

[18]. Later, the video transcoding service for IFEC scenarios was shown at EuCNC 20199 in Valencia, on June 2019 [19]. 

There are other multiple successes, such as the MOCN deployment or the zero-touch-orchestration methodology 

already available in the Use Case 3 group, which have not been individually shown yet in public fares but will be 

exhibited during the November’s 2019 demonstration. 

 

  

                                                                 
9  More details about EuCNC 2019 can be found at: https://www.eucnc.eu/2019/www.eucnc.eu/  

https://www.eucnc.eu/2019/www.eucnc.eu/
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4 Conclusions 
This White Paper is part of a dissemination action set forth by the 5G ESSENCE project with the objective of explaining 

how unique advantages of the 5G ESSENCE system architecture can bring the current IFEC systems to a more 

advanced level. Namely, the combination of virtualised and multi-tenant small cell networks with a multi-tier cloud 

edge infrastructure together with the possibility to enable multi-operator connectivity services and leveraging on 

multi-radio access technology proposes a realistic solution for tomorrow’s IFEC systems. Consequently, the White 

Paper provides a brief overview of the state-of-the-art technology in nowadays IFEC systems pointing out what the 

passengers, airlines and OEMs expect from tomorrow’s entertainment systems on-board and how the current 

architecture deployed on civilian aircrafts cannot fulfil these expectations. The White Paper provided an in-depth 

explanation of the role of the 5G ESSENCE architecture in the civilian aviation sector and how this creates room inside 

the 5G ecosystem for advanced wireless communications systems on-board aircrafts. In addition, explanation of the 

IFEC use case, the related scenarios and the involved stakeholders were provided further highlighting the benefits 

arising from the 5G ESSENCE approach.  

The White Paper also describes the main technical pillars that enable the IFEC use case (MOCN, content caching, video 

transcoding, efficient multicast, network slicing, telemetry, analytics, orchestration and cSD-RAN controllers) and lists 

the KPIs that can be used to evaluate its performance. Description of the testbed to deploy was provided alongside 

with the full picture of system components to be integrated, which shall lead to demonstrating the testbed pilots by 

November 2019 in the ZII’s Airbus A320 cabin mock-up in Munich. In this regard, it is worth reminding that the 5G 

ESSENCE partners involved in the IFEC use case already provided intermediate successful demonstrations.  

As a concluding remark, the 5G ESSENCE brings in the commercial aviation sector a fully featured 5G infrastructure 
with the ability of generating new revenue streams for one of the most dynamic and growing industries, which turns 
to be a milestone of paramount importance for the 5G ESSENCE project.  
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