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Executive Summary – Abstract 

 

The purpose of this Deliverable is to provide the detailed planning of the development activities for the 5G 
ESSENCE Use Case 3 (UC3). This deliverable focuses upon presenting the services that will be developed 
for this scenario, creating context for them within the next generation of In-Flight Entertainment and 
Communication (IFEC) systems. The deliverable shall position 5G as the “technology enabler” for the next 
generation of equipment on-board aircrafts for civil transportations, 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). Moreover, this 
deliverable will provide detailed description of the functionalities developed by the partners, highlighting 
their role in the testbed as well. The testbed architecture will be laid down and discussed, providing at the 
same time description of the hardware components and software tools that were selected during the 
planning phase. To provide a detailed overview of the Use Case 3 testbed evolution, the defined roadmap 
alongside with the expected completion period for all the functionalities will be provided. The test plan of 
each individual component in this testbed will be eviscerated, as well as the system integration into the 
cabin-mockup and the overall testing phase. The planned activities culminate with the 5G ESSENCE Use 
Case 3 final demonstration, which will be held at the premises of Zodiac In-flight Innovations in Munich by 
November 2019. 

 

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

3GPP The Third Generation Partnership Project 
4G The Fourth Generation of Mobile Communications 
5G The Fifth Generation of Mobile (and Wireless) Communications 
A2G Air-to-Ground 
AMF Access Management Function 
AP Access Point 
API Application Programming Interface 
APP, app Application 
AR Augmented Reality 
ARINC Aeronautical Radio, INCorporated 
BSSID Basic Service Set IDentifier 
BYOD Bring Your Own Device 
BYOP Bring Your Own Phone 
BYOPC Bring Your Own Personal Computer 
BYOT Bring Your Own Technology 
CA Carrier Agreggation 
CAPWAP Control And Provisioning of Wireless Access Points 
CDN Content Delivery Network 
CEAP Cloud Enabled Access Point 
CESC Cloud Enabled Small Cell 
CESCM Cloud Enabled Small Cell Manager  
CLI Command-Line Inteface 
CN Core Network 
CP Control Plane 
CPU Central Processing Unit 
CRUD Create, Retrieve, Update, Delete 
cRRM centralised RRM 
CSCF Call Session Control Function 
cSD-RAN Cloud Software-Defined Radio Access Network 
cSON centralised SON 
CUPS Control and User Plane Separation of EPC nodes 
DC Data Center 
DDR4 Double Data Rate fourth-generation 
DL DownLink 
DNS Domain Name System 
DP Data Plane 
DPDK Data Plane Development Kit 
DPI Deep Packet Inspection 
DRAM Dynamic Random Access Memory 
dRRM distributed RRM 
DSA Dynamic Spectrum Access 
DSCP Differentiated Services Code Point 
dSON distruibuted SON 
E2E End-to-End 
E-UTRA Evolved Universal Terrestrial Radio Access 
E-UTRAN Evolved Universal Terrestrial Radio Access Network 
eLAA enhanced-Licensed Assisted Access 
eMBB enhanced Mobile BroadBand 
eMMC embedded MultiMedia Card 
EMS Element Management System 
eNB Evolved Node B 
EPC Evolved Packet Core 
ETSI European Telecommunications Standards Institute 
EU End-User 
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Acronym Definition 

EU European Union 
EVS Enhanced Video Service 
FDD Frequency Division Duplex 
FTP File Transfer Protocol 
GA Grant Agreement 
GB GigaByte 
GbE Gigabit Ethernet 
GEO GEOstationary 
GPRS General Packet Radio Service 
GPU Graphics Processing Unit 
GS Group Specification 
GTP GPRS Tunneling Protocol 
GW GateWay 
HD High Definition 
H2020 Horizon 2020 
HeNB Home eNodeB 
HEVC High Efficiency Video Coding 
HSS Home Subscrtiber Server 
HTTP Hypertext Transfer Protocol 
HTTPS Hypertext Transfer Protocol Secure 
HW Hardware, HardWare 
ICT Information and Communication Technologies 
ID IDentifier 
IEEE Institute of Electrical and Electronics Engineers 
IETF Internet Engineering Task Force 
IFE In-Flight Entertainment 
IFEC In-Flight Entertainment and Communication 
IMSI International Mobile Subscriber Identity 
IMT International Mobile Telecommunication 
IP Internet Protocol 
IPSec, IPsec IP Security 
ISG Information Service Group 
IT Information Technology 
ITU International Telecommunications Union 
ITU-R ITU Radiocommunication Sector 
JSON JavaScript Object Notation 
KPI Key Performance Indicator 
LAA Licenses Assisted Access 
LAN Local Area Network 
LRU Line Replaceable Unit 
LTE Long Term Evolution 
LWA LTE-WLAN Aggregation 
LWIP LTE-WLAN radio level integration with IPsec 
M2M Machine to Machine 
MAC Medium Access Control 
MAN Metropolitan Access Network 
MANO Management and Orchestration 
MB MegaByte 
MCS Modulation and Coding Scheme 
MEC Multi-Access Edge Computing 
MIMO Multiple Input Multiple Output 
MLME MAC subLayer Management Entity 
MME Mobile Management Entity 
mMTC massive Machine‐Type Communication 
MNO Mobile Network Operator 
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Acronym Definition 

MO Mobile Operator 
MOCN Multi-Operator Core Network 
MPTCP Muti Path TCP 
MTC Machine‐Type Communication 
MU- MIMO Multi-User Multiple Input, Multiple Output 
NAPI New API 
NEF Network Exposure Function 
NFV Network Functions Virtualisation 
NFVI Network Functions Virtualisation Infrastructure 
NFVO NFV Orchestrator 
NIC Network Interface Card 
NMS Network Management System 
NNSF NAS Node Selection Function  
NR New Radio 
NS Network Service 
NSA Non-StandAlone 
NSSF Network Slice Selection Function 
NVI-PoP Network Virtualisation Infrastructure - Point of Presence 
NUC Next Unit of Computing 
OAI Open Air Interface 
OAM, O&M Operation and Maintenance 
ODL Open DayLight 
OS Operating System 
OSI Open Systems Interconnection 
OSM Open Source MANO 
PCI Peripheral Component Interconnect 
PCIe Peripheral Component Interconnect express 
PCR Project Compeltion Report 
PDCP Packet Data Convergence Protocol  
PDN Packet Data Network 
PED Personal Electronic Device 
PHY Physical Layer 
PLMN Public Land Mobile Network 
PLMNID Public Land Mobile Network IDentifier 
PNF Physical Network Function 
PoP Point of Presence 
PPP Public Private Partnership 
PSU Passenger Service Unit 
QAM Quadrature Amplitude Modulation 
QoE Quality of Experience 
QoS Quality of Service 
RAM Random-Access Memory 
RAN Radio Access Network 
RAT Radio Access Technology 
REST Representational State Transfer 
RF Radio Frequency 
RFC Request for Comments 
RIA Research and Innovation Action 
RPC Remote Procedure Call 
RRC Radio Resource Control  
RRM Radio Resource Management 
Rx Reception  
S1AP S1 Application Protocol 
SBC Single Board Computer 
SC Small Cell 
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Acronym Definition 

SCNO Small Cell Network Operator 
SCU System Control Unit 
SCU3 System Control Unit Generation 3 
SD Software-Defined  
SD Standard Definition 
SDK Software Development Kit 
SDN Software Defined Networking 
SDU Seat Display Unit 
SESAME Small Cells coordination for Multi-tenancy and Edge services 
SIB System Information Block 
SIM Subscriber Identity Module 
SLA Service Level Agreement 
SNMP Simple Network Management Protocol 
SO Spectrum Owner 
SON Self-Organizing Network 
SP Service Provider 
SPI Stateful Packet Inspection 
SR Scheduling Request 
SRS Sounding Reference Signal 
SSD Solid State Drive 
SSH Secure SHell 
SSID Service Set IDentifier 
SSL Secure Sockets Layer 
SVN SubVersioN 
SW Software, SoftWare 
TB TeraByte 
TBC To Be Confirmed 
TCP Transmission Control Protocol 
TDD Time Division Duplex 
TR Technical Report 
TTI Transmission Time Interval 
TV TeleVision 
Tx Transmission 
UC Use Case 
UC3 Use Case 3 
UE User Equipment 
UGDM User and Group Database Management 
UL Uplink 
URL Uniform Resource Locator 
uRLLC Ultra Reliable Low Latency Communications 
USB Universal Serial Bus 
VAP Virtual Wi-Fi Access Point 
vDPI virtual Deep Packet Inspection 
vGTP virtual GTP 
VIM Virtualised Infrastructure Manager 
VM Virtual Machine 
VNF Virtualised Network Function 
VNFC Virtualised Network Function Component 
VNFM Virtualised Network Function Manager  
VoLTE Voice over LTE 
VPN Virtual Private Network 
VSCNO Virtual Small Cell Network Operator 
VTC Vehicular Technology Conference 
VTU Video Transcoding Unit 
WAN Wide Area Network 



Embedded Network Services for 5G Experiences (5G ESSENCE)    
Grant Agreement No.761592  31.05.2018 

 

 
Deliverable D7.1 (“Planning of demonstration and network services for Use Case 3”)  

 10/67 
 

Acronym Definition 

Wi-Fi Wireless Fidelity 
WLAN Wireless Local Area Network 
WP Work Package 
X2AP X2 Application Protocol 
XwAP Xw application protocol 
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1 Introduction 
 
The purpose of this Work Package 7 (WP7) deliverable is to provide detailed description of the activities 
regarding the workplan, time plan and overarching roadmap that will lead to demonstrate the 5G ESSENCE 
Use Case 3 (UC3) at the end of the project. This use case has the goal to develop a 5G testbed, tailoring the 
5G ESSENCE system architecture to the communication scenarios of an aircraft for civil 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 is often the 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 and also inflexibility in the long term due to keeping 
the archaic network architecture.  
 
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 devices and not only through the seat screens. 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) model1, 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.  
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 5G ESSENCE, 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 5G ESSENCE. On this basis, the IFEC use case will experiment with video transcoding service, 
Radio Access Network (RAN) slicing, content caching and multicasting. Functions will be virtualized and 
managed through an orchestrator, while telemetry will monitor the integrity of the services and of the 
infrastructure as a whole. 
 
The remainder of this deliverable is organized as follows. Section 2 describes at storyline level the 
functionalities and the technical enablers of the next generation IFEC. Section 3 provides useful reference to 
the general 5G ESSENCE architecture and the architecture of the system that will be implemented. Section 4 
provides a detailed description of individual hardware and software components that will be deployed in the 
testbed. Section 5 provides in-depth technical description of individual services that will be developed, as 
well as the forecasted timeline and the contribution of individual 5G ESSENCE partners.  

                                                           

1  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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Plans for integration, testing and final demonstration will also be provided considering that a continuing 
monitoring action will require some adjustments with the testbed evolution. Section 6 provides the 
concluding remarks of this document.  
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2 5G ESSENCE Use Case 3: Next Generation IFEC  
 
The 5G ESSENCE Use Case 3 (UC3) revolves around the next generation 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 archiecture 
(see Figure 1). Currently on-board wireless communications rely mainly on different generations of Wi-Fi 
technology with aeronautically certified access points to enable wireless IFE that provides broadband Internet 
connectivity (where the end-to-end (E2E) system includes the satellite backhaul). This solution has several 
limitations including the inability to support broadband cellular services, hence lacking the required flexibility 
in the long term for airlines. Communications on-board aircrafts have traditionally suffered from technology 
slowdowns, due to high certification costs to fulfil very strict aviation standards (e.g. ARINC2 series).  
However, 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 (PEDs) 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: the Gigabit 
Ethernet network, the limited number of wireless access points and the need for using the satellite 
communication for connectivity to the ground. For these reasons, 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 will also leverage on the paradigm of Multi-Access Edge Computing3 (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. Specifically, aeronautical certified Wi-Fi 
access points and mobile network technology enabled small cells. Regarding small cell technology, this 5G 
ESSENCE use case shall experiment both commercial and open source implementations. Among the possible 
open source options, srsLTE [1] will be deployed over the software defined radio Ettus B2104. For commercial 
solutions, this use case will deploy small cells compliant with the latest 3GPP Release 135 /146. 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. 
  

                                                           

2  Aeronautical Radio, Incorporated (ARINC), established in 1929, is a major provider of transport communications and 
systems engineering solutions for eight industries: aviation, airports, defense, government, healthcare, networks, 
security, and transportation. ARINC has installed computer data networks in police cars and railroad cars and also 
maintains the standards for line-replaceable units. For further details see, among-others: 
https://en.wikipedia.org/wiki/ARINC  

3  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  

4  For more details also see: https://www.ettus.com/product/details/UB210-KIT  
5  For more details also see: http://www.3gpp.org/release-13 
6  For more details also see: http://www.3gpp.org/release-14  

https://en.wikipedia.org/wiki/ARINC
http://www.etsi.org/technologies-clusters/technologies/multi-access-edge-computing
http://www.etsi.org/technologies-clusters/technologies/multi-access-edge-computing
https://www.ettus.com/product/details/UB210-KIT
http://www.3gpp.org/release-13
http://www.3gpp.org/release-14
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Regarding the services that will be demonstrated, the 5G ESSENCE UC3 will showcase 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, relying on the 5G ESSENCE terminology defined in 
Deliverable D2.2 (“Overall System Architecture and Specifications”), 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 1: Next-Generation integrated In-flight Connectivity and Entertainment Systems 

 

The 5G ESSENCE UC3 depends upon the outcomes of other 5G ESSENCE work packages as shown in Figure 2. 
More specifically, WP2 provides the system architecture and the actors definition; WP3 provides the cSD-
RAN controllers and radio access technology, whereas WP4 brings the VNF orchestration and telemetry. 
 

 

 

Figure 2: 5G ESSENCE main contributions to WP7 

 

2.1 Stakeholders Involved in the Next Generation 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.  
The stakeholders that are outlined below are derived from the 5G ESSENCE Deliverable 2.1 (“System Use 
Cases and Requirements”)’ and stand for a further adaptation of the roles to the next generation IFEC 
scenario.  
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• 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 stakeholders 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 esponsible of bringing the network and communication 
services to the aircraft. Different models can be envisaged. On the one hand, a MO could be the 
owner of the on-board infrastructure, whereas on the other, extreme it could be just one of the 
tenants. Intermediate business models could involve exclusive use of the network on-board, which 
belong ultimately to the airline. 
 

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

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

 

2.2 5G ESSENCE Use Case 3 Technical Enablers and Functionalities 

The following sub-sections are devoted to describing the technical enablers and the functionalities that are 
involved in the demonstrations of this 5G ESSENCE use case at “storyline level”’. The actual implementation 
of the functionalities will be provided later in this deliverable, tailoring them to the peculiarities of the IFEC 
system that is developed on top of the 5G ESSENCE general architecture.  
 

2.2.1 Multi-tenancy 

Support for network slicing is a “key characteristic” of the 5G ESSENCE architecture with network slices 
assigned to the different tenants sharing the same edge infrastructure. The possibility to slice the aircraft’s 
network architecture into slices with the possibility of hosting multiple core networks on-board (MOCN) is 
mainly a technical enabler of the platform. From a business perspective, the IFEC scenario may lead to 
content-based multi-tenancy, where different content providers can deploy isolated end-to-end services 
sharing the common infrastructure.  
 
In 5G, end-to-end network slicing is one key feature unleashed by the new mobile network technology. As 
per 3GPP Release 157, both core network (CN) and radio access network (RAN) functions can be deployed as 
virtualised network functions over the same cloud and network infrastructure. Slices can be deployed on a 

                                                           

7  See: http://www.3gpp.org/release-15  

 

http://www.3gpp.org/release-15
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service basis and can be linked to a mobile network operator. The ITU-R8 defined three classes of services 
which can be reflected in the slices: eMBB, uRLLC and mMTC9. In an infrastructure shared by multiple 
operators, an Infrastructure Provider may also segment its network in slices and assign them to different 
business entities. For example, a tenant operator shall be able to offer all the ITU-R class services.   
 
In the next generation IFEC, multi-tenancy is important to unlock market competition and motivate 
traditional and new operators to enter this niche market, while airline companies may take the role of 
infrastructure providers. Large operators that own spectrum are likely the most suitable candidates 
considering that they can provide continuous (gate-to-gate) seamless connectivity, also being able to manage 
the coexistence between the ground and the on-board networks. 
 
Multi-tenancy  allows the Infrastructure Provider to segment its network through resource slicing. Tenant 
isolation can ensure that slices are offered as a virtual network to Virtual Small Cell Network Operators 
(VSCNO) that can operate the slice as their own private network. A tenant will not have access to other 
tenants’ network resources while sharing. The Infrastructure Provider is responsible for on-boarding the 
services or Virtual Network Functions (VNFs) into the VNF catalogue, which will be accessible for the different 
VSCNOs. Each VSCNO can then choose if they want to deploy any of the available services into its own slice. 
RAN slicing, which requires addressing how the pool of radio resources (i.e. bandwidth) can be configured 
and operated to simultaneously deliver multiple and diverse RAN behaviors, is still in early stage due to its 
complexity. For instance, it is not yet defined how to isolate RAN virtual functions [2].  
 
In addition, the aim of 5G ESSENCE is to integrate different types of radio technologies (i.e. mobile network 
technologies based on recent 3GPP releases, and Wi-Fi). Hence, RAN slicing needs to be supported for each 
particular technology. Radio Resource Management (RRM) functions, which can be allocated in the Light DC 
(distributed) or in the Main DC (centralized), should be implemented in order to manage the sliced resource. 
For instance, schedulers can control the amount of channel bandwidth or airtime consumed by each of the 
tenants [3]. 
 

2.2.2 Multi-RAT Radio Access Network 

There is an ongoing effort to remove cables as much as possible in newer aircraft models (e.g. older aircrafts 
wiring amounted in overall to the impressive number of 500 km in an Airbus A380 [4]). This trend involves 
also the built-in seat screens. Therefore, it is projected that the next generation IFEC system will cope with a 
heterogeneous variety of wireless technologies to contribute reducing the overall weight (and fuel 
consumptions).  
As of today, a mix of 2.4 and 5 GHz unlicensed bands has been used but it is forecasted a crunch in the current 
system that cannot evolve or scale out, as well as a set of QoS-based services that cannot rely in unlicensed 
technologies, requiring a centralized control of the wireless channel, as defined in licensed standards. In order 
to offer passengers the same service quality and connectivity experience while on board an airplane as they 
experience on the ground, 5G ESSENCE UC3 will demonstrate the benefits of a multi-RAT approach.   
 
The use of mobile network technologies on-board aircrafts for civil transportation is currently very limited 
due to the constraints in the end-to-end connectivity (i.e. bottleneck of the satellite backhaul) and country-
based regulations. As part of the 5G technology offer, the provision of mobile network services alongside Wi-
Fi will be accelerated, integrating both technologies into a single and coordinated wireless infrastructure. This 
will necessitate an integration of the incumbent Wi-Fi radio access with mobile network technologies that 
must comply with the different spectrum aggregation models developed in recent 3GPP standards releases 
(Rel. 13/14/15).  
Therefore, investigating the integration of different radio access technologies is a crucial area of research in 
the scope of 5G ESSENCE, as the airplane network constitutes one of the most relevant example of how a 5G 

                                                           

8  For further details see: https://www.itu.int/en/ITU-R/Pages/default.aspx  
9  Also see the discussion in: http://www.3gpp.org/news-events/3gpp-news/1774-5g_wiseharbour  

https://www.itu.int/en/ITU-R/Pages/default.aspx
http://www.3gpp.org/news-events/3gpp-news/1774-5g_wiseharbour
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edge infrastructure with a centralized controller can enhance the KPIs and user experience in an ultra-dense 
network scenario.  
One of the main objectives of 5G ESSENCE is to support heterogeneous multi-RAT deployments, providing a 
multi-connectivity framework that allows selecting, for each network service or QoS profile, the optimal radio 
access technology mix which better fits the requirements of the service, enabling the delivery of interactive 
on-board multimedia services. Optimal spectrum utilization and Dynamic Spectrum Access10 (DSA) are central 
topics of 5G, including aspects like the fair co-existence and impact of Licensed Assisted Access11 (LAA) on Wi-
Fi deployments (and vice versa) is still being studied [5], as commercial deployments are still in the planning 
phase without providing any solid reference in terms of implementation models.  
 
The UC3 brings an opportunity to benchmark different spectrum aggregation options including performing a 
comprehensive analysis of the co-existence in unlicensed bands. In that sense, this is the main 5G ESSENCE 
use case for testing and demonstrating the 5G Multi-RAT operation, including the application of a Generalized 
Multi-RAT Management Framework12 based in Multi-RAT Dual Connectivity technology, which is one of the 
pillars of the new 5G architecture, and especially in the 5G NR13 Non-Standalone New Radio14.  
 
The centralization of the Radio Resource Management and SON functions defined in the 5G ESSENCE 
architecture, empowers the solution for implementing a rich spectrum management aligned with the 
enhanced Dynamic Spectrum Access defined in other 5GPPP projects like SPEED-5G [6]. The airplane scenario 
is a very special environment, where different technologies can be deployed with additional degrees of 
freedom, because the typical restrictions of spectrum utilization can be relaxed in order to have much more 
efficient spectrum efficiency and lower system interference by means of taking advantage of the channel 
availability on-board, as only one infrastructure will deliver wireless services.  
Given this fact, spectrum aggregation and management options, like Carrier Aggregation, Multi-Connectivity 
and dynamic channel bandwidth allocation for 802.11ac15 systems techniques can be efficiently 
implemented, as the whole spectrum utilization in both licensed and unlicensed bands will be managed by 
the cRRM function located in the cSD-RAN Controller. 
 

Different spectrum aggregation schemes or technologies have been defined within the 3GPP standards. The 
greatest difference is found on the protocol stack harmonization point. The first set of techniques can be 
defined as Carrier Aggregation based technologies, where the protocol stack harmonization point is defined 
at the MAC layer16. Standard Carrier Aggregation using licensed carriers or LAA and eLAA technologies17 use 
this framework, where system bearers are split in the MAC layer, managing the session and session continuity 

                                                           

10  Dynamic spectrum access is a new spectrum sharing paradigm that allows secondary users to access the abundant 
spectrum holes or white spaces in the licensed spectrum bands. DSA is a promising technology to alleviate the 
spectrum scarcity problem and increase spectrum utilization. Also see, for example: M. Song, C. Hin, Y. Zhao, X. Cheng 
(2012): Dynamic spectrum access: from cognitive radio to network radio, IEEE Wireless Communications, 19(1),  

11  The second variant of LTE-Unlicensed is Licensed Assisted Access (LAA) and has been standardized by the 3GPP in Rel-
13. LAA adheres to the requirements of the LBT protocol, which is mandated in Europe and Japan. It promises to 
provide a unified global framework that complies with the regulatory requirements in the different regions of the 
world. Rel-13 defines LAA only for the downlink (DL). One of the main features of 3GPP Rel-14 is the introduction of 
enhanced-Licensed Assisted Access (eLAA), which includes uplink (UL) operation for LAA. 

12  Also see the context discussed in: J. Perez-Romero, O. Sallent and R. Agusti (2007.): A generalized framework for multi-
Rat scenarios characterization. In Proceedings of the IEEE 65th Vehicular Technology Conference (VTC2007-Spring), 
Dublin, Ireland, April 22-25, 2007.  

13  5G NR is a new air interface being developed for 5G. An air interface is the radio frequency portion of the circuit 
between the mobile device and the active base station. The active base station (BS) can change as the user is on the 
move, with each changeover known as a handoff. Also see the informative framework presented in: 
https://5g.co.uk/guides/what-is-5g-new-radio/  

14  For further informative details also see, inter-alia: http://www.3gpp.org/news-events/3gpp-news/1929-nsa_nr_5g  
15  See, for example: https://en.wikipedia.org/wiki/IEEE_802.11ac  
16  For further details also see, for example: https://en.wikipedia.org/wiki/Medium_access_control  
17  Some additional informative details can also be found, for example, at: 

https://www.qualcomm.com/invention/technologies/lte/laa  

 

https://5g.co.uk/guides/what-is-5g-new-radio/
http://www.3gpp.org/news-events/3gpp-news/1929-nsa_nr_5g
https://en.wikipedia.org/wiki/IEEE_802.11ac
https://en.wikipedia.org/wiki/Medium_access_control
https://www.qualcomm.com/invention/technologies/lte/laa
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at this layer. The second group of techniques uses the PDCP layer18 as the protocol stack harmonization point, 
aggregation of system bearers and service continuity relies on having common PDCP sequence numbers.  
 
These techniques, have been organized under the Multi-RAT Dual Connectivity framework, that promises 
that a variety of heterogeneous RATs can be seamlessly integrated at the terminal side, providing a 
centralized control over the QoS by means of defining Master Nodes and Secondary Radio Nodes. LTE-WLAN 
Aggregation19 (LWA), Non-Standalone 5G NR and LTE Inter-Cell Aggregation are included in this group. The 
last group of technologies rely on a higher layer aggregation, lowering the service continuity capabilities, like 
in the case of Multi Path TCP20 (MPTCP) and LTE-WLAN radio level integration with IPsec (LWIP)) [7], which 
basically require to use a GTP or L3 protocol stack harmonization point, enabling the utilization of legacy 
equipment that does not support 3GPP interfaces like the XwAP interface, using only UE-related procedures 
based in RRC of either 4G or 5G technologies.  
 
This work is being promoted within 5G standards [8], and the usage of unlicensed spectrum by cellular 
technologies is also gaining attention in the industry as is the case of Verizon and T-Mobile who are currently 
deploying LAA in the United States [9], and the new study item on 5G NR operating in unlicensed spectrum, 
both licensed-assisted and stand-alone is the first step in the 3GPP standardization process in this respect, 
being the first time 3GPP will be studying the development of a cellular technology operating solely in 
unlicensed spectrum.  
 
Finally, it is worth remarking that 5G ESSENCE UC3 shall rely on the cSD-RAN controller to  implement the 
management framework that executes control applications such as RAN slicing in the IFEC use-case, ensuring 
that traffic across the two network segments are adequately managed with the best QoS for end-user 
applications and services. 
 

2.2.3 Caching 

As previously mentioned, the current IFEC system architecture on-board the aircraft consists of connecting 
all screens, one after the other, with the central server that contains the IFE catalogue via a gigabit Ethernet 
network. This distribution is not only obsolete but also expensive due to its weight and constant reparation 
needs. Vendors of in-flight connectivity systems are doing the endeavour to offer airlines more advanced and 
cost effective solutions that can take advantage of cutting edge wireless technologies. 
 
Efforts to develop wireless IFEC have been undertaken already and aeronautical standardization bodies have 
released different specifications addressing topics of such nature. More specifically, the ARINC 62821 defines 
how many Wi-Fi access points can be deployed in each aircraft type and in which pattern. For instance, the 
typical model used by European airlines (a narrow body/single aisle aircraft) can have up to three APs 
connected in daisy chain fashion22, it is to say, linked together one after the other using 1GbE cable. 
Considering that 210 passengers can travel in a continental flight and the limitation of three APs, this implies 
that each one must serve up to 70 clients, whom may all be simmultaneoulsy connected. If each passenger 
receives a stable video stream of 7Mbps23, it means that the overall traffic can amount up to 1.5 Gbps of data 
from the central media server to the screens via the wireless APs. Thus, the gigabit Ethernet network between 
APs becomes the bottleneck of the IFEC system. To relieve this problem, part of the catalogue is stored 
directly in the seat screens. Although this implies an excessive time-consuming process for loading the screens 
that can be executed only when the aircraft is at the dockyard. 
 

                                                           

18  For further details also see, for example: https://en.wikipedia.org/wiki/PDCP  
19  Also see: https://en.wikipedia.org/wiki/LTE-WLAN_Aggregation  
20  Also see: https://www.multipath-tcp.org/  
21  See, inter-alia: https://standards.globalspec.com/standards/detail?docid=9948530&familyid=TCHJMCAAAAAAAAAA  
22  See: https://en.wikipedia.org/wiki/Daisy_chain_(electrical_engineering)  
23  Audio at 48Khz: 192Kbps; Video at 30 fps, FullHD, HEVC/H.265: 6Mbps; Overall overhead of 20% 

https://en.wikipedia.org/wiki/PDCP
https://en.wikipedia.org/wiki/LTE-WLAN_Aggregation
https://www.multipath-tcp.org/
https://standards.globalspec.com/standards/detail?docid=9948530&familyid=TCHJMCAAAAAAAAAA
https://en.wikipedia.org/wiki/Daisy_chain_(electrical_engineering)
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Generally, due to the remarkable increase of mobile multimedia traffic consumed over the on-board wireless 
network (particularly through personal devices), caching has emerged as an effective way to reduce the 
transmission of duplicate content through 4G/5G networks. This impacts positively the throughput, content 
access delay (i.e. time to load the video) and ultimately can improve the energy efficiency of the network and 
the QoE of the end users [10].  
Although caching in the mobile network is particularly challenging due to mobile traffic tunneling [10], the 
5G ESSENCE architecture can leverage it through the implementation of local breakout solutions and specific 
VNFs at the Edge DC, as well as leveraging on the combination with other radio technologies like Wi-Fi for 
this specific service. 
 
In the IFEC scenario, a solution consists of caching the first few minutes of the most popular movies directly 
in the Light DC. Once one movie is hit, the CESC/CEAP requests the rest of the movie content to the central 
server and stores it locally for further passengers’ requests. Both, the cached and stored movies may be 
refreshed during the flight according to their popularity during the trip. 
 

2.2.4 Video Transcoding 

Nowadays, the devices used in in-flight communications cannot keep up with the impetuous technological 
progress of smart mobile devices. To generalize, this situation is even worse in the automotive sector where 
navigators, video cameras, audio sources, entertainment screens must follow the long car’s lifecycle, making 
expensive optional extras obsolete after only a couple of years.  
Car manufacturers already learned the lesson creating APPs for personal devices to allow the offloading of 
video/audio/managing functions to the most advanced mobile user terminals. Therefore, this approach can 
be followed on modern airplanes, whose lifecycle can exceed 20 years. 
 
Following this philosophy, newer services offered by airline target improving the passengers’ on-board 
experience through more advanced and interactive entertainment. For instance, by installing on the airplane 
a wide angle, Ultra High Definition Video Camera (up to 8K resolution), able to capture the landscape below 
and stream it 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. 
Such a service can be delivered by the 5G ESSENCE platform in the context of the next generation IFEC, by 
offering video transcoding as a VNF. 
 
This basic service could be improved with other auxiliary features able to increase the user’s QoE even further. 
As shown in Figure 3, the video displayed on PEDs could be enriched with augmented reality (AR) elements 
(the name of the city shown by the PED, height and name of mountains or length and name of a river, etc.).  
To iterate, the information that can be added are many, including the representation of a compass showing 
the North, information related to the external temperature and so on. 
 
Another possible service could consist giving passengers the possibility to watch and download on their PEDs 
some HD frames taken up earlier.  
For example, during the flight time, a passenger could choose to download a picture of the landscape beneath 
of some time ago (e.g. 1 hour earlier) with the possibility to create a personalized flight diary. 
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Figure 3: Video transcoding service 

 

2.2.5 Multicast 

With the increasing popularity of multimedia content and the capability improvement of radio technologies, 
wireless multicast video streaming has emerged as an essential service in order to deliver the same video 
content to multiple receivers in a more bandwidth efficient manner. For instance, during a flight, different 
events may require or benefit from video stream multicasting, e.g. safety advertisements, lunch menu 
announcements or personalized commercials.  
These events can be triggered in an automated (e.g. after the take-off) or manual fashion (e.g. started by the 
cabin crew). In view of these scenarios, multicast communications represent a more efficient way of 
delivering the same information to multiple on-board passengers in a scalable manner.  
 
Traditional Wi-Fi multicasting has several well-known drawbacks which negatively impact the performance 
of the overall Wi-Fi network. Since multicast frames are unacknowledged to maximize the probability of 
reception of all the users, data is sent at the minimum supported link rate of the group (usually the lowest 
Modulation and Coding Scheme, MCS, allowed by the Wi-Fi standard in use).  
This leads to a higher airtime or channel bandwidth consumption per data frame, thus degrading the 
performance of both multicast and unicast communications. This limitation is exacerbated as the applications 
bit rate increases and worsens in the case of multiple simultaneous multicast transmissions. Some reliability 
concerns were addressed already by the IEEE 802.11aa [11] amendment that introduces a set of multicast 
retransmission policies, but yet no mechanisms for the delivery of data rate adaptation and multicast group 
management have been standardized. 
 
The architecture proposed in 5G ESSENCE may allow to overcome some of the limitations of Wi-Fi 
multicasting by implementing procedures related to Software-Defined Networking (SDN), Radio Resource 
Management (RRM) and Self-Organizing Networks (SONs). Based on the competences of the 5G ESSENCE 
partners that contribute to develop this use case, the improvements that will be pursued are shown below:  
 

• Network abstractions to control the network state at refined granular level that allows to carry out 
performance optimization that leads to more efficient multicasting; 
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• Relying on the cSD-RAN controller and distributed control agents deployed in the Wi-Fi access points, 
it shall be possible to dynamically select the most efficient multicast rate (dynamic MCS selection 
algorithms);  
 

• Intelligently creating multicast groups and dynamic management of these groups by joint mobility 
management and multicast rate selection optimization; 
 

• User-AP assignment: Efficient assignment of users to APs according to the multicast group (i.e. the 
content), the channel status, the user parameters or stats. 
 

In addition to RAN management, an appropriate orchestration of end-to-end services should be considered 
in order to manage the different procedures and VNFs related to the triggers, the events and the multicast 
video streaming service. 
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3 Architecture Overview 
 
This section describes the 5G ESSENCE system architecture and maps it to the one planned for the UC3. 
 
 

3.1 5G ESSENCE System Architecture 
5G ESSENCE is going to realise 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 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, 5G ESSENCE 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 5G ESSENCE, which combines the current 
3GPP framework to network management in RAN sharing scenarios and the ETSI NFV framework24 for 
managing virtualised network functions.  
The CESC provides the computing, storage and radio resources at the edge, while the CESC cluster is the cloud 
platform. This cloud platform can also be “sliced” to enable multi-tenancy, and it is used to support 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 4, where the working architecture with emphasis 
on the functional elements and interfaces is illustrated. The examination that follows, describes the work split 
in the proof-of-concept design and implementation. As shown in Figure 4, the 5G ESSENCE architecture allows 
multiple network operators (tenants) to provide services to their users through a set of CESCs deployed, 
owned and managed by a commercial third party.  
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 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 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.  

                                                           

24  See: http://www.etsi.org/technologies-clusters/technologies/nfv  

http://www.etsi.org/technologies-clusters/technologies/nfv
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Figure 4: 5G ESSENCE System Architecture 

 

3.2 Testbed Mapping to 5G ESSENCE General Architecture 

The 5G ESSENCE architecture is designed to be easily adaptable to different use cases. To substantiate this 
statement, it is planned that by the end of the project the high level architecture shown in Figure 4 will be 
used in three different use cases: demonstration in a football stadium, for mission critical communications 
and in In-flight Entertainment and Communications system. This document focuses on the last one, that is 
the development of the next generation IFEC system. 
 
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 WP7 and provides mapping to the high level 5G 
ESSENCE architecture shown in Figure 4 (note that colours in Figure 5 have been selected to match Figure 4). 
All elements depicted in that picture will be part of the aircraft infrastructure, as anticipated in Section 2.  
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 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 
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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 IFEC server. The Light and Main DC are connected via a programmable switch. The 
core network is connected through a switch and it runs in a separate machine to enable end-to-end 
passengers connectivity.  
 
 

 

Figure 5: Mapping the IFEC system to the High level 5G ESSENCE  architecture  

 
Finally, for logistics and to enable a testing environment that can scale out, the infrastructure will be made 
accessible from remote through VPN in order to give partners involved in the 5G ESSENCE UC3 access to the 
testbed during the project lifetime. 
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4 System developed for Demonstration and Assumptions 
 
In Section 2.2, the features that will be demonstrated by this use case were illustrated along with motivations 
for the taken decisions. It is worth emphasizing that the selection was done by taking into account the 
research pillars of the 5G ESSENCE system and, at the same time, tailoring them to the scenarios that are 
relevant to the civil aviation sector. It was also discussed that, being the aircraft a self-contained network 
edge, the 5G ESSENCE overall system architecture well “suits” the demonstration of the next generation IFEC 
system with due adaptations.  
Comparing the IFEC system on-board an aircraft, intuitively the boundaries between Main and Light DC blur 
in this context. Anyway, the distinction applies still (both logically and physically), considering that future 
advances in IFEC design are meant to deploy more computing power on-board. It was explained previously 
that currently the bottleneck inside the aircraft is the existing GbE network and that the goal of future IFEC is 
to remove as much wiring as possible. 

 
Based on these insights, the system architecture that 5G ESSENCE UC3 will put in place is shown in   
Figure 6. The figure provides not only the architecture of the testbed but also the distribution of the services 
described in Section 2.2 in each part of the testbed. In there, the demo features described in Section 2.2, 
which apply to different concepts that will help to create the next generation IFEC system, are highlighted.  
More specifically, it is shown that multi-tenancy and multi-RAT are the network related technical enablers 

upon which develop the services: caching, video transcoding and multicasting.  
 

 

Figure 6: Network set-up for 5G ESSENCE UC3: Next Generation IFEC System Implementation 

 
The distribution of functions along the testbed is planned to occur as follows: 
 

• The Media Server (IFE): This is a stand-alone equipment in which the entertainment content is 
stored. The catalogue contains movies, TV series, games etc. It is planned to use an aeronautical 
certified media server for the purpose, although Digital Media Right issues has to be deal with during 
the testbed development. 
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• On-board Data Center (DC): This is the most resourceful machine available in the system where 
deploy the VNF orchestrator and the edge cloud controller. For the orchestrator, the ETSI recognised 
OSM release 325 will be deployed along with the cloud controller OpenStack release Pike26. Although 
modular, it is acknowledged that this configuration is computing intensive, and hence only the 
minimum set of OpenStack27 components shall be installed. Preliminary evaluation of OSM release 
428 go in the direction of more efficient use of the hardware resources, and for this reason such new 
release will be further considered. The on-board DC will be also the environment where the video 
transcoding software shall be deployed to cope with computing intensive graphical operations 
.  

• The Mobile Network Core: It is the mandatory system component to enable end-to-end UEs (or 
PEDs) connectivity. 
 

• The CESC / CEAP: This is a crucial part of the whole testbed infrastructure since it is an essential part 
of the next generation IFEC system. CESC and CEAP include separate micro-server computing 
facilities respectively connected to a mobile network technology enabled small cell and a Wi-Fi 
access point. This part of the infrastructure will be managed by the NFV orchestrator and shall fall 
within the OpenStack compute domain to deploy VNFs. Distributing CESCs and CEAP along the body 
of an aircraft, groups of users can be served without resorting excessively to the on-board DC, hence 
relieving the stress over the GbE network on-board. 
 

• The End-Users’ devices: This implicates for a broad range of end-users’ terminals with different 
hardware and software capabilities that include the aeronautical seat screens and the PEDs. 

 

• The Testing VPN:  This is a dedicated network that is meant to provide each 5G ESSENCE UC3 
contributor and function owner (the partner responsible for developing a specific testbed function 
or technical enabler) the possibility to connect from remote to execute validation and performance 
benchmarking tests on the next generation IFEC infrastructure. 

 

4.1 Hardware Selection of System Components 
This section is divided in three different sub-sections following the split done in Figure 5. Therefore, the Main 
DC elements are described together, then the Light DC and, finally, the remaining elements which are not 
included in none of the previous ones but are required to have a working testbed. 
 

4.1.1 Main DC 

The Main DC is divided in two principal components: the media server and the on-board DC. For the first one, 
it is planned to use a real avionic server from Zodiac In-flight Innovations. The second is the most powerful 
device in the testbed, which will have to run all the computing intensive operations of the IFEC 
demonstration. 
 
  

                                                           

25  Open Source MANO (OSM) is the open source community that aims to deliver 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.  
Also see:  https://osm.etsi.org/wikipub/index.php/OSM_Release_THREE  

26  For more details see: https://releases.openstack.org/pike/index.html  
27  See: https://www.openstack.org/  
28  OSM Release FOUR brings a number of improvements over previous releases. For further details also see the contents 

in:  https://osm.etsi.org/wikipub/index.php/OSM_Release_FOUR  

https://osm.etsi.org/wikipub/index.php/OSM_Release_THREE
https://releases.openstack.org/pike/index.html
https://www.openstack.org/
https://osm.etsi.org/wikipub/index.php/OSM_Release_FOUR
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4.1.1.1 Media Server 
 
The System Control Unit Generation 3 (SCU3, Figure 7) is an avionic server Line Replaceable Unit (LRU) acting 
as the head end of the Rave™ IFE System29. In the Rave architecture the SCUs provide the user access point 
for downloading content, brought on-board the aircraft in the form of SD cards, to the Rave™ Seat Display 
Units (SDUs) via an Ethernet local area network. The SCU also connects with aircraft systems and other non-
Rave equipment using a variety of interface types. 
 
The SCU3 Main Board provides an x8630 CPU for Linux-base application software which manages the overall 
Rave system, loads content and software via the SD card board, and processes the data streams from the 
video and audio capture board. The SCU3 mounts a processor Intel Ivy Bridge series Core i731, and has 
16GBytes of DRAM, and up to 1,5TBytes in two Solid State Drives (SSDs.) An 8GByte Compact Flash card is 
also present for legacy OS boot. 
 

 

Figure 7: Rave™ System Control Unit 3 – Sketch 

 

4.1.1.2 On-board Data Center (Main DC) 
 
Since the 5G ESSENCE architecture introduces new features in the network on-board an aircraft, it is required 
to add a new element in the aircraft network architecture: that is, a server that allows enabling an on-board 
datacenter.  
As mentioned before, traditionally, the aircraft environment is constrained in terms of computing resources 
and to comply with this established trend the new server is the result of a trade-off between performance 
and energy consumption.  
 
Taking into account realistic constraints that come from the cabin aircraft, the selected hardware for the 
server fits in a cabinet tower chassis (the Supermicro SC721 TQ-250B Mini Tower32 shown in Figure 8), which 
is more similar in terms of form factor to a SCU3 rather than a regular server rack. The server includes the 

                                                           

29  For more details also see: http://www.imsco-us.com/rave  
30  The x86 is a family of backward compatible instruction set architectures based on the Intel 8086 CPU and its Intel 

8088 variant. More related information can be found, for example, at: https://en.wikipedia.org/wiki/X86.  
31  Also see, inter-alia: https://en.wikipedia.org/wiki/List_of_Intel_Core_i7_microprocessors  
32  For more details also see: https://www.supermicro.com/products/chassis/tower/721/SC721TQ-250B  

 

http://www.imsco-us.com/rave
https://en.wikipedia.org/wiki/X86
https://en.wikipedia.org/wiki/List_of_Intel_Core_i7_microprocessors
https://www.supermicro.com/products/chassis/tower/721/SC721TQ-250B
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mother board Supermicro X10SDV-12C-TLN4F33 that mounts an Intel Xeon D-1557 CPU34 with 12 cores and 
24 threads. It has two On-board-Graphic Aspeed AST240035. Moreover, the server has an internal storage of 
2TB of SSD and 128GB of DDR4. 
 

 

Figure 8: On-board Data Center 

The video transcoding process could take advantage of dedicated GPU computing in order to obtain different 
video qualities specified for this service. The GPU architecture allows more efficient and fast process of 
graphic tasks, while offloading workload from the CPU. Thus, it shall be further evaluated the possibility to 
add this component to the On-board Data Center. 
 

4.1.2 Light DC 

The Light DC is composed by the micro servers that connect to the CESCs and CEAPs forming a cluster. Due 
to the limitations already discussed for the on-board infrastructure that is developed in this use case (i.e. 
space, weight and power supply), lightweight solutions are a must, and according to the final specifications 
of the Small Cells and the Wi-Fi Access Points and their capabilities to host the different required VNFs, it shall 
be evaluated the number of micro servers that will be deployed for demonstrating all functionalities, 
eventually.  

4.1.2.1 Micro-Server [ZII] 
 
All micro servers in the testbed are identical: Intel NUC Kits NUC6i7KYK236 (Figure 9). Each NUC has a quad 
core Intel Core i7-6770HQ CPU37 at 2.60GHz (virtually eight threads), an Intel Iris Pro Graphics 58038 (Skylake 
GT4e) card, 16GB of DDR4 and a disk of 512GB SSD connected via a M.2 interface39. 

                                                           

33  See: http://www.supermicro.com/products/motherboard/Xeon/D/X10SDV-12C-TLN4F.cfm  
34  See: https://ark.intel.com/products/93364/Intel-Xeon-Processor-D-1557-18M-Cache-1_50-GHz  
35  For additional information also see: https://www.aspeedtech.com/products.php?fPath=20&rId=376  
36  See: https://www.intel.com/content/www/us/en/nuc/nuc-kit-nuc6i7kyk-features-configurations.html  
37  See: https://ark.intel.com/products/93341/Intel-Core-i7-6770HQ-Processor-6M-Cache-up-to-3_50-GHz  
38  See: https://www.intel.com/content/www/us/en/support/products/88357/graphics-drivers/graphics-for-6th-

generation-intel-processors/intel-iris-pro-graphics-580.html  
39  For more details also see, among others: https://en.wikipedia.org/wiki/M.2  

http://www.supermicro.com/products/motherboard/Xeon/D/X10SDV-12C-TLN4F.cfm
https://ark.intel.com/products/93364/Intel-Xeon-Processor-D-1557-18M-Cache-1_50-GHz
https://www.aspeedtech.com/products.php?fPath=20&rId=376
https://www.intel.com/content/www/us/en/nuc/nuc-kit-nuc6i7kyk-features-configurations.html
https://ark.intel.com/products/93341/Intel-Core-i7-6770HQ-Processor-6M-Cache-up-to-3_50-GHz
https://www.intel.com/content/www/us/en/support/products/88357/graphics-drivers/graphics-for-6th-generation-intel-processors/intel-iris-pro-graphics-580.html
https://www.intel.com/content/www/us/en/support/products/88357/graphics-drivers/graphics-for-6th-generation-intel-processors/intel-iris-pro-graphics-580.html
https://en.wikipedia.org/wiki/M.2
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Figure 9: Intel NUC6i7KYK2 

 

4.1.2.2 Small Cells (SC) 
 
In the 5G ESSENCE UC3 testbed a continuing effort is being done toward the selection of the small cell 
solutions that will compose the CESCs. During the planning phase, the implementation that rely on Ettus B210 
software defined radio running srsLTE open source software has been already mentioned in previous sections 
and shall be used to develop the multi-RAT network environment.  
Also, commercial small cell solutions from the 5G ESSENCE partner CASA Systems are currently being planned. 
While the open source small cell will be used mainly to provide mobile network connectivity within the 
testbed, commercial small cells will be serve the purpose of demonstrating features that are available in 3GPP 
Release 13 and 14.  
To this end, small cells that shall be capable of demonstrating LTE Licensed Assisted Access (LAA) and the 5G 
concept of non-standalone topology are part of the options that CASA Systems shall study for the UC3 
testbed. 
 
As a remark, these options require additional investigation mainly because technology roadmap for 
compatible end-users’ terminals is not necessarily aligned with the pace of standardization. Therefore, delays 
could be incurred that have to be accounted for during the planning of activities. At the same time, no major 
changes to the mobile core network are envisioned at the time of providing the testbed planning. 
 
The Apex Dual Enterprise Small Cell from Casa Systems is an enterprise grade Dual Carrier Rel.13 LTE 
Advanced small cell solution supporting both FDD & TDD duplex modes in intra-band and inter-band 
configurations implementing advanced technologies like 256QAM, Carrier Aggregation, real-time SON or QoS 
aware scheduling, especially designed for dense heterogeneous environments, supporting standard 
management interfaces according to 3GPP standards. 

 

Figure 10: Casa Systems Apex Dual Enterprise 
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The main features of the system are summarized in the table below. 

Table 1: Small Cell Features 

Feature Value 

Number of Carriers 2 

MIMO Configuration 2x2 MIMO DL, UL Rx diversity (2Tx / 2Rx) 

Throughput DL / UL 300/75 (FDD) 200/15 (TDD) with CA 

Max. Scheduled users / TTI 16 

Max. RRC Connected users up to 128 

LTE RRC 3GPP Release Rel. 13 

LTE S1AP 3GPP Release Rel. 13 

LTE X2AP 3GPP Release Rel. 13 

LTE Frequency Bands 1, 2, 3, 4, 7, 38, 40, 41, 46 

Dual Cell Mode Supported 

Carrier Aggregation Mode Supported 

Max Tx Power 2x24 dBm (4 RF streams@21 dBm) 

WAN Gbit Ethernet RJ-45 

 

4.1.2.3 Wi-Fi Access Point  
 
The APs will consist of a Single Board Computer (SBC) with x86 CPU for Linux-base application software 
architecture equipped with several Network Interface Cards (NICs). Indicative specifications for the selected 
platform are at least a 1GHz quad core processor with 1GB of DRAM memory.  
 
Regarding the network interfaces, at least one Ethernet wired connection to the backhaul network and a 
wireless NIC to provide wireless access to the users will be required. Also, one additional Wi-Fi NIC will be 
needed to monitor the wireless medium and apply RRM strategies. Finally, in order to increase the capacity 
of the access network, the usage of additional wireless interfaces in different channels or frequency bands 
can be considered.  
 
The wireless interfaces will implement at least 802.11ac Wave-2 with MU-MIMO capabilities, although the 
usage of 802.11ax in to increase available bandwidth should be considered. Also, with the objective of 
optimizing performance, PCIe interfaces are preferable in front of USB ones. 
Finally, it is planned that for the final demonstration aeronautical certified APs will be deployed in the testbed. 
 

4.1.3 Additional testbed Components 

There are some elements which are not included in the Main DC nor the Light DC, which are required to have 
a functional testbed. These components are the hardware in which the core network runs and the switch 
which links all the different parts. 
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4.1.3.1 Core Network 
 
It is planned that the core network will run in a separate machine, specifically in a Fujitsu Lifebook E Series40 
with a quad core intel i7-4610M CPU and 16GB of RAM. These specifications have been validated by checking 
OpenAirInterface (OAI) Core Network requirements [12]. For more information regarding the specific core 
network that will be deployed in the testbed, see Section 4.2.1.5. 
 

4.1.3.2 Switch 
 
The Netgate RCC-VE 486041 (Figure 11) is the responsible of linking the different elements of the testbed 
together. The mother board runs with a quad core Intel C2558 processor42 with Intel QuickAssist43 integrated 
accelerator, which is capable of driving encryption speeds up to 10 Gb/sec. The RCC-VE 486044 sports six 
10/100/1000 Mb Ethernet ports, 8 GB of DDR3L memory, and 32 GB of on-board eMMC flash memory for 
program storage [13]. 
 

 

Figure 11: Netgate RCC-VE 4860 

 
Depending on the size of the final testbed, this element may be duplicated. 
 
  

                                                           

40  For further details also see, among others: http://www.fujitsu.com/fts/about/resources/news/press-
releases/2014/CEMEAI-140617-Fujitsu-LIFEBOOK-E-Series-Reduces-Complexity.html  

41  For further details also see: https://www.netgate.com/products/rcc-ve-4860.html  
42  See: https://ark.intel.com/products/77983/Intel-Atom-Processor-C2558-2M-Cache-2_40-GHz  
43  See: https://www.intel.com/content/www/us/en/architecture-and-technology/intel-quick-assist-technology-

overview.html  
44  See: https://store.netgate.com/ADI/RCC-VE-4860.aspx  

http://www.fujitsu.com/fts/about/resources/news/press-releases/2014/CEMEAI-140617-Fujitsu-LIFEBOOK-E-Series-Reduces-Complexity.html
http://www.fujitsu.com/fts/about/resources/news/press-releases/2014/CEMEAI-140617-Fujitsu-LIFEBOOK-E-Series-Reduces-Complexity.html
https://www.netgate.com/products/rcc-ve-4860.html
https://ark.intel.com/products/77983/Intel-Atom-Processor-C2558-2M-Cache-2_40-GHz
https://www.intel.com/content/www/us/en/architecture-and-technology/intel-quick-assist-technology-overview.html
https://www.intel.com/content/www/us/en/architecture-and-technology/intel-quick-assist-technology-overview.html
https://store.netgate.com/ADI/RCC-VE-4860.aspx
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4.2 Software Solutions: Selection and Implementation 

4.2.1 Network Services  

Network Function Virtualisation aims to provide a varied set of network functionalities deployed on common 
hardware. The paradigm of network functions virtualisation allows the deployment of VNFs, which compose 
Network Services (NSs), that are rapidly deployable and configurable in a matter of seconds or minutes.  
The VNF Orchestrator manages resource sharing and the NS lifecycle. Typically, VNFs can implement common 
network functions such as gateways, proxies, firewalls and transcoders, deployed on top of a commodity IT 
infrastructure rather than specialised hardware.  
 
The focus within 5G ESSENCE WP7 is on the development of security, transcoding and caching services based 
on ETSI-compliant VNFs and the implementation of service chaining to compose more complex scenarios. 
 

4.2.1.1 Traffic Classification 
 
Deep Packet Inspection45 (DPI) is the practice of filtering and examining IP packets, across OSI Layer 2 to OSI 
Layer 7. Although Stateful Packet Inspection46 (SPI, often employed by firewalls) is more restricted, DPI may 
extend to headers, protocol structure and payloads, thus allowing the implementation of advanced 
cybersecurity and load balancing measures.  
The scope of the vDPI in 5G ESSENCE is to provide traffic analytics and redirect appropriate requests to the 
caching VNF.  
 
The implementation of the vDPI components is based on a variety of software options that allow performing 
traffic inspection as well as packet capturing. The following software are currently being considered to unveil 
the DPI service: 
 

• nDPI [14] is an open source alternative to the OpenDPI library, maintained by ntop. Its goal is to 
extend the original library and add new protocols that are otherwise available only in the commercial 
license of OpenDPI. Furthermore, nDPI is modified to be more suitable for traffic monitoring 
applications by optimising the DPI engine. One of its major advantages is that nDPI can support 
application-layer detection of protocols regardless of the port being used.  
 

• PF_RING [15] is a set of library drivers and kernel modules that enable high-throughput packet 
capturing and sampling. The PF_RING kernel module library polls packets through the Linux NAPI47. 
Packets are copied from the kernel to the PF_RING buffer for analysis with the nDPI library. 
 

• DPDK (Data Plane Development Kit) [16] comprises of a set of libraries that support efficient 
implementations of network functions through access to the NIC. DPDK offers to network function 
developers a set of tools to build high speed data plane applications. DPDK operates in polling mode 
for packet processing, instead of the default interrupt mode. The polling mode operation adopts the 
busy-wait technique, continuously checking for state changes in the network interface and libraries 
for packet manipulation. 

 
Making a comparison, it turns out that a PF_RING implementation offers the possibility of maintaining 
uninterrupted connectivity with the OpenStack network, whereas DPDK can bypass the Linux kernel, leading 
to high-performance packet capture but is less robust and fault-tolerant than PF_RING. 
  

                                                           

45  For further information also see, for example: https://en.wikipedia.org/wiki/Deep_packet_inspection  
46  Also see: https://www.zen.co.uk/business/broadband/business-broadband/stateful-vs-deep-packet-inspection.aspx  
47  See: https://en.wikipedia.org/wiki/New_API  
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4.2.1.2 Caching & Reverse Proxy 
 
In the 5G ESSENCE UC3, caching refers to reducing the (central) media 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 WP7, 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. The following technologies are currently considered: 
 

• Squid [17] is an open source caching and forwarding HTTP web proxy. It can cache web pages, DNS 
requests and lookups for passengers sharing network resources, acting as a reverse proxy. Squid 
supports protocols like HTTP/HTTPS, FTP, Gopher48, SSL etc.  
 

• VideoCache [18]is a Squid URL rewriter plugin written in Python programming language49 for 
bandwidth optimization when the passengers browse video and streaming websites like YouTube, 
Metacafe50, Dailymotion51, etc. 
 

• Nginx [19]offers reverse proxying with caching, simple load balancing and fault tolerance.  
 

• Apache Traffic Server [20] offers caching and proxying and can scale up to thousands of requests per 
second or 400 TB of information per day. 

 

4.2.1.3 Video Transcoding 
 
Amongst the many services that could benefit from being executed at the edge of the network, one of them 
is video traffic in places where the video is created (e.g. from the external video camera during the flight time) 
and routed to a MEC server that is responsible for its transcoding and local distribution without requiring a 
backhaul connection with guaranteed performance.  
The video contents can then be stored in this edge infrastructure and can be locally processed with the 
applications running over the same MEC server to create new services and improve user experience. This is 
at the core of the Italtel Enhanced Video Service (i-EVS), which well suits the 5G ESSENCE UC3 scenarios 
provided by the next generation IFEC. 
 
The i-EVS consists of two main components: the i-EVS VNF and the i-EVS App. The VNF provides video 
processing and data storage functionalities. It also manages the information related to the users accessing i-
EVS services by storing and maintaining updated the related data in the i-EVS User and Group Databases. The 
App can be downloaded by the users onto their PEDs and can offer the possibility to subscribe to the i-EVS 
and create groups of users who can access the provided service.  
 
The i-EVS VNF consists of two VNF Components (VNFCs): 

• the Video Transcoding Unit (VTU), and;  

• the User and Group Database Manager (UGDM).  
 
A simplified block scheme of such VNF is shown in Figure 12, where also other blocks of the ETSI NFV 
Management and Orchestration framework are shown.  
 

The VTU can provide three main functionalities: video/audio transcoding (converting audio and video streams 
from one format to another); media streaming, and; video/audio file upload/download.  The source stream 

                                                           

48  Also see: https://en.wikipedia.org/wiki/Gopher_(protocol)  
49  https://www.python.org/  
50  http://www.metacafe.com/  
51  https://www.dailymotion.com/us  
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can originate from a file within the local storage system, or as a packetized network stream (i.e. from a video 
camera). In the VTU, the audio and video transcoding capabilities are provided by the Libav library [21], a very 
popular open source library that can perform encoding and decoding according to a wide set of coding 
standards.  
The AVConv tool52 from Libav is used to perform the conversion between audio and video formats and 
containers. While it already supports a wide variety of hardware accelerations, native GPU support in 
encoding tasks is quite limited, experimental and restricted only to H.26453 and H.26554 standards, exploiting 
the NVidia NVENC hardware encoder of medium and high-level NVidia GPUs [22].  
 
A distinctive feature of VTU is the possibility not only to run on general purpose CPUs but also to exploit the 
hardware acceleration provided by a GPU to improve the compute performance of video codecs. To this end, 
two different architectural approaches can be used. The first one, also known as “cooperative CPU-GPU” 
makes use of a GPU to offload the most compute-intensive functions of the video codec (usually, the Motion 
Estimation block), while the main algorithm is kept running on the CPU. The second approach, conversely, 
uses full HW implementation of video codecs.  
Today, various hardware versions of the most popular encoding schemes, such as H.264, HEVC55, VP856 and 
VP957, are available. The fully hardware-based approach can provide higher compute performance than the 
cooperative CPU-GPU environment. Though, the hardware-based approach very often lacks the flexibility in 
service management needed by service operators, thus making the cooperative approach still preferred in 
many actual implementations. The VTU can adopt both GPU-accelerated approaches (e.g. Nvidia NVENC 
encoder for the H.264 and H.265 encoding schemes), and the CPU-GPU cooperative approach (e.g. Google 
open Source VP8 encoder). 
 
In the context of 5G ESSENCE UC3, the VTU VNFC is implemented as a software module running on a virtual 
machine and can be installed in one or multiple physical servers clustered together through a local 
communication fabric. The VTU can support a large set of video codecs and, in particular, the most recent 
and popular ones: H.264, H.265 and VP8/VP9. In traditional Content Delivery Networks (CDNs), users receive 
the selected contents as video streams, which can be recorded by the VTU in the distributed storage system 
to be shared at a later time.  
 
The UGDM VNFC, conversely, handles and stores all the information about users, which have registered to 
the i-EVS. It provides Operation and Maintenance (OAM) functionalities and manages the local storage 
system where audio/video data is stored (sTORE), as shown in Figure 12.  
The UGDM also performs monitoring of the entire system, including VTU performance, through a dedicated 
monitoring module. For each user, the database stores the relevant information about identity, group, 
connectivity and Service Level Agreement (SLA), to guarantee to each user the required type of service. This 
could be for example a way to differentiate the services for passengers in business class with respect to 
economy class. In addition, the UGDM component provides basic security functionalities such as user 
password management.  
 
The i-EVS offers a web-based interface that is accessible from any Web browser. Anyway, to improve user 
experience, a specific i-EVS App has been developed. Through the App, users can register to i-EVS, create 
groups, and access services. A shared local storage area is assigned to each group, where all the users of the 
group could read or even write media contents, privately. 

                                                           

52  See: https://libav.org/avconv.html  
53  See: https://en.wikipedia.org/wiki/H.264/MPEG-4_AVC  
54  See: https://en.wikipedia.org/wiki/High_Efficiency_Video_Coding  
55  For more details also see, for example: https://en.wikipedia.org/wiki/High_Efficiency_Video_Coding  
56  For more details also see, for example: https://en.wikipedia.org/wiki/VP8  
57  For more details also see, for example: https://en.wikipedia.org/wiki/VP9  
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Figure 12: Block scheme of the i-EVS VNF 

 

4.2.1.4 Telemetry  
 
In order to monitor the whole IFEC architecture, the cloud, network and radio parts, Prometheus monitoring 
tool will be used [23], and customized to the 5G ESSENCE architecture following the outputs of WP4. Grafana 
dashboard will be used  to give an intuitive user friendly visualization of the whole system functionality and 
performance [24].  
 
The services included in the 5G ESSENCE UC3 have to be considered since the telemetry system shall monitor 
them by adapting metrics and using custom probes to obtain the needed parameters that are made accessible 
by the different services. The following section describes these parameters and the way to measure them. 
In case of caching, one criteria to decide which content should be cached is to focus on the number of 
visualizations that a multimedia file has received, in other words focusing on content popularity.  
There are two possible ways of storing popular content from the media server to the Light DC: 

 

• Dynamically: When a media content is visualized or when the file reaches enough popularity (i.e. 
content hit rate exceeding a threshold), depending on the Light DC disk availability, the content can 
be duplicated and moved from the media server to a cache in the Light DC. 
 

• Statically: The cache is pre-loaded in the Light DC before the flight based on the popularity that a 
specific content has acquired over previous flights. 

 
Independently on the method used to decide which content shall be cached, part of the media content will 
be statically stored in Light DC anyway: Safety demonstrations, the first minutes of popular movies stored in 
the media server, etc. In case the content is cached dynamically, cached files should not be stored for an 
indefinite amount of time. New content will be uploaded to the cache in every flight or even several times 
during the same flight if this is long enough based on users’ visualizations.  
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The popularity of a content can be measured counting the number of times that a file in the media server is 
read and the time elapsed since the last access. Based on the measured popularity different actions can be 
undertaken: delete the file if it is not read for a long time or overwriting it if a new content surpasses its 
popularity.  
 
To increase the QoS when caching dynamically a content, two approaches will be studied: 

•  

• By default, the cache is located in the CEAP/CESC where the associated user is requesting the 
content. 
 

• If the requested content is already cached in a CEAP/CESC, different to the one the user is connected 
to, the user’ terminal can be moved to a more convenient CESC or CEAP. 

 
The cache location based on clients and redirection can be measured calculating the quality of the signal from 
the CEAPs and CESCs to the clients’ devices. If users located in different CEAP/CESC are requesting the same 
content, the cSD-RAN controller, based on telemetry data, can perform handovers in order to move users to 
the same CESC/CEAP to avoid replication of the content. If this is not possible due to poor signaly quality or 
inssuficient bandwidth, the cache could be duplicated in other CESC/CEAP. The signal quality from SCs and 
APs to devices is an important metric to measure for this purpose. 
 
In some situations, a file cached and streamed from one single source will not be enough if the content is 
very popular and many end users make the attempt to access it. In this case, there is still the possibility to 
incur in a bottleneck caused by insufficient bandwidth. To resolve the problem, the cached content shall be 
duplicated in multiple locations of the Light DC to stream from both, balance the load in the network and 
increase the QoS. To this extent, a probe to measure the bandwidth utilisation from access points and small 
cells has to be set in place. 
 
Regarding the specific video transcoding function, probes to measure the CPU usage and bandwidth 
utilisation also shall be deployed. In case a GPU is added to the On-board Datacenter, it could be necessary 
to measure some custom metrics specialized in measuring the VNF performance, like the GPU usage 
dedicated to transcoding and the graphic memory used and MB/S transcoded to name a few. In this way the 
control of the transcoding is simpler, and the detection of failures can be predicted and rapidly solved to 
maintain a stable stream of the video.  
 

4.2.1.5 Core Network 
 
Currently, different core network solutions are being considered for providing demonstrations over the 5G 
ESSENCE UC3 testbed. In terms of open source options NextEPC [25] and OpenAirInterface (OAI) Core 
Networks [26] are being under test in the Zodiac In-flight Innovations testing facility. The NextEPC shows to 
be an appealing solution since it exhibits more code stability with respect to OAI, it is readily available for 
different operating systems (e.g. Ubuntu58), it shows a fast development pace and it supports features of 
3GPP Release 13.  
 
Since this testbed targets to demonstrate the technology that comes from the latest available 3GPP releases, 
an action was undertaken and is currently ongoing with the 5G ESSENCE partner Athonet, which is at the fore 
of core network development in the telecom market. Regarding 3GPP Release 15, it is worth to stress the fact 
the standardisation process is not yet completed at the time that this testbed planning is carried out. 
Therefore, further evolutions in this regard shall be monitored but other implementations that are not up to 
date to Release 15 ought to be considered for a smooth execution of the testbed development. 
 
During the remaining time of the project, it is planned to carry out an evaluation to determine which, among 
the available options, will be the most suitable solution for this testbed. 

                                                           

58  See: https://www.ubuntu.com/  
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4.2.2 Main DC Software Solutions 
 
This section focuses on describing the software components that will run over the Main DC; in other words, 
in the On-board Datacentre and in the media server.  
 

4.2.2.1 cSD-RAN Controllers 
 
The section describes the three available cSD-RAN controllers: the one developed in the WP3 of 5G ESSENCE, 
5G-EmPOWER59 and the Wi-Fi cSD-RAN controller. As a follow up of the testbed planning, it will be evaluated 
the possibility to rely on a single controller solution. 
 

4.2.2.1.1 cSD-RAN Controlled developed in WP3 of 5G ESSENCE 
 
In the demonstrator planned for the Use Case 3, the 5G ESSENCE cSD-RAN controller implements the main 
functions of the Edge Cloud related to Radio Resource Management in an isolated VNF. This cSD-RAN 
coordinates multiple small cells, providing the resource abstraction of the 4G small cells, jointly managing the 
different licensed and unlicensed RAN resources in real time for delivering an optimized service and enhanced 
quality of experience to the served users.  
 
The 5G ESSENCE Generalized Resource Management Framework based on Dual Connectivity is introduced, 
enabling a virtualized control plane and programmable user plane, providing an efficient virtual network 
function orchestration to ensure that different small cells can be coordinated defining Master Nodes and 
Secondary Nodes, for implementing on-demand this spectrum aggregation option, according to different 
service requirements.  
 
The cSD RAN controller abstracts and analyzes the network capabilities in real time to implement network 
optimization using the C-SON function. It also integrates the EMS and the statistical service that expose the 
network configuration and the network KPIs in the form of a Network Exposure Function for orchestration 
and monitoring purposes, enabling in the cSD-RAN controller network slicing and network resource 
management, like intra-small cell hidden mobility for signaling load optimization purposes, which is crucial in 
the airplane scenario. 
 
The evolution towards the CUPS architecture together with the introduction of local Core Network functions 
for implementing an efficient Local Breakout to overcome backhaul limitations, are envisioned to be located 
at the Cloud Edge infrastructure; this is done in order to efficiently support network distribution, allowing to 
identify a suitable architecture that abstracts the different network functions, and providing the essential 
control and user plane separation as can be seen in Figure 13, which abstracts the two-tier datacenter and 
the Small Cell PNFs into a single SDN architecture. 

 

                                                           

59  See: https://github.com/5g-empower/  
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Figure 13: cSD-RAN Controller for 4G LTE in the UC3  

 
This Edge Gateway is, as far as we know, the evolution of the HeNB-GW towards integrating in a 5G 
architecture a 4G small cell layer following the Release 15 specifications, as considers the functional 
distribution defined in the 3GPP TR 38.801 document60. The new 5G Core distribution together with the new 
functional architecture defined by 3GPP that boosts the virtualisation of the different network functions into 
a distributed datacenter. 
 
The cSD-RAN controller is a self-contained VM deployable in OpenStack that internally has Linux Containers61 
implementing different services and slices through the use of the SDN controllers offered by OpenDayLight. 
This allows to combine the virtualization environment with fully separated control plane and data plane, 
allowing to dynamically scale in the Edge Cloud the User Plane Functions of each RAT according to the specific 
resource allocation matrix defined by the cSD RAN Controller. In addition, the cSD-RAN controller itself will 
be decomposed in different virtual network functions (cRRM, Cloud SON) located in different planes (control 
plane, service plane). 
 
These are the basic technologies that are the foundations of the 5G ESSENCE cSD-RAN controller, 
implementing the Option 1 protocol stack split, having the Layer 3 fully virtualised, defining a specific network 
slice per tenant in order to provide the right isolation amongst the different operators.  
 
The selected split is fully compliant with the existing asset of 4G small cells deployed by different operators, 
as those small cells include PDCP HW accelerators, that can be used in order to reduce the computational 
resource requirements in the Edge Cloud which hosts the cSD-RAN controller of the licensed RAN for 5G-
ESSENCE aircraft solutions, virtualizing the L3 functions, executing the rest of the protocol stack layers at the 
PNF itself, which is a standard small cell in our case.  
 
From an architectural point of view, which provides the initial implementation guidelines, we can clearly 
differentiate three different SDN domains: 
 

• Control Plane Function: This layer integrates the protocol stack of the 4G LTE RAT, as well as the 
resource abstraction and cRRM function together with the Element Management System (EMS) in 
order to jointly manage the different radio nodes and cSD-RAN infrastructure from a network 
operator´s point of view. This control plane is able to encode and process protocol stack headers 
and information elements in order to properly route and manage the dataplane over the different 

                                                           

60  See: https://portal.3gpp.org/desktopmodules/Specifications/SpecificationDetails.aspx?specificationId=3056  
61  See, for example: https://linuxcontainers.org/  
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small cells, implementing inter-RAT coordination using logical X2 or Xw interfaces amongst the 
different RATs.  
 

• User Plane Function: This function abstracts the dataplane of the different small cells using 
techniques like Zero-Buffer Copy and DPDK for latency optimization in order to perform efficient 
traffic delivery and service optimization by means of implementing common sequence numbers for 
service continuity and improved mobility, being able to implement  the common routing functions 
for linking network slices with the corresponding core networks of the different tenants or operators 
connected to the 5G-ESSENCE Edge Cloud. This layer also introduces the enhanced slicing by means 
of deploying NSSF and NEF which allow to select the set of Network Slice instances serving the UE, 
determine the AMF Set to be used to serve the UE and to expose capabilities and events to other 
NFs like Application Functions or the Edge Computing Orchestrator.  
 

• Common Services Function: Which provides common services to the system like the management 
or orchestration services like the ones offered by the internal VNFM integrated in Kubernetes62, the 
EMS, the system statistics service, the Cloud-SON function and virtual routing functions, as well as 
other external services that are common to the different operators and not slice-specific, like some 
cRRM functions that apply to all of them, like the SIB Configuration Management or the Joint 
Scheduling Coordination Function. 

 
Finally, the integration with Telemetry, and especially to the Aodh63 and Ceilometer64 services through the 
Gnocchi65 is implemented using a REST interface using JSON encoded messages in order to expose in this 
airplane infrastructure the information generated by the cSD-RAN controller. 
 

4.2.2.1.2 5G-EmPOWER Controller 
 
The 5G-EmPOWER SD-RAN controller is an open source mobile network operating system for SDN/NFV 
research and experimentation in heterogeneous mobile networks. The functional architecture of the 
controller is shown in Figure 14.  
The 5G-EmPOWER exhibits a flexible architecture and high-level programming APIs for fast prototyping of 
novel RAN management services and applications. 5G-EmPOWER is an operating system suitable to a MEC 
environment, which supports lightweight virtualisation techniques and heterogeneous radio access 
technologies’ management and control. 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.    
 
The 5G-EmPOWER provides a northbound interface using REST and Python based API, as shown in Figure 14. 
With the 5G-EmPOWER Software Development Kit (SDK), different RAN management and network control 
applications can be developed to  control and manage heterogeneous and dense mobile RANs. For the 
southbound interface, 5G-EmPOWER supports different protocols, including netconf66 and OpenFlow67. Using 
the southbound interface, the 5G-EmPOWER controller communicates with distributed control agents 
deployed alongside the CESCs and CEAPs. The 5G-EmPOWER control agents excersize control over the radio 
resource management in the CESCs and CEAPs under the directvies of the 5G-EmPOWER centralized 
controller.  
 
5G-EmPOWER natively supports multiple virtual networks (i.e. tenants) sharing the same underlying 
hardware infrastructure. More specifically, 5G-EmPOWER can slice the radio resources across CESCs and 

                                                           

62  See: https://kubernetes.io/  
63  https://docs.openstack.org/aodh/latest/  
64  https://docs.openstack.org/ceilometer/latest/  
65  https://opensource.com/article/17/11/getting-started-gnocchi  
66  See, for example: https://en.wikipedia.org/wiki/NETCONF  
67  See, for example: https://en.wikipedia.org/wiki/OpenFlow  

https://kubernetes.io/
https://docs.openstack.org/aodh/latest/
https://docs.openstack.org/ceilometer/latest/
https://opensource.com/article/17/11/getting-started-gnocchi
https://en.wikipedia.org/wiki/NETCONF
https://en.wikipedia.org/wiki/OpenFlow


Embedded Network Services for 5G Experiences (5G ESSENCE)    
Grant Agreement No.761592  31.05.2018 

 

 
Deliverable D7.1 (“Planning of demonstration and network services for Use Case 3”)  

 44/67 
 

CEAPs and tenants can use either the web-based dashboard or REST interfaces to perform CRUD (Create, 
Retrieve, Update, Delete) operations on network slices. The slice owners can then use either the web-based 
management dashboard exposed by the 5G-EmPOWER or can directly interface with the 5G-EmPOWER REST 
APIs. The latter option is particularly suitable in case the administrative commands are originating from a 
network service orchestration platform. 
 

 

Figure 14: 5G-EMPOWER functional architecture [27] 

 

4.2.2.1.3 Wi-Fi cSD-RAN Controller 
 
The Wi-Fi cSD-RAN Controller consists of a VNF making control plane decisions for all the CEAPs in the cluster, 
including centralized Radio Resource Management (cRRM), Self-Organizing Network (SON) and multi-tenancy 
RAN slicing features. The controller is based on the three functional blocks shown in Figure 15.  
 

 

Figure 15: Functional blocks of the Wi-Fi cSD-RAN Controller 
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• Configuration: 
The Wi-Fi cSD-RAN Controller will manage the entire configuration of the CEAPs located on-board 
the aircraft. This includes, the BSSID, the SSID, the security configuration, the radio parameters 
configuration (channel number, bandwidth, transmission power, etc.), the IP configuration, etc. 
Since a single CEAP should be able to host different tenants, as explained later in Section 4.2.3.1, the 
configuration management should consider tenant granularity and include methods to slice radio 
resources. Moreover, dynamic reconfiguration of parameters or operations must be supported. For 
instance, although the aircraft is a controlled environment where interference proliferation is not 
allowed to occur, in case other unlicensed wireless technologies (e.g. LAA) will be put in operation, 
dynamic radio resource management should be applied to mitigate the interference problem (e.g. 
channel reallocation or power control). In addition, different events can require modifying the state 
of the CEAPs: for instance, during take-off and landing radio transmitters have to be turned off. Also, 
according to the user activity (e.g. during the night), some transmitters can be turned off or in power 
saving mode to save energy and radio resources.  
 

• User assignment:  
With the objective of optimizing the QoE of the users in such a dense scenario (e.g. the quality of 
media streams), dynamic user assignment strategies can be applied by the controller. For instance, 
load-balancing algorithms can make use of telemetry to find the optimal assignment of users among 
the different CEAPs according to the actual load in the network. Also, other user assignment 
strategies more specific to the proposed IFEC system can be applied to efficiently manage radio and 
computing resources. For instance, if a specific VNF is deployed in a CEAP (e.g. caching), it could be 
more efficient to force the association of the UEs that require this VNF to this CEAP, instead of 
replicating the same VNF in all the CEAPs. In case of a multicast service, users in the same multicast 
group could be also associated to the same CEAP to minimize the number of multicast transmissions 
of the same content.  
 

• Telemetry: 
The Wi-Fi cSD-RAN Controller should collect different statistics and parameters from each of the 
CEAPs to apply RRM and SON. This includes, among others, the traffic load of the CEAPs and active 
tenants, the number and characteristics (e.g. measured signal or transmission link rate) of the users 
being served or the interference measured over the wireless channel. Also, in order to optimize user 
assignment, each CEAP will make use of a monitor interface to obtain signal strength information 
from the users assigned to other CEAPs and estimate the expected quality and decide whether a 
handover is needed.  

 
To manage the configuration and other procedures (e.g. user assignment) of the CEAPs remotely, various 
protocols can be considered: Netconf [28], SNMP [29], CAPWAP [30], TR-069 [31] or Openconfig [32]. All of 
them are standardized protocols or are based on standard data models like YANG [33], thus satisfying the 
interoperability requirements. Anyway, the selection of OpenDayLight [34] and Openflow [35] seems to be 
the best option for deploying and controlling the software-defined network since nowadays it is the de facto 
standard for SDN. In any case, the final decision will rely also on the outputs of WP3 together with the 
requirements of each demonstration scenario.  
 
Regarding telemetry, as shown in Figure 16, it should be decided if: (a) the Wi-Fi cSD-RAN controller will 
obtain the needed statistics from an external module, or; (b) if the Wi-Fi cSD-RAN will aggregate the statistics 
from different CEAPS and make them available to the telemetry module in the Main DC. In any case, the Wi-
Fi cSD-RAN will be integrated in the distributed telemetry module, which will be an output of WP4 and is 
expected to be based on Prometheus [36].  
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Figure 16: Telemetry system for the Wi-Fi cSD-RAN. (a) as consumer or; (b) as publisher 

 

4.2.2.2 Orchestrator 
 
End-to-end services typically span several network resources, both physical and virtual. In such a 
heterogeneous environment constant changes in communication mechanisms and protocols are required. 
The NFV Orchestrator (NFVO) uses abstractions to simplify all these tasks and help network operators to 
automate them in a way that the infrastructure is configured optimally for the services. 
 
In the context of 5G ESSENCE, there is the need to guarantee a solution to orchestrate the end-to-end services 
developed by the project. The selected solution should take into account that:  
 

• The 5G ESSENCE orchestrator developed in WP4 has to be capable of providing location-aware, 
resource and energy efficient, dynamic, and scalable orchestration. 
 

• The orchestrator should be able to operate with different types of virtual resources (lightweight 
VNFs) as for example a Virtual Transcoding Unit or a Virtual Cache, to name a few, over multiple and 
flexible NVI-PoPs and to execute efficient and live placement of virtual resources.  
 

• The management of the initial service placement, scaling and migration, will be affected by the 
feedback gathered from a system, outside of this orchestrator, containing contextual information 
derived from the telemetry and analytics modules. 

In 5G ESSENCE, the selected software for orchestration was OSM which seems to be a good fit for the needs 
of the project. At the time of planning the 5G ESSENCE UC3 testbed activities, the available stable OSM release 
is “OSM Release Three” [37]. 

 

4.2.3 Light DC Software Solutions 
 
This section describes the software to be deployed in the NUCs composing the Light DC. 
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4.2.3.1 Multi-tenant CEAP Network 
 
Wireless cards in Linux operating systems are mainly based on the open source mac80211 framework [38], 
which is depicted in Figure 17. By using the nl80211 interface, software in the Linux user space can control 
specific wireless operations.  
Hostapd68 is a software access point implementation which manages the configuration of the wireless drivers, 
the Media Access Control (MAC) sublayer Management Entity (MLME)), and the different procedures related 
to user association. Depending on WP3 decisions, some of these functionalities may be centralized at the Wi-
Fi cSD-RAN controller in the Main DC.   
 

 

Figure 17: mac80211 architecture 

 
The mac80211 framework allows to modify common functionalities of the wireless network (via mac80211 
or cfg80211) or the specific wireless SoftMAC drivers (e.g. ath9k or ath10k). Also, it is able to create and 
manage multiple virtual wireless interfaces over one physical NIC [39], thus supporting the implementation 
of multi-tenancy in a CEAP. The combination of scheduler and virtual access points is a way to perform RAN 
slicing (e.g. channel airtime sharing) [3].  
 
According to the management software in the Wi-Fi cSD-RAN controller and the other modules of the Main 
DC (e.g. telemetry), different agents would be installed in the CEAPs. Figure 18 depicts the expected 
architecture of the multi-tenant Wi-Fi RAN solution. At the CEAP level, hostapd is used to create and configure 
the virtual access points, while the Netconf Server allows the Wi-Fi cSD-RAN Controller in the Main DC to 
manage them remotely using the Netconf Client.  
Using Netconf RPCs, in addition to the basic configuration allowed in the Yang models, the cSD-RAN Controller 
can control advanced operations related to slicing, cRRM or cSON. For instance, the distribution of the airtime 
between different tenants to manage slicing, or the association and handover of the clients to apply load-
balancing. Also, telemetry or statistics of the different virtual access points can be obtained remotely. The 
Main DC also includes OpenDayLight as the SDN Controller, which is able to manage the configuration of the 
virtual access points via the Netconf southbound interface and the data paths via the  OpenFlow southbound 
interface (CEAPs will implement Open vSwitch).  

                                                           

68  See, inter-alia: https://en.wikipedia.org/wiki/Hostapd  
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Figure 18: Multi-tenant Wi-Fi RAN architecture: CEAP and Wi-Fi cSD-RAN Controller 

 
Figure 19 shows an example of the Edge DC of 5G Essence according to the introduced framework for the 
CEAPs and the Wi-Fi cSD-RAN Controller. 
 

 

 Figure 19: Multi-tenant Wi-Fi RAN: Edge DC 

 

4.2.3.2 Small Cell  
 
The small cells that are planned to be used in the demonstrator include a Release 13 protocol stack supporting 
advanced features in terms of spectrum aggregation and network sharing like Carrier Aggregation, LAA and 
LTE Multi-Connectivity. 
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Those small cells, using the Protocol Stack Option Split 1, executing the Layer 3 in the cSD-RAN controller. In 
that sense, the interfacing of both network entities rely on using TCP/IP Sockets with DSCP marking in order 
to prioritize the sockets and packets related with the critical and less delay-tolerant interfaces. 
 

MOCN 
 
In respect of Multi-Tenancy and MOCN implementation, the features included in this demonstrator and the 
5G ESSENCE are the following: 
 

• All resources of a small cell, including hardware resources and carriers, are shared by all 
Operators. 
 

• A cell is shared by a maximum of six operators. 
 

• Operator's EPCs are separate. Only the access network is shared. The shared access network is 
connected to different EPCs by different logical S1 interfaces. 
 

• Each operator can separately deploy S1-Flex. An operator uses the NAS node selection function 
(NNSF) to select nodes. 
 

• RAN sharing is transparent to UEs and EPCs. 
 

 

Figure 20: Multi-tenant 4G RAN at the Edge DC 
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System Information Broadcast 
In RAN sharing with a set of common carriers, each 4G small cell supports the broadcast of multiple PLMNIDs 
using the System Information Block type 1 (SIB1). 
 
Initial NAS Routing 
The eNodeB connects to the EPC through the independently configured S1 interfaces of each operator. 
Therefore, initial NAS message routing function is based in selecting a S1 interface. 
 

 

Figure 21: Routing of initial NAS message 

 
The procedure is the following: 
 

a. The UE reads multiple PLMNIDs broadcast by the small cell and selects its preferred PLMNID; 
 

b. The UE sends the PLMN ID to the small cell using a RRC Connection Setup Complete message; 
 

c. The small cell selects an S1 interface based on the PLMN ID in the RRC Connection Setup Complete 
message; 
 

d. The small cell sends an Initial UE Message to the EPC through the selected S1 interface; 
 

e. EPC routing is performed. 
 
The CN determines whether the UE is a registered or roaming UE, which is the same as the procedure in non-
sharing mode. 
 

• If the UE is a registered or roaming UE, it is admitted; 
 

• If the UE is not a registered or roaming UE, it is rejected and attempts to choose another PLMN ID. 
 
Spectrum Aggregation Technologies in the 5G ESSENCE Aircraft Small Cell RAN 
 
In respect of the technologies envisioned in 5G ESSENCE, the small cell RAN will introduce in the aircraft 
network the support of Carrier Aggregation, LAA and LTE Multi-Connectivity. In that sense, it is envisioned to 
use 2 Apex 4G Dual Enterprise small cells using licensed carriers (Band 3 & Band 7) for demonstrating standard 
CA schemes and Apex 4G Dual Enterprise small cells using one licensed carrier and one 5GHz carrier (Band 7 
& Band 46) for deploying LAA schemes with a licensed anchor. 
 
Using this infrastructure, all the above mentioned spectrum aggregation schemes can be implemented in the 
5G ESSENCE Edge Infrastructure. The availability of the Apex 4G Dual Enterprise small cells, which are being 
developed for supporting 5GHz carriers are expected to be available at the end of the Q1 2019, being able to 
deploy and implement all the techniques mentioned before. In the meanwhile, some of the techniques will 
be demonstrated using single carrier small cells demonstrating the first implementations of the cSD-RAN 
controller, planned for the end of Q4 2018. 
 
In respect of the real application and execution of advanced Spectrum Aggregation techniques, we also relay 
in having some terminals, UEs, that support those technologies, as by today, there is a lack of commercial 
availability of LAA-enabled UEs and Dual-Connectivity UEs, which are expected to be available in Q1 2019 due 
to the initial deployments of NSA 5G NR using LTE carriers, testing the Multi-Connectivity framework. 
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The good point is that those technologies do not affect the EPC, requiring only the support of a given IMSI to 
be connected to 2 different eNBs in the case of the Multi-Connectivity, but being transparent in the case of 
Carrier Aggregation and LAA options. 
 

4.2.3.3 Slicing of the Radio Access Network 
 

Section 2.2.2 provides an abstract representation of the considered multi-RAT network scenario for 5G-

ESSENCE UC3 with mobile network technology enabled small cells and Wi-Fi APs augmented by the 5G-

ESSENCE two-tier cloud architecture comprising the Main DC and the Light DC virtualized resources. The Main 

DC will host the cSD-RAN controller module of the 5G-ESSENCE architecture for the overall radio resource 

management across the heterogeneous (Wi-Fi and mobile) radio access network elements. The cSD-RAN 

controller will be deployed as a virtual machine, communicating via southbound interface, with distributed 

control software elements/agents that can be deployed in the Light DC provided that sufficient resources are 

available. The cSD-RAN controller will provide northbound API for heterogeneous RAN control and 

management applications, and a centralised view of the network resources across the deployed radio access 

technologies.  

The Light DC will serve as the anchor point for the distributed control elements deployed alongside the LTE 

small cells and Wi-Fi access points. Each CEAP and CESC will be interfaced with a software agent that can 

exercise control over the resource management in a CESC/CEAP and maintain an active control link with the 

cSD-RAN controller.  

 

The software agents enable radio resource management and control (applied through the cSD-RAN 

controller) even at a very refined network time scale. The control applications that make use of the cSD-RAN 

controller for RAN programming and configuration may operate at a coarser time scale than the distributed 

agents. For this scenario, the 5G-EmPOWER [27] cSD-RAN controller and its dedicated control agents for Wi-

Fi and LTE network elements will be used for deployment.  

 

The heterogeneous radio access network scenario depicted in Section 2.2.2 and the control architecture using 

the cSD-RAN controller will be used to implement a RAN Slicing control application (across both Wi-Fi and 

LTE) as a concrete example of software-defined radio access network control. In this context, the passengers 

on-board the flight can be served using dedicated radio resource slices providing differentiated quality of 

service over different radio access technologies. The RAN slicing will manifest in the form of dedicated 

physical radio resource blocks on the mobile network technology side and a percentage of airtime on the Wi-

Fi access points.  

A network slice in view of the overarching 5G-ESSENCE architecture may manifest in resource partitioning 

across the cloud and the RAN segments. Operationally, the distributed agents will monitor and control the 

CEAP and CESC radio resources and expose their state to the cSD-RAN controller. The applications using the 

cSD-RAN controller will execute the control logic for maintaining the desired share of RAN resources in the 

slices.  

 

4.2.3.4 Efficient Multicast 
 
The overall network scenario for efficient Wi-Fi multicasting is similar to the one depicted in Figure 22, 
involving the cSD-RAN controller and the Wi-Fi agent integrated in all CEAPs.  The algorithms for multicast 
rate adaptation and multicast group management will be deployed as VNFs by the orchestrator and 
interfaced with the cSD-RAN controller via northbound interface. In this particular functionality, the 5G-
EmPOWER controller and Wi-Fi agents will be considered in the deployment.  
The agents will collect real-time statistics about the deployed Wi-Fi infrastructure and resources to create 
programming abstractions that are exposed to the multicast control applications via the northbound API of 
the cSD-RAN controller. This evaluation will consider, among other metrics, effective Wi-Fi multicast group 
management and end user data rate adaptation. 
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Figure 22: Scenario for multi-RAT network and efficient multicast on-board an aircraft leveraging on the 
5G ESSENCE architecture 
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5 5G ESSENCE Use Case 3 Testbed Planning of Activities 
 
This section provides the description of the activities that will be undertaken within WP7 to develop the 5G 
ESSENCE UC3 testbed, which will showcase the next generation IFEC. 
 
Hereinafter, the specific contribution of each WP7 partner to the UC3 testbed is described. Furthermore, the 
development roadmap and planned delivery time of each specific function along with a technical description, 
testbed planning for integration, validation tests to be conducted, logistics and the preliminary planning for 
demonstration in the mature testbed by the end of the 5G ESSENCE project are presented. 
 
It is worth remarking that during the remaining time of the project, the planning will be continuously updated 
to confront contingent situations that might arise during the testbed development. 
 

5.1 Partners Contributions 

The table below describes the contribution of individual 5G ESSENCE partners to the testbed development in 
UC3. 
 

Table 2: 5G ESSENCE UC3 contribution matrix 

Partner Contribution Expected Completion 

ZII 

Testbed deployment and integration, 

Cabin Mock-up 5G ESSENCE 

integration for final demo. 

30.11.2018 

 

30.09.2019 

ORION 

Development of caching VNF device 

prototypes,  

Final prototypes, integration and 

testing. 

30.11.2018 

 

28.02.2019 

ITL 

Development of video transcoding VNF 

device prototypes,  

Final prototypes, integration and 

testing. 

30.11.2018 

 

28.02.2019 

FBK 

Development of the control 

applications for RAN slicing and 

Multicasting 

Integration of 5G-EmPOWER cSD-RAN 

controller and Wi-Fi and LTE agents 

Final integration and evaluation of the 

software modules on the testbed 

20.9.2018 

 

 

28.02.2019 

 

 

 

30.06.2019 

CASA 

Development of the cSD-RAN 

controller with the Protocol Stack Split 

Option 1 enabling the Multi-

Connectivity support in the system 

30.01.2019 
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Partner Contribution Expected Completion 

Commercial small cells that enable the 

demonstration of 3GPP Release 13/14 

features such as LAA and 5G non-

standalone Multi-Connectivity 

operating with LTE small cells. 

28.02.2019 

I2CAT 

Development of Wi-Fi cRRM and cSON 

solutions for the IFEC scenario 

 

Adaptation and validation of the 

Orchestrator 

Adaptation and validation of Wi-Fi RAN 

and cSD-RAN Controller 

Final prototypes, integration and 

testing. 

28.02.2019 

 

30.06.2019 

 

30.06.2019 

 

30.09.2019 

ATOS 

Development of the telemetry 

framework for 5G ESSENCE 

architecture (WP4) 

Integration of telemetry framework in 

use cases’ environments adjusting the 

specific metrics. 

Test of telemetry framework in the 

different testbeds 

30.11.2018 

 

 

28.02.2019 

 

30.04.2019 

 

5.2 Timeline 

The workplan for the 5G ESSENCE UC3 is divided over multiple phases with planned completion date, 
identified by the same colour code shown in Figure 23 and Figure 24: 
 

• Testbed planning and detailed scenarios definition [May 2018 - Grey] 
Adaptation from the 5G ESSENCE architecture to the IFEC environment and planning of the 
demonstration to be carried out by November 2019 (Deliverable D7.1).  
 

• Testbed provisioning [Nov. 2018 – Blue] 
Prepare the laboratory testbed infrastructure at ZII premises in Munich so that WP7 partners can 
evolve it further by deploying the new functions. It includes modifying current aeronautical 
hardware to accommodate the 5G ESSENCE specific hardware (i.e. CESC/CEAP, media server and 
seat screens). 
 

• New functions development [Feb. 2019 – Blue] 
Complete the implementation of new functionalities to be deployed in the testbed or upgrade of 
existing ones. Also, unit test at developer’s premises is also expected to be completed by the end of 
this phase.  
 

• Unit Integration [June 2019 - Yellow] 
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Deployment of the new functions in the ZII testbed and remote unit testing done by the 
function/software developer. The integration between partner’s developments is also included 
here.  
 

• System Integration [Aug. 2019 - Orange] 
Move all hardware, including the new software functions, to the cabin mock-up for pre-demo 
preparation. The goal of this phase is verifying and testing that the overall system works properly in 
perspective of the final demonstration.  
 

• Final Demonstration [Nov. 2019 - Green]  
Showcase the output of the 5G ESSENCE WP7 work. 

 
The expected completion of each of the phases described above is depicted in Figure 23 and the relationship 
between them is shown in Figure 24. 
 

  

Figure 23: 5G ESSENCE UC3 development timeline 

 

 

Figure 24: 5G ESSENCE UC3 phases relationships 

 

5.2.1 Testbed Provisioning and Features Development 

This section is used to describe the technical activities that each WP7 partner will conduct in order to deliver 
specific functions that will be deployed in the testbed located at ZII premises. A list of function specific KPIs 
to evaluate each development is also provided with the purpose of analysing the overall 5G ESSENCE UC3 
performance at the end of the project. 
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It is also assumed that function developers will consider the testbed characteristics/capabilities (see Section 
4) while implementing the different features to allow the smoothest possible integration when migrating the 
software to the ZII testbed. 
 

5.2.1.1 Testbed development 

Table 3: List of Tasks for provisioning the ZII Testbed. 

Task ID Task Responsible 

TB_01 Request Test Network + VPN access to partners  ZII 

TB_02 Set-up GitLab or SVN Repository ZII 

TB_03 Distribution of HW in the labs  ZII 

TB_04 Planning the testbed logistics  ZII 

TB_05 Build the Test Racks ZII 

TB_06 Setting up HW (OS, IPs, SSH, remote desktop, assigning roles) ZII 

TB_07 Install eNB (SRS LTE) in a NUC + Ettus B210 Board ZII 

TB_08 Install EPC (TBC which one) in a Laptop ZII 

TB_10 Multiple SIM cards forUEs ZII 

TB_11 Installation and configuration OpenStack Pike ZII 

TB_12 Install Open Virtual Switch ZII 

TB_13 Install ODL Carbon ZII 

TB_14 Adapt Aeronautical Certified HW to 5G ESSENCE UC3 (APs, media server, 
screens) 

ZII 

 
For this part of the testbed development there is no specific KPI beyond verification and functional testing of 
the overall infrastructure. 
 

5.2.1.2 Caching 

Table 4: List of Tasks for developing the Caching VNF. 

Task ID Task Responsible 

CA_01 VNF design ORION 

CA_02 Prototype Implementation  ORION 

CA_03 Validation of VNF image and VNF/NS descriptors ORION 

CA_04 Integration and functional testing ORION 

CA_05 Performance and Durability testing ORION 

 
KPIs to be measured: 
 

• Network latency; 
 

• VNF performance on different load conditions and caching refresh intervals;  
 

• Long duration performance (continuous running for 2h, 4h, 8h, 24h, 36h, etc.). 
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5.2.1.3 Video Transcoding 

Table 5: List of Tasks for developing the Video Transcoding VNF. 

Task ID Task Responsible 

VT_01 Plan of adaptation to UC3 ITL 

VT_02 VNF Design  ITL 

VT_03 Prototype Implementation ITL 

VT_04 Validation of VNF image and VNF/NS descriptors ITL 

VT_05 Integration and functional testing ITL 

VT_06 Performance testing ITL 

 
KPIs to be measured:  
 

• Transcoding latency; 
 

• End user device density; 
 

• Energy consumption per user. 
 

5.2.1.4 Efficient Multicast 

Table 6: List of Tasks for developing the Efficient Multicast. 

Task ID Task Responsible 

MC_01 Overall design of control elements, resource abstraction and control process. FBK 

MC_02 Developing the Wi-Fi multicasting application for cSD-RAN controller FBK 

MC_03 Developing agents for CEAPs to control multicasting groups FBK 

MC_04 Developing VNFs for cSD-RAN controller and Agents FBK 

MC_05 Initial interfacing and validation of the overall control application FBK 

MC_06 Integration in WP7 testbed FBK 

MC_07 Validation and performance testing FBK 

 
KPIs to be measured: 
 

• Wi-Fi multicasting group management efficiency 
o Throughput for dedicated multicasting applications. 

 

• Overall CEAP resource management efficiency 
o Overall data rate and channel utilization (w.r.t. number of multicast receptors). 

 

5.2.1.5 RAN Slicing 

Table 7: List of Tasks for developing the RAN Slicing. 

Task ID Task Responsible 

RS_01 Design of the control elements, resource abstraction and control process FBK 

RS_02 Developing control application for RAN Slicing using cSD-RAN controller FBK 
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Task ID Task Responsible 

RS_03 Developing agents for CEAPs and CESCs for airtime and physical resource 
blocks segmentation respectively 

FBK 

RS_04 Developing templates for RAN Slicing to be enforced by the control elements FBK 

RS_05 Developing VNFs for the developed control entities FBK 

RS_06 Initial interfacing and validation of the overall RAN slicing scenario FBK 

RS_07 Integration in the WP7 testbed FBK 

RS_08 Validation and performance testing FBK 

 
KPIs to be measured: 
 

• RAN slicing efficiency and end-user application performance 
o Performance comparison with classical scheduling mechanism (non-sliced); 
o Throughput measurements varying number of UEs per tenant. 

 

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

 

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

 

5.2.1.6 Multi-tenant Wi-Fi RAN: slicing and cSON/cRRM  

Table 8: List of Tasks for developing the Multi-tenant Wi-Fi. 

Task ID Task Responsible 

WM_01 Adaptation from WP3 to WP7 (Wi-Fi RAN + cSD-Ran Controller) I2CAT 

WM_02 Integration and validation of the Wi-Fi RAN I2CAT 

WM_03 Design of cRRM and cSON solutions for the IFEC scenario I2CAT 

WM_04 Implementation and validation of cRRM and cSON solutions I2CAT 

WM_05 Integration and Functional testing I2CAT 

 
KPIs to be measured: 
 

• Virtualization and multitenancy at the Wi-Fi RAN, 
o service deployment time, amount of radio resources per tenant. 

 

• Wi-Fi RAN optimization for dense scenarios, 
o throughput, delay, QoE of the end-users (.e.g. video streaming related KPIs). 

 

• Wi-Fi RAN adaptation to concrete applications (i.e. caching) 
o traffic reduction to/from the mobile core network, reduced number of accesses to the 

media server processing and lower energy consumption of the different elements in the 
Main DC. 
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5.2.1.7 Multi-tenant Small Cell RAN: Multi-Tenancy, cSON/cRRM  

Table 9: List of Tasks for developing the Multi-Tenant Small Cell RAN. 

Task ID Task Responsible 

SR_01 Adaptation from WP3 to WP7 (Small Cell RAN + cSD-Ran Controller) CASA 

SR_02 Integration and validation of the Multi-Tenat 4G Small Cell RAN CASA 

SR_03 Design of cRRM and cSON solutions for the IFEC scenario CASA 

SR_04 Implementation and validation of cRRM and cSON solutions CASA 

SR_05 Design of Spectrum Aggregation solutions for the IFEC scenario CASA 

SR_06 Implementation and validation of Spectrum Aggregation solutions CASA 

SR_07 Integration and Functional testing CASA 

 
KPIs to be measured: 
 

• Virtualization and multitenancy at the Small Cell RAN 
o service deployment time, amount of radio resources per tenant; 

 

• Small Cell RAN optimization for dense scenarios 
o throughput, delay, QoE of the end-users (network related KPIs); 

 

• Small Cell RAN adaptation to concrete applications (i.e. caching) 
o traffic reduction to/from the mobile core network, reduced number of accesses to the 

media server processing and lower energy consumption of the different elements in the 
Main DC; 

 

• Small Cell RAN Spectrum Aggregation Technologies 
o Carrier Aggregation; 
o LAA; 
o LTE Multi-Connectivity. 

 

5.2.1.8 Orchestrator 

Table 10: List of Tasks for adapting the Orchestrator to UC3. 

Task ID Task Responsible 

OR_01 Adaptation from WP4 to WP7: features added to OSM I2CAT 

OR_02 OSM release 3 (by planning) deployment in the testbed I2CAT 

OR_03 Interoperability test with selected OpenStack release (Pike by planning) I2CAT 

OR_04 Regression Test for verifying the correct deployment of a sample NS I2CAT 

 
For integrating the orchestrator to the ZII testbed there is no specific KPI beyond verification and functional 
testing of the software installation. 
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5.2.1.9 Telemetry 

Table 11: List of Tasks for adapting the Telemetry to UC3. 

Task ID Task Responsible 

TE_01 Adaptation from WP4 to WP7 ATOS 

TE_02 Integration of telemetry framework prototype in the testbed ATOS 

TE_03 Develop specific metric probes for IFEC scenario ATOS 

TE_04 Integration of the probes ATOS 

TE_05 Integration and functional testing ATOS 

 
KPIs to be measured (when exposed by the hardware): 
 

• RAM and Disk usage; 
 

• On-board DC CPU temperature and usage; 
 

• GPU temperature and usage; 
 

• Signal strength to devices; 
 

• Total bandwidth used per RAT; 
 

• MB/s transcoded; 
 

• Number of accesses to files (popularity). 
 

 

5.2.2 Plan of Unit Integration 

This section is devoted to describe the plan for integrating the individual software developed by the 5G 
ESSENCE UC3 partners in the ZII testbed, with the overall goal to provide the planned demonstration 
scenarios by the end of the project. 
 

• Pre-conditions: Assumptions that need to be fulfilled before the integration with the ZII testbed 
starts. 
 

o Sharing tool: A proper tool/platform to share the software shall be defined. Different 
options such as GitLab [40] or SVN are being considered to that purpose. 
 

o Unit Test: All software to be installed in the ZII testbed has been tested locally at each 
partner’s testbed before sharing it with the rest of the WP7 members. 
 

o CPU, RAM and Storage requirements: Each WP7 partner shall notify by the end of the 
development phase the requirements of their software. 

 

• Post-conditions: Assumptions that need to be fulfilled to achieve the integration. 
 

o Software exchange: Software through the selected sharing tool. 
 

o Installation guide: Each software developer shall provide an installation guide together with 
the software; afterward ZII can install it with the support of the developer.  
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o Remote access: It is planned that a VPN access will be provided to all WP7 partners to the 

ZII testbed.  
 

o Remote Unit Test: Once the software is installed in the ZII testbed, each developer shall test 
the behaviour in this new environment. 
 

o Initial System Tests: After checking that each individual implementation is properly installed 
in the lab, tests involving different elements of the testbed are planned to ensure that the 
communication between them is working as expected. 

 
Table 12 below provide the list of elements to be integrated in the ZII Testbed, alongside with the lead partner 
and the other supporting partners of WP7 that are involved. 
 

Table 12: List of Elements to be integrated to ZII’s Testbed. 

Task ID SW to be Integrated Leader Partners Involved 

UI_01 Caching  ORION ZII, ATOS 

UI_02 Video transcoding  ITL ZII, ATOS 

UI_03 Efficient Multicast FBK ZII, ATOS 

UI_04 RAN Slicing FBK ZII, ATOS 

UI_05 Wi-Fi Multi-tenancy I2CAT ZII 

UI_06 cSR-RAN Controller CASA ZII, FBK, ATOS, I2CAT 

UI_07 Orchestrator I2CAT ZII, CASA, FBK, ATOS 

UI_08 Telemetry ATOS ZII, CASA, FBK, I2CAT 

UI_09 Small Cell CASA ZII, FBK 

 
It is expected that specific software components from the previous tables will have to be prioritised in order 
to enable the testbed functionalities (e.g. orchestrator can deploy the VNFs). Moreover, the set of tests that 
are required to demonstrate the scenarios will be updated aligning with the plan for the final UC3 
demonstration.  
 

5.2.3 Plan for System Integration 

Once all new functionalities will be integrated in the ZII testbed, the whole system will be moved to the cabin 
mock-up playground to finalise the system integration in perspective fo the final demonstration. 
 
The cabin mock-up is a half open cross-section of an Airbus A320 (see Figure 25 and Figure 26). It includes a 
galley, real luggage bins, lightning systems, Passenger Service Units (PSU) and ten seat rows equipped with 
wired IFE ZII screens, of which a certain number will be converted wireless by using Wi-Fi dongles. 
 
Once the system will be lodge in the cabin mock-up, the same unit tests and system tests performed during 
the unit integration phase are going to be repeated to ensure the correct behaviour of the 5G ESSENCE UC3 
platform. 
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Figure 25: Cabin Mock-up – Front 

 

 

Figure 26: Cabin Mock-up – Sideways 

 

5.2.4 Plan for Final Demonstration 

The final demonstration will take place in the cabin mock-up located at ZII premises in Munich by November 
2019. Most likely a video will be recorded and shown to the reviewers during the final review of the 5G 
ESSENCE project. 
 



Embedded Network Services for 5G Experiences (5G ESSENCE)    
Grant Agreement No.761592  31.05.2018 

 

 
Deliverable D7.1 (“Planning of demonstration and network services for Use Case 3”)  

 63/67 
 

The focus will be on demonstrating the 5G ESSENCE architecture to the next generation IFEC will services 
mentioned above enabled. 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.  
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6 Conclusions 
 
This deliverable presented in detail the activities that will be carried out in the ZII testbed to adapt the 5G 
ESSENCE architecture to the next generation IFEC system, highlighting its unique advantages: The 
combination of virtualised and multi-tenant small cell networks with a multi-tier cloud edge infrastructure, 
the possibility to enable multi-operator connectivity services and, leveraging on multi-radio access 
technology, to deliver novel advanced services on aircrafts. 
 
To this extent, the deliverable described the goals of the 5G ESSENCE Use Case 3 (Section 2), defining the 
stakeholders involved and the technical enablers, as well as the functionalities that will permit the WP7 
demonstration: multi-tenancy, multi-RAT, caching, video transcoding and multicast. In order to highlight 
which parts of the 5G ESSENCE system will be demonstrated in this work package, mapping between the 
planned testbed components and the 5G ESSENCE system was also provided (Section 3).  
 
Section 4 was devoted to provide in-depth description of the testbed components (both hardware and 
software) pointing out their main characteristics. Section 5 provided the programmatic description of the 
specific contributions that each WP7 partner shall provide to the 5G ESSENCE Use Case 3, alongside with the 
tasks that will be performed and related KPIs to measure in order to demonstrate the next generation IFEC 
in the scope of the 5G ESSENCE project by November 2019. 
 
Finally, it is worth remarking that the WP7 demonstration will be reproduce a realistic aircraft environment 
(Airbus A320 cabin mock-up at ZII premises) whose outcomes is expected to take effect even beyond the 5G 
ESSENCE project. 
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