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Executive Summary- Abstract 

 

Deliverable 2.3 is the third and last specification of the Work Package 2, “addressing” the outcomes of the 

Task 2.3 (“Alignment with 5G-PPP Phase-1, Technology Selection and Market Watch”), and describing the 

final architecture resulting of the Task 2.2 during M16-M18, dedicated to specifying the Overall Architecture 

of the project.  

 

The purpose of this deliverable is to emphasize the importance of the previous “outputs” obtained from the 

already-finished Horizon 2020 5G-PPP Phase 1 projects, in order to analyse the potential usage of those 

findings in 5G ESSENCE, in a direct or indirect way, thus justifying the decisions made over those “outputs” 

in relation to the tools and technologies that have been finally chosen to develop this project. To address 

this goal, a deep research has been performed in each 5G-PPP project of Phase 1 to: look for useful 

information, results and standards; take advantage of the conclusions previously reached to, and; later, 

analyse the usability of those “outputs” in the 5G ESSENCE context, in relation to the technological choice(s) 

previously explained in the 5G ESSENCE deliverable D2.2. 

 

Considering the fact that, currently, many of other 5G-PPP projects are being developed, it is important to 

have in mind the work already realised, as well as work still being in progress, so that to avoid duplicating 

the effort and/or the outcomes as performed in several 5G-PPP projects, simultaneously and, occasionally, 

with “similar” goals. The public nature of this document allows every partner working on any other 5G-PPP 

Phase 2 projects to have a fast guideline about these research projects with “similar” goals as well as to 

search for useful, ongoing “outputs”, closer to the state-of-the-art than the ones resulting from 5G-PPP 

Phase 1 projects. 

 

The final architecture described in this deliverable “merges” the information as well as some different 

elements given by the WP3 and WP4, thus providing a homogeneous, high-level picture of the respective 

architectural approach that will be also used in all of the upcoming 5G ESSENCE deliverables. 

 

Reaching the end of the document, an evaluation strategy is defined aiming to resolve some identified 

parameters that may affect, somehow, the commercial adoption of 5G ESSENCE and the way to settle the 

possible market interferences that may appear during the final part of the project; this is critical in order to 

avoid any short-term obsolescence of all the work done and the respective action proposes the ongoing 

outcomes of the 5G ESSENCE project that could potentially be used during the Phase 3 of 5G-PPP Horizon 

2020 context, in order to create an “output chain” that correlates the work done during all phases of the 

programme. 

 

The Roadmap of every Proof of Concept is also described, to allow any potential reader to realize a 

comprehensible assessment about the current status and the deadlines of each one, and to expect a 

realistic vision about the maturity of the ongoing “outputs”.  
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1 Introduction 

 

It is crucial for every partner, reader and future researcher to understand the importance of any 

previous relevant research already produced when studying the state-of-the-art of the different 

corresponding technologies, the standards to follow and the way to continue an existing “output” 

or project, in whole or in part. In all of the Horizon 2020 5G-PPP projects, with the aim of 

organising both the work already done and that is to come, three phases have been 

differentiated, separated in three specific date ranges. In this way, it is easier to continue and 

“track” the work realised previously, in earlier phases, as well as to search and use the resulting 

“mature” and already documented “outputs”. 

For the time being, the 5G-PPP Phase 1 has been completed, and all of the Phase 2 projects are 

being developed for more than one calendar year, using to a greater or lesser extent the research 

and “outputs” reached during the prior Phase 1. In some cases, a distinct Phase 2 project is a 

“direct” thematic continuation of a respective Phase 1 project, while, in some others the outputs 

are based on research, more intended to be used as “standards” during the 5G lifetime. All the 

5G-PPP Phase 1 projects, therefore, have useful “outputs” that can be used during the Phase 2 

and Phase 3 directly, or these can be either improved and/or adapted to specific need of a project 

actually being in progress. 

The work and research performed in the context of the 5G-PPP projects are both of significant 

importance, not only because of the immediate, useful results already provided within, but also 

because they can be assessed as the “basis” for further investigation to improve and continue the 

expected work. However, the related outcomes are not listed in a known and publicly-accessed 

repository or exposed in a way that researchers can easily access data and results so that to 

continue the work. In fact, results have to be searched and this occasionally becomes a long 

process that includes investigation for online documentation, if available, scraping of useful 

information, thus “opposing” it to the actual state-of-the-art and attempting to reach some 

specific targets. Occasionally, there may be repositories available with different developments of 

projects, separated for each sort of “output”, but those are not easy-to-find and sometimes are 

not public; so the only way to find that kind of information is by contacting some partner involved 

and asking for support, which also results in extra burden. 

Another important topic to consider is that the “outputs”/results every partner is now working on 

in 5G-PPP, as it happened in the previous phase, will be studied for their integration as a sort of 

“standards” in a mid-term basis and the research projects to come will have to be “adapted” to 

them, by using the corresponding “outcomes” in a passive way. 

It is also important to emphasize the importance of the earlier results for its assimilation in the 5G 

ESSENCE and make the reader realize that projects like this are not isolated and encapsulated; on 

the contrary, they can be assessed as a “dynamic” task that improves previous ideas, and uses 

changing technologies. In any case, any future reader needs to have in mind the evolving nature 

of state-of-the-art of different fields and has to take care so that to have these constantly adapted 

in a conformant way, during the lifetime of every respective project. 

The present deliverable will help with the research of information about all of the technologies 

used in 5G ESSENCE that, as shown in Section 5, “match” with other ongoing Phase 2 projects.; so, 

any potential reader of this document will have an overall view and concerns, not only about the 
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usefulness of Phase 1 “outputs” in 5G ESSENCE, but also in the rest of the ongoing Phase 2 

projects using similar technologies. 

For this purpose, a deep study of the already completed Phase 1 projects’ “outputs”, use cases, 

PoCs and research has been accomplished, providing a list of potentially usable information that 

has been analysed and filtered to check its usability in the 5G ESSENCE project. In cases where 

such information can be used, we explain the final decision concerning their intended usage, as 

explained below in the “Objectives” section. 

 

1.1 Objectives 

This section lists the objectives pursued in this document, which are further explained in the 

discussion provided below. 

 Identify and list previous conclusions and “outputs”, useful for 5G ESSENCE 

Having an overview of every Phase 1 project helps us to understand the similarities with the 

context of the 5G ESSENCE (see Section 2). A deep research in every Phase 1 project has been 

carried out, in order to “extract” all the related “outputs” that can potentially be used in the 

specific context of the 5G ESSENCE. However, those “outputs”, first, need to be analysed so that 

to check their intended usability in the 5G ESSENCE (see Section 3). 

 

 Explain how to use the “outputs” from one phase to the next 

There are some requisites –or essential needs- that the respective “outputs” have to fulfil, in 

order to assess them as usable by the projects of the next phase. These requirements are listed in 

Section 3.1. Depending upon those conditions, an “output” can be encapsulated, and its use 

outside the project may be discouraged. For example; “outputs” which use private software, or 

tools without open source licenses. Another way that the “outputs” can be used among distinct 

5G-PPP phases is by the standardisation of project “outcomes” (this topic is forwarded in Section 

7 of the present document). 

 

 After D2.2’s technological selection, check how Phase 1 projects “outputs” can be used 

This objective is specifically addressed in Section 4, where the final decisions over the different 

technologies, tools and specifications have to be explained vs. the ones chosen and developed in 

Phase 1, after the Identification and filtering of the potential “outputs” in Section 3. 

 

 Analyse Phase 2 projects with common objectives for possible collaboration 

In order to have a quick reference table about the technologies used in all of the 5G-PPP Phase 2 

projects relevant to the specific ones used within the 5G ESSENCE context. Such table shall include 

the information necessary to know “in what measure the relevant projects have similar goals” 

(Section 5.1). This helps the reader in search for information to identify other projects with 

parallel sources of useful data, to fulfil or complement further studies.  
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 Detect and plan possible interferences during the development of the project 

According to the international experience and/or practice, it is well known that a two years period 

in the telecom sector, involves many improvements over existing technologies and tools and, at 

the same time, new software and hardware can be presented and included within. Some of such 

changes could interfere directly with the 5G ESSENCE, thus making the project obsolete -or 

useless- in a very short period of time in the near future. It is the responsibility of the involved 

partners to know the actual state-of-the-art of the technologies used, in order to detect the 

external parameters that may affect the final market adoption of the project. In Section 8.1, a list 

of possible technological interferences is addressed, along with the evaluation of the strategy to 

follow so that to avoid or to solve the conflict. There is some other possible friction that has to 

keep in mind when making decisions about any future implementation of a project, as of 

mandatory economic, regulatory and technological specifications that have to be planned though 

that project, as described in Section 8.  

 A Proof of Concept (PoC) roadmap is described in Section 8.3 for the rest of the project defining, 

if necessary, how to follow the evaluation strategy when the external parameters appear and the 

way to “solve” any mandatory requirements listed as above. 

 

 Detect 5G ESSENCE “outputs” that are aligned with Phase 3 projects 

In the same way that the 5G ESSENCE uses, integrates and improves the “outputs” of Phase 1 

projects, the forthcoming results of this project can be used during the Phase 3 of the 5G-PPP as 

well. In Section 9, a summary of Phase 3 projects and related objectives is described, clarifying 

how to use the different conclusions, tools and utilities that result from the 5G ESSENCE in each 

one of them. 
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2 Phase 1 Projects 

Horizon 2020 5G-PPP projects are separated in three different correlated phases that continue 

the work of each previous phase. This section targets on the first phase projects, with focus upon 

the most relevant projects to the scope of the 5G ESSENCE. 

 

 

Figure 1: 5G-PPP phases [Source: 5G-PPP, https://5g-ppp.eu/] 

 

We distinguish the following: 

 Phase 1 [1]: 2014-15, research and development of 5G infrastructure.  

 Phase 2 [2], 2016-17, focused on Pre-structuring Model. 

 Phase 3 [3], 2018-19-20, Infrastructure Projects.  

 

In order to better understand the relationship between Phase 1 projects with the 5G ESSENCE, 

first it is important to know the scope of the previous projects. Those projects are the base for 

Phase 2 and constitute an essential source of standards that are being implemented and used in 

different 5G projects. This section lists all Phase 1 projects and their relevance to the 5G ESSENCE. 

 

2.1 SESAME 
Small cEllS coordinAtion for Multi-tenancy and Edge services (SESAME, GA No.671596) is a Phase 1 

project whose field of study focuses upon the concept of CESC (Cloud-Enabled Small Cell), that is a 

Small Cell (SC) with shared virtualised resources between several operators and computing 

capacity in Light Data Centres (DCs) being one of the main pillars of SESAME [4]. Those Light DCs 

allow the deployment of Virtualised Network Functions (VNFs) and support “self-x” operations 

and management to execute applications in a flexible clustered edge inside the network, by using 

low-power processors and hardware accelerators for low-latency purposes. SESAME’s innovation 

is based on: 

 Small cell maturation. 
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 Multi-tenancy based on edge and network resources. 

 Placement of Network Function Virtualisation (NFV) in the edge. 

 

The optimisation of the CESC management is the “key” innovation and challenge in SESAME, 

where orchestration, “self-x”1 features, NFV management and management of resource and radio 

access will help in the development of a neutral network that offers access to diverse providers, 

especially for those cases where networks cannot be easily integrated in dense areas. All those 

innovations are being actively used and adapted to the 5G ESSENCE project. 

The use case scenarios defined in SESAME include: 

 Multi tenancy, following 3GPPP MOCN (Multi-Operator Core Network) functionality, with 

RAN (Radio Access Network) sharing, sharing cells between UEs (User Equipments), 

resource limits per VSNO (Virtual Small Cell Network Operator) and network isolation. 

 Dynamic Resource Allocation, monitoring the CESCM (CESC Manager) to modify slices, 

scaling resources and checking SLAs (Service Level Agreements). Large Scale deployment, 

illustrating the chain of monitoring, decision-making and reaction. 

 

 

Figure 2: SESAME high-level architecture 

 

SESAME has proposed the CESC concept used by 5G ESSENCE, as well as those of the CESCM and 

of a general architecture, which have both been improved in the actual 5G ESSENCE scope by 

dividing the edge of the environment in CESCs -as described in SESAME- and a high-end 

computing module, able to execute more complex and resource consuming services. 

 

                                                           
1
  For further details see, for example: J. Ramiro, K. Hamied (2011): Self-Organising Networks. Self-planning, self-

optimisation and self-healing for GSM, UMTS and LTE. John Wiley & Sons. 
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2.2 SONATA 

Network function chaining and orchestration are the main pillars of the SONATA (Service 

Programming and Orchestration for virtualised Software Networks, GA No.671517) project [5], 

offering a platform that supports the lifecycle of virtual networking services, composed by 

software modules to ease the creation, management and deployment of services, using the 

SONATA SDK (Software Development Kit) or the Service Platform (SP). The deployable service 

components are listed in a catalogue, public or private, in each SONATA platform, containing NSs 

(Network Services) and VNF descriptors that are on-boarded, validated and stored. 

The behaviour or each NS or VNF, in terms of lifecycle, is specified by its manager, and its 

deployment is orchestrated by a MANO2 orchestrator included and developed during SONATA 

project and, in Phase 2, continued by the 5G TANGO. 

 

 

Figure 3: SONATA high-level architecture 

 

The use cases defined in SONATA have been: 

 IoT. 

 Virtual CDN (Content Delivery Network). 

 Secure, resilient and guaranteed service delivery in Industrial networks. 

 Virtual Evolved Packet Core (EPC). 

 Personal Security Applications. 

 Separate Client and Hosting Service Providers. 

                                                           
2
  NFV MANO is a working group (WG) of the European Telecommunications Standards Institute Industry Specification 

Group (ETSI ISG NFV). It is the ETSI-defined framework for the management and orchestration of all resources in the 
cloud data center. This includes computing, networking, storage, and virtual machine (VM) resources. The main 
focus of NFV MANO is to allow flexible on-boarding and sidestep the chaos that can be associated with rapid spin up 
of network components. For further details also see: https://www.etsi.org/technologies-
clusters/technologies/nfv/open-source-mano?highlight=YToxOntpOjA7czo0OiJtYW5vIjt9  

http://sonata-nfv.eu/sites/default/files/sonata/public/content-files/pages/SONATA%20Architecture_0.png
http://sonata-nfv.eu/sites/default/files/sonata/public/content-files/pages/SONATA%20Architecture_0.png
https://www.sdxcentral.com/resources/nfv/etsi-isg-nfv/
https://www.sdxcentral.com/resources/nfv/etsi-isg-nfv/
https://www.sdxcentral.com/listings/etsi/
https://www.etsi.org/technologies-clusters/technologies/nfv/open-source-mano?highlight=YToxOntpOjA7czo0OiJtYW5vIjt9
https://www.etsi.org/technologies-clusters/technologies/nfv/open-source-mano?highlight=YToxOntpOjA7czo0OiJtYW5vIjt9
http://sonata-nfv.eu/sites/default/files/sonata/public/content-files/pages/SONATA Architecture_0.png


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

Grant Agreement No.761592  30.11.2018 

 

 
Deliverable D2.3 (“Alignment with 5G-PPP Phase 1 technologies and final architecture”)  
 22/97 
 

In relation to the 5G ESSENCE, SONATA offers a slice manager, an orchestrator and a lifecycle 

manager, as well as some modules similar to the ones used in this project, which are further 

analysed so as to assess their usefulness in the 5G ESSENCE, as in Section 3.3. 

The relationship between SONATA and 5G ESSENCE is not only based upon the described 

elements, but also on the indirect development of OSM3, the orchestrator chosen in the 5G 

ESSENCE, collaborating with it closely in its first steps [6].  

 

2.3 COHERENT 

The COHERENT (Coordinated control and spectrum management for 5G heterogeneous radio 

access networks, GA No.671639) project [7] has been focused upon building advanced network 

abstractions concepts in order to enable an efficient and scalable solution for network-wide 

coordination in Heterogeneous Mobile Networks (HMNs). In particular, COHERENT’s scope has 

been to design, develop and showcase a novel control framework for 5G heterogeneous radio 

networks, which leverages the proper abstraction of physical and MAC layers in the network and 

a novel programmable control framework, to offer operators a powerful means to dynamically 

and efficiently control wireless network resources; this could significantly improve capacity, 

spectrum reuse efficiency, energy efficiency and user experience in the operators’ increasingly 

complex HMNs. The abstraction of network states and functions provides a base for the 

development of COHERENT Software Development Kit (SDK), which enables programmable 

control and coordination in heterogeneous radio access networks. 

A full set of RAN functions are included in the Radio Transceiver (RT), located in the user plane. 

The Transport Node (TN) is the entity located between RTs and the core network (CN). Two 

architectural components are proposed by COHERENT as control mechanisms. The Central 

Controller and Coordinator (C3) is a logically centralised entity in charge of network-wide control 

and coordination among entities in RAN based on centralised network view. The C3 could be 

implemented with distributed physical control instances sharing network information with each 

other. Sharing network information among C3 instances creates the logically centralised network 

view and, therefore, achieves logical centralised control and coordination. The logical entity that 

manages local or region-wide control, targeting real-time control operations such as MAC 

scheduling, is as called Real-Time Controller (RTC). It has a local network view. It could run directly 

on one RT or on a virtualised platform and receive monitoring information gathered from one 

single RT or from multiple RTs.  

It is possible to delegate the control functionality to the RTC agent on the RTs. The RTC agent/RTC 

agents communicate with the RTC on one single RT or on multiple RTs. 

                                                           
3
  OSM is delivering an open source Management and Orchestration (MANO) stack aligned with ETSI NFV Information 

Models. As an operator-led community, OSM is offering a production-quality open source MANO stack that meets 
the requirements of commercial NFV networks. For more details see: https://osm.etsi.org/  

https://osm.etsi.org/
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 Figure 4: COHERENT Architecture 

 

Below, we summarize some common architecture design aspects of COHERENT and 5G ESSENCE 

projects: 

 Decoupling control and data plane functions is an approach followed both by the 5G 

ESSENCE and the COHERENT projects. In case of COHERENT, the separation of control and 

data plane is focused more on allowing the applications to programmatically control the 

heterogeneous mobile networks, with lower complexity.  

 Moreover, within the context of COHERENT, the control and coordination plane is 

comprised of C3 and RTC, which are responsible for the cooperation and joint resource 

allocation in heterogeneous RAN(s). A similar component for managing and orchestrating 

the cloud resources in the 5G ESSENCE scope is the CESC Manager.  

 Regarding network slicing, COHERENT spans the whole protocol stack from the underlying 

virtualized hardware resources up to network services and applications running on top of 

them. Similarly, in case of the 5G ESSENCE, the small cells are virtualised and their 

utilisation is partitioned into logically isolated slices, offered to multiple operators/tenants.  

 

2.4 SUPERFLUIDITY 

The SUPERFLUIDITY project (Superfluidity: A super-fluid. Cloud-native, converged edge system, GA 

No.671566) [8] aimed at achieving superfluidity in the Internet: this implicates the ability to 

slightly modified to avoid literal copy-paste instantiate services on-the-fly, run them anywhere in 

the network (core, aggregation, edge) and move them transparently to different locations. The 

project has focused on research which enabled “virtualised network processing”, on-demand on 

third party infrastructure located throughout the network; i.e. core data centres, PoPs, micro data 

centres and at the edge in RAN’s next to base stations (BSs) and at aggregation sites. Research in 

the project has led to the development of technologies allowing such services to be “superfluid” 

with the following characteristics: 

 Fast instantiation times (in milliseconds); 
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 high consolidation (running thousands on a single server), and; 

 high throughput (10Gb/s and higher). 

 

The SUPERFLUIDITY demonstrator is believed to be an industry first with the automated 

deployment of services across a heterogeneous end-to-end (E2E) infrastructure featuring: 

 Cloud Radio Access Network (C-RAN); 

 Fronthaul between a base station and the network edge; 

 Network edge with MEC (Multi-accessible Edge Computing) enabled services (e.g., 

streaming multimedia content); 

 Network edge to core connectivity, and; 

 enhanced Mobile Broadband Service (eMBB). 

 

This has been realised by means of an extensible, flexible, management and orchestration 

platform. The overall demonstrator featured a variety of achievements including: 

 A demonstration of a Reusable Functional Blocks (RFBs) based approach for the iterative 

decomposition of VNF-based services including a demonstration of C-RAN decomposition 

and packet-level RFBs definition and composition; 

 VIM support of heterogeneous virtualisation technologies (VMs4, containers5, Unikernels6); 

 Orchestrator agnostic automated multi-modal workload and service 

characterisation/optimisation for performance and resource efficient on–boarding of 

services; 

 A control framework for hybrid multi-site deployments featuring advancements in 

modelling placement (e.g. Optimising NFV chain deployment through minimising the cost of 

virtual switching) and service lifecycle management). 

 

                                                           
4
  In computing, a virtual machine (VM) is an emulation of a computer system. Virtual machines are based 

on computer architectures and provide functionality of a physical computer. Their implementations may involve 
specialised hardware, software, or a combination. For more informative details also see, inter-alia: 
https://en.wikipedia.org/wiki/Virtual_machine 

5
  For more details see, for example: https://en.wikipedia.org/wiki/Operating-system-level_virtualisation#cite_note-1  

6
  A unikernel is a specialised, single address space machine image constructed by using library operating systems. A 

developer selects, from a modular stack, the minimal set of libraries which correspond to the Operating System (OS) 
constructs, required for their application to run. These libraries are then compiled with the application and 
configuration code to build sealed, fixed-purpose images (unikernels) which run directly on 
a hypervisor or hardware without an intervening OS such as Linux or Windows. More informative details can be 
found, for example, at: https://en.wikipedia.org/wiki/Unikernel 

https://en.wikipedia.org/wiki/Virtual_machine
https://en.wikipedia.org/wiki/Operating-system-level_virtualisation#cite_note-1
https://en.wikipedia.org/wiki/Unikernel
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Figure 5: Integrated component of SUPERFLUIDITY 

 

The 5G ESSENCE positions itself in a different manner with respect to Superfluidity, touching 

similar problems and topics (e.g. Edge Cloud/MEC, heterogeneous virtualisation technologies, 

automated orchestration, etc.), focusing more on the verticals of the use cases provided within 

the project. 

Among the various SUPERFLUIDITY’s results, some interesting ones have been adopted in the 5G 

ESSENCE (e.g. Unikernel virtualisation, Service Characterisation/Fingerprinting, Landscaping). 

Some of these aspects are discussed in detail in Section 3.5. 

 

2.5 5G-XHAUL 

The main objective of the 5G-Xhaul (5G-XHaul: Dynamically Reconfigurable Optical-Wireless 

Backhaul/Fronthaul with Cognitive Control Plane for Small Cells and Cloud-RANs, GA No.671551) 

project [9] is to build a converged optical and wireless software-defined (SD) network solution 

that is able to transport both backhaul and fronthaul traffic over the same infrastructure, coping 

with the requirements of 5G RANs. The 5G-XHaul considers a C-RAN model, where Remote Units 

(RUs) are connected to Central Units (CU) through high bandwidth transport links, supporting the 

application of different functional splits options (from fully-distributed to fully-centralised) to 

perform the Base Band functionality. Figure 6 depicts the physical architecture proposed in the 

5G-XHaul. 
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Figure 6: 5G-XHaul architecture 

 

In the data plane, the 5G-XHaul considers that in some scenarios the Small Cells will make use of a 

wireless transport segment, based on mmWave and sub-6GHz technologies, to carry the traffic 

until the fiber attachment points. In particular, due to its novelty, special effort has been applied 

to the mmWave solution, including the evaluation of capabilities to support access, fronthaul and 

backhaul networks and also innovations regarding functional split implementations and mesh 

networking. In addition, significant evaluations and innovations have been performed at the 

optical domain, which is based on WDM-PON and TSON technologies.  

In the control plane, main topics are softwarisation, slicing and multi-tenancy ([10], [11]). 

Applying a hierarchical and scalable architecture, the different heterogeneous transport networks 

are managed by their specific SDN controllers, while these controllers are coordinated by a 

higher-level controller which manages the connectivity between the different networks. Finally, a 

Top Controller supervises the whole architecture, managing the end-to-end paths according to 

the tenants and the slices. Data transport through the network is achieved by encapsulating the 

frames at the edge of the different networks into specific tunnels, which permits connectivity 

between VNFs from common slices but allocated in different networks. 

Although the 5G ESSENCE is oriented to the RAN part, “outputs” of the 5G-XHaul can provide 

building blocks for CESC backhauling, RAN split and RAN coordination from the cSD-RAN 

Controller. More details about 5G-XHaul and its relevance to 5G ESSENCE can be found in Section 

3.6.  

 

2.6 Speed5G 

The Speed5G (Speed5G: quality of Service Provision and capacity Expansion through Extended-DSA 

for 5G, GA No.671705) project [12] focuses upon enhanced dynamic spectrum access (eDSA) with 

three degrees of freedom: densification, rationalised traffic allocation over heterogeneous 

wireless technologies and better load balancing across available spectrum breaking the 

technology-specific silos. The Speed5G project has considered four scenarios, as below: 
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 Dynamic Spectrum allocation through techniques like dynamic channel selection and 

opportunistic spectrum allocation in white spaces and licensed, un-licensed and lightly 

licensed spectrum. 

 Load balancing among a group of neighbouring small cells, to manage interference using 

non-licensed spectrum. 

 Small cell throughput improvement with carrier aggregation (i.e. offload part of the traffic) 

to non-licensed spectrum. 

 

The Speed 5G project was targeting a new 5G-enabled MAC Layer design for properly supporting 

a High MAC - Low MAC split suitable for implementing a distributed MAC layer for optimally 

supporting the FBMC (Filter Bank Multi-Carrier) waveform.  

The Speed5G project architecture is based on Software-Defined Networking (SDN) and Network 

Function Virtualisation (NFV) while the Small Cell (SC) is based on the Software-Defined Radio 

(SDR) concepts. The virtualisation provides flexibility at the cost of extra computational process. 

The Speed5G architecture is ready to support virtualised and non-virtualised stacks as can be, for 

instance, a cloud-RAN solution for a virtualised solution or the stack deployed in a femtocell.  

There are not common objectives between 5G ESSENCE ad Speed5G, being each one based on 

different scopes. 

 

2.7 5G NORMA 

The “key” objective of 5G NORMA (5G Novel Radio Multiservice adaptive network Architecture, 

GA No.671584) [13] is to develop a conceptually novel, adaptive and future-proof 5G mobile 

network architecture. The architecture is enabling network customisability, ensuring stringent 

performance, security, cost and energy requirements to be met; as well as providing an API-driven 

architectural openness, fuelling economic growth through over-the-top (OTT) innovation. 

The 5G NORMA introduces architecture for flexible sharing of RAN resources, through the use of 

two types of entities, that is: Software Defined Mobile Network Controller (SDM-C) and services 

and resource orchestrator (SDM-O). Within SDM-C network functions are split between control 

applications (logic) and controlled functions (agents). Centralising global information at the SDM-

C allows for more optimised performance by, e.g., joint optimisation of handover (HO) and 

scheduling, re-orchestration triggered by user mobility. The different controllers were designed to 

specifically tackle problems related to: (i) Resource assignment among different network slices, 

and; (ii) Control of these resources while fulfilling the associated KPIs. The “5 Innovations” of 5G 

NORMA are described as: 

1. Adaptive function (de)composition and flexible placement. 

2. Joint optimisation of access/core functions. 

3. Software defined mobile network control, orchestration and management. 

4. Multi-service and context-aware adaptation of network functions. 

5. Mobile network multi-tenancy. 

 

For the final demo of the project (and final take-aways), described in the deliverable [14], the 

following services were selected: 
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 Network Slicing, covering both Network Functions Virtualisation (NFV) Management and 

Orchestration, and Network Control; 

 Security;  

 The 5G NORMA Economic Feasibility. 

 

The final demonstration focuses on the following elements of the MANO life cycle management: 

 Automatic Network Services deployment, driven by network service descriptors where the 

operational behaviour requirements of each Network Service are captured in a deployment 

template. 

 Dynamic updating of the VNFs forwarding graph depending on Quality of Service (QoS) and 

Quality of Experience (QoE) measurements. 

 Placement of VNFs in specific compute nodes, to simulate the placement of NFs in the 

edge/core networks depending on the services requirements. 

 

Certainly, the 5G NORMA is a valuable sibling project that focuses on RAN aspects with special 

highlights in slicing and RAN virtualisation. The 5G NORMA architecture is composed of different 

SDN-like controllers, which are in line with the slicing and architectural solutions within the 5G 

ESSENCE. The 5G NORMA demos and take-aways should be further studied within the remaining 

time of the project, especially that a 5G NORMA follow-up project (i.e. the case of the 5G 

Monarch project) is currently active. This should be “liaised” by the 5G ESSENCE’s context. It is 

worth highlighting that modifications made by the 5G NORMA in the Mobile Network Stack 

software implementation (i.e., srsLTE7) are now available in Github [15] under GNU Affero General 

Public License8. Also, a thorough guide for the configuration of an Open Source mobile network 

stack with virtualised core is available [16]. 

 

2.8 FANTASTIC-5G 

The intention of the FANTASTIC-5G (Flexible Air iNTerfAce for Scalable service delivery wiThin 

wIreless Communication networks of the 5th Generation, GA No.671660) project [17] has been to 

develop, investigate and propose the air interface (AI) for 5G New Radio (NR) and for the 

frequency region below 6 GHz. The 5G NR will have to “cope” with a high degree of heterogeneity 

in terms of services, device classes, deployment types, environments and mobility levels. So, it is 

necessary to support diverse and often contradicting KPIs. To this end, the FANTASTIC-5G project 

has identified, developed and evaluated the relevant technical AI components (at PHY, MAC and 

RRM); moreover, partners involved in this project have integrated these components into an 

overall AI framework, where adaptation to the above described sources of heterogeneity can be 

accomplished. 

 

The project has successfully worked on a subset of innovation clusters, which can be summarised 

as follows: harmonised multi-service air interface for 5G below 6 GHz, new waveforms for the 

                                                           
7
  For further details see, for example: https://github.com/srsLTE  

8
  For more details see: https://www.gnu.org/licenses/agpl-3.0.en.html  

https://github.com/srsLTE
https://www.gnu.org/licenses/agpl-3.0.en.html
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next generation of wireless access, service-driven frame design, Radio Resource Management 

(RRM) and a full system level integration of MIMO. 

The FANTASTIC-5G project has included the relevant degrees of freedom into the basic AI design 

for the system to allow for various specialised access mechanisms to co-exist. A set of new 

waveforms that overcome the demerits of CP-OFDM (better spectral localisation of the signal 

power), improving the performance of Machine Type Communication (MTC) services and ensuring 

efficient coexistence with MBB have been developed and investigated; all these accompanied 

with novel Link-to-System abstraction, allowing system level assessment and hardware PoCs. On 

the other hand, the FANTASTIC-5G has reached consensus on a frame design and the respective 

RRM framework that enables efficient multi-service support. It has been advocated as a scaling 

approach in time and/or frequency, allowing the multiplexing of services with different 

requirements and enabling forward compatibility. The main ingredients include e.g. dynamic 

scheduling with variable Transmission Time Intervals (TTIs), support for asymmetric link 

operation, and punctured scheduling for latency critical communications. It can be mentioned 

that Multi-service scheduling algorithms and use of service classification techniques have been 

developed during this project. Finally, the FANTASTIC-5G has developed and focused on enablers 

for the integration of massive MIMO at system level, considering both cooperative and non-

cooperative schemes, based on a grid of beams (GoB). The proposed concept includes intra-site 

Coordinated Multi-Point (CoMP) and various configurable options for inter-site CoMP. It presents 

a powerful interference management framework, where active coordination between cells is 

applied, in order to cover shifts and interference floor shaping to obtain improved performance. 

The partners have “addressed” the MIMO compatibility with new waveforms and exploit multiple 

antennas to enhance channel prediction in moving scenarios. 

The FANTASTIC-5G has developed a project proposal for the second phase of H2020. It has been 

accepted and is currently on-going under the name “ONE5G”. For a complete set of investigated 

techniques and the respective evaluations, the reader is referred to the project deliverables found 

at [17]. 

 

2.9 Metis II  

The key objectives of the METIS-II (Mobile and wireless communications Enablers for Twenty-

twenty (2020) Information Society - II, GA No.671680) [18] are to develop the overall 5G radio 

access network (RAN) design and to administer the technical enablers needed for an efficient 

integration and use of the different 5G technologies and components. METIS II looked into holistic 

spectrum management architecture, air interface harmonisation framework, agile Resource 

Management (RM) framework, cross-layer and cross-air-interface system access and mobility 

framework and a common control and user plane framework and provided the means for an 

efficient support of the broad versatility of services expected for 5G.  

The main achievements of METIS-II were three main results: 

 5G Overall RAN design based on novel technology components. 

 Definition of the 5G KPIs, development of the evaluation methodology and evaluation of 

the METIS design vs. the KPIs. 

 Development of a 3D visualisation platform for easy demonstration and interaction with 

project results. 
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All the METIS-II “outputs” are highly relevant to the 5G-ESSENCE and will assist with the definition 

of a functional architecture, the technical specifications, the network service interfaces, spectrum 

management, 5G components integration and more. In particular, the protocol-split discussions in 

METIS-II are the start point for the research done in 5G-ESSENCE with respect to the Main DC and 

Light DC functional split. 

 

2.10 CogNet 

The main objective of the CogNet (Building an Intelligent System of Insights and Action for 5G 

Network Management, GA No.671625) project [19] has been to “build” an intelligent system of 

insight and action for 5G network management through using the available network data and 

applying Machine Learning (ML) algorithms to yield insights, recognise events and conditions and 

respond correctly to them. The project contributed to the areas of data gathering, machine 

learning, data analytics and autonomic network management. 

The general approach of the CogNet management solution operates as a closed control loop 

through three main entities, namely the data collector, which provides access to the data coming 

from the monitored infrastructure (e.g. an NFV/SDN-based environment), the CogNet Smart 

Engine (CSE), which processes the collected data, creates insights and triggers alarms related to 

evidences or identified/predicted situations, and the policy engine, which turns alarms into 

actionable decisions ([20], [21]).  

The CSE is composed by a number of components [22]. First, the feature and structure 

representation engineering modules perform feature engineering to reduce the dimensionality of 

the data. Second, there exist different supervised and unsupervised machine learning modules in 

charge of providing analytics solutions for the considered management problems. Finally, there 

exist model selection modules that choose the machine learning models to be used in each case.  

Based on the above, the CogNet project has performed different demonstrations to showcase the 

operation of the framework in different scenarios arising from the use cases initially identified in 

the project, mainly considering NFV environments. Specifically, the demonstrations included 

aspects such as the placement of resources in a cloud environment, the traffic classification to 

identify types of encrypted traffic, the anomaly detection in an NFV environment, the detection 

and reparation of network threats, the adaptation of network coverage based on mobility 

patterns prediction for connected cars, and the prediction of local network demand using real 

network session data from a dense urban area. The reader is referred to [21] for details on the 

results of these demonstrations.  

From the perspective of 5G ESSENCE, the approaches and results of CogNet project can be of 

interest mainly for the development of the telemetry and analytics approaches considered in WP4 

to support the management of both the cloud infrastructure and the radio access network, 

explained in Section 3.7. 

 

2.11 SELFNET 

The SELFNET (A Framework for Self-Organised Network Management in Virtualised and Software 

Defined Networks, GA No.671672) project [23] has been working in developing a smart autonomic 
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network management framework for NFV/SDN environments that incorporates Self-Organising 

Network (SON) capabilities. For that purpose, the project has defined a multi-layered architecture 

that encompasses the following layers (see details in [23], [24], [25]): 

 Infrastructure layer, which encompasses both the virtualised and physical network 

functions managed by the SELFNET framework.  

 Data network layer, which is in charge of forwarding the data and represents an 

architectural evolution towards SDN.  

 SON control layer, which includes the SON sensors, capable of collecting data from the 

network, and the SON actuators, which enforce actions into the network.  

 NFV orchestration and management layer, which corresponds to the ETSI NFV MANO and 

orchestrates the virtual functions embedded in the SON control and data network layers. 

 SON autonomic layer, which provides the mechanisms to enable network intelligence by 

collecting information about the network behaviour, using that information to “diagnose” 

the network condition, and deciding what must be done to accomplish the system goals.  

 SON access layer, which encompasses the interface functions that are exposed by the 

SELFNET framework to external systems, such as Business Support Systems (BSS) and 

Operational Support Systems (OSS).  

 

The main element to incorporate network intelligence in the management processes is the 

autonomic manager at the SON autonomic layer (see [26] for details). It includes a diagnosis tool 

to identify the root cause of network problems, a decision-maker to choose the corrective and 

preventive tactics to deal with the detected and emerging network problems, and an action 

enforcer that provides a consistent and coherent scheduled set of actions to be enforced in the 

network infrastructure. The autonomic manager incorporates different types of artificial 

intelligence (AI), data mining and stochastic algorithms for diagnosing and decision-making. 

Specific types of algorithms considered in the project include knowledge inference, prediction and 

pattern recognition, as explained in [27]. 

To assess the proposed framework, the SELFNET project considered three individual use cases 

[28]. The first one deals with self-healing capabilities against network failures by detecting and 

repairing the fault condition of a malfunctioning VNF. The second one deals with providing self-

protection capabilities against distributed cyber-attacks by detecting devices that can be hijacked 

by botnets. Finally, the third individual use case deals with self-optimisation to improve network 

performance and users’ QoE dynamically for 5G users with high-quality video streaming 

applications. The three use cases have been also assessed in a more complex use case, when the 

three individual use cases run simultaneously.  

In relation to the 5G ESSENCE, the approach of the SELFNET project can be mainly relevant to the 

work of telemetry and analytics of WP4 and to the development of SON functions in WP3. 

However, the focus of SON functions in the context of the 5G ESSENCE is more oriented towards 

the radio access, while in the SELFNET the focus has been placed upon the management of the 

NFV part. Therefore, while some general concepts can be also applicable in the 5G ESSENCE, the 

specific algorithms and approaches to consider in the 5G ESSENCE can be different. 
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2.12 Summary Table 

This table is an overview of all the technologies used and improved in 5G-PPP projects of the 

Phase 1 related to the ones used by the 5G ESSENCE, to “ease” the task of finding possible 

“outputs” to the reader. 

Each cell of the following table is filled with four possible values, depending on the contribution to 

the technology mentioned in the first row. We also consider the following terminology that 

characterises any relevant “relationship”, per case: 

 Blank: Implicates not using that technology. 

 Low: Implicates using the technology, but not improving it. 

 Medium: Implicates using and implementing minor upgrades to the respective technology. 

 High: Implicates creating a tool or improving the technology with new important features. 

 

 SDN SD-RAN NFV 

 

Orchestration Telemetry Machine 

learning 

Distributed 

E2E service 

SESAME  High High Medium High High  High 

SONATA  High  High High Medium  High 

COHERENT  High High Medium High    

SUPERFLUIDITY  Low  High Medium Medium Medium Low 

5G-XHAUL High Low Low Low High Low - 

SPEED-5G  High High Medium Medium Low Low Medium 

5G-NORMA  Low High Medium High  Low  

FANTASTIC-5G  High low  Medium   Medium 

METIS-II  Low Medium High Medium Low Low Medium 

CogNet  Low  Medium Medium High High  

SELFNET Medium  Medium Medium High High  

Table 1: Phase 1 projects related to the 5G ESSENCE essential technologies 
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3 Phase 1 “Outputs” related to the 5G ESSENCE 

 

During the Phase 1 of 5G-PPP framework of actions, many of “outcomes” have been generated, 

focusing a lot of effort of the people involved in the relevant projects with the aim of making 

them usable, documented and mature, to the extent possible. One of the main ideas of the 5G-

PPP is to “have the results of every project available for everyone to use them” and, for this 

purpose, it is expected that the “outcomes” have been assessed as considerably mature, 

accessible and documented when finished, to facilitate their integration in other projects during 

the next phases. 

In Phase 2, it is vital to take advantage of the “outputs” of the prior Phase 1 and use -or adapt- 

them to the projects’ needs and specifications, in order to improve the already existent results 

and to create an even more effective set of “outcomes” with more and better features for 

everyone to use freely. At the same time, it is contemplated that the “outcomes” being currently 

developed are going to be enhanced so that during the Phase 3 to have mature tools that will 

surely contribute to the correct and efficient implementation in all relevant 5G environments. 

 

3.1 “Output” requirements 

In order to make an “output” usable in an efficient way, there is a set of minimal requirements to 

consider that can be crucial when deciding about its implementation. 

 Ease of integration 

It is important that every “output” includes the possibility to be easily integrated in different 

environments, using installers or packages, rather than having a complex tutorial explaining the 

manual installation of every single requirement to make it work. The incompatibility between 

“outputs” is another topic to consider, being in some cases more efficient to create new 

components than adapting other existing ones to a specific architecture. 

 License type 

The 5G-PPP operational framework encourages the usage of open source software, but, in some 

cases, the costs of using commercial software is lower than the ones invested during the 

development of new features in existent open projects, or the creation of a whole new one. In our 

case, it is recommendable that the development of new code or the enhancement of open source 

will allow the continuity and enhancement of the results of the time invested on them by the 

partners of the projects involved and the community created around, in some cases. This is one of 

the most important requirements to make the “output” usable from one phase to the next one 

and it also “marks” the difference between generating one-time use or durable results. 

 Maintainability 

Another factor to keep in mind is the maintainability of the “output”. Ideally, it will be updated 

according to the newest versions of the used tools and dependencies, to “keep” the compatibility 

with other components installed in the system and to have all the features offered by them. The 

obsolescence of the “output” can cause discarding it in later projects. 

 



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

Grant Agreement No.761592  30.11.2018 

 

 
Deliverable D2.3 (“Alignment with 5G-PPP Phase 1 technologies and final architecture”)  
 34/97 
 

 

 Accessibility to project repositories and wikis  

It is crucial for the “outputs” to be exposed at public repositories, as well as having a WiKi with all 

the possible tutorials and information, thus easing the task of installing, configuring and even 

upgrading the current code. The lack or limitation of information about the “output” can create 

strong difficulties of its intended usage and, therefore, make it unusable. 

 Documentation 

Each project within the 5G-PPP has a webpage with information about the project itself; this 

website also has all the public deliverables, documentation and papers available, but sometimes it 

is just “not enough”. Each “output” needs to have its own documentation where researchers can 

find answers to potential questions, and have a deeper understanding of it so that to make it 

maintainable and customisable.  

 

3.2 SESAME 

3.2.1 Architecture 

The 5G ESSENCE approach evolves the Small Cell concept not only to provide multi-operator radio 

access, but also to achieve an increase in the capacity and the performance of current RAN 

infrastructures, and to extend the range of the provided services while maintaining its agility. To 

achieve these ambitious goals, the 5G ESSENCE leverages the paradigms of RAN scheduling and 

additionally provides an enhanced, edge-based, virtualised execution environment attached to 

the small cell, taking advantage and strengthen the concepts of MEC and network slicing. 

The architecture provided by the SESAME project acts as a “solid reference point” for the 5G 

ESSENCE case. It combines the current 3GPP framework for network management in RAN sharing 

scenarios and the ETSI NFV framework for managing virtualised network functions. The CESC 

offers virtualised computing, storage and radio resources and the CESC cluster is considered as a 

cloud from the upper layers. Multi-tenancy can be enabled by “slicing” this cloud. The execution 

platform is used to support VNFs that implement the different features of the Small Cells as well 

as to support for the mobile edge applications of the end-users. 

The SESAME’s already developed architecture is part of the corresponding 5G-PPP project with 

public scope and is properly documented for anyone to implement, use or improve. 

 

3.2.2 CESC 

The Cloud Enabled Small Cell (CESC) concept created in SESAME is the main pillar of the MEC 

addressed in the 5G ESSENCE. Actually, the CESC is a complete Small Cell with necessary 

modifications to the data model to allow Multi-Operator Core Network (MOCN) radio resource 

sharing. The CESC is composed by a Physical SC unit and a microserver. The physical aggregation 

of a set of CESCs (CESCs cluster) provides a virtualised execution infrastructure, denoted as Light 

Data Centre (Light DC), enhancing the virtualisation capabilities and process power at the network 

edge. The functionalities of the CESC are split between SC Physical Network Functions (PNFs) and 
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SC Virtual Network Functions (VNFs). The SC VNFs are hosted in the environment provided by the 

Light DC. This concept is properly documented and usable, as a pillar of the 5G ESSENCE.  

3.2.3 CESCM 

The CESC Manager (CESCM) is responsible for coordinating and supervising the performance, the 

use and the delivery of both radio services and resources. It can be used freely, due to its open 

source nature, it is well documented and improved in the 5G ESSENCE context by continuing prior 

SESAME’s work. 

The central service management component in the architecture integrates the traditional 3GPP 

network management elements and the novel functional blocks of the NFV-MANO (Network 

Function Virtualisation - Management and Orchestration) framework. Configuration, Fault and 

Performance management of the SC PNFs are performed through the PNF Element Management 

System (EMS), while the management of the SC VNFs is carried out through the SC EMS. The EMSs 

provide performance measurements to the Service Level Agreement (SLA) Monitoring module 

that assesses the conformance with the agreed SLAs. The EMSs are connected through the 

northbound interface9 with the Network Management Systems (NMS) of the Small Cell Network 

Operator (SCNO) and the different tenants, denoted in SESAME as Virtual Small Cell Network 

Operators (VSCNOs), providing each VSCNO with a consolidated view of the portion of the 

network that they are able to manage. 

 

3.2.4 CESCM portal 

This is the control panel with web Graphical User Interface (GUI) that serves as the entry point for 

the users. It consists of the main graphical frontend to access the 5G ESSENCE platform for the 

network operators and offers the visual monitoring information of the platform, the agreed SLAs, 

and the available network services/VNFs, allowing parameters’ configuration.  

 

3.2.5 Monitoring Framework  

The monitoring framework developed during SESAME, is based on Prometheus [29] with Grafana 

[30] as a dashboard, node exporter [31] to scrape the metrics of each server created during the 

service deployment and Alert Manager [32] to send data with vital information about possible 

QoS loss to a configured receiver. An API is deployed to receive and delete dynamically the targets 

of Prometheus without restarting the monitoring service, keeping its continuity. An SLA 

monitoring tool is also included in the framework to check the violation of service KPIs agreed 

with the consumer as described in 5G ESSENCE’s D4.1 [33]. This whole framework is installed by 

using simple scripts that automatise the process and ease the task. It is based upon open source 

tools and its installation and usage are defined in the GitLab of the framework. 

In the 5G ESSENCE, this framework is adapted and updated with new features, like: the 

monitoring of the cSD-RAN controllers; the centralisation of a Prometheus service running in the 

Main DC feeding from others installed in Light DCs using Federation; the possibility to add new 

                                                           
9
  For further details also see, inter-alia: https://en.wikipedia.org/wiki/Northbound_interface   

https://en.wikipedia.org/wiki/Northbound_interface
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rules to the monitoring tool dynamically or the inclusion of new customised exporters for each 

VNF. 

 

3.3 SONATA 

3.3.1 Son MANO framework 

The MANO framework [34], at the core of SONATA’s service platform, is composed by a set of 

communicating micro-services called as MANO plugins that, together, provide a flexible 

orchestration system. 

The service lifecycle management plugin (SLM) implements the main orchestrator functionalities, 

specified at VNF and lifecycle level (FLM) by a customised manager registered using the specific 

manager registry (SMR), embedded in service specific managers (SSMs) and Function specific 

managers (FSMs) created by the developer of the service. Those managers register the records of 

the deployed services and VNFs in repositories and the descriptors and customised workflows in 

catalogues. All instructions and request related to the VIMs and WIMs are performed by the SLM 

and the FLM, by using the infrastructure adaptor (IA). 

To take a closer look to the features of SON MANO framework, we can find published in GitHub 

the following lists: 

o  “The MANO framework exposes the following workflows to its north-bound: 

 Instantiate a service. 

 Terminate a running service instance. 

 Scale a running service. 

 

o The MANO framework exposes the following life cycle events to be customised/overwritten 

by SSMs and FSMs: 

 The placement of a service (Placement SSM). 

 The configuration of a service (Configure SSM). 

 The schedule of a workflow (Task SSM). 

 The scaling workflow for a service (Scale SSM). 

 Reaction by the MANO Framework on received Monitoring information (Monitoring 

SSM). 

 Start, stop and configure events for a single VNF (Start/Stop/Configure FSM)”. 

 

This framework has open source license, it is properly documented, mature and maintained, and 

it is enhanced during the 5G-PPP Phase 2 by the 5G TANGO [35]. 

In the 5G ESSENCE, the need for a flexible service orchestrator made the partners to decide 

between the available options, when the project started. By then, SONATA was not mature 

enough and every new feature necessary to align the orchestrator with the needs of this project 

would have been created by its partners or other 5G-PPP collaborators. For this reason, the OSM 

orchestrator has been chosen. Its active community generates new features constantly, and 

release new versions each six months. At the same time, other developers do add specific 

features for their projects that, in some cases, are similar to the ones needed in the 5G ESSENCE 
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case, creating threads and repositories with conclusions and code that can be used and improved 

easily.  

 

3.3.2 SON-Monitor 

One of the modules developed in SONATA is the SON-Monitoring. It has open source license, its 

repository documents correctly the usage and installation of the module [36] and it is actively 

updated thanks to the on-going efforts of the 5G TANGO project. It scrapes the information about 

the VNFs and NSs deployed by SONATA’s orchestrator automatically in Prometheus, using SNMP 

exporter or the Push Gateway, without the need of adding the specific endpoints in the 

monitoring tool each time a new VM is created by the VIM. 

In the 5G ESSENCE, to start scraping metrics from a new VM, it is necessary to add the endpoints 

where the data is exposed. The mainstream way to do this is by stopping the monitoring service, 

modifying the configuration file with the new endpoints, and starting the service again. This 

method “leaves a gap” where the monitoring system is down and, therefore, there is no way to 

detect potential issues that may appear in the meanwhile. This problem has been solved by 

creating an API facilitating the inclusion of new targets that are exposing metrics, starting to 

scrape the values in the moment those are present in Prometheus that is the chosen monitoring 

tool used in the 5G ESSENCE. This is done by the orchestrator that sends a petition to the API to 

include the new targets in Prometheus each time when a new VM is created during the 

deployment of VNFs and NSs. 

It is obvious that the similarities are very noticeable in both monitoring tools. The two added 

metrics of the new VMs are created by the orchestrator automatically, and use Prometheus. The 

decision of creating a new monitoring tool instead of using the SON-Monitor was based on these 

points: 

 The SON-Monitor can scrape the information of the VMs directly from OpenStack [37] or 

exporters, parsing the information and sends it to Prometheus by using the Push Gateway 

[38] an official Prometheus add-on that enables the tool to receive metrics through a 

gateway and scrape the values periodically. This utility eases greatly the way of managing 

the information to measure and, at the same time, it implicates that there is no need of 

adding new targets to the monitoring tool because when a new VM is created, new metrics 

will be sent with clear information about it. As a counterpart, this method uses a 

considerable amount of resources of the server with Prometheus running, and this issue 

increases in relation to the amount of metrics sent to the gateway. In the 5G ESSENCE, the 

VMs are generated, deleted and migrated dynamically, and the number of targets to scrape 

metrics from, may vary greatly. The method that has been implemented in the 5G ESSENCE 

is based on the standard pull method used by Prometheus and permits the inclusion of a 

large number of endpoints exposing all the data exposed by the exporters with a low 

impact in relation to the resource consumption, thus being more flexible and scalable than 

SON-Monitor using the Push Gateway in relation to metrics available/resources consumed. 

 Another option contemplated by SON-Monitor is by using the SNMP exporter and pull 

method. This way, the resource consumption decreases, but the metrics given by this tool 

include less data than the ones coming from node exporter (the standard way to expose 

metrics used by Prometheus and the 5G ESSENCE) and, as a result, the information 
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concerning the performance of the VMs is less precise. Node exporter exposes metrics 

about the resources and kernel of the instance running it and, therefore, more complex 

potential performance issues can be detected while monitoring them. 

 SON-Monitor has been developed to be used with the SONATA orchestrator, as a part of its 

service platform. To use it with another orchestrator, a deep research and adaptation is 

needed. 

Based on the points numbered above, SON-Monitor was discarded as an option in the 5G 

ESSENCE. 

 

3.3.3 SON-Analyze 

SONATA's Service Platform analysis framework SON-analyse [39] creates an analysis session to 

study a service deployed. Inside this session, the end-user can program an analysis on a service's 

metrics by using pandas [40]. This tool uses Jupyter [41] to offer a ready-to-use web-IDE10. It also 

contains a set of libraries to communicate with the SONATA Platform, which are automatically 

installed in the session. 

This module, even if it is open source and is properly documented, is not prepared to be used 

with orchestrators different than SONATA’s orchestrator and, in order to use it, it should be 

adapted outside of the whole Service Platform, investing a lot of time, which apparently turns it 

into a module not used in the 5G ESSENCE. 

 

3.3.4 Virtual Content Delivery Network 

The vCDN created in SONATA [42] is composed by three different VNFs: 

 Virtual Traffic Classifier. 

 Virtual Content Cache. 

 Virtual Transcoding Unit. 

In the SON MANO framework, each VNF has its own descriptor, image and an optional customised 

lifecycle operation attached. All those elements have been properly created and used, but their 

developments were made thinking on one specific use cases in SONATA. The descriptors are there 

for anyone to use [43] but, those are only compatible with the specific SONATA orchestrator; 

therefore, adapting them to another framework would be a time-consuming task and the result 

would not “fit” at the same level that a descriptor generated from scratch, according to the 5G 

ESSENCE needs. Also, the images used are proprietary and customised to the SONATA vCDN use 

case, making them unusable by any other project. New images have been generated to execute 

the necessary virtual functions. 

 

3.3.5 vEPC 

As happens with vCDN, the VNF descriptors could be adapted, but the private-licensed images 

make impossible the full integration of the “output” in the 5G ESSENCE or to another project. 

 

                                                           
10

  For more details also see: https://docs.gitlab.com/ee/user/project/web_ide/  

https://pypi.python.org/pypi/pandas
http://jupyter.org/about.html
https://docs.gitlab.com/ee/user/project/web_ide/
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3.4 COHERENT 

3.4.1 5G-EmPOWER 

The COHERENT SDK is based on the 5G-EmPOWER platform. The 5G-EmPOWER is an open toolkit 

for SDN/NFV research and experimentation in mobile networks [44]. It is worth considering that 

in its current implementation, the 5G-EmPOWER fully supports 802.11-based WLANs, while 

support for LTE small cells is currently being added and will be released. Subsequently, the C3, 

which is the main control entity in COHERENT for both Enterprise WLANs and cellular networks, is 

implemented on the 5G-EmPOWER platform. The initial release of the COHERENT SDK is 

described in [45]. 

The 5G-EmPOWER toolkit consists of two parts. The first part is a reference Central Controller and 

Coordinator (C3) implementation, supporting the COHERENT northbound interface (NBi) [46]. The 

second part is an SDK implementing the COHERENT semantic model and abstractions [46]. A set 

of APIs provided by the SDK can be used to implement control and coordination tasks on top of 

the C3. We remind the reader that an SDK is typically defined as “a set of software development 

tools that facilitate the creation of software artefacts”. In this specific case, the COHERENT SDK 

provides programmers with a high-level interface to the programmable mobile networks as 

opposed to the very low-level interfaces exposed by network elements (i.e. the southbound 

interface). 

 

 

Figure 7: COHERENT overall architecture and software development architecture with 5G-

EmPOWER 

 

Figure 7 shows the mapping between the 5G-EmPOWER and the COHERENT architecture. C3 

maps directly to the EmPOWER Runtime while the COHERENT Radio Transceivers (RTs) map to the 

Wireless Termination Points (WTPs) (Wi-Fi) and to the Virtual Base Station (VBS) (LTE) in the user 

plane. The 5G-EMPOWER platform builds upon an open protocol capable of abstracting the 

technology-dependent aspects of each radio access technology (called CESC/CEAP in the 5G-

ESSENCE) allowing network programmers to deploy complex network management task as 
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policies on top of a programmable logically centralised controller (called as the cSD-RAN 

controller in the 5G-ESSENCE).  

In the 5G-EmPOWER the physical and virtualised network is abstracted into network slices. Each 

slice defines a particular network service and consists of a set of Virtualised Network Functions 

(VNFs) with the associated control logic. Each network slice can be fully customised in order to 

support the requirements of the service in term of coverage, capacity, latency, and security. We 

point the reader to [46] for an extensive account on “how we address network slicing and multi-

tenancy”. 

The controller implementation leverages the Tornado Web Server [47] as the web framework. The 

main reason for choosing Tornado is its non–blocking network I/O that allows continuing serving 

incoming requests, while the others are being processed. 

 

3.4.2 Slice isolation 

Applications have different performance requirements in terms of bandwidth, latency, and data 

rate, hence a service-oriented approach to network resource provisioning is required. In order to 

make the service-oriented 5G vision a reality, physical network abstraction into multiple end-to-

end virtual logical networks or slices is needed (one for each service category). SDN and NFV are 

considered to be two of the most promising enablers for achieving this vision. 

This framework pursues three objectives:  

1. Programmability: to allow network administrators to specify how a precise portion of the 

flow space shall be treated in the wireless access segment;  

2. Isolation: to make sure that slices are kept isolated both from the logical and the 

performance standpoints;  

3. Customisation: to allow each slice to specify its own traffic prioritisation policies, e.g. in 

terms of aggregation, rate selection, etc.  

The emerging SDN paradigm aims to decouple the data-plane and control-plane. The network 

intelligence is then “shifted” from the network devices to a central location, which is the network 

controller, allowing to implement sophisticated traffic management policies based on the global 

network view exposed by the controller, while the devices simply apply the rules defined at the 

control plane [48]. The proposed framework extends the mainstream SDN network slicing 

concept to the wireless access segment in the specific case of 802.11-based WLANs, ensuring 

efficient sharing of the same physical infrastructure by different services and applications. More 

specifically, it is assumed that an infrastructure provider owns the physical Wi-Fi Access Points 

(APs) and network switches which are in time leased to the service providers (tenants), which are 

the slice owners.  

The COHERENT’s design builds upon a programmable hypervisor sitting on top of the standard 

Linux Wi-Fi stack. The hypervisor is in charge of creating, monitoring, and managing the various 

network slices, thus ensuring performance isolation and efficient radio resource utilisation. The 

high-level architecture of the hypervisor is depicted in Figure 8.  

As depicted, each AP can support a variable number of slices. In time each of these slices contains 

one aggregation buffer for each Wi-Fi client in the network. Each slice can have its own Enhanced 

Distributed Channel Access (EDCA) parameters. For example, one slice can use no aggregation and 
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voice-optimised EDCA parameters, while another slice can enable frame aggregation and use 

background traffic EDCA parameters. 

 

 

Figure 8: Coherent hypervisor architecture 

 

The 5G-EmPOWER platform is released under a permissive APACHE 2.0 license, is maintained by 

the FBK partner and documented in [49]. Currently, the 5G-EmPOWER platform does not include 

the north-bound interface (NBI) towards an orchestrator and monitoring tool. The 5G-EmPOWER 

platform can be made compatible with the 5G-ESSENCE platform by extending it to support the 

interface to the orchestrator (OSM) and monitoring tool (Prometheus). In particular, an NBI needs 

to be forecast to allow 5G-EmPOWER to understand OSM descriptors and enforce the 

orchestrator decisions. Moreover, the interface to Prometheus is necessary for the provisioning of 

aggregated monitoring information about the CESC/CEAP cluster. The above work is planned 

during the continuation of the 5G-ESSENCE project as well as the finalisation of the building blocks 

enabling the LTE slicing. 

 

3.5 SUPERFLUIDITY 

3.5.1 Virtual CDN/unikernels 

One topic of the SUPERFLUIDITY project, in line with its goals of providing on-the-fly instantiation 

anywhere in the network, was the provision of CDN streaming instances on very short notice. This 

would allow reducing the number of pre-provisioned instances in a CDN, benefitting both CDN 

infrastructure providers (lower hardware costs, possibility of overprovisioning) and CDN 

customers (lower service costs due to not running 24/7, but only on demand). To provide insight 

into the benefits of such large-scale CDN deployments, and how on-the-fly instantiation 

influences factors such as QoE, in-depth simulations were carried out. These made clear that 

pursuing such a highly dynamic CDN deployment would not be possible with VMs because they 

could not reach the required KPIs (such as boot time and performance). 
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Thus, unikernels were chosen as a “suitable” technology, due to their small size and resulting boot 

times, as well as their high I/O performance compared to standard VMs. Within the project, a 

CDN unikernel was developed that functioned as a high-performance HTTP server, beating 

standard VM-based server solutions by 50% (throughput) to 500% (requests served per second), 

and booting within 100ms. This was achieved by providing a simple, high-performance file system 

as well as an optimised network driver and stack, all bundled into a unikernel of less than 1MB of 

image size (excluding served data), as described in [50]. 

While the results were very encouraging, one downside was the time required to develop the 

unikernel, which took a significant number of person months to design, implement and test. As a 

result of this finding, the Unikraft project11 was envisioned during the later stages of the project: a 

build environment and set of OS libraries that aims to ease code reuse and speed up unikernel 

development. This project is now being pursued within the scope of 5G ESSENCE, with the 

ultimate goal of increasing adoption of unikernel technologies by reducing the barrier of entry 

but, for ease of integration and correlation with the other elements present in the 5G ESSENCE 

architecture, the VM has been chosen as a standard for its flexibility, giving the possibility of using 

an orchestrator and the NFV technology without added barriers. 

 

3.5.2 Video transmuxing 

Video streaming as it happens today usually by splitting the video into segments that are loaded 

via HTTP. Each segment is available in several quality levels, providing alternatives for different 

connection speeds, as well as facilitation adaptation to changing link conditions at the receiver. 

This is typically realised by pre-encoding the video in those different quality levels at the core and 

then distributing it within a CDN on demand. This fits well with the common approach of doing 

expensive calculation at the core, but it has two large disadvantages: first, it increases the volume 

of data transfers between the core and the CDN edge, because each quality level of the same 

video will be distributed separately; second, it increases the chance of not finding the correct 

quality level of a video at a user’s respective CDN node, increasing the latency for initial video 

start. 

Instead, the approach suggested within the Superfluidity project is to only move one version of 

the video to the edge of the CDN. If a lower-quality version of the same video is then required, the 

edge will transmux it on-the-fly for that user and keep it around for potential future users. This 

can massively reduce the load on the backbone network (considering video traffic is the most 

dominant source of traffic nowadays), while also reducing latency, at the cost of increased 

computational resource requirements at the edge. More information about this topic can be 

found in [51]. The main problem to adapt this transmuxing tool to the 5G ESSENCE is its private 

license, limiting the usage to its owner, forcing the development of a new one that covers 5G 

ESSENCE specifications. 

  

3.5.3 Landscaper 

The Landscaper middleware, inherited by SUPERFLUIDITY comprises of a landscaper aggregator, 

collector-agents and collector components. The collector-agents run on physical compute nodes 

                                                           
11

  Also see: https://www.xenproject.org/developers/teams/unikraft.html  

https://www.xenproject.org/developers/teams/unikraft.html
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and are configured to use one or more types of collectors. The collectors gather different types of 

information that are passed to the collector-agents and then onto the landscaper aggregator that 

stores that information on a database. A detailed description of this component has been 

provided in Deliverable 4.1 [33]. 

Relationships among resources are expressed by representing the overall infrastructure as a 

graph, in terms of nodes and edges, where every node represents a resource and where links 

between resources represent various forms of relationships. Contextual information about every 

resource is expressed by means of attributes that include representation of the features of each 

resource, but also metadata that describe the type of node. The nodes are in fact of different 

categories, such as compute, network and storage, and of different types, such as CPU, core, Non-

Uniform Memory Access (NUMA) node, Peripheral Component Interconnect (PCI) Bridge, 

Network Interface Card (NIC), etc. Every type of nodes comes with specific attributes (e.g. the CPU 

is characterised by a given frequency, a NIC is characterised by a given throughput, etc.). Also, 

every resource belongs to a logical layer, which can be physical, virtual or service. For instance, 

CPU, NIC, disk are examples of physical nodes, VMs vNICs and virtual Networks are an example of 

virtual nodes and stacks are examples of service nodes. Prometheus collects telemetry 

information for those components, enabling the runtime decision-making based on the state of 

cloud resources. 

About its usability in other projects, Landscaper has been developed under Apache V2.0 license, 

its installation is easy and well documented in its GitHub repository, as well as its usage, and it is 

being maintained actively by Intel during Phase 2 to enhance and adapt the “output” to the 5G 

ESSENCE, with some changes. 

In order to fully support the 5G ESSENCE scenario and the collection of all the required 

information, the Landscaper has been extended and improved already and other improvements 

are currently environed to happen in the context of Task 4.2. 

The extensions can be defined according to the following items: 

 Increased flexibility for complex services 

o The discovery of the relationships between service level and virtual level resources 

has been enhanced in order to enable the Landscaper to capture and map 

appropriately the dependencies between resources involved in complex services 

composed of multiple Virtual Network Functions. 

 Integration with 5G ESSENCE Network Service Monitoring 

o The information collected by the Landscaper has been merged with the data coming 

from the Network Service Monitoring (collected through Prometheus and CollectD), 

in order to enhance the filtering capabilities of the analytics framework and allow, for 

instance, the identification of metrics related to specific virtual resources (e.g. Virtual 

Machines and Unikernels). 

 Collection of service information from OSM 

o The information about the service nodes is currently collected using OpenStack 

Heat12. In the case of 5G ESSENCE CESCM this approach will not suffice, since the 

selected orchestration system is OSM. Therefore, there is work required on the 

Landscaper in order to support extraction of information from OSM in relation to the 

                                                           
12

  See: https://wiki.openstack.org/wiki/Heat  

https://wiki.openstack.org/wiki/Heat
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deployed services to enable discovery of dependencies between them and the virtual 

resources exposed through OpenStack Nova13 and Neutron14. 

 

3.6 5G-XHAUL 

3.6.1 Backhaul RAN Controller 

During the 5G-XHAUL project a backhaul SDN Controller was defined to couple with the project 

needs. It is responsible for managing the wireless backhaul, dynamically configuring the paths 

(mmWave and sub6Hz) that interconnect the infrastructure of the different tenants. This 

controller has been defined and prototyped during Phase 1 and it is being developed during the 

second phase by the i2CAT partner and will be used in other projects, like 5G-City [59].  

In the 5G ESSENCE this solution is being enhanced to provide a centralised solution for controlling 

the Wi-Fi RAN. The main contemplated functionality is the appliance of cRRM techniques 

considering concrete application-level demands and network dynamics.  

Also, the Wi-Fi RAN Controller supports the appliance of network slicing and multi-tenancy to the 

Wi-Fi RAN, which are main requirements of the 5G ESSENCE. 

  

                                                           
13

  See: https://docs.openstack.org/nova/latest/  
14

  See: https://wiki.openstack.org/wiki/Neutron  

https://docs.openstack.org/nova/latest/
https://wiki.openstack.org/wiki/Neutron
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3.7 Metis II 

3.7.1 Protocol split 

METIS-II presents a relevant input for the 5G ESSENCE project since the key objectives of METIS-II 

are to develop the overall 5G radio access network design and to provide the technical enablers 

needed for an efficient integration and use of the various 5G ESSENCE use cases. 

Beside its original idea of separating RAN control plane functions from user plane functions, which 

is the start of the 5G ESSENCE project, METIS-II provided the split of RAN user plane functions in 

central and distributed units.  

Moreover, the results of studying the impact of network slicing in 5G RAN and CU-DU functional 

split on the user plane in METIS-II presents a basic for the 5G ESSENCE architecture. In the next 

sections, we can see the main “output” of METIS-II regarding the protocol split and dual 

connectivity integration. 

In a 5G RAN, the UP protocol stack can be split at nine possible points between layers, designed as 

from M0 to M8, as shown in Figure 9. 

 

 

Figure 9: Function split options possibly implemented within the UP protocol stack 

 

Those options put different data rate and latency requirements on fronthaul interfaces between 

CU and DU. The required data rate scales monotonically increasingly from higher layer splitting 

options to lower ones, which is performed notably dramatically at M1. 

The main contribution of METIS II is to propose multi-connectivity options for support of multiple 

services, taking into consideration the RAN design aspects [52]: 

 The support of multiple services at higher layers and lower layers. 

 Functional split options for DC/multi-connectivity. 
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Option 1) 

Split bearer 

with 

independent 

RLCs 

 

Option 2) 

Split bearer 

with split RLC 

function 

 

Option 3) 

Split bearer 

with 

duplication 

for 

transmission 

diversity 

 

Table 2: Multi-connectivity and aggregation of multiple services  

 

Option 1) and 2) are showing two examples of applying 4G split bearer solution. The 4G split 

bearer DC solution effectively splits the packets in the master node. But in option 1) the packets 

are separated in the PDCP layer, while in option 2) the packet is separated in RLC layer. The 

solution in option 3) is for the support of 5G massive machine type communication. 

In conclusion, the “output” of METIS-II regarding the RAN is a relevant basic for the 5G ESSENCE, 

but METIS-II cannot be a reference for the 5G ESSENCE in the topic of the CN and orchestration 

strategies. The possible usage of this research can be done in cSD-RAN controller scope, but not 

as a tool usable in our project. 
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3.8 CogNet  

3.8.1 Architecture 

As described in [53], the CogNet project creates an autonomic network management solution, 

helped by machine learning techniques to dynamically adapt to changes via using the ML models 

and network management policies in a loop that monitors the environment, analyses the 

monitored data using the CogNet Smart Engine (CSE), plans the changes based on the data 

analysed in the Policy Engine and executes recommended actions though MANO and other 

controllers. 

 

 

Figure 10: Architecture of the CogNet project 

 

The architecture contains the following components, as shown in Figure 10: 

 CogNet Smart Engine’s (CSE) receives the state and resource consumption records, pre-

processes the records, selects suitable algorithms, and applies selected models to further 

process the received data.  

 Policy Engine translates the results of CSE into suitable actions to make, using Management 

and Orchestration functions. 

 NFV Architectural Framework, that uses the network intelligence into NFV MANO. 

 

It is logical and reasonable to think that those “outputs” are very plausible to be used for the 5G 

ESSENCE Telemetry and analytics module, as the CogNet scope is very similar to ours but, 

unfortunately, its GitHub repository is down and the Deliverable 4.4 that contains the technical 

information about the CSE is not uploaded, having to discard the CogNet solution as it is not 

enough documented and its code is not available. 
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4 Decisions in 5G ESSENCE over existing Phase 1 “Outputs” 

Once explained all the Phase 1 “outputs” that could be used inside the 5G ESSENCE’s scope, the 

next step is to justify why those were selected for our project. Note that the “outputs” discarded 

are not in this section, just the ones that are being actively used. 

 

4.1 CESCM 

Based on the practical lessons learnt from SESAME, all the (Element Management System) EMS 

components of the SESAME architecture (i.e., PNF-EMS, SC-EMS, Service EMS and SLA 

monitoring), which in practice reveal to be tightly related, are so considered in the 5G ESSENCE’s 

architecture under the scope of a single EMS entity. In addition to the Network Management 

System (NMS) of each tenant, in a general situation, the CESCM in the 5G ESSENCE is also able to 

incorporate an NMS for managing the whole set of CESCs deployed by an operator. This can be 

appropriate, for example in case that there exist CESCs belonging to different vendors in the same 

deployment, each one with its own EMS. The EMS/NMS also hosts the cSON functionalities (e.g. 

self-planning, Coverage and Capacity Optimisation (CCO), etc.) and the functionalities for the 

lifecycle management of RAN slicing (i.e. for the creation, modification or termination of RAN 

slices). 

 

4.2 CESCM Portal 

The 5G ESSENCE Graphical User Interface, which is provided within the CESCM portal, allows 

administrators to perform network control and management type operations. The sets of users 

granted administrative privileges might further grant and delegate administrative privileges to 

other sets of users, within e.g., the same organisation, etc.  

The whole lifecycle of the available VNFs as well as management of different SLA per tenant can 

be performed for different types of operations. The types of graphical user interfaces include a 

basic console to enable the performance of administration on all objects within the 5G ESSENCE 

framework. Additional consoles enable the performance of administration within the 

management of network resources of a specific operator (i.e., tenant). 

 

4.3 Monitoring 

SESAME’s monitoring framework will be actively updated and adapted to the 5G ESSENCE 

architecture, including the SLA monitoring function. As previously noted, the 5G ESSENCE 

architecture is based on the SESAME’s one so, the adaption and enhancement of the tools and 

“outputs” used in SESAME can “be naturally forwarded”, according to the new specifications. In 

case of the monitoring framework used previously in SESAME, its evolution in the 5G ESSENCE is 

called as the Network Service Monitoring and it is responsible for monitoring the status and the 

QoS of the services deployed and the environment performance, including the Light and Main DC, 

as well as the Virtual Machines (VMs) running the services deployed in them, the cSD-RAN 

controllers and the custom metrics derived from the proper VNFs that compose the different 
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Network Services. All monitoring data is processed by Prometheus with an alerting system that 

sends data in case of potential performance issues. 

SUPERFLUIDITY’s Landscaper is another fundamental tool used and improved in the 5G ESSENCE 

for telemetry and monitoring purposes. With it, it is possible to discern the resources available, 

used, and the relation between them in the cloud environment -virtualised or not- classified by 

type in a dynamic way with a map representation. This information is also processed by 

Prometheus and feeds the monitoring framework to detect unexpected behaviours of the whole 

NFVI, as described above. 

Both tools address the features necessary in the 5G ESSENCE to monitor the whole environment 

dynamically and to provide useful data to the analytics module, in order to reach the most 

efficient decisions to grant the best QoS possible. 

 

4.4 cSD-RAN Controller 

4.4.1 5G EmPOWER 

Many software defined RAN (SD-RAN) controllers exists, e.g. the Flex-RAN [54] controller and 5G-

EmPOWER controller. The FlexRAN is an extension to a modified version of the OpenAir Interface 

LTE platform providing a flexible and programmable SD-RAN platform that separates the RAN 

control and data planes through a new custom-tailored southbound API. The 5G-EmPOWER is an 

open Mobile Network Operating System for SDN/NFV research and experimentation in 

heterogeneous mobile networks. Its versatile architecture and high-level programming APIs allow 

for agile prototyping of innovative services and applications. It supports multi-tenancy (Wi-Fi and 

LTE), slicing (Wi-Fi and LTE), and mobility management (Wi-Fi and LTE) relying on both open 

(srsLTE) and commercial small cells and all the Wi-Fi access points that can run OpenWRT15. 

Having said this, it is worth mentioning that the 5G-ESSENCE’s ambitions with respect to the cSD-

RAN controller go beyond this open source initiative. Indeed, as discussed in D3.1 [55], the 

workplan in WP3 is to include development and experimentation on other two controller: the 

i2CAT Wi-Fi controller, based on NETCONF16 protocol, and the new CASA Axyom Controller17, a 

commercial solution for the cSD-RAN controller, both listed below. 

 

4.4.2 Wi-Fi controller 

Wi-Fi access densification is seen as a requirement to provide 5G capabilities by increasing the 

capacity and availability of the network. Indeed, 5G is expected to provide a wireless alternative 

to extremely dense scenarios, such as the In-Flight Entertainment & Connectivity (IFEC) system in 

commercial airplanes, as is the case of the UC3 of the 5G Essence. Software Defined Wireless 

Networks (SDWNs) and novel RRM techniques are required to maintain the QoE in these 

scenarios, according to the results of the 5G-PPP Phase 1 projects SESAME and 5G-XHAUL, where 

the partner i2CAT successfully developed a RAN Controller for wireless backhaul links ([56], [57]). 

                                                           
15

  See: https://openwrt.org/  
16

  For more details see, inter-alia: https://en.wikipedia.org/wiki/NETCONF  
17

 See, for example: http://investors.casa-systems.com/news-releases/news-release-details/casa-systems-debuts-
axyomtm-multiservice-router-broadband-world  

https://openwrt.org/
https://en.wikipedia.org/wiki/NETCONF
http://investors.casa-systems.com/news-releases/news-release-details/casa-systems-debuts-axyomtm-multiservice-router-broadband-world
http://investors.casa-systems.com/news-releases/news-release-details/casa-systems-debuts-axyomtm-multiservice-router-broadband-world
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As mentioned in Section 3.6, in the 5G ESSENCE this controller will be extended to configure the 

Wi-Fi RAN. 

 

4.4.3 CASA’s Controller 

The Axyom vRAN controller, is the commercial cSD-RAN implementation of the virtualised RAN 

using the Apex4G solution18, in order to provide an evolution of the standalone network 

equipment towards a virtualised network, separating the Control Plane and User Plane Separation 

without investing in a complete HW refarming; this is highly relevant for many operators that 

have heavily invested in legacy Radio Access Network solutions, and preparing the solution to use 

Dual Connectivity, by using the small cells as secondary nodes behaving as extension carriers of a 

macro overlay. 

Using this sort of approach, the solution provides an aggregation of different connections in the 

network edge together with the evolution of the Home eNodeB Gateways into a vRAN controller, 

integrating different network functions that are “critical” for the operator into the network edge 

like the Security Gateway, the Centralised SON function, a MEC applications portfolio or the 

Element Management Service in a converged solution based in virtualised services, conforming 

effectively to the Cloud Edge. 

The Axyom cSD-RAN Controller follows the ETSI NFV 2.0 specifications19, using OpenMANO20 as a 

principal Network Orchestrator, integrating technologies like Dockers21, Kubernetes22 and 

OpenDayLight23. The driver of the Axyom cSD-RAN controller is having a control plane 

implemented using OpenSource virtualisation and SDN technologies and a zero-buffer-copy data 

plane to boost real-time packet-processing efficiencies, principally in those functions that require 

encryption and compression acceleration.  

This architectural solution, following the principles of the 5G ESSENCE aims at consolidating the 

discrete architectures for each major workload -such as signal processing, network control, packet 

processing and application delivery- into just one architecture, helping to simplify both 

application development and system management, while significantly improving the scalability. 

In this sense, the solution supports different slices using two protocol stack option splits (that is 

Option 1 and Option 2), in order to be able to re-use the existing equipment, minimising the 

processing requirements in terms of hardware acceleration on the network edge, which leads to 

lower operational costs and a simplified network management strategy. 

This solution intends to provide an assessment of the 5G ESSENCE solutions in a commercial 

platform by using the right density of users mainly in the Work Package 7 (WP7), where the user 

density will provide the right information for testing in a real environment with a realistic 

workload, being able to use Cat-M1 and NBIoT24 devices, and in Work Package 6 (WP6) being able 

                                                           
18

  See: https://www.c-cor.com.au/wp-content/uploads/2017/09/Casa-Datasheet-Apex-Enterprise-4G-Small-Cell-1.pdf  
19

  See: https://www.etsi.org/technologies-clusters/technologies/nfv  
20

  For more details also see: https://osm.etsi.org/   
21

  For further information see, inter-alia: https://en.wikipedia.org/wiki/Dockers   
22

  See: https://kubernetes.io/   
23

  See: https://www.opendaylight.org/    
24

  For further information see, for example: https://www.iot-now.com/2016/06/21/48833-cat-m1-vs-nb-iot-
examining-the-real-differences/  

https://www.etsi.org/technologies-clusters/technologies/nfv
https://osm.etsi.org/
https://en.wikipedia.org/wiki/Dockers
https://kubernetes.io/
https://www.opendaylight.org/
https://www.iot-now.com/2016/06/21/48833-cat-m1-vs-nb-iot-examining-the-real-differences/
https://www.iot-now.com/2016/06/21/48833-cat-m1-vs-nb-iot-examining-the-real-differences/
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to use Rel.1225 and Operator Specific QCIs in order to route the Push-to-Talk messages26 with a 

huge number of devices. 

 

 

Figure 11: Interfaces and entities of the 4G RAN Axyom vRAN Controller 

 

  

                                                           
25

  See: http://www.3gpp.org/specifications/releases/68-release-12  
26

  For further information see, for example: https://en.wikipedia.org/wiki/Push-to-talk  
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5 Projects during Phase 2 

During the lifespan of the 5G ESSENCE, other projects with similar goals are being developed in 

parallel reaching, in some cases, the same conclusions and occasionally almost “identical” 

outcomes. Those “duplicated” efforts invested in the same results could be avoided with a deeper 

vision of the other actual projects being in progress, by finding partners working on “similar” 

technologies, thus “opening a door” to collaboration and by generating cooperative compatible 

“outputs” with more and improved features. In other cases, some technologies and/or tools 

necessary for our tasks have already been identified and found during the previous stages of 

Phase 2, however the information about those public “outputs” is not available, or it is hard to 

find in an intuitive way.  

The idea of the next table is to have an overview of all the technologies used and improved in the 

5G ESSENCE in relation to other 5G-PPP Phase 2 projects, aiming to “ease” the task of finding 

collaboration and/or information about related “outputs” among them. The table has been filled 

with four different parameters, depending on the usage or the development of the associated 

technology: 

 Blank: Implicates not using that technology. 

 Low: Implicates using the technology, but not improving it. 

 Medium: Implicates using and implementing minor upgrades to the respective technology. 

 High: Implicates creating a tool or improving the technology with new important features. 

 

5.1 5G-PPP Phase 2 projects 

The projects below are founded and financed under the same Horizon 2020 5G-PPP context as the 

case of the 5G ESSENCE. 

 SDN SD-RAN NFV 

 

Orchestration Telemetry Machine 

learning 

Distributed 

E2E service 

5G ESSENCE High High Medium Medium High Medium High 

5GCAR [58] Low  Medium Medium Low  Low 

5GCity [59] High High High High Medium Medium Medium 

5G MEDIA [60] Low  High Medium Medium Medium  

5G-MONARCH [61] Low Medium Medium Medium Medium High  

5GPhos [62] High High   Medium Medium  

5G-PICTURE [63] High High Medium High  Low  Low  

5GTango [35]   High High Low   

5GTRANSFORMER 

[64] 

Medium Low-

Medium 

Medium Medium Low-

Medium 

 Medium 

5GXCAST [65] Low  Low Low    

5G BlueSpace [66] High Low High High Low   
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IoRL [67] Medium  Medium Medium    

MATILDA [68] Low  Low High Low  High 

METRO HAUL [69] High  Medium Low High Medium  

NGPaaS [70] High  Medium High Medium   

NRG5 [71] Low  High Medium Medium Medium Medium 

ONE 5G [72] Medium Medium Low  Low Low Medium 

SAT 5G [73] Medium Low  High High   Medium 

SLICENET [74] High Medium High High Medium  Medium 

5G! Pagoda [75] High Medium High High Low   

5G Coral [76] Medium Medium High Medium Medium  High 

Table 3: Phase 2 projects related to the 5G ESSENCE technologies 

 

5.2 Other related projects 

Some other public “parallel” projects during the second phase have been forwarded with 

interesting “outcomes” that can be studied to reach or improve the research tasks. These are 

listed as follows: 

 SDN SD-

RAN 

NFV 

 

Orchestration Telemetry Machine 

learning 

Distributed 

E2E service 

5G ESSENCE High High Medium Medium High Medium  High 

SHIELD Low Low High High High High  

5G-AuRA High High Medium Medium Low Low Medium 

5GWireless Medium High Medium Low Low Low High 

Table 4: Other projects during Phase 2 related to 5G ESSENCE technologies 

 

5.2.1 SHIELD Project 

Cybercrime is one of the most relevant and significant menaces to both the society and economy 

in Europe. Establishing efficient and effective ways to protect services and infrastructures from 

ever-evolving cyber threats is crucial for sustaining business integrity and reputation as well as 

protecting citizens’ personal and sensitive data. 

To that end, the SHIELD project [77] proposes a universal solution for dynamically establishing and 

deploying virtual security infrastructures into ISP and corporate networks. SHIELD builds upon the 

huge momentum of Network Functions Virtualisation (NFV), as currently standardised by ETSI, in 

order to virtualise security appliances (e.g. firewalls, deep packet inspection, intrusion detection 

etc.) into virtual Network Security Functions (vNSFs), to be instantiated within the network 

infrastructure using NFV technologies and concepts, effectively monitoring and filtering network 
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traffic in a distributed manner. A trust monitor establishes a root-of-trust and monitors the 

SDN/NFV infrastructure for signs of compromise.  

The Data analysis and Remediation Engine (DARE) aggregates logs and metrics from vNSFs, which 

leverages big data storage and analytics to analyse the network in order to predict particular 

vulnerabilities and attacks and understand the adversary possibilities, behaviour and intent. The 

SHIELD virtual security infrastructure can be used internally for network monitoring and 

protection by the ISP, but it can also be offered as-a-service to ISP customers; for this purpose, 

SHIELD establishes a “vNSF Store”, that is a repository of vNSFs, as firewalls, DPIs, or content 

filters, from which the ISP customers can select the ones which “best match” their needs and 

deploy them to defend their infrastructure from undesired accesses. This concept offers an 

affordable, zero-CAPEX security solution for citizens and SMEs, taking benefits of its openness and 

interoperability of security functions. Additionally, SHIELD vNSF can be easily scaled, customized 

and upgraded in accordance to customers’ needs, unlike security solutions based on monolithic 

hardware. 

Useful Inputs for the 5G ESSENCE 

The mission of SHIELD is to create a next-generation cybersecurity platform for advanced SecaaS 

offerings tailored for software networks, exploiting state-of-the-art techniques such as Big Data 

analytics and infrastructure/service attestation. To that end, the SHIELD platform, whose 

functional architecture is shown in Figure 12 (described in detail in SHIELD Deliverable D2.2 [78] 

but also briefly overviewed herein) brings together the following components: 

 Network infrastructure - The network infrastructure provides a trusted environment for 

supporting the execution of virtual Network Security Functions (vNSFs), implementing a 

Network Functions Virtualisation Infrastructure (NFVI) environment, according to the ETSI 

NFV specifications.  

 Virtual Network Security Functions (vNSFs) - vNSFs are software instantiations of security 

appliances that are dynamically deployed into the network infrastructure vNSFs: (i) gather 

information about the network traffic and generate events sent to the DARE, and; (ii) 

prevent attacks or mitigate vulnerabilities and threats. This is useful across all the 5G 

ESSENCE use cases, since a level of cybersecurity can be offered as a Service running in an 

isolated slice. 

                            

Figure 12: Functional architecture of the SHIELD platform 
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 vNSF orchestrator (vNSFO) – SHIELD uses the open source OSM orchestrator, which is 

responsible for managing the lifecycle of Network Services (NS), which are composed by 

one or more vNSFs. This allows to on-board packages for vNSFs and NSs, deploy (instantiate 

and place) NSs in specific points of presence within the network infrastructure, check the 

available and running services, execute actions on them, and so on. The vNSFO sends 

security configurations to the vNSFs in xml format (e.g. firewall rules, etc.) 

 vNSF store – it acts as a nexus between the vNSFO and third-party vNSF 

providers/developers, who can register and manage vNSFs in order to make them available 

through the SHIELD platform. This can be valuable to the 5G ESSENCE as it can improve the 

exploitation potential for VNF-developing partners. 

 Trust Monitor – it is the component in charge of monitoring the trust of the SHIELD 

infrastructure. Integrity is checked periodically to detect compromised software and/or 

hardware and it is based on the Trusted Computing paradigm and its Remote Attestation 

workflow. This is particularly important across all the 5G ESSENCE use cases, as ensuring a 

root-of-trust and having timely breach notifications can improve overall security and 

privacy of the platform. 

 Data Analysis and Remediation Engine (DARE) – As we can read in [79]. “The DARE is an 

information-driven IDPS platform that stores and analyses heterogeneous network 

information, previously collected via vNSFs”, “It features cognitive and analytical 

components capable of predicting specific vulnerabilities and attacks. The processing and 

analysis of large amounts of data is carried out by using Big Data, data analytics and 

machine learning techniques”. Furthermore, the DARE Remediation engine uses the 

analysis from the data analytics modules and it is fed with alerts and contextual information 

to determine a mitigation plan for the existing threats. Although the 5G ESSENCE does not 

feature a cybersecurity use case, the DARE can be a significant addition to a “future” 

iteration of the 5G ESSENCE, since it would allow tailor-made intrusion detection with 

machine learning to each tenant. 

 Security dashboard and controller – Using the dashboard, operators have access to 

monitoring information showing an overview of the security status. The dashboard also 

allows tenants and operators to take action on any detected vulnerability and react to it. 

This is the SHIELD front-end that allows the operator to apply and roll back remediation 

recommendations. 

SHIELD has also defined a very detailed process for the integration, testing and validation of VNF 

devices and the requirements for carrier-grade performance and certification. SHIELD also 

performed a Data Protection Impact Assessment that is tailor-made for VNFs, taking into account 

the different roles and obligations for the users and administrators, etc. More information can be 

found in D5.1 [80] (Integration results of SHIELD HW/SW modules) and D3.2 [81] (Updated 

Specifications, Design and Architecture of vNSF ecosystem) which are publicly available in 

SHIELD’s website [77]. 

 

5.2.2 5G-AuRA 

5G-AuRA (Application-aware User-centric pRogrammable Architectures for 5G multi-tenant 

networks, GA No.675806) [82] is an Innovative Training Network of the Marie Skłodowska-Curie 

Actions, which aims at supporting the career development and training of new researchers 

through international and inter-sector mobility. 



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

Grant Agreement No.761592  30.11.2018 

 

 
Deliverable D2.3 (“Alignment with 5G-PPP Phase 1 technologies and final architecture”)  
 56/97 
 

5G-AuRA is focused on designing a unified framework that will sustain the coexistence and 

coordination of networking, as well as software and cloud technologies. The main objectives 

include ensuring network programmability and efficient resource orchestration, minimising 

control and signaling overhead, supporting multi-tenancy and scalability, and promoting the 

development of new business models for emerging services. 

In particular, the vision of future 5G networks encompasses a heterogeneous communication 

landscape in which existing Radio Access Technologies (RATs) will be integrated with evolving 

wireless technologies and systems, software-design network architectures and cloud-enabled 

services. The ambition towards 5G systems is to provide customised user-centric services at an 

affordable price, in an effort to strengthen key societal needs in heterogeneous domains such as 

transportation, health, environment, etc. As we can read in [82], ”We expect that the emerging 

5G ecosystem will consist of ultra-dense, heterogeneous deployments of multiple RATs with a wide 

range of backhauling options (microwave, E-band, optical, etc.), owned and shared by multiple 

stakeholders and supporting highly diverse applications and services, from Over-The-Top (OTT) 

applications, to proximity services and Machine Type Communications (MTC). 

Effectively harnessing the potential of all these innovative and heterogeneous features and 

providing a programmable multi-tenant network architectural framework will be the key to the 

success of 5G, and it is the main objective of 5G-AuRA”. 

The proposed 5G-AuRA network architecture for 5G networks is sketched in the figure as follows:  

 

 

Figure 13: 5G-AuRA conceptual architecture 
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The main aspects that 5G-AuRA investigates include the following: 

 New physical layers for 5G systems, mainly in the mm-wave frequency band, and novel 

interference mitigation techniques, on the development of the concept of “personal-cell”, 

and on the design and fabrication of high-directional massive antenna arrays. 

 Cell-less user-centric resource allocation and mobility management with focus on user-

centric MAC protocols, as well as on the optimisation of jointly access and backhaul 

methods via SDN control. 

 Network analytics, as well as design, performance evaluations and benchmarking of 

Service-oriented RAN architectures. The main focus is on exploiting the SDN paradigm and 

edge-cloud computing to optimize the performance of MTC services, on studying fast user 

discovery and active device location mechanisms, and on exploiting RAN analytics and 

mobile edge computing for improving the performance of time critical applications. 

 Assessment on wireless virtualisation and SDN technologies, on-demand multi-tenancy 

mechanisms and architectures, as well as prototype implementation mechanisms and 

simulations analysis of multi-tenancy operations. 

  

There is a clear relation with the 5G ESSENCE, having the same goal to improve the performance 

of applications using location mechanisms based on SDN, RAN and MEC analysis in a multitenant 

environment. Also, this project use software techniques to coordinate the different RATs, which 

could be used to find ideas about the methods used. 

 

5.2.3 5GWireless 

5GWireless (GA No. 641985) [83] is also an Innovative Training Network of the Marie Skłodowska-

Curie Actions, which is focused on studying and designing Innovative Architectures, Wireless 

Technologies and Tools for High Capacity and Sustainable 5G Ultra-Dense Cellular Networks.  

5GWireless is an integrated and multi-disciplinary training through-research network committed 

to revisit architectures, systems and algorithms for building the 5G cellular network of tomorrow. 

The network-wide objectives of 5GWireless are as follows: 

 Analyse, design and optimize radically new network architectures and topologies for 5G 

networks based on device-centric and cell-less concepts and ultra-dense deployments of 

access points.  

 Analyse, design and optimize radically new transmission technologies for 5G networks 

based on massive and single-RF multi-antenna concepts and mmWave communications. 

 Introduce new methodological approaches to the analysis, design and optimisation of 5G 

networks based on stochastic geometry, point processes, and random shape theory tools. 

 

In particular, 5GWireless investigates three main technological aspects: 

 Large-Scale Multiple-Antenna Technologies and mmWave Communications: Development 

of novel algorithms, transmission schemes, channel models and antennas are considered. 

Furthermore, there is focus on testbed experimentation and assessment of large-scale 

MIMOs for ultra-dense cellular communications, as well as mmWave cellular 

communications. 
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 Transmission Protocols for Smart Devices: Development of novel communication 

protocols, based on relaying, network coding, device-to-device and full-duplex are 

considered. Additionally, there is focus on spectral and energy assessment in ultra-dense 

cellular networks. 

 Ultra-Dense Cellular Networks Modelling: Accurate modelling of heterogeneous spatial 

locations and interference are considered. Moreover, there is focus on the development of 

new mathematical tools for communications performance evaluation. 

 

To summarise, the 5Gwireless project defines and optimizes radically changing architectures and 

technologies leading to a wholesale re-thinking of cellular operational principles and 

architectures, network topologies, transmission technologies and methods to their analysis, 

design and optimisation. 

5G Wireless has some relationship with essence regarding the RAN research and the E2E 

distributed services, but there is not any output potentially usable. 
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6 Final Architecture 

 

The general architecture of the 5G ESSENCE in its first version is depicted in Figure 14, as it was 

initially conceived in the respective deliverable D2.2 [84]. The different elements of this 

architecture are further being developed in the context of WP3 and WP4. In particular, the cSD-

RAN controller, as considered in [55], is described in Section 6.1. In turn, the telemetry and 

analytics framework as considered in [33] is described in Section 6.2. Furthermore, a detailed 

elaboration of the RAN slicing management functionality is discussed in Section 6.3.  

 

 

Figure 14: 5G ESSENCE high-level architecture 

 

The 5G core network will be based on what is called as the “Service-Based Architecture” (SBA), 

centred around services that can register themselves and subscribe to other services. This enables 

a more flexible development of new services, as it becomes possible to connect to other 

components without introducing specific new interfaces. The new system architecture is specified 

in a relevant 3GPP Technical Specification [85]. Moreover, since a single network infrastructure 

can “meet” diversified service requirements, a cloud-native end-to-end network architecture has 

the following attributes: 

 Provides logically independent network slicing on a single network infrastructure to “meet” 

diversified service requirements and provides DC-based cloud architecture to support 

various application scenarios. 

 Reconstructs radio access networks (RANs) to provide massive connections of multiple 

standards and implement on-demand deployment of RAN functions required by 5G. 
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 Simplifies core network architecture to implement on-demand configuration of network 

functions through control and user plane separation, component-based functions, and 

unified database management. 

 Implements automatic network slicing service generation, maintenance, and termination 

for various services to reduce operating expenses through agile network O&M. 

 

The 5G networks will be able to provide diversified services of different KPIs, support co-existent 

accesses of multiple standards, and coordinate different levels of base stations (BSs). This design 

will allow creating a network architecture, capable of supporting such flexibility while “meeting” 

differentiated access demands. Additionally, multi-connectivity technologies need to be 

coordinated based on traffic and mobility requirements of user equipment to provide sufficient 

transmission throughput and mobile continuity.  

Service requirements vary with different network functions and also 5G networks must flexibly 

orchestrate network capabilities considering service characteristics, which significantly simplify 

network functions and increase network efficiency. Various services have enlarged the mobile 

network ecosystem and raised network deployment complexity. Rapidly deploying new services 

requires an improved set of lifecycle management processes involving network design and service 

deployment. 

The service-driven 5G network architecture focuses on flexibly and efficiently meeting varied 

mobile service requirements. With software-defined networking (SDN) and Network Functions 

Virtualisation (NFV) supporting the underlying physical infrastructure, 5G comprehensively 

“cloudifies” access, transport and core networks. The “key” technologies of E2E network slicing, 

the component-based network functions, and on-demand deployment of service anchors are 

enabled thanks to the cloud adoption, which allows better support for diversified 5G services. The 

enabling plane abstracts and analyses network capabilities to implement network optimisation or 

open network capabilities in the form of API. The upper layer of the network architecture 

implements E2E automatic slicing and network resource management. 

Also, based on the control and user plane separation, 5G core networks using component-based 

control planes, programmable user planes, and unified database will simplify signalling interaction 

and allow for the deployment of distributed gateways. Customised network functions can allow 

operators to generate increasingly flexible additional network slices to “better serve” subscribers’ 

needs. Thus, on the core side, 5G is conceptualised as one single architecture, represented by the 

Service Based Architecture (see Figure 15). Actually, the point-to-point (P2P) frame resembles to 

the previous generations models, where separate interfaces are defined between each of the 

nodes, running different protocols on most of the interfaces. This model has its drawbacks from 

being closed and hardy programmable. However, 5G service providers are looking for operational 

agility and programmability in the cloud part and the initial 5G deployments are expected to take 

this model as a reference. 

 

In order to facilitate the enablement of different data services and requirements, the elements of 

the 5G Core (5GC), also called as Network Functions, have been further simplified with most of 

them being software based so that they could be customized according to specific needs.  
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The 5G System architecture consists of the following Network Functions (NFs) majority of which 

constitute the 5GC: 

 Authentication Server Function (AUSF) 

 Core Access and Mobility Management Function (AMF) 

 Data Network (DN), e.g. operator services, Internet access or 3rd party services 

 Structured Data Storage network Function (SDSF) 

 Unstructured Data Storage network Function (UDSF) 

 Network Exposure Function (NEF) 

 NF Repository Function (NRF) 

 Policy Control Function (PCF) 

 Session Management Function (SMF) 

 Unified Data Management (UDM) 

 User Plane Function (UPF) 

 Application Function (AF) 

 User Equipment (UE) 

 (Radio) Access Network ((R)AN) 

 

 

 

 

 

 

 

 

 

Figure 15: 5G core service-based architecture 

 

Taking into account the unique nature of the 5G ESSENCE, as well as the high-level architecture 

proposed already and the project’s orientation, the specific Network Function mapping to the 5G 

ESSENCE architecture is illustrated in Figure 16.  

The main components of the 5G system level architecture and their high-level description are 

mentioned as below. 
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Figure 16: Refined high level architectural framework 

 

The Access and Mobility Management Function (AMF) is in charge of access control and mobility. 

The UE registrations take place through the AMF. It interfaces with the AUSF for authentication, 

UDM for subscription information, and also it “talks” to NSSF to get slice information and to SMF 

for a Protocol Data Unit (PDU) establishment, which is a logical connection between the UE and 

data network. The Session Management Function (SMF) plays a role similar to S/PGW control 

plane elements in 4G, which is to be in charge of session establishment and to maintain the 

tunnel between the UPF and the access node. It manages the UPF over an Sx-like interface27 and it 

also interfaces with PCF for network wide policies. The User Plane Function (UPF) is a combination 

of the SGW and the PGW user planes of the 4G. It interacts with the access node over a GTPU 

interface while, at the same time, it makes QoS handling and policy enforcement to the user plane 

part. Finally, the (Radio) Access Network (RAN) serves typically to remove a portion of the physical 

hardware handling baseband processing and moves that functionality into the cloud. 

While it can be argued that the 5G ESSENCE core functions can be distributed further out, the 

connection-oriented architecture makes this distribution cumbersome. Thus, with separate user 

plane functions distributed along the 5G ESSENCE platform with two-tier edge-computing 

solutions and distributed mobility management, will allow the breakout of the traffic closer to the 

edge of the network and it will be possible to push out data-heavy application processing (such as 

enhanced video services, immersive user experience, virtual reality (VR), and other processor 

intensive processes and communications).  

 

                                                           
27

  For more informative details also see: http://www.3gpp.org/cups    
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The revisions targeted to the rest elements of the 5G ESSENCE architectural framework are 

described in the sections to follow. 

 

6.1 cSD-RAN controller 

The centralised Software-Defined Radio Access Network Controller (cSD-RAN) enables the 

configuration and the coordinated operation of the multi-RAT small cells considered in the 5G 

ESSENCE, which include 5G, 4G and Wi-Fi technologies, for delivering 5G services. Therefore, the 

cSD-RAN controller should be capable of dynamically managing a cluster of small cells, their 

network interfaces, and its associated functionality to ensure rich slicing, multi-RAT and multi-

tenant support.  

The requirements of the cSD-RAN controller are provided in [55] in relation to the support and 

coordination of multi-RAT and multi-tenant operation, the support of licensed, unlicensed and 

lightly-licensed operation, the support of SON, RRM and CoMP, the support of network slicing and 

the monitoring requirement. Based on this, initial specifications are presented in relation to 

virtualisation features, networking features and features related to each RAT (5G, 4G and Wi-Fi). 

According to these specifications, the development of the cSD-RAN controller collects the most 

significant aspects of the standardisation work in 3GPP in order to align its contributions with the 

standardisation path, fostering the adoption of the 5G ESSENCE technologies in real 5G networks.  

The cSD-RAN controller relies on the Software Defined Network (SDN) concept by separating 

Control Plane (CP) from User Plane (UP) functions. Specifically, the cSD-RAN controller includes a 

number of CP functions associated to the RAN. The separation between CP and UP allows 

independently scaling the CP and UP resources, as well as an independent evolution of CP and UP 

functions, and it also allows a more efficient distribution of the user plane across the network.  

The cSD-RAN controller is hosted within the edge DC of the 5G ESSENCE architecture and 

encompasses the following CP functions running as VNFs:  

 The protocol stack slice VNFs, which include the CP of the virtualised layers of the protocol 

stacks of the involved 5G NR, 4G and WiFi RATs.  

 The multi-access resource abstraction function, which performs the resource allocation 

optimisation problem, taking resource allocation decisions over a cluster of a variety of 

multi-RAT cells. 

 The cRRM function, which takes as input the decisions of the resource abstraction function 

and provides these decisions to the protocol stack functions of the different cells and 

technologies. 

 The centralised SON (cSON) function can also be included at the cSD-RAN controller for 

hosting optimisation functions that are coordinated for multiple cells and/or technologies.  

 

The functionalities of the protocol stack slice VNFs of the cSD-RAN controller depend on the 

specific RAT and on the considered functional split option to separate between virtualised and 

physical network functions. In that respect, Figure 18 presents a realisation of the functionalities 

of the protocol slice VNF for the 5G NR RAT assuming the functional split option 1, in which the 

RRC layer is virtualised (and associated to the gNB-CU) while the layers SDAP and below belong to 

the physical network function (and are associated to the gNB-DU). As a result, as shown in Figure 



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

Grant Agreement No.761592  30.11.2018 

 

 
Deliverable D2.3 (“Alignment with 5G-PPP Phase 1 technologies and final architecture”)  
 64/97 
 

18, the RRC protocol functions are hosted at the cSD-RAN controller of the 5G ESSENCE, while the 

CESC hosts the layers SDAP and below. As shown also in the respective figure, the 5G NR protocol 

slice VNF includes the RRM layer with different functions such as connection mobility or call 

admission control associated to each small cell. These RRM functions run here at cell level and can 

be coordinated through the cRRM and multi-access resource abstraction functions. The 5G 

protocol slice VNF also includes the AP and SCTP layers of the control plane protocol stack for the 

Xn28 and N229 interfaces, the eGTP configuration functions, and an OAM layer including a 

management agent and a dSON agent. The management agent produces the management 

interfaces towards the EMS/NMS management systems. In turn, the dSON agent incorporates 

some SON functions executed at cell level that can potentially be coordinated by the cSON 

function. 

The separation of the control plane and user plane processing is achieved through directly 

implementing the user plane function between the UPF function of the 5G Core and the small cell, 

defining the TEIDs of the GTP interface at the network interface of the small cell using the Cell 

Control interface, which defines the different buffers and sockets to be used in the remote radio 

node. 

The cSD-RAN controller can also be devised for supporting other functional splits. In this respect, 

Figure 18 depicts the 5G NR protocol stack VNF for the case of split option 6, in which the MAC 

and above layers are virtualised and are associated to the gNB-CU while the gNB-DU only includes 

the PHY layer. In this case, and in addition to the same control functionalities of Figure 17, the 

cSD-RAN controller also hosts the control plane functions of the MAC, RLC, PDCP and SDAP layers. 

In turn, the data plane functions of these layers are included as a specific multi-access UPF VNF, 

with whom the cSD-RAN controller interacts. 

 

 

Figure 17: Components of the 5G NR Protocol Stack VNF of the cSD-RAN Controller using a 

protocol stack split Option 1 

                                                           
28

  See: https://www.etsi.org/deliver/etsi_ts/138400_138499/138420/15.00.00_60/ts_138420v150000p.pdf   
29

  See: https://www.developingsolutions.com/products/dstest-5g-core-network-testing/n1-n2-interface-application/  
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Figure 18: Components of the 5G NR Protocol Stack VNF of the cSD-RAN Controller using a 

protocol stack split Option 6 

 

Although the architecture can consider different functional split options, the current focus of the 

project has been placed on providing an initial support of the functional split option 1. For this 

case, the project has also defined the F0 interface to structure the communication between the 

L3 deployed in the Edge Cloud Datacentre, within the cSD-RAN Controller, and the L2 and L1 

layers deployed in the CESCs. The F0 interface provides means for interconnecting a gNB-CU and a 

gNB-DU of a gNB within an NG-RAN, or for interconnecting a gNB-CU and a gNB-DU of an en-gNB 

within an E-UTRAN. As defined by the project, the F0 interface extends the concepts of the F1AP 

interface standardised by 3GPP for 5G NR [86] to support as well 4G, to configure also the PDCP 

layer (because in the case of F1 the PDCP belongs to the gNB-CU) and to introduce some relevant 

procedures not captured in the F1AP interface but highly relevant for the self-organisation of a 5G 

small cell network, like e.g. the Radio Environment Measurements intended to acquire the 

configuration of the RF environment surrounding the small cell. 

 

6.2 Telemetry, Analytics and Orchestration systems 

The 5G ESSENCE system presents a high degree of dynamicity, due to the constantly changing 

behaviour of services and workloads to be supported by the radio and cloud infrastructure. From 

this perspective, a proper monitoring system able to adapt to the different supported scenarios is 

required. The data collected by the monitoring system is used for visualisation purposes (for 

human consumption) and it is also provided to a set of analytics techniques capable of extracting 

insights from the data and, via feedback loop, enabling the realisation of efficient resource 

allocation across the infrastructure, through the orchestration system. These are the 

functionalities provided from the 5G ESSENCE CESCM. 
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Figure 19: Components of the telemetry, analytics and orchestration framework 

 

Figure 19 depicts the architecture of the 5G ESSENCE telemetry, analytics and orchestration 

framework, which are matter of WP4 and whose interaction is described more in details in the 

following subsections. 

 

6.2.1 Telemetry module 

One of the challenges for telemetry in the 5G small cell deployments considered in the 5G 

ESSENCE is the degree of distribution resulting from the distribution of infrastructure 

functionalities across different nodes of the network going from a centralised location (the Main 

DC) to the very edge of the network (Light DC) where the small cells are deployed. Then, to 

achieve a full end-to-end view of both infrastructure and services, the telemetry system should be 

able to instrument and monitor the different devices composing the overall infrastructure and to 

provide a unique and simple-to-access view of the system that can be exposed to both 

dashboards and analytical techniques. 

Another challenge is the high complexity which characterises the overall telemetry system: the 

huge number of metrics and volume of data to be collected, processed and analysed increases the 

complexity of the decision-making modules, slowing down the reaction time of the system and 

implicitly increasing service latency. The telemetry system is then required to be distributed in 

nature and to adapt to the constantly changing needs of the infrastructure. For this purpose, two 

key desired characteristics of the telemetry platform are: (i) the capability to generate aggregated 

and derived metrics, and; (ii) the capability to store and, consequently, access the data locally by 

using a distributed monitoring approach. 

The telemetry functionality is implemented through a number of agents that are distributed in 

different parts of the architecture, both at the Light and the Main DC, while the analytics 
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functions are to be placed at the Main DC. Something similar occurs with the OSM orchestrator, 

which is logically associated to the CESCM, but it physically resides at the Main DC. 

The telemetry module is organised in two main components: Network Service Monitoring and 

Landscaper. The Network Service Monitoring is in charge of collecting counters and events, in the 

form of metrics, from the NFVI, the services running on the 5G ESSENCE infrastructure and the 

SD-RAN controller. This is supported by the Prometheus monitoring tool and a set of exporters, 

which provide the capability to extract from the system the required information and send that to 

Prometheus. In fact, Prometheus natively supports hierarchical federation capabilities that 

provides to the 5G ESSENCE monitoring system the flexibility and reliability required. Another 

very important functionality provided by the Network Service Monitoring is the Alerting system, 

which, based on the continuous monitoring of metrics, identify deviations from normal 

behaviours of the services and the infrastructure and send a signal to the orchestration system. 

An important aspect of the 5G ESSENCE monitoring framework is the capability of monitoring the 

RAN, as a difference from most of the existing telemetry platforms, which have typically been 

used for the collection of measurements related to Information Technology (IT) infrastructure 

components, e.g., CPU (Central Processing Unit) usage, memory, operating systems, etc. In 

contrast, the monitoring of the RAN involves collecting radio interface-related measurements 

from the CESCs.  

The 5G ESSENCE considers multi-RAT CESCs that support 4G, 5G and Wi-Fi technologies. The 4G 

LTE small cells collect a number of measurements at the physical (PHY) layer (see [87]) and at the 

Layer 2 (see [88]). These measurements can be collected by the small cell or by the User 

Equipment (UE) that reports them to the small cell. Similarly, for 5G NR the list of PHY 

measurements is given in [89], while Wi-Fi measurements are described in [90].  

Although the above measurements are available at the small cells, the capability of a telemetry 

platform -like Prometheus- to collect them depends on the actual configuration of measurements 

that each small cell exposes to an external system, typically through management interfaces 

defined between the small cell and the EMS and/or NMS. The interface between the small cells 

and their EMS is typically vendor specific, but there have been some efforts in defining open 

standard interfaces such as TR-196 [91] supported by multiple vendors. Similarly, 3GPP has also 

standardised different Performance Measurement (PM) metrics [92] and Key Performance 

Indicators combining these metrics [93] to be transferred from the small cells (or their EMS) to 

the NMS. These PM metrics are provided in the form of XML files following the format of [94] and 

produced according to a configured reporting interval. Each file can contain one or more 

granularity periods, which define the time across which measurements are collected and 

aggregated. In the 5G ESSENCE, the PM files are generated by the cSD-RAN controller. It exposes 

the relevant metrics to a Representational State Transfer (REST) Application Programming 

Interface (API) that generates a JavaScript Object Notation (JSON) service that is then translated 

by a specific exporter, which consumes and translates the data to be understandable by 

Prometheus.  

Telemetry data obtained from the RAN are then subject to analytics approaches to support the 

decisions made by different RRM/SON functions for which the cSD-RAN Controller is in charge, as 

seen in Figure 19. 

The monitoring framework of the 5G ESSENCE is designed to also collect information about the 

cloud resources. First the framework requires supporting the identification of available physical 
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resources, which will be allocated to VNF Components and then it requires monitoring the 

interdependency between virtual and physical resources. In the 5G ESSENCE monitoring 

framework, this functionality is covered by the Landscaper shown in Figure 19.  

The Landscaper is responsible for collecting information related to the resources available in the 

system. It gathers all the available resources on the NFVI and structures them in the form of a 

graph, where nodes represent the resources and edges represent relationships between them. 

Nodes are organised in layers (physical, virtual and service) in order to enable a logical 

classification of the resources. The Landscaper has already been described in Section 3.5.3. 

 

6.2.2 Analytics module 

The analytics module in Figure 19 is envisioned as a collection of tools and approaches to support 

and execute Analytics/Machine Learning (ML) tools on the telemetry data to generate models to 

be used for provisioning of insights to the orchestration system (i.e., OSM), and to the cSD-RAN 

controller of the small cells. 

The analytics module is characterised by two main components: The Contextual Information 

component and the Analytics Framework. 

The Contextual Information component is responsible for the storing of contextual data for 

services and NFVI and receives its input from the Landscaper (resource mapping), the Network 

Service Monitoring (telemetry metrics) and the Analytics Framework (models generated over 

time). 

This information is exposed to the Analytics Framework where it is processed to generate 

actionable knowledge, in terms of models, that will support orchestration decisions. This 

information is sent to the Orchestration system which exploits it for efficient placement and 

intelligent resource allocation and to the cSD-RAN Controller, which, as mentioned, makes 

informed and intelligent decisions on radio resource allocation. 

 

6.2.3 Orchestration module 

The Orchestration module includes the Service Orchestrator (SO) and the Resource Orchestrator 

(RO) as part of Open Source MANO (OSM), and the Virtual Infrastructure Manager (VIM) as the 

combination of OpenStack and OpenDaylight (ODL). 

Moreover, two extra modules are envisioned in the final implementation of the overall 

orchestration system, which are the Placement Assistant and the Alert Mitigation Manager.  

The Placement Assistant intercepts the deployment requests sent to the Orchestrator from the 

5G ESSENCE User Portal and translate that into an efficient deployment of components based on 

hints received from the Analytics Framework. The Placement Assistant is responsible for decisions 

related to the resource allocation for the service components at the deployment time (i.e. where 

to allocate resource, Main DC vs. Light DC). 

The Alert Mitigation Manager is instead responsible for managing the service at the runtime, 

according to anomalous behaviour identified by the Network Service Monitoring. The Network 

Service Monitoring sends triggers to the Alert Mitigation Manager when something anomalous is 

measured and the latter decides how to react to the event, on the basis of hints received from the 



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

Grant Agreement No.761592  30.11.2018 

 

 
Deliverable D2.3 (“Alignment with 5G-PPP Phase 1 technologies and final architecture”)  
 69/97 
 

Analytics Framework. The Alert Mitigation Manager is responsible for decisions related to the 

dynamic adjustment of service configuration and resource allocation. 

 

6.3 RAN slicing management functionality  

Figure 20 depicts the components involved in the support of RAN slicing as being considered in 

the 5G ESSENCE. The core functionality consists of a set of management functions, collectively 

referred to as RAN Slicing Management Function, which are in charge of the lifecycle 

Management (LCM) of RAN Slice Instances (RSIs), carrying out operations for creation, 

modification and termination of RSIs. Irrespective of its particular implementation, the RAN Slicing 

Management Function exposes a set of management capabilities for provisioning and monitoring 

of RAN slices (e.g. information models and procedures to request the creation of a RSI based on 

templates, procedures to create a measurement job for collecting the performance data of RSIs, 

etc.). Accordingly, the RAN Slicing Management Function plays the role of a producer of 

management services that can be accessed by one or multiple management service consumers via 

service-oriented interfaces30.  

Consumers of the RAN slicing management services in the 5G ESSENCE are the operator of the 5G 

ESSENCE infrastructure itself (e.g. operator staff that accesses the RAN Slicing Management 

Function through web-based interfaces or GUIs) as well as other possible management functions 

(outside the scope of the 5G ESSENCE architecture) such as those in charge of end-to-end network 

slicing management. Also, a limited/restricted set of the management capabilities offered by the 

RAN Slicing Management Function might be exposed to the tenants of a 5G ESSENCE 

infrastructure through the CESCM portal after enforcing the desired exposure governance. 

For realising the RSIs, the RAN Slicing Management Function shall interact with the set of PNFs 

and VNFs distributed in CESCs and Main DC that support the L1, L2 and L3 radio access 

capabilities31 of the 5G ESSENCE infrastructure. These interactions can be based on a combination 

of both proprietary and standardised interfaces (e.g. 3GPP interfaces such as Itf-N32 or new 

service-based interfaces under study, TR-06933 interfaces, SON APIs34, etc.). Through these 

interfaces, the RAN Slicing Management Function should be able to allocate and configure the 

necessary L1, L2 and L3 radio access functions and resources for the creation and operation of 

RSIs. For that purpose, the manageable characteristics of these L1, L2 and L3 radio access 

functions and resources shall be represented through the corresponding descriptors/data models. 

Similarly, and given that some part of the RAN functionality can be virtualised, the RAN Slicing 

Management Function shall be also capable to consume management interfaces provided by NFV 

                                                           
30

  This consumer/producer terminology is aligned with the service-based management concepts currently adopted by 
3GPP for the management and orchestration of 5G networks (see 3GPP TS 28.533 v15.0.0). 

31
  For more details also see, among others: 

https://www.researchgate.net/publication/322376498_On_5G_Radio_Access_Network_Slicing_Radio_Interface_Pr
otocol_Features_and_Configuration  

32
  For further details also see the context of: 3GPP TS 32.101 V9.0.0 (2009-09): 3rd Generation Partnership Project; 

Technical Specification Group Services and System Aspects; Telecommunication management; Principles and high 

level requirements (Release 9). 
33

  TR-069: CPE WAN Management Protocol (CWMP), Broadband Forum. 
34

  Also see, among others: Small Cell Forum (SCF) (2015): SON API for small cells (SCF083.07.02).  
[Available at: https://scf.io/en/documents/083_-_SON_API_for_small_cells.php]  

https://www.researchgate.net/publication/322376498_On_5G_Radio_Access_Network_Slicing_Radio_Interface_Protocol_Features_and_Configuration
https://www.researchgate.net/publication/322376498_On_5G_Radio_Access_Network_Slicing_Radio_Interface_Protocol_Features_and_Configuration
https://scf.io/en/documents/083_-_SON_API_for_small_cells.php
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MANO (e.g. Os-Ma-nfvo35) for e.g. lifecycle management of the Network Services (NS) and VNFs 

that are used to realize part of the radio access functionality. 

 

Figure 20: RAN slicing management function 

 

The support of RAN slicing management features enabling the dynamic creation of RSIs and 

leveraging NFV capabilities as depicted in Figure 20 involves two main aspects:  

 Specification of information models and interfaces to support dynamic provisioning of RAN 

slices: As noted in the upper part of Figure 20, this requires the development of RAN slice 

templates to specify the service characteristics of a RAN slice and the support of 

provisioning interfaces through which RSI creation requests can be triggered by the 

consumer of the RAN slicing management services (e.g. the operator of the 5G ESSENCE 

infrastructure). Based on the service requirements captured in the RAN slice templates, the 

LCM functions will orchestrate the necessary resources for the creation and operation of 

the RSIs. Besides, the provisioning interface can also be used for reporting the consumer 

with performance measurement data of a RSI and for reporting upwards fault management 

data of a RSI instance that requires operator or upper-level system intervention. 

 Specification of information models to account for the manageable characteristics of RSIs: 

This requires the definition of new or extended Network Resource Models that incorporate 

the necessary management objects for the configuration and operation of RSIs have to be 

defined. Also, the suitability of ETSI NFV MANO information models and interfaces shall be 

analysed to properly support the RAN slicing management needs when NFV is leveraged.  

 

                                                           
35

  For further details see: ETSI GS NFV-IFA 013 V2.1.1 (2016-10): Network Functions Virtualisation (NFV); Management 
and Orchestration; Os-Ma-Nfvo reference point - Interface and Information Model Specification. 
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In addition to the incorporation of the RAN slicing LCM functions, the rest of management 

applications within the NMS are also required to evolve to account for the new information 

models and management objects (e.g. performance management should be able to monitor KPIs 

per RSI for SLA compliance) as well as to properly interact with the LCM functions. In this regard, a 

compelling proposition is the development of a tight integration between the LCM functionality 

and NMS functionality for cell planning and self-deployment, as further explored in the following. 

The management services offered by the RAN slicing management function for provisioning and 

monitoring of RAN slices in Figure 20 shall allow automating the provisioning processes of RAN 

slicing (i.e. from creation to termination of RSIs). The feasibility of such automation depends on 

the elements and configurations within the RAN that could be potentially impacted for the 

realisation of the RSIs. As depicted in Figure 21, if the deployment of a new RSI involves the 

installation of additional infrastructure or hardware modifications (e.g. add new cell sites to 

extend coverage or increase capacity or new Remote Radio Head (RRH) to support new RF bands), 

several actions with human intervention have to be necessarily conducted before the RAN slice 

could be provisioned in an automated manner. Otherwise, automation becomes feasible but with 

varying degree of complexity. 

Automation is anticipated to be easily achievable with relatively low complexity if the provisioning 

of a RSI does not modify parameters that impact on the cell footprint but it is mainly based on the 

configuration of parameters such as network and network slice identifiers within cells (e.g. Single 

Network Slice Selection Assistance Information [S-NSSAI], Public Land Mobile Networks [PLMN] 

that can be accessed in each cell), slice type selectors (e.g. selection of the radio access behaviour 

to be enforced, among a set of behaviours pre-configured/supported) and load guarantees and/or 

limitations to control the amount of traffic aggregate served by each RSI. A more complex case in 

terms of automation comes when provisioning also embraces the reconfiguration of cell 

parameters that modify to some extent the capacity/ coverage of the cells (e.g. transmission 

power, channel bandwidth, frequency band, mobility control configuration). In this case, 

automation feasibility mainly relies on the support of SON functionalities to re-adjust the 

modified cell footprint for optimised performance (e.g. re-computation of neighbouring cells, 

correction of coverage holes and cell overshoot situations, interference mitigation, mobility 

optimisation and so on). Ultimately, this reconfiguration of the cells might also involve the 

activation of new cells (e.g. new RF carriers), which could be served by the already operational 

gNBs (e.g. a gNB typically can handle multiple cells) or require the deployment of new VNF 

instances involving the NFV MANO systems (e.g. instantiation of a new gNB VNF to handle the 

new cell). 

 

Figure 21: Feasibility and complexity of automation in the RSI provisioning processes 
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7 Impact on Standardisation 

The projects developed in the 5G-PPP are based on research of new technologies to facilitate 

their integration in future projects, reaching conclusions about the methodology to follow the 

correct approach when implementing them. This methodology usually includes specifications 

about the architecture, tools to use and steps to follow to reach the best practices possible when 

using the technology. 

Each single project in H2020 programme has a specific task during the last part of the project, 

which addresses the potential standardisable “outputs” and research done during the whole 

duration of the project. The different SDOs, that according to Wikipedia are “A standards 

organisation, standards body, standards developing organisation (SDO), or standards setting 

organisation (SSO) is an organisation whose primary activities are developing, coordinating, 

promulgating, revising, amending, reissuing, interpreting, or otherwise producing technical 

standards that are intended to address the needs of a group of affected adopters“ [95], listed 

below, study each output to look for new standard candidates and, when they identify some of 

them regarding their area of action, they study each case and decide about adapting the new 

standards and how. There are hundreds of SDOs, but for the case of 5G-PPP projects, the only 

ones that might implement some “outputs” as standards are, according to the January White 

Paper of 5G-PPP Architecture [96]:  

  “3GPPP is the organisation responsible for developing cellular telecommunications network 

technologies, including radio access, the core transport network, and service capabilities - 

including work on codecs, security, quality of service - and, thus, provides complete system 

specifications.  

 ITU-T IMT2020 / SG13 covers all 5G no-radio network segments as far as overall 5G 

architecture, network softwarisation, integrated network management, fixed mobile 

convergence is concerned.  

 IETF covers all aspects 5G no-radio network segments as far network slicing is concerned.  

 ETSI covers all aspects on Network Function Virtualisation (NFV), Mobile Edge Computing 

(MEC), Next Generation Protocols (NGP) is concerned. ETSI has established its first Open 

Source Group OSG OpenSource Mano (OSM). ETSI is also active on security especially through 

ETSI TC CYBER and organisation of the ETSI Security Week on a yearly basis.  

 IEEE is the standards organisation responsible for the WiFi and WiMAX standards among 

many others. In addition to this, there are standards related to machine type communications. 

Currently work is ongoing to enhance the ability to manage WiFi networks and integrate them 

in cellular networks.”. 

 

It is vital to understand the importance of 5G-PPP projects in the establishment of standards 

concerning all the processes to follow when deploying 5G environments. Without them, there 

would be less results of PoCs, implementation of use cases, conclusions, tests and tools that can 

be considered as standards established, resulting in weaker, encapsulated implementations with 

different specifications in each case that could, though with difficulty, be merged or reused 

between them if necessary because of the inherent customisation. Thanks to the standards 

generated during all the phases of this 5G-PPP call, the future environments will be more alike, 
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maintainable and efficient, with lower implementation times and better compatibility. The 

specialised work done in projects is separated in different Work Groups that work together in one 

or more projects in order to join efforts in concrete areas. Those are defined in the 5G-PPP 

webpage as “a number of cross-project work groups where the work of multiple projects can be 

converged into identifying the shared issues and developing supported program level position on 

technical and strategic items”. The list of Work Groups is described in [97]. 

 

7.1 5G-PPP Standards targeted in Phase 1 projects 

The projects listed below helped actively on some of the standards considered and, in some cases, 

now established. They are classified by Project, Topic and SDO. In case more information about 

the areas impacted and how is needed, the whole list can be found here [96]:  

 Overall 5G Architecture 

Project Topic  Considered in SDO 

SONATA 

5GEX 

5G Architecture ITU-T IMT2020 

5G-ENSURE 5G security architecture 3GPP  

5G-ENSURE Privacy ETSI TC CYBER 

Speed5G Spectrum sharing, temporary spectrum access ETSI RRS 

Speed5G MAC 3GPP RAN2 

Speed5G Dynamic spectrum access using FBMC IEEE 1900.7 

5G-Crosshaul 5G transport technologies IEEE 

3GPPP 

5G-Crosshaul 5G transport network architecture IEEE 

5G-Crosshaul Small cells and Mobile Edge Computing BBF 

5G-Crosshaul 5G technologies NGMN 

5G-Crosshaul 5G Transport and MEC ETSI MEC 

5G-Crosshaul Network throughput ETSI MEC 

5G-Crosshaul 5G transport technologies NGMN 

ITU-T 

ETSI 

5G-Crosshaul Fronthaul and backhaul ETSI 

5G-Crosshaul MEC Metrics ETSI 

COHERENT Requirements for the architecture of 5G cellular networks RAN Plenary 

COHERENT Architecture with control plane/user plane separation RAN3 

Table 5: Phase 1 “outputs” considered by SDOs related to Overall 5G Architecture 
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 Network Softwarisation 

Project Topic  Considered in SDO 

SONATA 

5GEX 

5G Network Softwarisation ITU-T  

IMT2020 

SONATA Security ETSI NFV 

SEC 

REL WGs 

SONATA Monitoring ETSI NFV EVE WG 

SONATA Cloud Nativeness ETSI NFV EVE WG 

SONATA Multi-domain matters ETSI NFV EVE 

REL 

SEC 

TST WGs 

SONATA Reference implementation ETSI OSM 

SUPERFLUIDITY Virtualisation IETF  

ETSI 

SUPERFLUIDITY MEC ETSI 

5G-Crosshaul Wireless Transport SDN ONF 

5G-Crosshaul SDN-Architecture ONF 

ETSI 

5G-Crosshaul Cross Stratum Optimisation ONF 

5G-Crosshaul Network softwarisation ITU-T 

5G-Crosshaul Wireless Transport SDN ONF 

5G-Crosshaul Service chains IRTF 

5G-Crosshaul Deterministic networking IETF 

5G-Crosshaul SDN IEEE 

ONF 

Table 6: Phase 1 “outputs” considered by SDOs related to Network softwarisation 
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 Network Management 

Project Topic  Considered in SDO 

SONATA 

5GEX 

5G Network Management Architecture ITU-T  

IMT2020 

SONATA 

5GEX 

5G Network Management Requirements ITU-T  

IMT2020 

SONATA 

5GEX 

Extending MANO to include Network Slicing IETF98 

IETF100 

SONATA 

5GEX 

Autonomic Slice Networking IETF100 

SONATA 5G DevOps IETF NFVRG 

SELFNET Management ETSI 

ETSI NFV (SOL005) 

SELFNET Resiliency IRTF 

SESAME Multi-tenancy Small Cell Forum (SCF) 

5G NORMA Use Case Analysis ETSI NFV (IFA022) 

5G NORMA Multi-site connectivity options ETSI NFV (IFA022) 

5G NORMA Architectural considerations ETSI NFV (IFA022) 

5G NORMA Functional requirements ETSI NFV (IFA022) 

5G NORMA Reference point requirements ETSI NFV (IFA022) 

5G NORMA Recommendations on descriptors and information 

elements 

ETSI NFV (IFA022) 

5G NORMA WAN Use Case ETSI NFV (IFA022) 

5G NORMA Analysis of the role of WIM ETSI NFV (IFA022) 

5G NORMA Gap analysis between network controller and WIM ETSI NFV (IFA022) 

5G NORMA Use Case Analysis ETSI NFV (IFA022) 

5G-Crosshaul Orchestration NGMN 

CogNet Network management data models IETF WGs SUPA I2NSF 

and I2RS 

CogNet Policy frameworks in NFV MANO ETSI NFV WG IFA 

CogNet Policy frameworks in NFV security ETSI NFV WG SEC 

CogNet Knowledge-based network management IRTF NM RG 

Table 7: Phase 1 “outputs” considered by SDOs related to Network Management 
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 Network Slicing 

Table 8: Phase 1 “outputs” considered by SDOs related to Network Slicing 

  

Project Topic  Considered in SDO 

5GEX Multi-operator slicing 3GPP SA5 

5GEX Architecture for multi-operator slicing 3GPP SA5 

5GEX Multi-operator services ETSI IFA 

SONATA 

5GEX 

5G Network Slicing Autonomic Management IETF99 

SONATA 

5GEX 

5G Network Slicing Management IETF98 

SONATA 

5GEX 

5G Network Slicing Problem statement IETF99 

SONATA 

5GEX 

5G Network Slicing Architecture IETF99 

SONATA 

5GEX 

5G Network Slicing Use Cases IETF99 

SONATA 

5GEX 

5G Network Slicing Functionality IETF99 

SONATA 

5GEX 

5G Network Slicing Information Model IETF 100 

SONATA 

5GEX 

5G Network Slicing Interconnection IETF 100 

SONATA 

5GEX 

5G Network Slicing Information Model IETF 100 

SESAME Network Slicing ETS NFVI EVE 
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 Radio/ Wireless Network Interworking and Interfaces 

Project Topic  Considered in SDO 

METIS-II New RRC UE Inactive state 3GPP RAN2 

METIS-II RAN based paging 3GPP RAN2 

METIS-II 

mmMAGIC 

LTE & NR tight integration 3GPP RAN2 

mmMAGIC Initial access mm-wave with low frequency band 

assistance 

RAN1 

mmMAGIC Self-backhauling (“Integrated Access and Backhauling”) RAN2 

COHERENT COHERENT Architecture (Control, user and Service planes) ETSI BRAN 

COHERENT COHERENT Network Graphs ETSI BRAN 

COHERENT UP/CP separation 3GPP 

COHERENT Central coordination of scheduling RAN2 

COHERENT RRM functions pertinent to CU RAN3 

COHERENT gNB-DU definition RAN3 

5G-Crosshaul Wireless transport IETF 

IEEE 

5G-Crosshaul Function splits BFF 

IEEE 

eCPRI 

5G-Crosshaul Management and control of wireless transport IETF 

5G-Crosshaul Wireless SDN ONF 

IETF 

Table 9: Phase 1 “outputs” considered by SDOs related to Radio/Wireless Network Interworking 

and Interfaces 
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 Wireless/Wireline Network Interworking and Interfaces 

Project Topic  Considered in SDO 

5GEx Interworking IETF 

5GEx RAN based paging ONF 

5G-Crosshaul Optical access FSAN 

BBF 

5G-Crosshaul G.metro ITU-T Q6/15 

5G-Crosshaul Unified Transport Data Plane IEEE 

 

Table 10: Phase 1 “outputs” considered by SDOs related to Wireless/Wireline Network 

Interworking and Interfaces 

  



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

Grant Agreement No.761592  30.11.2018 

 

 
Deliverable D2.3 (“Alignment with 5G-PPP Phase 1 technologies and final architecture”)  
 79/97 
 

8 Market Watch 

5G is the term used to describe the fifth generation of cellular mobile communications. Although 

the 3GPP Release 15 has defined the 5G system architecture [98], the final standard has yet to be 

formally defined. The 5G network are expected to build on and integrate with the previous 

generations of wireless networks. 5G will support the expected mobile data growth and, at the 

same time, will allow for emergence of new services. It is expected to bring network performance 

enhancements and agility in the network characteristics, by allowing the networks to be 

programmed and configured for specific use cases by creating multiple “virtual’ networks over a 

common infrastructure, as indicated in the 5G ESSENCE.  

In the following sections we analyse how Regulatory, Economic, Technology aspects impact in the 

introduction of the 5G ESSENCE in the real context (for the real deployment of the 5G). 

 

1. Regulatory 

The EU is boosting 5G as a new technology to develop and deploy fully compatible and 

homogeneously all over Europe, taking into account how to facilitate interoperability on an 

international level. In particular, some key decisions have already been made at European level: 

these regulations will include providing sufficient amounts of spectrum available in the 

appropriate bands and defining the license conditions for the operators. The goal of providing 

uninterrupted 5G coverage to all urban areas by 2025. The 700 MHz (under 1 GHz) and the 3.6 

GHz (between 1 GHz and 6 GHz) bands, together with the 26 GHz (above 6 GHz) band, have been 

selected as the main bands to facilitate the launch of 5G and for early 5G deployment. The 3.6 

GHz band is “most suitable” for the immediate introduction of 5G, while the 700 MHz band is 

recommended for nationwide and indoor coverage. Other possible bands, for further exploration 

and potential availability for 5G use, include other frequencies like the 800 MHz, 900 MHz, 1.5 

GHz, 1.8 GHz, 2.6 GHz, 32 GHz and 42 GHz bands; these ranges are not included in the 5G 

ESSENCE context. 

 

2. Economic  

The introduction of 5G will lead to a step-change in mobile networks, their capabilities and the 

services they provide. By offering new network management possibilities that enable support of 

multiple virtual networks with different characteristics over one single physical network, 5G will 

be able to provide new services, which, in the longer run, will be crucial for the incremental 

revenues, which will determine the 5G roll-out. 

The increased flexibility that 5G will provide, will allow network operators to configure networks 

in different ways, so that they can offer different solutions that will “meet” the demands of the 

users. Although in the short-to-medium term, the initial driver for 5G deployment may be the 

enhanced mobile broadband and the capability to provide differentiated services for a number of 

different verticals simultaneously adapting networks rapidly to meet new demands/requirements 

as specified in the 5G ESSENCE. 5G will affect positively every industry sector and the relation 

between the citizens and municipalities as indicated by the 5G ESSENCE.  
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3. Technological 

To satisfy the potential 5G use cases, 5G must combine a number of new technical capabilities 

and technologies. The 5G network will not be like the cellular networks as we know them, but will 

rather be a mix of radio interfaces, mesh and dedicated networks, working all together. From the 

radio interface prospective, 5G will leverage on LTE for the lower frequencies, and a new radio-

access technology for the higher frequencies. This tight interworking between LTE and the new 

radio technology will play a very important role in the initial deployment of 5G that will make the 

transition smooth for Telcos and the users. 5G is “seen” as a single network that serves multiple 

demands (high data speeds, low latency, and device density). Stakeholders have identified key 

enablers that will facilitate the new services efficiently and rapidly. These key enablers include 

network function virtualisation, software defined networking, mobile edge computing and 

network slicing, as addressed in the 5G ESSENCE.  

Besides the enhanced mobile broadband, 5G will have to support different types of machine-type 

communications, which include applications related to smart homes, vehicle telemetry, consumer 

electronics, health monitoring, etc. In general, there can be defined three main application 

segments: 

 Enhanced Mobile Broadband (eMBB), also called Extreme Mobile Broadband (xMBB);  

 Ultra-Reliable Machine Type Communications (mMTC), also called Ultra-Reliable and Low 

Latency Communications (URLLC), and; 

 Massive Machine Type Communications (mMTC). 

 

All of these types of communications separate or combined, are expected to meet the 

expectations of the end users and enable most of the use cases of the 5G ESSENCE. 

These new technologies introduced in 5G solve some of the challenges that are inherent to 4G, 

but at the same time set new ones, which will require new additional technologies to solve them.  

 

8.1 On-going technologies and implication 

During the time a project is being developed, technological changes occur and some of the 

technologies used get obsolete and, therefore, useless. The team involved in the project have to 

check constantly the state-of-the-art of the used technologies and think about the steps to take to 

adapt to them easily, and to prevent possible obsolescence of the on-going project dynamically. 

Some upcoming technologies could affect the normal development of the 5G ESSENCE in its latest 

stages or right after it is finished and have to be planned. The next sections describe some 

technologies to come that have to be adapted. 

 

8.1.1 Smaller lithography 

The lithography of a hardware processor is the physical space between transistors or logic gates. 

The decrement of this value, make possible the integration of more transistors in the same space, 

having more computational power per core and more cores in smaller areas and more energy-

efficiency, as the lower the lithography, the lower the power consumption. The process of 

changing the size of transistors is very complex and expensive to adapt for the companies, but 

every enhancement in this area comes along with faster processors for everyone to use, 
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decreasing significantly also the heat generated by them and hence the need of cooling, which 

added to the power consumption reduction, result in more efficient overall systems.  

A clear example is the 5G NR technology, that cannot be embedded in the existing small cell 

chipsets, requiring to be massive and commercial, the utilisation of a smaller lithography. The 

current SoC products, are using 14nm or even 22nm technologies, that does not allow the 

required integration into a chipset with the required power consumption (less than 5W) to 

implement a residential or enterprise base station. The arise of new and smaller lithography 

technologies, like the 7nm one, which has been started being used in the new A12 processor of 

Apple, using the Fin Field-effect transistor36 (FinFET) technology, allows the required degree of 

integration, making viable to use the 5GNR waveform in residential and enterprise devices. In that 

sense, also the path for using an even smaller lithography has started, and both Samsung, TSMC 

and GlobalFoundries have started researching in nano-sheet or nanowire FETs for enabling the 

3nm technology that will make the 5G equipment a complete reality, being able to integrate in 

very small and energy efficient devices the required processing power for dealing with the high 

complexity of 5G standards. 

The problem is that this vision can be stopped by some practical barriers, like the cost of 

developing an ASIC in these technologies. If the cost is $300M for a single chip using the 7nm 

lithography, this cost rises to $1,500M according to recent reports of the specialised firm IBS [99], 

which pose a major barrier to develop in a short term the required 5G equipment. 

In any case, this is not a threat for the 5G ESSENCE, is just posing a time horizon to the moment 

where 5GNR equipment will be used instead of 4G and Wi-Fi equipment, having the operators, 

the right amount of time to adapt their networks to use 5G NR in SA mode or in other deployment 

schemes that are also supported by the 5G ESSENCE. 

 

8.1.2 5G New Radio 

The 5G New Radio (5G NR) is a new air interface (AI) developed for 5G as a next step and along 

with the different LTE versions that will be used in the initial steps of 5G deployment. However, 

nowadays 5G NR RAT is still being standardised and developed, hindering the adoption of this 

new radio technology in our actual environments due to its unavailability. 

One of the main features of the 5G architecture is the deployment of multiple small cells located 

close to the final users to create efficient E2E services. This will cause an increment of efficient 

devices to achieve the CESC capabilities, located over extensive areas to serve thousands of UEs 

on the edge of the network. The availability of small, standards 5G NR small cells is one of the 

principal pillars of this transformation and the deployment of this architecture. The 5G ESSENCE 

includes CESC functions using LTE and Wi-Fi RATs for now, which will be used as the main radio 

technologies in the different uses cases. Nevertheless, the cSD RAN controllers, improved during 

the project and analysed in WP3, will permit the inclusion of new kinds of small cells, including 5G 

NR and others to come in the future, creating a flexible infrastructure adaptable to any RAT 

device. This change is already planned in the actual scope of the 5G ESSENCE. 

 

                                                           
36

  See: https://en.wikipedia.org/wiki/FinFET  

https://en.wikipedia.org/wiki/FinFET
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8.1.3 AI Improvements 

Nowadays, implementing an AI system in a cloud environment is difficult and very expensive. The 

solution to this is adding Machine Learning tools to the existing cloud environments to reach 

useful conclusions that will lead to actions that make our cloud faster, more secure and efficient. 

Big companies are now the only ones trying to improve this technology, with slow, but constant 

results, offering open-source ML tools like Cloud AutoML [100] that eases the task of collecting 

data. When AI is mature enough, new analytics and actions based on precise auto-generated data 

will be created, easing the configuration of self-x functionalities. 

 

8.2 Evaluation strategy 

Evaluations, reviews and performance monitoring provide assurance that the project delivers 

“outcomes” as intended and its performance is well tracked, allowing for correction to occur if 

needed. Thus, the objectives of speedily, safely and cost-effectively delivering 5G connectivity 

should be fulfilled by leveraging three innovations in testing and assurance, that is: automation, 

network and traffic emulation, and new test methodologies.  

In a 5G world of increasing complex and dynamic networks -where capabilities such as Network 

Slicing require unprecedented operational agility and a DevOps culture is imperative- changes can 

happen really fast to some of the domains described in the previous sections. To that end, 

automation will be critical. This automation must be intelligent, actionable, real-time, and driven 

by analytics and machine learning that will improve gradually as explained in the previous section. 

Intelligent automation is at the heart of our ability to harmonise continuous processes such as 

testing and validation, lab management, and launching and assuring networks and services across 

development and operational domains. Full network automation is dependent on test and service 

assurance automation to reduce the complexity and economics of testing, verifying and delivering 

5G.  

Moreover, as 5G standards become ratified and early deployments draw closer, network and 

traffic emulation can play a pivotal role in simplifying the complex testing of our networks and 

services to help validate their readiness. The dynamic 5G networks will involve new antennas and 

chipsets, new architectures, new KPIs, new vendors, cloud distributions, and new frequencies 

and, unprecedented complexity. It will also entail adopting a DevOps culture with continuous 

testing across the lifecycle. Current test methodologies and strategies are simply not optimal and 

to realize the promises of the 5G ESSENCE approach to testing and assurance need to be 

elaborated further. 

These new approaches include testing methodologies and strategies that simplify the validation 

process to ensure that the 5G system under test meets and continues to meet expectations. They 

also provide development and operations teams with unified set of metrics, methodologies, and 

systems that support DevOps, driven by analytics and machine learning to help optimize testing. 

As standards about lithography and 5G NR antennas become ratified, along with AI 

improvements, we need to move beyond experimental 5G setups to affordable and repeatable 

test methodologies that can deliver services faster, simpler, and more cost effectively.  
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8.3 Proof of Concept Roadmap 

In the 5G ESSENCE, four PoCs have been proposed to demonstrate the feasibility of the implicit 

“outputs”, one to the WP3 cSD-RAN controller by CASA, and three dedicated to the WP4 

elements: 

 

cSD-RAN controller 

The cSD-RAN controller is the most relevant technical contribution of the 5G ESSENCE consortium 

to the 5G standardisation work, being a component that can be either deployed in a CU or a DU 

functions according to the 5G network architecture. 

As commented before, the PoC related to the cSD-RAN Controller intends to provide an 

assessment of the 5G ESSENCE solutions in terms of the abstraction of the RAN resources, Dual 

Connectivity, Multi-RAT operation and coordination and multi-tenancy in Work Packages 6 and 7. 

This Proof of Concept targets analysing and fine tuning the different algorithms, like the Resource 

Abstraction & Allocation Function, Network Slicing, including the Multi-Tenant Self-Planning 

algorithm, the analysis of the different system interfaces (like the F0 interface), the coordination 

of licensed, lightly-licensed and un-licensed spectrum, as well as the integration with the 

monitoring and management framework, extensively researched in the Work Package 4 are major 

topics to consider in the PoC related to the cSD-RAN Controller that will verify the Generalised 

Multi-Connectivity Framework through the abstraction of the radio resources integrating those 

RATs as defined by 5G-ESSENCE. 

Aspects like the capability of monitoring the load of each VNF, system responsiveness to network 

load modifications or radio conditions, mobility management, and the achievable performance in 

different network scenarios are of paramount importance for the final assessment of the project, 

together with the relevant metrics that can be extracted from the system in order to promote the 

enhancement of the network intelligence based in the Prometheus solution envisioned in the 

WP4. 

Finally, verifying the network model proposed by the 5G-ESSENCE including the feasibility of the 

Control Plane User Plane Separation between the cSD-RAN Controller (Main DC) and the radio 

unit (Light DC) in order to validate the key concept of the Distributed Data Center approach, 

which evolves into the Cloud Edge Data Center proposed in the 5G ESSENCE. 

 

The roadmap and milestones of this PoC is: 

Milestone Description Timeline 

1 Definition of a scenario to support the Proof of 

Concept and coordination of partner 

contributions 

M20 – End of January 2019 

2 Provisioning of a testbed for the integration and 

validation of components from different partners 

M24 – End of May 2019 

3 Intermediate development and integration status 

evaluated 

M22 – End of March 2019 
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4 Implementation of all the software modules 

completed 

M24 – End of May 2019 

5 Installation and Integration of components 

completed 

M25 – End of June 2019 

Table 11: cSD-RAN Controller PoC Roadmap 

 

High performance virtualisation technologies adapted to suit the specific requirements of the 

cloud-enabled small cell infrastructure 

In the 5G ESSENCE, the Main DC uses virtualisation techniques to achieve elasticity of large-scale 

shared resources. VMs are typically the backbone at the infrastructure layer. Containerisation in 

contrast allows a lightweight virtualisation through the bespoke construction of containers as 

application packages from individual images (generally retrieved from an image repository) that 

consume less resources and time. They also support a more interoperable application packaging 

needed for portable, interoperable software applications in the cloud. Containerisation relies on 

the capability to develop, test and deploy applications to a large number of servers, in addition to 

the interconnection between these containers, which address concerns at the cloud PaaS level. 

Given the overall importance of the 5G ESSENCE Main DC, a consolidating view on current 

activities is important. 

A container holds packaged, self-contained, ready-to-deploy parts of applications and, if 

necessary, middleware and business logic (in binaries and libraries) to “run” the applications. 

Tools such as Docker are based on container engines, in which the containers function as portable 

means to package applications. This results in the need to manage dependencies between 

containers in multi-tier applications.  

The 5G ESSENCE investigates containers with a strong focus on virtual machines to solve the 

above challenges. To increase the performance of virtual machines, both the VMs themselves and 

the virtual machine manager (hypervisor) need to be investigated. This includes work into 

minimising the operating systems running as virtual machines, making them as lightweight as 

possible. Unikernels have been also considered, that is, minimalistic VMs that merge an 

application and a minimalistic OS into one monolithic block, abolishing the computationally 

expensive split between the two. Furthermore, techniques to increase the performance of the 

hypervisor itself, with special focus on virtualisation on single-board computers, should be 

investigated. Finally, especially in network-heavy scenarios as in the 5G ESSENCE, the 

virtualisation overhead of network communications is considerable, especially in the case of VNF 

chaining, where each step in the chain incurs a latency penalty. Within the scope of the 5G 

ESSENCE, acceleration techniques for high-performance virtual networking and especially virtual 

switching between VMs need to be investigated, realised, and tested for their efficiency. 

 

5G ESSENCE orchestrator that jointly considers the decentralised data centre environment with 

the operation of cSD RAN controller for multitenancy 

In the 5G ESSENCE, the use of small cells with a network embedded cloud has the potential to 

facilitate a new breed of mobile services. The embedded Edge DC that hosts the cSD RAN 

controller helps to reduce the cost of high bandwidth backhaul over long distances to centralised 
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data centres, avoiding the lack of latency guarantees. In this paradigm, resources can also be 

treated elastically and on demand, while service providers will be able to offer cloud services 

based on a powerful two-tier data centre and with a large geographical footprint. Moreover, the 

implemented platform should support a converged cloud-radio environment, orchestrating 

diverse types of lightweight virtual resources, e.g., VMs, Containers, Unikernels, etc., enabling 

efficient placement and live migration. Further, as no available solution has adopted a distributed 

management approach to date, an evolved two-tier cloud orchestrator that provides a 

hierarchical management approach will be implemented. 

Dynamic telemetry and ML-based resource allocation modules 

The 5G ESSENCE telemetry and analytics module work together with the orchestrator and the 

different controllers in an information loop that analyses the data from all the monitored 

elements of cloud and RAN and takes decisions based on the data. This decision is based usually in 

some predetermined rules specified manually, having in mind the circumstances of the resources 

available and location, but there is another method, based on Machine Learning algorithms, 

which can adapt dynamically to the services requirements and their execution environment. 

The milestones defined for all the PoC are similar, as the development of every component is 

parallel, as shown in the next table: 

 

Milestone Description Timeline 

1 Definition of a scenario to support the Proof of 

Concept and coordination of partner contributions 

M17 – End of October 2018 

2 Provisioning of a testbed for the integration and 

validation of components from different partners 

M18 – End of November 2018 

3 Intermediate development and integration status 

evaluated 

M21 – End of February 2019 

4 Implementation of all the software modules 

completed 

M24 – End of May 2019 

5 Installation and Integration of components 

completed 

M25 – End of June 2019 

Table 12: WP4 Elements PoC Roadmap 

 

There is an open discussion about merging the last three PoCs in one bigger with all the elements 

coming from WP4 working together, inside the same testbed, instead of three different 

encapsulated PoCs, resulting in an environment with more usefulness that will have available all 

the new representative tools simultaneously. 
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9 5G ESSENCE’s “outputs” in Phase 3 projects 

In the same way the “outputs” resulting from Phase 1 projects are being actively used during the 

Phase 2, taking advantage of the work done to improve it and avoiding duplicating efforts in the 

same tasks, an adaption of the previous work will be done during Phase 3, finding useful 

information and outcomes from the precedent phases and adding new features to them.  

To ease the search of “outputs” in the 5G ESSENCE that can be potentially used in Phase 3 

projects, this section describes each project and the tools being developed in our project that can 

be adapted in each one. 

 

9.1 5G-VINNI: Verticals INNovation Infrastructure 

The concept of 5G-VINNI (5G-VINNI: 5G Verticals INNovation Infrastructure, GA No.815279) 

project [101] is to create a E2E dynamic environment as interconnected facilities used to validate 

the 5G KPIs in a practical way to later deploy and test them in real scenarios by vertical industries 

with applications conditioned by those KPIs to reach real models of technical and commercial 

service deployment with location independence between facilities. 

There are two types of facilities defined in 5G-VINNI placed in multiple locations: 

 Main Facility sites: Based on E2E services with specific SLA, used by ICT-18-19-22 projects 

 Experimentation Facility sites: Testbeds to experiment different E2E models, which result 

on the enhancement of 5G ecosystems.  

Summarising, the main objectives of 5G-VINNI are: 

 Demonstrate that key 5G network KPIs can be met 

 Be validated, accessed and used by vertical industries to test use cases and validate 5G KPIs 

Its main architecture and inputs are featured in Figure 22, organised in Service, Network and 

Resource & Functional level. 

 

Figure 22: 5G-VINNI high-level conceptual E2E facility architecture 
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The structure of the 5G-VINNI is based on modularity, permitting the instantiation of any service 

in all the available facilities, feature called as Recursiveness, which is very uncommon between 

operators or enterprise customers. This Recursiveness will be addressed by unifying the testing 

capabilities under the same Test Framework. 

 

 

Figure 23: 5G-VINNI Test Framework 

 

To fulfil those goals, different “outputs” from the 5G ESSENCE could be used in each facility and 

the whole ecosystem to ease the integration of services and measure correctly the KPIs and SLAs 

inherent of each type of facility. 

 Dynamic Telemetry and analytics: Ease the task of measuring the metrics that will check if 

the KPIs are being met. The 5G ESSENCE Analytics module could be considered for 

complementing the network analytics module of 5G-VINNI to provide improved 

capabilities. 

 Orchestration of Distributed End-to-End Services: Supports different kinds of virtual 

resources, adapting to all the facilities and MEC. 

 cSD-RAN controller: Able to control multi-RAT technologies that could be used during tests 

with multi-RAT scenarios to more effectively manage the radio resource utilisation and 

efficiency of its use. The admission control algorithms and scheduling algorithms deployed 

at the controller (and within the orchestrator in WP4) can be used by 5G-VINNI to control 

resources (isolation and management). 

 Use-cases architectures and specifications of 5G Essence can be utilised by 5G-VINNI for 

validation and tuning of their test environment for cases which 5G Essence. Complete 

configuration of the use-cases could be reused to be validated by the external testing 

framework. 

 



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

Grant Agreement No.761592  30.11.2018 

 

 
Deliverable D2.3 (“Alignment with 5G-PPP Phase 1 technologies and final architecture”)  
 88/97 
 

9.2 5GENESIS: 5th Generation End-to-end Network, Experimentation, System 

Integration, and Showcasing 

5GENESIS’ (5GENESIS: 5th Generation End-to-end Network, Experimentation, System Integration, 

and Showcasing, GA No.815178) [102] main goal is to integrate all the different “outputs” of R&D 

projects to generate a full stack E2E platform, where the 5G network KPIs are validated for various 

use cases, based on the new 3GPP 5G standards. For this purpose, five facilities from all over 

Europe have been assigned with different purposes, as read in the official web page: 

 “The Athens Platform: Edge-computing-enabled shared radio infrastructure (gNBs and small 

cells), with different ranges and overlapping coverage that are supported by an SDN/NFV 

enabled core, to showcase secure content delivery and low latency applications in large 

public-events”. 

 “The Malaga Platform: Automated orchestration and management of different network 

slices over multiple domains, on top of the 5G NR and fully virtualised core network to 

showcase mission critical services in the lab and in outdoor deployments”. 

 “The Limassol Platform: Radio interfaces of different characteristics and capabilities, 

combining terrestrial and satellite communications, integrated to showcase service 

continuity and ubiquitous access in underserved areas”. 

 “The Surrey Platform: Multiple radio access technologies that can support massive Machine 

Type Communications (mMTC), including 5G NR and NB-IoT, combined under a flexible 

Radio Resource Management (RRM) and spectrum sharing platform to showcase massive 

IoT services”. 

 “The Berlin platform: Ultra dense areas covered by various network deployments, ranging 

from indoor nodes to nomadic outdoor clusters, coordinated via advanced backhauling 

technologies to showcase immersive service provisioning”. 

 

To better understand the 5GENESIS E2E facility, Figure 24 shows the overall idea: 

 

 

Figure 24: 5GENESIS E2E Facility 
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Using this facility, the 5GENESIS project will provide the necessary infrastructure to reach the 

expected targets, as read in [103]: 

  “Implement and verify all evolutions of the 5G standard, via an iterative integration and 

testing procedure”; 

 “Engage a wide diversity of technologies and chain innovations that span over all domains, 

achieving full-stack coverage of the 5G landscape”; 

 “Unify heterogeneous physical and virtual network elements under a common coordination 

and openness framework exposed to experimenters from the vertical industries and 

enabling end-to-end slicing and experiment automation”, and; 

 “Support further experimentation projects, in particular those focused on vertical markets.” 

 

The usage of some of the 5G ESSENCE “outputs” can be useful to address all the objectives listed 

above: 

 Improved Landscaper: To unify physical and virtual networks in a common resource map. 

 Advanced and Efficient Virtualisation Platforms: Necessary to cover a wider range of 

deployable cloud elements (Unikernels, hardware accelerators, etc.) available in the 

different facilities. 

 Orchestration of Distributed End-to-End Services: Supports different kinds of virtual 

resources that can be improved to adapt the evolution of the new 5G standards. 

 Dynamic Telemetry and analytics: Used by the orchestrator to choose the placement of 

services and to monitor the performance-related KPIs of services among use cases. 

 cSD-RAN controller: Several technologies will be used. Our controllers and conclusions 

about the integration of a centralised RAN controller will make the implementation of new 

RATs easier to support the verticals experiments, using homogeneous tools. 

 

9.3 5G EVE: 5G European Validation platform for Extensive trials 

5G-EVE (5G European Validation platform for Extensive trials, GA No.815074) [104] is a Phase-3 

5G-PPP project, which intends to develop and interconnect four European sites (Greece, Spain, 

France, and Italy) to create a unique 5G end-to-end facility. The sites are complemented by 

advanced labs (e.g. the Ericsson lab in Kista, Sweden). The project aims at offering the facility to 

vertical industries for execution and validation of pilots. Access will be through a unified 

functional and operational API.  

The 5G EVE project will deploy the following use cases: 

 Smart Transport: Intelligent railway for smart mobility; 

 Smart Tourism: Augmented Fair experience; 

 Industry 4.0: Autonomous vehicles in manufacturing environments; 

 Utilities (Smart Energy): Fault management for distributed electricity generation in smart 

grids; 

 Smart cities: Safety and Environment - Smart Turin; 
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 Media & Entertainment: UHF Media, On-site Live Event Experience and Immersive and 

 Integrated Media). 

The next figure depicts the 5G EVE end-to-end facility. 

Figure 25: 5G EVE end-to-end facility 

 

The above depicted facility includes the following features:   

 Heterogeneous access, including NR, licensed/unlicensed spectrum, advanced spectrum 

management; 

 Mobile Edge Computing, backhaul, core/service technologies; 

 means for site-interworking and multi-site/domain/technology slicing/orchestration. 

 

Some of the “outputs” of the 5G ESSENCE could be adapted in 5G EVE as first steps of its 

development: 

 Orchestration of Distributed End-to-End Services: Our orchestrator supports the 

deployment of services on the edge and to execute efficient and live placement of virtual 

resources. It can also be improved to support multi-site/domain/technology.  

 Advanced and Efficient Virtualisation Platforms: Able to run services on the edge on 

resource-limited hardware (Unikernels, hardware accelerators, Light DCs, etc.). 
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 Dynamic Telemetry and analytics: Used by the orchestrator to choose the placement of 

services. 

 cSD-RAN controller: Can be used and accordingly improved to fully support NR, 

licensed/unlicensed spectrum, advanced spectrum management following 5G EVE 

specifications. 
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10 Conclusions 

In this deliverable we presented the different “outputs” found of the 5G-PPP Phase 1 projects 

potentially usable in the scope of the 5G ESSENCE and the reasons to use them, or not. These 

decisions have been made after a deep research of the “outputs” themselves, classifying their 

usability in other projects in general, and in the 5G ESSENCE in particular, explaining the decision 

in case it could be a valid, integrable options, explaining the way to make them compatible with 

the 5G ESSENCE’s needs. Those finished projects and the ongoing ones are also being considered 

for standardisation and will be used in the consecutive projects to follow and, in general, when 

using the technologies studied. 

The final 5G ESSENCE architecture and its components are described in this document, as this is 

the last deliverable of the Work Package 2; therefore, the researcher looking for the 5G ESSENCE 

architecture can directly consider and read this document and find a detailed description of it 

aligned with the decisions taken in work packages 3 and 4.  

Also, as a reference, the reader looking for information about some of the technologies used in 

the 5G ESSENCE can find similarities between the different 5G-PPP Phase 2 projects to extend the 

sources of data, as well as some other parallel projects outside of Phase 2 itself with interesting 

“outputs” and research. All finished Phase 1 and the current Phase 2 projects will provide 

“outputs” that will be used during the next three Phase 3 projects of the 5G-PPP call, so, for 

future developments, some ideas indicating how the 5G ESSENCE “outputs” can help with the 

implementation of the new projects have been described. 

A study has been forwarded about how the 5G ESSENCE will integrate the new market changes 

and the actual standards and requisites imposed for 5G architectures, aside from some detected 

possible interferences that will be presented in the mid and long-term basis, in the evaluation 

strategy of our project, followed by a Proof-of-Concept roadmap to know the next steps and 

dates when the project will reach each milestone and the maturity expected in a given stage. 
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