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List of Abbreviations 

Acronym Explanation 

4G The Fourth Generation of Mobile Communications 

3GPP The Third Generation Partnership Project 

5G The Fifth Generation of Mobile Communications 

5G-PPP 5G Public-Private Partnership 

AI Artificial Intelligence 

AIAI Artificial Intelligence Applications and Innovations 

API Application Programming Interface 

CESC Cloud-enabled Small Cell 

CESCM Cloud-enabled Small Cell Manager 

cSD-RAN centralised Software Defined Radio Access Network 

CPU Central Processing Unit 

DC Data Center 

E2E End-to-End 

EC European Commission 

EMS Element Management System 

EU European Union 

EUCNC European Conference on Networks and Communications 

GA Grant Agreement 

H2020 Horizon 2020 

IEEE Institute of Electrical and Electronic Engineers 

IT Information Technology 

JSON JavaScript Object Notation 

KPI Key Performance Indicator 

LTE Long Term Evolution 

MANO Management and Orchestration 

MC Mission Critical 

MCPTT Mission Critical Push-to-Talk 

ML Machine Learning 

MoE Municipality of Egaleo 

MWC Mobile World Congress 

NFV Network Function Virtualisation 

NFVI Network Function Virtualisation Infrastructure 

NMS Network Management System 

NR New Radio 

ODL OpenDayLight 

OSM OpenSource MANO 

PHY Physical Layer 

PM Performance Measurement 

RAN Radio Access Network 

RAT Radio Access Technology 

REST Representational State Transfer 

RO Resource  Orchestrator 

RRM Radio Resources Management 

SC Small Cell 

SD Software Defined 

SO Service Orchestrator 

SON  Self-Organising Network 

TR Technical Report 

UE User Equipment 
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VIM Virtualised Infrastructure Manager 

VNF Virtualised Network Function 

Wi-Fi Wireless Fidelity 

XML eXtensive Markup Language  
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1 Technology News 

1.1 Telemetry, Analytics and Orchestration systems in the 5G ESSENCE 
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 visualization 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 realization of efficient resource allocation across 
the infrastructure, through the orchestration system. These are the functionalities provided from the 
5G ESSENCE CESCM. 
Figure 1 depicts the architecture of the 5G ESSENCE telemetry, analytics and orchestration 
framework. 
 

1.1.1 Telemetry 

One of the challenges for the telemetry system is the degree of distribution of the infrastructure 
functionalities across different nodes of the network (Main DC and Light DCs). To achieve a full end-
to-end (E2E) view of both infrastructure and services, the telemetry system needs to instrument and 
monitor all the devices of the infrastructure and 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 huge number of metrics and volume of data to be collected, processed and 
analysed. To deal with the aforementioned requirements, 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 5G ESSENCE telemetry system is implemented through a number of distributed agents, (both at 
the Light and the Main DCs), while the analytics 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. 
 

 

Figure 1: Components of the telemetry, analytics and orchestration framework. 
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The telemetry module is organized 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 (SCs) collect a number of measurements at the physical (PHY) layer and at the Layer 2. 
These measurements can be collected by the small cell or by the User Equipment (UE) that reports 
them to the small cell. PHY measurements for 5G NR and  Wi-Fi are collected.  
 
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, supported by multiple vendors. Similarly, 3GPP has also standardized different 
Performance Measurement (PM) metrics and Key Performance Indicators (KPIs) combining these 
metrics 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 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 1. 
 
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 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 1.  
 
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 
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organized 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. 

1.1.2 Analytics 

The analytics module in Figure 1 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., Open Source MANO (OSM)), and to the 
cSD-RAN controller of the small cells. 
 
The analytics module is characterized 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. 
 

1.1.3 Orchestration 

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, upon the basis of hints received from the 
Analytics Framework.  
The Alert Mitigation Manager is responsible for decisions related to the dynamic adjustment of 
service configuration and resource allocation. 
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2 Publications 
5G ESSENCE Blog:  http://smartmobilelabs.com/blog/blog-12-03-2019-project-5g-essence/ 
 

3 Highlights on Past Events 
 

 

NECLE (NEC Laboratories Europe GmbH is an active partner of the 5G ESSENCE consortium) with Mr. 
Simon Kuenzer has joined the FOSDEM 2019 International Conference and has presented “Unikraft: 
Unikernels Made Easy” (https://fosdem.org/2019/schedule/event/unikraft_made_easy/) in which 
the Unikraft solution used for the NFV in 5G ESSENCE has been explained and analysed with a live 
demo. 
  

http://smartmobilelabs.com/blog/blog-12-03-2019-project-5g-essence/
https://fosdem.org/2019/schedule/event/unikraft_made_easy/
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OTE (under his role as the 5G ESSENCE project coordinator) participated in the 5G Vertical User 
Workshop, in Brussels, on February 12-13, 2019. This 5G Vertical User Workshop, as an initiative of a 
subset of European 3GPP Market Representatives, aimed to establish a collaborative event for 
strategic dialogue between industries and 3GPP by exchanging on future needs and upcoming 
standard developments. The workshop as a result, aimed to produce a report shared directly to 3GPP 
Project Coordination Group as a mean to stimulate and facilitate greater involvement of the 5G 
Vertical Users in the 3GPP process.  
 
The agenda for this 5G Vertical Users Workshop therefore focused on: 5G Vertical profiles, needs and 
expectations; current 5G activities including 5G Projects and Standardisation activity; 5G Releases 16 
& 17 of the 5G the 3GPP standardisation, and a draft report based on the workshop finding.  
 
Dr. Alexandros Kostopoulos (OTE) had the opportunity to present the updated status of the 5G 
ESSENCE use cases and pilots, as well as the actual progress regarding the standardization activities. 
 

 

Figure 2: Dr. Alexandros Kostopoulos (OTE) in the 5G Verticals Workshop 
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Athonet “BubbleCloud” solution (https://athonet.cloud/) has won a record of four (-4-) Global Mobile 
Awards at Mobile World Congress 2019 (MWC 2019), unprecedented in the event's history for a 
single product. This includes the prestigious CTO's Choice for Outstanding Mobile Technology. 
Athonet srl is an active partner of the 5G ESSENCE consortium. The winning categories have been 
(https://www.athonet.com/athonet-wins-a-total-of-4-global-mobile-awards-including-ctos-choice/):  
 

- Best Innovation for Enterprise 
 
- Best Mobile Technology Breakthrough 
 
- Best Network Software Breakthrough  
 
- The CTO's Choice Award 
 

 

 

Figure 3: Dr. Daniele Munaretto in the Athonet’s stand   Figure 4 : Athonet Team 

  

https://athonet.cloud/
https://www.athonet.com/athonet-wins-a-total-of-4-global-mobile-awards-including-ctos-choice/
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“Milano Digital Week” is a very important opportunity in the Italian scenarios about 5G 
development. Wind Tre SpA (WI3), via Dr. Maria-Rita Spada (also Dissemination Manager of the 5G 
ESSENCE effort) has thus organised a conference dedicated to the 5G at Luiss Hub in Milan, on March 
15, 2019. In fact, the “Road To 5G“ was an opportunity to present the vision, the opportunities when 
5G technology is used and the status of the different experimentations in Italy as well as in actions 
with other partners in Europe (such as those in the H2020 context). In particular, the new services 
development (like 5G application for security) the different possible actors in the ecosystem and 
potentialities for services in smart cities have been discussed. 
 
The 5G ESSENCE has been assessed as an “important example” of the proposed approach (as 
presented by Mr. Antonino Albanese, from Italtel Spa, partner of the project).  
 
During a dedicated session, the Mission Critical (MC) services for public safety (including mission 
critical push-to-talk (MCPTT) as well as mission critical chat and content delivery services) have been 
presented; besides the architecture adopted to create the related solution(s), other innovative 
aspects such as the capability to cope with the edge network and cooperation among the involved 
stakeholders so that to deliver solutions useful for smart cities and smart communities, have been 
discussed. 
 

 
 

Figure 5: Road to 5G event in Milan, presentation of the project with Dr. Maria-Rita Spada (WI3).  

  



Embedded Network Services for 5G Experiences (5G ESSENCE)    
Grant Agreement No.761592  15.05.2019 

 

 

 Newsletter #2  12/15 
 

 

The 5G ESSENCE partner Municipality of Egaleo (MoE), has organized the “Egaleo SMART CITY 2020-
2030” Workshop, held in Egaleo Athens Greece, on March 18, 2019. The Workshop has been hosted 
at MoE’s Town Hall and there has been a significant representation by the Greek Governmental 
Authorities as well as by representatives from actual research programs and market actors. 
The “core” presentations have been around the 5G ESSENCE and the 5GENESIS EU-funded projects 
which attracted the interest of the attendees. MoE is a major end-user in the framework of both 5G 
ESSENCE and 5GENESIS and has also presented a variety of remarkable participations in national and 
European research projects.  
 

 

Figure 6: Dr. A. Kourtis (NCSRD), Dr. Ioannis Chochliouros (OTE) and Dr. D. Tzempelikos (MoE) in the framework 

of the “Egaleo SMART CITY 2020-2030” Workshop  

In the scope of the Workshop, Dr. Ioannis Chochliouros (OTE) and 5G ESSENCE project coordinator, 
has provided a detailed presentation about the scope of the project (covering objectives, challenges, 
proposed architecture and progress performed until today), with emphasis given, inter-alia, to the 
Use Case 1 (“5G Edge Network Acceleration at a Stadium”) which is to be implemented in the MoE’s 
stadium. Dr. Anastasios Kourtis (NCSRD), also Technical Coordinator of the 5G ESSENCE project, has 
presented aspects coming from the current 5GENESIS project of 5G-PPP Phase 3. Dr. Dimitrios 
Tzempelikos (MoE) has presented MoE’s various actions in several national and EU-funded research 
projects. Among others, he has provided details about innovative actions coming from MoE’s active 
involvement in 5G, via the 5G ESSENCE and the 5GENESIS research frameworks. The highlights of the 
Workshop were broadcasted by the National Broadcasting Corporation. 
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4 Upcoming Events 
 

 

 

 

On May 24-26, 2019, the 4th edition of the 5G-PINE Workshop will take place as part of the AIAI-2019 
International Conference, in Heraklion, Crete, Greece (http://www.aiai2019.eu/)  
 
The 5G-PINE 2019 Workshop (http://5g-essence-h2020.eu/Contact/5GPine.aspx) has been 
established to disseminate knowledge obtained from actual EU projects, in the wider thematic area 
of “5G Innovative Activities – Putting Intelligence to the Network Edge” and with the aim of focusing 
on Artificial Intelligence (AI) in modern 5G telecommunications infrastructures. 
 
The 5G ESSENCE will coordinate the 4th Workshop on “5G – Putting Intelligence to the Network 
Edge”; in particular the Workshop has been established to disseminate knowledge obtained from 
actual EU projects as well as from any other action of EU-funded research with the aim of focusing on 
Artificial Intelligence (AI) in modern 5G telecommunications infrastructures. 
This should take place by emphasizing upon associated results, methodologies, trials, concepts 
and/or findings originating from technical reports/deliverables, from related pilot actions and/or any 
other relevant 5G-based applications, intending to enhance intelligence to the network edges. 
Cooperation has been realised with the 5G-DRIVE EU-funded project, as of the organization of the 
event.  
 
In the 5G-PINE 2019 Workshop, ten (-10-) accepted presentations will be presented. These focus on 
several innovative findings coming directly from modern European research in the area, mainly from 
the 5G-PPP projects 5G-ESSENCE, 5G-DRIVE, 5GCITY, MATILDA, COHERENT as well as from the 
Spanish SONAR 5G and 5GRANVIR  Grants, covering a wide variety of technical and business aspects 
and promoting options for growth and development.  
One additional work also comes from the H2020-MCSA-ITN 5G-AuRA project. 
 
In the related sessions, the 5G ESSENCE will present five papers depicting progress performed in the 
scope of the project research and innovation actions.  
 

http://www.aiai2019.eu/
http://5g-essence-h2020.eu/Contact/5GPine.aspx
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The forthcoming EUCNC-2019 Event that will take place in Valencia, Spain, on June 18-21, 2019, 
(https://www.eucnc.eu/) will welcome a 5G ESSENCE Special Session (SPS3) to take place together 
other current 5G-PPP Projects (like NRG5 and 5GCITY).  
 
There will also be a 5G ESSENCE Booth and Exhibition Stand in the scope of the actual 28th edition of 
the EUCNC 2019 Telecommunication Conference sponsored by the IEEE Communications Society and 
the European Association for Signal Processing, supported by the European Commission (EC).  
In particular, the network functions for supporting 5G services will be presented covering all 5G 
ESSENCE essential use cases and their related progress.  
 
 

 

  

https://www.eucnc.eu/
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