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Introductory Scope: 

Modern Challenges and Transition towards 5G
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Internet and communication networks are “critical” tools for most areas and sectors of our 
modern societies & economies.
They are radically transforming our world and do constitute fundamental “pillars” for any 
evolutionary process supporting effort for growth and development. 

The communication networks and the wider modern services/facilities environment of the 
year 2020 and beyond will be “enormously richer and much more complex than that of 
today”.

The underlying (usually heterogeneous) network infrastructure will be able of “connecting 
everything” according to an extended multiplicity of application-specific requirements (thus 
including users, equipment, things, goods, computing centres, content, knowledge, information and 

processes), in a purely flexible, mobile, and quite powerful way.
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• Modern innovative aspects not only necessitate but also imply for the proper 
establishment and the effective operation of a relevant novel kind of infrastructure, 
able to provide network features and performance characteristics assuring progress 
and growth in all corresponding domains (i.e., technical, business, financial, regulatory, 
social, etc.). 

• The “inclusion” of modern features (such as of virtualisation and of software-based 
network functionalities) in network communications infrastructures  will support the 
actual transitional process,                                                                                                 
via further strengthening network flexibility and reactivity, and by providing a proper 
means for better network management and for offering of new services.  
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Market “actors” (network operators and service providers, manufacturers, SMEs, end-users, 
etc.) are expected to be strongly involved in such processes.
This will “redefine” existing value chains and reform roles and/or relationships between 
market “players”, whilst creating new opportunities for novelty and investments. 

These chances will also take place within the forthcoming “fifth generation” -or 5G- of 
telecoms systems, that will be the most critical building block of our "digital society" in the 
next decade. 

5G will not only be an evolution of mobile broadband networks, but will:
 bring new unique network and service capabilities,
 create a sustainable and scalable technology
 establish a proper ecosystem for technical/business innovation.
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• The fifth generation” of telecommunications systems (“5G”) has been assessed as the most critical 
building block of our “digital society” in the next decade, and it has been promoted as a core 
strategic perspective for an effective global growth. 

• 5G should “bring together” wired and wireless communications by providing virtually ubiquitous, 
ultra-high bandwidth “connectivity”, including not only distinct users but also numerous (Internet-) 
connected objects. 

• 5G infrastructure is expected to support an extended variety of converged networks able to host a 
diversity of services/applications and related equipment/devices, also including professional uses. 

• 5G will not only be a single “progression” of mobile broadband networks but it should “bring” 
innovative and exceptional network/service capabilities and should be an “enabler” of the Internet 
of Things (IoT). 
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5G will “integrate” networking, computing and storage resources into “one programmable and 
unified infrastructure”. 

This sort of “unification” of functions will allow for an optimized, more enhanced, and fully dynamic 
usage of all distributed resources, within a fully converged environment.

5G can also support multi-tenancy models, enabling operators and other market “players”                             
to collaborate in new ways, within an intelligent network environment.

Based upon the features of existing cloud computing, 5G will support further progress of the single 
digital market, e.g. by “paving the way” for virtual pan-European operators relying on nation-wide 
infrastructures. 

5G has to be a sustainable and fully scalable technology. 

Cost reduction through human task automation and hardware optimization will allow for 
supportable business models for all involved actors.
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The 5G-PPP Context, 

as the Main European Approach for realising 5G
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The development of the 5G ecosystem involves numerous groups of industry stakeholders, 
research institutions, standard developing organizations, certification bodies and other 
institutions and/or legal entities.

In particular, 5G-PPP is a “joint” initiative between the European Commission and the 
European ICT industry (i.e.: ICT manufacturers, telecommunications operators, service 
providers, SMEs and researcher Institutions), intending to further reinforce the European 
presence in this field, at the global level. 

The main objective is to design and deliver appropriate solutions, architectures, 
technologies and standards for the next generation communication infrastructure. 

Since 2015, the European Union (EU) funds several projects under the 5G-PPP program, 
covering three (-3-) subsequent Phases.
These projects work together to deliver the critical 5G technology building block.
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Key Technical Objectives:

 Providing 1000 times higher wireless area capacity and more varied service capabilities compared 
to 2010.

 Saving up to 90% of energy per service provided. The main focus will be in mobile communication 
networks where the dominating energy consumption comes from the radio access network.

 Reducing the average service creation time cycle from 90 hours to 90 minutes.

 Creating a secure, reliable and dependable Internet with a “zero perceived” downtime for services 
provision.

 Facilitating very dense deployments of wireless communication links to connect over 7 trillion 
wireless devices serving over 7 billion people.

 Ensuring for everyone and everywhere the access to a wider panel of services and applications at 
lower cost.
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The European 
Union has funded 
19 projects under 
5G-PPP Phase 1 

Source: 5G PPP, https://5g-ppp.eu/5g-ppp-phase-1-projects/.

Euro-5G
5G PPP Coordination 
and Support Action

CHARISMA
Converged Heterogeneous Advanced 

5G Cloud-RAN Architecture for 
Intelligent and Secure Media Access

5G Ensure
Security

(Will  be added later)

Security
5GEx

5G Exchange

CogNet
Building an Intelligent System of 

Insights and Action for 5G Network 
Management

SELFNET
Framework for SELF-organized network 

management in virtualized and 
software defined NETworks

Network automation

5G-Xhaul
Dynamically Reconfigurable Optical-Wireless 

Backhaul/Fronthaul with Cognitive Control 
Plane for Small Cells and Cloud-RANs

5G-Crosshaul
The 5G Integrated fronthaul/backhaul

Fronthaul/Backhaul

VirtuWind
Virtual and programmable 

industrial network prototype 
deployed in operational Wind park

SONATA
Service Programming and 

Orchestration for Virtualized 
Software Networks

SUPERFLUIDITY
Superfluidity: a 

super-fluid, cloud-
native, converged 

edge system

SESAME
Small cEllS coordinAtion for 

Multi-tenancy and Edge services

SDN, NFV, Cloud and
Virtualisation

5G-Norma
5G NOvel Radio Multiservice 

adaptive network ArchitectureMETIS-II
Mobile and wireless communications 

Enablers for Twenty-twenty (2020) 
Information Society-II

COHERENT
Coordinated control and spectrum 

management for 5G heterogeneous 
radio access networks

SPEED-5G
quality of Service Provision and capacity 
Expansion through Extended-DSA for 5G

mmMAGIC
Millimetre-Wave Based Mobile Radio Access Network 

for Fifth Generation Integrated Communications

Radio-related cluster

FANTASTIC-5G
Flexible Air iNTerfAce for Scalable service delivery 

wiThin wIreless Communication networks of the 5th 
Generation

Flex5Gware
Flexible and 

efficient 
hardware/software 

platforms for 5G 
network elements 

and devices

Hardware implementation
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The European 
Union has funded 
21 projects under 
5G-PPP Phase 2
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5G-PPP Phase 3 
is actually ongoing 
around three 
fundamental 
platform projects
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Establishment of a wide 
framework for  

international cooperation
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NFV and (Edge) Cloud Computing 

at the Forefront towards implementing 5G,

as Enablers of Network Intelligence
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NFV and Cloud Computing as “Enablers” of Network Intelligence_(1) 

Concerns for Future Networks
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Future Networks have to: 

Be deployed much “more densely” than today’s networks;
become significantly “more heterogeneous”;
use multi Radio Access technologies (RATs);

scale their operations, even for short-time periods depending on the varying traffic capacity 
requirements;
remain energy-efficient, as long as possible;

support fast selection and/or combination of variable physical interfaces;
use an “adaptive set” of virtual interfaces and functions.

Small Cells (SCs) can contribute to the effort of making “best use” of novel applications offered by 
“denser” and more heterogeneous RATs.
 SCs can efficiently support several widely varying traffic needs. 
 SCs also support scalability issues. 
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 Future network deployments have to allow for network/infrastructure/resource sharing and
potential re-utilization on all levels, because of the fast growing demands on network 
resources management and operation. 

 Future network deployments should promote the inclusion of cognitive capabilities in the 
network design on all layers, so that to:                                  
• support a flexible network adaptation at low operational costs, and;
• provide exactly the performance required for the determined user context. 

 The Operation and Management (OAM) of the wireless/mobile network infrastructure plays 
an important role in suitably “addressing” network management and automation, in terms 
of:                                                               
• constant performance optimization,
• fast failure recovery,       
• fast adaptations to changes in network loads, architecture, infrastructure and technology. 

NFV and Cloud Computing as “Enablers” of Network Intelligence_(2) 

Challenges for OAM (Operation & Management)
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Self-Organising Networks (SON) are the first step towards the automation of networks’ 
OAM tasks, for example via the introduction of closed control loop functions dedicated to self-configuration, 

self-optimization and self-healing. 

SON is a collection of procedures/functions for automatic:
 planning and configuration, 
 optimization, 
 diagnostication and 
 healing of cellular networks. 

SON is conceived as a “major necessity” in future mobile networks and operations, mainly 
due to possible savings in capital expenditure (CAPEX) and operational expenditure (OPEX). 
The tendency introduced with SON is to enable system’s OAM at local level, as much as 
possible.

NFV and Cloud Computing as “Enablers” of Network Intelligence_(3)

Inclusion of SON features
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NFV and Cloud Computing as “Enablers” of Network Intelligence_(4)    

SON Functionalities_(a)
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Self-Organising Networks (SON) denotes a set of features and capabilities for automating 
the operation of a network so that operating costs can be reduced and human errors can 
be minimised. 
This implicates for an enhanced network management. 

With the inclusion of SON features, standard manual (planning, deployment, optimization 
and maintenance) activities of the network can be effectively replaced -and/or supported-
by more autonomous and automated processes, thus making network operations simpler 
and faster. 

SON functions, also denoted as “Self-x” functions, in our approach can be organised 
around three main categories: self-planning, self-optimization and self-healing. 
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SON functionalities are also referred to as “Self-x” functionalities.  
These correspond to a set of features and capabilities for automating the operation 
of a network, so that “operating costs can be reduced and human errors minimized”. 

With “Self-x” features, classical manual planning, deployment, optimization and 
maintenance activities of the network can be replaced and/or supported by more 
autonomous and automated processes, thus making network operations simpler and faster. 

“Self-x” functions can automatically “tune” :
global operational SC settings (such as maximum transmit power, channel bandwidth, 
electrical antenna tilt) as well as 
specific parameters corresponding to Radio Resource Management (RRM) functions 
(e.g., admission control threshold, handover offsets, packet scheduling weights, etc.). 

NFV and Cloud Computing as “Enablers” of Network Intelligence_(5)    

SON Functionalities_(b)
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Self-planning implicates for automatization of the process of deciding the need to roll out 
new (network) nodes in specific areas,  

by identifying the adequate configurations/settings of these nodes and/or
by proposing capacity extensions for already deployed nodes (e.g., by increasing channel bandwidths and/or 
adding new component carriers). 

Once the network is in operational state, the self-optimization includes the set of processes 
intended to improve -or maintain- the network performance in terms of coverage, capacity 
and service quality by tuning the different network settings.

Self-healing is relevant to the automation of the processes related to fault management 
(i.e.: fault detection, diagnosis, compensation and correction), usually associated to hardware 
and/or software problems, in order to keep the network operational, while awaiting a more 
permanent solution to fix it and/or prevent disruptive problems from arising.

NFV and Cloud Computing as “Enablers” of Network Intelligence_(6)    

SON Functionalities_(c)
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NFV and Cloud Computing as “Enablers” of Network Intelligence_(7) 

Diversity of HW appliances

Modern networks are populated with a great diversity of proprietary HW appliances. 
Launching a new network service often requires yet another variety of appliance,
thus increasing the overall complexity of the network and causing variable issues to be 
addressed. 

Any shortage of skills necessary to design, integrate and operate increasingly 
complex hardware-based appliances, implicates for supplementary challenges. 

Hardware-based appliances rapidly reach their “end-of-life and hardware lifecycles 
are becoming shorter as technology and services innovation accelerates, inhibiting the 
roll-out of new revenue earning network services and constraining innovation in an 
increasingly network-centric connected world.

 Thus, an automated network management is essential, so that to promote 
effective and “immediate” solutions!
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NFV and Cloud Computing as “Enablers” of Network Intelligence_(8)  

NFV (General Overview)

Network Functions Virtualization (NFV) “addresses” previous issues by leveraging 
standard IT virtualization technology to consolidate many network equipment types 
onto industry standard high volume servers, switches and storage, which could be 
located in data centres, network nodes and in a variety of end-user premises. 

NFV is applicable to any data plane packet processing and control plane function,
both in fixed and mobile network infrastructures. 

There are various challenges to implement NFV and are mainly relevant to:
• Management and orchestration; 
• the perspective of automation, and; 
• options of security and resilience. 
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NFV and Cloud Computing as “Enablers” of Network Intelligence_(9)  

NFV (Management & Orchestration)

For a consistent management and orchestration architecture, NFV presents an 
opportunity, through the flexibility afforded by software network appliances operating 
in an open and standardized infrastructure, to rapidly “align” management and 
orchestration northbound interfaces to well-defined standards and abstract 
specifications. 
• This can significantly reduce the cost and time to integrate new virtual appliances into a 

network operator’s operating environment. 

Besides, Software Defined Networking (SDN) further extends this to streamlining the 
integration of packet and optical switches into the system (e.g., a virtual appliance or NFV 
orchestration system may control the forwarding behaviors of physical switches by using SDN). 

• Traditionally, SDN and NFV although not dependent on each other, are seen as “closely 
related” and/or as “complementary” concepts. 
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NFV and Cloud Computing as “Enablers” of Network Intelligence_(10)

NFV for automation, resilience, availability, stability & integration

NFV will only scale if all of functions can be automated…
Automation of processes is of paramount importance, towards effectively improving OAM in 
modern networks. 

NFV can improve network resilience and availability by allowing network functions to be 
recreated “on demand”, after a possible failure.

NFV is also beneficial for operators as it supports simplicity and integration. Network 
operators  need to “mix and match” equipment/virtual appliances from different vendors: 
• A significant and topical focus for network operators is simplification of the plethora of complex network 

platforms and support systems, while maintaining continuity to support important revenue generating 
services. 

• Seamless integration of multiple virtual appliances onto existing industry standard high volume servers and 
hypervisors is a “key challenge” for NFV. 

21st Infocom World Conference – Athens, Greece, November 26, 2019



28/68

NFV and Cloud Computing as “Enablers” of Network Intelligence_(11)

Edge Cloud Computing (General framework)

Edge cloud computing refers to data processing power at the edge of a 
network, instead of holding that processing power in a cloud or a central data 
warehouse. 

Edge computing places data acquisition and control functions, storage of high 
bandwidth content and applications closer to the end-user. 

Edge networks are expected to create distributed environments made of 
clouds of virtual resources, interconnected by a simpler and less hierarchical 
core network. 
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NFV and Cloud Computing as “Enablers” of Network Intelligence_(12)  

Edge Cloud Computing (Network Challenges)

A core (future) challenge is to “guarantee and constantly improve” customer experience
offered by edge cloud-based services. 

Such experience relies on the End-to-End (E2E) QoS and, more generally, on respective SLAs in place 
for a given service. 

This includes well-known characteristics, such as: 
 Latency; 
 throughput; 
 availability and security. 

If adopting the principles of Clouds, this also implicates for:
 Elasticity and  on-demand availability; 
 lead- and disposal-times; 
 multi-tenancy; 
 Resilience, recovery, and similar characteristics. 
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NFV and Cloud Computing as “Enablers” of Network Intelligence_(13)  

Edge Cloud Computing (Market Challenges)

Edge networks are expected to create distributed environments made of clouds of 
virtual resources, interconnected by a simpler and less hierarchical core network. 

Some business models necessitate federation and/or orchestration capabilities. 
• In a federation context, the stakeholders agree on jointly providing a service. 

• In an orchestration context, each entity keeps its service models, interfaces and SLAs and a 
specific component (called as the “broker”), will compose services from each stakeholder 
to be able to provision a requested service. The broker functionality can be implemented by 
one of the players or by a third party. 

• Both approaches can be used to extend coverage, increase capacity or enhance quality 
(e.g, for deploying functionality or locating content near by the customers). 
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Small Cells as a Growth Opportunity
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Small Cells as a Growth Opportunity_(1/2)

 Although the virtualization of the network infrastructure (mainly involving the core/edge 
segments as well as the access points/macrocells) has been broadly examined in the 
framework of related market or research initiatives, the applicability of this conceptual view 
to Small Cells (SCs) infrastructures has only been the case of some independent works with 
limited attention. 

 However, the SC concept has become fundamental in today’s existing 4G/4G+ infrastructures.

 SCs can bring better cellular coverage, capacity and applications for residential and 
corporate uses, along with rural public spaces and dense metropolitan areas. 

 SCs are essential for offering services in certain domains/spaces like shopping malls, 
performance venues, stadiums and, generally speaking, places with (tactic or sporadic) high 
end-user density. 
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It can be expected that separate telecom operators should deploy their dedicated 
infrastructure, as a “complement” to the macro-cell network. 
• The usual SC provisioning implicates for certain time- and money-consuming procedures (such as the 

provisioning of installation site, power supply, etc.). 
• Involved operators also have to take care of costs of launching committed, high-capacity backhaul 

connections, as well as those relevant to radio resource management and interference mitigation, thus 
increasing their OPEX. 

Network operators can alternatively install, and for a certain period of time, a SC network to 
serve a related event/case, without necessarily owing the related infrastructure. 
Underlying facilities could be provided by a third party (e.g.: the owner/operator of the venue). 

Small Cells as Growth Opportunity_(2/2)
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The initial “SESAME”-based Context

The SESAME project (GA No.671596) addresses the needs of 
future 5G mobile networks from the perspective of a scalable 

and flexible system, rather than focusing in new 5G waveforms 
or protocol stacks.
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The Scope of the SESAME Project_(1/2)

SESAME-targeted innovations have been around three central elements in 5G:

Placement of network intelligence and applications in the network edge through Network Functions 
Virtualization (NFV), Software Defined Networking (SDN) and Edge Cloud Computing. 

Substantial evolution of the Small Cell concept, already mainstream in 4G but expected to deliver its full 
potential in the challenging high dense 5G scenarios. Provision of SC coverage as-a-Service, to multiple actors. 

Consolidation of multi-tenancy in communications infrastructures, allowing several operators/service 
providers to engage in new sharing models of both access capacity and edge computing capabilities.  
Capability to accommodate multiple operators under the same infrastructure, satisfying the profile 
and requirements of each operator separately.

(Small cEllS coordinAtion for Multi-
tenancy and Edge services)
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The Scope of the SESAME Project_(2/2)

Venue Owner

I want to enter the  
market by acting as a 

local network operator

Network Operator

I expect to achieve cost savings 
by combining my own 

resources with outsourced 
access capacity and computing.

End Users

We want personalised
services with greater quality 

of experience!

Virtual
Network Operator

I want to provide wireless 
services without owing the 

required infrastructure

Independent actors’ requirements addressed by SESAME

Services

CSP CCSP BCSP A

Multi-Tenancy

Infrastructure 
Virtualisation

Coverage / Cloud 

SESAME
+ ++

SESAME applicability in a variety of areas
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SESAME Addressed Areas_(1/3)

Incorporation of general-purpose computing and storage assets at the edge of mobile 
networks.
In this direction, new industry initiatives have already introduced the concept of Mobile-Edge Computing and the 
related key market drivers. 
To enhance further the virtualisation capabilities of the Small Cell deployment and to include not only network 
capacity resources but also edge processing capabilities, a micro scale virtualised execution infrastructure 
has been proposed by SESAME, in the form of a “Light Data Centre” (Light DC). 
The Light DC concept has been designed to build a clustered infrastructure with high manageability 
and has also been optimised to reduce power consumption, cabling, space and cost.

Small Cells Context: Proposition of the Cloud-Enabled Small Cell (CESC) concept for 
deploying Virtual Network Functions (VNFs) supporting of powerful “Self-x” management & 
executing novel applications and services, inside the access network infrastructure.
To realise SESAME’s vision, “Cloud-Enabled Small Cells” (CESCs) have been designed, developed and 
implemented, to offer access to network capacity coupled with MEC resources in a single device. 
Such resources  can be offered on-demand to Communications Service Providers (CSPs), profiling both access 
and edge computation resources to satisfy the specific CSPs’ needs.
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SESAME Addressed Areas_(2/3)

From the perspective of service provisioning, the proposed approach can be used to provide 
edge cloud capabilities and enable accelerated services, content and application due to the 
increased network responsiveness.

Operators may provide the network’s edge (i.e., the Light DC) to third party partners, 
allowing the rapid deployment of cutting-edge services to users and enterprises, 
translating to added value and creating opportunities for vendors, service providers and 
operators by enabling them complementary and advantageous positions.

The Light DC enables the rapid on-demand deployment of cutting-edge network services in 
the form of Virtual Network Functions (VNFs) – such as data processors, security 
appliances, proxies, media transcoders, M2M gateways etc., close to the mobile nodes.
Locating virtual service processing nodes closer to users reduces latency, improves throughput, and 
reduces traffic in the network core.
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SESAME Addressed Areas_(3/3)

Challenge:
Introduction of an overall optimal configuration of the CESC 
infrastructure, including resource allocation & re-configuration in case 
of faults or sudden demand changes.

Responses:
SESAME provides an added value characteristic enabling autonomic 
networking towards providing holistic “Self-x” characteristics 
(where “x” can stand for configuring, healing, optimising, etc.) to 
the proposed CESC devices.

SESAME is capable of providing a distributed network management 
system that can be developed even from third-party providers.
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SESAME Innovations_(1/2)

The SESAME context extends the “Small Cell-as-a-Service” (“SCaaS”) model.

SESAME enables the provisioning of shared radio access capacity by a third-
party/entity to MNOs in certain localized areas, in parallel with delivery of MEC services.
MEC (also known as “Fog computing”) is an innovative concept that extends the services, 
typically provided by the Cloud, to the network edge. 

Potential facilities include storage, computing, data, and application services. 
Available MEC infrastructure permits running of applications closer to the end-user to reduce the 
E2E network latency as well as the backhaul capacity requirements. 
MEC also allows for more enhanced QoE of fast moving end-users and enables highly-interactive 
real-time applications. 
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SESAME Innovations_(2/2)

The SESAME architectural framework has led to a variety of substantial features, 
beneficial for the involved industry and end-users. 

These have been relevant to: 

 A more efficient management of involved (network) resources; 

 fast inclusion of modern network function(s) and/or service(s); 

 the ease and simplicity of network upgrades and maintenance; 

 CAPEX/OPEX reduction, and; 

 inclusion of openness within the corresponding ecosystem. 
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*19 Partners from all over Europe

SESAME – Project Consortium

The SESAME project consortium has been 

geographically balanced and has been composed 

of partners coming from seven European 

countries
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http://www.sesame-h2020-5g-ppp.eu/
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The Next Step:

Transition towards the “5G ESSENCE” Realization

The 5G ESSENCE project (GA No.761592) addresses the paradigms of 
Edge Cloud computing and Small Cell-as-a-Service (SCaaS), by fuelling

the drivers and removing barriers in the Small Cell (SC) market,                   
around three use cases coming from the vertical market

21st Infocom World Conference – Athens, Greece, November 26, 2019



Realising the 5G ESSENCE Vision_(1/3)

44/68

Some critical concerns:

The main problem of the actual 5G solutions is that they neither have been
“adequately tied” to a solid business case, nor well integrated to the legacy
infrastructure of network operators and the rest of actors, within the
communications ecosystem.

Therefore, 5G needs not only to “target” to new technological solutions, but 
should take into account current economic position of telecom 
operators/market actors and “pave the way” for producing new benefits 
that will create new markets and services.

This has been the main challenges of the 5G-PPP phase 2 effort!
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The way forward:

 The second phase of 5G-PPP program activities has suggested that communication networks
needed to become sufficiently flexible, to handle a wider range of applications/services
originating from different domains/verticals.

 A transformation towards a significant reduction in cost and the optimal allocation of
available resources took the place of initial Key Performance Indicators (KPIs) for driving
capacity growth, and “coping” with the numerous barriers on the infrastructure and
management domains.

 On the users’ side, a higher level of personalised services, along with edge mobile
capabilities and innovative services have been anticipated, since customers do require
added-value to their choices to accommodate specialised requirements with greater quality
of both perception and experience.
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Essential Objectives of the 5G ESSENCE context

5G ESSENCE “addresses” the paradigms of Edge Cloud computing and Small Cell-as-a-Service
(SCaaS), by fuelling the drivers and removing barriers in the Small Cell (SC) market.
• The SC market is expected to grow rapidly up to 2020 and beyond, and also
• to play a “key-role” in the 5G ecosystem!

5G ESSENCE provides a highly flexible and scalable platform, able to support:
• New business models & revenue streams, by creating a neutral host market;
• reduction of operational costs, by providing new opportunities for ownership, deployment,

operation and amortisation.

5G ESSENCE leverages and influences knowledge, SW modules and prototypes from various 5G-PPP
Phase-1 projects, “SESAME” being particularly relevant.

Ambitious aims have been targeted, 
culminating with the prototyping and demonstration of 5G ESSENCE system 

in three real-life use cases, associated to vertical industries.
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From “SESAME” to the “5G ESSENCE”

During 5G-PPP Phase-1, the SESAME project has evolved the Small Cell (SC) concept by
integrating processing power (i.e., a low-cost micro server) and by enabling the execution of
applications and network services, in accordance to the Mobile Edge Computing (MEC).

SESAME also provided network intelligence and applications by leveraging the Network
Function Virtualisation (NFV) concept. (The SESAME platform consists of one or more clusters of
“Cloud – Enabled” Small Cells (CESCs), which are devices that include both the processing power platform and
the small cell unit. CESCs can be deployed at low- and medium-scale venues and support multiple network
operators (i.e.: multitenancy) and- further, network services and applications at the edge of the network).

SESAME has developed several SC-related functions as Virtualised Network Functions
(VNFs).
SESAME has demonstrated that some network related functions (such as content caching,
firewalls and monitoring) perform adequately well when running as VNFs in the developed
micro-server infrastructure (coined as “Light Data Centre” - Light DC).
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From “SESAME” to the “5G ESSENCE”

5G ESSENCE leverages results from the SESAME project, as well as from other 5G-PPP Phase-1 projects
(COHERENT, SPEED 5G, and SONATA mainly), to provide an evolution of the SESAME platform and to “meet”
the 5G-PPP Phase-2 requirements (i.e., to cover the specific network needs of the vertical sectors and their
interdependencies).

5G ESSENCE:
• enhances the processing capabilities for data that have immediate value beyond locality;
• addresses the processing-intensive small cell management functions, such as Radio Resource Management (RRM)/ Self

Organising Network (SON);
• culminates with real life demonstrations.

5G ESSENCE suggests clear breakthroughs in the research fields of wireless access, network virtualisation, and end-to-end
(E2E) service delivery.

5G ESSENCE builds upon the SESAME project by developing a distributed edge cloud environment (coined as “Edge Data
Centre (DC)”), based on a two-tier architecture:
• the first tier (i.e., Light DC) will remain distributed inside the CESCs for providing latency-sensitive services to users directly from the

network’s edge;
• the second tier will be a more centralised, “high-scale” cloud, namely the Main Data Centre (Main DC), which will provide high

processing power for computing intensive network applications. It will also have a more centralised view so as to host efficient Quality of
Service (QoS) enabled scheduling algorithms.
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Challenges and Drawbacks:

The capacity offered from small cells does not scale beyond a specific threshold,
mainly due to interference.

Existing radio resource allocations remain inadequate, due to the lack of a 
centralised coordination, especially in urban areas and environments with high 
density of users.

As a remedy, the Cloud-Radio Access Network (C-RAN) approach has introduced 
centralised BaseBand Units (BBUs) for processing both the control and user planes, 

to support flexible scaling and sophisticated interference coordination techniques. 
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5G ESSENCE does include multiple Radio Access Technologies (RAT) in its network
architecture, representing an important step towards fulfilling the vision of 5G wireless
networks (thus ensuring higher performance and flexibility and offering more efficient
spectrum utilisation).

Benefits are also in the fields of high-performance virtualisation, service delivery and
resource orchestration, targeting the critical issues of resource efficiency and latency
reduction.
(These can be achieved through the support of a converged cloud-radio environment, the orchestration of
diverse types of lightweight virtual resources and the support of live VNF migration).

5G ESSENCE provides even “tighter mapping” and closer interactions between the
resource orchestration (i.e., deployment, placement, and scaling of VNFs) and service orchestration
(i.e., building, coordinating and exposing services to upper layers).

On the domain of hardware technologies, the processing power attached to small cells
brings new capabilities to the network as well as new challenges.
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A significant part of 5G ESSENCE is devoted to the explicit and actual demonstration of  
significant outcomes in vertical industries. 

In order to showcase that 5G will be able to create a whole new ecosystem for technical
and business innovation, 5G ESSENCE unifies computing and storage resources into a
programmable and unified small cell infrastructure that can be provided as-a-Service, to
all related stakeholders.

5G ESSENCE provides a clear plan for real-life demonstrations in the fields of:
 multimedia-entertainment;
 mission critical communications at emergency events, and;
 in-flight connectivity and entertainment.
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Full specification of the critical architectural enhancements from 5G-PPP Phase-1 actions, that are necessary to enable cloud-integrated
(multi-tenant) small cell networking.

Definition of the baseline system architecture and interfaces for the provisioning of a cloud-integrated multi-tenant SC network and of a
programmable Radio Resources Management (RRM) controller, both customisable on a per vertical basis.

Development of the centralised SD-RAN (Software-defined Radio Access Network) controller that will program the radio resources
usage in a unified way for all CESCs.

Exploitation of high-performance and efficient virtualisation techniques for better resource utilisation, higher throughput and less delay
at Network Services creation time.

Development of appropriate orchestrator enhancements, for distributed service management.

Demonstration and evaluation of the cloud-integrated (multi-tenant) small cell network, via three real-life vertical industries.

Conduct of a market analysis and establishment of new business models via detailed techno-economic analysis & roadmapping towards
exploitation/commercialisation by industrial partners.

Ensuring maximisation of 5G ESSENCE impact to the realisation of the 5G vision, by establishing close liaison and interactive synergies
with other 5G-PPP projects and the 5G Infrastructure Association.

Pursuing extensive dissemination and communication activities, as well as assessing the perceived impact from the stakeholders and
the wider community.
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 In the planned 5G ESSENCE approach, the Small Cell concept is advanced to achieve:
 An increase in the capacity and the performance of current RAN infrastructures. 
 Extension of the “range” of the provided services. 
 Maintenance of its agility.

 To achieve these ambitious goals, the 5G ESSENCE leverages the paradigms of RAN 
scheduling and provides an enhanced, edge-based, two-tier virtualised execution 
environment attached to the small cell, taking advantage and reinforcing the concepts of 
MEC and network slicing. 

 The basic idea is that by running applications and performing related processing tasks 
closer to the end-user, network congestion is reduced and applications perform better!
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 The platform of CESCs offers computing, storage and radio resources. 

 Through virtualization, the CESC cluster can be “seen” as a cloud of resources which can be sliced, so that to enable 
multi-tenancy. 

 Cloud-based processing and storage resources are provided through a virtualised execution platform. 

 This execution platform is used to support the required Virtualized Network Functions (VNFs) that implement the 
different features/capabilities of the Small Cells (and eventually of the core network).
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The architecture combines: 

 The current 3GPP framework for network 
management in RAN sharing scenarios (“LTE world”) 

and 

 the ETSI NFV framework for managing virtualised 
network functions (“NFV world”).

21st Infocom World Conference – Athens, Greece, November 26, 2019



Basic Architectural Approach_(4/10)

56/6821st Infocom World Conference – Athens, Greece, November 26, 2019

NMS

EPC

OP-2

Service 
VNF

SC VNF

M
O

C
N

PNF
RRMRRM

Small Cell

SC VNF EMS PNF EMS

Network Slice View

NMS

EPC

OP-1

NMS

Infrastructure 
Provider

Concepts from the “LTE world”

– A Small Cell network capable to support more 
than one network operator is envisaged. 

– 3GPP specifications have already added some 
support for Radio Access Network (RAN) sharing 
and Multi-Operator Core Network (MOCN), 
where the shared RAN is directly connected to 
each of the multiple operator’s core networks, has 
been identified as the exclusive enabler for 
multitenancy features in SESAME platform. 

– The infrastructure consists of a number of Small 
Cells and the corresponding SC network 
functions, such as gateways and management 
systems.
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Concepts from the “NFV world”

– The NFV concept is used as an 
enabler that offers a 
virtualisation platform and 
“meet” related requirements as 
of NFV-driven small cell 
functions and NFV-based
network services. 

– The figure presents the 
MANO framework for the 
NFV part
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The 5G ESSENCE architecture will allow multiple network operators (tenants) to provide services to their users through a
set of CESCs deployed, owned and managed by a third party (i.e., the CESC provider).

Operators can extend the capacity of their own 5G RAN in areas where the deployment of their own infrastructure could
be expensive and/or inefficient (e.g., the case of highly dense areas where massive numbers of Small Cells would be needed to provide
the expected services).
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A CESC consists of a Multi-RAT 5G SC with its standard backhaul interface, standard management connection (TR069 

interface for remote management) and with necessary modifications to the data model (TR196 data model) 

to allow Multi-Operator Core Network (MOCN) radio resource sharing. 

The CESC will be composed by a physical SC unit attached to an execution platform, based on one of x86, ARMv8, MIPS64 
architectures.

Edge cloud computing and networking are realised through the sharing of computation, storage and network 
resources of those micro-servers being present in each CESC and these form the Light DC, for implementing 
different features/capabilities of the SC. 
Therefore, the CESCs becomes a “neutral host” for network operators or virtual network operators that want 
to “share” IT and network resources at the edge of the mobile network. 

The CESC is meant to accommodate multiple operators (tenants) by design, offering Platform-as-a-Service (PaaS), capable of
providing the deployed physical infrastructure among multiple network operators.
Different VNFs can be hosted in the CESC environment, for different tenants. This also provides the support for mobile edge
computing applications deployed for each tenant that, operating very near to the end-users, may significantly reduce the
service delivery time and deliver composite services in an automated manner.
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The Edge DC encompassing Main DC and Light DC:
 5G ESSENCE envisages combining the MEC and NFV concepts with SC virtualisation in 5G networks and enhancing them for

supporting multi-tenancy .
 The purpose of the Edge DC is to provide Cloud services within the network infrastructure and also to facilitate, by

promoting and assisting the exploitation of network resource information.

The Main DC:

• is able to execute different SC and Service VNFs under the control of the CESCM; 
• hosts the cSD-RAN controller which performs cRRM decisions for handling efficiently the heterogeneous access network 

environment composed of different access technologies (such as 5G RAN, LTE, and Wi-Fi). 
The Light DC:
 Incorporates a micro scale virtualised execution infrastructure to enhance further the virtualisation capabilities of the Small 

Cell deployment and to include not only network capacity resources but also edge processing capabilities.
 The Light DC concept has been designed to build a clustered infrastructure with high manageability and has also been 

optimised to reduce power consumption, cabling, space and cost.

The CESCM 
 is the central service management and orchestration component in the related architecture. 
 It integrates all the traditional network management elements and the novel recommended functional blocks to realise 

NFV operations. 

The VIM is essential for the deployment of NFV services and to form and provide a layer of NFV resources to be made 
available to the CESCM functions. 
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Challenges and Requirements for the telemetry and analytics systems, to “meet” 
actual/future 5G needs:
 Need to “address” the big data challenges of volume, variety and velocity. 

 Telemetry will also need to become more software-defined. 

 Ability to dynamically change the behaviour of telemetry systems (i.e. enable/disable metrics, change data 
resolution, add/remove metadata, etc.), to adapt to dynamic service environments.

 Telemetry systems in concrete with management and orchestrations systems (MANO) are expected to evolve to 
higher levels of self-autonomy. 

 Telemetry systems will also need to become hierarchical in nature, following to the wider 5G evolutionary 
trends.

 Telemetry systems are more likely to be domain-specific with first level data centralisation within that domain. 
Selected data from lower level domains can then be aggregated at higher level domains within a dedicated 
hierarchical systems architecture.
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In 5G ESSENCE, the CESCM is the central service management and orchestration component.
The CESCM integrates all the traditional network management elements and the novel recommended
functional blocks to realise NFV operations and it is responsible for coordinating and supervising the use,
performance and delivery of both radio resources and services.
In addition, it is also responsible for controlling interactions between the infrastructure and the network
operators and it handles SLAs.

The CESCM incorporates telemetry and analytics as necessary tools for properly managing the
overall network. This takes place via the inclusion of three suitable modules, per case.

 The telemetry module’s functionality is implemented through a number of agents, via two main components
(the Network Service Monitoring and Landscaper), each one serving specific purposes.

 The analytics module supports and performs Analytics/Machine Learning (ML) tools on the telemetry data to
produce models for offering of insights to the orchestration system and to the cSD-RAN controller of the small
cells.

 The orchestration module “widens” benefits for better supporting dynamic adjustment of service configuration
and resource allocation.
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Identification of 3 Main Real-Life Use Cases, associated to Vertical Industries

5G edge network acceleration for a stadium:
• Demonstration of a combined 5G-based video production and video distribution for delivering benefits to media producers and mobile

operators, who will be able to offer enriched event experience to their subscribers.

• The production/distribution of locally generated content through the 5G ESSENCE platform, coupled with value-added services and rich user
context, will enable secure, high-quality and resilient transmission, in real-time and with minimal latency.

Mission critical applications for public safety (PS):
• Involvement of one -or more- PS communications providers, to use the resources offered by a dedicated platform for the delivery of

communication services to PS organisations in a country/region.

• The 5G ESSENCE platform can be owned by either a mobile (potentially virtual) network operator or by a venue owner.

• The infrastructure owner will exploit system capabilities to provide the required network/cloud slicing capabilities with dedicated SLAs to different
types of tenants, by prioritising the PS communications providers.

Next-Generation integrated in-flight connectivity and entertainment (IFEC) services:
• Testing and validation of the multi-tenancy enabled network solution for passenger connectivity and wireless broadband experience.

• The multi-RAT CESCs will be implemented as a set of integrated access points to be deployed on-board.

• Then, since IFE has to consider the explosive growth of multi-screen content consumption, the 5G ESSENCE CESCs will stream on demand multi-
screen video content (both from on-board 5G Edge DC servers and via satellite/air2ground links) to the wireless devices.

• 5G ESSENCE CESCs will rely on broadcast links to optimise the bandwidth usage.
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Identification of 3 Main Real-Life Use Cases (cont.)
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Identification of 3 Main Real-Life Use Cases (cont.)
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Innovation Framework, Impact and Market Perspectives

 5G ESSENCE accommodate a wide range of use cases, especially in terms of ameliorated latency, resilience,
coverage, and bandwidth.

It provides E2E network and cloud infrastructure slices over the same physical infrastructure, to fulfil
vertical-specific requirements as well as mobile broadband services, in parallel.
5G ESSENCE introduces innovations in the fields of network softwarisation, virtualisation, and cognitive 
network management.

 5G ESSENCE offers opportunities to venue owners, (e.g., municipalities, stadiums, site owners, and virtually anyone 

who manages a property and can ‘’install-and-run” a local Small Cell network), to deploy a low cost infrastructure and 
to act as  neutral host network & service provider. 

 5G ESSENCE supports an enriched mobile users’ experience, minimising service deployment time.
 5G ESSENCE enables network operators and infrastructure owners to “open” the radio network edge to 

third-party partners allowing them to rapidly deploy innovative applications and services. 
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*21 Partners from all over Europe
The 5G ESSENCE project 

consortium is geographically 

balanced and is composed of 

partners coming from nine 

European countries

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