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Introduction_(1) 

Internet and communication networks are άŎǊƛǘƛŎŀƭέ ǘƻƻƭǎ for most 
areas and sectors of our modern societies & economies. 
They are radically transforming our world and do constitute fundamental 
άǇƛƭƭŀǊǎέ for any evolutionary process supporting effort for growth and 
development.  
 
The communication networks and the wider modern 
services/facilities environment of the year 2020 will be 
άŜƴƻǊƳƻǳǎƭȅ ǊƛŎƘŜǊ ŀƴŘ ƳǳŎƘ ƳƻǊŜ ŎƻƳǇƭŜȄ ǘƘŀƴ ǘƘŀǘ ƻŦ ǘƻŘŀȅέΦ  
 
The underlying (usually heterogeneous) network infrastructure will be 
ŀōƭŜ ƻŦ άconnecting everythingέ 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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Introduction_(2) 

ÅModern 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.).  

 
ÅThe άƛƴŎƭǳǎƛƻƴέ ƻŦ ƳƻŘŜǊƴ ŦŜŀǘǳǊŜǎ (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,  

by providing a proper means for better network management  
and for the offering of new services.   
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Introduction_(3) 

aŀǊƪŜǘ άŀŎǘƻǊǎέ (network operators and service providers, 
manufacturers, SMEs, end-users, etc.) are expected to be strongly 
involved in such processes.  

This ǿƛƭƭ άǊŜŘŜŦƛƴŜέ ŜȄƛǎǘƛƴƎ ǾŀƭǳŜ ŎƘŀƛƴǎ ŀƴŘ ǊŜŦƻǊƳ ǊƻƭŜǎ ŀƴŘκƻǊ 
ǊŜƭŀǘƛƻƴǎƘƛǇǎ ōŜǘǿŜŜƴ ƳŀǊƪŜǘ άǇƭŀȅŜǊǎέΣ whilst creating new and 
dynamic opportunities for novelty and investments.  

These changes ǿƛƭƭ ŀƭǎƻ ǘŀƪŜ ǇƭŀŎŜ ǿƛǘƘƛƴ ǘƘŜ ŦƻǊǘƘŎƻƳƛƴƎ άŦƛŦǘƘ 
ƎŜƴŜǊŀǘƛƻƴέ -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, 
× will create a sustainable and scalable technology, 
× will establish a proper ecosystem for technical/business innovation. 
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Challenges for the Network Infrastructures_(1) 

The European economy has not ƻƴƭȅ ǘƻ άƳŀƛƴǘŀƛƴέ ōǳǘ ŀƭǎƻ ǘƻ άŦƻǊǘƛŦȅέ 
both its role and influence on the wider international environment, 
strongly influenced by the fast Internet penetration. 

It is important to realize innovative actions and to expand knowledge so 
that άǘƻ ƪŜŜǇ ŀ ǎǘǊƻƴƎ Ǉƻǎƛǘƛƻƴ ƛƴ ŀ ǎǘǊŀǘŜƎƛŎŀƭƭȅ ƛƳǇƻǊǘŀƴǘ ƳŀǊƪŜǘ ǎǳŎƘ ŀǎ 
the one of the ICT sectorέΦ 

The diversity of new (personal and professional) usages,                                      
leads to new requirements on availability, latency, reliability, 
trustworthiness and security.  

Appearance of new trends, with the related features/functionalities much more 
ŎƭƻǎŜƭȅ άŜƳōŜŘŘŜŘέ ǿƛǘƘƛƴ ǘƘŜ network applications.  
Users ƎǊŀŘǳŀƭƭȅ ōŜŎƻƳŜ ƳƻǊŜ ŀƴŘ ƳƻǊŜ άŘŜƳŀƴŘƛƴƎέ in terms of contents and 
service requirements.  
Privacy and sustainability issues become of prime importance, thus implying for 
resilient constraints on networks and service platforms. 
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Challenges for the Network Infrastructures_(2) 

Appearance of a variety of major challenges:  

άIŀƴŘƭƛƴƎέ ƻŦ ǘƘŜ ƛƴŎǊŜŀǎŜŘ  ƴŜǘǿƻǊƪ ǘǊŀŦŦƛŎ together with the provision of all necessary 
capacity and/or spectrum availability, so that to serve/fulfil all relevant requests coming from 
different services, devices and users.  

Accommodation of novel classes of services/facilities (e.g., covering attributes coming from 
the IoT, M2M communications or content-based applications, or by any other future 
άŎƻƳǇƭŜȄέ ŜƴǾƛǊƻƴƳŜƴǘ ǘƘŀǘ Ƴŀȅ ǇƻǘŜƴǘƛŀƭƭȅ ŀǇǇŜŀǊύΣ while preserving ŀ άƭƻǿέ -or a kind of  
άǊŜŀǎƻƴŀōƭŜέ- CAPEX and OPEX features, supporting  economies of scale and avoidance of 
unnecessary investments.  

Strengthening LƴǘŜǊƴŜǘΩǎ ǇŜƴŜǘǊŀǘƛƻƴ ƛƴ ŀƭƭ ǎŜŎǘƻǊǎ ƻŦ ƻǳǊ ƭƛǾŜǎ ŀƴŘ ŜŎƻƴƻƳƛŜǎ, by making it 
an άƛƴŘƛǎǇŜƴǎŀōƭŜ ƳŜŀƴǎέ for realizing an explicit, ubiquitous and dependable infrastructure 
in mobile, wireless and fixed communications.                                                                                                  
Internet άŘǊƛǾŜǊǎέ ŀǊŜ ŀƭƭ ƪƛƴŘ ƻŦ services/applications from low (sensor and IoT) to high throughput rates 
(e.g. high quality video streaming) and from low to high latency.  

Supporting of all actions for providing a guaranteed level of  Quality of Service/Quality of 
Experience (QoS/QoE) together with enhancement of privacy and security over the 
Internet, especially for professional uses and with the aim of offering optimal performance. 

Making ǘƘŜ ŎƻƳƳǳƴƛŎŀǘƛƻƴ ŎǊƛǘƛŎŀƭ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜǎ άŀǎ ǊŜǎƛƭƛŜƴǘ ŀǎ ǊŜǉǳƛǊŜŘέ by consumers of 
interconnected critical infrastructures (such as smart grid).  

Supporting measures for realizing reduced energy consumption.  
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Challenges for Network Infrastructures_(3) 

¢ƘŜ ŦƻǊǘƘŎƻƳƛƴƎ ά5G infrastructureέ ǿƛƭƭ άŦŀŎŜέ Ƴƻǎǘ ƻŦ ǘƘŜ 
identified challenges and will offer reliable solutions!  

 

5G will be much more that the next step beyond 4G: it is expected to 
be the άcore functional system of our modern digital society and 
economyέΣ  thus ƎŜƴŜǊŀǘƛƴƎ ŀ ǘǊǳƭȅ ŎƻƴǾŜǊƎŜŘ ŀƴŘ ǘǊŜƳŜƴŘƻǳǎƭȅ άŘŜƴǎŜέ 
communication infrastructure, integrating IT systems (e.g., processing and 
storage) with plentiful network resources.  

 
5G is to become a sort of universal, highly flexible and ultra-low 

latency virtualized infrastructure,  
      capable of serving immense numbers of smart terminals, devices, 

machines, things, sensors, cars, drones, etc.,  
      with significant processing and storage capabilities that may be 

exponentially increased, via relevant Cloud-based applications .  
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The European Conceptual Approach for 5G_(1) 

5G networks will not only be based on transport and routing/switching 
technologies but ǿƛƭƭ ōŜ ƳƻǊŜ άflexible and openέΦ  

 
5G networks are expected to evolve more easily ǘƘŀƴ ǘƻŘŀȅΩǎ ƴŜǘǿƻǊƪǎ 

and also to embed sensing, computing and storage resources in a 
converged and unified infrastructure, ŀōƭŜ ǘƻ άƻǊŎƘŜǎǘǊŀǘŜέ ǘƘŜ 
delivery of services in a secure manner. 

 
5G networks will provide a significantly higher system capacity than 

today and solve any anticipated spectrum scarce.  
 
5G networks  should also promote -to the extent possible- a common 

network management for mobile and wireless, in terms of  
      - constant performance optimisation,  
      - fast failure recovery,  
      - fast adaptations to changes in network loads, architecture, infrastructure   
        and technology.  
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The European Conceptual Approach for 5G_(2) 

× Possibility for the provision of 1000 times higher wireless area capacity and of 
more varied service capabilities, if compared to those of 2010. 
 

× Saving up to 90% of energy per service provided. (Here, the main focus should be in 
mobile communication networks, where the dominating energy consumption comes from the 
radio access network).  
 

× Reduction of the average service creation time cycle from 90 hours to 90 minutes. 
 

× Creation of a sufficiently secure, reliable and dependable Internet, ǿƛǘƘ ŀ άȊŜǊƻ 
ǇŜǊŎŜƛǾŜŘέ ŘƻǿƴǘƛƳŜ ŦƻǊ ǎŜǊǾƛŎŜǎ provision. 
 

× Facilitating future ǾŜǊȅ άŘŜƴǎŜέ ŘŜǇƭƻȅƳŜƴǘǎ ƻŦ ǿƛǊŜƭŜǎǎ ŎƻƳƳǳƴƛŎŀǘƛƻƴ ƭƛƴƪǎ to 
connect over 7 trillion wireless devices serving over 7 billion people, thus realizing 
ǘƘŜ ƻǇǘƛƻƴ ƻŦ άconnecting everything or everyone at any time at any placeέΦ 
 

× Enabling advanced user controlled privacy, to guarantee a proper level of 
protection of the facilities offered. 

Within the 5G-PPP framework, the following KPIs have been identified:  
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The European Conceptual Approach for 5G_(3) 

The development of the forthcoming 5G systems will be based                    
 

on an ecosystem of close cooperation                                                     
between industry, SMEs and the research community  

 
with the aim of 
 

developing innovative -but applicable/viable- solutions  
 

guaranteeing  the exploitation of such in global standards & markets  
 

ensuring interoperability and economies of scale, with affordable cost 
for system deployment and the end-users. 
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Inclusion of Modern Features in 5G Networks_(1) 

With 5G, future networks will be transformed into άƛƴǘŜƭƭƛƎŜƴǘ 
ƻǊŎƘŜǎǘǊŀǘƛƻƴ ǇƭŀǘŦƻǊƳǎέΦ  
 
The 5G architecture is assumed to integrate a broad range of use cases 
with innovative requirements, particularly in terms of latency, resilience, 
coverage, and bandwidth.  
 
5G is assessed to structure a stakeholder-driven, holistic ecosystem for 
technical and business innovation, integrating networking, computing and 
storage resources ƛƴǘƻ άone programmable and unified infrastructureέ.  

 
Software-based systems can offer the flexibility to adapt to new 
requirements and facilitate inclusion of innovation.       
ÅFlexibility in technical requirements and the system design is a άƪŜȅ ƻǇǘƛƻƴέ to 

enable further modernization and to fulfill any unforeseen future service 
requirements. 

ÅFrom the long-term vision perspective, future systems are expected to offer high 
flexibility in data throughput, mobile ubiquity and to allow for very low latency 
and adaptability ǘƻ ƴŜǿ άǎŎƘŜƳŜǎέΦ 
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Inclusion of Modern Features in 5G Networks_(2) 

Software Defined Networking (SDN) allows  
network control to be separated from the forwarding plane and  
a flexible management of the network resources, thus facilitating the design, 
delivery and operation of network services in a dynamic and scalable manner.  

 
SDN is one of the networking computing paradigms that were proposed as                     
a way to revolutionize cellular network architectures, and so                                                        
to ƳƻǾŜ ǘƻǿŀǊŘǎ άƳƻǊŜ ŀƎƛƭŜέ ŀƴŘ άŎƻǎǘ-ŜŦŦŜŎǘƛǾŜέ ƴŜǘǿƻǊƪ ŎƻƴǘǊƻƭ ǎƻƭǳǘƛƻƴǎΦ  
 
Via SDN techniques, network services can be implemented by programming -
instead of re-architecting- the network; this implicates that new network 
features can be introduced at significantly shorter time.  
 
CƻƭƭƻǿƛƴƎ ǘƻ ǘƘŜ ŀŎǘǳŀƭ άŎƻƴǾŜǊƎŜƴŎŜέ ǘǊŜƴŘǎ ǘƻǿŀǊŘǎ άŎƭƻǎŜέ ƛƴǘŜƎǊŀǘƛƻƴ ōŜǘǿŜŜƴ 
ǘŜƭŜŎƻƳ ŀƴŘ L¢ ǎƻ ǘƘŀǘ ǘƻ άŦƻǊƳέ ŀ ŎƻƳƳƻƴ ǾŜǊȅ ƘƛƎƘ ŎŀǇŀŎƛǘȅ ǳōƛǉǳƛǘƻǳǎ 
infrastructure, SDN can lead to a άǎƻǊǘέ of general purpose, programmable and 
specific high performance hardware, that will offer immense resources for 
transport, routing, storage and execution. 
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Inclusion of Modern Features in 5G Networks_(3) 

Network functions virtualization (NFV) permits virtualization of software-based 
network functions.  
ÅInstead of installing and managing dedicated hardware devices for such networking and 

servicing functions, these ŀǊŜ ǊŜŀƭƛȊŜŘ ŀǎ άǎƻŦǘǿŀǊŜ ŎƻƳǇƻƴŜƴǘǎέ and deployed on 
commodity or special hardware infrastructures.  
ÅNetwork ŜƭŜƳŜƴǘǎ ŀǊŜ ǘƘǳǎ ŜȄǇŜŎǘŜŘ ǘƻ ōŜŎƻƳŜ άŎƻƳǇǳǘƛƴƎ ŜǉǳƛǾŀƭŜƴǘέ equipment, that 

gathers programmable resources, interfaces and functions based on virtualisation 
technologies.  

 
The programmability also provides the ability to account for the usage of resources across the 
network, thus enabling the envisioned flexible incentive alignment across several stakeholders.  
 
With resources interpreted as that of computing, storage, volatile memory and bandwidth, the 
envisioned network programmability allows for optimization across all these resource 
dimensions, towards a single deployed solution. 
 
üNFV is a new paradigm that prescribes virtualising network element functions, 

which -in turn- means translating individual virtual network functions (VNFs) into 
software processes.  
üNFV aims to improve elasticity in provisioning network services while, at the 

same time, improving scalability and reducing time to market. 
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Inclusion of Modern Features in 5G Networks_(4) 
 

ÅSoftware-defined Network Clouds: This implicates for cloudification of 
networking and servicing functions, which enables ubiquitous network 
access to a shared services and shared pool of configurable computing, 
connectivity and storage resources. 

  
ÅIt offers users and providers with various capabilities to process and store 

their data and services in data centers.  
 
ÅIt relies on sharing of resources to achieve coherence and economies of 

scale, ǎƛƳƛƭŀǊ ǘƻ ŀ άǳǘƛƭƛǘȅέ ƻǾŜǊ ŀ ƴŜǘǿƻǊƪ.  
ÅIt uses virtualization concepts such as abstraction, pooling, and automation 

to all of the connectivity, compute and storage to achieve network services. 
 
ÅIt can also take the kind of mobile edge computing (MEC) architecture 

where cloud-computing capabilities and an IT service environment are 
available at the edge of the mobile network that uses one or a 
collaborative multitude of end-user clients or near-user edge devices to 
execute a substantial amount of services (rather than in cloud data centers), 
communication (rather than routed over the internet backbone), and control, 
configuration, measurement and management. 
ü. 
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Inclusion of Modern Features in 5G Networks_(5) 
 
 

The SDN approach, along with NFV, has accelerated the 
ǇǊƻƎǊŜǎǎ ǘƻǿŀǊŘ ǘƘŜ ŎƻƴŎŜǇǘ ƻŦ άall-as-a-ServiceέΦ  
 
As soon as the cellular network architecture shifts from its current 
view nearer to the users for providing edge services, a new holistic 
approach will cater for the necessary network redesign.  
 
The combination of SDN, virtualisation and cloud technologies       
results into the concept of a network operating system  

   that allows for unified orchestration of computing, storage,                                          
    as well as networking resources  
    in a programmable way. 
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