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9ȄŜŎǳǘƛǾŜ {ǳƳƳŀǊȅ 

The objective of this deliverable is to provide an assessment of the different factors that we believe will tend 
to influence the successful adoption of 5G networking within Europe.   

To that end, future (e.g. technical, commercial, regulatory, end-user etc.) challenges regarding 5G networks 

were identified by experts from within the CHARISMA project as part of a Roadmapping exercise, and a 

survey was designed in order to estimate the relative importance of these challenges and classify them.  The 

survey was completed by 16 experts from within the CHARISMA consortium; these experts belonging to a 

variety of different and relevant sectors, including: industry, research institutes and academia from several 

European countries (France, Germany, Greece, Israel, Luxembourg, Portugal, Slovenia, Spain, United 

Kingdom), with each expert having a professional background in telecommunication technologies.  

With regard to the survey itself, the analysis presented here was based upon the Fuzzy Analytic Hierarchy 
Process (AHP). The specific criteria-challenges employed in the survey were identified as follows:  

¶ Performance: covering aspects related to performance enhancements compared to legacy systems 

¶ Business: covering economic and financial factors 

¶ Acceptance: relating to the acceptance by end-users and operators of the new 5G technologies 

¶ Flexibility: relating to options that 5G will provide to operators as they deploy new networks 

¶ Technology: covering the various technological options associated with 5G 

For each of these criteria a set of sub-criteria was also specified, with the analysis methodology requiring a 
pairwise comparison between these criteria (and sub-criteria) using an on-line survey of the CHARISMA 
experts. The relative importance/priority  of the crucial factors was identified by calculating their weights as 
ascertained from the raw data accrued from the on-line survey.  

According to the feedback received from the experts, Performance is rated as the most important criterion 

for 5G deployment, followed in turn by Business, Acceptance and Flexibility; whilst Technology has the 

lowest weight. Considering Performance, the most weighted sub-criterion is that of Low Latency, followed 

by High Reliability, and then Data Rate. Increased coverage and energy consumption had the lowest weights.  

The scope of the deliverable is to provide guidance both to CHARISMA partners and also to other 

stakeholders that are involved in 5G networking. Of interest is to note that the CHARISMA architecture has 

already targeted Low Latency as a key technical objective as specified by the relevant 5G-PPP KPI, alongside 

multi-tenancy, and security, which together are in line with what is expected to underpin the successful 

deployment and uptake of future 5G networking. 
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1. LƴǘǊƻŘǳŎǘƛƻƴ  

This deliverable aims to assess the various challenges that are related to the successful adoption of 5G 

networking, and the CHARISMA architecture as a specific 5G technology solution.  

In order to identify the barriers and drivers of the uptake of 5G networking an expert survey was conducted 

to rate the different criteria that are expected to be relevant to the success of 5G networks. These criteria 

cover a broad area of 5G networking factors such as: technology, business, acceptance, performance, and 

flexibility. 

In order to assess the relative importance of these criteria, a fuzzy version of the Analytic Hierarchy Process 

(AHP) method was selected as the most appropriate. A set of criteria and their corresponding sub-criteria 

were selected and an online survey was implemented. Experts from the CHARISMA project were invited to 

express their opinions regarding the factors that will most influence the future of 5G networks. These 

responses were gathered and then processed in order to get the final results.  

This deliverable is structured as follows: following an initial introduction about 5G networking, a 

Roadmapping overview of the various 5G technologies and challenges is presented. After that, a description 

of the methodology underpinning the on-line expert survey and its criteria and sub-criteria is made, with the 

results of the survey presented and analysed. Finally, conclusions are drawn from the combined roadmapping 

and survey analysis. 

1.1. ¢ƘŜ ƴŜŜŘ ŦƻǊ рD ƴŜǘǿƻǊƪǎ  

5G is a compact two-lettered word encapsulating a very large concept. Indeed, capturing a definitive 

undersǘŀƴŘƛƴƎ ƻŦ рD όǎƘƻǊǘ ŦƻǊ άŦƛŦǘƘ ƎŜƴŜǊŀǘƛƻƴέύ ƴŜǘǿƻǊƪƛƴƎ ƛǎ ŜƭǳǎƛǾŜΣ ǎƛƴŎŜ рD ŎƻǾŜǊǎ ǎƻ Ƴŀƴȅ ŘƛŦŦŜǊŜƴǘ 

aspects. For example, there are the technical aspects, which are easily quantified, such as the expected end-

user high bandwidths (e.g. 1-10 Gb/s to end-users), low latency (1-millisecond access times), and the ability 

to network very high numbers of devices in a small geographic location - indeed, this final aspect is an 

example of where the boundaries between 5G and other emerging concepts such as Internet of Things (IoT) 

or cyber-ǇƘȅǎƛŎŀƭ ǎȅǎǘŜƳǎ ό/t{ύ ŀƴŘ ά.ƛƎ 5ŀǘŀέΣ ōŜŎƻƳŜ ōƭǳǊǊŜŘΣ ŀƴŘ ŜȄŜƳǇƭƛŦȅ ǘƘŜ ǇǊƻōƭŜƳ ƻŦ ŀ ǇǊŜŎƛǎŜ 

definition of 5G. Other features of 5G which are the reason why there is such a global interest in 5G research 

currently occurring are: Fixed-mobile convergence, i.e. seamlessness between the traditional fixed access 

network (e.g. fibre-to-the home, FTTH) and the mobile communications network; Device-to-device (D2D) 

communications and ad-hoc meshing (e.g. for sharing of content and social media in localised public spaces); 

Open Access, such that multiple network operators and service providers can share the same physical 

infrastructure, and therefore achieve useful CapEx and OpEx cost savings; and new network services, i.e. such 

a higher performance 5G network infrastructure will allow entrepreneurs the freedom to be creative in 

developing new network services functions and applications. Indeed, each of these various 5G features 

mentioned here are very large subjects in their own right, with many directions of research into each of their 

new technologies, new functionalities, and new means to improve efficiencies (e.g. energy efficiency, use of 

scarce network resources, improved CapEx, OpEx, and TCO profiles.)  
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In addition, other very important emerging networking trends which are having a major impact on the design 

of 5G network architectures are: software defined networking (SDN); network functions virtualisation (NFV), 

Security and privacy (including issues such as reliability, trustworthiness, and robustness); Network 

dynamicity; Cloud and fog computing; and environmental impact, i.e. energy efficiency as already mentioned, 

but also including the visual impact of 5G technology on the urban and rural landscape, potential health 

issues due to possible electromagnetic smog issues, life-cycle disposal of old (legacy) communications and 

ICT equipment, as well as the design of 5G equipment with its end-of-use disposal already in mind. 

Taken together, all these very many facets comprise a broad deŦƛƴƛǘƛƻƴ ƻŦ ǿƘŀǘ ǿŜ ƳƛƎƘǘ ƳŜŀƴ ōȅ άрDέΣ ŀƴŘ 

together they create a very complex technology landscape, with many possibilities for successful innovation 

and new business opportunities. However, navigating such a futuristic landscape, with so many unknowns 

and as yet untried and untested technologies, concepts and services, becomes a very risky business venture. 

In order to mitigate some of the business risks involved in investing in 5G technologies (be it hardware 

equipment, software control and management systems, new services and applications, network 

infrastructure, etc.) a better understanding of the attitude and expectations of future 5G users is required. 

Business already has a good idea of the techno-economics, technical performance characteristics, and end-

user take-up (acceptance) of current 40 (LTE) networking technologies; but in deciding how, where, and when 

best to target investment in upgrading their legacy 4G infrastructure towards 5G networking capabilities, 

they need a better understanding of the many issues surrounding the 5G business landscape. This is the 

rationale for the CHARISMA survey being reported in this deliverable D5.4: to define a set of roadmapping 

scenarios towards 5G networking; and attempt to evaluate the economic, social, and technological factors 

that are likely to impact (both to drive forward and limit) the deployment of future 5G networks such as the 

CHARISMA architecture. 

1.2. ¢ƻǿŀǊŘǎ ǘƘŜ άрD {ŜŎǳǊŜŘ bŜǘǿƻǊƪǎέ ǘŀǊƎŜǘ  

In addition to the more general 5G challenges outlined in the previous sub-section, the CHARISMA project is 

also interested in the analysis of a specific key aspect of future telecommunication networking that of 

necessity will need to be tackled: the provisioning of secured networks in a multi-tenant, multi-platform, 

multi-technology landscape. It is of major importance to provide the necessary mechanisms and controls to 

address the complex security challenges of today's heterogeneous networks. In particular, security policy 

management, decision control for threat detection, virtualization isolation, identity access management and 

proactive traffic and resource monitoring will need to be handled in 5G networks. 

In such complex environment, taking into account the purely technical aspects that a future 5G network will 

need to achieve, some important security constrains can be foreseen: 

1. Security challenges from a large number of connected devices. 5G is expected to experience a high 

density in the number of devices connected to the network; in some cases, there will be billions of 

new devices which will open new security threats, e.g. multiplying the number of connected devices 

means more opportunity for attacks such as distributed denial of service (DDoS).  

2. Security challenges from increased data transfer speeds. High-speed data communications imply a 

higher number of threats of malicious file transfers that could potentially more easily escape notice 

if the correct mechanisms are not in place to detect those attacks. 

https://dwaterson.com/2013/04/08/ddos-attacks-how-they-work/
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3. Security breaches due to the nature of technology enabled by 5G. 5G network aims to leverage (in 

some cases) the development of user sensitive applications such as remote surgery or driverless cars. 

The consequences of security breaches in these two examples could be particularly critical, or even 

life threatening. 

Security and privacy requirements are often seen as obstacles or burdens in system design, but ignoring them 

at the beginning is often not cost-efficient in the long term, with a much more costly process required to 

incorporate such mechanisms at a later stage. 

Mobile Internet of Things (IoT) devices require lightweight security, whilst high-speed mobile services 

demand highly efficient mobile security. A network based hop-by-hop security approach may not be efficient 

enough to build differentiated end-to-end (E2E) security for different service slices. For example, IoT is now 

gaining in momentum, as more people are able to remotely operate or "talk" to networked devices, for 

instance, instructing facilities at a smart home to power up etc. Therefore, there is a need of a more stringent 

authentication method to prevent unauthorized access to IoT devices. Advanced methods of authorisation 

and authentication like biometric identification could be incorporated in some applications. 

SDN and NFV technologies are also expected to pave the way to enhanced 5G networking efficiency and cost 

reductions, but they also provide a new source for security concerns. Security cannot be built for 5G services 

unless the network infrastructure is robust. In legacy networks, security of functional network elements (NEs) 

relies largely on how well their physical entities can be isolated from each other. However, in 5G, the isolation 

will need to work differently, as NFV will lead to the presence of virtual NEs on a cloud-based infrastructure. 

According to ENISA [1], the list of the most typical threats and attacks that can occur in a 5G/SDN 

environment are the following: data forging, traffic diversion, side channel attacks, flooding attacks, software 

or firmware exploitations, denial of service, identity spoofing, API exploitation, memory scraping, remote 

application exploitation and traffic sniffing. In CHARISMA we are aiming to deal with a good number of these 

as the project develops. 

To summarize: in general terms it is difficult to predict the (potentially multiple) security challenges that will 

impact future 5G telecommunication systems, therefore it is of outmost importance to don the 5G Network 

with Automated Security Management mechanisms. In order to address the previously mentioned security 

challenges, CHARISMA is proposing a real-time, automated Security Framework for the 5G 

telecommunications network, implementing a continuous and closed loop of real-time environment 

inspection, analytics, policy-based decisions and actuation/enforcement via Cloud & SDN orchestration 

procedures. 

Taken together, CHARISMA is targeting Low-Latency, Security and Open Access as key features of its 5G 

network. But correctly understanding the interplay between these technical features of CHARISMA, as well 

as the other business, regulatory, end-user, and operational aspects that are expected to feature in future 

5G networking, will ultimately determine the successful deployment and uptake of 5G networking. This 

deliverable D5.4 aims to provide such a quantitative assessment and Roadmapping Scenario, so as to assist 

in the successful commercialisation of a 5G network such as the CHARISMA architecture. 

 

http://uk.businessinsider.com/mercedes-new-self-driving-car-f-015-2015-1
https://dwaterson.com/2013/07/29/car-hacking/
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2. wƻŀŘƳŀǇǇƛƴƎ ǘƘŜ рD ǘŜŎƘƴƻƭƻƎƛŜǎ 

2.1. IƛǎǘƻǊȅ  

The first commercial mobile communications technology that appeared was what is now called 1G, which 

refers to the first generation of wireless telephone technology introduced in the 1980s and completed in the 

early 1990s. Its speed was up to 2.4 kb/s and allowed national voice calls using analogue signals. Even though 

the US based Bell Labs introduced the cellular principle, the Nordic countries were the first to introduce 1G 

cellular services for commercial use with the introduction of the Nordic Mobile Telephone (NMT) in 1981. 

The first mobile system utilising 1G technology in USA was the American Mobile Phone System (AMPS). 

The next generation of mobile communications was 2G, which was launched in Finland in 1991. 2G networks 

were based on GSM using digital signals. Initially, its data speed was up to 64 kb/s and it enabled services 

such as text messages, picture messages and MMS (multimedia messages). 2.5G systems included GPRS 

(General Packet Radio Service) and EDGE (Enhanced Data GSM Environment), which supported the 

transmission of data packets and improved the data rates of 2nd generation systems (Figure 1). 

 

Figure 1: Mobile communications evolution [2] 

While GSM technology was developed in Europe, CDMA (Code Division Multiple Access) technology was 

developed in North America. CDMA uses spread spectrum technology, which spreads each call signal to the 

whole available bandwidth using άǎǇǊŜŀŘƛƴƎέ codes. By using the same codes to de-spread the signal, CDMA 

can distinguish between multiple calls transmitted simultaneously on the same bandwidth. 

CDMA technology was the predecessor of WCDMA (Wideband CDMA) or UMTS (Universal Mobile 

Telecommunications System), which was the technology used for the 3rd generation of mobile 

communications, also known as 3G technology that was introduced in 2001. 3G offered increased data rates 

and new mobile devices were introduced called smartphones and featuring high-speed internet access, far 
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improved audio and video streaming capabilities, support for video calls and conferences, and internet TV. 

The advent of 3G completely changed the way people used their mobile phones. At the same time, the wide 

adoption of the tablet and the increased dependency on smartphones led the demand for higher speeds and 

connectivity options, leading to a new 3G standard, HSPA+ (advanced High Speed Packet Access), which 

offered data rates of more than 40Mbps.  

The next generation of mobile technology, 4G also known as LTE (Long Term Evolution), was introduced in 

2009 and promised higher data rates and expanded multimedia services featuring enhanced security, high 

capacity and low cost per bit. The 4G technologies, LTE and LTE Advanced, are capable of providing data rates 

of up to 1 Gb/s. LTE, which is an IP-based system, is a complete redesign of the 3G network architecture 

resulting in a reduction of network complexity and transfer latency. However, LTE is not compatible with 2G 

and 3G networks, meaning that putting together an LTE network has required a high CAPEX.  

With the advent of IoT as well as the increase in the usage and numbers of the mobile devices requiring vast 

amounts of bandwidth, the next generation mobile communication technology, which is termed 5G or 5th 

generation, is expected to be available by 2020. 5G will offer data rates of up to 10 Gb/s to the end mobile 

users with a latency of less than 1 millisecond. The offered bandwidth will be 1000 times the present 

bandwidth per unit area, and the supported number of connected devices will be 10 to 100 times the current 

number of devices. In addition, 5G has promised a 90% reduction in energy requirement. 

From the history of mobile communications technology, we can identify a common evolution cycle, which 

typically lasts an average of 20 years as shown in Figure 2 for North America [3].  

 

Figure 2: Mobile Network Technology Lifecycles (North America) 1G ς 5G [3]  

It can be seen from Figure 2 that the average time-to-peak is about 12 years while the time from peak till the 

end of life is about 7 years, except for 2G systems for which this period is, strangely, twice as much. However, 

the total life, which includes the time to peak and the time from peak until the end of life, is quite similar for 

all technologies at about 20 to 22 years. For each of these 20 to 22 year cycles, there is a 7 to 8 year period 

for research and standardization preceding the deployment of each technology. Adding all periods from the 
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initial conception until the end of life for each generation of technology, we end up with a maximum of about 

30 years.  

Technology-wise, the difference between one generation of mobile technology and the next has been mainly 

the air interface technology. Each new mobile generation was typically assigned new frequency bands and 

wider channel bandwidths (1G up to 30 kHz, 2G up to 200 kHz, 3G up to 5 MHz, and 4G up to 40 MHz). 

However, from now on it seems that the key differentiator will be mainly the ability to flexibly operate a 

virtual network that integrates many different air interfaces, protocols, frequencies and network types.  

Particularly for 5G, research work has started back in 2009 [4] and has gained considerable momentum after 

2014 as governments, standardization bodies, vendors, and MNOs started setting targets for initial 

deployments. Japan is planning to launch 5G by 2020 for the Tokyo Olympics [5], while Huawei and Russian 

operator MegaFon has signed a MoU for deploying 5G at the 2018 World Cup [6].  

The European Commission has initiated an ambitious plan to accelerate research developments in 5G 

technology. On December 17, 2013, the EC signed an ŀƎǊŜŜƳŜƴǘ ǿƛǘƘ ǘƘŜ ΨрD LƴŦǊŀǎǘǊǳŎǘǳǊŜ !ǎǎƻŎƛŀǘƛƻƴΩΣ 

representing major industry players, to establish a Public Private Partnership on 5G (5G-PPP). ϵтлл Ƴƛƭƭƛƻƴ in 

public funding have been earmarked by the European Commission to support this activity through the 

Horizon 2020 Programme. !ŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ άрD ±ƛǎƛƻƴέ ŘƻŎǳƳŜƴǘ ŦǊƻƳ рD-PPP [7], the 5G roadmap, 

including the work of different specification and standardization bodies, is shown in Figure 3. 

 

Figure 3: 5G roadmap [7] 

2.2. {ǇŜŎǘǊǳƳ LǎǎǳŜǎ  

5G is likely to utilise a broad portfolio of spectrums, including lower frequency bands and large contiguous 

blocks above 6 GHz. As a result, we expect 5G to make use of existing mobile bands and require new ones. It 

may involve heterogeneous networks using both licenced and unlicensed spectrum operating in innovative 
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ways with spectrum sharing becoming an increasingly integral part of spectrum use. By the end of 2017, the 

RSPG (Radio spectrum policy group) will develop an opinion, including those bands understood at this stage 

as having the best potential for harmonisation and addressing relevant spectrum issues raised by 5G. This 

will be addressed further in upcoming work by RSPG in 2016, which is tracked by the operators.  

It is foreseen that the first 5G system will be deployed on a commercialised basis by the year 2020. Now is 

the time for ITU and recognised regional bodies to start studying and analysing 5G spectrum aspects. The 

first step of this process is for countries to decide on the respective Agenda Item for WRC-19. This Agenda 

Item has to facilitate detailed studies between WRC-15 and WRC-19 on the suitable and sufficient spectrum 

ranges/bands and the amount of spectrum bandwidth needed. On a longer term, higher frequency bands 

are expected to be examined (6 GHz, 9-37 GHz, and >40 GHz up to 100 GHz) to be used by 5G, targeting WRC-

19. 

2.3. .ŀǎƛŎǎ ƻŦ рD ǎȅǎǘŜƳǎ  

2.3.1.{5b κ bC±  

Apart from the advances expected in the physical layer (PHY), 5G networks are expected to be further 

enhanced in the wire-line access, back-haul and core segments, embracing a series of key recently emerged 

technical enablers. Such enablers include software defined networking (SDN) and network function 

virtualization (NFV) technologies. We outline the state-of-the-art in these domains in the following1. 

2.3.1.1..ŀŎƪƎǊƻǳƴŘ 

Software defined networking (SDN) has emerged as a paradigm addressing the increased complexity of IP-

based networks and the corresponding control plane overheads for the support of a series of management 

and configuration operations including traffic engineering and fault management [8]. SDN identifies the 

vertical integration of the control and data planes as the root cause of the observed overheads and lack of 

flexibility in the control of traditional IP networks. This integration is realized in the distribution of the control 

plane intelligence inside the network, allowing the distributed forwarding devices to interact on the control 

plane taking local decisions on their forwarding behaviour. SDN breaks this model by decoupling the control 

and data planes: a (logically) centralized control plane, also usually termed as the SDN controller, 

concentrates control plane logic by taking centralized decisions based on a global view of the network. The 

SDN controller enforces these decisions on the data plane, by configuring simple forwarding devices 

(switches or routers), which, in this model, present limited intelligence (see Figure 4).  A northbound interface 

is defined to allow network operators to develop their network management applications, which (based on 

a holistic view of the data plane) can define policies for the behaviour of the network. A southbound interface 

is also defined to allow the controller to realize these policies by configuring the data plane (forwarding) 

devices. It is noted that the controller component of an SDN architecture is only logically centralized i.e., 

                                                           

1 An extensive overview of related technologies has been provided in D3.1. Avoiding repetition, here, we rather 
provide a short overview of existing technical solutions, mostly focusing on their contribution to the broader vision of 
5G.  
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multiple (possibly synchronized) instances can be deployed for scalability and/or redundancy (see also next). 

East/westbound interfaces are defined in this case for the communication between different controllers (not 

shown in Figure 4).   

 

Figure 4: A simplified view of an SDN architecture [8] 

The expected complexity of the 5G network motivates the adoption of the SDN paradigm. The emergence of 

heterogeneous access infrastructures and cell sizes (e.g., small-cells vs. macro-cells) i.e., HetNets [9], along 

with the intended support of a series of heterogeneous types of devices and corresponding applications (e.g., 

M2M, IoT, video distribution, etc.) results in a complex and diverse set of traffic types and forwarding options. 

Moreover, and as discussed in the following, the emergence of NFV-based solutions is expected to result in 

dynamically instantiated network functions calling for the corresponding configuration of forwarding tables. 

SDN promises a simplified and powerful configuration model suitable for such operations as it enables the 

simplification of the (virtual) forwarding devices in the data plane, which will merely accept forwarding 

instructions (rules) by the control plane.  

2.3.1.2.{5b ŎƻƴǘǊƻƭƭŜǊǎ 

A series of SDN controllers has emerged, often targeting different networking environments. OpenDayLight 

(ODL) is one of the most widely adopted SDN controllers [10]. It belongs to a wider platform aiming at the 

fine grained control of network resources. ODL is open source and highly modular facilitating the extension 

of its capabilities through the addition of functional modules. ODL supports the OSGi framework for the 

northbound interfacing with applications hosted on the same network domain as the controller. The REST 

API [11] is used for the (web based) northbound communication with applications residing at different 

networking domains. The widely adopted OpenFlow protocol [12] is supported for the southbound interface, 

along with OVSDB and SNMP. The NOX controller is another widely adopted SDN controller, firstly introduced 

in 2009 [13]. NOX has been extensively used to support the development of the OpenFlow southbound 

protocol, but has not target optimised production performance.  

As the centralized nature of the SDN controller raises concerns regarding the scalability of the corresponding 

implementation, a series of SDN controllers have been design to support robust operation in large scale 

environment. Maestro [14], Beacon [15]  and Floodlight [16] are such examples, taking a centralised 

approach, but aiming at achieving high throughput via means of concurrency. In these approaches, multi-

threaded designs are used to take advantage of underlying multi-core (HW) architectures. 
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Other approaches have targeted scalability by de-centralizing the design, resulting in distributed SDN 

controllers. Examples include Onix [17],   HyperFlow [18],   HP   VAN   SDN [19], ONOS [20], DISCO [21], yanc 

[22], PANE [23], SMaRt-Light [24],  and  Fleet [25]  are  examples  of  distributed controllers. In these designs, 

the focus is on the consistency of the state at each SDN controller, so that the network is eventually managed 

as a whole and with each controller having the same view of the network. Resilience features focus on a 

failover mechanism allowing different SDN controller instances to instantly take over upon a failure.  

2.3.1.2.1.bƻǊǘƘōƻǳƴŘ ƛƴǘŜǊŦŀŎŜ 

As already mentioned, the northbound interface allows the communication of the controller plane with 

management applications. Though numerous proprietary, ad-hoc APIs have been developed in this area, the 

prevailing approach is that of RESTful APIs [11]. 

2.3.1.2.2.{ƻǳǘƘōƻǳƴŘ ƛƴǘŜǊŦŀŎŜ 

On the southbound interface, OpenFlow is the most widely accepted and deployed protocol [12]. OpenFlow 

specifies messages that enable SDN controllers to define and apply forwarding rules on OpenFlow compatible 

switches, based on fields of the packet L2/L3 headers. OpenFlow switches can also communicate with a 

controller to: (i) request for a forwarding rule, when no existing rule applies to an incoming flow; (ii) send 

statistics (counter values) regarding the forwarded traffic. OVSDB [26] is an extension of the OpenFlow 

protocol that allows enhances operations tailored for Open vSwitches [27] i.e., software implementations of 

OpenFlow switches. Examples of the additional operations supported include the instantiation of new of 

Open vSwitch instances, the attachment of additional (virtual) network interfaces and their configuration, 

the collection of enhanced statistics. Also, the southbound interface can include traditional management 

mechanisms and protocols such as SNMP [28]and NETCONF [29], allowing a broader set of operations on the 

underlying forwarding devices of the data plane. 

2.3.1.3.bŜǘǿƻǊƪ CǳƴŎǘƛƻƴ ±ƛǊǘǳŀƭƛȊŀǘƛƻƴ  

Network functions virtualization (NFV) includes a wide set of technologies closely interfacing each other in 

the support of virtualized functions inside the network. The high level objective of this set of technologies is 

to enable the instantiation and management of the entire lifecycle of virtualised network functions, on top 

of COTS hardware infrastructure of the network. The ETSI NFV Architectural Framework has specified an 

ecosystem of components for the realization of the NFV paradigm (see Figure 5) [30]. Using this architecture 

as a reference framework, in the following we provide a high level overview of the major components and 

their related technologies.   
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Figure 5: ETSI NFV reference architectural framework 

2.3.1.3.1.bŜǘǿƻǊƪ CǳƴŎǘƛƻƴ ±ƛǊǘǳŀƭƛȊŀǘƛƻƴ LƴŦǊŀǎǘǊǳŎǘǳǊŜ όbC±Lύ   

The Network Functions Virtualization Infrastructure (NFVI) provides the virtualized computing, storage and 

network resources, on top of which the intended virtualized network functions and services are to be 

instantiated. NFVI is realized by virtualization platforms on top of COTS hardware. Hypervisors are key 

components of NFVI, managing the provisioning of the available resources to the guest Operating Systems 

i.e., the Virtual Machines (VMs). KVM [31], Xen [32]and vSphere [33] are examples of hypervisors widely used 

today in cloud environments. Current focus on the support of virtualised network functions has triggered 

intense efforts in overcoming performance penalties resulting from the virtualised access to the raw 

resources. Related technologies include DPDK (Data Plane Development Kit) [34], for fast packet processing, 

and SR-IOV (Single-Root I/O Virtualisation)2 for virtualized access to PCIExpress interfaces. 

2.3.1.3.2.±ƛǊǘǳŀƭƛȊŜŘ LƴŦǊŀǎǘǊǳŎǘǳǊŜ aŀƴŀƎŜǊόǎύ ό±Laύ   

The role of Virtualized Infrastructure Manager(s) (VIMs) is to manage the available virtualised resources. This 

includes interfacing with NFVIs for managing the instantiation of VMs and the allocation of resources to them, 

as well as the collection of information about the available resources and the performance of the instantiated 

VMs. Currently available VIM realizations come again from the cloud computing domain. Widely used 

platforms include the open source OpenStack [35], Eucalyptous [36] and CloudStack [37] platforms, as well 

as the commercial VMWare Cloud suite [38].  

                                                           

2 E.g., http://ow.ly/4mNGNR 
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2.3.1.3.3.bC± hǊŎƘŜǎǘǊŀǘƻǊ 

The role of the NFV Orchestrator (NFVO) is to orchestrate the NFVI resources across potentially multiple 

available VIMs and to manage the entire lifecycle of network services, as these get instantiated by one or 

more virtual network functions (VNFs). NFVOs are responsible for managing the resources 

allocated/available to the managed network services, by interfacing both with VIMs and VNF Managers. 

Though numerous initiatives have emerged for the implementation of the desired functionality, the resulting 

implementations are still evolving, presenting often limited features, as NFV orchestration is still an active 

research field. Available solutions include open source implementations such as OpenBaton [39], OPNFV [40], 

Tacker [41] and OpenMano [42], as well as research project implementations such as TENOR [43] and MCN 

Orchestrator [44]. OpenBaton is a well-documented and actively evolving NFVO supporting interoperability 

with the widely deployed OpenStack VIM. OPNFV is recent initiative, with wide industrial support, focusing 

on the integration of existing tools (e.g., NFVI and VIM), rather than on the implementation of some 

functional component.  Tacker is an OpenStack NFVO project, aiming at extending the OpenStack platform 

to a complete ETSI NFV compatible solution. OpenMano is another open source initiative for the practical 

realization of the Management and Orchestration reference architecture (ETSI NFV MANO). At the same time, 

large industrial initiatives also aim at the design of an NFV management and orchestration architecture (e.g., 

HP OpenNFV [45]) 

2.3.1.3.4.±ƛǊǘǳŀƭ bŜǘǿƻǊƪ CǳƴŎǘƛƻƴǎ ό±bCǎύ 

While the full NFV architectural framework is still evolving, some vendors have already produced commercial 

NFV solutions in the form of Virtual Network Functions (VNFs), i.e. software implementations of network 

components (and protocols) that can be instantiated and managed on top of COTS hardware. NEC has already 

announced its OpenFlow based vEPC (Virtualized Evolved Packet Core: vMME and vS/P-GW) and vMVNO-

GW solutions3. 

2.3.2.рD ŀƛǊ ƛƴǘŜǊŦŀŎŜ ǘŜŎƘƴƻƭƻƎƛŜǎ  

Based on a unified air interface technical framework, 5G will be built upon a new air interface (including low-

frequency and high-frequency branches) and the 4G evolution air interface, and will be powered by a group 

of key technologies such as novel multiple access, massive MIMO, ultra-dense networking, and all-spectrum 

access. By flexibly configuring technical modules and parameters, the optimized technical solutions can be 

derived for specific scenarios, including seamless wide area coverage, high-capacity hot-spots, low-power, 

massive-connectivity, and low-latency high-reliability, to fully meet the requirements of mobile internet, 

open Access network requirements, and IoT in the year 2020 and beyond. 

                                                           

3 http://www.nec.com/en/global/solutions/tcs/nfv/index.html 
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Figure 6: 5G Air Interface Technologies 

5G will support not only traditional OFDMA, but also some novel multiple access schemes including SCMA, 

PDMA, and MUSA, which can support more connections and improve spectrum efficiency via multi-user 

superposition transmission. Moreover, the air interface latency can be significantly reduced by grant-free (a 

mechanism that eliminates the dynamic request and grant signaling overhead) contention access.  

In terms of modulation and coding 5G needs to support various services such as high data rate, low data rate, 

small packet, low latency, and high reliability. For high-data-rate services, M-ary low density parity check 

(LDPC), polar codes, and new constellation mapping, and faster-than Nyquist (FTN) can further improve link 

spectrum efficiency, compared with traditional binary Turbo codes and QAM. For low-data-rate and small-

packet services, polar codes and low code rate convolutional codes can be used to approach the Shannon 

capacity in the cases of short code length and low SNR. For low latency services, the coding schemes with 

fast encoding and decoding algorithms are preferred. For high-ǊŜƭƛŀōƛƭƛǘȅ ǎŜǊǾƛŎŜǎΣ ǘƘŜ άŜǊǊƻǊ ŦƭƻƻǊέ ŜŦŦŜŎǘ ƻŦ 

decoding algorithms needs to be avoided. In addition, there may be a number of wireless backhaul links in 

dense networks, the system capacity can be increased by network coding. 

Massive MIMO will be utilized in 5G systems. Each base station can be equipped with more than one hundred 

antennas and dozens of antenna ports, which can enable advanced multi-user MIMO to support more users 

in the spatial domain. As a result, system spectrum efficiency will be improved by several times. Massive 

MIMO can also be used in high-frequency bands to overcome large path loss by adaptive beam forming. For 

the application of massive MIMO, the reference signals, channel estimation, channel information feedback, 

multi-user scheduling mechanism, and receiving algorithms need to be improved and optimized. 

The air interface protocol of 5G needs to support various advanced scheduling, link adaption, and multi-

connections. The protocol is capable of being configured flexibly to meet the requirements of different 

scenarios, and efficiently supporting radio access technologies including the new air interface, 4G evolution 

air interface, and WLAN. To reduce the signaling overhead of massive small-packet services, the grant-free 

access protocol can be employed to simplify signaling interaction procedure between base stations and 

terminals. As a result, access latency will be reduced greatly. The adaptive hybrid automatic repeat request 

(HARQ) protocol of 5G should match different service requirements in latency and reliability. In addition, 5G 
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should support more efficient energy-saving mechanism to meet low power consumption requirements of 

IoT services. 

2.4. рD ŜŎƻǎȅǎǘŜƳ  

2.4.1.{ǘŀƴŘŀǊŘǎ  

As mentioned in the previous sections, 5G evolution distinguishes from 3-4G in several aspects: 

¶ It does not focus only on RAT, but also on core network evolution 

¶ 5G includes mainly 3 use cases categories: (i) Enhanced Mobile Broadband; (ii) Massive Machine Type 

Communications; and (iii) Ultra-reliable and Low Latency Communications 

¶ It integrates IoT and addresses several verticals like the automotive and factory sectors. 

This new ambition of fully integrated framework broadens considerably the complexity of standard work and 

the number of Standards Development Organisations (SDOs) and fora to involve in the process. As 5G 

architectures will gather different domains (mobile/fixed/satellite, licensed/ unlicensed, IoT), the main SDOs 

identified are 3GPP, ITU-R, ITU-T, ETSI IETF/IRTF, IEEE, ONF, BBF, Open source projects (Open Daylight, 

OPNFV, Open Stack), oneM2M. 

In a first step, 5G work is ongoing mainly in ITU and 3GPP/ETSI; roadmap on verticals standardisation is not 

yet fully defined as it addresses more SDOs and foras. IETF is the reference organisation for all internet 

protocols and sets agreements with ITU (through ISOC) on the matter of 5G. 

Three phases have been identified so far in 3GPP and ITU: a phase that has already started and will continue 

for another 1-2 years, in which various aspects of 5G are or will be studied, an 'early 5G' specification phase 

for prioritised 5G features, with main focus in 2017-2018 and a 'full 5G' specification phase in 2018-2019. 

3GPP has defined and started several work items on 5G:  in SA1 (identification of 5G use cases), RAN (5G 

channel modelling and 5G RAN study), and SA2 (5G architecture study). 

ETSI besides ongoing Technical committees has an ISG (Industry Specification Group) process well adapting 

to emerging R&D ideas which need to mature for standardisation. Current ISGs in progress dealing with 5G 

are: 

¶ ISG MEC (Mobile Edge Computing) 

¶ ISG NGP (Next Generation Protocols) 

¶ ISG NFV (Network Functions Virtualisation) 

¶ ISG ONFV (Open Source implementations of NFV) 

ETSI has close links with 5GPPP and hosts regular workshops in order to define new activites related to 5G. 

IETF has obviously ongoing work related to 5G as far as internet protocols are concerned. Additionally, IRTF 

is a natural assembly to mature research ideas which lead to future standardisation. Groups of interest for 

5G are ICCRG, ICNRG, NFVRG, NWCRG, SDNRG, T2TRG. 

IoT integration is a major challenge as a number of proprietary implementations are deployed already or 

under deployment, and additionally IoT gathers a number of different use cases, verticals and business 
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models. Although 3GPP now includes IoT in its requirements, more than 50 SDOs and fora are active in the 

IoT field. 

An Alliance for IoT Innovation (AIOTI) has been set-up with the support of the European Commission, with 

the goals to: 

¶ Promote an interoperable IoT numbering space that transcends geographical limits, and an open 

system for object identification and authentication;  

¶ Explore options and guiding principlŜǎΣ ƛƴŎƭǳŘƛƴƎ ŘŜǾŜƭƻǇƛƴƎ ǎǘŀƴŘŀǊŘǎΣ ŦƻǊ ǘǊǳǎǘΣ ǇǊƛǾŀŎȅ ŀƴŘ ŜƴŘπǘƻπ

end security, e.g. through a 'trusted IoT label';  

¶ Promote the uptake of IoT standards in public procurement in order ǘƻ ŀǾƻƛŘ ƭƻŎƪπƛƴΣ ƴƻǘŀōƭȅ ƛƴ ǘƘŜ 

area of smart city services, transport and utilities, including water and energy. 

Some topics are identified already by SDOs or 5GPPP pre-standard group in the short/medium work ahead: 

¶ Uses cases: among the 3 use cases categories, more than 50 use cases have been identified by SA1; 

no prioritisation of the use cases has been agreed yet, although enhanced mobile broadband has the 

preference currently; 

¶ Channel modelling beyond 6 GHz is ongoing and should be finalised rapidly as previous results 

already exist;  

¶ RAN technologies: 3GPP RAN working groups are starting evaluations of technology solutions. The 

topics identified are: New Carrier, new waveform, massive MIMO enhancements, latency reduction 

techniques, mmWave communications, non-orthogonal multiple access, adaptive/flexible frame 

structure, cell virtualization (C-RAN), user-centric (NFV/Slicing, RAN virtualization), ultra-dense 

Network, Advanced MIMO/beam forming, Focus on TDD, less network broadcast, reduced or no 

periodic transmission, Flexible Duplex, symmetric UL/DL PHY (e.g. MC-OFDM), eD2D, small cells, 

dynamic TDD, wireless Mesh (D2D); 

¶ Security and privacy: mechanisms for virtualisation and slicing opens new flexibility to providing 

access to the network by different stakeholders, and therefore create new privacy and security issues. 

Additionally, as 5G gathers different domains with their own legacy solutions, harmonisation and 

interoperability between the different security frameworks will be needed;  

¶ Mobile fog computing / distributed mobile caching are topics under identification and discussion in 

5G standard workshops, and ETSI is investigating whether these topics can lead to the creation of a 

new work item in existing bodies like the MEC ISG, or if a new ISG should be created; 

¶ New paradigms like Information-centric network or content-centric networking are addressed by 

IRTF ICNRG. 

In conclusion, SDOs and foras are starting to be active and are defining their agendas towards 5G; the 

challenge ahead is to ensure coordination and harmonisation between these different activities and 

interoperability between the different emerging solutions. 
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2.4.2./ƻƳƳŜǊŎƛŀƭ όǎǳōύǎȅǎǘŜƳǎ ǎǘŀǘŜπƻŦπǘƘŜπŀǊǘ  

It is early in the development cycle for 5G. The first 5G networks are not expected to launch until 2020 (for 

the Tokyo Olympics) and it will be 2025 before 5G is a mainstream proposition. However, to bring a new 

generation of wireless technology to the mass-market is a colossal undertaking that requires R&D 

collaboration, partnership and co-development. Therefore, from a technology and R&D perspective, the time 

to invest in 5G is now. Facilitating collaboration in the US, EU, and Asia, and contributing to industry 

awareness of emerging 5G requirements and specifications, is the objective of the 5G ecosystem. 

Both vendors and telecoms are starting their preparations, infrastructure adoption and IOT (interoperability 

testing). 

Verizon's early 5G tests [46] hint at very fast network speeds topping 10 Gb/s and the ability to transmit 4K 

video whilst on the move. The operator, which is conducting its 5G tests with partners Cisco, Ericsson, Nokia, 

Intel, Samsung and Qualcomm, also revealed that it is on track to commercially launch 5G as early as 2017. 

±ŜǊƛȊƻƴΩǎ рD ǘŜǎǘǎ ƛƴŎƭǳŘŜ ōƻǘƘ ŦƛȄŜŘ ŀƴŘ ƳƻōƛƭŜ рD ƛƴ ōƻǘƘ ƛƴŘƻƻǊ ŀƴŘ ƻǳǘŘƻƻǊ ŜƴǾƛǊƻƴƳŜnts, and at both 

residential and commercial buildings. The tests, which are being conducting with various partners, include 

various technological innovations such as using antennas in the millimetre wave and centimetre wave 

spectrum; beam-forming, beam tracking and massive MIMO (multiple input, multiple output); and the 

deployment of flexible antenna form factors including millimetre wave antennas. 

According to CNET, Verizon is testing 5G in five cities: Euless, Texas; Hillsboro, Oregon; and Piscataway, 

Bridgewater and Basking Ridge in New Jersey. CNET has also said that select customers will be able use 

commercial-grade 5G equipment next year. 

Samsung has tested 360-degree virtual reality using Samsung's Gear VR [47]. The company live-streamed 17 

independent video feeds to Samsung Galaxy phones using the Gear VR. In addition, Samsung used Verizon's 

FiOS wired network coupled with a 5G hybrid adaptive arrange antenna radio to deliver 5G speeds over the 

millimetre wave spectrum. Samsung also said it was able to transmit 4K video in a moving vehicle using 

automatic beam-forming MIMO technology. 

Ericsson tested beam-forming and beam tracking features on Verizon's 5G trial [48], and was able to deliver 

10-Gb/s peak throughput during its trials. The company used its 5G radio prototypes mounted outside to 

deliver high-definition video streaming to devices located indoors. 

Cisco within the collaborations with Intel and Ericsson is developing a 5G router for Verizon's business and 

residential services. 

Nokia is conducting 5G field trials on Verizon's live Dallas-Fort Worth metroplex network. The tests are being 

done outdoors and in a residential area. One use case included replacing a wired broadband connection with 

a wireless broadband connection to a residential and commercial building. During that test the company was 

able to deliver 4K video to multiple end-user devices. 

Geography and Alliances: Verizon appears to be working closely with its Asian counterparts on 5G ς perhaps 

in the hope of escalating its deployment. The company announced it has formed a new global initiative called 

the 5G Open Trial Specification Alliance with operators KT, NTT DoCoMo and SK Telecom [49]. This alliance 

plans to develop a 5G trial specification for 5G trials around the world. It will focus on 5G radio interface tests. 
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One primary goal is to provide the wireless industry with the ability to test and validate key technical 

components. The operators involved in the group say they are already coordinating their activities. 

Other alliance working in similar directions is the Next Generation Mobile Networks (NGMN) Alliance. The 

NGMN, which includes wireless executives from AT&T, U.S. Cellular and Verizon as well as operators globally, 

is working on 5G research, frequency planning and business principals as well as creating a 5G patent pool 

framework. The group recently announced a cooperation agreement with technology and solutions 

development group ATIS, the Alliance for Telecommunications Industry Solutions. 

Network technologies: Next Generating network is raising the speed both on FO (Fibre Optics) and Copper. 

XGPON, 25/40/50/100G Ethernet, G.fast all have the goal to improve infrastructure in the core and access. 

Broadcom, Marvell, Intel (by Lantiq), Mellanox, MediaTek are all involved in High Speed Optical network 

development. G.fast presented today with BRCM and SCKIPIO; 25/50Gbps Ethernet by Mellanox, all big 

vendors have stated pushing into market their 100-Gb/s solutions. 

Cloud solutions: Cloud has been chosen by Operators as the environment for SDN/NFV infrastructure to 

provide a better service for the 5G customers. Currently vendors are trying to develop new standards and 

make tests. During the last SDN/NFV show in Paris (March 2016) there were many Vendors presenting their 

commercially-ready NFV/SDN Orchestrators, with NFs (Network Functions) running for EPC (vEPC) and CPE 

(vCPE). Nokia, Ericsson, Cisco, HP, Huawei and many others are using Open Stack projects to develop their 

products with full Orchestration, Management and trying to test interoperability of Network Functions (NFs).  

Some indicative state-of-the-art Virtual Products by Category are presented below: 

vCPE examples 

·   ADVA:  Optical Networking: FSP 150 ProNID, FSP 150 ProVM 

·   Aricent:  Aricent SDN, NFV and Cloud 

·   Brocade: Brocade 5600 vRouter and Brocade SDN Controller 

·   Cisco Systems: Cisco Virtual Managed Services Solution 

·   Ericsson: Ericsson's Virtual Enterprise Gateway (vEGW) 

·   Hewlett Packard Enterprise vCPE Solution Showcase 

·   Juniper Networks, Inc: Virtual CPE 

·   RAD: ETX-2i IP and Carrier Ethernet NID/NTU vCPE Platform 

·   Tech Mahindra: Next-Gen Virtual Residential Gateway 

·   VMware: VMware vCloud NFV & vCenter for (VIM) in multivendor vCPE solutions 

VNF and Supporting Infrastructure 

·   6Wind: 6Wind Turbo Appliances 

·   Accedian Networks: SkyLIGHT VCX Controller & vCPE Performance Modules 

·   Amdocs: Network Cloud Service Orchestrator 

·   Ciena: Blue Planet NFV Orchestration 
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·   Metaswitch Networks: Perimeta 

·   Qosmos: Qosmos Service Classifier 

·   Saisei Networks: Saisei Flow Command 

2.4.3./I!wL{a! ±ƛǎƛƻƴ  

In this section the CHARISMA Vision is described based on the achievements up to now. Within a few months 

impressive results have already been achieved thanks to the intensive collaboration of experts from different 

stakeholders within the consortium.  

CHARISMA started with the architecture definition, by working out requirements by an in-depth analysis of 

some specific 5G use cases. With the use cases we focused on scenarios which today cannot be served 

satisfactorily, but require new 5G features, in particular High Data Rate, Low latency, Security, and Open 

Access. An overview of the use cases and requirements is given in the Table 1 below (see D1.1 for more 

detail.)  

Table 1: Requirements derived from 5G Use Cases 
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Use case 

High-speed railway service x x  x  x x   x   x x 

Vehicle Platooning and Collision Avoidance  x  x xx xx x   x x   x 

Service continuity in public buses x x    x    x   x  

Big event x         x x  x  

Emergency event (firefighters)  x  x      x    x 

Factory of the Future (IoT)   xx   x x x       

Multi-tenant Access and Video Broadcasting  x x  x  x    x x  x  

Remote surgery  x    xx  x       

Smart Grid   xx  xx xx  x xx     x 

Looking at the above Table 1 it can be seen ǘƘŀǘ ǘƘŜ Ƴŀƛƴ ǊŜǉǳƛǊŜƳŜƴǘǎ ŀǊŜ ƛƴ ǘƘŜ ŎŀǘŜƎƻǊȅ άnetwork qualityέΥ 

low latency, low packet loss rate, security, reliability and availability. Content caching and hierarchical routing 

(see below) are measures to achieve network quality, in particular low latency and improved security. Task 

force teams have been installed in the CHARISMA project to tackle these topics. 

Also essential is the category άnetwork flexibilityέΥ ƻǇŜƴ ŀŎŎŜǎǎΣ Ƴǳƭǘƛ-tenant, dynamic configuration and 

adaptation to user needs. The extreme use case here is Emergency Event, where in a short time a 5G network 

infrastructure must be created which was not available before. The Big Event use case shows the need for 

the separation of physical network infrastructure and service creation. For example, a stadium/ arena which 

ƛǎ ǳǎŜŘ ŦƻǊ ǎǇƻǊǘǎ ŀƴŘ ŎǳƭǘǳǊŜ ŜǾŜƴǘǎΥ ǘƘŜ ōǳƛƭŘƛƴƎ ƛǎ ŜǉǳƛǇǇŜŘ ǿƛǘƘ άŜƳǇǘȅέ telecommunications 
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infrastructure, base stations, antennas, cabling network cabinet and switching nodes. Depending on the 

event type, different operators will temporarily rent the equipment and create virtual networks. 

To support these independent needs CHARISMA is creating two orthogonal structures: network slicing for 

virtualisation and QoS layers to support network quality. For the latter, partner InnoRoute has introduced a 

QoS concept derived from the former FP6 project MUSE4. It creates three additional service classes departing 

ŦǊƻƳ ǘƻŘŀȅΩǎ .Ŝǎǘ 9ŦŦƻǊǘ Ŏƭŀǎǎ ŀƴŘ ǇǊƻǾƛŘŜǎ a minimum configuration. One single parameter, the Guaranteed 

Bandwidth, must be managed by the network. Fixed amounts of Guaranteed Bandwidth can be distributed 

to the virtual network slices, thereby assuring independence of the QoS measures for different slices.  

Next steps: Demonstrations already planned today for the end of the first year. Key topics will be verified at 

early stage and possible show-stoppers detected and resolved in time.  

The final demo will not implement the above use cases. A real life simulation of an emergency use case or 

systems installed on high speed trains is beyond the scope of such a technology-oriented project as 

CHARISMA. Instead, we will make it plausible that the CHARISMA technology is able to fulfil the needs of 

these applications. For that aim we will demonstrate fast reacting, tactile Cloud applications. Today 

everybody experiences Cloud services as slow. Not only private, free-of-charge network drives are slow, but 

also users of professional Cloud services complain about annoying waiting times. A study5 of Ericsson has 

proven that these can cause measurable increases in human stress levels. CHARISMA final demo will relieve 

the stress by providing instantaneous reaction times for Cloud services.  

While the final demonstration cannot be described in detail as yet in this deliverable, some highlights are 

listed here, followed by key innovations, which will be achieved by partners to enable the demo:  

¶ OFDM PON system with 10G access ports 

¶ 60 GHz access link to remote access point (CAL1 ς CAL2) 

¶ 2-level content caching at CAL1 and CAL2 

¶ Ultra-low latency routing in operative access network  

¶ Ultra-low latency routing at European level by Interconnection of two access networks via 

hierarchical routing (and Layer 2 links)  

¶ Dynamic, fast creation of a virtual network with special QoS service. For example, live creation of a 

video content delivery network consisting of a remote (at Telecom Slovenia) and a near (at Apfutura) 

video server and clients. 

¶ 5ŜǇƭƻȅƳŜƴǘ ƻŦ ƴŜǘǿƻǊƪ ǎŜǊǾƛŎŜǎ ǊŜƭŀǘŜŘ ǘƻ ǎŜŎǳǊƛǘȅ όŜΦƎΦ ǾL5{Σ ǾCƛǊŜǿŀƭƭ ±bCǎύ ǘƻ ǇǊƻǘŜŎǘ ǘƘŜ ±bhǎΩ 

services. The type of services deployed will be based on the security policies set by the VNOs. 

CHARISMA will target the automated configuration of these services depending on the on-going 

security attacks. 

¶ Demonstration of Cloud applications without noticeable delay for both local and remote services. 

                                                           

4 www.ist-muse.eu 
5 http:// www.ericsson.com/res/docs/2016/mobility-report/emr-feb-2016-the-stress-of-steaming-delays.pdf 
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¶ Field trial in a commercial environment.  

Expected key achievements of partners for the final demo: 

Ethernity Networks (ETH): high speed network interface card with customised accelerators. 

InnoRoute: TrustNode HW platform optimized for CHARISMA with support of network slicing and QoS, in 
particular ultra-low latency, hierarchical routing and dynamic flow acceleration. 

JCPC: CHARISMA-optimised caching router 

UEssex: 60 GHz wireless transmission system 

HHI: OFDM PON with 10G interfaces 

Network operators: temporary support of CHARISMA features in their operative networks and temporary 
interconnection via Layer 2 resources.  

Ericsson: 5G Network Automation, with focus on Security Management aspects. 

NCSRD: Exploitation of key benefits of SDN and NFV technologies, such as the ability for on-demand 
dynamic provisioning of services and also, adaptation to changes through automated network management 
to demonstrate how security threats could be addressed in 5G networks. 

i2CAT: Leveraging its expertise in NFV orchestration tools, infrastructure management and network 
virtualisation. 
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3. {ǳǊǾŜȅ ƻŦ ǘƘŜ CŀŎǘƻǊǎ 5ŜǘŜǊƳƛƴƛƴƎ {ǳŎŎŜǎǎŦǳƭ рD 
5ŜǇƭƻȅƳŜƴǘ 

3.1. LƴǘǊƻŘǳŎǘƛƻƴ ǘƻ рD bŜǘǿƻǊƪƛƴƎ 9ȄǇŜǊǘǎ {ǳǊǾŜȅ 

5G networking is coming with the promise of providing an ultra-high speed, ultra-reliable means of 
communication that will interconnect everything providing high economic and social value.  The expectation 
is that 5G will unlock value in ways that are difficult to foresee at the moment. In addition, the hope is that 
the new technologies and architectures being introduced will provide a range of new opportunities for both 
traditional and new actors in the networking sector.  

It is well understood that future network deployment is driven not only by technical innovations, but also by 
economic and societal parameters. In order to ensure that this next generation of 5G networking drives 
innovation, promotes societal benefits and provides a viable economic solution for the communications 
industry, a clear technology, economic and regulatory roadmap is needed. 

The 5G-PPP has identified a series of requirements and KPIs [50] for 5G networking, where although they are 
all are desired, it is also understood that not all of them can be achieved simultaneously. Depending on the 
network design and configuration for any particular use case, there are different requirements that can be 
met by different technological solutions. In this context, there are a lot of initiatives and projects that are 
addressing the requirements with different approaches, so as to satisfy all the various anticipated 5G use 
cases.  

The purpose of the roadmapping activity within this workpackage WP5 of the CHARISMA project is to identify 
these needs and requirements, and thus make the challenges become clearer. In order to achieve this goal a 
survey using the Fuzzy AHP method has also been conducted within the project.  The survey reveals expertsΩ 
vision regarding the significance of the critical factors anticipated to influence the introduction and 
acceptance of 5G technology solutions.  

The scope of this study is to provide guidance both to CHARISMA partners as well as to other stakeholders 
involved in the research and development of 5G networking. By having possession of this guidance at an 
early stage, stakeholders will have a better opportunity to adjust their techno-economic and business 
strategies so as to better take advantage of the high commercial potentials that 5G is offering. 

3.2. 5ŜŎƛǎƛƻƴ ƳŀƪƛƴƎ ǳǎƛƴƎ ǘƘŜ !It ŦǊŀƳŜǿƻǊƪ 

The Analytic Hierarchy Process (AHP) was proposed and developed by Thomas Saaty [51] in the early 1970s, 

mainly for military purposes, such that AHP can be considered to be a multi-criteria decision making 

methodology. AHP has been extensively used over the years to cover various application areas, such as 

education [52], engineering [53], industry [54], manufacturing [55] and resource allocation [56]. Recently, 

AHP has also been widely used for selecting and ranking alternatives in the field of Information and 

Communications Technologies (ICT) [57]-[60].   

Analytic Hierarchy Process is a structured technique for dealing with complex decisions, based upon a rational 

and comprehensive framework for decomposing an unstructured complex problem into a multi-level 

hierarchy of interrelated criteria, sub-criteria and decision alternatives. By incorporating judgments on 

qualitative and quantitative criteria, AHP manages to quantify decision makers' preferences. The relative 
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priorities of the criteria, sub-criteria and alternatives are finally reached by a mathematical combining of all 

these various judgments. 

 

Figure 7: Analytic Hierarchy Process steps 

Figure 7 illustrates the required steps of AHP. In the first step, the problem that will be investigated is framed 

(i.e. its formation articulated), while the criteria and sub-criteria contributing to the ƻōƧŜŎǘƛǾŜΩǎ ǎŀǘƛǎŦŀŎǘƛƻƴ 

are determined through interviews and/or group discussions with experts. The multi-level hierarchy is then 

constructed (Figure 8), consisting of three levels. In the first level, the objective under investigation is shown. 

In this work, the factors affecting the adoption and evolution of the CHARISMA architecture and 5G 

networking in general are being examined. In the next level, the criteria, Crk with kҐмΣнΣΧΣN and N the total 

number of criteria, participating in the decision-making process are determined. The criteria should be 

general enough to incorporate several features resulting in a rough description of the objective. In the lower 

level, criteria are further analyzed into their sub-criteria SCrjk, where jҐмΣнΣΧΣMk and Mk is the number of sub-

criteria under criterion k. Sub-criteria represent a specific feature characterizing a criterion. Identification of 

criteria and sub-criteria is accomplished based on the focus of their preferential independence.  

 

 

Figure 8: Multi -level hierarchy of interrelated criteria and sub-criteria 

Problem 
formation and 
Hierarchical 
modeling by 
experts

Questionnaires

- Conduct

-Distribute

-Collect

Prioritization



CHARISMA ς D5.4 ς v1.0 Page 27 of 60 

Once the hierarchical structure has been constructed and the criteria and sub-criteria determined, 

appropriate questionnaires are created and distributed to experts (step 2) for them to fill in. The procedure 

here is based upon systematic pairwise judgments of the experts from the second to the lowest level of the 

hierarchy: In each level, the criteria (sub-criteria) are compared pair-wisely according to their degree of 

influence and based on the specified criteria in the higher level. The described comparisons are performed 

using the standardized nine levels scale shown in Table 2.  

Table 2: The Saaty Rating Scale 

Intensity of 
importance 

Definition Explanation  

1 Equal importance The two criteria contribute equally 

3 Moderate importance Experience and judgment favour one of the criteria 

5 Strong importance A criterion is strongly favoured 

7 Very strong importance A criterion is very strong dominant 

9 Extreme importance A criterion is favoured by at least an order of magnitude 

2, 4, 6, 8 Intermediate values Used to compromise between two of the above numbers 

 

The set of pairwise comparisons on the N criteria results in an N x N evaluation matrix A=[Aij] in which the 

elements Aij (>0) represent the relative importance of criterion Cri as compared to Crj. It should be noted that 

Aii=1 for all i, while the matrix A is symmetrical across the main diagonal, that is Aji=1/Aij. The same steps are 

followed regarding the sub-criteria of each criterion k, and the results are summarized in a similar matrix to 

A, called Ak. 

The last step (step 3) towards the evaluation of the objectives is the estimation of the criteria and sub-criteria 

weights, wk and sjk respectively. This requires the calculation of the principal eigenvector v=[vk] (or uk=[uik]) 

that is the eigenvector corresponding to the maximum eigenvalue m˂ax (principal eigenvalue) of matrix A (or 

Ak). The weights of the criterion k and of each of its sub-criterion j are given by: 
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where N and Mk is the number of criteria and sub-criteria of criterion k respectively. 

It is well recognised that AHP can be highly subjective and inaccurate, mainly due to its inability to adequately 

handle the inherent uncertainty and imprecision associated with the mapping of a decision-makerΩǎ 

perception to exact numbers. In this case, the Fuzzy Analytic Hierarchy Process (FAHP), an 

extension/improvement of the AHP methodology, has been proposed [61]-[63] as a means to address this 

uncertainty. Fuzzy numbers are used in order to model the relative importance of criteria and sub-criteria. 

Let A
~

 represent a fuzzified reciprocal NxN-judgment matrix containing all pairwise comparisons between 

elements i and j for all i, j Í (мΣнΣΧΣN). 
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where 1~~ -= jiji aa  and all 
ija~  are fuzzy numbers. The use of fuzzy numbers as answers (vague comparisons), 

although increasing the processing complexity, provides for more accurate and meaningful results. A fuzzy 

weight for each criterion and sub-criterion is evaluated, while crisp weights can also be obtained through the 

defuzzification process.  

Fuzzy numbers are a part of the fuzzy sets theory, introduced by Zadeh [64] as a modelling tool for complex 

systems under uncertainty. In fuzzy sets, grades of membership in [0, 1] are assigned to objects through a 

membership function A˃(x). As shown in Figure 9, in the special case of triangular fuzzy numbers, the 

membership is defined by three real numbers, (l, m, u), where l is the lower limit, m the most promising and 

u the upper limit value. In the limit, l = m = u, fuzzy numbers become crisp numbers. Eq. (4) describes the 

membership function of triangular fuzzy numbers. 

 

Figure 9: Triangular fuzzy numbers membership function. 
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Assuming that M1=(l1, m1, u1) and M2=(l2, m2, u2) are triangular fuzzy numbers, the operations on them can 

be:  
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Addition: ( )21212121 ,, uummllMM +++=Ä                                                 (5) 

Multiplication: ( )21212121 ,, uummllMM ÖÖÖ=Ã                                                 (6) 
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After collecting the fuzzy judgment matrices from all decision makers, these matrices are then aggregated. 

An approach is to combine the fuzzy pairwise comparisons using the following algorithm [63],[65]: 
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where (lijk, mijk, uijk) is the fuzzy evaluation of the sample members k (k = 1, нΣ Χ Σ K). In the case of a wide 

range of upper and lower bandwidths (inhomogeneous evaluations), min and max operations are not 

appropriate, usually leading to a very large span of fuzzy numbers and allowing the aggregated fuzzy weights 

to exceed the predefined borders.  

Therefore, the fuzzy geometric mean method [66]-[68] is used. In this case, the aggregated triangular fuzzy 

number of K ŘŜŎƛǎƛƻƴ ƳŀƪŜǊǎΩ ƧǳŘƎƳŜƴǘ ƛƴ ŀ ŎŜǊǘŀƛƴ ŎŀǎŜ όlij, mij, uij) is given by: 
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Geometric mean operations are also used within the application of the AHP for aggregating group 

decisions[69]. 

In order to evaluate the final weights of the decision elements (criteria and sub-criteria) the popular Fuzzy 

Extent Analysis, proposed by Chang [61] is used. The first step towards weights evaluation is to calculate the 

value of the fuzzy synthetic extent with respect to the ith object using the fuzzy arithmetic operations of eqs. 
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To compare 
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S  and 
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for a convex fuzzy number to be greater than k convex fuzzy numbers SiΣ όƛҐмΣнΣΧΣk) is defined by: 
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Through normalization, one can calculate the non-fuzzy (crisp) weight vector W, given by: 
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Another approach that can be implemented in order to estimate the final weights is the use of the geometric 

means method of Buckley [67],[68], where:  
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Finally, a simple centroid method can also be used to defuzzify the fuzzy weights iw~ : 
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Consistency of pairwise comparison matrices 

In order to maintain a certain quality level of a decision, the consistency of the data should also be 

investigated during the analysis. It should be noted that the rank of the matrix A (or Ak) equals to 1 and ˂max=N 

(or Mk) if the pairwise comparisons are completely consistent. In this case, weights can be estimated by 

normalizing any of the columns or rows of A (Ak). A consistency index (CI) was introduced by Saaty in 1977: 
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where ˂ max is the largest (maximum) eigenvalue and N is the number of criteria. The final consistency ratio 

(CR), showing how consistent the judgments have been relative to large samples of purely random judgments, 

is given by: 

RI

CI
CR=                                                                                    (18) 

where RI is the random index calculated as the average CI across a large number of randomly filled matrices 

using the scale described earlier in this section. The random indices for several values of N were calculated 

by Saaty [70] and are given in Table 3. The consistency ratio should be less than 0.1. A CR larger than the 

tolerable level of 0.1 demonstrates the need to exclude the pairwise comparison matrix of this respondent 

for further analysis so as not to affect the overall accuracy of the results. 
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Table 3: RI values for different values of n 

n 1 2 3 4 5 6 7 8 9 

RI 0 0 0.58 0.90 1.12 1.24 1.32 1.41 1.45 

In the case of fuzzy pairwise comparison matrices, there are authors in the literature who do not even verify 

their consistency at all [71]-[73]. Buckley [67] proposed that []ijaA ~~
=  is consistent if and only if:  

ikjkij aaa ~~~ ºÃ                                                                                  (19) 

where Ãis the fuzzy multiplication symbol. In order to reduce the complexity, and without loss of generality, 

authors usually verify the consistency only for crisp matrices whose elements are the middle significant 

values of the triangular fuzzy numbers from the corresponding fuzzy pairwise comparison matrix [74]-[76]. 

This approach will also be used in this deliverable in order to assess the consistency of the pairwise 

comparison matrices. In a similar manner [77], the consistency ratio CR is calculated for the crisp matrix 

{}p
jiijA

nN
,

~ =  where: 

pji
aaa

n
ijuijmijl

ij ,...,1,,
6

4
=

++
=                                                        (20) 

3.3. 5ŜǘŜǊƳƛƴƛƴƎ ǘƘŜ ǎŜǘ ƻŦ ŎǊƛǘŜǊƛŀ ŀƴŘ ŦŀŎǘƻǊǎ ǘƻ ōŜ ǳǎŜŘ ƛƴ ǘƘŜ 

ǎǳǊǾŜȅǎ 

In order to identify the factors that will influence the adoption of 5G networks the survey was designed in 

WP5 by INCITES with the assistance of other partners in the CHARISMA consortium. 

In line with the AHP methodology, the following set of criteria covering a wide range of factors were initially 

defined: 

ω Performance (covering aspects related to performance enhancements compared to legacy systems) 

ω Business (covering economic and financial factors) 

ω Acceptance (relating to the acceptance by end-users and operators) 

ω Flexibility (relating to options that 5G will provide operators to deploy new networks) 

ω Technology (covering technological options) 

Each of these criteria was further broken down into sub-criteria, that are usually indicative attributes that 

can be quantified and are closely related to the criteria.  

Regarding the Performance criterion, five sub-criteria were therefore identified: 

¶ High data rate: increased data rate transmission  

¶ Low latency: reduced end-to-end latency  

¶ Low energy consumption: improve energy consumption in both terminals and 

infrastructure equipment 

¶ High reliability: low number of dropped calls, increased QoS 

¶ Increased coverage: In terms of geographical coverage and the number of devices 
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For the Business criterion, four sub-criteria were identified: 

¶ Cost reduction: reduction of Total Cost of Ownership (TCO) 

¶ CAPEX transforming to OPEX: move competition from HW to SW, lowering the threshold 

for players to enter the market 

¶ New business models: Integration of telecommunication networks and IT domains will 

change the traditional business models and will create changes in revenue streams  

¶ New market opportunities: will be presented for new and already existing actors in the 

ecosystem, for example, companies that develop software for network functions 

For the Acceptance criterion, five sub-criteria have been identified: 

¶ Advanced applications: creation of new and advanced applications using technologies such 

as virtual and augmented reality, introduction of applications that enable Internet of Things 

(IoT), Vehicle-to-Vehicle (V2V) and machine-to-machine (M2M) communications etc. 

¶ Ease of network deployment: simplification of how networks are designed, built, deployed, 

operated and managed 

¶ Security and privacy: confidentiality of personal data, trustworthiness of information flows, 

authentication, etc.  

¶ Regulatory Issues: develop a 5G spectrum band plan, net neutrality, promote competition 

and investments 

¶ Health issues and impact on the environment: impact of radio waves on health, visual 

impact on surrounding etc. 

For the Flexibility criterion, five sub-criteria were identified: 

¶ Compatibility with legacy systems: Integration with legacy equipment and the related 

management systems, coexistence with already existing networks 

¶ Resource/Spectrum sharing: intra-system spectrum use, geographical reuse, use of higher 

frequency bands, co-existence with new and legacy systems 

¶ Optimized and more dynamic usage of all distributed resources: optimization of resource 

allocation and usage, use of all the underlying infrastructure resources 

¶ Self-configuration: distributed system architectures that will allow self-healing and self-

optimization features 

¶ Open Access: enable actors to collaborate in new ways 

For the Technology criterion, five sub-criteria were identified: 

¶ Small cells: will allow the densification of the network  

¶ Device to Device (D2D), Ad Hoc, Mesh Networks: new types of communications 

¶ Software Defined Networks (SDN) and Network Functions Virtualization (NFV): decouple 

the software and hardware planes, use of commercial equipment in telecom networks 

¶ Mobile Edge Computing (MEC): moving network functions closer to the edge 

¶ Fixed ς Mobile and/or Access ς Core convergence: convergence of fixed mobile networks 

and integration of access and core networks into a common network 

The full list of the criteria and their corresponding sub-criteria is illustrated in the Figure 10, below. 
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Figure 10: Multi -level hierarchy of interrelated criteria and sub-criteria 

3.4. {ǳǊǾŜȅ ŘŜǎŎǊƛǇǘƛƻƴ 

In this section we describe the survey carried out within the CHARISMA project in an effort to determine the 

importance of the various criteria associated with 5G networks deployment. The surveys were initially 

designed by INCITES CONSULTING and were further refined according to feedback from the rest of the 

CHARISMA partners.  

Invitations were sent to all partners within the CHARISMA project in order to have a well balanced mix of 

experts between industry, research institutes and academia from several European countries (France, 

Germany, Greece, Israel, Luxembourg, Portugal, Slovenia, Spain, United Kingdom). The main expertise of the 

people responded lies primarily in the telecommunication technologies. From the twenty-two experts who 

initially participated in the survey, six questionnaires were discarded as inconsistent, since their associated 

Consistency Ratio (CR) was >0.1. The questionnaires were conducted and completed during a period of 1 

month (15 March 2016 ς 15 April 2016), with the final set of sixteen experts constituting a sufficient group 

size for the purpose of a Fuzzy AHP analysis, as according to the literature [78]-[80]. 

The pairwise comparisons were conducted by a web-based survey/roadmapping platform incorporating all 

elements of the Fuzzy AHP framework where experts accessed the platform and filled out the questionnaires. 

In detail, experts were asked to determine the (sub)criterion of his/her preference (for every pair of 

(sub)criteria) and provide the upper and lower limit of their relative importance. The web-platform was 

implemented using LimeSurvey (https://www.limesurvey.org/), an open source tool for web surveys and 

hosted by INCITES: http://incites.eu/poll/index.php/225463?lang=en. 

The data supplied by the users was saved in a databaseΦ {ƛƴŎŜ [ƛƳŜǎǳǊǾŜȅ ŘƻŜǎƴΩǘ ƘŀǾŜ ŀǾŀƛƭŀōƭŜ ƳƻŘǳƭŜǎ ŦƻǊ 

implementing a fuzzy logic AHP and performing the needed calculations, the survey designer extracted the 

provided data and performed the pair wise comparison using Matlab in order to estimate the weights that 

signify the importance of criteria and sub-criteria according to Eqs. 10ς13. 

An introductory page briefly describing the AHP method, along with some indicative examples was provided 
to the experts upon their access to the platform (Figure 11). 

Factors Affecting 5G (CHARISMA) Adoption and Evolution

Criterion 1
Performance

Criterion 3
Acceptance

Criterion 5
Technology

Sub-criteria SCrj1

o High Data rate
o Low Latency
o Low Energy 

consumption
o High Reliability
o Increased Coverage, 

Area and Number of 
devices

Criteria Cri
i=1,2,..,N

Sub-criteria SCrjk
J=1,2,..M

Objective

Sub-criteria SCrj3

o Advanced Apps
o Ease of net deployment
o Security and Privacy
o Regulatory issues
o Health issues and 

impact on environment

Sub-criteria SCrj5

o Small cells 
o D2D - Ad Hoc/Mesh 

Networks
o SDN) and NFV
o Mobile Edge 

Computing)
o Fixed-Mobile and/or 

Access-Cor  

Convergence 

Criterion 2
Business

Criterion 4
Flexibity

Sub-criteria SCrj4

o Compatibility with 
legacy system

o Resource/Spectrum 
sharing

o Optimized and more 
dynamic usage of all 
distributed resources

o Self-configuration 
o Open Access

Sub-criteria SCrj2

o Cost reduction
o CAPEX Ą  OPEX
o New business models
o New market 

opportunities 

https://www.limesurvey.org/
http://incites.eu/poll/index.php/225463?lang=en
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Figure 11: Introductory page of the online survey 

The survey had a total of 56 questions. Table 4 presents an analysis of the number of questions in terms of 

criteria and sub-criteria.  

 

 

 

Table 4: Analysis of the number of questions 

Type  Description Number 
Number of 
questions 

Criteria Criteria that affect 5G networking 5 10 
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Type  Description Number 
Number of 
questions 

Sub-criteria Related to Performance criterion 5 10 

Sub-criteria Related to Business criterion 4 6 

Sub-criteria Related to Acceptance criterion 5 10 

Sub-criteria Related to Flexibility criterion 5 10 

Sub-criteria Related to Technology criterion 5 10 

Demographic Gender, Sector 2 2 

 

At the end of the survey two more questions were posed about the gender and the sector (academia-

research institute, SME or industry) of the participants. Figure 12 illustrates the statistics of the participants.  

       

Figure 12: Statistics of the participants 

 

The questions were formed in a similar way as illustrated in Figure 13: 
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Figure 13: Indicative question of the survey 

3.5. wŜǎǳƭǘǎ ŀƴŘ ŘƛǎŎǳǎǎƛƻƴ  

In this section, the results of the survey concerning the evaluation of the importance of the criteria and sub-

criteria that affect the deployment of 5G networks are presented and discussed. The first step towards the 

evaluation of the required weights is to combine/aggregate the fuzzy pairwise comparisons provided by the 

experts using eq. (9). As mentioned above, the consistency of the pairwise comparison matrices was 

examined. Six (6) of the twenty-two (22) ŜȄǇŜǊǘΩǎ judgments were discarded as inconsistent (CR>0.1). 

Furthermore, the CR ƻŦ ǘƘŜ ŀƎƎǊŜƎŀǘŜ ƳŀǘǊƛȄ ƛǎ ŀƭǎƻ ғлΦмΣ ƛƴŘƛŎŀǘƛƴƎ ΨΨŎƻƴǎƛǎǘŜƴŎȅέ. The aggregated pairwise 

comparison matrices for criteria and sub-criteria are shown in Table 5 to Table 10. 
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Table 5: Aggregated pairwise comparison matrix for Criteria (CR Җ 0.1, N = 16) 

 Performance Business Acceptance Flexibility Technology 

Performance (1, 1, 1) (1.9, 2.54, 3.13) (1.98, 2.39, 2.78) (1.33, 1.65, 1.94) (2.69, 3.65, 4.46) 

Business (0.32, 0.43, 0.53) (1, 1, 1) (1.18, 1.69, 2.13) (0.88, 1.19, 1.47) (1.72, 2.23, 2.71) 

Acceptance (0.36, 0.44, 0.51) (0.47, 0.68, 0.85) (1, 1, 1) (1.14, 1.43, 1.7) (2.26, 2.71, 3.12) 

Flexibility (0.52, 0.64, 0.75) (0.68, 0.93, 1.14) (0.59, 0.73, 0.87) (1, 1, 1) (1.39, 1.7, 1.99) 

Technology (0.22, 0.3, 0.37) (0.37, 0.48, 0.58) (0.32, 0.38, 0.44) (0.5, 0.62, 0.72) (1, 1, 1) 

 

Table 6: Aggregated pairwise comparison matrix for Sub-criteria of Performance ό/w Җ лΦмΣ b Ґ мсύ 

 High data rate Low latency 
Low energy 

consumption High Reliability 
Increased 
Coverage 

High data rate (1, 1, 1) (0.44, 0.53, 0.6) (2.1, 2.88, 3.59) (0.57, 0.73, 0.87) (1.64, 2.09, 2.49) 

Low latency (1.66, 2, 2.28) (1, 1, 1) (3.11, 3.71, 4.24) (1.59, 1.91, 2.21) (2.42, 2.98, 3.49) 

Low energy 
consumption 

(0.28, 0.38, 0.48) (0.24, 0.28, 0.32) (1, 1, 1) (0.52, 0.69, 0.84) (1.24, 1.6, 1.93) 

High 
Reliability 

(1.14, 1.46, 1.76) (0.45, 0.55, 0.63) (1.19, 1.57, 1.93) (1, 1, 1) (1.84, 2.29, 2.68) 

Increased 
Coverage 

(0.4, 0.51, 0.61) (0.29, 0.35, 0.41) (0.52, 0.67, 0.81) (0.37, 0.46, 0.54) (1, 1, 1) 

 

Table 7: Aggregated pairwise comparison matrix for Sub-criteria of Business ό/w Җ лΦмΣ b Ґ мсύ 

 
Cost reduction 

CAPEX transforming to 
OPEX 

New business 
models 

New market 
opportunities 

Cost reduction (1, 1, 1) (0.95, 1.17, 1.37) (0.81, 1, 1.17) (0.69, 0.85, 0.99) 

CAPEX transforming 
to OPEX 

(0.73, 0.9, 1.05) (1, 1, 1) (0.71, 0.91, 1.08) (0.5, 0.64, 0.76) 

New business models (0.85, 1.06, 1.24) (0.93, 1.18, 1.41) (1, 1, 1) (0.42, 0.51, 0.6) 

New market 
opportunities 

(1.01, 1.24, 1.46) (1.31, 1.67, 1.99) (1.68, 2.03, 2.35) (1, 1, 1) 

 

Table 8: Aggregated pairwise comparison matrix for Sub-criteria of Acceptance ό/w Җ лΦмΣ b Ґ мсύ 

 

Advanced 
Applications 

Ease of 
deployment 

Security and 
privacy 

Regulatory 
issues 

Health issues 
and impact on 
environment 

Advanced 
Applications 

(1, 1, 1) (0.83, 1.08, 1.29) (0.42, 0.55, 0.66) (1.08, 1.37, 1.64) (1.6, 2.03, 2.41) 

Ease of 
deployment 

(0.77, 1.01, 1.21) (1, 1, 1) (0.57, 0.71, 0.83) (1.5, 1.84, 2.15) (1.48, 1.99, 2.42) 

Security and 
privacy 

(1.51, 1.98, 2.37) (1.21, 1.49, 1.75) (1, 1, 1) (2.12, 2.54, 2.92) (2.73, 3.52, 4.23) 

Regulatory 
issues 

(0.61, 0.78, 0.93) (0.46, 0.57, 0.67) (0.34, 0.41, 0.47) (1, 1, 1) (0.99, 1.34, 1.65) 
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Health issues 
and impact on 
environment 

(0.41, 0.52, 0.62) (0.41, 0.56, 0.68) (0.24, 0.3, 0.37) (0.61, 0.82, 1.01) (1, 1, 1) 

 

Table 9: Aggregated pairwise comparison matrix for Sub-criteria of Flexibility ό/w Җ лΦмΣ b Ґ мсύ 

 

Compatibility 
with legacy 

systems 

Resource 
/Spectrum 

sharing 

Optimized and 
more dynamic 

usage of all 
distributed 
resources 

Self-
configuration 

Open Access 

Compatibility 
with legacy 
systems 

(1, 1, 1) (0.94, 1.25, 1.53) (0.32, 0.41, 0.49) (0.45, 0.58, 0.69) (0.41, 0.55, 0.68) 

Resource 
/Spectrum 
sharing 

(0.65, 0.87, 1.06) (1, 1, 1) (0.84, 1.1, 1.34) (1.65, 2.04, 2.41) (0.53, 0.7, 0.85) 

Optimized and 
more dynamic 
usage of all 
distributed 
resources 

(2.04, 2.62, 3.14) (0.74, 0.98, 1.19) (1, 1, 1) (2.17, 2.67, 3.13) (0.98, 1.25, 1.5) 

Self-
configuration 

(1.45, 1.85, 2.2) (0.42, 0.51, 0.6) (0.32, 0.39, 0.46) (1, 1, 1) (0.65, 0.81, 0.97) 

Open Access (1.48, 2, 2.47) (1.17, 1.55, 1.87) (0.67, 0.85, 1.02) (1.03, 1.3, 1.54) (1, 1, 1) 

 

Table 10: Aggregated pairwise comparison matrix for Sub-criteria of Technology ό/w Җ лΦмΣ b Ґ мсύ 

 

Small cells 
D2D ς Ad 
Hoc/Mesh 
Networks 

Software 
Defined 

Networking 
(SDN) and NFV 

Mobile Edge 
Computing 

(MEC) 

Fixed-Mobile 
and/or Access-

Core 
Convergence 

Small cells (1, 1, 1) (0.55, 0.73, 0.89) (0.23, 0.3, 0.36) (0.56, 0.74, 0.9) (0.44, 0.57, 0.68) 

D2D ς Ad 
Hoc/Mesh 
Networks 

(1.12, 1.49, 1.81) (1, 1, 1) (0.46, 0.6, 0.73) (0.72, 0.94, 1.15) (0.6, 0.82, 1.03) 

Software 
Defined 
Networking 
(SDN) and 
NFV 

(2.76, 3.59, 4.33) (1.37, 1.79, 2.19) (1, 1, 1) (1.85, 2.5, 3.09) (1.17, 1.55, 1.88) 

Mobile Edge 
Computing 
(MEC) 

(1.12, 1.47, 1.79) (0.87, 1.14, 1.39) (0.32, 0.44, 0.54) (1, 1, 1) (0.87, 1.15, 1.4) 

Fixed-Mobile 
and/or 
Access-Core 
Convergence 

(1.47, 1.88, 2.25) (0.97, 1.33, 1.67) (0.53, 0.7, 0.85) (0.72, 0.95, 1.15) (1, 1, 1) 
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Using the above aggregated fuzzy comparison matrices one can easily estimate both fuzzy and crisp weights 
prioritizing the criteria and sub-criteria. The derived results are shown below in Table 11.  

Table 11: Fuzzy and Crisp Weights of Criteria and Sub-criteria 

Criteria (Ci) / Sub-criteria (SCij) Fuzzy Weight Crisp Weight 

C1: Performance (0.256, 0.362, 0.513) 0.3622 
    SC11:High data rate (0.148, 0.206, 0.284) 0.206 

    SC12: Low latency (0.278, 0.368, 0.492) 0.368 

    SC13: Low energy consumption (0.081, 0.114, 0.157) 0.114 

    SC14: High Reliability (0.156, 0.215, 0.295) 0.215 

    SC15: Increased Coverage (0.071, 0.098, 0.134) 0.098 

   

   

C2: Business (0.136, 0.201, 0.292) 0.2012 
    SC21: Cost reduction (0.181, 0.239, 0.317) 0.239 

    SC22: CAPEX transforming to OPEX (0.151, 0.203, 0.272) 0.203 

    SC23: New business models (0.161, 0.215, 0.285) 0.215 

    SC24: New market opportunities (0.259, 0.343, 0.456) 0.343 

   

C3: Acceptance (0.129, 0.181, 0.255) 0.181 
    SC31: Advanced Applications (0.141, 0.198, 0.277) 0.1981 

    SC32: Ease of deployment (0.155, 0.217, 0.302) 0.2166 

    SC33: Security and privacy (0.25, 0.344, 0.477) 0.3441 

    SC34: Regulatory issues (0.098, 0.135, 0.188) 0.1351 

    SC35: Health issues and impact on environment (0.074, 0.106, 0.15) 0.1061 

   

   

C4: Flexibility (0.119, 0.166, 0.234) 0.166 
    SC41: Compatibility with legacy systems (0.09, 0.13, 0.185) 0.13 

    SC42: Resource/Spectrum sharing (0.139, 0.199, 0.283) 0.199 

    SC43: Optimized and more dynamic usage of all distributed 
resources (0.204, 0.286, 0.404) 0.286 

    SC44: Self-configuration (0.106, 0.147, 0.206) 0.147 

    SC45: Open Access (0.167, 0.238, 0.339) 0.238 

   

   

C5: Technology (0.064, 0.09, 0.127) 0.089 

    SC51: Small cells (0.077, 0.112, 0.164) 0.112 

    SC52: D2D ï Ad Hoc/Mesh Networks (0.114, 0.168, 0.248) 0.168 

    SC53: Software Defined Networking (SDN) and NFV (0.235, 0.344, 0.505) 0.344 

    SC54: Mobile Edge Computing (MEC) (0.119, 0.175, 0.257) 0.175 

    SC55: Fixed-Mobile and/or Access-Core Convergence (0.136, 0.2, 0.294) 0.200 

 

3.5.1.  Weighting of Criteria 

The results concerning the weights of the criteria that affect 5G network deployment are shown in Table 11 

and illustrated in Figure 14. It is interesting to note, that according to the opinion of the experts, performance 

criterion is the most important one to take into account as its weight reaches 0.36 (or 36%). This is also a 

confirmation of the fact that previous technologies have reached a limit in their performance. Thus, both 

public and experts are waiting for a new technology in order to support advanced services and applications 

with increased requirements.  
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Figure 14: Relative weights of 5G network criteria 

The business criterion has the second largest weight, emphasizing the need for a credible business plan 

exploiting the new market opportunities and a clear route to positive cash flow following the necessary 5G 

capital investment, e.g. reducing the cost (especially the CAPEX) will greatly affect the business perspectives 

of 5G networking. A portion of deployment cost reduction is expected to pass to retail prices too. This will 

further enhance the penetration of 5G technologies since nowadays people are used to pay reasonable 

amounts of money for telecom services. Business criteria are very important in any decision making process 

for telecom products. Adding new advanced services does not guarantee a market potential since this must 

come at the right price. On the other hand, in recent years, the telecoms market seems to have been 

constantly shrinking and therefore needs to be rejuvenated and refreshed. In this context, 5G networking is 

expected to be important in lowering the barriers to entry and helping new players to enter the market.  

Acceptance and Flexibility criteria have almost the same weights, and are also almost comparable in weight 

to the business criterion, thus revealing the need to fulfil a number of diverse and possibly conflicting criteria 

during 5G networks deployment. Acceptance is somehow expected to be among the top criteria since it is 

related to issues such as security, privacy and health that are of high importance especially for the public. 

This is a clear indication that the public needs to be made aware of the characteristics of 5G networking. One 

approach foǊ ǎǘƛƳǳƭŀǘƛƴƎ ǘƘŜ ǇǳōƭƛŎΩǎ ƛƴǘŜǊŜǎǘ ŎƻǳƭŘ ōŜ ǘƻ ǇǊƻƳƻǘŜ ōŜƴŜŦƛǘǎ of 5G, i.e., its high data rate, low 

latency, and security (especially under the CHARISMA solution etc.) On the other hand, flexibility is something 

that will influence 5G networks deployment, since it deals with several technical issues such as compatibility 

and self-configuration, as well as other factors (e.g. open access, resource and spectrum sharing) that may 

become obligatory through an appropriate regulation.   

The technology related criterion receives the lowest weight, probably because 5G networking is not expected 

ǘƻ ƛƴǘǊƻŘǳŎŜ άƴŜǿέ ǘŜŎƘƴƻƭƻƎƛŜǎ as such, but instead can be assumed to represent the collection and 

combination of a heterogeneous set of networking technologies with several improvements.   

It is also interesting to investigate the ranking of criteria using the fuzzy weights (Figure 15). If we should 

make one definite choice between the relevant criteria, performance should be certainly chosen. However, 
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0,36

0,2

0,18

0,17

0,09

0,00 0,05 0,10 0,15 0,20 0,25 0,30 0,35

Weights

Criteria



CHARISMA ς D5.4 ς v1.0 Page 41 of 60 

decision making does not always imply a choice between alternatives, but could also refer to probabilities, 

possibilities or considerations concerning opportunities vs. risks. The fuzzy numbers could then be taken to 

guarantee the minimum and maximum values. An h-cuts can also be taken into account in order to define 

narrower lower and upper limits of the relevant weightings based on risk considerations. Figure 15 suggests 

that there is a large degree of overlapping between the business, acceptance and flexibility priorities, 

indicating that the ranking of these criteria may possibly change (a situation referred to as rank reversal). 

However, in order to calculate the probability of rank reversal one should resort to either Monte Carlo 

simulations or closed-form approximations [81], which are somewhat out of the scope of the present report. 

Also, note that the performance criterion is more prone to uncertainty-induced perturbations since its shape 

(i.e. width) is wider than the rest; the Technology criterion also has the narrowest width, indicating 

confidence amongst the experts that it really is the least important consideration in the deployment of 5G 

networking. 

 

Figure 15: Fuzzy evaluation of Criteria 

3.5.2. Weighting of Sub-criteria under each criterion 

It is also interesting to examine the weights of the sub-criteria under each criterion. Regarding Performance, 

as shown in Table 11 and depicted in Figure 16, the experts seem more concerned about low latency in view 

of the many new advanced applications and services where latency requirements are very tight and crucial. 

In addition, verticals such as e-health and automotive are expecting low latency in order to support their 

particular use cases.  

High data rates and high reliability seem to be the second most important issues, accumulating a weight of 

0.21 and 0.22 respectively. A high data rate is also a key issue for 5G networking, in both the front-haul and 

the back-haul, as well as in the access part of the network. 5G has promised end-user data rates up to 10 

Gb/s which is quite a challenge, necessitating the combination of several technologies. Taking into account 

the expected increase of traffic, one should look for schemes to further enhance network capacity. Optical 

communications, both wired [82] (along with advanced multiple access schemes OFDM[83]) and wireless, 

FSO [84] and VLC [85], as well as other solutions such as small cells [86]) can be used to improve data rates 
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and help traffic off-loading and thus should be explored in future systems. High reliability, of almost 

equivalent importance with high data rate, is also a key requirement for 5G networking especially due to the 

heterogeneous nature of 5G networks. 

It is interesting enough that low energy consumption can be found in the second to last position. This is 

something unexpected since 5G is considered as a mobile technology mainly dealing with content, and thus 

power consumption especially of end users devices will be of high importance. The increased coverage sub-

criterion has the lowest weight (0.1). It seems that this sub-criterion is not significant among the experts, 

maybe due to the compromise between coverage and available bandwidth. 

 

Figure 16: Relative weights of Performance Sub-criteria 

Figure 17 suggests that there is an overlapping between high data rate and high reliability as well as between 

low energy consumption and increased coverage indicating that the ranking of these sub-criteria may 

possibly change. Also note that the high data rate sub-criterion is more prone to uncertainty-induced 

perturbations since its shape is wider than the rest, although it only overlaps slightly with high data rate and 

reliability triangles. 
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Figure 17: Fuzzy evaluation of Performance Sub-criteria 

Table 11 and Figure 18 show that with the exception of new market opportunities, all other sub-criteria have 

comparable weights. This suggests that 5G networks should be designed in order to fulfil a number of diverse 

sub-criteria related to the market. In detail, the weight for new market opportunities is 0.34 indicating its 

increased importance and revealing market expectations. 5G will significantly contribute to the expansion of 

existing as well as the creation of new market opportunities, leading to increased profitability by mainly 

adopting NFV technology. 5G will lower the barriers to entry for new players such as developers of innovative 

cutting-edge functions as well as for new actors like ŦŀŎƛƭƛǘȅ ƳŀƴŀƎŜǊǎ ǘƘŀǘ ǇǊƻǾƛŘŜ ά{Ƴŀƭƭ /Ŝƭƭǎ ŀǎ ŀ {ŜǊǾƛŎŜέΦ  

 

Figure 18: Relative weights of Business Sub-criteria 

According to the ŜȄǇŜǊǘǎΩ ƻǇƛƴƛƻƴs, cost reduction is in the second place (weight: 0.24). This is not surprising 

as the cost of deployment is very important, since it will influence services prices leading to increased or 
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decreased penetration. This also seems consistent with the high combined weight of the CAPEX transforming 

to OPEX discussed below.   

The next sub-criterion is new business models. The whole telecom ecosystem itself has evolved considerably 

in recent years, illustrating that business relationships are no longer bilateral [87]. A factor that significantly 

boosts this trend is that of virtualization, enabling some vertical industries and Over the Top (OTT) players to 

operate in a Network as a Service (NaaS) mode and offering services on top of telco infrastructure. In addition, 

5G will enable new ways for charging and pricing; something that seems necessary in the new ecosystem. 

The softwarization of the ƴŜǘǿƻǊƪ ŀƭƻƴƎ ǿƛǘƘ ǘƘŜ άŀǎ ŀ ǎŜǊǾƛŎŜέ ŎƻƴŎŜǇǘ ǳǊƎŜs the transition from old-

traditional to new pricing and charging schemes that will take into account several issues, e.g. throughput, 

data volume, latency, device movement, processing, storage, functions or event based charging in real time.  

Last, but not least, since its weight is comparable to those of cost reduction and new business models is that 

of CAPEX transforming to OPEX. This is one of the main characteristics stemming from the use of NFV that is 

the softwarization of networks. Several networking functions, which traditionally required specialized 

network components are now implemented as software modules in virtual machines. This is accompanied 

by a significant reduction in CAPEX, a portion of which is transformed to OPEX needed for the development 

and maintenance of such modules. 

Figure 19 suggests that there is an overlapping between the cost reduction, CAPEX transforming to OPEX and 

new business models sub-criteria, indicating that the ranking of these sub-criteria may possibly change. 

Contrary to the previous cases, the overlapping between the first sub-criteria (new market opportunities) 

and the rest is not negligible leading to increased probability of rank reversal. Also note that the new market 

opportunities sub-criterion is more prone to uncertainty-induced perturbations since its shape is wider than 

the rest. 

 

Figure 19: Fuzzy evaluation of Business Sub-criteria 

Regarding the sub-criteria of the Acceptance criterion, it is clear that security and privacy issues are the most 

important. This is somehow expected mainly for two reasons. On the one hand, the softwarization of 
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other hand, the 5G environment is characterized by multi-tenancy, heterogeneity and resource sharing, also 

leading to security and privacy concerns. This is further enhanced by edge caching functionalities giving the 

ability to collect and process high volumes of data, as well as by the transformation of end-users from pure 

consumers to mixed content consumers and producers. 

Experts seem to also highly prioritize advanced applications (weight: 0.2) and ease of deployment (weight: 

0.22). Innovations in the space of service- and network-level function development in combination with 

advanced application development are expected, fully capitalizing the increased performance in terms of low 

latency and high data rates as well as the flexibility that will be afforded by 5G networks. This is further 

enhanced by the use of NFV technologies. On the other hand, ease of deployment is a factor that will 

influence 5G adoption and speed up its evolution. The ease of deployment heavily depends on the ability of 

5G systems to allow reusing or upgrading existing network infrastructures. In addition, features, like plug and 

play, self-configuration, optimization and healing will play an important role in the deployment and 

management of 5G networks. 

 

Figure 20: Relative weights of Acceptance Sub-criteria 

Surprisingly enough, regulatory issues as well as health issues and impact on environment are deemed of 

secondary importance compared to other issues. Health and environmental issues are always an important 

aspect to consider along with the measures that should be taken in order to address growing public concern. 

The low weight of health issues and impact on environment can possibly be attributed to the fact that mobile 

technologies are not new, and as such their consequences on both health and environment have already 

been frequently investigated. Moreover, certain standards addressing the health concerns have been 

established such as the IEEE C95.1-2005 [88], which provides recommendations to protect against the 

possible harmful effects of humans being exposed to electromagnetic fields in the frequency range from 3 

kHz to 300 GHz. On the other hand, the low priority of regulatory issues is somehow unexpected and cannot 

be easily explained. In the new era of 5G where heterogeneous networks will be combined while resource 

sharing and open access will enable service provision on top of third party infrastructure, regulation is 

expected to play a central role. However, previous experience shows that regulatory decisions are not always 
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desirable from the market playersΩ side and usually lead to market disruption. Thus regulatory issues should 

be of increased importance regarding the deployment of 5G networks.   

Figure 21 suggests that there is an overlapping between advanced applications and ease of deployment as 

well as between regulatory issues and health/environmental impact sub-criteria, indicating that the ranking 

of these sub-criteria may possibly change. The overlapping between the security and privacy sub-criterion 

and the rest is not negligible, also leading to the increased probability of rank reversal. Also note that the 

security and privacy sub-criterion is more prone to uncertainty-induced perturbations since its shape is wider 

than the rest. 

 

Figure 21: Fuzzy evaluation of Acceptance Sub-criteria 

Regarding the flexibility criterion, as shown in Table 11 and Figure 22, optimized and more dynamic usage of 

all distributed resources, open access and resource/spectrum sharing seem to take precedence over other 

issues with weights of 0.29, 0.24 and 0.2 respectively. This is consistent with the nature of 5G networking, as 

well as to the requirement for efficient use of resources. In the 5G networking environment, heterogeneous 

systems and devices will be connected, while end-users will also act as content and/or resources providers. 

These new features will necessitate a new framework for resource use / sharing that will be dynamic.  
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Figure 22: Relative weights of Flexibility Sub-criteria 

Self-configuration, although a critical factor for ease deployment and cost reduction, receives low priority. 

Compatibility with legacy systems also seems to be of secondary concern. This is an indication that experts 

tend to think that the adoption of 5G networking will not demand compatibility with previous legacy systems, 

which have already been installed, thus reflecting an expectation trend that envisions the deployment of a 

parallel network.  

Contrary to previous cases, as shown in Figure 23, there is greater overlapping between all the various sub-

criteria of the Flexibility criterion, indicating that there is a higher probability that the ranking of these might 

change. In addition, the majority of the sub-criteria have high widths, also revealing the high uncertainty in 

these expert judgements. 

 

Figure 23: Fuzzy evaluation of Flexibility Sub-criteria 
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As shown in Figure 24, SDN and NFV sub-criterion is the first choice among the experts regarding the 

Technology criterion. Virtualization technologies using SDN and NFV are anticipated to drastically affect the 

development of next-generation mobile technology ǎǘŀƴŘŀǊŘǎ ŜȄǇŜŎǘŜŘ ǘƻ Ǌƻƭƭƻǳǘ ǳƴŘŜǊ ǘƘŜ άрDέ ōŀƴƴŜǊΦ 

This is usually stemming from the need for more rapid scalability in order to address the growing demand as 

well as for a more efficient network resource provisioning. This is also confirmed by the trend of the telecoms 

industry that is moving quickly to virtualized and software-controlled solutions [89]-[91], as well as by a 

number of market reports forecasting rapid growth of these technologies [92]-[94]. 

Fixed-Mobile and/or Access-Core Convergence, Mobile Edge Computing (MEC) and D2D ς Ad Hoc/Mesh 

Networks sub-criteria are shown to be of almost equivalent importance after SDN/NFV. This ranking is fully 

consistent with the 5G Vision [7] according to which 5G will be driven by software and network functions 

that will run especially at the edge of the network for meeting performance targets. In addition, D2D and Ad-

Hoc networking will be adopted as a means to accommodate the increased traffic (increase the cell capacity) 

and offer various proximity services [95]. Finally, the integration of networking, computing and storage 

resources into one programmable and unified infrastructure will allow the fixed-mobile and/or access-core 

convergence [7] providing the same services in any environment. As a result, 5G will heavily rely on emerging 

technologies such as Mobile Edge Computing (MEC), Fog Computing (FC) and D2D communications as well 

as on the fixed-mobile and/or access-core convergence to achieve the required performance, scalability and 

agility. 

 

Figure 24: Relative weights of Technology Sub-criteria 
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probability of rank reversal. Also note that SDN and NFV sub-criterion is more prone to uncertainty-induced 

perturbations since its shape is also wider than the rest. 

 

Figure 25: Fuzzy evaluation of Technology Sub-criteria 
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Table 12: Global Priorities of sub-criteria 

Sub-criteria (SCij) Global Priority 

    SC11:High data rate 0,075 

    SC12: Low latency 0,133 

    SC13: Low energy consumption 0,041 

    SC14: High Reliability 0,078 

    SC15: Increased Coverage 0,035 

    SC21: Cost reduction 0,048 

    SC22: CAPEX transforming to OPEX 0,041 

    SC23: New business models 0,043 

    SC24: New market opportunities 0,069 

    SC31: Advanced Applications 0,036 

    SC32: Ease of deployment 0,039 

    SC33: Security and privacy 0,062 

    SC34: Regulatory issues 0,024 

    SC35: Health issues and impact on environment 0,019 

    SC41: Compatibility with legacy systems 0,022 

    SC42: Resource/Spectrum sharing 0,033 

    SC43: Optimized and more dynamic usage of all distributed resources 0,048 

    SC44: Self-configuration 0,024 

    SC45: Open Access 0,04 

    SC51: Small cells 0,01 

    SC52: D2D ς Ad Hoc/Mesh Networks 0,015 

    SC53: Software Defined Networking (SDN) and NFV 0,031 

    SC54: Mobile Edge Computing (MEC) 0,016 

    SC55: Fixed-Mobile and/or Access-Core Convergence 0,018 

 

As can be seen in Table 12, the most important factors affecting the adoption and evolution of CHARISMA 

and 5G networks in general are low latency, high data rate and high reliability. Essential sub-criteria 

constitute furthermore new market opportunities as well as security and privacy.  
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4. /ƻƴŎƭǳǎƛƻƴǎ 

The EU has an ambitious policy to accelerate research in the area of 5G networking, and has established the 

5G-PPP initiative to support 5G through the Horizon 2020 research programme. However, before 5G 

becomes a commercial reality, a wide variety of issues must be resolved. In this deliverable, we have 

provided an initial roadmapping description of the various technologies, techno-economic, standardisations, 

and regulatory issues that need to be addressed as part of a successful 5G deployment strategy.  

Identifying all these factors impacting successful 5G adoption is made difficult due to the fact that 5G 

networks are still at the early stages of research activity around the world. However, before we see the 

deployment of the first commercial 5G networks, these challenges and their associated issues must be 

carefully understood and addressed. In addition, a successful 5G rollout strategy requires a clear 

understanding of which are the more important challenges and issues, and which alternatives take 

precedence where choices must be taken. Thus, a useful roadmap contains both a time-line aspect, as well 

as an indication of where the critical decisions need to be made. 

For the 5G deployment case presented here, such a decision-making problem is additionally difficult to solve 

analytically due to its high complexity. The complexity here does not solely arise from the fact that factors 

are selected amongst multiple alternatives with occasionally conflicting needs, but also because of the 

varied economic and social factors present. By applying the Fuzzy AHP methodology we have been able to 

tractably analyze the problem and rate the importance of all the identified factors, whilst also addressing 

the inherent uncertainty. The group of experts that participated in this survey activity were all taken from 

within the CHARISMA consortium. It should be highlighted that a similar survey activity requesting input 

from a broader sample of experts should therefore be carried out in the future, in order to help further 

validate the results discussed here. 

Following the processing of the expert responses the following conclusions can be drawn: 

¶ The most important criterion that will affect 5G deployment is considered to be that of Performance. 

It appears that breakthroughs in performance, as stated by the relative 5G-PPP KPIs, will be the main 

driver behind 5G. This comes as the statement that 5G Performance must overcome that of current 

legacy systems. 

¶ After Performance, the next most important criterion expected to influence a successful 5G 

deployment, is that of the Business aspect. This highlights that apart from performance, economic 

factors will also strongly influence 5G deployment. Acceptance and Flexibility also closely follow 

together in importance; whilst Technology is rated as the criterion with the least importance. Taking 

into account the high priority of performance, it can be deduced that the performance KPIs 

therefore need to be reached independently of the underlying technology.   

¶ That said, the overlap between the fuzzy profiles of the business, acceptance and flexibility criteria 

indicate that there is a possibility of rank reversal or change between these secondary three criteria. 

Thus these three aspects all need to be closely monitored. 
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¶ The analysis of sub-criteria related to Performance has revealed that low latency is the most 

important, followed by high reliability and high data rate (both of which are of equivalent 

importance.) 

¶ New market opportunities as a sub-criterion of Business takes precedence as compared to the other 

business alternatives; thus new services and new business models are expected to be critical drivers 

for a successful 5G deployment.  

¶ As expected, security and privacy is the most important sub-criterion of Acceptance; hence 

important effort needs to be directed towards these requirements. Regulatory issues as well as 

health issues and impact on environment are deemed of secondary importance. 

¶ The optimized and more dynamic usage of the resources, followed by multi-tenancy (open access) 

are the most important sub-criteria related to Flexibility.  

¶ Regarding Technology, great importance is being placed on SDN and NFV, whilst small cells receive 

the smallest weight. The ranking of the rest of the sub-criteria is unclear due to their similar weights 

and increased overlap (fuzzy evaluation). 

Taken together, /I!wL{a!Ωǎ ŜƳǇƘŀǎƛǎ ƻƴ ƭƻǿ ƭŀǘŜƴŎȅΣ Ƴǳƭǘƛ-tenancy, and high security, reliability and 

availability therefore appears to be in-line with the results of the expert survey. In combination with the 

work being performed in the relevant standardizations groups, the challenge is now to ensure coordination 

and harmonization between the different activities and emerging 5G-PPP solutions. Although still in the 

early stages, vendors and telecom operators are starting to test and validate technical components that are 

leading the way to the next generation of 5G networks.  

This CHARISMA deliverable D5.4 is expected to be a valuable tool for researchers and stakeholders of the 

5G ecosystem, by providing an indicative roadmap of the 5G deployment issues, and a clarification of what 

are the important factors influencing a successful 5G roll-out strategy. Our roadmap and expert survey can 

together create the appropriate framework to assist in identifying the factors affecting the adoption and 

evolution of both the CHARISMA architecture and other 5G solutions. Such a tool is hoped to help bridge 

the gap between the technical and the socio-economic requirements underpinning the successful and 

commercially viable large-scale deployment of 5G networking technologies. 
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