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Abstract: METIS (Mobile and wireless communications Enablers for the Twenty-twenty 

Information Society) is the EU flagship 5G project having the objective to lay the foundation for 5G 

systems and to build consensus prior to standardization. The METIS overall approach towards 5G 

builds upon the evolution of existing technologies complemented by new radio concepts that are 

designed to meet the new and challenging requirements of use cases today's radio access networks 

cannot support. The integration of these new radio concepts such as Massive MIMO, Ultra Dense 

Networks, Moving Networks, Device-to-Device, Ultra Reliable, and Massive Machine 

Communications will allow 5G to support the expected increase in the mobile data volume while 

broadening the range of application domains that mobile communications can support beyond 2020. 

In this paper, we describe the scenarios identified for the purpose of driving the 5G research 

direction. Further, we give initial directions for the technology components (such as link level 

components, multi node/multi antenna, multi-RAT (Radio Access Technology) and multi-layer 

networks and spectrum handling) that will allow fulfilling the requirements of the identified 5G 

scenarios.  
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1 Introduction 

Societal development will lead to changes in the way mobile and wireless communication systems 

are used. Essential services such as e-banking, e-learning and e-health will continue to proliferate 

and become more mobile. On-demand information and entertainment, for instance in the form of 

augmented reality, will progressively be delivered over mobile and wireless communication 

systems. These developments will lead to an avalanche of mobile and wireless traffic volume, 

predicted to increase a thousand-fold over the next decade [1,2].  

Further, it is generally predicted that today’s dominating scenarios of human-centric communication 

will, in the future, be complemented by a tremendous increase in the numbers of communicating 

machines. This so-called Internet of Things will make our everyday life more efficient, comfortable 

and safe. There are forecasts of a total of 50 billion connected devices by 2020 [3]. 

The coexistence of human-centric and machine-type applications will lead to a large diversity of 

communication characteristics. Some of these applications can be supported by today’s mobile 

broadband networks and their future evolution. However, some other applications will impose 

additional and very diverse requirements on mobile and wireless communication systems that 5G 

will have to support: 

- Far more stringent latency and reliability requirements are expected to be necessary to 

support applications related to healthcare, security, logistics, automotive applications, or 

mission-critical control. 

- A wide range of data rates has to be supported, up to multiple Gbps, and tens of Mbps need 

to be guaranteed with a very high availability and reliability. 

- Network scalability and flexibility are required to support a large number of devices with 

very low complexity and requirements for very long battery lifetimes. 

One of the main challenges is to satisfy these requirements while, at the same time, address the 

growing cost pressure. Efficiency and scalability are therefore key design criteria reflecting the need 

to respond to the expected explosion of traffic volume and number of connected devices. 

Based on lessons learnt in the past, METIS (Mobile and wireless communications Enablers for the 

Twenty-twenty Information Society) builds on the assumption that a single new radio access 

technology will not be able to satisfy all these requirements or replace today’s networks. Instead, 

METIS’ vision is that 5G networks will respond to the expected traffic volume explosion and to the 

new and diverse requirements mentioned above through a flexible combination of evolved existing 

technologies and new radio concepts, as illustrated in Figure 1. 

METIS [4] is an integrated project partly funded by the European Commission under the FP7 

research framework, and is considered as the 5G flagship project [5]. The project started in 

November 2012 and has a 30-month duration. METIS is part of a long-term vision roadmap as 

shown in Figure 2. The roadmap can be divided into three phases: 1) the ongoing exploratory phase 

which consists of laying the foundation for the 5G system, 2) the optimization phase which consists 



of system optimization and standardization, and 3) the implementation phase which consists of pre-

commercial trials. The METIS consortium comprises of 29 partners spanning telecommunication 

manufacturers, network operators, the automotive industry and academia. Among these are five 

major global telecommunications manufacturers, five global operators and thirteen academic 

partners. METIS’ objective is to lay the foundation for the 5G mobile and wireless communications 

system. To achieve this objective, METIS is designing a system concept that delivers the necessary 

efficiency, versatility and scalability. The project started by developing relevant scenarios from 

which requirements and key performance indicators (KPIs) were deduced. Research needs on 

spectrum, network, multi-link, and radio link issues were identified and the corresponding enabling 

technology components are now being developed. These technology components are being 

integrated into a system concept that is evaluated using link- and system-level simulators. Hardware 

test-beds provide proof-of-concept demonstrations of selected technology components essential to 

the system concept. METIS has taken a leading role in exploring the fundamentals of the 5G mobile 

and wireless communications system, and it will ensure an early global consensus prior to global 

standardization activities, also involving major external stakeholders. This is for example achieved 

by initiating and addressing work in relevant fora such as ITU-R (to prepare for WRC-15 and 

provide input to WRC-18), as well as in national and regional regulatory bodies. For instance, 

METIS has been contributing to the ITU-R 2020 vision document [6]. A similar approach was taken 

in the WINNER project [7] where important technology components were developed prior to 

standardization/regulations of LTE in 3GPP and IMT-Advanced in ITU-R. 

This paper aims at introducing the work in METIS and contains two main sections (Sections 2 and 

3). Section 2 describes the 5G scenarios and requirements as well as the methodology used for 

investigating them. Further, Section 3 explains METIS’ technology approach towards 5G. In 

particular it gives initial directions of the technology components most likely able to fulfill the 

requirements of the 5G scenarios. 

2 Methodology, requirements and scenarios  

2.1 Methodology 

METIS technology innovation follows a push-pull approach. In a bottom-up process, new radio 

concepts are developed and optimized to support future application needs. In a top-down approach, 

relevant use cases as well as service and application needs are evaluated in order to derive the 

requirements that 5G has to meet.  

In particular, the top-down process is based on an end-user perspective. Moreover, by using a 

technology agnostic scenario description, METIS has avoided to tailor scenarios to specific 

potential technologies that it wants to evaluate. Many interesting and challenging applications can 

be identified by following current trends and projecting them into 2020. METIS has selected a 



dozen of test-cases (i.e. applications or use cases) which are expected to span the space of possible 

future uses. These exemplary applications have been clustered into five scenarios, each illustrating a 

fundamental challenge. Some of these challenges are typical of conventional mobile broadband 

applications as for instance a very high traffic volume and experienced data rate, others are essential 

for applications that are not properly handled in today’s networks, such as extremely low power 

consumption and low latency. Many test-cases share multiple of the challenges identified. In 

Section 2.2, the fundamental challenges and requirements are described. Section 2.3 describes the 

five scenarios, and illustrates them with numeric examples from few selected test-cases. More 

details of the test-cases within each scenario can be found in [8]. 

2.2 Requirements 

The identified scenarios and test-cases are presented from an end-user (human or machine) 

perspective. Therefore, the requirements and KPIs are primarily related to the end user. To evaluate 

and compare the different technology components addressing the METIS scenarios, some solution-

agnostic KPIs [8] are introduced. The KPIs taken as basis for assessment of the radio link related 

requirements from end-user perspective are as follows: traffic volume density, experienced end-user 

throughput, latency, reliability, availability and retainability†. Further, some KPIs reflecting an 

energy or economic perspective are needed to assess the final system solution. We consider: energy 

consumption (or efficiency) and cost. Each KPI is given a qualitative and mathematical definition 

[8]. 

The technical objective of METIS, that reflects the 5G requirements, is to develop technical 

solutions towards a system concept that supports [9]: 

! 1000 times higher mobile data volume per area,  
! 10 to 100 times higher number of connected devices,  
! 10 to 100 times higher user data rate,  
! 10 times longer battery life for low power massive machine communication (MMC), and 

finally, and 
! 5 times reduced end-to-end latency, 

These requirements shall be fulfilled at similar cost and energy dissipation as today. In order to 

derive the corresponding requirements and KPIs, the identified scenarios and applications are 

analyzed. The selected key requirements are summarized in Table 1. The complete analysis can be 

found in [8].  

2.3 Scenarios 

                                                        
† Retainability is a special aspect of availability, by which a service has been made available as long as the 
user needs the service [Sec.4.2, 8]. 



METIS has analysed the above mentioned challenges regarding mobile and wireless infrastructure 

for beyond 2020 in detail. In order to tackle these challenges and target the right enabling 

technology components, the following five scenarios have been specified: 

! “Amazingly fast” focuses on providing very high data-rates for future mobile broadband 
users so as to experience instantaneous connectivity without delays. 

! “Great service in a crowd” focuses on providing reasonable mobile broadband experiences 
even in crowded areas such as stadiums, concerts or shopping malls. 

!  “Best experience follows you” focuses on providing end-users on the move, e.g. in cars or 
trains, with high levels of service experience. 

! “Super real-time and reliable connections” focuses on new applications and use cases with 
very strict requirements on latency and reliability. 

! “Ubiquitous things communicating” focuses on the efficient handling of a very large 
number of devices (including e.g. machine type of devices, and sensors) with widely 
varying requirements. 

The scenarios are illustrated in Figure 3 and described in more detail below. Further details can be 

found in [8]. 

2.3.1 Amazingly fast 

This scenario targets the end-user experience of instantaneous connectivity, i.e. where all used 

applications will have a “flash” behavior: a single click and the response is perceived as 

instantaneous. Consequently, the end-user will focus on the experience, rather than on the 

underlying technology. The flash behavior will be a key factor for the success of cloud services and 

applications and an enabler for the future development of new applications. 

An example METIS test-case for this scenario is the “virtual reality office”, where GBytes of data - 

for instance high-resolution 3D data - are exchanged to enable interactive work among people in 

remote locations, proving the experience “as if one were there”. To support that, end-users should 

experience data rates of at least 1 Gbps and 5 Gbps in 95% and 20% of office locations, respectively, 

and during 99% of the busy period [8].  

2.3.2 Great service in a crowd 

This scenario addresses the end-user needs for connectivity even in very crowded places such as 

stadiums, shopping malls, open air festivals, other public events which attract lots of people, or 

unexpected traffic jams and crowded public transportation.  

Today’s mobile communication systems are designed so that a user is provided with a reasonable 

mobile broadband experience just when there are few users requesting the service. In case of large 

crowds, today’s users typically suffer from service denials due to network overload. However, in the 

future, it is likely that users will expect at least a reasonably good service even in very crowded 

places, which poses a significant challenge to future communications system design. As an example 

for a METIS test-case within this scenario, the test-case “Stadium” foresees a traffic volume per 



subscriber of 9 Gbyte/hour during busy periods, and an experienced user data rate between 0.3 to 20 

Mbps even in a completely filled stadium [8]. 

2.3.3 Best experience follows you 

This scenario strives at bringing the same good user experience for an end-user on the move, as for 

the users at home or in the office. Users on the move shall have the impression that “the network 

infrastructure follows them”, in situations where they suffer from poor coverage today. High data 

rate coverage is expected at every location of the service area, even in remote rural areas. 

High data rate services such as video streaming and file downloads in “blind spots”, i.e. locations 

with bad coverage, are typical applications for this scenario. The end-users should be able to 

experience a data rate of at least 100 Mbps in downlink and 20 Mbps in uplink, while maintaining 

end-to-end latencies below 100 ms. The availability must be as high as 95% in blind spots, i.e. 

locations with bad coverage [8]. 

The technical challenge is to provide robust and reliable connectivity solutions as well as the ability 

to efficiently manage the mobility with low battery consumption of the end-user terminals and at 

low cost. 

2.3.4 Super real-time and reliable connections 

The reliability and latency in today’s communication systems have been designed with the human 

user in mind. For future wireless systems, it is envisioned to have new applications based on M2M 

(machine-to-machine) communication with real-time constraints, enabling new functionalities for 

traffic safety, traffic efficiency or mission-critical control for industrial applications. These new 

applications will require much higher reliability and lower latency than today’s communication 

systems.  

The METIS test-case “Traffic efficiency and safety” is a typical application for a super real-time 

and reliable connections scenario where traffic accidents are avoided by cooperative intelligent 

traffic systems that require timely and reliable exchange of information with less than 5 ms end-to-

end (E2E) latency. “Teleprotection in smart grid networks” is considered as another relevant 

application demanding reliable information transfer between power grid substations within the 

range of a few milliseconds. Smart grid networks may require real-time monitoring and alerting 

functionalities and an immediate response to altered system conditions. The expected payload sizes 

are rather moderate, say up to about 1500 bytes, while the messages shall be transferred with 

99.999%  reliability within about 8 ms delay on application layer [8]. 

Key technical challenges lie in reducing the E2E latency while providing high accessibility and 

reliability of the communication services. 

2.3.5 Ubiquitous things communicating 



This scenario addresses the communication needs of ubiquitous machine-type devices, ranging from 

low complexity devices (e.g. sensors and actuators) to more advanced devices (e.g. medical 

devices). The resulting requirements vary widely, e.g. in terms of payload size, frequency of 

transmission, complexity (cost), energy consumption, transmission power, latency, etc., and cannot 

be met to a full extent by today’s cellular networks.  

“Massive deployment of sensors and actuators” is a typical application where small sensors and 

actuators are mounted to stationary or movable objects and enable a wide range of applications 

connected to monitoring, alerting or actuating. The requirements will be to provide connectivity for 

300,000 devices within one cell, enable long battery life (on the order of a decade) and low cost 

device implementations, so as to support the billions of connected devices expected by 2020 [8]. 

The technical challenge is to integrate the communication of ubiquitous things in mobile networks 

and to manage the overhead created by the high number of devices. 

 

We note that some METIS test-cases cannot be mapped to a sole scenario, but rather represent a 

combination of different scenarios and their underlying challenges. For instance, the test-case 

“dense urban information society” does not require the extreme data rates as in the “virtual reality 

office” case or the latency connected to “traffic efficiency and safety”, but foresees that both 

humans and machines enjoy reasonably high data rates at reasonably low latencies, both indoor and 

outdoors, and also when devices are moving jointly in crowds as e.g. on a pedestrian sidewalk. The 

key difficulty here is hence to address the product of multiple requirements under constrained 

network deployment costs. In particular, the requirement will be to enable in 95% of locations and 

time an experienced data rate of 300 Mbps and 60 Mbps in downlink and uplink, respectively, and a 

data rate of 10 Mbit/s between e.g. sensors and devices. Ultimately, the network is required to 

provide the above date rate while sustaining an average traffic volume of 500 Gbyte per device and 

per month. This corresponds to about 1000 times today’s average monthly traffic volume per 

subscriber [8].  

 

3 The METIS technology approach toward 5G 

The challenges described in Section 2 will be addressed by a combination of different solutions. 

Each of these solutions may include several novel technological building blocks, technological 

enablers.  

3.1 The METIS Horizontal Topics 

METIS uses so-called “horizontal topics” to build the overall system concept. A horizontal topic 

(HT) integrates a subset of the technology components to provide the most promising solution to 

one or more test-cases.  



The HT-specific solutions will be integrated into the overall METIS system concept. Potential 

overlaps between HTs, trade-offs and interdependencies between technology components will be 

identified and analyzed with respect to their impact on the overall system performance. The 

performance of the proposed concept will be evaluated according to the research objectives and 

KPIs. The research work will be directed by the concept development to ensure a consistent 

integration of the developed technology components. The METIS HTs are described below. 

Additional HT(s) can be added to capture emerging market, societal, technical, and economical 

trends. 

Direct Device-to-Device (D2D) Communication refers to direct communication between devices, 

without user-plane traffic going through any network infrastructure. Under normal conditions the 

network is controlling the radio resource usage of the direct links to minimize the resulting 

interference. The goals are to increase coverage, to offload backhaul, to provide fallback 

connectivity, and to increase spectrum utilization and capacity per area. 

Massive Machine Communication (MMC) provides up- and down-scalable connectivity solutions 

for tens of billions of network-enabled devices, which is vital to the future mobile and wireless 

communication systems. Machine-related communications have a wide range of characteristics and 

requirements (e.g. data rate, latency, and cost) that often differ substantially from those of human-

centric communication. 

Moving Networks (MN) enhance and extend coverage for potentially large populations that are 

part of jointly moving communication devices. A moving network node or a group of such nodes 

can form a “moving network” that communicates with its environment, i.e. other nodes, fixed or 

mobile, that are inside or even outside the moving entity. 

Ultra-Dense Networks (UDN) addresses the high traffic demands via infrastructure densification. 

The goals are to increase capacity, increase energy efficiency of radio links, and enable a better 

exploitation of spectrum. UDN are orders of magnitude more dense than today, assuming for 

instance several access nodes per room indoors and an access node on each lamp post outdoors, 

which of course raises severe interference and mobility challenges and an increased pressure on cost 

per access node. 

Ultra-Reliable Communication (URC) will enable high degrees of availability. METIS aims at 

providing scalable and cost-efficient solutions for networks supporting services with extreme 

requirements on availability and reliability. 

Architecture (Arch) provides a consistent architectural framework integrating different centralized 

and decentralized approaches. METIS will research and introduce a novel, architectural concept that 

can take advantage of the developed technology components in a scalable way. 

3.2 Technology components  



In order to develop the connectivity solutions and mobile communication system for the beyond 

2020 society with its broad range of service and application requirements, METIS develops the 

following technology components where significant progress beyond state-of-the-art is required: 

radio-links, multi-node/multi-antenna technologies, multi-layer and multi-RAT networks and 

spectrum usage. These technology components are briefly described hereafter. 

3.2.1 Radio-Links 

To efficiently support the vast range of identified use cases and scenarios, an air interface providing 

a “one-fits-all” solution does no longer seem to be the favorable choice. Instead, the air interface for 

the future mobile radio system should become more flexible, providing different solutions for 

particular use cases and applications under a common umbrella framework [10]. For UDN, where 

the system is expected to support a large range of carrier frequencies, flexibility is brought to the 

system by an air interface with a scalable frame structure, providing a low-cost solution for adapting 

the system to the signal conditions specific for the utilized bands. The efficient support of machine-

type communication in parallel to human-centric communication is enabled by an optimized 

signaling structure, reducing the signaling overhead for MMC. Requirements of car-to-car 

applications are addressed by solutions aiming to improve the reliability and the quality of 

transmission at high vehicular speeds, embracing also novel approaches for channel estimation and 

prediction.  

For the physical layer, a particular challenge is the efficient support of a broad range of data rates 

going from low-rate sensor applications up to ultra-high rate multi-media services. For this purpose, 

waveforms, coding & modulation schemes and suitable transceiver structures are investigated. 

Faster-than-Nyquist (FTN) transmission is studied as a technique for increasing the data rate at the 

cost of a higher complexity of the receiver design. Filtered and filterbank based multi-carrier 

schemes are considered potential new waveform candidates for the future mobile radio system, 

since they allow for the efficient use of fragmented spectrum and facilitate spectrum sharing with 

other services and applications. In the context of advanced transceiver design, full duplex 

transmission seems to be a promising technology, allowing a node to simultaneously transmit and 

receive a signal and thus increasing the spectral efficiency of the link.  

The new scenarios will also yield the introduction of new classes of devices and services, which 

should be efficiently supported by appropriate multiple access (MA), MAC and radio resource 

management (RRM) techniques. Non- and quasi-orthogonal MA techniques are investigated, where 

the number of users is no longer limited by the set of orthogonal resources, therefore allowing to 

overload the spectrum. In the area of MAC, research covers contention based schemes for the 

efficient access of a massive number of machine-type devices and distributed techniques for the 

synchronization of a set of nodes if no or only limited access to the network is available. Deadline-



driven HARQ concepts address the needs of URC, as they guarantee to deliver a packet within a 

specified deadline.   

Detailed descriptions of all radio link research topics can be found in METIS deliverable D2.2 [14], 

results from their assessment in deliverable D2.3 [15].  

3.2.2 Multi-node/Multi-antenna Transmission 

In METIS improvements on Multi-node/multi-antenna technologies are addressed to achieve the 

performance and capability targets of 5G wireless systems [11], by looking at both evolutions of 4G 

technologies and at disruptive changes at both node and architectural level (see Figure 4).  

Massive-MIMO is studied in order to deliver very high data rates and spectral efficiency, or 

enhanced link reliability, coverage and/or energy efficiency. Part of the work is dedicated towards 

assessing the impact of real-world challenges, like channel estimation and pilot design, antenna 

calibration, link adaptation, and propagation effects. Another part of the work is dedicated towards 

studying the effect of new types of array deployments. Another part of the work is further exploring 

the theoretical limits of Massive-MIMO [11]. Finally, the use of Massive-MIMO solutions in 

mmWave bands is also considered.   

Advanced inter-node coordination is expected to achieve significant increases in spectrum 

efficiency and user throughput and improvements for users with unfavorable radio conditions. 

METIS is currently exploring three different broad research directions related to inter-node 

coordination. The first one is a further improvement of classical coordination techniques. 

Differently from previous studies, coordination is designed as a core characteristic of the network, 

rather than as an add-on feature (like e.g. LTE Rel. 10). The second broad research direction 

explored within METIS is interference alignment. The third research direction is coordination with 

enhanced network and UE capabilities. For example, METIS is investigating the possibility for 5G 

UEs to take a more active role in the network, e.g. for selecting the set of serving base stations, for 

performing advanced interference rejection or for exploiting local cooperation.   

Network densification, reliability and support of moving networks may make relaying and multi-

hop communications one of the central elements in the wireless architecture (in contrast to existing 

wireless networks where multi-hop communications have been considered as an additional feature). 

METIS’ research approach addresses network densification through the use of infrastructure-

deployed relays and techniques for wireless backhauling. Specifically, wireless network coding, 

buffer-aided relaying, and joint processing of interfering flows are considered by METIS promising 

research directions to make wireless relaying a viable option for efficient in-band backhauling. 

3.2.3 Heterogeneous Multi-RAT and Multi-Layer Networks 

In 5G wireless systems, we will see a co-existence of legacy radio access technologies (RATs) and 

new access technologies, and also very dense multi-layer networks consisting of cells of very 



different sizes. Both aspects raise novel challenges in the field of interference and mobility 

management, which call for new approaches in how cellular systems are handled in general. 

For instance, the very dense deployments expected beyond 2020 will lead to less users per cell, and 

traffic will therefore be more bursty, which suggests the usage of time division duplex (TDD) for a 

more efficient usage of radio resources. In conjunction with a possible wide-spread usage of direct 

D2D and V2X communication, the interference constellations will be different than observed today. 

In this respect, METIS proposes schemes to identify and predict interference. Further, METIS is 

investigating a diverse portfolio from highly centralized to distributed or fully decentralized RRM 

concepts and assessing this regarding the achieved trade-off between system performance, 

minimized infrastructure, signaling overhead, and also w.r.t. scalability. Of course, highly densified 

networks and a more prominent role of D2D communication lead to new mobility management 

challenges. METIS is tackling these challenges by developing novel schemes tailored specifically 

towards moving cells, or towards low-power and low-cost machine-type devices. Here, a wide 

range of approaches is considered, including user autonomous, network assisted, or fully network 

driven service connectivity management. 

To address both interference and mobility management aspects in 5G in one holistic framework, 

METIS is also considering a complete redesign of control and user plane functionality, and novel 

cell concepts as for instance phantom or virtual cells which are fully or partially transparent to the 

device. 

One clear differentiator between a 5G system and earlier generations will be that one will move 

towards a proactive management of demand, mobility and interference instead of simply reacting to 

instantaneous channel, demand and network conditions. This will be made possible by an extensive 

predication and exploitation of device and application context.  

Clearly, novel multi-RAT and multi-layer solutions require novel infrastructure enablers such as 

new network management interfaces, which are also investigated in METIS as the most promising 

technology components are becoming clear. Further, the partners are also investigating the 

integration of nomadic cells (e.g. access nodes mounted on vehicles) with the static infrastructure. 

Ultimately, the aim of the multi-RAT and multi-layer activities is to find answers to fundamental 

questions regarding interference and mobility management in 5G, for instance to which extent 

centralized approaches will be needed and which implications on the network infrastructure these 

bring.  First investigation results, for instance assessing the gains of context awareness and enablers 

for cost and energy efficient network operations can be found in [13]. 

3.2.4 Spectrum Usage  

METIS has been investigating ways to enable and secure sufficient access to spectrum for beyond 

2020 wireless communication systems by developing innovative spectrum-sharing concepts. This 

should lead to substantial improvements in the overall spectrum utilization and result in 



significantly increased spectrum usage efficiency from a spectrum-oriented as well as an economic 

point of view. 

In the beginning, the focus has been on frequency-band analysis in order to identify new spectrum 

resources and to understand their characteristics and on a scenario analysis of future wireless 

communication systems in order to understand spectrum requirements for beyond 2020 systems. 

Frequency band analysis has been looking for opportunities even up to 275 GHz. 

In a second step, innovative concepts and enablers for shared spectrum usage and flexible spectrum 

management have been initially developed. Here, some examples of novelty include identification 

of required enablers for ultra-dense network deployments operating at high frequencies as well as 

spectrum management for autonomous and network-assisted D2D communication supporting high 

mobility.  

The frequency range 380 – 5925 MHz is currently used by many different services. Possibilities to 

accommodate additional IMT bands are being considered in the scope of the ITU-R WRC-15 

preparation process in detail. Thus, no in depth investigation of this frequency range is necessary 

within the METIS project. It should be noted, that any radio access system aiming at providing 

coverage in an extended area must use this frequency range for technical and economic reasons. 

Therefore, most of the METIS scenarios and test-cases will need to use at least one RAT in this 

frequency range. Additionally, in order to fulfil the requirements of the described test-cases, the 

communicating devices must also be equipped with RATs that can access higher frequency ranges, 

with large bandwidths [12]. Highest priority for next further work for frequencies above 6 GHz is 

on frequencies between 40 and 90 GHz. 

Initial analysis [12] indicates that not only more spectrum and more efficient spectrum usage 

concepts are required but also spectrum engineering with respect to guaranteeing co-existence, 

compatibility, and coverage due to the broader range of application requirements.  

4 Conclusions 

In this paper, the 5G mobile communications scenarios were identified. These scenarios reflect the 

foreseen challenges such as high-data rate, accessibility, mobility, massive amount of devices, low 

latency and reliability. Further, the scenarios and test-cases were presented from an end-user 

(human or machine) perspective, and the requirements and as well solution-agnostic KPIs were 

introduced.  

To target each scenario, research is carried out on technology components such as: link level 

components, multi node/multi antenna, multi RAT and multi-layer networks, and spectrum 

handling. The METIS overall approach towards 5G is to build on the evolution of existing 

technologies complemented by the integration of complementary concepts and, when needed, new 

radio access technologies.  



The integration of the new radio concepts such as Massive MIMO, Ultra-Dense Networks, Moving 

Networks, Direct Device-to-Device Communication, Ultra-Reliable Communication, and Massive 

Machine Communication, and others, and the exploitation of new spectrum bands will allow to 

support the expected dramatic increase in the mobile data volume while broadening the range of 

application domains that mobile communications can support beyond 2020. 
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Figure 1: The 5G roadmap: revolution, evolution and complementary new technologies. 
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Figure 2: The 5G timeline. 

  

2012 2015 2018 2020

WRC’15WRC’12

Optimisation /  
Standardisation

ImplementationExploring new paradigms,
fundamentals, system concepts

Further developments on fundamentals

WRC’18



Table 1: A selection of the key requirements and respective application examples 

Requirements Desired Value Application example 

Data Rate 1 to 10 Gbps Virtual reality office 

Data Volume 9 Gbyte/hour in busy period 

500 Gbyte/month/subscriber 

Stadium 

Dense urban information society 

Latency Less than 5 ms Traffic efficiency and safety 

Battery Life One decade Massive deployment of sensors and actuators 

Connected devices 300000 devices per AP Massive deployment of sensors and actuators 

Reliability 99.999% Teleprotection in smart grid network 

Traffic efficiency and safety 

 

  



 

Figure 3: The 5G scenarios defined in METIS.  
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Figure 4:Multi-node/Multi-antenna transmission research in METIS. 

 

  

Multi-hop 
communications

Advanced 
inter-node 

coordination

Network coding

P1 P2

P1⊕P2

Massive antenna

Device-to-device
communication

Massive Machine
communication

Multi-hop 
communications

Advanced 
inter-node 

coordination

Network coding

P1 P2

P1⊕P2

Massive antenna

Device-to-device
communication

Massive Machine
communication



 

Figure 5:Heterogeneous Multi-RAT and Multi-Layer Networks research scope in METIS. 

 


