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Abstract
The report describes the main outcomes of METIS. The objective of METIS has been to
substantially increase the performance of mobile networks while keeping cost and energy
consumption at today’s level. Five scenarios were developed and these were widely cited and
referenced. A system concept was developed to address three generic 5G services (xMBB,
uMTC and mMTC) and the concept contains four main enablers. The project has developed
an architecture, a channel model and over 140 technology components. Two test-beds were
used to evaluate technology components and demonstrate the project outcome. Twelve
testcases were developed to evaluate the system concept, the test cases were evaluated and
the goals set in the beginning of the project were met.
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Executive summary
The METIS project has the overall technical goals to increase the performance of mobile
networks with:
• 1000 times higher mobile data volume per area,
• 10 times to 100 times higher typical user data rate,
• 10 times to 100 times higher number of connected devices,
• 10 times longer battery life for low power devices, and
• 5 times reduced End-to-End (E2E) latency,
at similar cost and energy consumption levels as today’s system.
Five scenarios and twelve test cases have been developed to be able to test the technology
components and system concept that also was developed in the project. The scenarios and
requirements were widely cited and they inspired and influenced the 5G discussions in the
whole industry.
The project developed the METIS system concept integrating the technology components
researched in the project. The concept addresses three generic 5G services, Extreme Mobile
Broadband (xMBB); Massive Machine Type Communications (mMTC) and Ultra-reliable
Machine Type Communication (uMTC). The METIS 5G concept relies on four main enablers:
a lean system control plane, dynamic RAN, localized contents and traffic flows and the
spectrum toolbox. The system concept has been evaluated for the twelve defined test cases
and these evaluations show that all the technical goals of 5G can be met.
The project has defined an architecture that contains a functional architecture. The functional
architecture breaks down functions into functional elements realising the functions in the
network. The architecture also defines a deployment architecture, which maps to functional
elements to real network implementation. Finally the orchestration & control architecture
controls how functions are distributed in the network.
METIS developed a 5G channel model that addresses the gaps in existing channel models,
i.e. support for higher frequencies and wider bandwidths, support for dual-mobility (for D2D,
M2M, V2V communications), accurate 3D modelling and high spatial resolution.
The project has developed over 140 technology components including: Air interface
technologies tailored for new usage areas; New waveforms; Multiple access and MAC
schemes; Multi antenna and massive MIMO technologies; Multi-hop communications;
Interference management and resource allocation schemes; Mobility management and
robustness enhancements; Context aware approaches; D2D and V2X mechanisms; Dynamic
reconfiguration enablers and Technologies for spectrum management.
Two test-beds with associated development resources were available and used by the project.
One from Aalto University which is suitable for investigating radio resource management
algorithms in realistic radio environments and the other from Telecom Bretagne which is
suited for investigation of digital based-band algorithms and corresponding hardware
complexity. The test-beds have been shown at several events including the Mobile world
congress (MWC).
METIS has influenced the standardisation and regulatory processes by contributing to the
ongoing processes and presenting results at various workshops and events. A number of
workshops and events have been held enabling discussions and exchange of ideas. The
project has also published 23 journal papers and over 170 conference papers.
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1 Project context and objectives
Societal development will lead to changes in the way mobile and wireless communication
systems are used. As the communication networks become more and more woven into the
fabric, more and more services will be delivered through the networks. These range from
essential services such as e-banking, e-learning and e-health but also services that make our
lives more enjoyable such as on-demand information and entertainment services. The areas
affected are also widening to include areas as automotive and public transportation, public
safety and emergency services, transport and logistics, medical solutions and industrial
systems.
Another trend is that more and more services become mobile. Entertainment is increasingly
delivered to mobile devices and the wirelessly connected Internet of Things will make our
everyday life more efficient, comfortable and safer. The use of mobile technology also allows
for reshaping of business processes to produce more with greater efficiency and to reach
more customers.
These changes place greater demands on the communication infrastructure than ever before.
Not only will the volume of traffic increase by orders of magnitude, but the diversity of
requirements and use cases will increase and put higher demands on versatility, scalability
and adaptability than current networks can meet.

1.1 Project objectives
The METIS project is a project in Call 8 of the 7th Framework Program funded by the
European commission. The project started in November 2012 and ran for 30 months until April
2015. Within the Call 8 the Challenge 1: “Pervasive and Trusted Network and Service
Infrastructures”, and in particular the objective “ICT 2011.1.1 Future Networks” was
addressed. To be able to address the challenges for future networks the project has worked
towards these objectives:
Develop scenarios, requirements and Key Performance Indicators (KPIs)
In the beginning of the project usage scenarios connected to societal challenges related to
new use cases and traffic increase were identified and analysed to be able to deduce
requirements and quantify the corresponding Key Performance Indicators (KPIs). This made it
possible to set the overall technical goals on the concept to be developed in the project. The
goals set were:
• 1000 times higher mobile data volume per area,
• 10 times to 100 times higher typical user data rate,
• 10 times to 100 times higher number of connected devices,
• 10 times longer battery life for low power devices, and
• 5 times reduced End-to-End (E2E) latency,
at similar cost and energy consumption levels as today’s system.
Develop a concept that delivers the necessary efficiency, versatility and scalability
The system concept should provide an understanding on how the technologies developed in
the project fits together to meet the demands of the expected use cases and deliver the
required performance.
Research new means and develop such technology components
One goal of the project was to identify and to research key technologies that are needed in
future networks. This can be means to provide significant improvement in existing approaches
or technologies to enable new paradigms and design options for the networks. Within this
scope a number of sub-goals were envisioned:
METIS
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•

To investigate fundamental trade-offs in the design of future networks and to identify
solutions for heterogeneous multi-layer and multi-RAT networks.

•

To design multi-node/antenna and multi-hop technologies to achieve the performance
and capability targets for the future mobile and wireless communications system. For
example by exploiting the potential of massive antenna configurations, innovative
multi-hop communication concepts and wireless network-coding solutions.

•

To design air interface technologies including waveforms and multiple access schemes
as well as suitable transceiver structures and in addition investigate new solutions for
multiple access, Medium Access Control (MAC) and Radio Resource Management
(RRM) to increase the system efficiency.

Integrate the components into the system and evaluate the system performance
To be able to evaluate the system concept and the technology components that are part of the
system concept it is necessary to develop candidate solutions run system level simulations to
see if the overall system KPIs can be met.
Analyse and identify the needed spectrum, and support harmonisation for efficient
spectrum access
The increased capacity demands on future systems put more requirements on available
spectrum. The goal was to understand spectrum requirements in future scenarios, where
determine how spectrum could be made available by developing innovative concepts and
enablers for shared spectrum usage and flexible spectrum management.
To ensure availability of relevant propagation models for the new scenarios defined in
METIS
When evaluating the system concept it is necessary to have relevant and tractable
propagation models to put into the system simulators. The objective was to determine whether
new propagation models are needed and develop models for those cases. For METIS this
involved conducting propagation measurements as well.
Demonstrate key building blocks in a test-bed
The goal was to demonstrate key building blocks enabling the Horizontal Topics (HT) using
hardware platforms to be able to understand further the technology and be able to evaluate for
example energy performance. In addition the test-beds also will enable demonstrating key
concepts.
Ensure global impact
The project should enable European lead on the development of the future mobile and
wireless communications system by building consensus among other external major
stakeholders prior to global standardisation activities. The project should provide input to and
interact with global standardisation and regulatory bodies, e.g. 3GPP and ITU.

1.2 Project consortium
The project has been conducted by a strong consortium consisting of leading vendors,
operators and other stakeholders.
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2 Project outcomes
The project has produced 35 deliverables and 28 internal reports. The 29 public deliverables
are available on the project website [MET-Web]

2.1 Scenarios, test cases and 5G requirements
The METIS technical goals in Section 1 are the foreseen needs of the future 2020 information
society. To meet these technical goals five different challenges that cannot easily be
addressed by an evolutionary approach of today’s networks have been defined [MET13-D11].
The challenges are fundamental technical difficulties that should be addressed within the
future radio access mobile and wireless communications systems.
The five scenarios outline the scope of METIS and reflect one specific challenge each. The
scenarios are: “Amazingly fast” which focuses on high data-rates for future mobile broadband
users; “Great service in a crowd” which focuses on mobile broadband experience even in the
very crowded areas and conditions; “Ubiquitous things communicating” which focuses on
efficient handling of a very large number of devices (including e.g. machine type of devices,
and sensors) with widely varying requirements; “Best experience follows you” which focuses
on end-users on the move with high levels of experience; and “Super real-time and reliable
connections” which focuses on new applications and use cases with very strict requirements
on latency and reliability.
Each scenario addresses at least one METIS technical goal, defined in Section 1, while each
technical goal is addressed by at least one of the scenarios. In order to locate what solutions
will be successful in 2020 and beyond the possible future requirements need to be
investigated.
Twelve concrete test cases are defined, based on the above scenarios, to facilitate the work
with more specific research questions. Each such test case contains challenges from one or
more scenarios. The aim of the test cases is to provide distinct problem descriptions, 5G
requirements, and Key Performance Indicators (KPIs) from the end-user perspective.
Although the test cases described are rather specific, see [MET13-D11], the solutions derived
from them address a much wider class of problems relevant for the same fundamental
challenges that the test cases are based on. The concrete test case KPIs provide a direction
for research and a measure of success for METIS. They are used by the METIS project as a
basis for designing and evaluating technical solutions.
A scenario focuses on one challenge, while a test case may address several scenarios and
their corresponding challenges. The five METIS scenarios and twelve test cases are illustrated
in Figure 2.1.
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Figure 2.1: The five scenarios and the twelve test cases.

In the end of the project the scenarios, test cases and 5G requirements work was revisited
[MET15-D15]. Vertical industry perspectives from: industrial automation; car industry; energy
industry; broadcasting; and music industry; were collected and compared to what has been
covered within the METIS project.
It was found that the five scenarios and twelve test cases defined in [MET13-D11] remain
highly relevant for a 5G system. A KPI relating to security aspects was also identified. In
addition, nine new use cases that are not visible in [MET13-D11] were highlighted as relevant
based on recent technology trends and future projections.

2.2 System concept
The METIS 5G system concept was developed to meet the requirements outlined in the
scenarios and test cases described in the previous section and in the extension to meet the
requirements of the 2020 information society. The METIS 5G system concept addresses three
generic 5G services and consists of four main enablers. Further details can be found in
[MET15-D66].
Each of the generic 5G services addresses a different subset of requirements and use-cases,
and may be implemented with different air interfaces. The generic services are:
•

Extreme Mobile BroadBand (xMBB) which provides extremely high data rates and lowlatency communications, as well as extreme coverage improving the Quality of
Experience by providing reliable moderate rates over the coverage area.

•

Massive Machine-Type Communications (mMTC) which provides wireless connectivity
for tens of billions of network-enabled devices, scalable connectivity for an increasing
number of devices, wide area coverage and deep indoor penetration are prioritized
over peak rates as compared to xMBB.

•

Ultra-reliable MTC (uMTC) which provides ultra-reliable low-latency and/or resilient
communication links for network services with extreme requirements on availability,
latency and reliability, e.g. V2X communication and industrial control applications.
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The main enablers are functions that serve all the generic 5G services to different extent and
that are crucial for providing the 5G services. The main enablers are:
•

Lean System Control Plane (LSCP) providing new lean signalling/control information.
This is necessary to guarantee latency and reliability, support spectrum flexibility, allow
separation of data and control information, support large variety of devices with very
different capabilities and ensure energy efficiency.

•

Dynamic RAN providing a new generation of dynamic Radio Access Networks (RANs).
In the Dynamic RAN the wireless device exhibits a duality, being able to act both as a
terminal and as an infrastructure node. Dynamic RAN incorporates ultra-dense
networks and nomadic nodes and supports direct device-to-device communication
both for local traffic (off-loading) and backhaul.

•

Localized Contents and Traffic Flows allow offloading, aggregation and distribution of
real-time and cached content. Localization reduces the load on the backhaul and
provides aggregation of e.g. sensor information.

•

Spectrum Toolbox contains a set of enablers (tools) to allow 5G systems to operate
under different regulatory frameworks and spectrum sharing scenarios. These
Spectrum sharing enablers are fundamental to design a flexible radio interface that is
frequency agile, coexistence/sharing capable, and applicable to the developments in
spectrum regulation.

2.3 System level evaluations
The METIS technical objectives are investigated in detail in [MET15-D65] for each of the
twelve test cases that were defined in [MET13-D11]. The main findings are presented in Table
2.1 whereas the specific evaluation setups and assumptions are detailed in [MET13-D61],
[MET14-D63] and [MET15-D65].
Table 2.1: Summary of the impact of the most promising techniques contributing to the
fulfilment of the METIS technical objectives. The baseline system is an LTE Release 8
system with 20 MHz bandwidth operating at 2.6 GHz, 4x2 MIMO, 3 sectors per macro site.

METIS
technical
objective
1000x
throughput

Most promising techniques

Impact

Sufficient spectrum, including additional bandwidth x 3.40 (assuming
from new spectrum bands. This spectrum needs 693
MHz
of
range from 2350 MHz, assuming no cost constraints spectrum
on the level of densification, up to 8600 MHz, availability today)
assuming the same level of densification we have
today.
Densification of the system and use of distributed x 3.65
radio heads. Number of nodes 3-5 times the number
of nodes we have today.
More prominent use of TDD mode in a dynamic x 1.67
manner
Coordination among cells with reduced TTI
x 1.21
Massive MIMO with 256x256 antenna elements
x 20
D2D and localized traffic flows
x2
≈ 1000 times achieved
10 to 100x Sufficient spectrum, including additional bandwidth x 3.10 (assuming
end typical from new spectrum bands. This spectrum needs are 693
MHz
of
user
data higher than 2150 MHz.
spectrum
rate
availability today)
Shorter transmission distances with D2D and denser x 4
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higher
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Impact

deployments, reducing the transmission distance
down to 10 m
More prominent use of TDD mode in a dynamic x 1.67
manner
Massive MIMO, with 32 antenna elements in each UE x 2.50
≈ 50 times achieved
Flexible
use
of
different
radio
interfaces. Enabler
Implementation of specific transmission schemes in
dedicated carriers for MTC
FBMC or similar with narrowband transmission
x 12 (DL)
SCMA multiple access scheme
x 10 (UL)
Traffic concentration
x 200
Sufficient spectrum, including additional bandwidth Enabler
from new spectrum bands. At least 200 MHz required.
Efficient signalling to reduce the overhead of MMC
Enabler
≈ 2000 times achieved
Efficient signalling
x 20
FBMC
x 1.20
SCMA
x 1.50
Shorter
transmission
distance
with
traffic x 2
concentrators
≈ 70 times achieved
D2D communication with localized traffic flows
x3
Reduced TTI and retransmission processes
x 1.80
Better QoS differentiation
Enabler
Optimized architecture
Enabler
≈ 5 times achieved

2.4 5G system architecture
In order to provide a complete story, METIS provides a) a functional architecture that is based
on alignment of the HT concepts by identification of needed functionalities and functional
decomposition of most relevant technology components developed by METIS technical work
packages, b) a logical orchestration & control architecture that shows how flexibility,
scalability, and service orientation can be realized in order to setup and implement the
network functions, and c) a topological and deployment architecture that reveals deployment
aspects and function placement options.
Novel functionalities obtained by analysing the HT concepts: Device-to-Device communication
(D2D); Massive Machine Communication (MMC); Moving Networks (MN); Ultra-Dense
Networks (UDN); and Ultra-Reliable Communication (URC) [MET14-D62] were listed and
grouped into meaningful Building Blocks (BBs). By this grouping, divergences and
commonalities of the different HT concepts could be identified. The analysis showed that the
different HTs are highly complementary, i.e., network functionalities of one HT frequently can
be reused by several other HTs.
In a second step the most promising Technology Components (TeCs) provided by the
technical work packages of METIS were analysed from architectural point of view and
decomposed into so-called Functional Elements (FEs) where one or more of those FEs may
be related to dedicated Network Functions (NFs). This bottom-up analysis resulted in a
functional architecture of the METIS system. In the functional architecture the FEs and NFs,
METIS
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respectively, are assigned according to their usability for device and network infrastructure
part and collected in separated function pools. In order to run a fully operational 5G system
there are FEs required that are currently not addressed by METIS TeCs, e.g. for security
purposes, authentication, authorization and accounting (AAA) and network management &
operation (OAM).
For enabling flexible and service oriented deployment of network functions and protocols in a
given network topology, tools provided by current architectural trends like NFV (Network
Function Virtualization) and SDN (Software Defined Networking) are applied. This finally leads
to a logical orchestration & control architecture of the METIS 5G system.
Finally the METIS architecture ties the service-oriented mapping in the functional architecture
into a real network implementation, i.e. a deployment architecture. This is done by considering
the requirements of the functional architecture and the physical infrastructure as well as the
target services and use cases. A high-level illustration of METIS 5G multi-facial architecture
description is given in Figure 2.2.

Figure 2.2: High-level illustration of METIS 5G multi-facial architecture description.

Further details can be found in [MET15-D64].

2.5 Spectrum regulatory issues for 5G
In order to cope with the expected 1000 times higher traffic capacity and 10 to 100 times
higher typical user data rate, significantly more spectrum than currently available for mobile
and wireless communication systems, and wider contiguous bandwidths are required.
METIS has developed a methodology for bandwidth requirement evaluation. In addition
bandwidth requirements for different network deployment scenarios based on the traffic
demand characteristics as defined for the METIS test cases in [MET13-D11] have been
estimated based on this methodology. For xMBB, a mixture of frequency spectrum comprising
lower bands for coverage purposes and higher bands with large contiguous bandwidth to cope
with the traffic capacity, including wireless backhaul solutions. For mMTC applications,
frequency spectrum below 6 GHz is most suitable and spectrum below 1 GHz is needed to
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provide large coverage and good penetration. Licensed spectrum is considered most
appropriate for uMTC.
Initial radio spectrum investigations were performed to support the identification of frequency
bands with larger contiguous bandwidths and to show that spectrum opportunities for
terrestrial mobile 5G systems exist in different frequency ranges, although the overall
spectrum amount is larger in higher frequency bands than in lower ones. The spectrum
demand can be described as following:
•
•
•
•
•

Sufficient amount of spectrum needs to be available in low spectrum bands in order to
satisfy the requirement for seamless coverage of the 5G services xMBB and mMTC.
Spectrum below 6 GHz is essential to cope with the mobile traffic in urban and
suburban areas, and in medium dense hotspots.
Spectrum above 6 GHz is necessary for enabling wireless access in high-dense usage
scenarios, i.e. to fulfil the high contiguous bandwidth demand for xMBB, and also for
wireless backhaul solutions for high capacity ultra-dense small cell networks.
Exclusive licensed spectrum is essential for the success of 5G to provide the expected
QoS and to secure investments.
Shared spectrum can be considered in addition, provided that predictable QoS
conditions are maintained, e.g. by LSA regime. License-exempt spectrum might be
suitable as a supplementary option for certain applications.

Table 2.2: Simplified overview on suitability of frequency bands for generic 5G services.

xMBB
mMTC
uMTC

Bands
< 6 GHz

Bands
> 6 GHz

Exclusive
Bands

Shared
Bands

Licensefree Bands





















The availability of additional spectrum with suitable properties is one of the factors impacting
Total Cost of Ownership (TCO). This in turn impacts the entrance barrier for new entrants and
will also influence the role of different actors in the wireless communications arena. A first
analysis of the main actors and the impact of new spectrum availability on their business
approach have been done in the project.
The frequency aspects for 5G are one of the main topics on the agenda of regulatory bodies.
In particular, it is expected that an agenda item for WRC-19 dedicated to the identification of
spectrum above 6 GHz for IMT will be decided on at WRC-15. Work on a draft new Report
ITU-R M.[IMT.ABOVE 6 GHz] has been initiated. The purpose of this report is to provide
information on the study of technical feasibility of IMT in the bands above 6 GHz. METIS has
contributed to this work.
Further details can be found in [MET14-D53] and [MET15-D54].

2.6 Test-bed development
The objective of test-bed development was to demonstrate key technology components of the
METIS 5G system concept using hardware platforms and to show-case the system concept.
Two test-beds with associated development resources were available to the project. One from
Aalto University which is suitable for investigating radio resource management algorithms in
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realistic radio environments and the other from Telecom Bretagne which is suited for
investigation of digital based-band algorithms and corresponding hardware complexity.
Since only the two test-bed platforms were available, five technical components were selected
for the test-bed implementation. The selection was done to maximize good publicity,
technology impacts, and implementation feasibility according bearing in mind the constraints
of the available test-bed resources and time-schedule.
Three device-to-device (D2D) related technology components were implemented and
demonstrated: interference cancellation (IC) in direct network controlled D2D for better
spectrum utilization, mode selection between D2D and cellular links to achieve uninterrupted
connection while benefitting from the data traffic offload by D2D link when possible, and
efficient resource reuse for D2D communications in heterogeneous networks.
One massive machine communications (MMC) related technology component was
implemented that demonstrates how a large number of machine type nodes with short packets
of data can efficiently communicate over shared channel with non-orthogonal signals.
One waveform related technology component was implemented that demonstrates key
advantages of FBMC/OQAM compared to CP-OFDM in terms of spectrum usage, resilience to
imperfect synchronization (e.g. in dense networks with D2D and machine type asynchronous
communications) and robustness to high mobility (e.g. in vehicular communications).

FBMC/OQAM (TX)

OFDM with CP (TX)

I branch

QAM
Mapper

binary
data

iFFT

Insert CP

OQAM Mapper
binary
data

Length M
CP

QAM
Mapper

iFFT

Length M

PPN

real

imag

Block n

Preprocessing

+

Delay

Preprocessing

iFFT

Length M

Q branch

PPN
Prototype
filter

Figure 2.3: Key parts implemented in the waveform related technology component.

The developed test-beds have been presented in several conferences and tradeshows, in
particular during Information and Communication Technologies (ICT) 2013, European
Conference on Networks and Communications (EuCNC) 2014, and Mobile World Congress
(MWC) 2015.
Further details can be found in [MET15-D13].
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3 Research and technology development in the project
3.1 METIS channel model
The METIS channel modelling work started with analysing the test cases and requirements
from an end user perspective in [MET13-D11] to derive diverse propagation scenarios and a
set of requirements that are relevant for 5G radio channel and propagation modelling.
It was found that the 5G channel models should support:
•

a wide range of propagation scenarios,

•

an extremely wide frequency range (up to 86 GHz and beyond),

•

very high bandwidths (hundreds of MHz),

•

fully model three dimensions and accurate polarization,

•

spherical wave modelling and high spatial resolutions,

•

extremely large array antennas,

•

dual-mobility for D2D, M2M, V2V communications,

•

spatial consistency between different link types (e.g. micro-/macro cellular, D2D,
backhaul) and between closely located users/devices in dense deployment), and

•

a flexible trade-off between accuracy and complexity to meet a wide range of
simulation needs; from stationary to very high speed, from single antenna to massive
arrays, from single link to massive amount of links, and so on.

Through the literature study we found that none of the existing channel models such as
WINNER, IMT-Advanced, COST 2100, and IEEE 802.11 fully satisfy all the identified channel
modelling requirements. The main deficiencies of the existing models were in spatial
consistency, frequency range, massive-MIMO support, dual-mobility in moving environment.
Consequently it was clear that new 5G channel models were needed.
To develop new channel models we have conducted extensive measurement campaigns in
the propagation scenarios that have been identified relevant for 5G system and at various
frequencies between 2 and 60 GHz. Figure 3.1 illustrates some examples of the campaigns
conducted by the METIS partners.

Figure 3.1: Examples of measurement campaigns conducted by METIS partners.
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The final METIS channel models consist of a map-based model, a stochastic model, and the
hybrid model of these two models to provide a flexible and scalable channel modelling
framework. The developed channel models are intended to account for all the requirements
and radio channel characteristics that were identified. In addition user guidelines, including
some practical examples, are also provided with the METIS channel model to support
utilization of the models for various simulation needs.
In Table 3.1 the characteristics of the METIS channel model, important for 5G modelling are
summarized. In addition the METIS channel model is compared to existing channel models.

Support mmW
Dynamic
modelling
Spatial
consistency

IMTAdvanced

3GPP D2D

3GPP 3D

IEEE
802.11ad

Frequency
Range (GHz)
Bandwidth
(MHz)
Support
massive-MIMO
Support
spherical waves
Support
extremely large
arrays beyond
stationary
interval
Support dual
mobility
Support Mesh
networks
Support 3D
(elevation)

WINNER II
/ WINNER+

Feature

3GPP SCM

Table 3.1: Comparison of existing models and METIS models with respect to key 5G channel
modelling requirements.
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SF only
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Validation efforts have been made in selected scenarios by generating channel realizations
according to the developed models and by comparing the results of these simulations with the
conducted measurements. The channel model outputs show reasonable and expected
behaviour in comparison to reality, in terms of measured channels and model parameters of
conventional channel models.
As future work, it is concluded that the METIS map-based and stochastic model should be
tested systematically on different environments, frequencies, and deployment scenarios.
Currently the set of available propagation measurements between 6 and 60, and above 70
GHz generated by METIS and reported in the literature are very limited. Besides, most of the
measurements have been done at a single frequency band, which means that a better
understanding of the frequency dependency of certain propagation parameters needs further
study. More comprehensive parameterization and validation against measured propagation
characteristics is therefore still crucial, in order to improve the applicable range and accuracy
of the models further.
Another important issue is the trade-off between model accuracy and complexity. Currently
the models are designed to provide as detailed results as possible in the existing test cases
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while maintaining reasonable (computational) complexity. It is still an open issue to find the
best trade-off between accuracy and complexity in more general cases.
Further details can be found in [MET15-D14].

3.2 Air interface technologies tailored for new usage areas
METIS has developed unified air interface design for ultra-dense deployments. The concept
provides an air interface targeting mobile broadband services in ultra-dense networks. These
services are characterized by higher data rate and reduced latency compared to
contemporary networks.
A harmonized OFDM concept allows using a unified baseband design for a broad range of
carrier frequencies going up to millimetre waves. This concept enables a frame structure that
is fully scalable over the range of operating frequencies and supports self-backhauling as well
as advanced multi-antenna techniques while facilitating a low cost and energy efficient
solution. The concept is designed for the TDD mode. TDD enables a dynamic partitioning of
UL/DL periods to allow for easy adaptation to the highly asymmetric traffic expected in UDN.
With the developed TeCs, significant gains towards the METIS overall goals can be achieved,
such as 10 to 100 times higher user data rate via adaptive TDD, wider bandwidth and
beamforming; 50 times higher discovery capacity in terms of number of devices; 7-40 times
increased battery life thanks to decreased “wake-up and send” periods and, finally, 5 times
reduction of the user plane latency.
METIS has researched and developed radio link enablers for future V2V services. The
objective was to improve the robustness of mobile communication links and enable services
with strict reliability requirements such as road safety applications.
A framework for URC enables opportunistic access of ultra-reliable services by introducing an
“availability indicator” giving information on the presence or absence of reliability in the
communication link. The framework is well complemented by a model toolbox for modelling
and predicting the reliability of the radio link. By improving the reliability for dependable
services, the end-to-end latency as required by an application can be met.
Novel schemes for channel prediction and channel estimation in V2V scenarios have been
introduced, providing significant performance improvement compared to state of the art
solutions: While channel estimation taking the peculiarities of the V2V channel into account
can improve mean square error of the channel estimates by up to 15 dB, the novel channel
prediction technique based on predictor antennas can increase the prediction horizon by a
factor of 10 compared to legacy schemes.
Finally, an ad-hoc MAC for moving networks has been proposed, allowing for V2V
communication in the case of limited or no network connectivity, which may support more than
twice the number of users compared to the CSMA scheme used in IEEE802.11p.
Further details can be found in [MET15-D24].
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Figure 3.2: Channel estimation utilizing V2V channel model.

3.3 New waveforms
Multi-carrier waveforms with filtering provide spectral containment of the transmit signals. By
this we mean that they enable partitioning of the spectrum into independent sub-bands that
can be individually configured according to the needs of a service. At the same time the
synchronization requirements between different sub-band signals can be relaxed. Thus, these
waveforms can be considered key enablers for a flexible PHY air interface design.
Two candidates were investigated, namely FBMC and UFMC; the latter is also known under
the term UF-OFDM. While FBMC comes with some changes of the overall signal structure,
UFMC tries to maintain the signal structure used in OFDM. However, both approaches target
the same scenarios and can realize gains from the flexible configuration of the spectrum.
For FBMC, several bottleneck problems known from the literature, such as the filter tail length
in short burst transmission or the need for guard carriers in MIMO precoding, have been
solved in the METIS radio link research, paving the way for an application in 5G systems.
Concerning the METIS overall goals, no quantitative numbers could be determined, as the
new waveforms rather serve as enablers for realizing new application scenarios not yet
supported by legacy systems. Qualitatively, high data volume and high data rates can be
achieved by efficient spectrum sharing in multi-service scenarios, where services are not
required to be synchronized, and by individual adaptation of the system configuration to the
properties of the transmission link. The lower requirement on synchronization needs may
reduce PRACH interactions, thus increasing the number of supported devices, and it may
further help to reduce battery consumption by reducing the on-time of devices. Thanks to the
individual configuration of sub-bands, a short TTI can be configured individually per link by
selecting larger subcarrier spacing, thus enabling to reduce latency as needed.
OFDM waveforms and its variants are still further pursued for selected 5G scenarios, in
particular for UDN mobile broadband (see above). A direct comparison between all these
candidate waveforms with respect to their performance in mixed service scenarios envisaged
for 5G systems has not yet been carried out and is left for future studies.
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Figure 3.3: Spectrum of FBMC signal (top) and UF-OFDM signal (bottom) compared to OFDM.

Further details can be found in [MET15-D24].

3.4 Multiple access and MAC schemes
Novel multiple access schemes studied in the METIS project allow for overloading the
spectrum by multiplexing users in the power and the code domain, resulting in non-orthogonal
access, where the number of simultaneously served users is no longer bound to the number
of orthogonal resources. This approach enables gains in user and system throughput of up to
50% compared to similar LTE setups using orthogonal user multiplexing, while the number of
connected devices can be increased by a factor of 2-3. Candidate schemes are nonorthogonal multiple access (NOMA) and sparse code multiple access (SCMA). Both schemes
can be well applied with open and closed loop MIMO schemes, where it could be shown that
the MIMO spatial diversity gains could be achieved. If applied in the context of massive
machine communication, SCMA can further reduce the signalling through grant-free access
procedures.
METIS also studied novel MAC schemes for contention or reservation based access of a large
number of devices with low overhead. For reducing signalling overhead, scheduled access is
avoided and replaced by alternative access schemes: Coded random access and coded
access reservation make use of repeated transmissions following a code pattern to resolve
collisions. An advanced PHY processing for enhanced MAC uses CDMA codes and
compressive sensing techniques at the receiver to resolve potential collisions already on PHY.
The two TeCs “coded random access” and “advanced PHY processing” have further been
combined, providing a powerful technique for efficient access of a large number of MMC
devices. Evaluation shows an increase in the number of supported devices by a factor of up to
10 compared to LTE schemes, while the battery life of the devices may be enhanced
significantly.
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Figure 3.4: Integration of MAC scheme “coded random access” (left) with “advanced PHY
processing” (right) enables significant increase in number of supported devices.

Further details can be found in [MET15-D24].

3.5 Multi antenna and massive MIMO technologies
Major research in METIS has been done to enable the theoretical gains of Massive MIMO in
practical scenarios. Our contributions provide solutions to alleviate the practical limitations of
massive antenna arrays and to realize the potential gains. The key problems that have been
addressed are pilot and data power allocation, RF-chain management, acquisition of channel
state information, transmit and receive processing optimization.
Based on the performance results, Massive MIMO has been identified as a significant enabler
for backhauling in ultra-dense networks and an essential feature for the goal of capacity
increase in 5G systems.
The results have shown that with low complexity techniques proposed for Massive MIMO in
METIS, we can achieve up to 200% gain in spectral efficiency on backhaul. Another high
potential application of Massive MIMO is for 5G-access. According to the performance
analysis, our proposed resource allocation and 3D beamforming techniques allow us to
achieve 10 times higher spectral efficiency than LTE-A. As the potential of massive antenna
arrays can easily be exploited for legacy as well as higher frequencies therefore, we have
considered both legacy frequencies and frequencies above 6 GHz.
An example of our solution is represented by Figure 3.5. To reduce the cost of the Massive
MIMO transceiver, a hybrid BF is employed that consists of analog BF and digital precoding.
Using analog BF with RF phase shifters can drastically reduce the number of the upconverters and baseband chains required in the hybrid BF shown in Figure 3.5. Based on this
structure we have proposed a new hybrid BF scheme known as Fixed BF and CSI-based
precoding (FBCP). Performance results in Figure 3.5 show how many RF chains can be
saved with our proposal.
METIS
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Figure 3.5: Left: Massive MIMO OFDM transmitter employing FBCP Right: Optimization of L(RFChains) for FBCP.

Figure 3.6: Left: Inter-group interference clustering, user-grouping and inter-cell-interference
aware precoding with massive MIMO antenna arrays. Right: Performance comparison with
baseline.

Another example of our solution is Inter-group interference clustering, user-grouping and intercell-interference aware precoding with massive MIMO antenna arrays. Massive MIMO
inherently boosts the data volume by increasing the density of active users. This effect is
exploited in our solution which provides 4-7 times higher throughput when compared to a LTEA baseline with 8 antennas. The approach and the performance comparison with baseline are
shown in Figure 3.6.
Further details can be found in [MET15-D33].

3.6 Advanced internode communication
Work has been done in METIS to enable CoMP technologies for 5G. We have researched
CoMP transmission techniques that also consider limited backhaul capacity and channel state
information and provide solutions for the realization of the gains of CoMP in 5G systems.
In addition we provide solutions that exploit the advanced UE capabilities (e.g. multiple
antennas) for interference cancellation. Figure 3.7 shows the gains with CoMP and also the
usage of advanced UE capabilities. We compare the developed scheme based on dynamic
clustering (DC) by assuming a maximum cluster size of 3 BSs against a baseline denoted
single cell processing (SCP). The use of UEs with advanced capabilities also alleviates the
coordination complexity at the network side
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Figure 3.7 : Average cell rate (left) and 5th percentile of the UE rate (right) with respect to the
number N of UE antennas.

As an example it is possible to achieve improvements in the range from 70% to 100% in the
mean cell throughput by using a careful design of joint transmission including smart clustering
approaches, UEs equipped with more antennas, interference suppression algorithms and
channel prediction capabilities. For the cell edge users even higher improvements have been
shown with throughput gains up to 160% for 5th percentile user.
Moreover, some proposals enable us to achieve up to 50% transmit power saving compared
to the baseline. In general, our solutions with advanced inter-node communications provide a
tighter control of interference in the system and higher quality in the communication link. Thus,
these solutions can be beneficial to provide Ultra Reliable Communications (URC) [MET14D62, Section 2.5], having an impact in particular on Reliability Aspect 1 (decreased power of
the useful signal) and Reliability Aspect 2 (reducing uncontrollable interference). Moreover,
the proposed solutions allow better management of resource competitions (Reliability Aspect
3). The improved data rates offered by our proposals can also be beneficial to provide
wireless backhauling to a Moving Network (MN) [MET14-D62, Section 2.3], in particular for
flexible network deployment based on nomadic network nodes (mobility aspect MN-N).
Further details can be found in [MET15-D33].

3.7 Multi-hop communications
Multi-hop communication can make use of various devices and take various forms in order to
ensure that the data reaches its destination. Below three promising multi-hop communication
enablers are being briefly described.
Coordinated multi-flow transmission for wireless backhaul uses the ideas of wireless network
coding for two-way communication, but extends it to the case of multiple nodes with two-way
communication. Specifically, it is aimed towards flexible deployment of small cells and it
demonstrates how the ideas of multi-way relaying can offer performance that is equivalent as
if there is a wired backhaul – without increasing the complexity at the end terminal. In Figure
3.8, the system, transmission phases as well as a performance comparison between the
Wired Emulated Wireless (WEW) backhaul approach and three other methods is given.
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Figure 3.8 : (Left) The wireless backhaul system model and the transmissions phases. (Right)
Performance comparison of our proposed method for Wired Emulated Wireless Backhaul
(WEW).

Bi-directional relaying with non-orthogonal multiple access focuses on bidirectional relaying
with multiple data flows and multiple communication pairs employing Interleave Division
Multiple Access (IDMA) as non-orthogonal multiple access. The application of IDMA offers a
high degree of flexibility and allows for the combination with known approaches, such as
network coding, in order to create efficient combinations of the MAC and broadcast phases.
The impact of IDMA is analysed in combination with network coding to identify efficient
strategies regarding MAC/broadcast structuring, resource allocation and channel coding for bidirectional communication.
Uplink enhancement of vehicular users by using D2D communications investigates the
cooperation between users inside a vehicle by means of D2D communication in order to
improve the link performance in the uplink direction. By doing this, important gains in terms of
energy efficiency are expected for vehicular scenarios with high penetration losses. By using
moving relay networks to serve vehicular UEs, either the power outage probability at the
vehicular UEs can be lowered at a fixed transmit power, or significant RF energy savings can
be observed at a given power outage probability at the vehicular UEs. Furthermore, via
cooperation between vehicular UEs enabled by D2D communication, all the VUEs that
participate in the cooperation can save energy when the vehicle is moving away from the BS,
and the communication is affected by high vehicular power loss.
Further details can be found in [MET15-D33].

3.8 Interference management and resource allocation schemes
METIS studied the level of centralization needed for the Radio Resource Management (RRM)
in the UDN deployments. Several factors had to be considered for evaluation of new
interference management and resource allocation schemes (cf. Figure 3.9):
•

shrinking cell sizes and UDN deployments,

•

new frame structure based on flexible UL/DL slot allocation in TDD mode [MET15D24], and

•

New interference sources coming from e.g., underlay D2D.
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Figure 3.9: Interference sources in UDN deployments with flexible UL/DL slot allocation.

It was proven that centralized and distributed schemes significantly outperform decentralized
approach, even when advanced Interference Rejection Combining receivers are used (packet
delay reductions of 20-30% were observed).
For the users on the move (e.g., travelling in cars, buses or trains) nomadic relay nodes
provide significant enhancements of QoS. Since nomadic relay nodes are not limited with the
form factor and when vehicular penetration losses are high, their impact on regular cellular
user is limited.
Initial studies have also shown that transmission methods based on Sparse Code Multiple
Access (SCMA) can be used to provide broadband connection for users travelling at high
velocities. Multi User SCMA is an open loop scheme which achieved better performance than
legacy closed loop MIMO schemes, which fail at higher velocities due to the inaccuracy of the
feedback loop. SCMA using contention based access was able to support almost 400% more
MTC devices than the legacy LTE Release 11 approach.
On top of advanced RRM schemes, several interference identification methods were
evaluated in METIS and the scheme based on a Multi-Kernel approach proved to be the most
promising one. It is able to reconstruct path-loss maps with high accuracy using only a limited
number of measurements and iterations.
Further details can be found in [MET15-D43].

3.9 Mobility management and robustness enhancements
Network densification and heterogeneity of the access network infrastructure pose significant
challenges to the mobility management, especially in very dense networks, but it also provides
opportunities for smart distribution of the traffic to appropriate layers or RATs. In METIS we
have evaluated several approaches for utilising these possibilities:
•

purely UE autonomous action based on prediction whether a better connection
opportunity will become available in time,

•

information exchange between the UE and the network (e.g., load information), and

•

Network assistance for the UE by indicating when more capacity is available.
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Figure 3.10: UDN connectivity management framework.

On top of these enhancements solutions for improving cell detection were proposed and
evaluated. Network enhanced cell detection based on radio fingerprints reduces the UE’s
energy consumption related to cell detection by 60-70%. To trigger the detection of mmW
cells, control signals on frequencies below 6 GHz can also be used.
It was also shown that network-driven handovers are still the best way forward, even in UDN
deployments. However, UE autonomous handover allows for a shorter handover reaction
time, i.e. imply less handover failures due to long measurements, and may therefore be
beneficial for UEs traveling at high velocities.
Further details can be found in [MET15-D43].

3.10 Context aware approaches
Context information is a supplementary data that can be exploited to improve the overall
network performance. For example, several schemes evaluated in the METIS project utilized
location information and predictions (e.g., trajectory predictions, availability of the high
capacity cell in the nearest future, expected coverage holes, etc.) to improve resource
management and mobility related KPIs.
Exploitation of location prediction allows e.g. for a six-fold reduction of a video stalls for users
travelling in a car or almost 30% reduction of packet drops in indoor deployments with
coverage holes. Knowledge about users’ preferences can be also used to provide appropriate
mapping of users to certain technologies, for instance stationary users can be allocated to WiFi, while users that are expecting to have a delay sensitive transmission while moving, could
be mapped to a specific 5G layer.
Context awareness is also beneficial for MMC. In the case considered in METIS, the network
informs devices about redundant/obsolete MTC reports, which translates into two-fold
reduction of MTC signalling overhead, as depicted in Figure 3.11.
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Figure 3.11: MTC signalling overhead for different number of devices, with and without context
awareness.

Improvements to mobility related KPIs, such as number of handover failures, ping-pongs or
call drops, can also benefit from context awareness. The solutions proposed in METIS
improve these statistics by 20-40% and are especially attractive for SON-like (Self Organizing
Network) solutions.
On top of methods applying context information, METIS developed methods for effective
distribution of context data to appropriate network nodes and between different operators
and/or service providers.
Further details can be found in [MET15-D43].

3.11 D2D and V2X mechanisms
METIS treats D2D as an inherent part of a future 5G system, not only because it provides
gains to xMBB, but also because it facilitates enablers for mMTC and uMTC.
The solutions developed in METIS cover detection of D2D devices (both with and without
network coverage) and power control. The solutions also address efficient distribution radio
resources including mode selection. Mode selection determines how to select either
transmission directly between the devices or via radio access infrastructure. For device
detection without network coverage, the schemes developed based on Cluster Head (CH)
operations show high (99.9%) discovery ratio.
METIS studies of D2D also cover time dynamics as well as the level of RRM centralization
beneficial for D2D operations. It was shown that D2D operations based on fast mode selection
and fast RRM (e.g. based on fast fading) outperforms its slow counterparts (e.g. based on
pathloss) by 15% in terms of packet delay. An additional 10% reduction can be achieved
when moving to centralized RRM operations. However, these performance gains introduce
some penalty by increasing signalling overhead.
Additionally, a promising algorithm for joint power control and SINR settings in D2D underlay
deployments was proposed and evaluated, yielding 90% power consumption reduction
comparing to a legacy LTE-A power control scheme.
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Figure 3.12: Interference illustration for D2D based V2X communication.

D2D is also an enabler for V2X communication (cf. Figure 3.12). RRM mechanisms evaluated
in METIS outperform legacy solutions. One example of Location Based Resource Allocation
Scheme, that was evaluated, guarantees a delay of less than 17 ms for 99% of the generated
packets, while the reference legacy scheme leads to a packet drop for approximately 40% of
the generated packets.
Further details can be found in [MET15-D43].

3.12 Dynamic reconfiguration enablers
Flexibility is one of the most desired aspects of 5G networks. It gives the possibility to
dynamically adapt to a changing traffic conditions and allows for optimal utilization of the
available radio resources.
One of the prime examples, where network reconfiguration shows gains is dynamic activation
and deactivation of access nodes. Due to the expected densification of networks, this group of
solutions is especially important for the 5G, since it allows for turning off nodes that are not
used. This reduces the environmental footprint of the cellular network operations and as a
consequence, reduces operators Operational Expenditures (OPEX) on electrical energy.
Solutions based on decoupling of control and user plane (depicted in Figure 3.13) was proven
to be especially suitable for this purpose, reaching up to ≈50% of small cell energy
consumption reduction with negligible impact on the user performance.
Additional capacity gains and energy savings can be also achieved by exploiting nomadic
nodes mounted on for example vehicles. Deployments enhanced with nomadic cells have the
capability to provide extra capacity exactly where it is needed, i.e. for the users inside or in the
proximity of vehicles. Smart association of users to appropriate nomadic nodes allows also
significant energy savings in the fixed access infrastructure.

Figure 3.13: Decoupling of control and user plane for dynamic activation and deactivation of
small cells.
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Another group of solutions aiming at dynamic reconfiguration, which were investigated by
METIS, is dynamic clustering. Clustering can be applied to devices (e.g. for CH operations)
and to access nodes. In the evaluated methods it was possible to achieve ≈15% higher
spectral efficiency and ≈60% reduction of radiated energy when dynamic clustering was
applied, comparing to fixed RRM operations.
Further details can be found in [MET15-D43].

3.13 Technologies for spectrum management
It is envisioned that future wireless systems will have the capability to use a heterogeneous
spectrum environment, both from frequency band usage point of view as well as from
regulatory point of view. In METIS we have developed innovative solutions to cope with this.
The components can be used standalone of in a toolbox approach such as the one presented
in [MET15-D54]. These components will enable the adoption of new mechanisms for spectrum
sharing, increasing the spectrum usage opportunities for future systems. The TeCs developed
in the project will enable: new spectrum opportunities, flexible spectrum usage and co-primary
spectrum sharing.
The provision of sufficient spectrum according to the demand analysis carried out in [MET14D53] will require not only the usage of new spectrum bands, but it is also necessary to
increase the efficiency when using these frequency bands. The METIS project has proposed
innovative TeCs, which will enhance different KPIs beyond current values obtainable with
state-of-the-art technology.
The functionalities provided by the TeCs would correspond to specific entities in the functional
architecture described in [MET15-D54] and [MET15-D64]. An extract of the overall METIS
functional architecture with focus on building blocks including functional elements provided by
spectrum TeCs is shown in Figure 3.14 below.

Figure 3.14: Architecture building blocks with spectrum TeC involvement.

Further details can be found in [MET14-D53] and [MET15-D54].
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4 Socioeconomic and societal impact
Information technologies in general and communication technologies in particular are
recognised as what an economist calls a General Purpose Technology (GPT). These general
purpose technologies are characterised by that they have an impact reaching far outside of
the application for which they were originally implemented due to the possibility to apply the
technology to many different application areas. ICT technologies have developed for half a
century and now we are at an inflection point where the technology transitions from
application in one specific area to be generally applied in a number of industries. Although the
METIS project is not the sole driver it does contribute to this transformation.
The main contribution of METIS is developments and improvements of the infrastructure on
which new applications can be built. It is these new applications, which in turn transforms
entire industries and society as a whole. The technologies developed in METIS enable and
accelerate the spread of technology into new areas. We have developed technology that
makes it possible to apply ICT to new areas for example by increasing the reliability.
Increased reliability will allow use in applications where failure is not an option, for example in
remote surgery or for self-driving cars. We have also worked on making the technology more
efficient which will allow application of ICT in areas where it was previously not economically
feasible. The mMTC technologies will allow collection of data where it was previously not
possible. This enables new applications, but it is too early to see what applications that would
be. One possible application area is agriculture, where measuring micro-climate could
increase yield and reduce the environmental impact.
Another question is how the application of ICT to new sectors in the economy will affect the
lives of the European citizen and society in general. Historically when introducing a new GPT
the average quality of life for people has increased. However there are many changes
happening, e.g. entire industry sectors disappearing and emerging, wealth is redistributed, the
relative importance of regions changes etc. Exactly what will happen is difficult to predict, but it
is clear that there will be a large impact on society.
If we look at a specific subset of society namely the mobile industry in Europe we can see
some possible impacts of the project. The goal with METIS was to give the mobile industry in
Europe a headstart in the 5G race. In a world where knowledge is just a few clicks away
(anybody anywhere can download all the information they want) there are other factors that
determine success. One of these factors is personal relations and also the clusters of
competence formed. Since the research in METIS is mainly done in Europe it is likely that the
people and clusters at the forefront will be in Europe. This should give the industry here an
edge in the global competition. A large part of the METIS project is from academia and the
METIS research has been used in the education of new engineers and PhDs. The benefit of
this is to give the industry access to trained personnel.
Finally the ICT industry is growing overall since the application areas and sectors using
communication is steadily increasing. New application areas drive technology development
and technology development drives new application areas.
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5 Main dissemination and exploitation activities
This section reports on the main activities for dissemination and exploitation that was
conducted in the METIS project. The research results have been published in world leading
journals and conferences. The project generated over 23 journal papers and 170 conference
papers.
The research has also been disseminated through focused events and workshops. The first
workshop on Mobile and Wireless Communication Systems for 2020 and beyond (MWC2020)
was held in Dresden, Germany in conjunction with IEEE Vehicular Technology Conference
(VTC) 2013-Spring. The workshop was well attended and generally well received. The
success of this first workshop motivated a follow-up workshop the year after at IEEE VTC
2014-Spring, in Seoul, South Korea, together with the 5G Forum. The workshop was also well
attended by the conference participants as well as invited speakers from a wide range of
backgrounds. Continuing the workshop series, METIS will organise the third MWC2020
together with 5G Forum at IEEE VTC 2015-Spring, which will be held in Glasgow, UK. The
workshop is aimed to attract 5G frontier research work and provide vision for the way forward
towards the 5G development.
METIS organised the 5G Global Conference (5GGC) in Berlin, Germany, which was well
attended and received [5GGC]. The conference focused on 5G insights and ideas as well as
detailed technical research and development ideas with various technical presentations from
METIS. This conference contributed to the strong alignment within the industry in its
development of the new 5G technology, which is necessary in order to harmonize standards
and to get the regulations in place.
In general, industrial partners have been able to demonstrate the METIS project
achievements in large commercial expositions. For instance METIS was represented at the
Mobile World Congress (MWC), March 2-5, 2015, at the EC booth, the Ericsson hall and the
Huawei hall. The METIS presence consisted of a presentation and demonstrations. The
presentation gave an overview of the project and the METIS 5G system concept. At the EC
booth, Telecom Bretagne’s FBMC demo and BMW’s nomadic node video was shown. In the
Ericsson hall Aalto’s Network-Controlled D2D communication demo was shown. Visitors
included VP A. Ansip, Commissioner G. Oettinger as well as members of the parliament and
heads of research organisations.
METIS partners have participated in many events and presented the project or parts of the
project results, or partner visions on 5G through invited talks and panel discussions at various
conferences. METIS has e.g. been visible in the WP5D WS on Research views on IMT
beyond 2020 HMC and in the RSPG#33. A list of talks, presentations and contributions to
panel discussions is summarised in [MET15-D73].
Results from METIS have also been integrated into the training of students in the form of
lectures, tutorials, and by conducting research work in M.Sc. and Ph.D. courses. In addition,
general 5G talks and presentations together with more specific ones have been given in
various fora such as in class rooms and panel discussions. A summary of trained students,
lectures and tutorials held is presented in [MET15-D73].
It should also be noted that METIS has had a large impact on the industry. At the start of the
METIS project 5G was not even a research topic and at the end of the project the whole
mobile industry is focusing on 5G as the next big thing. This can be seen by the large number
of interaction taking place with industry players and the METIS presence on large commercial
expositions, such as the Mobile World Congress. The project has also had a liaison relation
with NGMN, which is the major industry forum for operators. NGMN has incorporated a large
part of the METIS scenarios into their 5G whitepaper.
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The project has contributed to regulatory and standardisation activities (CEPT, ETSI), e.g., via
several invited talks at decision-maker level such as ETSI summit, EuCNC in Bologna and
VTC 2013 in Dresden. In such events, the METIS views regarding 5G concept have been
presented and discussed. Additionally, the METIS scenarios and test cases have been
presented and are widely accepted as drivers for the 5G in such events.
METIS results and opinions have been brought into global regulations, by participating in and
directly contributing to the ITU-R preparatory process towards the WRC-15, by e.g. giving a
talk and participating in a panel session on the AWG workshop on Future Mobile
Communications 2015 and to the ITU-R WP5D workshop on research views on IMT beyond
2020. METIS has contributed to the IMT-2020 vision documents drafted by ITU-R WP5D and
also exchanged liaisons with them.
Currently it is too early to point to any specific products have resulted from the projects. What
is clear though is that the mobile industry is actively preparing for standardising the next
generation networks and in that work the results from METIS will play a large role. Once
standardisation of 5G is nearing completion of the first release of the standard we will start to
see products on the market somewhere around the 2020 timeframe.
Finally one achievement of the METIS project is to impact and trigger further 5G research in
both an European context and globally. Many topics studied in METIS will continue to be
researched in the H2020 framework.
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