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About COST IRACON
This COST Action IRACON (Inclusive Radio
Communications) aims at scientific breakthroughs by
introducing novel design and analysis methods for
the 5th‐generation (5G) and beyond‐5G radio
communication networks. Challenges include i)
modelling the variety of radio channels that can be
envisioned for future inclusive radio, ii) capacity,
energy, mobility, latency, scalability at the physical
layer and iii) network automation, moving nodes,
cloud and virtualisation architectures at the network
layer, as well as iv) experimental research addressing
Over‐the‐Air testing, Internet of Things, localization
and tracking and new radio access technologies. This
COST Action started on March 2016 and will end in
March 2020.
http://www.iracon.org

COST is supported
by the EU Framework
Programme Horizon 2020

Margot Deruyck
Ghent University, Belgium
Dear reader,
It is with great pleasure that I present you the first
issue of the COST IRACON newsletter. One of the
aspects of this newsletter is to show what is living in
the Action and the direction it is heading to.
Therefore, we not only present the highlights of our
last meeting in Lille, but also a summary of some of
the novel and challenging research that has been
presented in Lille. Besides the research itself, another
aspect of this newsletter is to show the people
beyond the research as they are the pillars of an
Action like this. In each issue, two contributors will
be interviewed. In this first issue, we give of course
the floor to our chairman Claude Oestges as senior
researcher. As early career researcher, we present
you an interview with working group co‐chair Hamed
Ahmadi. We hope that this newsletter will inspire
you and can encourage you to join us (further) in the
Action!
Enjoy the reading!
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Chairman’s Address
Dear IRACON colleagues,
A COST Action is primarily an inclusive network of
experts: be they young or “less” young, coming from
academia or industry, all aim to foster open
discussions, to coordinate research activities and to
train early career researchers. On all these aspects, our
Action has already spread its wings through several
activities. In particular, we recently launched our
website www.iracon.org, as well as our Facebook and
LinkedIn accounts. Regarding dissemination, IRACON
organized a special session on IoT/MTC at EuCNC
2016 and a full workshop at PIMRC 2016. And since
our recent kick‐off, we have received a record number
of short‐term mission applications.
Specifically, IRACON builds up on several strengths.
The first one is that it follows a long tradition of
successful actions in radio‐communications. I would
like to take this opportunity to highlight the publication
of COST IC1004 White Paper on “Channel
Measurements and Modelling for 5G Networks in the

Frequency Bands above 6 GHz”, which is available for
download on IRACON website. Our steering
committee also exhibits a remarkable gender and age
balance. Finally, a key aspect of IRACON is that the
Action Chair is definitely not alone: it makes no doubt
that the whole core group can rely on a large number
of volunteers ready to help achieving our goals.
I hope that you will enjoy reading our first Newsletter
and that I will have to opportunity to meet you
personally at one of our upcoming events.

Claude Oestges
Université catholique de Louvain,
Belgium

COOPERATIVE RADIO COMMUNICATIONS FOR
GREEN SMART ENVIRONMENTS
The demand for mobile connectivity is continuously increasing, and by 2020
Mobile and Wireless Communications will serve not only very dense populations of
mobile phones and nomadic computers, but also the expected multiplicity of
devices and sensors located in machines, vehicles, health systems and city
infrastructures. Future Mobile Networks are then faced with many new scenarios
and use cases, which will load the networks with different data traffic patterns, in
new or shared spectrum bands, creating new specific requirements. This book
addresses both the techniques to model, analyse and optimise the radio links and
transmission systems in such scenarios, together with the most advanced radio
access, resource management and mobile networking technologies.
It summarises the work performed by more than 500 researchers from more than
120 institutions in Europe, America and Asia, from both academia and industries,
within the framework of the COST IC1004 Action on "Cooperative Radio
Communications for Green and Smart Environments". The book will have appeal to
graduates and researchers in the Radio Communications area, and also to
engineers working in the Wireless industry.
Editor: Narcis Cardona, Chairman of EU COST IC1004 and Universitat Politecnica de Valencia, Spain
E‐Book ISBN: 9788793379145
AVAILABLE FOR DOWNLOAD: http://www.riverpublishers.com/research_details.php?book_id=318
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Interview with a senior researcher
Short biography
Claude Oestges (MSc 1996, PhD 2000) is Professor at the Université
catholique de Louvain (UCL, Louvain‐la‐Neuve, Belgium). Between 2001
and 2005, he held various post‐doctoral scholarships at the Smart
Antennas Research Group of Stanford University (California, USA) and at
UCL. He currently serves as a member of the Board of Directors of the
European Association on Antennas and Propagation and is the author or
co‐author of four books, as well as more than 200 papers in international
journals and conference proceedings.

CLAUDE OESTGES
Professor at ICTEAM,
Université catholique de Louvain,
Belgium

What are your favourite areas of
interest and research?

What was your motivation to be part of
COST IRACON?

My research interests cover wireless and satellite
communications, with a focus on the propagation
channel characterization and its impact on system
performance. My current work concerns multi‐
dimensional radio channel measurements and
modelling for wireless communications including 5G,
body‐centric networks and satellite transmissions.

I sincerely believe that COST Actions represent the
best of what collaborative research can deliver.
Furthermore, through IRACON, I am not only meeting
experienced colleagues, but also true friends.

What is the “next big thing” in the
wireless communication area?
The inclusiveness of wireless communications is
certainly one of the biggest challenges ahead, not only
at the technology level but also at the social one. In a
more distant future, the idea of “brain waves” (instead
of radio) looks very appealing!

Considering the innovations in the
scientific world in the last 20 years,
which was the most remarkable one,
and which one finished with a “dead
end”?
Among many remarkable achievements, the Internet
has certainly changed the way people live (for better or
for worse) and is fantastic when thinking of knowledge
sharing! Sadly (because my PhD thesis was all about it),
the biggest flop was probably the idea of using satellite
constellations (Iridium and the likes) to provide
worldwide Internet services.

How did you became involved in
COST IRACON (or any of the
previous Actions)?
I did my PhD thesis in the framework of COST 255
and I was really thrilled by the COST framework. When
I returned from my post‐doc in the US, I naturally
joined COST 273 and the “love story” has continued to
live on so far.

What would you like COST IRACON
to achieve?
Beyond scientific success, IRACON would miss its
target if we fail to act as a beacon for young
researchers in terms of training and knowledge sharing.
Hopefully, IRACON will help spreading the COST virus
even more largely.

My favourite book, music(ian), movie,
TVseries are ...
(after a tough choice): Sostiene Pereira/Queen/The
Life of Brian/Doctor Who

I'm most passionate about ...
teaching my students!

My favourite holiday is…
a good mix of culture, beach and nature, but without
too many people around.

What is your country well known for?
The best chocolate (and beer, although I don’t actually
like beer). And I really like our sense of humour and
self‐derision.

My favourite or personal quote is …
“Be yourself; everyone else is already taken.”

Is there anything else you like to
share?
I am really very much honoured to chair IRACON and I
will try to do my best!
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Interview with an Early Career
Investigator
Short biography

Hamed Ahmadi is an assistant professor in University College Dublin. He
received his Ph.D. from National University of Singapore in 2012 and since
then till 2015 he worked as a research fellow at CONNECT centre, Trinity
College Dublin. Dr. Ahmadi has published more than 40 peer reviewed
book chapters, journal and conference papers. He is serving several
international journals as a reviewer as well as being part of several
Technical Programme Committees at different worldwide conferences. In
2013, Dr. Ahmadi was selected as an exemplary reviewer of IEEE
Communications Letters. He is a senior member of IEEE, and a
management committee member of COST Action CA15104 (IRACON).

What are your favourite areas of
interest and research?
In general, my main research area is radio resource
allocation. Small cell and self‐organizing networks,
internet of things, license assisted access, and cognitive
radio networks are the research areas where I think the
need for efficient resource allocation is more
important, and therefore, most of my works are in
these areas. Since last year I started working on
economic and pricing challenges in network
virtualization, and this is the area I wish that I become
recognised for.

What is the “next big thing” in the
wireless communication area?
I think it is network virtualization.

Considering the innovations in the
scientific world in the last 20 years,
which was the most remarkable one,
and which one finished with a “dead
end”?
This is a challenging question! In my opinion all
innovations have scientific basis. The most remarkable
innovation is smart phone. It totally changed our lives.
Segway was an interesting innovation at least
scientifically, but you see when the innovation is not
economically and socially viable it will not receive the
attention it deserves. I think any innovation is there to
solve some problem or improve our life. It is hard to
say which one finished with a dead end. Maybe the life
cycle of some of them was not as long as expected. I
think WiMax was one of these.

How did you became involved in
COST IRACON (or any of the
previous Actions)?
I was involved in COST Action IC0902. COST Actions
are environments that you can find people that are

HAMED AHMADI
Assistant Professor at University
College Dublin, Ireland

interested in a same big research topic. IRACON gives
us the opportunity to see 5G and beyond challenges
from different points of views. I also want to meet
senior researchers and early career investigators, share
my experiences with them and learn from them.

What would you like COST IRACON
to achieve?
An important role in 5G standardization and long
lasting fruitful collaborations between the involved
researchers.

My favourite book, music(ian), movie,
TVseries are ...
In general, I like reading poems. My favourite book is
Alchemist, it inspired me. Breaking bad and game of
thrones are my top two TV series, but I always love
watching an episode of The big bang theory. It always
makes me laugh.

I'm

most

passionate

about

...

I love travelling and meeting new people. I also love
talking to people, and learn their culture and of course
trying different food is an important part of it. I lived in
six different counties, and travelled to many countries,
but I still love to see new places and people. I also love
technology, my chats with others normally leads to
talking about new gadgets, apps, or technologies.

What do you like the most about your
country?
I am from Iran and I live in Ireland. About both
countries I love their people the most. Iranians are
famous for their hospitality and Irish are kind and
friendly. If you look lost in Dublin, someone will
approach you and ask you if you need help.

My favourite or personal quote is …
“There is even a possible in impossible!”
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Selected scientific topic:

"Virtual multi‐antenna array for estimating the angle‐of‐arrival of a RF
transmitter" by F. Quitin, V. Govindaraj, X. Zhong, and W. Peng Tay ‐
TD(16)01021
While MIMO arrays allow accurate angle‐of‐arrival
(AoA) estimation of RF transmitters, the large form
factors associated to MIMO arrays make them
unsuitable for portable electronics. This work
investigates AoA estimation of RF transmitters using a
mobile, single‐antenna receiver. By considering the
successive received messages along the receiver
trajectory, we implicitly create a virtual array that can
be used to estimate the AoA of the transmitter (as
shown in the figure), similarly to synthetic aperture
radar. The difficulty of this method is twofold: 1) the
phase due to local oscillator offset needs to be
removed from the received signal so that AoA
estimation becomes feasible, and 2) the position of the
receiver along its trajectory needs to be estimated with
high accuracy (a fraction of the wavelength) to
reconstruct the virtual array. We presents experiments
that rely on frequency estimation methods and 3‐
dimensional inertial measurement unit (IMU)
Contact Person
fquitin@ulb.ac.be

processing to solve both of these problems. The
significance of our work lies in the feasibility of our
AoA estimation algorithm with cheap, off‐the‐shelf
hardware. We postulate that our technique is
compatible with any single‐antenna RF receiver
equipped with a 3‐dimensional IMU (which are readily
available in all modern smartphones). This work has the
potential to revolutionize AoA estimation (and hence
localization) of commercial user electronics without any
hardware modification or cost increase.

Figure: A mobile, single‐antenna receiver can be used to create a
virual array to estimate the bearing of the transmitter

Selected scientific topic:

"Overview of the COST IC1004 white paper on 'Channel measurements
and modelling for 5G networks in the frequency bands above 6 GHz'" by
S. Salous ‐ TD(16)01042

http://www.ic1004.org/uploads/ChannelMeasurementsModelingFor5GAbove6GHz.pdf

The growth in demand for data has generated interest
in identifying contiguous sections of the spectrum in
the higher frequency bands as a possible solution. This
has led to numerous efforts worldwide into channel
measurements and channel modelling in the frequency
bands above 6 GHz. In particular the millimetre wave
band has been identified as a strong candidate with
the World Radio Communications Conference held in
November 2015 (WRC15) identifying several bands
between 24‐86 GHz as possible frequency allocations.
To coordinate the international effort in this area,
Study Groups (SG) SG3 and SG5, of the International
Telecommunications Union (ITU) are holding various
meetings and setting up Correspondence Groups for
measurement techniques and channel characterisation
targeting future 5G systems and propagation models
to update current ITU recommendations. Other
standardisation bodies include 3GPP and ETSI.

Effort in the COST IC1004 Action on channel
measurements and modelling for 5G systems operating
in the higher frequency bands can be found in the
white paper which covers the following aspects:
1. Use scenarios of the mm‐wave band.
2. An overview of propagation characteristics based on
available ITU‐R recommendations and recent studies.
3. State of the art channel sounding techniques for
mm‐wave measurements for the different use
scenarios.
4. Channel measurement and ray tracing results.
5. Propagation models.
6. Standardization prospects.
7. Recommendations for further studies.

Contact Person
sana.salous@durham.ac.uk
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Selected scientific topic:

"Distributed defective node detection in Delay Tolerant Networks" by W.
Li, F. Bassi, A. Callisti, D. Dardari, L. Galluccio, M. Kieffer, and G. Pasolini ‐
TD(16)01083
https://hal.archives‐ouvertes.fr/hal‐01327472.

Propagation of faulty data in Delay Tolerant Networks
(DTN) is a critical and difficult issue to address due to
the nature of communications in such networks.
Indeed the rare meeting events require that nodes are
effective and efficient in propagating correct
information. Accordingly, mechanisms to rapidly
identify possible defective or misbehaving nodes
should be searched. Such problem has been addressed
in the literature in the context of dense sensor and
vehicular networks, but already proposed solutions
when adapted to DTNs suffer from long delays in
identifying and isolating defective nodes.
This work proposes a fully distributed, easily
implementable approach to allow each DTN node to
identify whether its sensors are producing faulty data.
The behaviour of the proposed algorithm is described
by continuous time state equations, whose equilibrium
is characterized. The proportions of nodes having
identification error are evaluated by comparing both

theoretical and simulation results, showing an excellent
match. Numerical results assess the effectiveness of the
proposed solution and give guidelines in the design of the
algorithm. Figure 1 presents some simulation results using
the database Infocom05 containing
records of
communications opportunities between 40 DTN nodes
(top part). Even with 10% of nodes with defective sensors,
after a sufficient long time, almost all the nodes can
correctly identify the status of their sensors. The
convergence speed of both curves is highly related to the
inter‐contact
rate,
which
depends
on
the density of
points in the
top sub‐figure.

Figure 1: Indexes of nodes meeting another node as a function of time (top) and

Contact Person
michel.kieffer@lss.supelec.fr

evolution of p01 and p10 (bottom), where p01 is the proportion of good nodes that
wrongly believe they are equipped with defective sensors and p10 is the proportion
of defective nodes which have not detected they are defective.

Selected scientific topic:

"LOS Throughput Measurements in Real‐Time with a 128‐Antenna
Massive MIMO Testbed'" by P. Harris, S. Zhang, M. Beach, E. Mellios, A.
Nix, S. Armour, A. Doufexi, K. Nieman, and N. Kundargi ‐ TD(16)01085
MIMO (multiple‐input, multiple‐output) has become a
mature communications technology in recent years,
finding itself incorporated today within both Wi‐Fi and
fourth generation (4G) cellular standards. Current
systems typically deploy between 2 to 4 antennas at
the Access Point (AP) or Base Station (BS), and they
can be used to either enhance the achievable
throughput for a single device or allow 2 to 4 devices
to be served simultaneously in the same frequency
resource. Massive MIMO takes the concept one step
further by deploying hundreds of antennas at the BS.
The result is many tens of devices can be served with
greater reliability than in standard MIMO and it is well
recognised as one of the key enabling technologies for
5G that could provide superior spectral and energy
efficiencies.
Despite promising theoretical results, massive MIMO
introduces many new and challenging problems when

it comes to a real‐time system implementation. Due to
cost and complexity, very few testbeds have been
developed globally and put to regular use, but pragmatic
research is extremely important for the validation of the
technology. Through a collaboration with Lund
University, the Advanced Wireless Research Group at
National Instruments (NI) and the Bristol Is Open (BIO)
programmable city initiative, we have implemented a 128
antenna massive MIMO testbed based upon NI
Software‐Defined Radio hardware and demonstrated the
potential to achieve unprecedented bandwidth
efficiencies of up to 145 bits/s/Hz.

Contact Person
paul.harris@bristol.ac.uk
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Highlights from the last meeting
COST (CA15104) IRACON started on March 2016 and will end on March 2020. From May 30th till June 1th, the
2nd MC meeting and first technical scientific meeting was organized in Lille, France.

The scientific activities of IRACON are organised according to two types of working groups (WGs): disciplinary
(DWG) and experimental (EWG).
DWG1 ‐ Radio channels: The goal of DWG1 is to develop more accurate radio channel models for inclusive
deployment scenarios, using carrier frequencies above UHF up to Terahertz as well to co‐develop antenna systems
that can cope with the inclusive aspects of the targeted deployments.
DWG2 ‐ PHY (Physical) Layer: The goal of DWG2 is to propose improved theoretical frameworks to study
inclusive radio networks, to investigate new PHY layer algorithms to face capacity/energy/mobility/latency
challenges and to confront when possible the proposed solutions to real experiments in the EWGs. DWG2 will also
address system level simulation issues because other test beds will not achieve the required scale to properly test
some types of network.
DWG3 ‐ NET (Network) Layer: The goal of DWG3 is to investigate the NET layer aspects that will characterise
the merger of the cellular paradigm and the IoT architectures, in the context of the evolution towards 5G‐and‐
beyond.
EWG‐OTA ‐ Over‐The‐Air testing: The goal of this EWG is to investigate and validate new OTA testing methods,
channel models (in coordination with WG1) for implementation in advanced OTA testing set‐ups for inclusive
networks; development of advanced metrics for device and system performance; experimental determination of
the required degree of sophistication of models, metrics, and implementations, in line with current standardisation.
EWG‐IoT ‐ Internet‐of‐Things: The goal of this EWG is to support the evolution of 5G networks through the
inclusion of the IoT component, via the investigation and assessment of the network architectures, the comparison
among the many approaches currently devised for the development of an ecosystem of the IoT platforms and
applications in terms of operating systems, and the experimental validation of different protocols for large scale
applications of the IoT.
EWG‐LT ‐ Localisation and Tracking: The goal of this EWG is to follow the development of 5G standardisation,
taking advantage of the new techniques implemented and defined) to design and test new localisation and tracking
techniques for devices, working both in outdoor and indoor environments.
EWG‐RA ‐ Radio Access: The goal of this EWG is to experimentally validate the many techniques that will be
implemented at the PHY and MAC layers of the radio access part of 5G, especially those developed within DWG2.
New waveforms, cognitive radio approaches, or massive MIMO, are possible examples.
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Workshop on Radio Propagation and Technologies for 5G:
3rd October 2016, Durham, England
At the World Radio Communications Conference 2015, several frequency bands between 24 GHz to 86 GHz were
identified for future 5G cellular networks for high data communications over short distances. This has generated a
great deal of interest in radio propagation studies at millimetre wave frequencies, beamforming and massive‐MIMO are
potential technologies for 5G.
Abstracts are invited from the following areas, but not exclusively:

• Radio propagation measurement techniques.
• Path loss models for indoor and outdoor environments
• Effect of human shadowing
• Beamforming technologies
• Massive MIMO technologies
• Wideband channel parameters and models
• Spectrum sharing
• New technologies such as augmented reality
• Radio propagation for device to device
• Dispersion and attenuation effects of precipitation
Registration is now open: http://bit.ly/29UU9FT

Facts & Figures
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