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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, localisation
and tracking and new radio access technologies. This
COST Action started on March 2016 and will end in
March 2020.

Margot Deruyck
Ghent University, Belgium
Dear reader,
I'm delighted to introduce to you the second issue of
this newsletter. In this issue, we focus on the
highlights of our 2nd technical meeting, which took
place in Durham, UK, during the first week of
October. Furthermore, we are given some insights
into the workshop that was held prior to this meeting
via a testimonial of an ECI (Early Career Investigator)
attendee. Just as in first issue, we'd like you to meet
two people beyond the action. Therefore, we are
given the floor to the COST IC1004 newsletter
editor, Alain Sibille, and early career investigator
Valeria Petrini.

http://www.iracon.org
We hope that this newsletter will inspire you and can
encourage you to join us (further) in the Action!
Enjoy the reading!
COST is supported
by the EU Framework
Programme Horizon 2020
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Chairman’s Address
Dear IRACON colleagues,
Welcome to the second issue of our Newsletter!
Although this second issue is published only 6 months
after our first scientific meeting in Lille, we already
achieved a number of significant results. In recent
months, IRACON has welcomed new participants,
mainly from Europe, but also from American and Asian
institutions and companies, reaching a total of more
than 300 individuals, among which 33% are Early
Career Investigators. We also strengthened our
collaboration with standardisation bodies and
international associations. In particular, in collaboration
with the IET, we held a joint workshop focused on
Radio Propagation and Technologies for 5G.
Simultaneously, we set up a task force aiming at
possible IRACON contributions to the next ITU‐R
Study Group 3 meeting in March 2017. Our second
technical meeting was also the opportunity to listen to
inspiring keynotes and participate in scientific
discussions which positively opened new horizons (and
challenges) for all our working groups.
As you know, our action is a collaborative network, and
the Chair is helped by a fantastic team. Let me
highlight here the excellent work of our STSM
Manager, Prof. Laurent Clavier, who supervised a very
large number of STSM applications, some of them
already successfully concluded. It makes no doubt that
STSMs are a real chance for young researchers to
move forward in their research!

As far as the future is concerned, our next meeting will be
held in Lisbon (Portugal), on February 1‐3, 2017. At this
occasion, IRACON will restart a feature of previous actions
in proposing a tutorial on the day before the meeting. The
tutorial, kindly provided by Prof. Roberto Verdone, will
tackle the integration of the Internet of Things into 5G and
beyond networks. Then, in March 2017, we will also
organise, in collaboration with Marie Curie ITN WiBEC, a
training school on Antennas and Propagation Modelling for
Body Environment Communications. As a COST Action, we
are committed to provide up to 20 grants to enable
IRACON PhD students to fund their participation. Stay
tuned for more information on our website in the coming
weeks.
To conclude this short foreword, let me wish you (a bit in
advance) a festive holiday season and lots of personal and
professional successes in 2017.

Claude Oestges
Université catholique de Louvain,
Belgium

Workshop on Radio Propagation and Technologies for
5G  Testimonial by S.J. Ambroziak
On the 3rd of October – one day before the 2nd technical meeting of IRACON in Durham, UK – the workshop on
“Radio Propagation and Technologies for 5G” was held. It was organised by Durham University in cooperation with
the Institution of Engineering and Technology (IET). The leading subject of the workshop was presented by three
keynote speakers: Hamid Aghvami (King’s College London, UK), Reza Arefi (Intel, US), and Joe Butler (National
Infrastructure Commission, UK). They addressed the most recent aspects of 5G and its future vision, including a
very interesting concept of 5S Internet (5 senses Internet). Regular technical papers, which total number was 11,
covered many aspects of 5th generation of mobile networks, including
massive MIMO, beam tracking, THz communication, radio wave propagation
aspects, measurements techniques, and energy efficiency. Seven of these
papers were presented during oral presentation, while four of them were
presented as posters. The total number of registered attendees was 57,
what allowed for a very interesting and fruitful discussion after each
presentation.
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Interview with a senior researcher
Short biography
Alain Sibille graduated from Ecole Polytechnique in 1977 and Telecom
ParisTech in 1979, and received the PhD (“doctorat d’état”) in 1985. He
started research with France Telecom in semiconductor physics, moved to
ENSTA ParisTech in 1992 as laboratory head and to Telecom ParisTech in
2010. He was French delegate and acting in the governance of COST 273,
COST 2100 and COST IC1004. He has been SG of URSI‐France since
2012 and is general chair of EuCAP 2017.

ALAIN SIBILLE
Professor and PhD program director,
at LTCI, Telecom ParisTech,
University Paris‐Saclay, France

What are your favourite areas of
interest and research?

What was your motivation to be part of
COST IRACON?

Antennas and radio channels in a holistic approach,
regarding system performance and system modelling
and trying to develop models in the “real world”
context.

The pleasure I got in being so actively involved in the
past three Actions of the success story, the feeling of
the networking efficiency of this type of light but truly
enriching cooperation, the will to keep in touch,
although not so available unfortunately as I was 15
years ago.

What is the “next big thing” in the
wireless communication area?
The Graal will be achieved when wireless networks will
achieve very nearly 100 % connection and
performance guarantee, whatever the needs. 5G will
approach this goal, but will not reach the Graal.

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”?
‐ having answers to any question in a few seconds,
virtually walking along a street 10000 km away, all
that in a hand while commuting in the subway
would’ve been a totally crazy dream just 40 years ago
‐ I’m fairly sure that many innovations in natural or life
sciences are insufficiently developed, being not
commercially profitable enough for the majors
‐ nuclear fusion may not be in a “dead end”, but every
50 years it seems like we need 50 more years

How did you became involved in
COST IRACON (or any of the
previous Actions)?
My initial move just followed a kind suggestion by Luis
Correia at the occasion of a European project review
around 2000, then things just went on naturally and I
became a COST addict!

What would you like COST IRACON
to achieve?
To continue acting as a scientific seed and an excellent
cross‐fertiliser for young researchers.

My favourite book, music(ian), movie,
TVseries are ...
I love ancient music, instrumental jazz, indian ragas,
Corsican choirs, Georges Brassens, the Beatles… I very
regretfully don’t read enough books by lack of time, I’m
trying to come back to photography…

I’m most passionate about …
Learning!

My favourite holiday is…
Relaxing, walking and touring, reading, visiting,
discovering… old stones and typical places, beautiful
nature...

What is your country well known for?
Honestly I love my country for its diversity, its culture,
its history, its food and wine! Sorry for sounding so
conventional… But I do respect and appreciate others
as well. In Europe we are very lucky to be able to go
from West to East and South to North and see so
many differing landscapes and so many enriching
traditions and local features.

My favourite or personal quote is …
In my student room I had pinned a poster of Snoopy
the dog, drowsing on his doghouse’s rooftop, claiming:
“Acting needs thinking”. I love this meaningful
expression and regret that the way society moves
often gives the impression you have the first but not
the second.

3

Interview with an Early Career
Investigator
Short biography
Valeria Petrini was born in 1984 in Bologna, where she received the
degree with honours in 2009 and PhD in Telecommunications Engineering
in 2013. Her PhD studies were focused on cognitive radio applications for
efficient use of spectrum. During her PhD she spent six months at Ofcom
UK. Since 2005 she has been working at Fondazione Ugo Bordoni where
she has been focused mainly on projects related to the efficient use of the
spectrum for 5G networks.

What are your favourite areas of
interest and research?
My favourite area of interest is now on 5G systems
with special reference to spectrum and architectures
for future wireless systems. I am currently working on
spectrum management for the efficient use of the
spectrum. The study of spectrum sharing techniques to
cope with the need of spectrum in both the short term
as well as the long term is very stimulating for me.

What is the “next big thing” in the
wireless communication area?
5G will create a new era of communications. While
demand for mobile broadband will continue to
increase, we are already seeing the growing impact of
the human possibilities of technology as the things
around us become even more connected. In the next
future everything will be internet‐connected. The
objective in the next wireless communications will be
to guarantee the perception of infinite capacity and
imperceptible response time.

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”?
The fast evolution of the mobile devices in the last
years has been providing an important change in
wireless communications and smartphones are
becoming essential elements of our life.
From my point of view, the innovation that didn’t have
the attention it deserved is the Concorde aircraft. This
great aeroplane went off duty due to the high handling
costs and for the serious accident that happened few
years ago. In the last years they are designing a new
aircraft with similar performances in terms of travelling
time for transatlantic flights. Let’s hope this project
could be realised and it could become a common mean
of transport in our life. We could travel back in time!!
Among the innovations that have not been successful,
at least for the moment, there are the google glasses.

VALERIA PETRINI, Ph.D.
Telecommunications engineer
at Fondazione Ugo Bordoni

After a great initial advertisement, it didn’t hit the
shelves as quickly as expected.

What was your motivation to be part of
IRACON?
I have been participating to the COST actions since I
started my PhD. I think that the COST Action is a
perfect environment for a researcher since it gives the
opportunity to share the work that each one
participating to the Action is conducting, to clarify
doubts and share thoughts between very high level
people. For this reason I am very happy to follow the
COST Action also in this new IRACON Action.

What would you like COST IRACON
to achieve?
I would like to create an active collaboration with other
Institutions in order to work together on matters
related to 5G.

My favourite book, music(ian), movie,
TVseries are ...
I like Italian music, comedy and cartoon movies. My
favourite movie is “Forrest Gump”.

I'm

most

passionate

about

...

cooking and traveling. I like to cook Italian meals and in
particular the traditional meals of my region. I love
traveling and learn about the traditional meals of the
place that I visit. I have a collection of cooking books of
all over the world.

What do you like the most about your
country?
My country is well known for the food, for the
architectural and historical beauties and for some
unique places both on the mountains and by the sea. I
love my country for all these things and for the sunny
days for most of the year.

My favourite or personal quote is …
“Life is like riding a bicycle. To keep your balance you
must keep moving”
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Selected scientific topic:

"A Model for Virtual Radio Resource Management in C‐RAN"
by B. Rouzbehani, L. M. Correia, and L. Caeiro ‐ TD(16)02012
The paper proposes a model of virtual radio resource
management in cloud radio access networks, to
provide quality of service guarantees for different
service classes supported by a single Virtual Network
Operator (VNO). For each service, a contracted
Service Level Agreement (SLA) is proposed, to define
the level of service expected from the VNO. The main
objective is to satisfy all SLAs with the highest possible
contracted data rates, to avoid underutilisation of
resources, while keeping a level of fairness among
subscribers performing different services. To achieve
this, the model is formulated as a convex optimisation
problem with a logarithmic utility function, to cope
with the criterion of proportional fairness.
Proportional fairness is a compromise‐based
scheduling algorithm, which maintains a balance
between two competing interests: maximising the total
resource utilisation, while providing all users with at
least a minimum level of service. Performance is
Contact Person
behnam.rouzbehani@tecnico.ulisboa.pt

evaluated by considering a heterogeneous scenario in
terms of radio access technologies. Results for the
assignment of the total data rate for each service
under low and high traffic loads is shown in the figure.
One can see that, independent of the variation of
traffic load and service weights, the total available
network capacity is utilised by users, while all SLAs are
fulfilled. Moreover, the total data rate assigned to
different services is proportional to their service
weights, where possible.

Figure: Percentage of total data rate allocated to each service.

Selected scientific topic:

"Joint channel and carrier frequency offset estimation for UFMC"
by E. Simon and F. Kaltenberger ‐ TD(16)02022
Many efforts are currently undertaken for the
definition of new multicarrier waveforms for the 5th
Generation (5G) of wireless communication systems,
which aims at enhancing system robustness and
performance in relaxed synchronisation condition e.g.
time‐frequency misalignment.
Universal‐filtered multi‐carrier (UFMC) is considered as
one of the most serious candidates for the 5G uplink.
An extensive literature has shown the advantages of
UFMC with respect to OFDM for these new
requirements of 5G, however joint channel and carrier
frequency offset (CFO) estimation for UFMC has not
been investigated yet. CFO occurs when oscillators at
the transmitter and receiver experience drifts from
their
nominal
frequency.In
classical
mobile
communication systems, such as long term evolution
(LTE), those CFO are estimated in the downlink and
compensated before the uplink transmission.
However, this strong synchronisation constraint is not
in accordance with the new requirements of 5G.
Especially in the scenario of machine‐type
Contact Person
eric.simon@univ‐lille1.fr

communication (MTC), devices might be sleeping most
of the time and just wake up shortly to send a burst of
data, thus not having enough time to do proper
frequency synchronisation. Moreover these devices
might use very cheap radio hardware that does not
guarantee a frequency offset within the current limits.
We proposed an algorithm based on expectation‐
maximisation to jointly estimate the channel impulse
response and the CFO. Simulation results show the
good performance in the SNR range [0, 20] dB, which
is the range of most practical applications.

Figure: Channel estimation performance in terms of Mean Square
Error (MSE) vs. Signal to Noise Ratio (SNR).
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Selected scientific topic:

"OpenAirInterface Massive MIMO Testbed: A 5G Innovation Platform" by
F.Kaltenberger and X. Jiang ‐ TD(16)02044
Massive MIMO is one of the key technologies enabling
the next generation of wireless communica‐tions. With
its high potential in increasing network capacity,
offering high spectrum efficiency, sav‐ing transceivers’
energy and many other advantages, Massive MIMO
has attracted great attention from the research and
industrial community. The OpenAirInterface Massive
MIMO testbed is built on the open source 5G platform
OpenAirInterface. It is one of the world's first LTE full
protocol stack compatible base stations equipped with
large antenna array, which can directly provide ser‐
vices to commercial user equipments (UEs). It shows
the feasibility of using Massive MIMO in LTE standard,
indicating the possibility of smoothly evolving the
wireless network from 4G to 5G. It provides an
innovation platform in solving 5G challenges, by giving
the possibility of advanced algorithm testing, concept
validation, channel measurements, etc.

the LTE release 10 to use the large number of antenna
array, and can be easily extended be‐yond. Thanks to the
channel reciprocity property in a TDD system, it acquires
accurate downlink channel state information directly from
the estimation of uplink pilots, based on which it can per‐
form advanced beamforming algorithms to different UEs.
The testbed uses a cost effective “Over‐The‐Air”
calibration method to compensate the hardware non‐
symmetry which breaks down the channel reciprocity and
can achieve near optimal beamforming performance.

The OpenAirInterface Massive MIMO testbed relies on
the implementation of transmission modes 7‐9 of
Contact Person
florian.kaltenberger@eurecom.fr

Selected scientific topic:

"Double‐directional Dual‐polarimetric Ultra‐wideband Cluser‐based
Characterisation of 70‐77 GHz Indoor Propagation Channels" by C. Leng,
X. Yin, R. Müller, S. Häfner, D. Dupleich, C. Schneider, J. Luo, H. Yan and
R.S. Thomä ‐ TD(16)02046
The
ever‐growing
demand
in
high‐data‐rate
communication for the fifth generation (5G) wireless
communication systems facilitates the signal
transmission of millimetre‐wave frequency bands.
The clustering nature of the wireless multipath channel
plays a vital role in the link capacity of multiple‐input
multiple‐output systems. Accurate description of the
polarimetric behaviour of higher‐frequency‐band
propagation channels is essential to design the
multiplexing, beamforming, and diversity techniques.
Such issues have been addressed in the previous
literature for mm‐wave channel modelling.
This research presents the empirical double‐directional
dual‐polarised channel model at 70‐77 GHz frequency
bands in the small office and entrance hall
environments. Based on the extensive double‐
directional dual‐polarimetric ultra‐wideband channel
measurements via “direction‐scan‐sounding” method,
we have examined the influences of different network
configurations, such as the geometrical size of the
Contact Person
14_lingcen@tongji.edu.cn

environment, the positions of the transceivers, and the
polarimetric combinations of the links, on the mm‐wave
propagation channel behaviour. Furthermore, the
performance of the K‐means, threshold‐based and
Gaussian mixture model clustering algorithms is
compared and validated in terms of clusters’
compactness, separation and exclusiveness based on the
multi‐dimensional power spectra of delay, azimuth of
departure, elevation of departure and azimuth of arrival.
Additionally, the scatterers’ parameters including the
position, direction, and delay‐angle dispersions are
analysed in detail for single‐ and double‐ bouncing
transmission, significant for localisation and beamforming
techniques, and supplementary for existing channel
models.

Figure:

Bi‐azimuth

power

spectrum and mapping results
for different polarised channels
in a small office environment.
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Highlights from the last meeting
COST (CA15104) IRACON started on March 2016 and will end on March 2020. From October 4th till October 6th,
the 2nd technical scientific meeting was organised in Durham, United Kingdom. During the plenary session, three
keynotes were presented. Reza Arefi (INTEL, USA) talked about "5G spectrum opportunities and challenges". Moray
Rumney (Keysight Technologies, UK) warned us in his keynote "Modelling what matters: keeping a correct focus on
5G" about what we might forget when modelling 5G. Alan Mourad (InterDigital) give some insights on the fronthaul
and backhaul for 5G in his keynote "Fronthaul and Backhaul for 5G and Beyond". The highlights of each working
group from the last meeting are presented below:
DWG1 ‐ Radio channels: DWG1 discussed their contribution to the channel model of the ITU. Therefore, a group
of ITU participants was formed which discussed the possible contribution to the next Study Group 3 meeting in
March 2017 and future inputs.
DWG2 ‐ PHY (Physical) Layer: DWG2 covered during this meeting a wide range of topics from including
interference aware and cancelling receiver, impulisive noise modelling, and HW hybrid full‐duplex self‐interference
cancellation to the estimation of channel and network state information in large and multi‐user networks and under
specific waveform/signal‐space constraints. Furthermore, there was a discussion on the future activities of DWG2.
An idea of a tutorial for 2018 related to the topic of coding, processing and interference modelling in large
stochastic networks emerged.
DWG3 ‐ NET (Network) Layer: The focus of the 7 TDs presented in DWG3 was on building disaster recovery
networks by using UAVs, spatial streams virtualisation for better spectrum sharing, virtual resource management in
C‐RAN, device to device resource allocation in LTE uplink, assessment of LTE delay in future smart grid
management, and spectrum management in virtualised C‐RAN. WG3 members also had discussions on proposing
workshops in upcoming conferences and the opportunities that an STSM provides for ECI.
EWG‐OTA ‐ Over‐The‐Air testing: In the EWG on OTA, discussions have among others focused on the very tight
time schedule of 5G standardisation. The fact that future equipment has yet unknown system design,
characteristics and use modes makes developing tests a matter of educated guessing, but also provides the
opportunity to have built‐in testing modes designed into system components. Rather than designing comprehensive
tests, making an inventory of test procedures that provide information proven useful in 4G systems, seems a
practical way forward in the EWG. Some of such procedures were already proposed in this meeting. In the
meantime, advanced testing infrastructure becomes available in the action.
EWG‐IoT ‐ Internet‐of‐Things: Different experimental facilities, made available by IRACON Institutions, have been
presented. These facilities include large testbeds composed of hundreds of IEEE 802.15.4, IEEE 802.11 a/b/g/n
and Bluetooth air interfaces, an LTE testbed, composed of one macro cell and four small cells and two testbeds for
vehicular technologies testing V2V and V2I communications. Moreover, different works related to Health, dealing
with propagation and channel modelling for on‐body and off‐body communications, such as medium access control
solutions, have been presented. A request of establishing a sub‐working group on IoT for Health, will be submitted
to the next meeting in Lisbon.
EWG‐LT ‐ Localisation and Tracking: In this EWG, there were three interesting presentations covering both indoor
and outdoor location, followed by a discussion among the
assistants on possible options for further collaboration.
Applications of positioning technologies to transport, especially
trains, caught most of the attention.
EWG‐RA ‐ Radio Access: The presentations in this EWG, were
mainly about testbeds, most notably the Lund massive MIMO
testbed and the Eurecom massive MIMO testbed, but also a
software visualisation tool for 5G systems developed in METIS‐
II. During the discussion it was decided that a list of testbeds
that are actively used within the action should be created
jointly with the other experimental working group.

Newcomers to the Action.
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Tutorial on Integrating the Internet of Things into 5G and
Beyond Networks: 31st January 2017, Lisbon, Portugal
Tutorial Speaker: Roberto Verdone, Università di Bologna
Duration: 3 hours (incl. short break)
Abstract: One of the challenges of 5G is how to integrate the Internet of Things (IoT) into the mobile network
architecture, to offer services to the plethora of different IoT applications and to the massive number of machine‐type
devices that will populate the 5G scenario. The challenge is emphasised by the legacy architectures and network
paradigms that have become a sort of de facto standard since some years, while new approaches are becoming more
and more appealing. This tutorial will review the traditional network architectures used for wireless sensor networks,
will discuss the role of new air interface specifically devised for IoT and will introduce some promising approaches that
will be investigated in the next few years for 5G networks. The discussion on the evolution of IoT applications,
including the role of mobile things, will be a transversal component of the tutorial.

Join Training School (WIBEC // COST‐IRACON) on
Antennas and Propagation Modelling for Body
Environment Communications: 1‐3 March 2017, Dresden,
Germany
Organisers: Narcis Cardona (iTEAM, Spain), Kimmo Kansanen (NTNU, Norway), Niels Neumann (TUD, Germany), Luis
M. Correia (IST, Portugal), Kamran Sayrafian (NIST, USA)
Host: Technishe Universität Dresden
Start time: 1st March, 13:00 ‐ End time: 3rd March, 16:00
COST IRACON will provide 20 grants for students from the IRACON participant institutions to cover part of their
travel costs.

Facts & Figures
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