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About COST IRACON
This COST Ac on IRACON (Inclusive Radio
Communica ons) aims at scien ﬁc breakthroughs by
introducing novel design and analysis methods for
the 5th‐genera on (5G) and beyond‐5G radio
communica on 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 automa on, moving nodes,
cloud and virtualisa on architectures at the network
layer, as well as iv) experimental research addressing
Over‐the‐Air tes ng, Internet of Things, localisa on
and tracking and new radio access technologies. This
COST Ac on started on March 2016 and will end in
March 2020.
h p://www.iracon.org

COST is supported
by the EC H2020
Framework

Piotr Rajchowski
Gdańsk University of Technology, Poland
Dear reader,
I am glad to introduce you the tenth issue of this
newsle er. In this issue, we focus on the
highlights of our 10th technical mee ng, which took
place in Oulu, Finland. About a month before the
mee ng, a COST‐IRACON Training School on
Machine and Deep Learning Techniques for (Beyond)
5G Wireless
Communica on
Systems was
held.
As usual, we'd like you to meet two people behind
the Ac on. In this issue, we have given the ﬂoor to
Dr. Yuliya Gaidamaka, professor at the Peoples’
Friendship University of Russia (RUDN), and to Dr.
Kenan Turbić, from the University of Lisbon (UoL),
Portugal.
We hope that this newsle er will inspire you and can
encourage you to join us (further) in the Ac on.
Enjoy the reading!
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Chairman’s Address
Dear IRACON colleagues,
Welcome to the 10th issue of our Newsle er! Let me
start by also welcoming our new Newsle er Editor:
Piotr Rajchowski was elected as Early Career
Inves gator (ECI) Representa ve for the ﬁnal year of
our Ac on. Let me also take this opportunity to warmly
thank Conchi for her wonderful job, not only in
preparing the newsle er but also in helping me with
the various ECI grants.
As we are entering our ﬁnal months, I would like to
stress the eﬀorts required to deliver our ﬁnal book.
Indeed, IRACON keeps providing scien ﬁc results on
emerging topics in wireless communica ons and
networks. This book will be the las ng achievement of
our Ac on, summarising the contribu on of hundreds
of researchers par cipa ng to our mee ngs. It makes
no doubt that some of these results will become
references for further research, as well for regulatory
and standardisa on bodies.
At the same me, we keep on publishing our
deliverables, to be found on our website.

Claude Oestges
Université catholique de Louvain,
Belgium
Recently, we published a collabora ve White Paper on
Future Architecture and Protocols for IoT. I deﬁnitely
recommend you to read it for a comprehensive overview of
challenges in IoT architecture and protocols.
Our next mee ng will be held in Gdansk (Poland), on
September 4‐6, 2019. In the mean me, I hope you have
the opportunity to enjoy some well deserved summer
vaca on!
Enjoy the reading!

6th COST‐IRACON Training School on Machine and Deep
Learning Techniques for (Beyond) 5G Wireless
Communica on Systems.
On April 8‐11, the 6th IRACON Training School on Machine and Deep Learning Techniques for (Beyond) 5G Systems
was hosted by the Centre Tecnològic de Telecomunicacions de Catalunya, near Barcelona. We were pleased to
welcome a record number of par cipants, which is a testament to the soaring interest in this new ﬁeld of research. The
speakers line‐up included top experts who have pioneered important contribu ons towards enhancing wireless
communica ons with modern machine learning methods.
The technical programme was complemented by a Machine Learning Challenge in which the a endees were asked to
op mise the performance of a deep learning architecture. The list of invited speakers, the talk abstracts and more
details about the event can be found at www.iracon.org > Mee ngs & Events > Training Schools.
To round oﬀ this great event, we visited the iconic basilica of Santa María del Mar, from the roo op of which we
enjoyed a splendid panoramic view of Barcelona, then ended the evening with a tasty meal at the tradi onal restaurant
Gran Café in the old town.
The local organisers, Carles Antón‐Haro and Adriano Pastore.
Speakers of the TS:
Mérouane Debbah ‐ Huawei Paris & Centrale Supélec Paris, France;
Yair Be’ery ‐ Tel‐Aviv University, Israel; Osvaldo Simeone – King’s
College London, UK; Sebas an Cammerer – University of Stu gart,
Germany; Deniz Gündüz – Imperial College London, UK; Mehdi
Bennis – University of Oulu, Finland; Carles Antón‐Haro – Centre
Tecnològic de Telecomunicacions de Catalunya, Spain; Adriano
Pastore – Centre Tecnològic de Telecomunicacions de Catalunya,
Spain; Timothy O’Shea – DeepSig Inc. & Virginia Tech, USA;
Wolfgang Utschick – Technical University of Munich, Germany
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Interview with a senior researcher
Short biography
Dr. Gaidamaka (PhD in 2001, Full Doctor of Sciences in 2017 in Applied
Mathema cs and Informa cs from the RUDN University, Russia) since 2001 has
been an associate professor and currently a professor in the Department of Applied
Probability and Informa cs. She is the author of more than 150 journal and
conference papers, co‐author of two books on product from solu ons of ﬁnite
Markov chains and performance analysis of wireless heterogeneous networks. Her
current research interests include applied aspects of probability theory and
stochas c processes, queuing and teletraﬃc theory, performance analysis of 4G/5G
networks.

Yuliya Gaidamaka
Professor, RUDN University,
Moscow, Russia

What was your motivation to become a
researcher?

What was your motivation to be part of
COST IRACON?

Since student days, I have always wanted to work among
educated, advanced and prosperous people.

My dream was to par cipate in a major European
project. COST IRACON is an ideal embodiment because
it is a) one of the largest projects, b) allows COST Near
Neighbour Countries to par cipate on a voluntary basis,
c) the people I met at COST IRACON match my life
mo va on. I am very impressed by the benevolent
environment of research in Europe.

What are your favourite areas of
interest and research?
Mathema cal modelling and performance analysis of
telecommunica on systems and networks.

Considering the innovations in the
scientific world in the last 20 years,
which was the most remarkable one,
which one didn’t get the attention it
deserved, and which one finished with
a “dead end”?
Guided by Hype cycle and selec ng one answer for each
ques on for me these are a) NFC – due to saving me;
b) industrial 3D printers ‐ the future of everything; c)
electric cars due to fake concern for the environment.

What is the “next big thing” in the
wireless
communication
area?
Integrated Aerial‐Terrestrial Networks for Ubiquitous 3D
Connec vity.

What would like COST IRACON to
achieve?
I would like to receive the highest evalua on of the
COST IRACON results from the academic and industrial
community, their ampliﬁca on in the next study period
for convergence of ar ﬁcial intelligence and human
experience through radio communica ons, and the
par cipa on of my university in it.

How did you became involved in COST
IRACON (or any of the previous
Actions)?
We were recommended for COST IRACON by Prof. Luis
M. Correia, who knows my university, understands the
value of the applied mathema cians’ work in
telecommunica ons. Besides, thanks to him, our
universi es are partners in research and educa on.

My favourite book, music(ian), movie,
TVseries are ...
I can talk about books endlessly – the inimitable humour
Pelham Grenville Wodehouse, the rich language of
Nikolai Gogol, the philosophy of Fyodor Dostoyevsky.
From music I prefer classics – the operas by Mozart,
Bizet,
genius
Italians Verdi,
Puccini,
Bellini,
Rossini.

My favourite holiday is…
holiday with my family and friends on the coast with the
ability to swim twice a day.

In a few words, I consider myself to
be…
a professor, a teacher for my bachelors, masters and
PhD students.

The habit I don’t have and that I like
most is…
the habit of regular daily rou ne.

What is your country well known for?
My country is known for its great science, especially in
mathema cs, especially in probability theory. A sign of
great science ‐ the names of geniuses. For me, they are
Pafnuty
Chebyshev,
Andrey
Markov,
Andrey
Kolmogorov.

My favourite or personal quote is…
Do your duty, come what may.
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Interview with an Early Career
Inves gator
Short biography
Dr. Turbić received his B.Sc. and M.Sc degrees in Electrical Engineering from University
of Sarajevo in 2009 and 2011, respec vely. He has obtained a Ph.D. degree from
Ins tuto Superior Tecnico, University of Lisbon, in May 2019. His main research
interests are radio channel modelling, with a focus on Body Area Networks (BANs).

Kenan Turbić
Postdoctoral Researcher
IST, University of Lisbon, Portugal

What was your motivation to become a
researcher?
I have always enjoyed problems whose solu on was not
straigh orward and readily available in a book. My main
driver is curiosity, with an important inﬂuence of the
enthusias c people I have interacted with during my
educa on. Those include my father, an electrical engineer
himself, Prof. Kenan Suruliz, my ﬁrst academic adviser at
the University of Sarajevo, and M. Hamza and M. Milišić,
teaching
assistants whose
inﬂuence
I
greatly
appreciate.

What are your favourite areas of interest
and research?
My research interests fall around radio channel modelling,
par cularly in oﬀ‐ and body‐to‐body communica ons with
dynamic users. My focus is on the depolarisa on eﬀect
and the inﬂuence of users’ mo on.

What
would like
like COST
COST IRACON
IRACON to
to
What would
achieve?
achieve?

IRACON
has already
achieved
what
I have
hoped for:
We do need
to get
involved
more
industries,
ﬁndit
has
created
great environment
for scien
ﬁc discussions,
innova
ve aideas
to get their
contribu
ons on
and
it
cherishes
interna
onal
collabora
on at various
board.
levels. IRACON will stay in my best memory, as I did my
Ph.D. within its framework!

My favourite book, music(ian), movie,
TVseries are ...
The ﬁrst thoughts take me to E. M. Remarque (e.g. Black
Obelisk) in the books department, to Monty Python in the
movies/shows category, and to far too many musicians to
list... Recently, I have been listening to Vlatko Stefanovski
and Miroslav Tadić (guitar players), Kara Güneş and Al n
Gün (Turkish), and Azra (my favoruite ex‐Yu rock
band).

How did you became involved in COST
IRACON (or any of the previous
Actions)?

I’m most passionate about...

I was introduced to IRACON by my Ph.D. thesis
supervisor, Prof. Luis M. Correia. Having experienced the
IRACON environment, I came to greatly appreciate his
advice.

In a few words, I consider myself to be...

What was your motivation to be part of
COST IRACON?
The IRACON mee ngs are a great opportunity to present
my research and discuss the results with other
researchers, and there are many top‐notch experts in the
room. The construc ve cri cism I have received on several
occasions have resulted in signiﬁcant improvements to my
work. IRACON also had an important personal impact. I
have visited diﬀerent European countries and cultures, but
most importantly, I have met some great people whom I
call friends.

What is the “next big thing” in the
wireless communication area?
I think that the ﬁnal outcome, probably with a few “big
things” in between, will be seamless communica on
between people and devices.

learning, and the planet Earth!

curious,
stubborn.

hard‐working,

commi ed,

some mes

What is your country well known for?
Bosnia and Herzegovina should be best known as the
birthplace of two Nobel prize winners, i.e. Ivo Andrić
(literature) and Vladimir Prelog (chemistry), and for hos ng
the Winter Olympics, as a part of Yugoslavia. In the region,
it is known for good food and hospitable people, with a
good sense of humour. I love its beau ful nature, and the
inﬂuences of the West and East interwoven in its
culture.

My favourite or personal quote is…
“No one is smart enough” Meša Selimović (Bosnian/
Yugoslav writer).

My favourite holiday is…
At the moment,
mountains.

I

am

thinking

about

the
4

Selected scien ﬁc topic:

"LTE Mul path Component Delay Based Simultaneous Localisa on and
Mapping". J. Chen, M. Zhu and F. Tufvesson – TD(19)10013
Cellular radio‐based localisa on can be an important
complement or alterna ve to other localisa on
technologies, as base sta ons con nuously transmit
signals of opportunity with beneﬁcial posi oning
proper es. In this paper, we use the long term evolu on
(LTE) cell speciﬁc reference signal for this purpose. The
mul path component delays are es mated by the
ESPRIT algorithm, and the es mated mul path
component delays of diﬀerent snapshots are associated
by global nearest neighbour with a Kalman ﬁlter. Rao‐
Blackwellized par cle ﬁlter based simultaneous
localisa on and mapping (SLAM) is then applied to
es mate the posi on of the user equipment as well as
the posi on of the base sta on and virtual transmi er.
Analysis based on data logged during a measurement
campaign with a single base sta on shows the
performance of the algorithm with maximum posi on
Contact Person
junshi.chen@eit.lth.se

Figure: A measurement hold in Gothenburg, Sweden. The base sta on is
around 500 meters away from the vehicle, and it transmits a 20 MHz
LTE signal with a center frequency of 2.63 GHz and cell ID of 104. The
LTE signal is logged by USRP 2953R from Na onal Instruments. The
es mated trajectory and ground truth from high deﬁni on RTK GPS
mounted on the vehicle are shown in the ﬁgure. The absolute error of
the es ma on to the ground truth is around 1.5 meters.

Selected scien ﬁc topic:

"Empirical Valida on of the Polarised Oﬀ‐Body Channel Model with
Dynamic Users" by S. J. Ambroziak, K. Turbić and L. M. Correia –
TD(19)10018
This TD presents an empirical valida on of the
polarised channel model for oﬀ‐body communica ons,
based on wideband indoor measurements at 5.8 GHz
with a 500 MHz bandwidth. The simulated values of
the total received power, ﬁrst path delay, mean delay
and delay spread of the channel have been compared
against the measurements for a dynamic user scenario.
Such a comparison is performed for the orthogonal
polarisa ons of the oﬀ‐body antenna, considering
three wearable antenna placements on the body.
Simula ons were performed with and without
considering inter‐path interference. In the former case,
the root mean squared error (RMSE) for the total
received power in the ver cal and horizontal
polarisa ons is within [1.7, 2.8] dB and [2.1, 3.1] dB,
respec vely. The error for the ﬁrst path delay is very
low, i.e. between 0.8 and 1.1 ns.
Contact Person
slawomir.ambroziak@pg.edu.pl

The RMSE obtained for the mean delay is within [3.6, 4.3]
ns, regardless of the polarisa on. The error for the delay
spread is within [5.1, 7.2] ns and [3.6, 4.0] ns for ver cal
and horizontal polarisa ons, respec vely.

Figure: Received power for the wide‐band channel with no interference
between mul path components for ver cal polarisa on of oﬀ‐body
antenna, and three on‐body antenna placements, i.e., chest (To_F), le
wrist (AL_L) and le lower leg (LL_L).
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Selected scien ﬁc topic:

"Trajectories and Resource Management of Flying Base Sta ons for C‐
V2X" by S. Mignardi, C. Bura , A. Bazzi and R. Verdone – TD(19)10020
In a vehicular scenario where the penetra on of cars
equipped with wireless communica on devices is far
from 100% and applica on requirements tend to be
challenging for a cellular network not speciﬁcally
planned for it, the use of unmanned aerial vehicles
(UAVs), carrying mobile base sta ons, becomes an
interes ng op on. In this ar cle, we consider the
integra on of an aerial and terrestrial component of
the network opera ng on the same carrier frequency,
to ﬁll the poten al unavailability of short‐range
connec ons among vehicles and address unpredictable
traﬃc distribu on in space and me. We envision a
UAV
with
cellular‐vehicle‐to‐anything
(C‐V2X)
equipment providing service for the C‐V2X extended
sensing applica on. For this purpose, we propose a
joint UAV trajectory design and radio resource (RR)
assignment accoun ng for vehicle mobility, vehicle
density and terrestrial network opera on. Simula ons
with a realis c urban scenario show that, for a
transitory phase in which a few vehicles are equipped
with C‐V2X devices and should interface with the LTE

network, the proposed system model is promising. A single
UAV increases the number of sa sﬁed users of up to 10%.
The scenario becomes more cri cal when an increasing
number of vehicles is asking for service and the
interference avoidance does not allow the UAV to use all
resources. Nonetheless, if the bandwidth reserved for
vehicular applica ons is above 10 MHz with a throughput
requirement of about 25 Mb/s, one UAV can eﬃciently
enhance network performance even when 100% of
vehicles are ac ve.

Contact Person
silvia.mignardi@unibo.it

Figure: Percentage of served vehicles with and without the UAV while
varying the available system bandwidth (minimum requirement of 25 Mbps).

Selected scien ﬁc topic:

"Impacts of Point Cloud Modeling on Accuracy of Ray‐Based Wave
Propaga on Simula ons" by P. Koivumäki, G. Steinböck and K. Haneda
TD(19)10044
Accurate design and es ma on of service coverage is
increasingly important in deployment of ﬁ h‐
genera on (5G) cellular systems, where radio
propaga on simula on tools such as ray‐tracing play a
crucial role. Site‐speciﬁc channel modeling requires
geometrical informa on of the site, usually publicly or
commercially available simple digital maps. In addi on,
laser scanned point cloud is a powerful dataset that
o en describes the site with more details. We report a
comparison of mul path channels of outdoor small‐
cells at 28 GHz simulated by point‐cloud based ray‐
tracer and those from measurements. Accuracy of the
ray‐tracing depends on types of point clouds we input
to the ray‐tracer, i.e., 1) raw point cloud, 2) ﬂa ened
point cloud with environmental details absent similarly
to publicly available digital maps, and ﬁnally, 3)
processed point cloud where missing sec ons are
complemented, wedges detected and details
preserved.
Contact Person
pasi.koivumaki@aalto.ﬁ

Ray‐tracing with the processed point cloud shows clear
advantage of accuracy over the others when simula ng
physical propaga on paths by reproducing many weak
diﬀracted paths found in measurements.
The raw point cloud produces many spurious paths that do
not exist in measurements. Ray‐tracing with the ﬂa ened
point cloud is in least agreement with measurements.
Strong ﬁrst‐order specular reﬂec ons from large smooth
walls are reproduced well by ray‐tracer with any of the
tested point clouds. We thereby demonstrate superiority of
using the processed point cloud as inputs to ray‐tracer to
obtain mul path channels with highest ﬁdelity to
measurements.

Figure: Raw point cloud from measurements.
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Highlights from the last mee ng
DWG1 ‐ Radio channels: DWG1 sessions covered 27 TDs with various measurement campaigns and analysis. Among diﬀerent
applica on scenarios, industrial environments a racted much a en on, thereby diﬀerent MIMO and ultrawideband measurements
along with pathloss and cluster models were reported. Channel sounding and modeling at millimeter‐wave bands is s ll required, for
which sca ering from walls, building entry loss and clu er losses and polarimetric indoor measurements at 190 GHz were presented.
Finally, there is an increasing number of simula on‐based studies of radio propaga on and links through ray‐tracing applied to, e.g.,
cellular and air‐to‐ground scenarios. During the discussion session, DWG1 covered diﬀerent topics: 1) convened sessions in EuCAP
2020, 2) IRACON special issue papers in ITU journal and Radio Science and 3) progress and next milestones of wri ng IRACON book
Chapters 2 and 3.

DWG2 ‐ PHY (Physical) Layer: At the Oulu mee ng, WG2 had 2 sessions with 4 TDs presented. TDs’ topics were rather spread
over a wide area of ﬁelds ‐ channel state es ma on for wireless physical layer coded systems, op misa on of BLER in relay based
coopera ve communica on, distributed beamforming for massive MIMO, and itera ve interference cancela on for non‐orthogonal
waveforms. Despite the wide range of topic, there are clearly emerging two common principles present in the majority of WG2 work
‐ massive MIMO and coopera ve algorithms (signal processing, coding, decoding). In the second session, we thoroughly discussed a
consolida on plan for the work on the Chapter 5 of the Final Book and agreed on the immediate steps that will bring everything
back to the desired state.

DWG3 ‐ NET (Network) Layer joint with EWG‐RA: WG3 had 3 sessions with a total of 11 TDs. Our presented TDs covered a
range of topics within the working group. We had 4 TDs on small cell networks studying diﬀerent aspects of them including
interference capacity, usage of mmWave, UHF and SHF bands, and their techno‐economic trade oﬀs. Two TDs studied resource
alloca on challenges in cloud‐RAN while another TD studied SLA‐based slicing in virtualised RAN. We also had TDs inves ga ng
UAV communica ons, fog compu ng, MIMO and MANETs solu ons. During the session we discussed the book chapter, wri ng roles
and methods. The WG progress on the book chapter is sa sfactory and almost all sec ons are completed.

EWG‐OTA ‐ Over‐The‐Air tes ng: There were ﬁve contribu ons to EWG‐OTA in Oulu. TD(19)10004 from University of Bristol,
provided an update on a novel test method for emula ng dynamic angles of arrival for mmWave devices based on the reﬂec ve
proper es of ellip cal cylinders. This idea was ﬁrst presented in 2018 based on an ellipsoid but this suﬀered from too small usable
test volume. TD(19)10023 from Chalmers University presented an analysis of the performance loss of a deﬁcient antenna array in
two diﬀerent channels, the rich isotropic mul path (RIMP) typical in a reverbera on chamber and the Random LoS. TD(19)10047
from Keysight Technologies inves gated the characteris cs of range length in two diﬀerent OTA setups. TD(19)10057 also from
Keysight Technologies was on evalua ng the impact of MPAC system design parameters on OTA system performance. Speciﬁcally, a
28 GHz MPAC system with mul ple ﬁxed posi on probes was used with an UE. Last TD(19)10058 from Keysight Technologies
inves gated correla ons between antenna arrays in an OTA system. The signal correla on coeﬃcient was derived for signals
received by two simple and ideal arrays.

EWG‐IoT ‐ Internet‐of‐Things: In the EWG on IoT recent results related to the use of Unmanned Aerial Vehicles for suppor ng
vehicular communica ons have been presented. The designed framework allows to op mise the UAV trajectory with the aim of
maximising the network throughput. A proprietary solu on for Industrial IoT applica ons, based on LoRa at 2.4 GHz, has been
reported. The solu on has been veriﬁed via a proof of concept. Finally, it has been presented a novel security mechanism for IoT and
recent results of experimenta on on 6TiSCH.

SEWG‐IoT ‐ Internet‐of‐Things for Health: Internet‐of‐Things for Health (IoT‐Health) held one session with 3 TD presenta ons
during the 10th IRACON technical mee ng in Oulu. There were 22 a endees. The presenta ons included topics such as Internet of
Everything for health applica ons, empirical valida on of the polarised channel model for oﬀ‐body communica ons, and a poten al
architectural model of an in‐body nanonetwork for disease detec on. Discussions were also conducted to highlight collabora ve
eﬀorts, upcoming events, and the status of the book chapter.

EWG‐LT ‐ Localisa on and Tracking: In Oulu, seven TDs were presented. The ﬁrst
session (LT for UAVs) included results on ground user localisa on in UAV‐based wireless
networks, and on posi on awareness for drones to facilitate beamforming. The second
session (Algorithms) provided new insights on calibra on strategies for indoor coopera ve
localisa on, SLAM via mul path component analysis, indoor posi oning methods in SIMO
Bluetooth networks, and on how RANSAC can facilitate the exchange of maps in mul ‐
path assisted posi oning. Besides, the group discussed recent progress and next steps in
the elabora on of the book chapter.

Newcomers to the Ac on.
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COST‐IRACON Training School: Network Models,
Architectures and Applica ons for 5G.
October 7‐11, 2019. RUDN University, Moscow, Russia
Organisers: Konstan n Samouylov (RUDN), Silvia Ruiz Boqué (UPC), Hamed Ahmadi (Univ. Essex), Luis M. Correia (IST)
The Training School features a programme of lectures delivered by leading experts in the area of 5G networks, from both academia
and industry. The objec ve of the School is to give a endees a global view, with an insight into some speciﬁc aspects, on research in
key features of the emerging 5G technologies from the networking perspec ve, addressing models, architectures and applica ons.
A endees will have an opportunity to par cipate in s mula ng discussions with lecturers, obtain useful feedback, and ini ate new
collabora ons. Lectures will provide the background on 5G wireless communica ons networks concepts, ranging from the more
fundamental ones related to concepts and mathema cal modelling to experimental and applied ones connected to the incoming
standardisa on features.
Conﬁrmed speakers:
‐ Andres Gonzalvez, Telenor, NO
‐ Carles Anton, CTTC, ES
‐ David Calligaris, Huawei, DE
‐ Fedor Chernogorov, Ericsson, FI
‐ Hamed Ahmadi, Univ. Essex, UK
‐ Konstan n Samouylov, RUDN Univ., RU
‐ Luis M. Correia, IST – Univ. Lisbon, PT
‐ Paul Su on, SRS, IE
‐ Roberto Verdone, Univ. Bologna, IT
‐ Silvia Ruiz, UPC – Polytechnic Univ. Catalonia, ES
‐ Yuliya Gaidamaka, RUDN Univ., RU

Facts & Figures
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