The State of the Art in Propagation
and Mobile Channel Modeling

n recent years, the ever-increasing

demand for multimedia services,
high mobility, and global connectivity
has resulted in an explosion of new
technologies for wireless communica-
tion systems. The design of all com-
ponents of wireless communication
systems, ranging from digital modula-
tion schemes over channel coding
techniques up to higher-layer proto-
cols, is influenced by the propagation
characteristics of the mobile channel.
A thorough understanding of mobile
channels is, therefore, crucial for the
development, performance optimiza-
tion, and testing of present as well as
next-generation mobile communica-
tion systems. This is the reason why
exploring the mobile channel has
been a key research topic since the
beginning of mobile communications.
Currently, the research on propaga-
tion and mobile channel modeling in-
volves a variety of challenging topics,
such as the modeling of vehicle-to-ve-
hicle channels; high-speed railway
channels; power-line communication
channels; multiple-input, multiple-
output (MIMO) channels; air-to-
ground channels for future unmanned
aircraft systems; and indoor-to-out-
door channels, to name only a few.
The objective of this special issue is
first to capture the state of the art in
the fascinating areas of propagation
and mobile channel modeling and
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second to make recent research re-
sults readily comprehensible to a
wide readership. To meet these ob-
jectives, this special issue is com-
posed of seven articles providing an
overview of the state-of-the-art re-
search in propagation and mobile
channel modeling.

The first article, “Power-Line Com-
munication” by Pierre Degauque, Igor
S. Stievano, Sergio A. Pignari, Virgin-
ie Degardin, Flavio Canavero, Flavia
Grassi, and Francisco J. Canete, is
written in a tutorial style. Power-line
communication for transportation
systems is a technology that can pro-
vide high-speed data transmission
by exploiting the existing power net-
work with great benefits in terms of
cost and weight reduction. The aim
of this article is to present recent ad-
vances in the characterization and
modeling of power-line communica-
tion channels in transportation sys-
tems. Special emphasis is given on
the modeling and characterization
of in-vehicle, spacecraft, and aircraft
power-line communication channels.
Starting from the typical topological
features of the power networks used
for these transportation systems, the
article gives a comprehensive over-
view of the state-of-the-art channel
modeling approaches that have been
proposed in the literature.

The second article, “Over-the-Air
Testing of MIMO-Capable Terminals”
by Wei Fan, Xavier Carrefio, Pekka
Kyosti, Jesper @dum Nielsen, and

Matthias Patzold, Alain Sibille,

KainamThomas Wong, and Alenka Zaji¢

Gert Frglund Pedersen, outlines a
new testing technology for evalu-
ating multiple-antenna systems in
realistic multipath propagation envi-
ronments. As MIMO techniques con-
tinue to play a key role in upcoming
wireless communication standards,
there remains the need to emulate
realistic multipath propagation envi-
ronments for anechoic chamber test-
ing of multiple antenna systems. To
meet this need, the article proposes
a multiprobe anechoic chamber set-
up that offers the user the capability
to generate arbitrary multipath fad-
ing characteristics of a multiprobe
spatiotemporal channel with arbi-
trary polarization characteristics.
This contrasts with the mode-stirred
reverberation chamber setup, which
is capable of emulating only an iso-
tropic multipath environment.

The third article, “Inside-Out
Propagation” by Sanaa Hamid, Ara-
fat Al-Dweik, Maysam Mirahmadi,
Khaled Mubarak, and Abdallah Shami,
discusses a generalized indoor-to-
outdoor propagation model based
on ray-tracing and exhaustive mea-
surement campaigns. While there is a
large body of knowledge on the char-
acteristics of indoor, outdoor, and
outdoor-to-indoor channels, very few
papers have studied the indoor-to-
outdoor channel characteristics. The
goal of this article was to capture the
complex effects of the architectural
layout, fading, shadowing, and building
materials and to develop a practical
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nonsite-specific model to be used in
the interference analysis and planning
of next-generation femtocell systems.
Femtocell systems are considered as
an attractive solution for extending the
coverage area and capacity for indoor
users. One of the main technical chal-
lenges in designing femtocell systems
is mitigating the radio-frequency inter-
ference. Therefore, studying the chan-
nel properties of residential femtocell
systems as well as developing propa-
gation models for interference charac-
terization are of crucial importance for
the development of future home-based
communication systems.

The fourth article, “Vehicular Com-
munications” by Wantanee Viriyasita-
vat, Mate Boban, Hsin-Mu Tsai, and
Athanasios V. Vasilakos, presents a
comprehensive survey on recent de-
velopments in the area of channel mod-
eling for vehicular communications.
Channels for vehicular communica-
tions differ from other types of wire-
less channels mainly by diverse and
dynamic propagation environments,
high mobility, and comparatively low
antenna heights. The article describes
and classifies the most relevant ve-
hicle-to-vehicle channel models. The
classification is made on the basis of
the propagation scale, propagation
environment, modeling approach, and
the main properties of the channel
models. Guidelines are provided for
choosing a suitable vehicle-to-vehicle
channel model for a given environ-
ment, such as a parking garage, tunnel,
highway, and suburban area. Special
attention is devoted to the usability
of the channel models for the evalua-
tion of protocols and applications for
future cooperative intelligent transpor-
tation systems.

The fifth article, “Channel Charac-
teristics in High-Speed Railway” by
Binghao Chen, Zhangdui Zhong, Bo
Ai, Ke Guan, Ruisi He, and David G.
Michelson, offers an overview of re-
search on high-speed railway chan-
nels. High-speed rail constructions
are blooming in many parts of the
world, especially in East Asia. For
high-speed railway applications, this

JUNE 2015 | IEEE VEHICULAR TECHNOLOGY MAGAZINE

article overviews the radio chan-
nel’s key characteristics of macro-
and microscopic fading. Specifically,
this survey summarizes empirical
findings from over two dozen re-
search papers, listing nine path
loss models, six equations for the
Rician factor, two types of Doppler
spectra, and a wealth of numerical
values on the root-mean-square de-
lay spread as well as the maximum
relative propagation delay. Special
emphasis is placed on the viaduct
scenario, where trains travel along
an elevated bridge (which presents a
largely unobstructed scenario), and
the cutting scenario, which involves
a semi-enclosed architecture in the
railway track.

The sixth article, “Unmanned
Aircraft Systems” by David W. Ma-
tolak and Ruoyu Sun, addresses the
increasingly important use of un-
manned aircraft systems, for which
the radio channel toward a ground
station has specific features that
need to be quantitatively investi-
gated and modeled for the proper
design of wireless air-ground com-
munication systems. Beyond the
sole consideration of propagation
path loss, the article details wide-
band characteristics, which involve
multipath reflections resulting from
the terrain shape and the presence
of buildings. Based on measurement
data, the authors model fading char-
acteristics and other phenomena
versus the link distance and arrive
at an adequate agreement between
measurement and model results.

The last article, “More Than the
Eye Can See” by Ergin Dinc and Ozgur
B. Akan, provides a review of the exist-
ing channel modeling techniques for
troposcatter communications. This
article also discusses the most impor-
tant diversity techniques that can be
employed in troposcatter communica-
tions to eliminate the effects of short-
term fading. The term troposcatter
refers to a method of communicating
with radio signals over beyond-line-
of-sight (b-LoS) communication links
up to 300 km. This method uses the

tropospheric scatter phenomenon,
where radio waves are randomly scat-
tered if they pass through the upper
layers of the stratosphere. Troposcat-
ter communication systems were de-
veloped in the 1950s for point-to-point
communications b-LoS (over the ho-
rizon) between remote geographic
areas, where microwave and cable
links were not feasible. Since then, tro-
poscatter communications have been
extensively used for military opera-
tion, for offshore oil and gas operators,
as well as for interisland civil telecom-
munication applications. With tech-
nological advancements, troposcatter
communication systems have signifi-
cantly reduced in size, allowing them
to be carried in military or commercial
trucks. Thus, troposcatter is a promis-
ing candidate for mobile b-LoS com-
munication links as well.
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Do you like what you're reading?
Your feedback is important.
Let us know—send the editor-in-chief an e-mail!
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