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Abstract

Since their conception, satellite communications have been regarded as a
promising tool for all environments where the terrestrial infrastructure is
limited in capacity or to take advantage of the multicasting/broadcasting
capabilities inherent in satellite technology. Recent advances have seen satel-
lite technology mature to a more prominent role in the telecommunications
domain. In particular, the design of novel satellite payload concepts for Geo-
stationary (GEO) satellite platforms, as well as renewed interest in Low Earth
Orbit (LEO) satellite constellations have made the integration of satellite and
terrestrial networks almost compulsory to ensure new services meet the re-
quirements for high user-rate and quality of experience that could not be
achieved using either of the two technologies independently. From this view-
point, convergence of satellite and terrestrial technologies also requires con-
sidering the most recent trends in networking, with special attention being
paid to the potential new architectures that have been recently proposed in
the framework of Future Internet.

This monograph explores the main components of the scenarios above,
putting particular emphasis on the networking aspects. To this end, novel
protocols such as Multi Path TCP (MPTCP) and networking trends such as
Information Centric Networking (ICN) are explored by demonstrating their
applicability in some scenarios that deploy both satellite and terrestrial seg-
ments. Particular attention is given to smart gateway diversity schemes which
advocate the use of sophisticated multi-path transmission schemes to exploit
the multi-homing features offered by present day devices. The second part of
the monograph is dedicated to content-based networking, which is becoming
increasingly popular driven by the pervasiveness of the Internet in everyday
life. In this regard, applications to satellite communications are illustrated
and the technical challenges to be further addressed are highlighted.

T. de Cola, A. Ginesi, G. Giambene, G. C. Polyzos, V. C. Siris, N. Fotiou and
Y. Thomas. Network and Protocol Architectures for Future Satellite Systems.
Foundations and Trends® in Networking, vol. 12, no. 1-2, pp. 1-161, 2017.
DOI: 10.1561/1300000046.
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1

Introduction

1.1 Modern Satellite Systems

Ever since the inspirational and visionary article from Arthur L. Clark
in 194@, satellite communications have become more and more part
of our everyday life, as they counted a large number of applications
such as TV broadcasting, Earth observation, navigation-assisted vehi-
cle, support to disaster situations, just to cite a few. As a result of the
increasing number of applications, the satellite academic and indus-
trial community has put quite some effort in developing new platforms
able to offer more capacity, so as to enable richer services. From this
standpoint, it also worthwhile to mention the proliferation of communi-
cation standards developed to ensure interoperability between different
satellite systems, such as those elaborated in DVB and then ETSI stan-
dardisation fora.

In the continuous technological progress observed in the last
20 years, a prominent role has been played by the communication
paradigm switch from single-beam to multi-beam, in order to provide

L«Extra-Terrestrial Relays — Can Rocket Stations Give Worldwide Radio Cover-
age?”, Wireless World, October 1945.
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larger data-rates, though at cost of increased interference to be con-
trasted by suitable mitigation techniques. This revolution has led to
rethinking of the overall satellite system, for what concerns both the
terrestrial and the space segment. As to the latter, classical bent-pipe
satellites have been more often accompanied by on-board processing
ones, thus broadening the optimisation space to be considered dur-
ing the system design. In particular, the advent of satellite payload
flexible in power, frequency or time (beam-hopping) introduced a new
dimension in the resource allocation problem across the entire satellite
system, hence facilitating to more efficiently meet the capacity requests
of users.

Another key technological advance has been offered by the intro-
duction of LEO constellations in early 2000’s that initially turned out
be unsuccessful and eventually becoming again an appealing concept as
proven by the recent launch of mega-constellations, supposed to be able
to better serve users with larger data rates and lower access latency,
thus possibly resulting a direct competitor to terrestrial technologies.
In this perspective, the advent of free space laser optics too signed an
important step in revolutionizing the design of future satellite systems,
in that they can offer much larger data rates that those available with
radio-frequency counterpart, although the performance of the former
can be severely hampered by adverse conditions such as clouds.

In spite of the ever-increasing effort made by the satellite com-
munity to evolve the operational concept of satellite communication,
it is however immediate to grasp that satellite technology cannot be
ultimate vehicle to support telecommunications in all its forms. On
the contrary, Internet has been typically transported over terrestrial
infrastructures and its predominance will even increase, taking also ad-
vantage of the increasing penetration of mobile devices in everyday life.
Nevertheless, the ideal compromise between the two competing worlds
consists in the convergence in a unique ecosystem therefore able to
meet all users’” demands on a full anytime-anywhere scale. To make the
integration exercise meaningful for both worlds, satellite systems has
undergone important enhancements from a communication viewpoint,
aimed at increasing the overall offered capacity, as testified by the ex-
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perimentation of Extra High Frequency (EHF) frequency bands and the
related use of diversity techniques to efficiently support gateway han-
dover events and still to attain very high level of system availability.
Further to this, new networking paradigms have been explored to let
the satellite technology become an appealing candidate for integration
with terrestrial network. In the perspective, an important role is also
being played by the current reshaping of Internet delivery infrastruc-
tures that are more and more tailored around the content rather than
the traditional source-destination philosophy. From this standpoint, the
promotion of Information Centric Networking paradigms represents an
important shift in the networking paradigm used so far and also intro-
duces some important features to ease integration between heteroge-
neous technologies.

All in all, these are the main components that are considered in-
strumental to develop a more modern vision of satellite systems, which
are destined to seamlessly integrate with terrestrial infrastructure in
the near future.

1.2 Overall Framework

This monograph surveys the most recent advances in satellite communi-
cation technology, putting special emphasis on the networking concepts
that are expected to enable seamless integration of satellite and terres-
trial segments. In this view, it guides the readers along a path ideally
connecting the current trends in satellite payloads design and the re-
lated implications in the design of resource allocation schemes with the
modern protocol architectures that have emerged during the last years
in the terrestrial domain. The logical decomposition of this picture
therefore consists in three main elements to which specific sections are
reserved, starting from a system view of satellite environments to con-
clude with an architectural perspective. In this light, the monograph is
conveniently structured as follows:

e Section 2 illustrates the main concepts behind the design of flex-
ible and beam hopping payloads, giving also insights into how
more efficient resource allocations should be implemented. The
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overall discussion provides a system view analysis of satellite sys-
tems, providing a possible outlook on the design of next genera-
tion satellite systems and consequent enabling of new services.

e Section 3 approaches the trend of network convergence for satel-
lite and terrestrial segments, delving the potentials of multi-path
communication protocols. In this respect, overview of the Multi
Path TCP protocol (MPTCP) is given and its application com-
bined to networking coding in heterogeneous terrestrial-satellite
links is illustrated.

e Section 4 is the natural follow-up of the discussion about inte-
grated satellite and terrestrial network given in Section 3, here
giving an architectural perspective. In particular, the recently
conceived concept of Information Centric Networking (ICN) is
applied to illustrate the advantages in terms of seamless network
integration offered by some of its features.
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