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Basic knowledge of wireless communications and network architecture and protocols

TEACHING METHODOLOGY

Lectures

Autonomous learning activities
Practical laboratory activities for modelling and simulation
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LEARNING OBJECTIVES OF THE SUBJECT

The realization of a global network where terrestrial and satellite components are integrated and seamlessly managed constitutes one
of the new connectivity frontiers on the path towards the sixth generation (6G) systems. Satellite have specific characteristics with
respect to reach, availability, resiliency and inherent broadcast/multicast capabilities, which are key to complement terrestrial network
services. Specifically, satellite networks can e.g. extend the reach of terrestrial networks to underserved areas and places that
terrestrial networks cannot cover (e.g. on land, in the air, at sea), ensure robust and secure services for critical and mobile
communications (incident response, public safety) and ensure global connectivity and service continuity for M2M/IoT devices.
Recently, satellite communications have entered a period of renewed interest motivated by technological advances and nurtured
through private investment and ventures, improving the performance of satellite services and driving down the cost of both
connectivity and satellite devices. Within the next few years several thousands of Low Earth Orbit (LEO) satellites and mega LEO
constellations are expected to be ready to provide global Internet services.

In parallel, significant work is ongoing at standardization level to develop the necessary features to ensure integration of satellite into
the 5G/6G ecosystem and achieve this vision of an integrated global network. Aligning satellite technologies as appropriate with
relevant terrestrial network standards offers significant benefits, as currently recognized and pursued by the 3rd Generation
Partnership Program (3GPP) in charge of cellular technologies standardization. As a matter of fact, latest 3GPP Release 17
specifications concluded in 2022 introduce, for the first time, new features and adaptions to the cellular protocols allowing 5G NR and
IoT radio access technologies to be also used from satellites.

In this context, the aim of this seminar is to present the main concepts, design principles, system architectures, standards, enabling
technologies and critical technical challenges and solutions underpinning the realization of integrated satellite-terrestrial networks for
the 6G era. In addition to class lectures, the seminar includes the realization of a number of laboratory activities for system
characterization and link level performance simulations.

STUDY LOAD
Type Hours Percentage
Hours small group 8,0 10.67
Self study 51,0 68.00
Hours large group 16,0 21.33

Total learning time: 75 h

CONTENTS

Introduction

Description:

¢ Current satellite communications systems

e Satellite market and industry

e Standardization

e Regulation. Frequencies

e Integrated satellite and terrestrial networks (ISTN): Concept and expectations in the 6G era

Full-or-part-time: 7h
Theory classes: 2h
Self study : 5h
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Satellite communications basics

Description:

e Satellite applications and scenarios

e System architectures. Space/Ground/User segments. Key subsystems
e Orbit types and parametrization

e Satellite link characteristics. Link budgets

Full-or-part-time: 18h
Theory classes: 3h
Self study : 15h

Integrated satellite-terrestrial network architectures

Description:

e Hybrid network architectures and terminals. Levels of Integration
e Constellation types. Inter-satellite links. Multi-layer connectivity
¢ Network management

e Systems for broadband connectivity

e Systems for IoT applications

e Future and open topics

Full-or-part-time: 20h
Theory classes: 5h
Self study : 15h

Radio access technologies for ISTN

Description:

e Non-Terrestrial Networks (NTN) 3GPP technologies
0 3GPP New Radio (NR) NTN

0 3GPP NB-IoT/eMTC NTN

e Non-3GPP technologies

e Future and open topics

Full-or-part-time: 18h
Theory classes: 6h
Self study : 12h

Laboratory sessions

Description:

e System characterization (beam layouts, SNR distributions, delay and doppler shifts)
e Satellite channel modelling

o Satellite link performance for NR and NB-IoT NTN protocols

Full-or-part-time: 12h
Laboratory classes: 8h
Self study : 4h
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GRADING SYSTEM

Final exam (75%)
Laboratory work assessment (25%)
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