Lecture Notes in Networks and Systems

Volume 416

Series Editor

Janusz Kacprzyk, Systems Research Institute, Polish Academy of Sciences,
Warsaw, Poland

Advisory Editors

Fernando Gomide, Department of Computer Engineering and Automation—DCA,
School of Electrical and Computer Engineering—FEEC, University of Campinas—
UNICAMP, Sao Paulo, Brazil

Okyay Kaynak, Department of Electrical and Electronic Engineering,
Bogazici University, Istanbul, Turkey

Derong Liu, Department of Electrical and Computer Engineering, University
of Illinois at Chicago, Chicago, USA
Institute of Automation, Chinese Academy of Sciences, Beijing, China

Witold Pedrycz, Department of Electrical and Computer Engineering, University of
Alberta, Alberta, Canada
Systems Research Institute, Polish Academy of Sciences, Warsaw, Poland

Marios M. Polycarpou, Department of Electrical and Computer Engineering,
KIOS Research Center for Intelligent Systems and Networks, University of Cyprus,
Nicosia, Cyprus

Imre J. Rudas, Obuda University, Budapest, Hungary

Jun Wang, Department of Computer Science, City University of Hong Kong,
Kowloon, Hong Kong



The series “Lecture Notes in Networks and Systems” publishes the latest
developments in Networks and Systems—quickly, informally and with high quality.
Original research reported in proceedings and post-proceedings represents the core
of LNNS.

Volumes published in LNNS embrace all aspects and subfields of, as well as new
challenges in, Networks and Systems.

The series contains proceedings and edited volumes in systems and networks,
spanning the areas of Cyber-Physical Systems, Autonomous Systems, Sensor
Networks, Control Systems, Energy Systems, Automotive Systems, Biological
Systems, Vehicular Networking and Connected Vehicles, Aerospace Systems,
Automation, Manufacturing, Smart Grids, Nonlinear Systems, Power Systems,
Robotics, Social Systems, Economic Systems and other. Of particular value to both
the contributors and the readership are the short publication timeframe and
the world-wide distribution and exposure which enable both a wide and rapid
dissemination of research output.

The series covers the theory, applications, and perspectives on the state of the art
and future developments relevant to systems and networks, decision making, control,
complex processes and related areas, as embedded in the fields of interdisciplinary
and applied sciences, engineering, computer science, physics, economics, social, and
life sciences, as well as the paradigms and methodologies behind them.

Indexed by SCOPUS, INSPEC, WTI Frankfurt eG, zbMATH, SCImago.
All books published in the series are submitted for consideration in Web of Science.

For proposals from Asia please contact Aninda Bose (aninda.bose @springer.com).

More information about this series at https://link.springer.com/bookseries/15179


mailto:aninda.bose@springer.com
https://link.springer.com/bookseries/15179

Sudhir Dixit - Vimal Bhatia -
Sanjram Premjit Khanganba - Anuj Agrawal

6G: Sustainable
Development for Rural
and Remote Communities

@ Springer



Sudhir Dixit

Centre for Wireless Communications
University of Oulu

Oulu, Finland

Sanjram Premjit Khanganba

Human Factors & Applied Cognition Lab
Indian Institute of Technology Indore
Indore, Madhya Pradesh, India

Vimal Bhatia

Electrical Engineering and Centre for
Advanced Electronics

Indian Institute of Technology Indore
Indore, Madhya Pradesh, India

Anuj Agrawal
Computer Science and Engineering
Indian Institute of Technology Gandhinagar

Gandhinagar, Gujarat, India

ISSN 2367-3370 ISSN 2367-3389 (electronic)
Lecture Notes in Networks and Systems

ISBN 978-981-19-0341-0 ISBN 978-981-19-0339-7 (eBook)
https://doi.org/10.1007/978-981-19-0339-7

© The Editor(s) (if applicable) and The Author(s), under exclusive license to Springer Nature
Singapore Pte Ltd. 2022

This work is subject to copyright. All rights are solely and exclusively licensed by the Publisher, whether
the whole or part of the material is concerned, specifically the rights of translation, reprinting, reuse
of illustrations, recitation, broadcasting, reproduction on microfilms or in any other physical way, and
transmission or information storage and retrieval, electronic adaptation, computer software, or by similar
or dissimilar methodology now known or hereafter developed.

The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication
does not imply, even in the absence of a specific statement, that such names are exempt from the relevant
protective laws and regulations and therefore free for general use.

The publisher, the authors and the editors are safe to assume that the advice and information in this book
are believed to be true and accurate at the date of publication. Neither the publisher nor the authors or
the editors give a warranty, expressed or implied, with respect to the material contained herein or for any
errors or omissions that may have been made. The publisher remains neutral with regard to jurisdictional
claims in published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer Nature Singapore Pte Ltd.
The registered company address is: 152 Beach Road, #21-01/04 Gateway East, Singapore 189721,
Singapore


https://doi.org/10.1007/978-981-19-0339-7

Foreword I

The book covers a variety of feasible technology options, both wired and wireless,
to enable 6G connectivity in rural and remote regions. Along with the enabling tech-
nology options, the book also covers important aspects such as human—computer
interaction, business models for the local operator ecosystem, regulatory and right-
of-way policies, security and privacy, and future challenges related to technology
migration, urbanization, and scalability. A special feature of this book is that it covers
both the optical and wireless technology aspects to realize 6G connectivity, which
will be interesting to a broad range of researchers and practitioners. This book covers
all such technical and non-technical aspects that will be of interest to researchers,
decision-makers, academia, social workers, and the casual readers interested in tech-
nology/growth/empowerment. Further, the simple explanations, pictorial represen-
tations, minimal math, and conversational language will enable all the readers to
grasp it, thereby helping them in decision-making and performing comprehensive
analysis, which will ultimately benefit themselves and society.

In summary, this book is a very interesting read for all, as it explains the techno-
logical advances in simple language for the non-expert in the field. It covers advances
and challenges across the world in connecting the unconnected using 6G. The book
also covers and compares the current connectivity issues in various Indian states
including the outcomes of the authors’ visit to rural Madhya Pradesh and the North
Eastern region of India. Many potential solutions for policymakers and engineers
for improving connectivity and usability with business and entrepreneurship-driven
models are covered for both India and Finland. This is very interesting collaborative
research by the Indian and Finnish research groups with high impact for upliftment
of rural and remote communities of both countries and the world. I congratulate the
authors for writing this futuristic book and recommend it to all to read.

05 March 2022 Shri Shankar Lalwani
Member of Parliament (Lok Sabha)

Indore, Madhya Pradesh, India

Member Standing Committee on Urban Development



Foreword 11

Mobile technologies have dramatically changed societies worldwide and have
become essential parts of critical infrastructure. The first two generations brought
voice connectivity to our pockets, and 3rd and 4th generation mobile internet connec-
tivity. Now, with 5G and next with 6G, the pervasive digitalization of societies will
dramatically change our daily routines. This development has taken place mainly
due to the interests of developed economies. Most recently, 5G standard develop-
ment has been driven by improving the economic efficiency of such countries. At
the same time, increasing concerns about sustainable development worldwide are
gaining more space in governments’ technology agendas. Sustainability involves all
segments of society, and technological innovations have a crucial role in solving
many burning problems.

Wireless technologies are in a key position in most of the seventeen United Nations
Sustainability Development Goals (UN SDGs). The global community has widely
accepted UN SDGs to the center of 6G development. So far, only technical require-
ments via several Key Performance Indicators (KPIs) have been addressed when
developing mobile cellular systems for the future. Key Value Indicators (KVIs) are
also being defined for the global 6G standards development under several major 6G
research programs, particularly those operating within Europe. It is fair to say that
the change in attitudes is taking place now, and 6G can be expected to better answer
the needs of SDGs.

Remote areas connectivity solutions are in a vital position when developing 6G.
The future of digital societies depends on always-on connectivity. The quality of
life in developing regions can be drastically improved via reasonable and affordable
solutions matching the local needs. More robust solutions for providing electricity
to maintain networks and provisioning backhaul solutions are needed. New ways of
thinking maybe necessary for service provisioning—what does the quality of service
mean in remote sparsely populated areas compared to metropolitan areas? Besides
novel technical solutions, innovative thinking is required in economics, politics, and
regulation.

The challenges mentioned above have been studied in collaboration with the 6G
Flagship Program at the University of Oulu and a SPARC funded project within

vii



viii Foreword II

IIT Indore. The project team has captured some of the key challenges by going
through connectivity coverage, user challenges, and developments across the world
with detailed case studies in diverse topography of India. However, this is only the
beginning of a longer journey deserving more research efforts in the future. I hope this
book inspires both the R&D community and decision-makers to better understand
and solve the urgent needs for sustainable development for a better future!

05 March 2022 Matti Latva-aho
Director of 6G Flagship

Centre for Wireless Communications

University of Oulu

FINLAND



Preface

5G brings enhanced quality of service (QoS) to the existing users via the technologies
providing higher capacity, lower latency, higher reliability, massive connectivity,
among others. However, the fact that about half of the global population has no
access to the Internet at present has not been considered during the 5G research and
development (R&D) and standardization, and hence it has missed on bridging the
global digital divide. With the arrival of 5G, the digital divide will broaden further
since the focus of 5G R&D has been on improving the existing users’ experience, to
provide advanced services, and to increase the network operators’ revenues. As the
research on beyond 5G (B5G)/6G communication networks is gaining momentum all
over the world, it is necessary to focus on the aspects of connecting the unconnected,
bridging the digital divide, and global digital inclusion from the very beginning.
As part of the 2030 agenda for United Nations Sustainable Development Goals (UN
SDGs), ‘access to Internet as a basic human right around the world’ has been projected
as one of the most promising solutions to help achieve these goals. Moreover, it has
also been mentioned (and widely accepted) that these goals cannot be achieved
without affordable access to Internet by everyone, everywhere. Thus, the focus of
B5G/6G research should also be on developing solutions to provide affordable access
to Internet to the unconnected population, a majority of which resides in the rural
and remote regions of the lower- and middle-income countries.

This book provides an overview of the present state of Internet connectivity in
different parts of the world, the main reasons behind the current digital divide,
important factors to be considered to connect the unconnected and under-connected,
various technological options and architectures that can be deployed in the rural
and remote regions, techno-economic aspects and local micro-operator ecosystem,
human—computer interaction (HCI), and the future challenges to ensure sustainable
development of rural regions, and to prevent the digital divide from broadening
further.

As observed during and after the development of 5G technologies, there has been
confusion and debate over ‘5G Vs Fiber’, and questions such as ‘will 5G replace
fiber?” what actually is 5G, and progression of softwarization for networking in
general have been posed. However, in the telecommunications infrastructure, the
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fiber optics and wireless technologies complement each other. Fiber optics enable
the Internet, act as a substrate for the telecom-cloud infrastructure, and form the
backbone of long-distance communication, wherein the traffic from the wireless
metro/access network aggregates. On the other hand, wireless technology enables
last-mile mobile connectivity and is responsible for defining the end-user QoS and
quality of experience (QoE). Thus, fiber optics and wireless (no matter whether it is
2G/3G/4G/5G/6G) have coexisted and complemented each other, and will continue
to coexist in the future. This book covers both the fiber optics as well as wireless
technology aspects to realize 5G and B5G connectivity.

The regional demographics play a significant role in defining the telecommu-
nication network coverage and the QoS. Moreover, it is necessary to consider the
existing information and communication technology (ICT) infrastructure, and the
ongoing projects to develop new technologies, methods, and business models for
5G/B5G connectivity in rural and remote areas. Chapter 1 of this book provides an
overview of the broadband infrastructure in different parts of the world including
India, Finland, Japan, Africa, Americas, among others. Interesting observations are
drawn based on the existing wireless and wired network infrastructure in different
countries, and the corresponding performance and QoS of the broadband services in
such regions. Emphasis has been laid on the ongoing projects in different countries,
region-specific needs, and the diverse challenges that need to be addressed to connect
the unconnected rural and remote regions in different parts of the world.

Chapter 2 focuses on key considerations to achieve affordable BSG/6G connec-
tivity in rural regions from both the operators’ and users’ perspective. Various
challenges to be addressed in the new B5G micro-operator ecosystem to be devel-
oped in rural regions are identified. Specifically, power issues, ease-of-use, security,
resilience, risk, scalability, and other factors that are crucial for sustainable connec-
tivity in rural regions are described. Special focus has been laid on the need of
renewable sources of energy to support the power requirements of the ICT infras-
tructure to be deployed in the rural and remote regions, where power grids are either
not deployed or have limited availability.

Chapter 3 describes several promising wireless and fiber optics technology options
to connect the unconnected from the view of rural and remote regions’ suitability.
In different parts of the world, the presence of fiber optics is different. Moreover,
it has been observed that in some regions, the existing and the ongoing fiber-optics
deployment is either underutilized or cannot achieve the last-mile connectivity. The
discussion on wireless technology options covers such possible scenarios in different
parts of the world, where the advanced and affordable wireless options can achieve
last-mile connectivity as well as act as wireless backhaul/fronthaul in the regions
where fiber-optics networks are either non-existent or hard to be deployed, such as
difficult terrains. Special emphasis has been laid on leveraging the existing telecom-
munications infrastructure in India, and alignment with the ongoing projects, such
as BharatNet and others, to realize affordable wireless Internet in the rural regions of
India. Moreover, technology options for innovative HCI are elucidated considering
the illiterate and digitally disadvantaged rural population with a view to maximize
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the use of devices and service consumption. Security and privacy aspects considering
the rural population are also emphasized.

While there are different possible ways to connect the unconnected regions, and
most of the technology is available currently, as discussed in Chap. 3, the main
challenge is to customize and optimize at the systems level to realize affordable
5G/B5G connectivity. Chapter 4 describes various systems architectures to connect
the unconnected regions, to improve the connectivity in the under-connected regions,
and to provide affordable access to the Internet in the rural regions. Furthermore, the
major global initiatives to improve rural and remote connectivity are discussed.

In Chap. 5, the techno-economic challenges to reduce CAPEX and OPEX to
achieve affordable 6G connectivity in rural and remote regions are discussed.
Economic estimates for future communication technologies are also discussed, which
will play a crucial role in cost-efficient network planning considering the possible
modifications in the future networks. The concept of micro-operator ecosystem is
described along with the aspects of sustainability and profitability for rural micro-
operator ecosystem involving village-level entrepreneurs. Issues related to licensing
and permissions are also described for timely deployment of network solutions.

The quality of service as well as the diverse service requirements have been
evolving with every new generation of communications. Factors such as development
of new network applications, gadgets, urbanization, technology migration, socio-
cultural aspects, and the expected conversion of users from freemium to premium
in future necessitates the consideration of future technical challenges to address the
aspects such as those related to scalability, sustainability, upgradation, and demand
forecasting. Once the unconnected regions are connected, it will be another challenge
to prevent the digital divide from broadening further and match the pace of progress
in rural regions with that of the urban regions. Chapter 6 describes all the above-
mentioned aspects, future technologies, and the importance of technology migration.

The authors gratefully acknowledge the funding agencies, namely, Ministry of
Education (MoE), India; Scheme for Promotion of Academic and Research Collab-
oration (SPARC), MoE, India; and Ministry of Electronics and Information Tech-
nology (MeitY), India that supported the collaborative research of which this book
is an outcome. The authors also thank Matti Latva-aho, Renata Kordasne Sebo of the
Centre for Wireless Communications, University of Oulu, Finland and 6G Flagship
project funded by the Academy of Finland. We also thank the Indian Institute of
Technology (IIT) Indore, India, for providing the necessary infrastructure and hospi-
tality during the visits of the faculty and student researchers who contributed to this
collaborative research. The authors also acknowledge the members of the Signals
and Software Group (SaSg) at the Indian Institute of Technology Indore, namely,
Abhijeet Bishnu, Shaik Parvez, Krishnendu S, Pragya Swami, Puneet Singh Thakur,
Justin Jose, Abhinav Singh, Deepak Kumar, and Vaishali Sharma for their valuable
inputs and suggestions on different technological aspects covered in this book. We
also thank IIT Gandhinagar, India, for providing the necessary support. The authors
would also like to thank Swati Meherishi, Kamiya Khatter, Sushmitha Shanmuga
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Sundaram, Karthik Raj Selvaraj, and Lokeshwaran M from Springer for their edito-
rial assistance to bring this book to production. Finally yet importantly, we hope that
you will enjoy reading this book and bring to our notice any errors or omissions, for
which we are solely responsible.

Woodside, USA Sudhir Dixit
Indore, India Vimal Bhatia
Indore, India Sanjram Premjit Khanganba
Gandhinagar, India Anuj Agrawal

March 2022
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