


Table of Contents
Cover
Title Page
Copyright Page
Dedication Page
Preface
About the Authors
Acknowledgments
1 Background and Functional Requirements for High‐
Density Communications

1.1 BACKGROUND
1.2 REQUIREMENTS FOR HIGH‐DENSITY
COMMUNICATIONS
1.3 PANDEMIC‐DRIVEN SOCIAL DISTANCING
1.4 THE CONCEPT OF A WIRELESS SuperNetwork
REFERENCES

2 Traditional WLAN Technologies
2.1 OVERVIEW
2.2 WLAN STANDARDS
2.3 WLAN BASIC CONCEPTS
2.4 HARDWARE ELEMENTS
2.5 KEY IEEE 802.11AC MECHANISMS
2.6 BRIEF PREVIEW OF IEEE 802.11AX
REFERENCES

3 Traditional DAS Technologies
3.1 OVERVIEW

file:///tmp/calibre_5.42.0_tmp_6sw6ifnv/t5sgbfz5_pdf_out/OPS/cover.xhtml


3.2 FREQUENCY BANDS OF CELLULAR
OPERATION
3.3 DISTRIBUTED ANTENNA SYSTEMS (DASs)
REFERENCES

4 Traditional Sensor Networks/IoT Services
4.1 OVERVIEW AND ENVIRONMENT
4.2 ARCHITECTURAL CONCEPTS
4.3 WIRELESS TECHNOLOGIES FOR THE IoT
4.4 EXAMPLES OF SEVEN‐LAYER IoT PROTOCOL
STACKS
4.5 GATEWAY‐BASED IoT OPERATION
4.6 EDGE COMPUTING IN THE IoT ECOSYSTEM
4.7 SESSION ESTABLISHMENT EXAMPLE
4.8 IoT SECURITY
REFERENCES

5 Evolved Campus Connectivity
5.1 ADVANCED SOLUTIONS
5.2 VOICE OVER Wi‐Fi (VoWi‐Fi)
5.3 5G TECHNOLOGIES
5.4 IoT
5.5 5G DAS SOLUTIONS
5.6 INTEGRATED SOLUTIONS
REFERENCES

6 De‐densification of Spaces and Work Environments
6.1 OVERVIEW
6.2 BASIC APPROACHES
6.3 RTLS METHODOLOGIES AND
TECHNOLOGIES
6.4 STANDARDS



6.5 APPLICATIONS
REFERENCES

7 UWB‐Based De‐densification of Spaces and Work
Environments

7.1 REVIEW OF UWB TECHNOLOGY
7.2 CARRIAGE OF INFORMATION IN UWB
7.3 UWB STANDARDS
7.4 IoT APPLICATIONS FOR UWB
7.5 UWB APPLICATIONS FOR SMART CITIES AND
FOR REAL‐TIME LOCATING SYSTEMS
7.6 OSD/ODCMA APPLICATIONS
REFERENCES

8 RTLSs and Distance Tracking Using Wi‐Fi, Bluetooth,
and Cellular Technologies

8.1 OVERVIEW
8.2 RF FINGERPRINTING METHODS
8.3 Wi‐Fi RTLS APPROACHES
8.4 BLE
8.5 CELLULAR APPROACHES
8.6 SUMMARY
REFERENCES

9 Case Study of an Implementation and Rollout of a
High‐Density High‐Impact Network

9.1 THURGOOD MARSHALL BWI AIRPORT
DESIGN REQUIREMENTS
9.2 OVERVIEW OF THE FINAL DESIGN

10 The Age of Wi‐Fi and Rise of the Wireless
SuperNetwork (WiSNET)

10.1 WHAT PRECEDED THE WiSNET
10.2 WHAT COMES NEXT



10.3 THE SUPER‐INTEGRATION CONCEPT OF A
WIRELESS SUPERNETWORK (WiSNET)
10.4 THE MULTIDIMENSIONALITY OF A
SUPERNETWORK (WiSNET)
10.5 THE GENESIS OF THE WiSNET CONCEPT
DEFINED IN THIS TEXT
10.6 THE DEFINITION AND CHARACTERIZATION
OF A WiSNET
10.7 ECONOMIC ADVANTAGES OF A WiSNET
SYSTEM
10.8 5G SLICE CAPABILITIES
10.9 CONCLUSION
REFERENCES

Index
End User License Agreement

List of Tables
Chapter 1

TABLE 1.1 Key Performance Indicators HDC Key
Performance Indicators (KPIs)
TABLE 1.2 HDC KPIs for Airports
TABLE 1.3 Top US Airports – Actual and Heuristic
Data Shown
TABLE 1.4 Largest US Football Stadiums
TABLE 1.5 Top Convention Centers in the United
States
TABLE 1.6 Top Amusement Parks in the United
States
TABLE 1.7 Enrolments at Largest US Districts



TABLE 1.8 Example of School Demographics (NYC)
TABLE 1.9 Top Subway and Rapid Transit Systems
in the United States
TABLE 1.10 HDC KPIs for Airports

Chapter 2
TABLE 2.1 Comparison of key features of
WLANs/WPANs [3]
TABLE 2.2 IEEE 802.11 Active Projects at Press
Time
TABLE 2.3 Inter‐frame Space Types
TABLE 2.4 Basic Error Coding Schemes
TABLE 2.5 5  GHz Wi‐Fi Frequencies
TABLE 2.6 802.11 Cheat Sheet
TABLE 2.7 Modulation and Coding Schemes for
Single Spatial Stream

Chapter 3
TABLE 3.1 Bandwidths for LTE Systems in North
America
TABLE 3.2 Satellite Bands, Generalized View per
IEEE Standard 521‐1984
TABLE 3.3 Performance Measures, eMBB/5G
TABLE 3.4 Frequency Range 1 (FR1)
TABLE 3.5 Frequency Range 2
TABLE 3.6 CPRI Rates

Chapter 4
TABLE 4.1 IoT Deployment Synthesis



TABLE 4.2 IoT Systems and Methods to Support the
Connected Ecosystem
TABLE 4.3 Partial Listing of Key IoT RAs
TABLE 4.4 Wireless Communications Technologies
that are Typically Used in IoT Sys...
TABLE 4.5 Comparison of Key Fog/Edge and Core
Wireless Technologies Applicable to...
TABLE 4.6 Features of Some Key Protocol Stacks
TABLE 4.7 Comparison of Key Features
TABLE 4.8 CIA Security Goals
TABLE 4.9 User Plane Confidentiality Protection
Mechanisms for LTE
TABLE 4.10 User Plane Integrity Protection
Mechanisms for LTE
TABLE 4.11 OSiRM‐assisted Transition from “As Is”
to a “To Be” Environment...

Chapter 5
TABLE 5.1 Higher Efficiency and Capacity Features
Under 802.11ax/Wi‐Fi 6
TABLE 5.2 802.11ax Changes Compared with
802.11ac
TABLE 5.3 Total Number of RUs by Channel
Bandwidth
TABLE 5.4 Key EPC Architecture Elements

Chapter 6
TABLE 6.1 Occupancy Aspects that are Important
to OSD/ODCMA Policies



TABLE 6.2 Taxonomy of Occupancy Detection
Systems, with Focus on RTLSs
TABLE 6.3 RTLS Comparison
TABLE 6.4 Possible RTLS Applications in Smart
Cities
TABLE A.1 Basic Terms and Concepts Relative to
Positioning Technologies
TABLE A.2 Basic RFID Terms and Concepts
Relative to Positioning Technologies

Chapter 8
TABLE 8.1 Basic best practices of overlay Wi‐Fi‐
based RTLSs (summarized from [21]...
TABLE 8.2 Bluetooth Protocol Versions
TABLE 8.3 Additional comparison of technologies
[57]
TABLE 8.4 Overall comparison of sensor
technologies for RTLSs

Chapter 9
TABLE 9.1 MyBWI‐FI technology plan
TABLE 9.2 DAS Requirements for the BWI Airport

Chapter 10
TABLE 10.1 Plethora of Players at BWI – In a
WiSNET, All of These Are Managed by ...
TABLE 10.2 Technical Characterization of a
WiSNET

List of Illustrations
Chapter 1



FIGURE 1.1 Requirements bouquet.
FIGURE 1.2 A gate area at Fort Lauderdale‐
Hollywood International Airport is...
FIGURE 1.3 Inventory of US buildings.
FIGURE 1.4 Heuristic model for office space
allocation.
FIGURE 1.5 Infection and casualty data from the
COVID‐19 Dashboard by the Ce...
FIGURE 1.6 Pandemic impact on airline travel in
the Fall of 2020.
FIGURE 1.7 A pictorial view of an RTLS
environment [50].
FIGURE 1.8 Generic RTLS system concept.
FIGURE 1.9 De‐densified (heuristic model).
FIGURE 1.10 INET‐v6: a Wireless SuperNetwork
(WiSNET).

Chapter 2
FIGURE 2.1 Example of a WLAN (MIMO case).
FIGURE 2.2 Block diagram of a WLAN device
(example).
FIGURE 2.3 A general MIMO system (after [12]).
FIGURE 2.4 Example of PHY transmit procedure
[2].
FIGURE 2.5 Inter‐frame Space relationships [2].
FIGURE 2.6 Carrier Sense Multiple
Access/Collision Avoidance‐based frame tra...
FIGURE 2.7 Distributed MIMO communication with
beamforming [20].



FIGURE 2.8 SU‐MIMO versus MU‐MIMO.
FIGURE 2.9 5GHz spectrum usability for IEEE
802.11ac LANs.
FIGURE 2.10 Space–time block coding [2].

Chapter 3
FIGURE 3.1 Basic cellular and DAS setup.
FIGURE 3.2 Examples of base station architectures.
Top: traditional. Bottom:...
FIGURE 3.3 Hoteling concept for RRUs.
FIGURE 3.4 Frequency reuse [11].
FIGURE 3.5 Block diagram depicting architecture
of a typical LTE/EPC environ...
FIGURE 3.6 CBRS spectrum.
FIGURE 3.7 Example of a multi‐antenna
transmission embodiment having multipl...
FIGURE 3.8 General DAS concept [37].
FIGURE 3.9 A DAS system using digital remote
antenna units [38].
FIGURE 3.10 In‐building installation of a DAS [39].
FIGURE 3.11 BS‐to‐HEU‐RAU connectivity
(partially based on [40]).
FIGURE 3.12 Illustrative example of carrier‐specific
DAS [5].
FIGURE 3.13 Illustrative example of carrier‐specific
DAS used to better supp...
FIGURE 3.14 Possible DAS arrangement for
outdoor coverage in 5G environments...



FIGURE 3.15 More detailed view of the DAS: two
perspectives [2, 39].
FIGURE 3.16 RRH sections.
FIGURE 3.17 Fronthaul and backhaul.

Chapter 4
FIGURE 4.1 A logical view of an IoT ecosystem.
FIGURE 4.2 Applications scope of IoT/CPS
(examples).
FIGURE 4.3 Example of IoT ecosystem [50].
FIGURE 4.4 OSiRM: open systems IoT reference
model (transaction stack).
FIGURE 4.5 Typical wireless technologies usable in
the IoT context.
FIGURE 4.6 The pre‐5G and the 5G IoT connectivity
ecosystem.
FIGURE 4.7 Example of communication systems in
IoT with local aggregation [6...
FIGURE 4.8 WAN/LPWAN IoT environment [55].
FIGURE 4.9 Dual‐mode systems.
FIGURE 4.10 Support of LTE‐M and NB‐IoT under
5G.
FIGURE 4.11 Key IoT protocols in a full stack.
FIGURE 4.12 The UPnP process for device control.
FIGURE 4.13 Example of gateway performing a
“bridging” function between non‐...
FIGURE 4.14 Typical networking arrangement for
smart home services where an ...



FIGURE 4.15 Networking arrangement for smart
home services where an IoT edge...
FIGURE 4.16 IoT Session establishment example
[121].

Chapter 5
FIGURE 5.1 TCO illustrative example.
FIGURE 5.2 Basic channel access/management in
recent 802.11 specifications [...
FIGURE 5.3 Example scenario of an airport with
high user density targeted fo...
FIGURE 5.4 HE PPDU (data) frame
FIGURE 5.5 Trigger frame
FIGURE 5.6 Access point supporting beamforming
[19].
FIGURE 5.7 Concept comparison of a single user
using the channel and OFDMA m...
FIGURE 5.8 Illustrative 20  MHz spectrum
allocation based on resource unit si...
FIGURE 5.9 Example of resource unit allocation
scheme in 802.11ax
FIGURE 5.10 Theoretical example of 8  ×  8 MU‐
MIMO AP using differences in the...
FIGURE 5.11 Trigger process implemented by the
AP [2].
FIGURE 5.12 Beamforming process [2].
FIGURE 5.13 MU service negotiation and
measurement exchange process
FIGURE 5.14 A formal view of VoWi‐Fi (partially
based on ETSI 123 402).



FIGURE 5.15 Simplified example Wi‐Fi call through
a Wi‐Fi AP and block diagr...
FIGURE 5.16 5G services under development.
FIGURE 5.17 Some technical features of 5G
services.
FIGURE 5.18 5G transition options and IoT support.
FIGURE 5.19 Detailed 5G transition options and
IoT support.
FIGURE 5.20 Network architecture and interface of
a 5G cellular system [32]....
FIGURE 5.21 Path loss as a function of distance and
frequency.
FIGURE 5.22 Attenuation as a function of
precipitation and frequency.
FIGURE 5.23 Attenuation as a function of fog
density and frequency.
FIGURE 5.24 Attenuation as a function of
atmospheric gasses and frequency (n...
FIGURE 5.25 OFDM resources and LTE legacy
support [33].
FIGURE 5.26 Scenarios of providing 5G services
sorted according to usage ban...
FIGURE 5.27 Path loss simulations for 5G by
various entities.
FIGURE 5.28 PLE.
FIGURE 5.29 A state‐of‐the‐art integrated system.
FIGURE 5.30 Conceptual view of an advanced high‐
density high‐impact network....

Chapter 6



FIGURE 6.1 Social distancing other infection
containment and control measure...
FIGURE 6.2 Monitoring of people presence and/or
density – general concept.
FIGURE 6.3 Seat/desk‐specific tags.
FIGURE 6.4 Heat maps generated over a time
window.
FIGURE 6.5 Pictorial view of the Tag‐Based
Approach.
FIGURE 6.6 RTLS approaches (from [70]). Top:
Calculation of location with re...
FIGURE 6.7 Illustrative example of an RFID RTLS.
FIGURE 6.8 RFID environment (top) and
backscatter (bottom) [68].
FIGURE 6.9 Various systems for generating
location estimates from location i...
FIGURE 6.10 PPE article tracking compliance
systems [74].

Chapter 7
FIGURE 7.1 FCC mask for UWB.
FIGURE 7.2 Approximate positioning of UWB
technology.
FIGURE 7.3 Pulse train (Gaussian second derivative
pulse).
FIGURE 7.4 Various pulse shapes.
FIGURE 7.5 Resolvable and unresolvable MPCs.
FIGURE 7.6 Examples of modulation.



FIGURE 7.7 Transmission systems. Part a:
Traditional system. Part b: UWB sys...
FIGURE 7.8 IEEE Std 802.15.4 HRP UWB PHY
signal flow (top: TX; bottom: RX)....
FIGURE 7.9 Protocol layers covered by various
UWB standards.
FIGURE 7.10 IEEE Std 802.15.4 HRP UWB PPDU.
FIGURE 7.11 IEEE Std 802.15.4 HRP UWB PHY
symbol structure.
FIGURE 7.12 UWB‐based RTLS.
FIGURE 7.13 UWB transceiver that is powered by
an RF input through an antenn...
FIGURE 7.14 UWB positioning techniques.
FIGURE 7.15 Comparison of methods.
FIGURE 7.16 Example of a tag transmission pulsing
sequence for a UWB‐based R...
FIGURE 7.17 Example timing diagram for a
receiver [50].
FIGURE 7.18 UWB OSD model
FIGURE 7.19 UWB apparatus and analytics
FIGURE 7.20 Example of UWB RTLS System, Zebra
Technology
FIGURE 7.21 Airtls product features
FIGURE 7.22 Pozxy system

Chapter 8
FIGURE 8.1 Symbology for various technologies.
FIGURE 8.2 WLAN/cellular RTLS environment
FIGURE 8.3 Basic WLAN/Wi‐Fi RTLS architecture.



FIGURE 8.4 Example of Wi‐Fi‐based RTLS [16].
FIGURE 8.5 Mode of operation of a Wi‐Fi‐based
RTLS [17].
FIGURE 8.6 Forecast of the deployment of
Bluetooth technology.
FIGURE 8.7 Simple BLE RTLS setup.
FIGURE 8.8 More complex BLE RTLS setup (loosely
based on [43]).
FIGURE 8.9 Another conceptual view of a BLE
RTLS [3].
FIGURE 8.10 Typical beacon elements.
FIGURE 8.11 Examples of BLE beacons.
FIGURE 8.12 Example of RTLS tags for
OSD/ODCMA
FIGURE 8.13 Mist (Juniper Networks) vBLE
concept (courtesy).
FIGURE 8.14 OTDOA approach for LTE [54].
FIGURE 8.15 Example of DAS‐based system [54].

Chapter 9
FIGURE 9.1 Aerial view showing the terminal and
concourses of the airport.
FIGURE 9.2 BWI services obtainable over the new
network.
FIGURE 9.3 New network infrastructure.
FIGURE 9.4 Exemplary plot for LTE.
FIGURE 9.5 Access/aggregation design using
Cluster Network Controller over p...



FIGURE 9.6 Machine learning analyzes data and
provides insight, such as root...
FIGURE 9.7 Sample reports.

Chapter 10
FIGURE 10.1 (Also shown as Figure 1.9): INET‐v6:
A Wireless SuperNetwork (Wi...
FIGURE 10.2 Present mode of operation (left hand
side) and evolving future m...
FIGURE 10.3 The three key dimensions of a
WiSNET.
FIGURE 10.4 MyBWI‐FI SuperNetwork at the
Baltimore, MD airport.
FIGURE 10.5 The digital transformation of a high‐
density network – The BWI W...
FIGURE 10.6 Simple, unified hierarchical WiSNET
architecture.
FIGURE 10.7 Slice environment (modified from [12]
and [13]). NF: network fun...



HIGH‐DENSITY AND DE‐
DENSIFIED SMART
CAMPUS
COMMUNICATIONS
Technologies, Integration,
Implementation, and Applications
Daniel Minoli
DVI Communications
New York, NY, USA
Red Bank, NJ, USA

Jo‐Anne Dressendofer
Slice Wireless Solutions
New York, NY, USA





This edition first published 2022
© 2022 John Wiley & Sons, Inc.
All rights reserved. No part of this publication may be reproduced, stored in a
retrieval system, or transmitted, in any form or by any means, electronic,
mechanical, photocopying, recording or otherwise, except as permitted by law.
Advice on how to obtain permission to reuse material from this title is available
at http://www.wiley.com/go/permissions.
The right of Daniel Minoli and Jo‐Anne Dressendofer to be identified as the
authors of this work has been asserted in accordance with law.
Registered Office
John Wiley & Sons, Inc., 111 River Street, Hoboken, NJ 07030, USA
Editorial Office
111 River Street, Hoboken, NJ 07030, USA
For details of our global editorial offices, customer services, and more
information about Wiley products, visit us at www.wiley.com.
Wiley also publishes its books in a variety of electronic formats and by print‐on‐
demand. Some content that appears in standard print versions of this book may
not be available in other formats.
Limit of Liability/Disclaimer of Warranty
The contents of this work are intended to further general scientific research,
understanding, and discussion only and are not intended and should not be
relied upon as recommending or promoting scientific method, diagnosis, or
treatment by physicians for any particular patient. In view of ongoing research,
equipment modifications, changes in governmental regulations, and the
constant flow of information relating to the use of medicines, equipment, and
devices, the reader is urged to review and evaluate the information provided in
the package insert or instructions for each medicine, equipment, or device for,
among other things, any changes in the instructions or indication of usage and
for added warnings and precautions. While the publisher and authors have
used their best efforts in preparing this work, they make no representations or
warranties with respect to the accuracy or completeness of the contents of this
work and specifically disclaim all warranties, including without limitation any
implied warranties of merchantability or fitness for a particular purpose. No
warranty may be created or extended by sales representatives, written sales
materials or promotional statements for this work. The fact that an
organization, website, or product is referred to in this work as a citation and/or
potential source of further information does not mean that the publisher and
authors endorse the information or services the organization, website, or
product may provide or recommendations it may make. This work is sold with
the understanding that the publisher is not engaged in rendering professional
services. The advice and strategies contained herein may not be suitable for
your situation. You should consult with a specialist where appropriate. Further,
readers should be aware that websites listed in this work may have changed or
disappeared between when this work was written and when it is read. Neither

http://www.wiley.com/go/permissions
http://www.wiley.com/


the publisher nor authors shall be liable for any loss of profit or any other
commercial damages, including but not limited to special, incidental,
consequential, or other damages.
Library of Congress Cataloging‐in‐Publication Data:
Names: Minoli, Daniel, 1952– author. | Dressendofer, Jo‐Anne, author.
Title: High‐density and de‐densified smart campus communications :
technologies, integration, implementation and applications / Daniel Minoli, Jo‐
Anne Dressendofer.
Description: Hoboken, NJ : Wiley, 2022. | Includes bibliographical references
and index.
Identifiers: LCCN 2021050372 (print) | LCCN 2021050373 (ebook) | ISBN
9781119716051 (hardback) | ISBN 9781119716068 (adobe pdf) | ISBN
9781119716082 (epub)
Subjects: LCSH: Wireless communication systems. | Smart materials.
Classification: LCC TK5103.2 .M5665 2021 (print) | LCC TK5103.2 (ebook) |
DDC 621.384–dc23/eng/20211110
LC record available at https://lccn.loc.gov/2021050372
LC ebook record available at https://lccn.loc.gov/2021050373
Cover design by Wiley
Cover image: © enjoynz/Getty Images

https://lccn.loc.gov/2021050372
https://lccn.loc.gov/2021050373


In loving memory of my wife Anna (Dan)

Era una santa e completò la sua missione con passione,
pur giovane.
“E se dal caro oggetto, Lungi convien che sia, convien
che sia, Sospirerò penando, Ogni momento” (from a
stanza in Vivaldi's “Vedrò con mio diletto”)

In loving memory of my mother Helene (Jo‐Anne)

Who was there for every tear along my not‐so‐easy
career and pushed me to dream even bigger



PREFACE
High‐density campus communications have traditionally
been important in many environments, including airports,
stadiums, convention centers, shopping malls, classrooms,
hospitals, cruise ships, train and subway stations,
evangelical megachurches, large multiple dwelling units,
boardwalks, (special events in) parks, dense smart cities,
and other venues. These communications span several
domains: people‐to‐people, people‐to‐websites, people‐to‐
applications, sensors‐to‐cloud analytics, and machines‐to‐
machines/device‐to‐device. While the later Internet of
Things (IoT) applications are generally (but not always) low
speed, the former applications are typically high speed. In
many settings, people access videos (a la Over The Top
[OTT] mode) or websites and applications that often
include short videos or other high data‐rate content.
Deploying optimally performing high‐density campus
communication systems is desired and required in many
cases, but it can, at the same time, be a complex task to
undertake successfully.
High‐density campus communications play a role in the
evolution of Smart Campuses but also drive the Smart City
and Smart Building use cases. Connectivity is now
considered a fourth utility (in addition to gas, water, and
electricity). In fact, massive‐type communication is a
recognized requirement of 5G, even if just in the machine‐
type communication environment. In the campus
applications just cited, people‐to‐people, people‐to‐
websites, and people‐to‐applications connectivity is
increasingly important, given that nearly everyone now
carries a smartphone and many apps entail high‐
throughput transmissions.



There are unique requirements and unique designs
required for high‐density communications, particularly
because of the relative scarcity of available spectrum. In
addition, there has been and continues to be a set of
transitions, even transformations, of the underlying
technologies. The world has moved to IP for all data, voice,
and video communications. Additionally, there is a trend
toward the use of Wi‐Fi‐based hotspot communication in all
practical situations, due to near ubiquity of service, lower
end‐user costs, higher bandwidth, technical simplicity,
lower infrastructure costs, decentralized administration,
regulation relief, and non‐bureaucratic delivery of service
(without the reliance of large institutional providers). While
5G promises to deliver a set of new capabilities, neither 3G
nor 4G displaced Wi‐Fi as a common access technology in
the office, in the campus, on the street, and in travel. The
technologies per se used for high‐density communications
are not new (perhaps with the exception of 5G), but the
requirements, as well as the design and system synthesis,
are relatively unique.
As the second decade of the twenty‐first century rolled
along, however, a new requirement presented itself due to
the worldwide pandemic: physical/desk distancing in
support of Office Social Distancing (OSD) and Office
Dynamic Cluster Monitoring and Analysis (ODCMA).
Wireless technologies have been harvested to address and
manage these pressing issues. Real‐Time Locating Systems
(RTLS) have been employed for a number of years to
automatically identify and then track the location of objects
or people in real‐time, within a building, or in other
constrained locations are seeing renewed interest and
applications. Even if effective vaccines are found and
distributed globally, the common opinion is that many (but
not all) societal and workplace changes driven by the
pandemic may become permanent.



This book assesses the requirements, technologies,
designs, solutions, and trends associated with High‐Density
Communications (HDC). We believe this to be the first book
that specifically synthesizes the topic of applied high‐
density communications. Chapter 1 looks at the functional
requirements for high‐density communications. Chapter 2
discusses the traditional data/Wi‐Fi Internet access,
including OTT video. Chapter 3 addresses the traditional
voice/cellular design for campus applications, especially
the Distributed Antenna System (DAS). Chapter 4 peruses
the traditional sensor networks/IoT services approaches.
Chapter 5 is the core of this text and examines evolved Wi‐
Fi hotspot connectivity and related technologies (Wi‐Fi 5,
Wi‐Fi 6, spectrum, IoT, VoWiFi, DASs, microcells issues, 5G
versus Wi‐Fi issues), as well as intelligent integration of the
discrete set of campus/venue networks into a cohesive
platform usable in airports, stadiums, convention centers,
classrooms, hospitals, and the like.
Chapter 6 starts the discussion on de‐densification, using
the same kind of technologies discussed in part one of the
book; it considers the topic of office social distancing and
discusses one of the available technologies. Chapter 7
covers the use of Ultra‐Wideband (UWB) technologies.
Chapter 8 addresses the office social distancing challenge
using Wi‐Fi, Bluetooth, and cellular/smartphone
methodologies. Chapter 9 provides a use case for HDC
systems, and Chapter 10 offers a pragmatic view for some
of the economics of broad deployment of HDC.
The book is targeted to networking professionals,
technology planners, campus administrators, service
providers, equipment vendors, and educators. It is not a
research monograph, but rather it aims at integrating the
real‐world deployment of technologies, strategies, and
implementation issues related to delivering an actual
working HDC environment in any of the key venues listed



above. It is important to note that the composition of this
book started in February 2020. While social distancing in
the office and public venues was a crucial short‐term goal
at press time, the business‐ and public‐venue density
requirements will likely resurge over time, likely with some
yet to be foreseen modifications.
Many books delve extensively on general technologies of all
types; however, they fall short in terms of the economics of
such technologies, deployment challenges, associated
security issues, and most lack tangible case studies. This
book addresses these key aspects, based on actual
deployment by the team associated with this writing, at a
top US airport.
Some portions of this text make use of patent material filed
with the United States Patent Office. All inventors cited are
implicitly acknowledged for their contribution to this
synthesis.

Daniel Minoli
DVI Communications

Jo‐Anne Dressendofer
Slice Wireless Solutions
30 December 2020
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creative with leading‐edge technology deployment and
networking engineering than all the legacy providers in
play. The recent win at BWI Thurgood Marshall Airport
(BWI) against major players in the telecommunications
industry was transcendent and proof that the
SuperNetwork concept (Chapters 9 and 10) is not only a
trendsetter but a victory for all women in technology.
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