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New Techniques for Sharing Spectrum —
Monitoring and Big Data



Introduction

= Given the growing demand on the limited radio spectrum
resources, regulators are looking at increasingly
sophisticated ways to find opportunities for sharing
between users

= Many ‘new’ sharing methods such as Dynamic Spectrum
Access (DSA) and Licensed Shared Access (LSA) are
fundamentally extensions of ‘command and control’
regulation

» They do not take into account new developments in
spectrum usage

» They are based on old-fashioned sharing criteria

» They do not provide the flexibility needed to fully
embrace the opportunities presented by spectrum
sharing
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Dynamic Spectrum Access does... LS 7telcom
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= For example, Dynamic Spectrum Access relies upon:
» Static and accurate knowledge of incumbent use of the spectrum
= Planning criteria based on fixed parameters of the service sharing the spectrum
» Propagation predictions which only provide a probabilistic view of sharing opportunities
= QOverly cautious approaches to protecting incumbent spectrum use
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Dynamic Spectrum Access does not... LS 7telcom

= Dynamic Spectrum Access ignores:

= The so-called ‘hidden node’
problem

» Hourly or diurnal variations in
spectrum use

= Sophisticated transmission
waveforms which can adapt to
spectrum conditions
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Example — Radiomicrophone in a Theatre LS 7telcom
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= Radiomicrophones share spectrum in the ‘white space’
inbetween television broadcasts in the UHF band

= Traditional rules are that they use frequencies which are not
used locally for television in order to avoid interfering with
television reception

= What if... a radiomicrophone used a frequency that is in use
for television broadcasting nearby?

» The frequency would be subject to high levels of incoming
interference from the TV transmitter (though this would be reduced
by the theatre walls), impacting the signal to noise of the received
microphone signal, reducing its range and quality of operation

» The radiomicrophone would cause interference to TV reception in
the immediate vicinity. How small this ‘vicinity’ is depends upon
the power of the microphone and the strength of the incoming TV
signal (and the penetration loss of the theatre walls). The vicinity
may be so small that it would not even impact TV reception in
neighbouring buildings.
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Traditional Sharing Approaches LS 7telcom
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= Traditional sharing approaches fail to take account of these
types of opportunity

= Other factors make current approaches suboptimal:
= Adaptive waveforms
Local topographical factors (such as the theatre walls)

Temporal factors (construction sites blocking radio
signals)

Vagaries of propagation prediction
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A new sharing approach LS 7telcom
Smart Spectrum Solutions

= With the advent of:
= spectrum monitoring capabilities (data capture)
» big data (data storage), and
= intelligent algorithms (data mining),

= it is now possible to implement far more innovative approaches to enabling shared access
to spectrum whilst also increasing the accuracy of knowledge concerning the radio
environment.
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Data Capture
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= Small, flexible, mbnltonng deﬁces which can be mounted anywhere
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Data Capture

= Raspberry Pi
= Software Radio ‘dongle’ > <€100 k|

= Antenna

= Relatively uncalibrated (in absolute L B S —
terms, though relative calibration g I'-. CONFIG L
can be achieved) B Al soceEE

= Easily overloaded by strong signals
= Small sampling bandwidths
= Poor signal to noise performance

= Nevertheless they can provide
valuable information on spectrum
use
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= High speed sensors produce vast data volumes
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Identification of unused frequencies, or areas of ‘white space’;
Occupancy or coverage of a particular frequency;

Occupancy or coverage of a particular set of frequencies (such as those belonging to a particular mobile
operator) to identify, for example, coverage ‘not spots’;

Comparative coverage of frequency bands of different networks to assess which provides the best signal,
Channel occupancy or channel loading of a network;
Mapping WiFi and ‘licence exempt’ spectrum usage;
Pinpointing of unlicensed and illegal frequency usage, for example:
» by comparing the licence database with the measured signals; or
» by detecting signals which exceed their predicted level based on their licence parameters;
Validating and calibrating coverage prediction models with real-world measurements;
Checking the EM environment for potential infringements of EMF limits;
Comparison of daily or hourly spectrum usage, to determine times of peak demand.
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Example project: Dubai

= Capturing the complete relevant spectrum in regular
drive tests based on multiple mobile monitoring
systems:

» Measuring device: LS OBSERVER PPU 318w
= Antenna: BAP1-218
= Vehicle: Standard SUV

= Future vision: monitoring based on public-transport (e.g.
busses, garbage trucks)

= Automatic data upload to server after drive test via WiFi
= Mapping the captured spectrum with SpectrumMap

» Capturing various use cases
» Coverage analysis, usage- and occupancy analysis
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= “Building systems for dynamically displaying of radio spectrum” is one of the tasks
listed in the Chinese five-year plan for radio management (2016 —2020)

= |Investigate spectrum usage based on real data
= Employ new technologies to improve the efficiency of radio management
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Ministry of Industry and Information Technology of the People's Republic of China
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Measurement Data LS 7telcom
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v

Field Strength of a Single Field Strength of a Frequency Band
Frequency (89.9 MHz) (934 MHz - 936 MHz)
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Frequency Occupancy for a given location
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Safe and well-informed spectrum
sharing is possible through
intelligent processing of
monitoring information

= Current spectrum sharing techniques use a
bottom-up approach building on old
fashioned compatibility analyses and a
static view of spectrum utilisation options

= A top-down approach based on actual
spectrum occupancy opens up new
opportunities for sharing whilst fully
protecting incumbent users
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Thank you for your attention
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Disclaimer
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This document must neither be copied wholly or partly, nor published or re-sold without
prior written permission of LS telcom. The information contained in this document is
proprietary to LS telcom. The information shall only serve for documentation purposes
or as support for education and training purposes and for the operation and
maintenance of LS telcom products. It must be treated strictly confidential and must
neither be disclosed to any third party nor be used for other purposes, e.g. software
development, without the written consent of LS telcom.

This document may contain product names, e. g. MS Windows, MS Word, MS Excel
and MS Access, which are protected by copyright or registered trademarks / brand
names in favour of their respective owners.

LS telcom make no warranty or representation relating to this document and the
information contained herein. LS telcom are not responsible for any costs incurred as a
result of the use of this document and the information contained herein, including but
not limited to, lost profits or revenue, loss of data, costs of recreating data, the cost of
any substitute equipment or program, or claims by any third party.
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Urheberrecht der LS telcom AG

Dieses Dokument darf ohne ausdriickliche Zustimmung der LS telcom AG weder
insgesamt noch teilweise kopiert, veroffentlicht oder weitergegeben werden. Die
Information in diesem Dokument Ist intellektuelles Eigentum von LS telcom. Die
Information ist nur fir Dokumentationszwecke oder die Nutzung fiir Ausbildung und
Training bestimmt, sowie flr die Nutzung und Wartung von LS telcom Produkten. Die
Information ist streng vertraulich zu behandeln und darf ohne ausdriickliche
Zustimmung der LS telcom AG weder Dritten Parteien offenbart, noch fiir andere
Zwecke genutzt werden, beispielsweise fiir Softwareentwicklung.

Dieses Dokument kann Produkt- und Markennamen enthalten, beispielsweise MS
Windows, MS Word, MS Excel und MS Access, die

durch Urheberrecht, Markenrecht oder Namensrecht der jeweiligen Rechteinhaber
geschutzt sind.

LS telcom gibt keinerlei Garantie oder Zusicherung im Zusammenhang und aus diesem
Dokument und der darin enthaltenen Information. LS telcom tGbernimmt keinerlei
Haftung fiir Schaden, Kosten und Aufwendungen, die aus der Nutzung dieses
Dokuments und der darin enthaltenen Information entstehen, inklusive, aber nicht nur,
fur entgangener Gewinne oder Umsatze, Datenverlust, Kosten der
Datenwiederherstellung, Aufwendungen fir die Ersatzbeschaffung von Hardware oder
Software, oder fiir Anspriiche dritter Parteien.
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