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MOTIVATION Z

» Increasing mobile broadband traffic triggers
search for new ways of spectrum utilization

» Dynamic opportunistic spectrum access on
a secondary basis one considered approach

» TV band is locally underutilized
— In Europe DVB-T operates in 40 channels between 470 and 790 MHz

» Secondary access to TV band envisaged under non-interfering,
non-protected paradigm and subject to certain regulatory limitations

— Considerably different spectrum environment compared to dedicated
spectrum

» Scope: quantify amount and utility of this spectrum environment for
secondary users
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TV WHITE SPACE (TVWS) <
DerFINITION -

[JTVWS BTV Coverage areas

» TVWS exist in locations where successful TV reception is
no longer possible* and thus secondary usage by White
Space Devices (WSDs) can be permitted

*according to a certain threshold definition (TV coverage in practice is not a binary phenomenon)
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GeO-LOCATION
DATABASE APPROACH

» How to find White Space
— Appropriate Spectrum Opportunity Detection Method needed
— Part of spectrum regulatory rules for secondary users

» Geo-location database principle
— White Space Devices (WSD) provide their location in database query
— Database tells them which channels they may use at given location

N
‘e

White Space Device Geolocation Database

Channel list
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- ' STRENGTH —
DVB-T FleLD STRENG —
PReEDICTION “

C \\
» Longley-Rice’s Irregular Terrain Model (ITM) (SPLATY)
(Y]
4p
» BNetzA database containing all TV transmitters in !!-'15
Germany and surrounding countries
» SRTM terrain data, 90m x 90m resolution K
» Estimation per transmitter per channel and for grid with
pixel resolution of 2.5km x 5km (60.000 pixels)
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DVB-T COVERAGE AREA
PReEDICTION
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» TV transmitter coverage areas
—> decide if pixel has sufficient

location probability 0, = Pr<P; = PS min +ZI'U kFU K
depending on =
— Received power from serving TV transmitter(s) (incl. SFN gains)
— Interference from other TV transmitters (co- and adjacent channels)
— Antenna polarizations, TV receiver antenna directivity

» For receivable power maps calculate
corresponding binary coverage maps

Coverage maps
per channel
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NUMBER OF UNUSH

CHANNI

=D TV

\

LS PER LOCATION =

» Sum up number of channels for which pixel is not part of coverage area
» Interpret set of channel counts per pixel as random sample, draw CDF
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Number of available channels

¥ = Number of available channels

» 10% of locations: more than 36 channels (288 MHz)
» 90% of locations: more than 20 channels (160 MHz)
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MAXIMUM PERMITTED
WSD TRANSMIT POWER

B TV coverage area
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Height of bar
. indicates allowed E White space
frequency | WSD power P
Channel N+1
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crameint| [l
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TV traﬁsmitter location

» Location-dependent WSD power
— Increases outside of co-channel coverage area
— Transmission also permitted in adjacent channel coverage
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cUROPEAN CePT £CC
Sed43 MeTHODOLOGY
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» Criterion: permitted degradation of TV Location Probability

K
q - PI’{P PS min +Zru,k I:)U,k}
i=1

» Degraded (1%) Location Probability with WSD interference

K
q, = Pr{PS > Py min JrZrU,kPU’k +r(Af)G PWSD} - Solve for Byp

TN

Protection ratio Coupling gain  Maximum WSD transmit power

» Requires knowledge about critical point
—location of TV receiver most sensitive to WSD interference
—in case several TV coverage areas
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GEOMETRIES TO FIND
CRITICAL POINT

\\

» Determine critical point as TV receiver location which is the
most limiting for WSD transmit power

» Spatially separated on co- or » Within same location pixel as
adjacent channel WSD on co-channel
WSD "3 9B polarization discriminaton
TV Receiver Yol i\ PN
\ oo e o I 10 m
; \_»5% 1.5 mI _
;— 20m
S

7 dBigain -10.6 dB angular discrimination
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WSD POWER & TV INTERFERENCE
FOR UHF CHANNEL 40 (622-630 MHZ)
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Permitted WSD transmit power Interference power from TV towers
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» High spatial variability of permitted transmit power and
perceived interference
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WSD POWER & TV INTERFERENCE
FOR UHF CHANNELS 21-60 IN BERLIN
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» High variablility of permitted transmit power and perceived
Interference among channels
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AVAILABLE TVWS CHANNELS
FOR GIVEN WANTED TRANSMIT POWER
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» Count channels per location allowing a given WSD transmit power
» Draw CDF for this metric using all locations as sample set

a ]

Base station
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x = Number of available channels

40

WSD EIRP »= 20 dBm
WD EIRP == 40 dBm
WSD EIRP == B0 dBm
Mot in coverage
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CONCLUSION & OUTLOOK

» Quite significant amount of spectrum unused by TV system
— Strongly location-dependent availability

» Tradeoff between WSD wanted transmit power and number of
available channels - favors short range / low power applications

» Considerable TV interference — white space is not really white

> Some remaining open questions...
— How valuable is TVWS (compared to clean dedicated spectrum)?

This depends on what TVWS shall be used for = use case specific
analysis needed

— How well does supply match demand?
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» Degraded (1%) Location Probability with WSD interference

K
q, = Pr{PS > Ps min +Z:ru,kPU,k +r(Af)G P,ER} > Solve for Pg~
=1

TV signal power
Location probability 95%

Location
probability 94%
WSD signal power

—
Noise limited coverage g Separation

TV coverage edge - WSD

:Protected (degraded) coverage
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NUMBER OF AVAILABLE -
CHANNELS FOR GIVEN >
WANTED TRANSMIT POVVER

Murnber of available channels

» Base station » Mobile terminal
» Permitted to operate on given » Permitted to operate on given
number of channels with 40 dBm number of channels with 20 dBm

POTENTIAL TO DEPLOY SECONDARY SYSTEM

WITH TYPICAL TRANSMIT POWERS IN TVWS
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DVB-T COVERAGE -
RESULTS
» Moving along path at Lon. 10°W (y-index 121)

» Avallable channels and total number of available '7';}
channels. *
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