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Overview 

1. Introduction  

 

2. TV White Space assessment 

1. DVB-T terrain-based propagation modeling 

2. Prediction of TV coverage areas 

 

3. Calculation of maximum permitted White Space Device power 

 

4. TV White Space availability in Germany 

 

5. Conclusion 
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Motivation 

› 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) 
definition 

› TVWS exist in locations where successful TV reception is 

no longer possible* and thus secondary usage by White 

Space Devices (WSDs) can be permitted 

UHF Channel 39 UHF Channel 40 UHF Channel 41 

TV Coverage areas TVWS 

*according to a certain threshold definition (TV coverage in practice is not a binary phenomenon) 

› TVWS exist in locations where successful TV reception is 

no longer possible* and thus secondary usage by White 

Space Devices (WSDs) can be permitted 
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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 

White Space Device Geolocation Database 

Location 

Channel list 
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DVB-T field strength 
prediction 

› Longley-Rice’s Irregular Terrain Model (ITM) (SPLAT!) 

 

› BNetzA database containing all TV transmitters in  
Germany and surrounding countries 

 

› SRTM terrain data, 90m x 90m resolution 

 

› Estimation per transmitter per channel and for grid with  
pixel resolution of 2.5km x 5km (60.000 pixels) 

Hamburg UHF Channel 40 

Flat terrain 

Bodensee UHF Channel 21 

Mountainous 

terrain Receivable power 

Receivable  

power 
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DVB-T Coverage area 
prediction 

› TV transmitter coverage areas 

 decide if pixel has sufficient  

   location probability  

 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 
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Number of unused TV 
channels 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 

 

 

 

 

 

 

 

 

 

 

› 10% of locations: more than 36 channels (288 MHz) 

› 90% of locations: more than 20 channels (160 MHz) 

For 50% of country’s 

area at least 28 

channels (222 MHz) 

available 
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Maximum permitted 
WSD transmit power 

› Location-dependent WSD power 

– Increases outside of co-channel coverage area 

– Transmission also permitted in adjacent channel coverage 

location 

frequency 

TV coverage area 

White space 

TV transmitter 

Channel N+1 

Channel N 

Channel N-1 

Height of bar 

indicates allowed 

WSD power 
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European CEPT ECC 
SE43 methodology 

› Criterion: permitted degradation of TV Location Probability  

 

 

› Degraded (1%) Location Probability with WSD interference
  

 

 

 
 

› 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 

› Spatially separated on co- or 

adjacent channel 

› Within same location pixel as 

WSD on co-channel 

› Determine critical point as TV receiver location which is the 
most limiting for WSD transmit power   
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WSD power & TV interference 
For UHF Channel 40 (622-630 MHz) 

› High spatial variability of permitted transmit power and 
perceived interference 

WSD at 1.5m height 

Interference power from TV towers Permitted WSD transmit power 

Berlin, WSD at 1.5m 

Pmax ~= 40 dBm 

Berlin, WSD at 1.5m 

TV- I ~= -75 dBm 
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WSD at 1.5m height 

Permitted WSD power 

Map for CH 40 

Map for CH 40 

Interference from TV towers 

WSD power & TV interference 
for UHF Channels 21-60 in Berlin 

› High variability of permitted transmit power and perceived 
interference among channels 

TX power 
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available TVWS channels  
for given wanted transmit power 

› Count channels per location allowing a given WSD transmit power  

› Draw CDF for this metric using all locations as sample set 

Base station Mobile terminal 

x = Number of available channels x = Number of available channels 
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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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Permitted WSD TX Power  
CEPT ECC SE43 methodology 

› Degraded (1%) Location Probability with WSD interference
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TV signal power 

Noise limited coverage 

Protected (degraded) coverage 

SINR@95% 

WSD signal power 

Separation 

TV coverage edge - WSD 

Location probability 95% 

SINR@94% 

Location  

probability 94% 

 Solve for  CR
IBP
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The FCC approach 
Fixed max. output power depending on 
device type 

x location 

frequency 

TV coverage area 

Protection margin 

White space 

Height of bar indicates 

allowed power 

TV transmitter 

Channel 

N+1 

Channel 

N 

Channel 

N-1 

e.g. 36 dBm for 

fixed devices 
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Number of available 
channels for given 
wanted transmit power 

› Base station 

› Permitted to operate on given 
number of channels with 40 dBm 

› Mobile terminal 

› Permitted to operate on given 
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) 

› Available channels and total number of available 

channels. 
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