Annex 2 to 
SE43(11)69 


working document on ESTIMATED AMOUNT OF ‘WHITE SPACE’ SPECTRUM IN THE BAND 470-790 MHz POTENTIALLY AVAILABLE FOR COGNITIVE RADIO DEVICES
During the last 50 years the usage of the UHF bands by broadcasting services has been governed by two ITU Agreements, i.e. the Stockholm Plan 1961 (ST61) for analogue terrestrial television and the Geneva Plan 2006 (GE06) for digital terrestrial television.  ST61 started with a situation where at every location in Europe only three channels were available and therefore three analogue TV programmes could be offered. In 2006 when ST61 was abrogated and replaced by GE06 many more analogue channels were on air across Europe. In big cities such as Berlin, Paris or London up to 25 analogue TV programmes could be received. In Rome the offer was even significantly more than 30 programmes. Even though the results of GE06 did foresee seven layers of DVB-T multiplexes everywhere, some European administrations indicated that they intend to go beyond that. As a consequence, it can be expected that more and more broadcasting services will be introduced over time thereby significantly decreasing the amount of available white spaces.  Furthermore, any calculation of the amount of white spaces has to be understood as a snapshot in time only. 

ECC Report 159 presents a requirement for additional studies on the amount and utility (e.g. possible capacity and data rates) of white space and their dependency on the relevant parameters (e.g. cross-border effects) as well as a sensitivity analysis with regard to protection requirements.
Based on this understanding, this document was being drafted in order to collect the new calculations, given the approved ECC Report 159, which provides some tools to determine WSD maximum transmit power, and considering that after the approval of the referred report, those tools were not yet used to get insight into real situations. 
In particular, the methodology described in ECC Report 159 was used to estimate the amount of available channels in Germany. The results of this study are given in this document. An alternative methodology was also submitted to the attention of SE43 (Annex A1). The proposed approach does not follow the methodology established in the course of the SE43 studies. Furthermore, a number of concerns were expressed regarding the simplifications accepted in this study.     
CalculationsFrom document SE43(11)28, the following methodology was used in order to investigate the maximum transmit power for WSD in UHF bands in real situations. 
For estimating maximum transmit power it is required to have

a) Methodology

b) Parameters

c) Assumptions 

The methodology described in ECC Report 159, chapter 4.3.4. “EIRP limits in case of geo-location database operation” was used and started with field strengths and location probabilities for a broadcast only system (without WSD as interferers). 

Field strength (E) and location probability (LP) were calculated with IRT’s frequency planning system FRANSY (which is used by public broadcasters in Germany, Austria and Switzerland to calculate the broadcast coverage, see Annex 1). 

Figure 1 shows the flow chart that describes the procedure to calculate maximum WSD transmit power.
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Figure 1

· In the first step the maximum acceptable interference of an additional TVWS device at the location of a broadcast reception antenna [image: image3.png]Imax (wv,f)



 is calculated by using the simplification of ECC 159, ch. 4.3.4.2.1 (Gaussian random variables), see Annex 2.

· Then, protection ratios and overload thresholds were taken from ECC report 148, see Annex 3: “Parameters from ECC report 148”.

· The assumptions on possible distances between a TVWS transmitter at location (x,y) operating in channel ch’ (frequency f’) and the closest DVB-T receiver located at (u,v) and receiving channel ch (frequency f) to calculate maximum TVWS device transmit power, described in Annex 4.

· The parameters and assumptions allow us to calculate maximum transmit power for the TVWS device: 
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· Coupling gain is determined by propagation loss, antenna gain, feeder loss…

Effect of overloading: upper threshold of transmit power

Digital Terrestrial TV receivers can be tuned to any channel between 470 and 862 MHz. To realize high sensitivity the first step in a TV receiver is a broad band amplifier. A very strong signal on any channel 21…69 may cause nonlinear behavior of the amplifier. 

The overload threshold for the LTE base station signal according to ECC report 148 is between -19 dBm and -5 dBm. 

Within the coverage area for fixed reception the shortest distance between TVWS device (BS) and rooftop aerial is assumed 30 m (Annex 4). For this distance the coupling gain (transmitting into the cone of the antenna) for 650 MHz is -49 dB.

In most of the European nations it can be assumed that there is at least one broadcast coverage within n±9 of each channel at any location. Under this assumption the overload threshold in combination with the shortest possible distance between TVWS device and TV antenna determines an upper limit for the possible transmit power for TVWS device:
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· This value is the upper limit for fixed broadcast reception conditions and the advantageous values for downlink signals. For broadcast portable reception the DVB-T receiver may get closer to the BS, however due to the poorer antenna gain for dipole antenna vs. fixed rooftop antenna maximum transmit power is only slightly lower.  

· For user terminal signals (UE) the overload thresholds are approx. 10 dB worse which reduces max. transmit power to 20 dBm.

· If portable DVB-T reception is possible then the pass loss reduces to -32 dB which, combined with TVWS UE, limits TVWS power to few dBm.

So before doing some detailed simulations it may be concluded that overload threshold defines an upper limit for transmit power and that even with the moderate values taken for the overload threshold base stations within portable reception areas may not be reasonably operated due to low maximum transmit power.

Estimating the amount of available TVWS in Bavaria

To estimate the amount of available channels in Germany, exemplarily Bavaria, the largest federal state of Germany, is considered:

[image: image7.png]



Next figure shows a rectangle enclosing Bavaria. Black areas show broadcast coverage (>70% location probability) in channel 45 in all four corners and wide areas with no coverage (=WSD) in the center.
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Next figure shows results for the same channel 45 with colors:

Dark blue areas do not belong to Bavaria and so are not considered here. The bright blue areas are the coverage areas and are the same as the black coverage areas in fig. 18. The other colors indicate the reduction of TVWS depending on the safety distance (i.e. transmit power):
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Cyan 
the areas which are no longer TVWS if safety distance =    1000 m

Green 
the areas which are no longer TVWS if safety distance =    5000 m

Yellow
the areas which are no longer TVWS if safety distance =  10000 m

Orange
the areas which are no longer TVWS if safety distance =  20000 m

In the considered channel 45 for Bavaria the amount of TVWS drops from 62% (safety distance =0) to approx. 10% for a safety distance of 15 km.
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Next figure shows the number of available channels between ch 40 and ch 60 if the safety distance is assumed to be 0 km (left) and 10 km (right). As expected the number drops significantly.
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Conclusions

These investigations were performed with moderate values for protection ratios, overload threshold, etc. Even with these moderate parameters results show that operation of WSD in areas where portable broadcast reception is possible, maximum transmit power is limited to below ~20 dBm (i.e. operational range of approx. 1 km). 

1. In areas with portable broadcast coverage TVWS might be used for low power transmit systems, like Wi-Fi, which would offer several advantages towards ISM bands:

· Better penetration characteristics allow improved in house LAN operation;

· ISM bands are overstrained esp. in dense urban areas, where TVWS usage could bring a significant release;

· If –for low transmit power- operation at channels adjacent to TV used channels is possible, there is a reasonable amount of TVWS available;

2. In rural areas / isolated residential areas where it is possible to keep larger minimum distances between WSD base station transmitter and closest possible broadcast receiver, the downlink only (DO) concept could provide a reasonable means to provide broadband internet supply to area.

· Usually the download traffic is much higher than upload traffic, so using TVWS for downlink and mobile communication bands for uplink seems reasonable.

· Usually in rural areas wired broadband access is not available due to high infrastructure costs, so this TVWS usage is especially appropriate for rural areas.    

A final remark is that these results indicate that TVWS usage is appropriate for Wi-Fi use to solve the problem of overload of ISM bands in urban and dense urban areas and could provide an affordable broadband internet access for rural areas, which is in line with the call of EU parliament for equal treatment of all regions within EU.

Annex A1: case study of Poland
Polish studies National Institute of Telecommunications Poland presented alternative methodology of White Space Spectrum assessment which can be considered for usage in some countries especially where high interferences levels coming from other broadcasting stations exists. Such methodology is not based on protection of minimum medial field strength for the planning but instead it is based on protection of interference-limited DTT coverage areas and respective higher values of required median field strength. Using such methodology it is possible to obtain a valuable number of available White Space Spectrum TV channels, while ensuring adequate protection of DTT coverage areas in the frequency range 470 – 790 MHz. Below it is shown background of the methodology and example result.

Current DTT situation example

In many European countries DTT stations coverage areas are limited mainly due to interferences coming from other DTT stations. In figures 1 it is an example of real DVB-T station coverage area which is limited due to interferences coming from other DTT stations. 
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Figure 1. Example of coverage area of DTT station (Opole, ch. 23).

 – interferences levels from other Poland DTT stations 

Violet – interference limited coverage (~ 60 – 65 dBµV/m)

Blue – noise limited coverage (Emin ~ 56 dBµV/m)

Green – calculated from ECC Report 159 WSD protected area (for 30 m 36 dBm) 

Ei – existing interferences from other DTT stations
In such cases it can be noticed that current existing interferences levels are much higher then these allowed for new WSD based on values presented in the ERC Report 159 and that coverage area of DTT station is limited due to interferences coming from other broadcasting stations as well as required field strength for proper reception is higher then minimum median field strength for the planning. 

The methodology for White Space calculations in the TV bands

The methodology for the protection of DTT in such cases assumes calculation of coverage’s areas (interferences limited) to be protected taking into account characteristic of broadcasting receiving antennas.

There main assumptions of the methodology are as follows:

· values of the median field strength to be protected are calculated in every point in accordance with the current existing interference situation i.e. taking into account cumulative effect of interferences from other broadcasting stations,

· coverage areas to be protected are defined by calculation of interference limited areas,

· maximum permissible nuisance field strength from WSD is 10-20 dB lower (exact value to be decided by Administration) then existing power sum of nuisance field strengths coming from other broadcasting stations,

· WSD transmission on adjacent channels (N+1, N-1) is not allowed in the coverage area of channel N to be protected,

· in overlapping areas where the same TV multiplex can be received from two or more TV stations it can be decided to protect only one coverage area.

Example results of the analysis 

Example result of the analysis is show below and includes calculating availability of WSD TV channels in the UHF band in Poland for CPE fixed type WSD: 10 m a.g.l. with ERP 30 dBm.

Calculations availability of all TV channels (21-60) on Polish territory were checked in around 600,000 points, which means approx. raster 1km x 1km with DEM/DTM.
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Figure 1 Result of the analysis – WSD availability in Poland:

CPE fixed type: 10 m a.g.l. with ERP 30 dBm - real DVB-T reception

Methodology presented here, based on existing interference levels in TV bands, results in more TV channels availability assuring protection of realistic interference limited DTT coverage areas. Based on such methodology it can be expected an average around 10-15 channels available in a country depending on local conditions (from 0 to 30 channels) giving also protection for adjacent DTT channels (n+1, n-1). 
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