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ECC report 159 considers geo location database as one means to protect incumbent Systems. Chapter 4.3.4 describes a methodology how to calculate TVWS. The methodology was applied with average parameters described in ECC report 148 together with some assumptions to get an insight into real world situations

	Summary:
	Results indicate that TVWS usage is appropriate for low power systems like WiFi use to solve the problem of overload of ISM bands in urban and dense urban areas and to provide an affordable broadband internet access in rural areas, which is in line with the call of EU parliament for equal treatment of all regions within EU.

	Proposal:
	For attention by SE43 and for consideration in the new report complementary to ECC report 159.


	Background:
	SE43 has been tasked by WGSE to define technical and operational requirements for the operation of cognitive radio systems in the white spaces of the UHF broadcasting band (470-790 MHz) to “ensure the protection of incumbent radio services/systems and investigate the consequential amount of spectrum potentially available as ‘white space’” and in its phase 2 to “Further define technical and operational requirements for the operation of White Space Devices in the band 470-790 MHz taking into account  Chapter 11 of ECC Report 159”.


0. Introduction 
With ECC report 159 SE 43 provides tools to determine TVWS devices maximum transmit power. However so far –to our knowledge- the tools were not yet used to get insight into real situations. With the present document we investigate the maximum transmit power for TVWD devices in UHF bands.
Results of these investigations provide us with the tools to estimate the amount of TVWS available in Bavaria.
As the definition of a set of parameters to calculate transmit power is still pending in SE 43 work, we used an average set of parameters from ECC report 148 (LTE interfering DVB-T) and make reasonable assumptions. 
We would like to express that this ‘average values’ are not sufficient to protect broadcast in real world situations. The values were just chosen to learn about the system and to avoid unnecessary discussions on parameters in the context of this investigation.

1. Maximum Transmit Power for TVWS devices in the UHF bands

For estimating maximum transmit power it is required to have

a) Methodology

b) Parameters

c) Assumptions 
We follow the methodology described in ECC 159, chapter 4.3.4. “EIRP limits in case of geo-location database operation” and start with field strengths and location probabilities for a broadcast only system (without TVWS devices 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 TVWS device 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: image4.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.
{Note: here the same co channel protection ratio is used for the TVWS interferer (LTE like system) as for DVB-T interfering DVB-T!!}
In the next step we use protection ratios and overload thresholds taken from ECC report 148, see Annex 3: “Parameters from ECC report 148”
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	PR_1
	-33
	dB
	-13
	dB
	
	Oth_1
	-13
	dBm
	-20
	dBm

	PR_2
	-40
	dB
	-41
	dB
	
	Oth_2
	-8
	dBm
	-18
	dBm

	PR_3
	-39
	dB
	-42
	dB
	
	Oth_3
	-19
	dBm
	-26
	dBm

	PR_4
	-48
	dB
	-49
	dB
	
	Oth_4
	-13
	dBm
	-20
	dBm

	PR_5
	-49
	dB
	-50
	dB
	
	Oth_5
	-8
	dBm
	-18
	dBm

	PR_6
	-50
	dB
	-49
	dB
	
	Oth_6
	-6
	dBm
	-18
	dBm

	PR_7
	-50
	dB
	-52
	dB
	
	Oth_7
	-5
	dBm
	-16
	dBm

	PR_8
	-51
	dB
	-52
	dB
	
	Oth_8
	-5
	dBm
	-15
	dBm

	PR_9
	-39
	dB
	-39
	dB
	
	Oth_9
	-6
	dBm
	-14
	dBm


Table 1 Parameters used for the simulations
 … and 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: 
[image: image6.png]Praxpr (6 ¥) = 122 (w,v) + PR(ch — ch') + coupling gain



 

Coupling gain is determined by propagation loss, antenna gain, feeder loss…

1.1 Analytical results
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:

[image: image7.png]= 0, — coupling gain = —19dBm+ 49dB = 30 dBm





· 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.

Field strength
Formula 5 indicates that [image: image9.png]


 is proportional (in dB) to the field strength of the wanted signal.
{…At the edge of coverage [image: image11.png]PV3D



 is ≈ -60 dBm; so if broadcast signal raises inside coverage for say 40 dB, TVWS in band use might become possible for low power applications like WiFi in areas with strong broadcast signals. However interference into TVWS applications caused by strong broadcast signals has to be considered as well.} 
1.2 Simulation results   

Max. transmit power maps

Area of investigation is a 50 km x 50 km square around Munich (red square in figure 2). To cover also rural areas, center is located northeast of Munich.
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Figure 2
Results of calculation
When estimating the maximum transmit power of a TVWS device at a location several parameters like strength of broadcast signal and closest distance to a broadcast receiver are relevant (Annex 4: Assumptions). Also the occupation of adjacent channel influences maximum TVWS transmit power (Annex 3: Parameters). 

Figure 3 shows the location probability (LP) for broadcast reception (fixed, 70%) for channels 36 to 44. Dark areas represent areas where broadcast reception is possible for that channel.  
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Figure 3 location probability for ch. 36 to 44 (black areas are broadcast covered)
For channel 40 in the upper right corner of the area broadcast reception should be possible and in the lower left corner channel is more or less unused. From this it could be expected that maximum transmit power of a TVWS device (BS) should be poor in the upper right area and ‘high’ in the lower left corner.  However, due to protection ratios (PR) and Overloading (Oth) maximum transmit power ([image: image15.png]PV3D



) is also limited by the adjacent channels. 
Figure 4 indicates that transmit power for a TVWS device within a broadcast reception area (70 % LP) is very low (dark blue). Outside the coverage area [image: image17.png]PV3D



 may raise (green ( yellow ( red) with increasing distance to coverage area, but not to arbitrarily high values. This is because ch39 has coverage in parts of this area and therefore limits  [image: image19.png]PV3D



  (green/cyan areas) by PRn-1. The limitations in the red and orange areas seem to be mainly caused by ch43 (PRn+3). 
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Figure 4
On the right of figure 4 a legend is shown assigning colors with transmit powers in dBm.

The acceptable maximum transmit power is defined by the most restrictive value of PPR and POth. 
Figures 5 and 6 show the limitations caused by PR and Oth separately. Here DVB-T portable reception is assumed. 
In figure 5 the overload threshold for base station (BS) transmit power limits the transmit power to 30 dBm (approx.). In this case the transmit power is solely limited by protection ratios (see figure 10).

In figure 6 the situation for TVWS user terminal (UE) is shown. In this case overloading limits maximum transmit power to less than 10-15 dBm (see also: Analytical results: effect of overloading). Although protection ratio limitation would allow transmit powers up to 20 dBm in some areas (red areas), overloading limits power to approx. 10-15 dBm, see figure 11.   
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Figure 5 ch 40, TVWS base station (BS), DVB-T portable reception 
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Figure 6 ch 40, TVWS user equipment (UE), DVB-T portable reception 
Figures 7 and 8 show the situation for fixed broadcast reception (rooftop). Figure 7 is for TVWS base station (BS) and figure 8 for TVWS user terminal (UE). The significantly lower possible transmit power in the lower right corner is caused by the broadcast coverage in channel 39 and the worse protection ratio for n-1 for UE compared to BS (see table 1). In the other areas the lower transmit power is due to the shorter possible distance between BS or UE and DVB-T rooftop aerial (see Table 3 in Annex 4).  
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Figure 7: Ch40, TVWS BS, broadcast fixed rooftop
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Figure 8: Ch40, TVWS UE, broadcast fixed rooftop
For portable broadcast reception the coverage areas are smaller than for fixed reception. As an approximation for 95% portable reception coverage area, a 99.9% fixed reception coverage area can be assumed (see Annex 1). Figure 9 shows the this way simulated 95% portable reception coverage area. Black areas represent portable broadcast reception areas. 
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Figure 9: same area and channels like in fig. 3, but now for portable reception:

Location probability fixed 99.9% (simulating portable 95%)

Figure 10 and 11 show the maximum possible transmit power for a TVWS base station (BS) and TVWS user terminal (UE) if only portable reception is considered. Compared to figures 7 and 8 the areas where TVWS use would be possible are larger due to the smaller broadcast portable reception coverage areas. 

The TVWS device maximum transmit power is in general smaller than for fixed broadcast reception conditions, but as for some locations the distances to closest portable reception areas become larger, the possible transmit power might be higher than for fixed broadcast scenario. For the user terminal / broadcast portable scenario the maximum transmit power is limited to 10-15 dBm due to overloading (see figure 6).  
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Figure 10: Ch40, TVWS BS, broadcast portable 
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Figure 11: Ch40, TVWS UE, broadcast portable 
Comparing these figures it can easily be seen that maximum transmit power in general decreases if TVWS UE is considered instead of TVWS BS and, in a similar way, when broadcast fixed reception is compared to portable reception. 
As fixed broadcast reception is always possible where portable reception is possible, to determine [image: image29.png]PV3D



 this has to be taken into account:

[image: image30.png]Py = min (PREP(f1), BrziP (po))




To enable higher TVWS transmit power a downlink only scenario (DO) could be considered. In this concept the uplink from UE to BS is realized in other bands, e.g. LTE. If the TVWS base station antenna is located at higher masts and/or outside residential areas larger minimum distances can be realized. In figure 12 the maximum transmit power map is shown for a DO scenario where the minimum distance is set to 50m. If compared to figure 7 it can be seen that the maximum transmit power may be some dB more outside coverage areas.   
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Figure 12: Ch40, TVWS DO, broadcast fixed 
To select the most appropriate channel (i.e. the channel that allows the highest transmit power) for a given location all channels (here from channel 40 to channel 60) have to be considered. Figure 13 and 14 show all the limitations (protection ratios PR and overload thresholds Oth for fixed and portable broadcast reception) for TVWS base station and TVWS user equipment separately.   
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Figure 13: Max. transmit power for TVWS BS
[image: image33.emf]40 42 44 46 48 50 52 54 56 58 60

-80

-60

-40

-20

0

20

40

channel 



P

max

 [dBm] 



TVWS UE: P

max

 at (4470.0;5330.0)

GK4

 

 

P

fi,PR

P

fi,Oth

P

po,PR

P

po,Oth

P

max


Figure 14: Max. transmit power for TVWS UE
2. 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:
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Figure 15: DVB-T transmitter in Bavaria
Concept of protection radius (safety belt)

Above it was shown that acceptable TVWS device power increases with increasing distance to the closest possible DVB-T receiver antenna as the interfering signal strength reduces due to propagation path loss. Figure 16 shows a vertical section through the isolated location of reception in fig 8 (ch.40 at (4466.8;5336.8)). (In the upper part of fig. 16 the corresponding detail of fig. 8 is shown.) 
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Figure 16

The blue line shows Pmax as a function of distance to the isolated location of reception at (4466.8;5336.8) (location moved to ‘0’). The cyan line indicates the limitation of overloading which here in the considered case of fixed broadcast reception and TVWS base station is in the range of 30 dBm.

The red circles represent the used propagation model (20/30/40 dB). For the negative direction (i.e. downward in figure 8) for up to 6 km the maximum transmit power is not influenced by adjacent channel protection ratios or overloading. To the right (upward direction in fig. 8) the transmit power is limited due to coverage area.
Directly at the edge of coverage the maximum transmit power is -60 dBm. According to the scenario the shortest distance between TVWS BS and fixed rooftop antenna is 30 m. The path loss 30 m ( 10 km is -80 dB (including yagi antenna gain). The maximum transmit power then becomes 20 dBm.
For other distances we get:

	distance [km]
	path loss [dB]

30m ( x km
	Pmax [dBm]

	1
	-40.5
	-20

	2
	-52.5
	-7

	5
	-68.5
	8

	10
	-80.5
	20

	15
	-87.5
	27

	20
	-92.5
	33


Table 2
In document SE43(10)17 EBU proposed an interference margin. As an intermediate solution -10 dB were assumed. In case of noise limited system, the maximum interference power at the location of broadcast reception antenna becomes -98 dBm – 10 dB = -108 dBm. As fixed reception is considered, the broadcast reception antenna gain is 9.15 dBi. Hence the required path loss for PWSD becomes:
[image: image37.png]pl = —108dBm—9.15dB — Pysp




Using the (20/30/40 dB) propagation model, the required safety distance can be estimated. Figure 17 shows that the results are in good agreement with the above considerations:
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Figure 17

To estimate the amount of TVWS the concept of a transmit power dependent safety distance around the coverage area seems to be appropriate. 
Figure 18 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 (=TVWS) in the center.
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Figure 18
Figure 19 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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Figure 19

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 (fig. 20).
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Figure 20
Fig. 21 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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Figure 21
TVWS mapped to area
In figure 22 four diagrams indicate the number of free channels in the range 40 to 60 versus the percentage of area they are available at for different safety distances:
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Safety distance = 1 km
safety distance = 5 km
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Safety distance = 10 km
safety distance = 20 km

Figure 22
As already shown with figures 19 and 20 the number of available channels drops significantly with increasing safety distance.

Mapped to population density

In several cases TVWS are available in areas where no or only very few people live. Therefor it is assumed that mapping the TVWS to population density should give a more reasonable indication of available TVWS. Figure 23 compares for safety distance 5 km TVWS “mapped to area” with “mapped to population density”:
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Figure 23
It seems there is only a little difference between both scenarios. The reason for this is assumed to be originated by the population density itself: it varies between 0 in a lot of pixels of the area under consideration (all forests, fields, lakes, high mountains etc.) and up to 4000 inhabitants/km2 in dense urban cities. So if the TVWS at a considered location is simply weighted with the population density, then few available channels in dense urban cities seem to be strongly overestimated by this weighting function. To get more realistic results a better weighting function would be required.  
Considering adjacent channels

In the considerations so far only the channel itself is taken, without any care on the adjacent channels. FCC in the USA allows for white space devices a maximum transmit power of 40 mW (16 dBm) if operated in a channel adjacent to a used TV channel. If transmit power gets higher, up to 4 W EIRP (36 dBm), operation is only allowed in channels with at least one free channel separation to the next used TV channel.
Fig. 24 shows on the left side the percentage of free channels mapped to area for safety distance 5 km (corresponds to approx. 20 mW transmit power) where the occupation of adjacent channels is not considered. On the right hand side only channels are counted where the adjacent channels are not used, i.e. here blocks of 24 MHz contiguous bandwidth are relevant.
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Figure 24
So if due to transmit power the adjacent channels have to be free then the amount of available channels drops dramatically (it even drops further as the safety distance increases when the power increases).
3. Conclusions

Our investigations were performed with moderate values for protection ratios, overload threshold, etc. Even with these moderate parameters results show that operation of TVWS devices 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). 

This transmit power seems not to allow a reasonable business concept with base stations, therefor we do believe that for TVWS usage two business cases could be viable:

1. In areas with portable broadcast coverage TVWS might be used for low power transmit systems, like WiFi, 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 TVWS 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.    
( Results indicate that TVWS usage is appropriate for WiFi 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.
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Annex 1: A note on FRANSY

FRANSYs data pool is provided by BNetzA’s open and closed user group’s data, where the open user group’s data contain planning data for Germany and neighboring countries and the closed user group provides assigned transmitters within Germany (i.e. transmitters in operation). 

Coverage calculations and calculated field strength values for fixed scenario, generated with IRT’s frequency planning tool FRANSY, serve as the database for ongoing considerations. These calculations provide field strength E and location probability LP {q ≡ LP} for channels 31 to 60 and locations in Bavaria. A 200 m grid is used.

FRANSY only considers primary users (i.e. broadcast transmission); possible interference caused e.g. by PMSE or TVWS devices is not taken into account. 

FRANSY data are available for fixed broadcast scenario. To get an impression on the situation for portable scenario, the field strength values were reduced by 16 dB (height loss) and the location probability calculated with these values but for the same nuisance field strengths.
Fig. 25 shows the result. The red areas are locations with LP ≥ 95% (portable). In figure 26 the fixed scenario is shown, where areas with LP ≥ 99.9% are red.

Red colored areas look quite similar in both diagrams, so for portable reception (95%) fixed reception data with location probability 99.9% seem to be a reasonable approximation.
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Figure 25: Location probability channel 45 portable, areas with LP ≥ 95% are colored red
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Figure 26: Location probability channel 45 fixed, areas with LP ≥ 99.9% are colored red

Annex 2: Procedure to calculate [image: image55.png]



Formula 4.3-4 of [ECC report 159] describes the situation of a broadcast system with unwanted DTT signals:
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Solving eqn. (1) provides field strength (equivalent to PS) of the wanted DTT signal and the location probability. Available tools like IRT’s frequency planning system FRANSY can be used to solve this task. 

Additional interference caused by a TVWS device can be included by an additional term in formula (1):
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  (2)
As any additional system operating in the UHF bands will deteriorate reception conditions for DTT reception, an acceptable degradation for the location probability has to be fixed. With the results from FRANSY, formula (2) and an assumption for acceptable degradation we can calculate the maximum acceptable interference caused by a TVWS device at the location of a broadcast receiving antenna. 

From ECC 159 formula 4.3-5 we have:
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We use [image: image61.png]My1(a5)



 to describe the median value for the nuisance field. From the data we get from FRANSY (E,q) we can determine: [image: image63.png]My1(aBm)
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 is the nuisance signal strength:
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Here PR is the protection ratio for DVB-T interfered with DVB-T (17.9 dB). 
For a reduced location probability [image: image70.png]q2 = g1 —degradation
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and hence:
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Now with (4) [image: image78.png]


 can be determined:
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With the calculations described so far, we reach the upper ellipse [image: image82.png]Imax (4, v)



 in figure 1, describing the maximum acceptable interference level of the TVWS device at the location of a broadcast reception antenna. 
Annex 3: Parameter from ECC Report 148
Values for protection ratios (PR) and overload thresholds (Oth) are taken from [ECC report 148] where:
· For protection ratios the values for 90th percentile are taken

· For overload thresholds the values for 10th percentile are taken (which means that 10% of the receivers are interfered at the given levels)

· Silicon USB receivers are not taken into account

· As some values cover a wide range, the average value from the given ranges were taken, e.g. PR for user equipment for n+2: [-45…-42] and [-46…-32] ( -(45+42+46+32)/4 = -41 dB

· Values were corrected according to table 4 in ECC 148 

· 64 QAM 2/3 Gaussian ( 16 QAM 2/3 fixed: -4.3 dB

· 64 QAM 2/3 Gaussian ( 16 QAM 2/3 portable: 1.0 dB (following the note below the table the value for mobile reception is used)
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· Antenna gain

· Yagi antenna:
9.15 dBi (12 dB - 5 dB feeder loss + 2.15 dBi) 

Outside the cone antenna discrimination of -16 dB is assumed [ITU-R BT.419-3]
· Dipole antenna:
2.15 dBi

Annex 4: Assumptions

Acceptable degradation

For the calculations an acceptable degradation of 1% is assumed.

Protection of DVB-T receivers only within coverage area

· Signal propagation is a statistical process and field strength values are log normal distributed. So there is no clear border which separates areas with broadcast coverage from areas where broadcast reception is not possible. Therefor ITU GE06 defined pixels with 

· Location probability ≥ 95 %: good reception

· Location probability ≥ 70 %: acceptable reception.

For the subsequent considerations it is assumed that (fixed) broadcast reception is only possible within 70 % coverage area, so TV receivers outside that coverage area are not protected. For demonstration purposes it is assumed that in 99.9% (fixed) coverage areas portable reception (95% location probability) should be possible, see Annex 1.
Considered channels

Channels 40 to 60 are investigated where data from Oct. 2010 are used. Occupation of adjacent channels has to be considered, however after DSO the occupation above channel 60 is not known, so for the simulations channels above 60 are considered free.

Distance between TVWS transmitter and DVB-T receiver (antenna)

Broadcast scenarios: a) fixed rooftop reception (FR), b) portable reception (PO)

TVWS-systems: a) base station (BS), b) user equipment (UE)

In this scenario at each location where a base station is available, also UE may be found. There is however an additional option –downlink only- (DO) where the UE uses different frequency bands to transmit (e.g. LTE bands). In this case UE needs not to be considered.

	
	Broadcast

	TVWS
	fixed (FR)
	portable (PO)

	Base station (BS)


	dmin = 30 m
Yagi antenna
	dmin = 10 m
Dipole antenna

	User equipment (UE)
	dmin = 20 m
Yagi antenna


	dmin = 2 m
Dipole antenna



	Downlink only (DO)
	Higher BS antenna

dmin = 50 m

	Higher BS antenna

dmin = 50 m


Table 3: geometrical parameter
· In scenarios where UE is active, due to the poorer protection ratios (PR) UE operation is more restrictive.

· In DO scenario fixed rooftop is more restrictive condition than portable.  
· So there remain three scenarios:

· scen1: fixed / portable broadcast with BS-PR and Oth for [image: image88.png]RE>.




· scen2: fixed / portable broadcast with UE-PR and Oth for [image: image90.png]



· scen3: fixed broadcast with BS-PR and Oth for [image: image92.png]RDO




For fixed reception it might be assumed that the rooftop antenna directs to the broadcast transmitter and so TVWS devices outside coverage area could not radiate into the cone of a TV directional aerial: 

[image: image93.png]



But due to the ragged structure of coverage area it may be possible that WSD outside fixed coverage area is within the cone of a Yagi antenna. So only for dist > 10 km an antenna discrimination of 16 dB, recommended in [ITU-R BT.419-3] is assumed. The figure below shows areas with no coverage (here: gray and black) within the TV coverage area (here: red and white).
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Figure 27
Propagation model

For TVWS devices the maximum transmit power will be in the range of up to few Watts. With this, the max range of interference will be limited to few kilometers. To calculate propagation loss for TVWS systems, simple propagation models like [ITU-R P.1546-4] or extended Hata [ITU-R SM.2028-1] that do not take into account topology can be used. For distances from 10 m to 10 km these models are compared with an even more simple model [20/30/40dB] and it was found that this 20/30/40dB model is appropriate for the considered accuracy:


d < 100 m:
20 dB/decade


100 m ≤ d < 1000 m:
30 dB/decade


1000 m ≤ d:
40 dB/decade
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Figure 28
· Operational data vs. plan data

For the investigations operational data were used. This is reasonable because to determine the possible transmit power the actual occupation of TV channels is required. 

On the other side, the TVWS statistics, e.g. how much bandwidth is available for TVWS use in a considered area, is relevant for business decisions. For such decisions however the operational data are inappropriate because they do not consider those situations where channels are assigned to broadcast operators but the operators have not started transmission so far, though it could be the case at any time.

Fig. 29 shows the situation of channel 51 in Bavaria. The left picture shows that this channel is actually not used in Bavaria, whereas the picture on the right indicates that there are some assignments which would, if switched on, reduce the available TVWS significantly. So for decisions that require a long term stable situation, e.g. concerning investments for establishing a TVWS network, the plan data are the appropriate data pool. 
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Figure 29

Annex 5: Comparison of spectrum occupation measurement in the Munich area with simulation results

Accuracy of the propagation models [SE43(11)11]
According to SE43(11)11 for terrain based prediction models the standard deviation of the error is 6…9 dB. For the edge of a 70% coverage area this means (σ = 5.5 dB):

Cf(70%)*σ = 2.8842 dB ± 6 dB 
( LP = 28…95 %

Cf(70%)*σ = 2.8842 dB ± 10 dB 
( LP = 10…99 %

Measurements made in August 2011:
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Figure 30
Measurements include antenna gain (-7 dB for the used measurement antenna)


Measurement
Simulation

Ch 48
-61 dBm + 7 dB
-47 dBm 
Ch 54
-60 dBm + 7 dB
-47 dBm 
Ch 56
-61 dBm + 7 dB
-47 dBm 
Note: 
For the simulations FRANSY assumed the antenna to be at least at rooftop height whereas for the measurements the antenna height was 10m in all cases. So for the measurements line of sight was not possible for all locations (measurements from 20 different locations at Freising site were averaged for the above diagram) and hence measured signals are weaker than from the simulations. 
safety distances:


cyan: 	1 km


green:	5 km


yellow: 	10 km


orange:	20 km
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� Averaging the dB values provides lower mean values than averaging the linear values. Hence averaging dB values causes ‘better’ protection ratios and ‘worse’ overload thresholds.







Seite 28

_1370955804.unknown

_1370955805.unknown

