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	Summary


	This document describes the concept of ‘degradation of location probability’, (LP, and the procedure for its calculation to be taken, into account in the compatibility studies for WSDs interfering with the broadcasting service. (LP has been introduced in ECC Report 159.



	Proposal
	To be considered by SE43 for inclusion in the Working document on further definition of technical and operational requirements for the operation of white space devices in the band 470-790 MHz.  



	Background


	 The ECC Report 159 deals with the definition of 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 with the investigation of  the consequential amount of spectrum potentially available as “white space”.  




1. Introduction 
The purposes of the document are: 

· to define the concept of ‘degradation of location probability’, (LP;
· to coordinate the basis of work, involving (LP, being carried out within SE43 and in particular to describe/define the calculation methodology for the relevant studies; 

· to carry out relevant (independent) technical studies (for SE43) and to provide results which can be compared with similar studies using the same calculation methodology. 

· to set the framework for future SE43 calculations and studies
· For sake of verification, the EBU TECHNICAL was asked to make calculations with a given set of parameters and the results were compared with the output of SEAMCAT using the same parameters, as shown in the tables throughout the document.
2. Definitions
Pixel

A ‘pixel’ is a small area, about [50 m x 50 m] to [100m x 100m], within which DTT reception quality is to be evaluated.  Reception quality, ‘acceptable’ or ‘unacceptable’, is calculated/measured at a large number of sites/points within the pixel, 
Location Probability
The location Probability, LP, is the ratio of the number of sites/points/events within the pixel where an acceptable/agreed DTT reception quality is achieved to the total number of sites/points where calculations/measurements are carried out. It is emphasized that LP is a local parameter, pertaining to, and evaluated within, areas of the size of a pixel.
‘Degradation of Location Probability’

LP evaluated in a given interference situation will change when an additional interference (or set of interferences) is introduced. In particular, the LP will be reduced as additional interference is introduced. For example, if LPb is the LP in the original, given situation and LPa is the LP after the additional interference is introduced, the degradation in LP, (LP, is defined as:

(LP = LPb – LPa.
Example of Monte Carlo simulation (e.g. SEAMCAT).
Events are treated within a pixel. For each event, the wanted DTT power, Pw, is calculated at a (randomly chosen) point, as well as the equivalent noise power, N, the interfering WSD power, Pi. The noise nuisance field is defined as N´ = N + C/N and the nuisance power is defined as Pi´= Pi + PR. The total nuisance field is defined as the power sum of Pi´ and N´, N´ ( Pi´. The point is covered if


Pw ( N´, in the presence of noise only


Pw ( N´ ( Pi´(power sum), in the presence of noise and the interferer.

The location probability is the ratio of the number of trials where

·  Pw ( N´ 
(yielding the location probability ‘before’, LPb), and

·  Pw ( N´ ( Pi´ 
(yielding the location probability ‘after’, LPa),

respectively, to the total number of trials.

Interference Probability

Interference Probability, IP, is the ratio of the number of sites/points/events within an area (of any size) where an acceptable/agreed DTT reception quality is not achieved (due to noise, interference, etc) to the total number of sites/points where calculations/measurements are carried out within that area.
It is to be emphasized that IP is not necessarily a local parameter, and in particular may not necessarily be evaluated within areas the size of a pixel. Furthermore LP and IP have a meaningful relationship only when both are calculated within the context of a pixel.
‘Degradation of Interference Probability’

IP evaluated in a given interference situation will change when an additional interference (or set of interferences) is introduced. In particular, the IP will be increased as additional interference is introduced. For example, if IPb is the IP in the original, given situation and IPa is the IP after the additional interference is introduced, then the degradation in IP, (IP, is defined as:

(IP = IPa – IPb.

Example of Monte Carlo simulation (e.g. SEAMCAT).
Events are treated within a pixel. For each event, the wanted DTT power, Pw, is calculated at a (randomly chosen) point, as well as the equivalent noise power, N, the interfering WSD power, Pi, and the power sum of the nuisance fields Pi´ and N´, N´ ( Pi´. The point is interfered with if


Pw < N´, in the presence of noise only


Pw < N´ ( Pi´(power sum), in the presence of noise and the interferer.

The interference probability, IP, is the ratio of the number of trials where

·  Pw < N´ 
(yielding the interference probability ‘before’, IPb), and

·  Pw < N´ ( Pi´
(yielding the interference probability ‘after’, IPa),

respectively, to the total number of trials.

Relationship between Interference Probability and Location Probability (IP vs. LP)
In compatibility calculations, SEAMCAT calculates the IP in particular situations.

In compatibility calculations, broadcasters calculate the LP in particular situations.

It is seen in the 2 examples above, involving Monte Carlo simulation, that the calculation of LP and the calculation of IP are very similar, and in fact that LP = 100 – IP, expressed in percent.

In order for IP and LP calculations to be comparable, the areas where the respective calculations are carried out must be the same. This means that the area considered in SEAMCAT calculations must be restricted to areas the size of a pixel. LP calculations for areas significantly larger than a pixel have no meaning or relevance.
GOLDEN RULE: LP and IP calculations are to be carried out only for areas the size of a pixel (or smaller).
When IP and LP calculations are to be compared, the relationship between the two parameters must be kept in mind:

LP(%) = 100 – IP(%).

Just as the LP can be calculated before (LPb) and after (LPa) the introduction of additional interference, so can the IP, yielding IPb and IPa. Just as the LP decreases (‘degrades’) with additional interference, the IP increases (‘degrades’) with additional interference. Then the degradation in location probability (LP = LPb – LPa corresponds to the degradation in interference probability (IP = IPa – IPb. Expressed this way, both quantities are positive and equal.

Note that the calculation to determine LPb (and IPb) and LPa (and IPa) should be carried out in common Monte Carlo simulations.

3. Description of the set-up for the first task.  
3.1. Assumptions used in calculations
Broadcast pixel :

 100 m x 100 m

Frequency:


 600 MHz
Environment: 


rural
WSD  antenna height: 
10.1 m

DTT receive antenna height: 10 m

DTT receiver antenna gain: 
0 dBi 

Propagation model: 

JTG 5-6

Equivalence between loss L (dB) and field strength E (dB(V/m) for 1 kW erp:

L = 139.3 + 20 log f(MHz) – E = 194.863 - E
Relationship between field strength and received power:

Pr dBm = E dB(V/m - 20 log f MHz - 77.2 = E – 132.76 
DTT:
(C/N) = 20 dB




required C/N
PRco = 20 dB




protection ratio
Pmed = -77.1 dBm ( 55.663 dB(V/m

median receive power/field strength (median received power was used only for the task 1 and task 2)
Initial Location Probability (LP): 95%
( = 1.645, σ = 5.5 dB



statistics
Pmin = Pmed - (σ =  -86.148 dBm ( 46.615 dB(V/m
minimum receive power/field strength
N = Pmin – (C/N) = -106.148 dBm ( 26.615 dB(V/m   equivalent noise power/field strength
Interference distance to be considered and corresponding propagation loss:

1 km: loss = 102.044 dB (102.05 dB in SEAMCAT);
13 km: loss = 145.011 dB (145.01 dB in SEAMCAT);
3.2. Methodology 
The LP within a pixel at the DTT coverage edge, in the presence of noise only, is LPb = 95%.

The interferer’s e.i.r.p is to be determined at each distance (1 km and 13 km) such that, in the presence of noise and the interference, the resulting LPa is either 94.9% or 94.5% or 94% (i.e., the degradation in LP is 0.1% or 0.5% or 1.0%). 

In SEAMCAT, the corresponding IPs are calculated to be IP = 5.1%, 5.5% or 6 % (i.e., the degradation in IP is 0.1% or 0.5% or 1.0%). 
For highest precision, 100000 trials are used to determine the LP, or IP.

The degradation in LP, (LP is determined by (LP = LPb – LPa.
The degradation in IP, (IP is determined by (IP = IPa – IPb.

For SEAMCAT, 2 interfering transmitters (It) were used in the calculations:
1) The 1st It corresponds to the background noise i.e. degradation of location probability became 95% which corresponds to 5% interference probability in SEAMCAT. iRSS (interfering signal strength) in this case is -106.148 dBm. 

2) The 2nd It is a WSD device under consideration.  
Note that the standard deviation for the noise is 0 dB, whereas for the WSD it is 5.5 dB for the propagation distances under consideration.
3.3. First set of results: 

There are two options to define background noise in SEAMCAT, the first one will be to define 2 interferers (1) and the second one is to use Noise floor as a background noise (2).
1. In SEAMCAT, 2 interfering transmitters (It) were used in the calculations:

· The 1st It corresponds to the background noise i.e. natural degradation of location probability became 95% which corresponds to 5% interference probability in SEAMCAT. iRSS (interfering signal strength) calculated by SEAMCAT in this case is -106.148 dBm. In order to simulate this noise interference at 1 km and at 13 km, a ‘noise transmit power’ Ntx was assumed for the 1st interferer: Ntx = -4.098 dBm for 1 km separation distance, and Ntx = 38.86 dBm for 13 km separation distance.
· The 2nd interferer is merely a WSD device.  

2. In this simulations Noise Floor (in tab Victim link) was set to -106.148 dBm (standard deviation = 0 dB). Such settings give user possibility to use Interference criterion C/(N+I) = 20 dB. See results of the calculations in the Table 1. 

	Separation distance (km) (JTG 5/6, 600 MHz, rural)
	Pwsd_max (dBm)

	
	IP = 5.1% (LPa=94.9%)
	IP = 5.5% (LPa=94.5%)
	IP = 6% (LPa=94%)

	
	SEAMCAT
	EBU
	SEAMCAT
	EBU
	SEAMCAT
	EBU

	1 km
	-26.5
	-26.71
	-19.8
	-19.78
	-16.7
	-16.80

	13 km
	16.3
	16.26
	23.0
	23.18
	26.2
	26.16


Table 1: Results for 1 WSD in the presence of noise power (-106.148 dBm)
For the SEAMCAT simulation, calibration has been done for an effective ‘noise transmit power’, Ntx, i.e. assuming that the noise is produced by a transmitting interferer (with standard deviation = 0 dB for the propagation statistics) with the derived power, Ntx, based on the loss for the distances 1 km and 13 km (see example in Table 2a).
For the EBU simulations, the noise power was taken to be -106.148dBm at the DTT receiver input.
The Table 2a and b presents results of the calculations of noise power impact, WSD median power and Noise power + WSD median power on DTT reception, and the corresponding degradations, (IP and (LP, respectively.
	Separation distance (km)

(JTG 5/6, 600 MHz, rural)
	Ntx (Noise power only)
(std = 0.0 dB)
	WSD median power

(std = 5.5 dB)
	Noise power + WSD median power

	
	Ntx
dBm
	Interference probability
IPb %
	Power max

dBm
	Interference probability

IP %
	Interference probability

IPa %
	(IP = 

IPa – IPb

	1 km

(SEAMCAT propagation)
	-4.098
	5.00
	-7.843
	5.01
	12.08
	7.08

	13 km

(SEAMCAT propagation)
	38.862
	5.00
	35.087
	5.00
	12.10
	7.10


Table 2a: SEAMCAT calibration results for Ntx noise power and WSD impact separately, (IP
	Separation distance (km)

(JTG 5/6, 600 MHz, rural)
	Noise power
(std = 0.0 dB)
	WSD median power

(std = 5.5 dB)
	Noise power + WSD median power

	
	Noise power
dBm
	Location probability
LPb %
	Power max

dBm
	Location probability

LP %
	Location probability

LPa %
	(LP = 

LPb – LPa

	1 km

(EBU propagation)
	-106.148
	94.99
	-7.850
	95.00
	87.98
	7.01

	13 km

(EBU propagation)
	-106.148
	94.99
	35.117
	95.00
	87.98
	7.01


Table 2b: EBU calibration results for noise power and WSD impact separately, (LP
Comparing the last column of Table 2a and Table 2b, it is seen that the degradation of LP and LP, respectively, correspond to each other (to within 0.1 %) as they should if the calculations have been carried out on the same basis.
4. Description of the set-up for the second task.  

4.1. Methodology
In this task the same assumptions as in the first one were considered. 

The LP within the pixel, in the presence of noise only, is LPb = 95%. From 1 to 40 equivalent interferers are considered (in addition to the noise).

Case 1:
N interferers with equal  e.i.r.p. were set at 1 km  distance . The Pwsd_max value is taken from Table 1 (for both EBU and ECO calculations). (LP was calculated such that, in the presence of noise and any WSD interference acting alone, the resulting LPa is either 94.9% or 94.5% or 94% (i.e., (LP is 0.1% or 0.5% or 1.0%). In SEAMCAT the calculation leads to IP 5.1%, 5.5% or 6 % (i.e. (IP is 0.1% or 0.5% or 1.0%). These results are as shown in the first row (‘1 WSD’) of Table 3. The succeeding rows show how the cumulative interference effects increase as the number of equivalent interferers increases.
	Separation distance (km) (JTG 5/6, 600 MHz, rural)
	(LP (=(LP) for N WSDs (with equal Pwsd) at 1 km distance. 

	
	SEAMCAT

-26.5 dBm
	EBU

-26.7 dBm
	SEAMCAT

-19.8 dBm
	EBU

-19.8 dBm
	SEAMCAT

-16.7 dBm
	EBU

-16.8 dBm

	1 WSD
	0.1%
	0.1%
	0.5%
	0.5%
	1.0%
	1.0%

	2 WSDs
	0.2%
	0.2%
	1.04%
	1.0%
	1.95%
	2.0%

	5WSDs
	0.47%
	0.5%
	2.5%
	2.5%
	5.2%
	5.0%

	10 WSDs
	1.0%
	1.0%
	5.1%
	5.1%
	10.2%
	10.0%

	20 WSDs
	2.2%
	2.1%
	5.1%
	10.2%
	19.5%
	19.4%

	40 WSDs
	4.4%
	4.2%
	19.3%
	19.5%
	34.7%
	34.1%


Table 3: (LP results for N WSDs with equal e.i.r.p. in the presence of noise power (-106.148 dBm)

Case 2: 
2 equivalent interferers are considered (in addition to the noise). The common e.i.r.p. of 2 WSD interferers is to be determined such that the (LP/(IP is 0.1%, 0.5%, 1.0%. 
The results are summarized in Table 4. It is seen that the EIRP of each of the WSDs must be  reduced by about 3 dB compared to the single-entry case (see Table 1) in order for the degradation to LP (and IP) reach the same value that was achieved for a single WSD interferer.
	Separation distance (km) (JTG 5/6, 600 MHz, rural)
	Pwsd_max (dBm) for each of 2 WSD’s

	
	IP = 5.1% (LPa=94.9%)
	IP = 5.5% (LPa=94.5%)
	IP = 6% (LPa=94%)

	
	SEAMCAT
	EBU
	SEAMCAT
	EBU
	SEAMCAT
	EBU

	1 km
	-29.6
	-29.71
	-22.7
	-22.79
	-19.8
	-19.81

	13 km
	13.2
	13.24
	20.2
	20.18
	23.2
	23.16


Table 4: Results for 2 WSDs, equal EIRP, in the presence of noise power (-106.148 dBm)
5. Conclusions

This contribution describes a methodology and the associated parameters involved in evaluating location probabilities and interference probabilities when calculations are to be performed to determine the interference potential to DTT reception.

The basic parameters so far established are:

- the definition and interconnection of location probability and interference probability, and their usage

- the propagation model (the JTG 5-6 model)

- the Monte Carlo techniques to be used to arrive at statistically meaningful conclusions
- the power sum of noise and interferers to determine total interference levels

Preliminary calculations have been carried out which show that:
- the propagation model used by EBU Technical and by ECO yield essentially the same results with very small variation (less than 0.1 dB),

- the Monte Carlo approaches to calculate interference to DTT reception require a minimum set of assumptions  (e.g. number of trials, interference criteria, calculation of noise levels, standard deviations, power summing of interference contributions, etc) 

- the calculation of location probabilities and interference probabilities within a pixel yield essentially the same results with very small variation (less than 0.1 %)

Further work needs to be performed on tasks which seem to be of relevance to the current work of SE43. Some of the elements, parameters, etc. for such future tasks are given in the Annex.

ANNEX

Assumptions that may be used in calculations
Broadcast pixel: 



100 m x 100 m

Frequency:




600 MHz

Environment: 




rural

WSD antenna height: 



10.1 m

Propagation model: 
JTG 5-6 (rural area, 50% time for the path between DTT transmitter (BS) and DTT receiver, clutter height = 0 m)
Pmed = 





-77.1 dBm (at the edge of the coverage area)

σ = 





5.5 dB

DTT:

DTT receive antenna height: 


1.5 m, 10 m

DTT receiver antenna gain: 


0 dBi, 9.15 dBi 

(C/N) = 20 dB




required C/N

PRco = 20 dB





co-channel protection ratio

PRadj






adjacent channel protection ratio

DTT BS powers (examples):

Case 1: 
DTT ERP: 




1kW 
DTT transmit power: 
 


62.15 dBm
DTT transmitter antenna height: 

150 m

DTT transmitter antenna gain: 

0 dB
Coverage radius:


 
(24.965  km 

Case 2: 
DTT ERP: 




10kW
DTT transmit power: 
 


72.15 dBm

DTT transmitter antenna height: 

300 m

DTT transmitter antenna gain: 

0 dBr.

Coverage radius: 



( 50.110 km
Case 3: 
DTT ERP: 




100kW
DTT transmit power: 
 


82.15 dBm

DTT transmitter antenna height: 

600 m

DTT transmitter antenna gain: 

0 dB.

Coverage radius:



( 86.490 km
WSD parameters
Parameters are to be based on known (or likely) WSD technology. Two categories of WSD device will be considered: Fixed and mobile/portable
Interference scenarios

The interference scenarios described in Report 159 will form the basis of (at least some of) the calculations.

Interference calculation are to be carried out for pixels at the DTT coverage edge, as well as within the DTT coverage area.
Assumptions used for this task:

Calculation method
Monte Carlo simulation

Calculation to be done within pixels located at the DTT coverage edge, as well as within pixels located within the DTT coverage area.

WSD parameters

FWSD = 600 MHz

WSD is placed in the center: e.i.r.p. = 20 dBm

Transmission mode: Htx fixed at 10 m agl (above ground level)

DTT parameters
Pixel size: 


100 m ( 100 m

Frx is from 608 MHz

Omnidirectional antenna

Emed at coverage edge = 56.21 dBµV/m  (  P = -76.55 dBm, σ = 5.5 dB (corresponding to 95% LP)
Reception mode: Hrx fixed at 10 m agl

Receive antenna discrimination: Rec 419, if necessary

Protection criteria  was defined as follows:

· PRco = 21 dB;

· 1st channel = -30 dB;

· 2st channel= -40 dB;

· 3st channel = -50 dB

Interference criterion was set up to C/(N+I) = 21 dB. Blocking mask defined in SEAMCAT in accordance with protection criteria described above. Blocking mode user defined was chosen. 
Extended Hata propagation model (outdoor, above roof) was considered in the calculations. 
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Figure 1. SEAMCAT scenario outline (R is a distance between 

DTT receiver and WSD)

Test scenario results: 

	Interferer frequency 
	Victim frequency
	R (distance between Vr and interferer) 
	(IP, %

	600 MHz 
	608 MHz
	0.02 km
	97.37% %

	600 MHz
	616 MHz
	0.02 km
	67.42%%

	600 MHz
	624 MHz
	0.02 km
	19.54 %


� If an interference source is removed, the LP will increase, and the IP will decrease, and both ‘degradations’ will be negative.


� Because the results of a Monte Carlo simulation can vary slightly from simulation to simulation, the most accurate determination of the difference LPb – LPa (or IPa – IPb) would involve the calculation of LPb and LPa (IPa and IPb) using the same randomly generated values for the wanted field in the presence of noise and interference as those for the wanted field in the presence of noise only.
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