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	Summary:
	This contribution analyses the feasibility of variable degradation in location probability inside the DTT coverage area. The limitations of DTT receivers with respect to interference are taken into account and analytic and simulation results show the situations where multiple degradations in location probability are feasible under the constraint of not causing harmful interference to DTT receivers. Some configurations in terms of protection criteria are presented as alternatives to Administrations.

	Proposal:
	To consider the possibility of using multiple acceptable/agreed degradations in location probability under the constraint of avoiding harmful interference to DTT receivers. It is proposed to incorporate the content of this contribution in the working document.

	Background:
	In last meeting, there was much discussion about strategies to calculate the maximum permitted WSD EIRP based on adaptive degradation in location probability. There was a claim that degradations in location probability higher than 0.1% would cause harmful degradation in the DTT service. 
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ATTACHMENT
Introduction and discussion
The use of TV white spaces is conditioned to the protection of the primary DTT broadcasting service against WSD interference. This protection is represented by tolerable levels of degradation. 

WSD interference degrades two distinct aspects of DTT broadcasting service:
· The coverage quality of DTT service;
· The ability of the DTT receiver in discriminating the desired signal from interference signals. 
 
The coverage quality of DTT service is measured by the location probability (LP). DTT LP indicates the probability with which an acceptable/agreed DTT reception quality is achieved in a given area. Therefore, the limitation of the degradation in location probability () to an acceptable level is a suitable protection criterion to the DTT service. 

ECC Report 159 [1] considers the possibility of different tolerable levels of  according to location specific characteristics (see [1], page 32). Studies and examples therein use , and  (see [1], Annex A.6.4.1). Extract from ECC Report 159 (pages 29-30)[footnoteRef:2]: [2:  A part of the original extract is emphasized here by using bold text.] 


“The calculation of regulatory emission limits for an autonomous WSD for operation in DTT bands has to be inevitably based on worst-case geometries between the interfering WSD and the victim DTT receiver. Consequently, adequate protection of the DTT service can result in very stringent (i.e. low) regulatory emission limits for the WSD. This may reduce the utility of the WSDs. It is, however, generally understood that the extent of harmful interference to a DTT receiver is significantly influenced by the quality of the DTT coverage in the geographical area of interest. The implication is that, with the aid of a geo-location database, the regulatory emission limits for a WSD may be significantly increased in areas where the received wanted DTT signal power is high (i.e., where DTT coverage quality is good).”

In last meetings, some studies about the protection of DTT service have considered  as the maximum acceptable degradation in location probability. In the last meeting, there was a claim that degradations in location probability higher than 0.1% would cause harmful degradation in the DTT service. An argument was that a degradation of Y% in location probability would be equivalent to causing harmful interference to Y% of currently operating DTT receivers.  

Considering that:

1. By definition, location probability of X% in a small area (pixel) means that in X% of locations within this area the wanted signal level is appropriately greater than a minimum required value; 
2. “Normally, to achieve a satisfactory coverage, a location coverage probability of 95% is required for fixed and portable reception and 99% for mobile reception. Sometimes the value of 70% is requested for a lower coverage quality target.” (ECC Report 49 [2], page 16);
3. In pixels where the DTT location probability is close to 100%,  values between 0.1% and 1%, for instance, will result in DTT  around 99% to 99.9%,

then:

1. A degradation of Y% in location probability means that the original probability of correct operation for a DTT receiver, which is at least 95% in covered areas, will be decreased by Y%;
2. Degradations in location probability higher than 0.1% do not seem to be prohibitive from the point of view of DTT service coverage quality.

In the last meeting, it was also argued that the geo-location database would not be able to estimate satisfactorily the wanted DTT median field strength, , and/or the location probability of a pixel, and for this reason, operation considering multiple levels of  as a function of  or  would not be applicable. As stated in ECC Report 159 (see [1], page 32):

· The database must be aware of frequencies, median, and standard deviation of the received wanted DTT signal power/field strength, the median and standard deviation of the DTT interferer power/field strengths, as well as the resulting DTT  in every pixel;
· The mentioned parameters can be provided by the national networking planning model;
· In the absence of such a model, the parameters can be calculated explicitly based on the technical characteristics and locations of the DTT transmitters.

Accuracy of information about the aforementioned parameters is certainly an important issue. A given level of accuracy on these parameters should be guaranteed by the database to appropriate operation. However, the lack of such guarantee at this moment should not be a reason to discard the possibility of operation considering multiple levels of . Even whether inaccuracy of field strength and/or  estimates is taken into account, multiple (higher than 0.1%) values of  may be feasible.  

A  level is considered feasible if the DTT receiver is able to deal with the corresponding interference. From the perspective of the DTT receiver, two parameters are important to appropriate operation in the presence of interference:

· Protection ratio: the minimum value of the signal-to-interference ratio at the DTT receiver required to obtain a specified reception quality under specified conditions;
· Overloading threshold: the interference level above which the receiver begins to lose the ability to discriminate against interfering signals at frequencies differing from that of the wanted signal.

Conditions for the protection of the DTT receiver against interference taking into account the two parameters mentioned above provide interference limits for appropriate operation of the DTT receiver. The appropriate operation in this case means the respect of the protection ratio and the overloading threshold. Given these interference limits, it is possible to assess the feasible levels of  .

This analysis clarifies the feasibility of different levels of degradation in location probability and presents some configurations in terms of coverage quality and protection against interference that can be taken as alternatives to Administrations. 

Theoretic protection of DTT receiver
The conditions based on the protection ratio and on the overloading threshold for the protection of the DTT receiver against interference are usual in ECC compatibility studies, like ECC Report 138 [3] and ECC Report 148 [4] (see Annex C in [3]). They take into account statistical location variations in the wanted and interfering signals. For simplicity, interference of other DTT transmitters is ignored.

2.1. Protection ratio

The usual protection condition of the DTT receiver against interference is related to the protection ratio. It is given by 

	,
	(1) 


where: 
 
: wanted DTT median field strength at the DTT receiver;
: wanted DTT field standard deviation;
: WSD interference median field strength at the DTT receiver;
: WSD interference standard deviation;
: protection ratio (co-channel or adjacent channels);
: location correction factor for X% of locations within the small covered area (pixel).

Location correction factor takes into account the statistical location variations of both the wanted and the interfering signals.

Therefore, the limiting interference median field strength  for the protection of X% of locations within the pixel with respect to the appropriate (co-channel or adjacent channels) protection ratio  is expressed as 

	 ,
	(2) 


for a given wanted median field strength , and wanted and interfering standard deviations  and . The probability factor for X% locations, , assumes the values 1.6449, 2.3263, and 3.0902 for respectively, X = 95%, 99%, and 99.9%.

2.2. Overloading threshold

The protection of DTT receiver against overloading consists in satisfying: 

	 ,
	(3) 


where: 
: interference power at the front-end of the DTT receiver;
: overloading threshold;
: location correction factor for X% of locations within the small covered area (pixel).

Location correction factor in this case takes into account the statistical location variations of the interfering signal only, since DTT receiver overload does not depend on the wanted DTT signal power.

The interference power at the front-end of the DTT receiver relates to the interference power at the DTT receiver input  as follows:

	 ,
	(4) 



where  and  represent antenna polarization discrimination and antenna gain (including feeder losses). The relation between interference  and interference median field strength  is given by 

	 ,
	(5) 


for the frequency of operation  given in MHz. 

Then, the limiting interference median field strength at the DTT receiver, , for the protection of X% of locations within the pixel with respect to the overloading threshold  is given by 

	 .
	(6) 


It is noticeable that the receiver overload does not depend on the protection ratio.

 
Feasible levels of    from the perspective of the DTT receiver 
3.1. Scenario and simulation setting

The analysis presented in this contribution can be applied to any scenario indicated in the working document, but for illustration purposes, the most restrictive scenario in terms EIRP for fixed outdoor WSD transmission is considered. The scenario is the “Fixed WSD transmission and fixed DTT reception at 10 m agl.”, Annex A4.2.1 in the working document, which is briefly described in Table 1. Other relevant parameters like the median field strength at the coverage edge, , the minimum acceptable field strength at the receiver, , the protection ratio, and the overloading threshold are presented in Table 2, all in accordance with previous studies and ECC reports ([1], [4]). For simplicity, a unique value of overloading threshold is assumed for co-channel and adjacent channels.

Table 1: Scenario. 
	Scenario
	Distance [m]
	Polarization discrimination [dB]
	Rx Antenna discrimination [dB]
	Tx antenna attenuation [dB]
	Total Loss [dB]

	Fixed WSD @10m 
to Fixed DTT @10m
	20
	3
	-
	-
	57.72


Table 2: Relevant parameters (minimum field strength, protection ratios, and overloading threshold).
	

	

	Co-channel protection ratio  [dB]
	1st adj. channel protection ratio  [dB]
	2nd  adj. channel protection ratio  [dB]
	Overloading Threshold
 [dBm]

	56.21
	47.16
	21
	-30
	-40
	-20



Usual Monte Carlo simulations are performed to calculate location probability. For these simulations, the DTT wanted signal and the WSD interference are modeled as random variables with normal distribution as follows: 
·  is the field strength of the wanted signal at the DTT receiver, with mean  and standard deviation ;
·  is the field strength of the interference at the DTT receiver, with mean  and standard deviation . 
The DTT location probability is defined as the probability with which a DTT receiver would operate correctly at a specific location. In the absence of interference, the location probability is calculated as 

	 ,
	(7) 


whereas in the presence of interference, it is

	 ,
	(8) 


where  indicates power sum (sum in linear scale). Figure 1 illustrates  curves as a function of the co-channel interference median field strength  for  varying from  to  in intervals of 5 dB.  curves for adjacent channel  are obtained by shifting the curves in Figure 1 by () to the right.
[image: ]
Figure 1: Location probability with co-channel WSD interference.

The degradation in location probability is given by the difference between the original  and the resulting  with interference. For simplicity, interference of other DTT transmitters is ignored. 

3.2. Results and discussion

The intent in this analysis is to determine the interference limits for the protection of the DTT receiver against interference for X% of locations, and from these limits to determine the corresponding  levels, which are acceptable from the point of view of the DTT receiver protection against interference. Interference limits are calculated from (2) for the satisfaction of the protection ratio, and from (6) for avoiding DTT receiver overload. Location probability () and location probability degradation () corresponding to calculated interference limits are obtained by Monte Carlo simulations.

Table 3 illustrates a set of results that permits several remarks regarding feasible levels of . First column in Table 3 indicates the percentage of locations for which the DTT receiver is protected with respect to interference, i.e. X = 99.9%, X = 99%, and X = 95%. Second column gives the median field strength . Seven different wanted DTT field strengths are considered, with  for the coverage edge, and  values increasing from 5 dB until reaching . Third column in Table 3, entitled “ (No DTT receiver overload)”,  shows the calculated limiting interference median field strength, , for the protection of the DTT receiver against overload in X% of locations. Fourth and fifth columns, entitled “ (Satisfaction of )”, present the calculated limiting interference median field strength, , for the satisfaction of the protection ratio in X% of locations. Fourth column () is related to the 1st adjacent channel, and the fifth one () to the 2nd adjacent channel. The maximum  corresponding to the limiting interference median field strength  is shown in columns six and seven, entitled “Corresponding maximum ”, for WSD transmission in 1st and 2nd adjacent channels, respectively. The last two columns (“Resulting ”) show the  values obtained by simulations that result from the presence of the limiting interference field strength .

As previously mentioned,  does not depend on the wanted DTT signal. Moreover, only one value of  was considered to all channels. Therefore, given the required percentage of locations protected, X%, the calculated maximum interference median field strength  for the protection of the DTT receiver against overload holds for any wanted signal quality  and for any channel. For the protection of 99.9% of locations from DTT receiver overload (quasi overload free), the limiting interference median field strength is . For protection of 99% of locations,  , and for the protection of 95% of locations against receiver overload, .

The interference limits for the protection of the DTT receiver with respect to the protection ratio, on the other hand, vary with the quality of the wanted DTT signal and with the channel (results for WSD transmission in 1st and 2nd adjacent channels are shown in Table 3). In general, the satisfaction of  is the limiting factor for the received interference level. Only in locations where the wanted DTT signal strength is high, the limits imposed by the overloading threshold are more stringent than the ones coming from the satisfaction of . These situations are marked in yellow in Table 3. 

Table 3: Interference median field strength limits, , for no DTT receiver overload and for the satisfaction of protection ratio for X% of locations, and the corresponding maximum  and resulting .
	Protection of 
X% of locations
	
	 
(No DTT receiver overload)
	 
(Satisfaction of PR)
	
	Corresponding maximum  
	Resulting  

	
	
	
	
	
	
	
	
	
	

	X = 99.9%
	
	96.49
	66.06
	76.06
	
	0.90%
	0.90%
	94.10%
	94.10%

	
	
	
	71.06
	81.06
	
	0.54%
	0.54%
	98.93%
	98.93%

	
	
	
	76.06
	86.06
	
	0.22%
	0.22%
	99.75%
	99.75%

	
	
	
	81.06
	91.06
	
	0.14%
	0.14%
	99.86%
	99.86%

	
	
	
	86.06
	96.06
	
	0.12%
	0.12%
	99.88%
	99.88%

	
	
	
	91.06
	101.06
	
	0.11%
	0.01%
	99.89%
	99.99%

	
	
	
	96.06
	106.06
	
	0.10%
	0.01%
	99.90%
	99.99%

	X = 99%
	
	99.16
	71.04
	81.04
	
	2.89%
	2.89%
	92.11%
	92.11%

	
	
	
	76.04
	86.04
	
	2.08%
	2.08%
	97.39%
	97.39%

	
	
	
	81.04
	91.04
	
	1.39%
	1.39%
	98.58%
	98.58%

	
	
	
	86.04
	96.04
	
	1.13%
	1.13%
	98.87%
	98.87%

	
	
	
	91.04
	101.0
	
	1.09%
	0.48%
	98.91%
	99.52%

	
	
	
	96.04
	106.0
	
	1.01%
	0.04%
	98.99%
	99.96%

	
	
	
	101.04
	111.0
	
	0.46%
	~ 0%
	99.54%
	~100%

	X = 95%
	
	101.55
	75.48
	85.48
	
	7.85%
	7.85%
	87.15%
	87.15%

	
	
	
	80.48
	90.48
	
	6.75%
	6.75%
	92.72%
	92.72%

	
	
	
	85.48
	95.48
	
	5.64%
	5.64%
	94.33%
	94.33%

	
	
	
	90.48
	100.48
	
	5.20%
	5.20%
	94.80%
	94.80%

	
	
	
	95.48
	105.48
	
	5.12%
	1.31%
	94.88%
	98.69%

	
	
	
	100.48
	110.48
	
	5.03%
	0.13%
	94.97%
	99.87%

	
	
	
	105.48
	115.48
	
	1.24%
	0.01%
	98.76%
	99.99%




The last four columns in Table 3 give the maximum  and the resulting  for WSD transmission in the 1st and 2nd adjacent channels that correspond to the interference level determined to protect the DTT receiver against interference for X% of locations. The maximum  and the resulting  vary with the wanted median field strength . For instance, for locations where , quasi perfect DTT receiver operation with respect to interference (X = 99.9%) is observed with maximum  and a resulting  for 1st adjacent channel WSD transmission. Transmission in the 2nd adjacent channel is limited by  to cause maximum interference . In the same scenario, if DTT receiver operation is protected for X = 99% of locations, one obtains the maximum  and the resulting  for 1st adjacent channel transmission, whereas for 2nd adjacent channel transmission there is a limitation by  to maximum interference . For DTT receiver operation protected against interference in X = 95% of locations, up to 5.03% and 0.13% of  for 1st and 2nd adjacent channels transmission are possible.  





Important remarks from results in Table 3:

1. Values of maximum  shown in Table 3 are, as highlighted throughout the analysis, the maximum degradations in location probability that guarantee the protection of the DTT receiver against interference for X% of locations.   
They serve as upper bounds for the  which can be adopted as acceptable by considering the coverage quality. These upper bounds decrease with the increase of the wanted DTT signal level, since in this case the permitted interference level also increases and becomes more likely to not respect the protection ratio and the overloading threshold.

2. The general understanding expressed in ECC Report 159 that emission limits of a WSD may be increased in areas where the wanted DTT signal power is high is confirmed.
By protecting the DTT receiver against interference for X% of locations, the limiting interference increases with the wanted DTT signal level until the overloading threshold is met. For the 1st adjacent channel, the limitation by overloading occurs only at locations where the wanted median field strength is more than 25 dB higher than it is at the coverage edge.   
 
3.  protects the DTT receiver operation against interference for at least X = 99.9% of locations (quasi perfect DTT receiver operation) for wanted field strengths that vary from  (coverage edge) up to at least  for 1st adjacent channel transmission and at least  for 2nd adjacent channel transmission. 
This contrasts with the strategy proposed in document SE43(11)12 to calculate WSD emission limits, where  is adopted only for wanted field strengths that vary from  (coverage edge) up to , and WSD in locations with higher  have emission limits fixed to the ones calculated to . More flexibility on the usage of available spectrum without harmful degradation of DTT service is possible.
  
4. For DTT receiver operation protected against interference for X = 99.9% of locations (quasi perfect DTT receiver operation), the presented  limits provide resulting  for .
The limiting  values for these locations vary between 0.1% and 0.54% before the  is reached. Since  at the coverage edge is critical, in this case  should not be adopted. However,  and below the limits indicated in Table 3 for inner DTT coverage locations present acceptable  levels.

5. If the DTT receiver operation is protected against interference for X = 99% of locations, the presented  limits provide resulting  for .
The limiting  values for these locations vary between 1.01% and 2.08% before the  is reached. Since  at the coverage edge is critical, in this case  should not be adopted. However,  and below the limits indicated in Table 3 for inner DTT coverage locations present  levels that may be considered acceptable.


From the remarks above, it is concluded that multiple (higher than 0.1%)  values are feasible for high probability of DTT receiver protection against interference and for high levels of . Appropriate/agreed protection criteria with respect to the coverage quality and the protection of the DTT receiver against interference should be defined by Administrations.


Conclusions
The analysis presented in this contribution provides limits to the degradation in the DTT location probability according to the capability of DTT receivers in dealing with interference. It was shown that there is a range of feasible degradations in location probability. Given the range of feasible degradations, Administrations can have more elements to define appropriate/agreed levels of degradation in location probability considering both the coverage quality and the level of protection of the DTT receiver against interference.
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