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Summary:
In the context of a location specific WSD EIRP calculation taking into account the wanted signal level, this EIRP might increase almost without limit as the WSD location is situated closer and closer to the DTTB transmitter. Large increases in the interfering field will be due to high values of WSD transmit EIRPs which may lead to overloading effects in nearby DTTB receive installations. To avoid this type of situation, WSD EIRP limits must be set.

This contribution calculates the required limits for the various adjacent channel reception Scenarios.

Proposal:
It is proposed to include this material concerning the WSD EIRP limits based on overload thresholds in the working document being developed by SE43.
Background: 
SE43 has been tasked by WGSE to continue the work on definition of 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. Among others, WG SE requested to address the possibility to set up fixed maximum permitted EIRP limits for WSDs.

One important aspect concerning the establishment of WSD EIRP limits is the potential overloading effects in nearby DTTB receive installation.
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WSD EIRP limits’ calculation based on overload threshold
1. INTRODUCTION

In doc. SE43(11)12 EBU has proposed a (LP = 0.1% criterion to limit the interference potential of WSDs to DTTB reception.
However this criterion is used with the location specific EIRP calculation taking into account the wanted signal level. This criterion allows the WSD EIRP to increase almost without limit as the WSD location is situated closer and closer to the DTTB transmitter.
Figure 1 shows how the allowed interfering field of a WSD can increase as we pass from the DTTB coverage edge (where the wanted field strength at 10 m receive antenna height for fixed reception is 56.21 dBµV/m) towards the DTTB transmitter (where the field strength may reach 100 dBµV/m or more), still limiting the degradation to location probability to 0.1% (ignoring the overload threshold, however).

Large increases in the interfering field will be due to high values of WSD transmit EIRPs which may lead to overloading effects in nearby DTTB receive installations. To avoid this type of situation, WSD EIRP limits must be set.
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Figure 1: Eimed vs. Ewmed to achieve (LP = 0.1% in the 1st adjacent channel (PR = -30 dB)
This contribution calculates the required limits for the various adjacent channel reception Scenarios. The parameters for these Scenarios are provided in Table 1. Schematic diagrams displaying the various Scenarios are given in Annex 0. Note that Scenarios #6 and #7 have not yet been approved within SE43.
	Scenario
	Emed
(dBµV/m)
	Pmed
(dBm)
	LOSS(d)

(dB)
	DISC/POL 

(dB)
	DISCwsd
(dB)
	PR

(dB)
	SCENARIO DESCRIPTION

	
	
	
	
	
	
	
	WSD
	DTTB
	d (m)

	#1
	56.21
	-77.25
	56.15
	0.45
	0
	21
	PO(1.5 m)
	F(10 m)
	22

	#2
	56.21
	-77.25
	54.72
	0
	0
	21
	PO(10 m)
	F(10 m)
	20

	#3
	61.21
	-72.25
	34.72
	0
	0
	19
	PO(1.5 m)
	PO(1.5 m)
	2

	#4
	56.21
	-77.25
	54.72
	3
	0
	21
	F(10 m)
	F(10 m)
	20

	#5
	61.21
	-72.25
	55.45
	0
	10
	19
	F(10 m)
	PO(1.5 m)
	20

	#6
	56.21
	-77.25
	62.87
	3
	13.55
	21
	F(30 m)
	F(10 m)
	47

	#7
	61.21
	-72.25
	60.59
	0
	18.1
	19
	F(30 m)
	PO(1.5 m)
	27

	Table 1: Characteristics of the 7 WSD interference Scenarios (see Annex 0 for more details)


2. THEORETICAL ANALYSIS
We wish to calculate the suitable WSD EIRP limits on the basis of respecting the overload threshold for any given channel adjacency. In this section we use analytical calculations to get a feel for the magnitude to the problem. 
We use a simple model in which a fixed WSD transmit antenna, situated at 10 m height, interferes with a fixed DTTB receiver with fixed antenna at 10 m height. The separation between the WSD and the DTTB is 20 m. This corresponds to Scenario 4 in Table 1.
The wanted signal strength is only taken into account as a reference – we are only interested in the overloading threshold and its relationship to Pt_wsd, the transmit EIRP of the WSD transmitter.

We do not consider noise either for reasons explained in Annex 1.

The frequency considered is f = 650 MHz.

The interfering signal is assumed to have standard deviation (wsd = 3.5 dB.
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Figure 2: Explanatory diagram of the terminology used in the calculation

Referring to Figure 2, at the DTTB receive antenna  level, the field strength (median or stochastic
) and received power (median or stochastic) are related by:

Pr_dBm = EdBµV/m – 20 log fMHz – 77.2
The (median and stochastic) power entering the receiver, after having passed through the antenna system, will be:

Prec = Pr_dBm – POL + Ga,








(1)
where POL = 3 dB antenna polarisation discrimination, and Ga is the receive antenna gain (including feeder losses). Ga = 9.15 dBi for fixed DTTB reception, and Ga = 2.15 dBi for portable DTTB reception.
The WSD transmit EIRP, Pt, is related to the median Pr_dBm by 


Pt – LOSS (d) = Pr_dBm 








(2)
where ‘LOSS(d)’ is the median propagation loss over the distance dkm.
To protect against overloading the following must be satisfied:

Prec < Oth for the stochastic power entering the receiver, and

Prec < Oth – µx(wsd for the median power entering the receiver to protect at x% location probability
.
µx is the probability factor for x% of the locations; e.g. for 95%, µx = 1.6448, for 99.9%, µx = 3.0902. 
As mentioned, we ignore the effects of noise, and we make a simplifying assumption so that an analytical calculation can be carried out easily.
The assumption is explained in the following:

We want to protect DTTB to the extent that only a (LP = 0.1% degradation to the location probability is permitted. If we protect from overload by using
Prec < Oth – µx(wsd,






(3)

we would like to determine the value of “x” which will give a good approximation to a (LP = 0.1% degradation.
We combine equations (1), (2) and (3) as follows
Pt = Pr_dBm + LOSS(d) = 


Pt = Prec + POL – Ga + LOSS(d) =


Pt < Oth – µx(wsd + POL – Ga + LOSS(d) 






(4)
If there is DTTB receive antenna discrimination, DISCTV, then the term ‘POL’ should be replaced by ‘[POL,DISCTV]’ which can be taken as max(POL,DISCTV) if ITU-R Rec 419 is used for the receive antenna characteristic.

If there is WSD transmit antenna attenuation, DISCWSD, then an additional term ‘DISCWSD’ should be introduced into Equation (4).

Then we can rewrite Equation (4) as 

Pt < Oth – µx(wsd + [POL, DISCTV] + DISCWSD – Ga + LOSS(d)


          (4’)

Knowing the overload threshold value for any given situation, we can evaluate the maximum permitted WSD EIRP from Equation (4’).

For the fixed DTTB reception case we have


Pt < Oth – µx*3.5 + 3 + 0 – 9.15 + 54.72 = Oth – 3.5µx + 48.57 dBm



(5)
We can take an example from the overload threshold information provided in ECC Report 159. An extract of the relevant Tables is given in Annex 2. We see that the Oth values can be as low as ‑19 dBm for 10th percentile DTTB receivers (-26 dBm for silicon USB receivers). 
As an example we chose Oth = -20 dBm. Then Equation 5 tells us that
Pt_max =  Oth – 3.5µx + 48.57 dBm = 28.57 – 3.5µx dBm
should be the maximum fixed WSD power limit. It should be noted that no cumulative WSD interference effects have been taken into account. For example, if we had 3 co-sited WSDs transmitting from a single site, then the aggregate interference would exceed the OTH, unless of course, the power of each transmission were reduced by 10 log 3 = 4.77 dB. In this case, Pt_max = 28.57 – 3.5µx dBm would be reduced to Pt_max = 23.8 – 3.5µx dBm.
In order to determine the value of “x” to be used in this analytic calculation of the WSD EIRP restrictions due to DTTB overload, we calculate exact results in the following section, using Monte Carlo simulation.
3. MONTE CARLO SIMULATION
The results in the previous section were based on approximations. In this section we carry out the interference calculation using Monte Carlo simulations, with no approximations, in order to determine what value the parameter “x” should be given.

The Monte Carlo simulations are carried out on the following basis, with respect to protection ratio (giving information for the smaller WSD EIRPs) and also with respect to Oth (giving information for the larger WSD EIRPs). For simplicity, we carry out the calculation using powers (and not field strengths).
At the DTTB coverage edge the median wanted field strength at the DTTB fixed receive antenna (at 10 m height) for 95% location probability is E = 56.21 dBµV/m. We convert this to median receive power (at the receive antenna) using: Pw = E – 20log f – 77.2 = ‑77.245 dBm.
The calculations are carried out for wanted DTTB receive powers (at the receive antenna) starting at the median value -77.245 dBm and increasing by 1 dB, step by step. This represents the increase in wanted field strength as reception approaches the DTTB transmitter.

The Monte Carlo trial for compatibility consists of the usual steps with one additional condition: the interfering power inside the receiver (i.e. including the receive antenna gain and polarization loss) must be less than the overload threshold.
3.1 Fixed WSD (10 m) to Fixed DTTB (10 m) (1st adjacent channel interference)
The Monte Carlo simulation was carried out to repeat the analytical calculation presented in the previous section. The complete set of parameters is given in Annex 3. The results are shown in Figure 2. It is seen that as the wanted power at the DTTB receive antenna increases, the WSD allowed transmit power also increases (while maintaining (LP = 0.1%), similar to the behaviour shown in Figure 1 for the corresponding field strength values.
The curve which includes Oth in the protection criteria, however, rises only asymptotically to 17.75 dBm, and rises no further.
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Figure 2. WSD EIRP RESTRICTIONS:  Fixed WSD (10 m) to Fixed DTTB (10 m)

1st Adjacent channel (PR = -30 dB), Oth = -20 dBm
3.1.1 Analytic approximation
We can substitute the previous result into Equqtion 4’ to determine the corresponding value of “x”.

Inserting all the relevant parameters, we find Pt_max = 28.57 – 3.5µx dBm = 17.75 dBm, which means that 3.5µx = 10.82, or µx = 3.091. This value of µx corresponds to x = 99.9%. This means that if we are trying to protect LP at the level (LP = 0.1%, we can use x = 99.9% in Equation 4’.
3.2 Fixed WSD (10 m) to Fixed DTTB (10 m) (2nd adjacent channel interference)

The same Monte Carlo simulation has been carried out again, this time for the 2nd adjacent channel (PR = -40 dB). Other than the protection ratio, no other parameter has been changed. The results are shown in Figure 3. It is seen that the maximum WSD EIRP is again 17.75 dBm in this case, even though the protection ratio has decreased from -30 dB to -40 dB. This shows, as could be expected, that the overload effect is independent of the protection ratio (at least as long as the protection ratio is negative).
As shown in the previous subsection, the same result could have been obtained analytically using Equation 4’ and x = 99.9%.
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Figure 3. WSD EIRP RESTRICTIONS:  Fixed WSD (10 m) to Fixed DTTB (10 m)

2nd Adjacent channel (PR = -40 dB), Oth = -20 dBm
3.2 Fixed WSD (10 m) to PO DTTB (1.5 m) (2nd adjacent channel interference)
We examine one more case using Monte Carlo simulation: Fixed WSD (10 m) to DTTB PO (1.5 m), corresponding to Scenario 5 in Table 1. We use 2nd adjacent channel interference, even though, as we have seen before, the result is independent of the value of the (negative) protection ratio. The results are shown in Figure 4. It is seen that the maximum WSD EIRP is 32.48 dBm.
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Figure 4. WSD EIRP RESTRICTIONS:  Fixed WSD (10 m) to PO DTTB (1.5 m)

2nd Adjacent channel (PR = -40 dB), Oth = -20 dBm
We now compare this result (Pt_max = 32.48 dBm) with the results of Equation (4’) of section 2:
Pt < Oth – µx(wsd + [POL, DISCTV] + DISCWSD – Ga + LOSS(d),


          (4’)

using the parameters of Scenario 5 of Table 1 (and Ga = 2.15 for PO).
Based on our determination of the value of the parameter “x” for (LP = 0.1%, we can evaluate Equqtion 4’ as follows. Then Pt_max = -20 – 3.09*3.5 + 0 + 10 – 2.15 + 55.45 = 32.485 dBm. This is precisely the result delivered by the previous Monte Carlo simulation.
We conclude that the arguments given in section 2 for the applicability of Equation 4’, and its accuracy, are valid. In particular, x = 99.9% for (LP = 0.1%. This allows a simplification in calculations determining permitted maximum EIRPs for WSDs.
4. WSD EIRP LIMITS
Using Equation (4’) we now calculate the maximum WSD EIRP limits for the Scenarios given in Table 1. We use the overload threshold values given in Table 2.
	 Adjacent Channel
	DVB-T Oth for 64-QAM 2/3 DVB‑T signal (dBm)

	
	BS (constant average power)
	UE (TPC off)

	
	Fixed or Mobile DTTB reception
	Fixed or Mobile DTTB reception*

	1
	-13
	-23 (to -19)

	2
	-8
	-46 (to – 5)

	3
	-19
	-47 (to -26)

	4
	-13
	-44 (to -11)

	5
	-8
	-43 (to -7)

	6
	-6
	-41 (to -7)

	7
	-5
	-39 (to -5)

	8
	-5
	-35 (to -7)

	9
	-6
	-32 (to -10)

	Table 2: 10th percentile Oth values taken from Tables 5b and 7b of ECC Report 159 (see extract in Annex 2 below)
* For each adjacent channel, the values in parenthesis are the minimum of the maximum values for the ‘can’ receivers and the ‘silicon’ receivers in Table 7b.


The results are presented in Table 3. The minimum EIRP for each Scenario is marked in yellow in each Scenario row in the Table.
	Adjacent channel #
	SCENARIO #

	
	UE* WSD (dBm)
	BS WSD (dBm)

	
	#1
	#2
	#3
	#4
	#5
	#6**
	#7

	1
	13.6
	11.7
	-1.3
	24.8
	39.5
	40.3
	52.7

	2
	-9.4
	-11.3
	-24.3
	29.8
	44.5
	45.3
	57.7

	3
	-10.4
	-12.3
	-25.3
	18.8
	33.5
	34.3
	46.7

	4
	-7.4
	-9.3
	-22.3
	24.8
	39.5
	40.3
	52.7

	5
	-6.4
	-8.3
	-21.3
	29.8
	44.5
	45.3
	57.7

	6
	-4.4
	-6.3
	-19.3
	31.8
	46.5
	47.3
	59.7

	7
	-2.4
	-4.3
	-17.3
	32.8
	47.5
	48.3
	60.7

	8
	1.6
	-0.3
	-13.3
	32.8
	47.5
	48.3
	60.7

	9
	4.6
	2.7
	-10.3
	31.8
	46.5
	47.3
	59.7

	Table 3: WSD UE and BS maximum EIRP levels (dBm)
* The Oth values used relate to ‘TPC off’; with ‘TPC on’, the values of Oth become larger and the corresponding values of ‘UE maximum EIRP’ become smaller by the same amount.
** Note: because the propagation path is greater than 40 m, (wsd = 5.5 dB was used.



5. DTTB ADJACENT CHANNEL CONFIGURATIONS
We assume that most areas will have from 4 to 7 (or more) DTTB multiplex coverages.

It can thus be expected that any given WSD frequency could have as many as 4 to 7 (or more) nth‑adjacent channel ‘neighbours’. This means that the maximum WSD power would be subject to the minimum of the relevant power restrictions indicated in Table 3.

Thus, WSD power limits should be based on the minimum limit in each column/Scenario (or set of related columns/Scenarios, e.g. Scenarios #1 & #2 and possibly #3, Scenarios #4 & #5, Scenarios #6 & #7).
6. CONCLUSIONS
The following conclusions refer to the results given in Table 3.

SCENARIOS #1 AND #2

Scenarios #1 and #2 correspond to WSD UE protection of fixed DTTB reception. Scenario #2 is about 2 dB more stringent than Scenario 1.To protect fixed DTTB reception in all adjacent channel configurations, a maximum ‑12.3 dBm UE power limit would have to be set.
SCENARIO #3
Scenario #3 corresponds to WSD UE protection of portable outdoor DTTB reception. Scenario #3 is about 15 dB more stringent than Scenario 2.To protect mobile DTTB in all adjacent channel configurations, a maximum ‑25.3 dBm UE power limit would have to be set.
SCENARIOS #4 AND #5
Scenarios #4 and #5 correspond to WSD BS (at 10 m height) protection of fixed and portable DTTB reception, respectively. Scenario #4 is up to 16 dB more stringent than Scenario #5.
To protect fixed DTTB reception in all adjacent channel configurations, a maximum 18.8 dBm BS power limit would have to be set.
To protect portable outdoor DTTB reception in all adjacent channel configurations, a maximum 34.5 dBm BS power limit would have to be set.
SCENARIOS #6 AND #7
Scenarios #6 and #7 correspond to WSD BS (at 30 m height) protection of fixed and portable DTTB reception, respectively. Scenario #6 is up to 12 dB more stringent than Scenario #7.

To protect fixed DTTB reception in all adjacent channel configurations, a maximum 34.3 dBm BS power limit would have to be set.

To protect portable outdoor DTTB reception in all adjacent channel configurations, a maximum 46.7 dBm BS power limit would have to be set.

A further restriction concernin Scenarios #6 an #7. Is the following. If 30 m BS transmit antennas are foreseen, this type of usage should be restricted to rural areas. In urban environments, fixed DTTB receive antenna installations might also be forseen at 30 m. In this case the WSD EIRP restrictions mentioned above for Scenario #6 would be the same as that calculated for Scenario #4.

Furthermore, with respect to Scenarios #5 and #7 when PO DTTB reception is to be protected, because of the portability of the mobile DTTB apparatus, the siting of such equipment can also be located at higher than 1.5 m (e.g. at 10 m or 20 m at the window of a high rise).
Another major concern is the overload situation in the channels outside of N ( 9. According to Tables 5b and 7b of ECC Report 159, for any given interference configuration, the overload threshold values are, in general, ‘relatively constant’ over the range N + 1 to N + 9 and N – 1 to N – 8. If this same behaviour extends much above channel N + 9 and/or below channel N – 8, then the adjacent channel WSD EIRP restrictions would have to cover this extended adjacent channel range as well. In other words, a WSD which wishes to use channel N + 12 within a channel N DTTB coverage area should be subject to the same EIRP limitations – at least this is a matter to be studied further.
ANNEX 0
INTERFERENCE SCENARIOS

The Scenarios discussed in the main text of this contribution are displayed below. The details of Scenarios #1 to #5 are taken from ECC Report 159, and Scenarios #6 and #7 from doc SE43(11)yy contributed by EBU
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SCENARIO #1: Reference geometry for mobile WSD at 1.5 m agl.

The path loss shown is valid for a carrier at 650 MHz.
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SCENARIO #2: Reference geometry for mobile WSD at 10 m agl.

The path loss shown is valid for a carrier at 650 MHz.


[image: image9]
SCENARIO #3: Reference geometry for mobile WSD and mobile DTT at 1.5 m agl.

The path loss shown is valid for a carrier at 650 MHz.

[image: image10]
SCENARIO #4: Reference geometry for fixed WSD and fixed DTT at 10 m agl.

The path loss shown is valid for a carrier at 650 MHz.

[image: image11]
SCENARIO #5: Reference geometry for fixed WSD at 10 m and mobile DTT at 1.5 m agl.

The path loss shown is valid for a carrier at 650 MHz.

[image: image12]
SCENARIO #6: Reference geometry for fixed WSD at 30 m and fixed DTT at 10 m agl.

The path loss shown is valid for a carrier at 650 MHz.

[image: image13]
SCENARIO #7: Reference geometry for fixed WSD at 30 m and mobile DTT at 1.5 m agl.

The path loss shown is valid for a carrier at 650 MHz.
ANNEX 1

RELATIONSHIP BETWEEN THE WANTED FIELD, AN INTERFERING FIELD AND THE OVERLOAD THRESHOLD

In order to deal with the overload threshold in a meaningful way, we must take care how the overload threshold level is to be interpreted. We consider two related, but distinct, situations: stochastic fields and median fields and their relation to the overload threshold. 
A) Stochastic field levels
There are three interference cases to consider, as shown in Figure 1 (note that the protection ratio, PR, is negative, representing adjacent channel protection conditions). Cw is the wanted DTTB field strength level; IU is the interfering WSD field strength level; IUmax is the maximum allowed value of IU for the given Cw, respecting the protection ratio, PR, which is to say IUmax = Cw – PR; Oth is the overload threshold;
In Case 1 and Case 2, the maximum interference level, IUmax, is below Oth. The interfering WSD signal, IU, could be as large as IUmax, and the wanted signal Cw would still be ‘protected’ with respect to the protection ratio: IU + PR < Cw.
In Case 3, the maximum interference level IUmax, is above or equal to Oth. The interfering WSD signal, IU, could be as large as IUmax. , and the wanted signal Cw would still be ‘protected’ with respect to the protection ratio: IU + PR < Cw, but Cw would not be protected with respect to the overload.


[image: image14]
FIGURE 1: Relationship between median and stochastic field values

B) Median field levels

Again, there are three interference cases to consider, as shown in Figure 2. The notation is the same as in Figure 1, except that median field values are indicated, and there are eight additional vertical red arrows  These errors indicate the variation of the stochastic fields around their median values.
Case 1 is much as before. 

Case 2 is a bit different than before because, although the median IUmax is below the threshold, the median values of Cw and Iu might be such that the stochastic values could, in some locations, be above IUmax, and perhaps even above Oth.
In Case 3, the maximum allowed interference level IUmax, is above or equal to Oth. Even though the median IU is less than Oth, the stochastic interfering WSD signal, IU, could be larger than Oth. This, of course, would lead to overload problems in the DTTB receiver.

[image: image15]FIGURE 2: Relationship between median and stochastic field values and the overload threshold
C) FURTHER CONSIDERATIONS

For the adjacent channel case, the wanted signal is significantly far below the interfering signal, e.g. 30 dB to 60 dB below. Then, in general, the wanted power can be neglected in comparison with the interfering power.

If, on the other hand, the wanted power is approaching Oth and a power sum is necessary to determine the total power entering the DTTB receiver, then the restriction on the interfering power is even more stringent.

In order to keep things simple (and also not to consider the worst case) we ignore any possible effects on the overloading threshold due to high wanted signal levels; and also the (adjacent channel) protection ratio becomes irrelevant.
D) CONCLUSIONS

It can be seen that the most probable situation where the overload threshold might be exceeded, even though the protection ratios are not violated, is where the wanted field strength is already high, i.e. greatly exceeds the noise level.
In the analytical calculations in the main text, use is made of this situation to justify ignoring the complications due to noise. Thus, we expect a very good approximation for the analytical calculations carried out.
ANNEX 2
EXTRACT FROM ECC REPORT 159
Table of Overload threshold values
...   
	DVB-T Oth for 64-QAM 2/3 DVB‑T signal
(LTE BS, Constant Average Power)

	Channel edge separation (MHz)
	Oth (dBm) 

	
	90th
	50th
	10th

	
	Can
STB/iDTV
	Silicon
STB/iDTV
	Silicon USB
	Can
STB/iDTV
	Silicon
STB/iDTV
	Silicon USB
	Can
STB/iDTV
	Silicon
STB/iDTV
	Silicon USB

	1
	-1
	-2
	-3
	-9
	-8
	-17
	-13
	-13
	-26

	9
	3
	4
	0
	-3
	-1
	-13
	-8
	-7
	-22

	17
	4
	7
	0
	-2
	2
	-7
	-19
	-6
	-18

	25
	1
	8
	0
	-8
	4
	-6
	-13
	-6
	-14

	33
	1
	6
	0
	-4
	4
	-5
	-8
	-6
	-14

	41
	7
	8
	0
	-2
	3
	-5
	-6
	-5
	-14

	49
	9
	5
	0
	0
	1
	-5
	-5
	-4
	-14

	57
	9
	5
	0
	1
	1
	-3
	-5
	-4
	-13

	65
	8
	6
	0
	2
	2
	-11
	-3
	-6
	-16


Table 5b: DVB-T Oth values in the presence of a time-constant LTE BS interfering signal in a Gaussian channel environment at the 10th, 50th and 90th percentile: comparison between can-tuners and silicon-tuners.
…

The overload threshold for interference signals with constant average power and no frequency variation were generally much higher than those for time varying interference signals such as the pulsed LTE UE waveform.
	DVB-T Oth for 64-QAM 2/3 DVB‑T signal
(LTE UE TPC off)

	Channel edge separation (MHz)
	Oth (dBm)

	
	90th
	50th
	10th

	
	Can
STB/iDTV
	Silicon
STB/iDTV
	Silicon USB
	Can
STB/iDTV
	Silicon
STB/iDTV
	Silicon USB
	Can
STB/iDTV
	Silicon
STB/iDTV
	Silicon USB

	1.5
	-11 … 2
	 -14 … -9
	-3
	-16 … -11
	 -16 … -16
	-15
	-21 … -19
	-23 … -17
	-27

	9.5
	1 … 7
	-10 … 9
	-13
	-6 … -2
	-28 … 2
	-30
	-18 … -4
	-46 … -5
	-47

	17.5
	0 … 7
	-5 … 12
	-15
	-16 … -10
	-26 … 5
	-32
	-31 … -26
	-47 … -2
	-49

	25.5
	-7 … -6
	-5 … 9
	-18
	-13 … -9
	-25 … 2
	-30
	-19 … -11
	-44 … -6
	-42

	33.5
	-1 … 0
	-5 … 10
	-19
	-9 … -4
	-24 … 3
	-30
	-17 … -7
	-43 … -5
	-41

	41.5
	0 … 9
	-16 … 7
	-13
	-9 … -2
	-25 … 0
	-25
	-18 … -7
	-41 … -7
	-37

	49.5
	6 … 11
	-3 … 13
	-13
	-3 … 2
	-21 … 4
	-25
	-16 … -3
	-39 ... -5
	-37

	57.5
	4 … 10
	-12 … 11
	-17
	-4 … 2
	-21 … 2
	-28
	-16 … -3
	-35 … -7
	-39

	65.5
	5 … 10
	-13 … 8
	-10
	-2 … 4
	-23 … -1
	-25
	-9 … -3
	-32 … -10
	-40


Table 7b: DVB-T Oth values in the presence of a LTE UE interfering signal without TPC in a Gaussian channel environment at the 10th, 50th and 90th percentile: comparison between can-tuners and silicon-tuners.
ANNEX 3
MONTE CARLO CALCULATIONS 
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Wanted power at the receive antenna: Pw
Wanted power standard deviation: (w = 5.5 dB
Receive antenna gain: Ga = 9.15 dBi (2.15 dBi for mobile reception)
WSD transmitter EIRP: Pt
Interfering power at the receive antenna: Pr = Pt – LOSS(d)

WSD power standard deviation: (wsd = 3.5 dB
Interfering power at the receiver: Prec = Pr – POL + Ga
Protection Ratio (1st adjacent channel): PR = -30 dB (-40 dB for 2nd adjacent channel)
Polarization discrimination: POL = 3 dB (0 dB for mobile reception)
WSD nuisance power: NUISwsd = Pr + PR – POL

Equivalent noise power at the receive antenna: Neq
C/N: 21 dB (19 dB for mobile reception)
Noise nuisance power: NUISN = Neq + C/N
Total nuisance power: NUIStot = NUISwsd ( NUISN
Overload threshold (in the receiver): Oth (= -20 dBm in the calculated examples in sections 2 & 3 of the main text)
Antenna discrimination: as appropriate
CONDITIONS FOR ‘NON-INTERFERENCE’
NOISE ONLY

Pw ≥ NUISN
NOISE AND WSD (NO Oth considerations)

Pw ≥ NUIStot 
NOISE AND WSD AND Oth considerations

Pw ≥ NUIStot and Prec ≤ Oth 
There are 10 000 000 ‘events’ in each trial.
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LOSS = 62.87 + 13.55 + 3.0 = 79.42 dB
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LOSS = 60.59 + 18.1 + .0 = 78.69 dB
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� Note: the ‘stochastic’ values referred to represent the statistical fluctuations of the log-normal variable involved.


� Note that (w does not appear in this expression, because there is no dependence on the wanted power when considering DTTB receiver overloading.


� We use free space loss for 20 m separation distance: LOSS(.02) = 32.45 + 20log f + 20log .02 = 54.72 dB.
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