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1 Geometry
The purpose of this document is to calculate the required sensing receiver sensitivity for sensing of wireless microphones. The geometry used in these calculations is shown in Figure 1.
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Figure 1: Geometry of Wireless Microphone and WRAN station

There is a wireless microphone transmitter, a wireless microphone receiver and a WRAN station.  The distance between the wireless microphone transmitter and receiver is 
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.  The attenuation for that path is 
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 The attenuation between the wireless microphone receiver and the WRAN station is 
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 with a corresponding attenuation of
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.  The distance between the wireless microphone transmitter and the WRAN station is the sum of the other two distances,
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.  The attenuation for that path is 
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In the next section we will give the formula’s needed to calculate the required sensing receiver sensitivity.

2 Method of Calculating Required Sensing Receiver Sensitivity
This section describes the calculations required to determine the required sensing receiver sensitivity.  The necessary parameters are given in Section 2.1.
2.1 Necessary Parameters

The parameters needed in these calculations are given in Table 1, with their nominal values.

	Parameter
	Description
	Nominal Value

	PMTX
	Microphone EIRP
	-2 dBm

	PMRX
	Microphone RX Sensitivity
	-100 dBm

	NFM
	Microphone Noise Figure
	6 dB

	PWTX
	WRAN EIRP
	36 dBm


Table 1: Necessary Parameters
2.2 Path Loss Model
A simple exponential path loss model is used in this document, with a path loss exponent of α.  It turns out that the constant is not required since we use the ratio of distances and not actual distances. 
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Given two paths, it is straightforward to show that the ratio of distances can be written as a function of the difference in path loss between the two paths.  If we let 
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bet the difference in the path loss for the two paths then the ratio of the distances is given by,
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This formula is useful in our calculations.
2.3 Interference Model
The allowed interference at the wireless microphone receiver will be specified relative to the noise floor of the wireless microphone.  The power spectral density of the noise floor at the wireless microphone is given by,


[image: image11.wmf]0

174  dBm/Hz

M

NNF

=-+


The allowed interference noise power spectral density is specified relative to the internal noise PSD in the wireless microphone,
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The parameter
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indicates how much the interference PSD is above the noise PSD.  If for example we set 
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then the interference PSD is the same as the Noise PSD which results is a 3 dB rise in the noise floor.
2.4 Calculations 

The first step is to calculate the values of 
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and
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.  The attenuation from the wireless microphone transmitter to the receiver is the EIRP minus the receiver sensitivity,
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For the nominal values given in Table 1 this gives an attenuation of,
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The attenuation from the WRAN transmitter to the wireless microphone receiver is the level of the PSD of the transmit signal minus the level of the PSD of the received interference at the wireless microphone,
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If we apply the nominal values in Table 1 we get,
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This gives,
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A reasonable value of 
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is -4, which results in approximately a 1.4 dB rise in the noise level at the wireless microphone.  This of course is an engineering judgment issue.  With this value of 
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we get.
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The difference in the attenuations is,
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Now that we have values for these two attenuations we can calculate the ratio of the distances.  Let us use a path loss exponent of 
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which is a reasonable choice. 
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So the ratio of the distances is approximately 16.  Now we want to determine the path loss of the path from the wireless microphone to the WRAN receiver.  Clearly 
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is only slightly more than
[image: image29.wmf]2

d

.  We can solve for the value of 
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in terms of 
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as follows,
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We can use the ratio of the distances to determine the difference is the path losses between path 2 and path 3.
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With this ratio of distances we get,
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So the difference in path loss is only about 1 dB.  So we can see that the path loss between the WRAN to the wireless microphone receiver is almost exactly the same as the path loss between the WRAN and the wireless microphone transmitter.

With these values the path loss from the wireless microphone transmitter to the WRAN is,
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With a wireless microphone transmitter power of -2 dBm we obtain the required sensing receiver sensitivity (assuming an omni-directional antenna) for sensing of wireless microphones,
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2.5 Approximation

If we make a simple approximation we can simplify the process quite a bit.  As we showed in Section 2.4 the distance between the microphone transmitter and the microphone receiver is much less than the distance between the WRAN station and the microphone receiver.  In other words,
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In this case we can approximate the distance from the wireless microphone transmitter to the WRAN station as the same as the distance from the wireless microphone receiver and the WRAN station.  So we can write,
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This enables us to approximate the attenuation from the wireless microphone transmitter and the WRAN station,
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As was shown in Section 2.4 this approximation is good to within about 1 dB, which is an excellent approximation.  We can of course always add one or two dB to compensate for this difference.  But that approximation error is likely much smaller than errors in other assumptions, so here we will not even bother to add any small offset to the calculation.

With this approximation we can simplify the calculations quite a bit.  We have from Section 2.4
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Which simplifies to,
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The required sensing receiver sensitivity is the wireless microphone transmit power minus the attenuation due to path loss,
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Finally we get the following formula for sensing receiver sensitivity,
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If we use the values we have from Table 1 we get,
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This result is only off by 1 dB from the previous calculation since we have approximated
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2.6 Required SNR for Sensing Wireless Microphones

With this sensing receiver sensitivity value we can determine the value of SNR at which a sensing technique should be able to sense a wireless microphone.

First, to be clear we will measure the SNR using the full 6 MHz bandwidth of the TV channel.  This makes the most sense since we do not know a priori where within the 6 MHz TV channel the wireless microphone signal resides.

The noise in 6 MHz bandwidth is given by,
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Assuming an 11 dB sensing receiver noise figure we get that the noise in 6 MHz is,
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This gives an SNR for sensing of wireless microphones of,
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Hence, we can see the challenge in sensing of wireless microphone signals.

2.7 Calculating Interference Level from Actual Sensing Receiver Sensitivity

Given the approximation made in Section 2.5 one can easily calculate the level of the interference (relative to the noise floor) given the actual sensing receiver sensitivity.  Solving for 
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we get,
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With the values we have in Table 1 we get,
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So if we have a sensing receiver sensitivity of -142 dBm, as we had in our approximation section we get a 
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of -4 dB as we assumed.

If we have a sensing receiver sensitivity of -107 dBm, we get a
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of +31, so in this case the interference is 31 dB higher than the noise level.
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Abstract


This document derives the sensitivity requirement for sensing of wireless microphones.
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