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802.22 Sensing Tests

1. Introduction

The purpose of this document is to describe a uniform testing methodology in the laboratory to evaluate the sensing performance of an unlicensed device in the presence of incumbent co-channel TV and Part 74 wireless microphone signals. In addition, the document includes additional tests to evaluate the performance of the unlicensed device in the presence of strong alternate (2nd adjacent and beyond) TV signals. 

In order to test the sensing techniques correctly and completely, the sensing “black box” should not be de-coupled from the RF front-end of the unlicended device.  However, in the event that the RF front-end of the unlicensed device has not yet been designed and/or built, a temporary “first-look” procedure is also presented to test the performance of various sensing techniques in the lab separately from the RF front-end of a device.  Unless the RF front-end is built and integrated in the device, the sensing “black box” will have to be examined in conjunction with a “modelled RF front-end”.  Unfortunately with the use of a modelled RF front end, it may not be possible to model numerous foreseen and unforeseen RF front-end effects (i.e., third-order intermodulation) while following the sensing test procedures described in this document.

To fully characterize the detection threshold of an unlicensed device, three separate tests are required. The first test, a calibration test, will be used to determine the baseline performance of the unlicensed device using an unimpaired, laboratory-generated television and a Part 74 wireless microphone signals. The second test, a co-channel only test, will use field captured TV or Part 74 signals to determine the sensing algorithm and detection threshold of an unlicensed device.  The third test will also use field captured TV signals or Part 74 signals in addition to the addition of strong TV signals operating on alternate TV channels. This test is intended to simulate the actual performance of an unlicensed device in the field. Comparing the results of these tests will also help determine the performance of the unlicensed device sensing detector separately from the performance of the sensing detector and the RF front-end combined. 

2. Threshold of Detection Tests 

A. Threshold of Detection Test Using Laboratory-Generated Signals

Purpose:

Test the ability of the sensing device to correctly determine that an incumbent laboratory-generated signals is present in the presence of RF noise.  This test should determine at what minimum S/N ratio the device could properly function.

Conditions:

· False alarm: Incorrectly determines that an incumbent signal is present when in fact, it is not present.

· Misdetection: Incorrectly determines that an incumbent signal is not present.

Block Diagram to Test Laboratory-Generated Signals


[image: image1]
Minimum Hardware Required

· AWGN Noise generator

· ATSC-compliant VSB modulator 

· NTSC modulator 

· Part 74 wireless device 

· Signal sources 

· Spectrum analysis

· RF step attenuators

· Combiners

· Unlicensed device with or without built-in tuner

· Unlicensed device idealized modelled tuner (if tuner is not built-in) 

Unlicensed Device features/capability required for testing

· Ability to set and/or verify 
· The sensing period
· The sensing and count repetition rate
· Incumbent signal type
· Incumbent signal power level
· Noise power level 
Test Procedures

The first four steps are needed for initial calibration of the equipment and test bed. Step 5 is the actual measurement

Step 1

Set the sensing duration.  The duration should be varied over the range of values required by the spectrum-sensing detector. The maximum sensing duration is two seconds.

Step 2

Set the noise value.  This is fixed and is based on the bandwidth of the collected ATSC DTV waveforms.  The BW = 6 MHz.  The noise figure and other losses are combined into a total system noise figure of 11 dB.  The noise power is given by,
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The noise should be scaled so that the power of the in-band additive white Gaussian noise (AWGN) is set according to Equation above

Step 3

Set the detector threshold so as to obtain a false alarm rate for a value of 10% and 1% respectively

Step 4

Select a value of signal-to-noise.  The test should be run over the range of [-25dB, 5dB] SNR. You may choose to run the test over a larger range if it is illustrative of the detector performance.  When the Probability of misdetection reaches 
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 the test does not have to increase the SNR above that value, and can stop at that SNR value. (Reference sensing modelling document)

The SNR in dB is then,
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Step 5


Generate at least two different sets of laboratory-generated signals. Select segment of the two laboratory signals and divide into four sections resulting in eight signals.  Then scale the signal so that the SNR is the value specified in the previous step.

For each of these eight signals generate many realizations of the noise.  Combine the signal and the noise and process the combination with the detector.  The number of tests that needs to be run varies based on the SNR.  It is reasonable to run sufficient simulations so as to obtain at least 100 misdetections.  This typically gives a reasonable estimate of the probability of misdetection

Let 
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be the number of times the signal was not detected (i.e. 
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The result of the test will be a family of curves giving the probability of misdetection versus SNR, parameterized by probability of false alarm and sensing time.  Their curves will be reused in subsequent tests

B. Threshold of Detection Test Using Field Captured Signals 
Purpose:

Test the ability of the sensing device to correctly determine that incumbent field captured signals is present in the presence of RF noise.  This test should determine at what minimum S/N the device could properly function with signals generally encountered in the field. 

Conditions:

· False alarm: Incorrectly determines that an incumbent signal is present when in fact, it is not present.

· Misdetection: Incorrectly determines that an incumbent signal is not present.

Block Diagram to Test Signals Captured in the Field


[image: image8]
Minimum Hardware Required

· AWGN Noise generator

· ATSC modulator

· NTSC modulator 

· Part 74 wireless device modulalor

· ATSC Field Captures recorder

· Spectrum analysis

· RF step attenuators

· Combiners

· Unlicensed device with or without built-in tuner

· Unlicensed device idealized modelled tuner (if tuner is not built-in) 

Unlicensed Device features/capability required for testing

· Ability to set and/or verify 
· The sensing period
· The sensing and count repetition rate
· Incumbent signal type
· Incumbent signal power level
· Noise power level 
Test Procedures

The first four steps are needed for initial calibration of the equipment and test bed. Step 5 is the actual measurement.

Step 1

Set the sensing duration.  The duration should be varied over the range of values required by the spectrum-sensing detector. The maximum sensing duration is two seconds.

Step 2

Set the noise value.  This is fixed and is based on the bandwidth of the collected ATSC DTV waveforms.  The BW = 6 MHz.  The noise figure and other losses are combined into a total system noise figure of 11 dB.  The noise power is given by,
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The noise should be scaled so that the power of the in-band additive white Gaussian noise (AWGN) is set according to Equation above

Step 3

Set the detector threshold so as to obtain a false alarm rate for a value of 10% and 1% respectively

Step 4

Select a value of signal-to-noise.  The test should be run over the range of [-25dB, 5dB] SNR. You may choose to run the test over a larger range if it is illustrative of the detector performance.  When the Probability of misdetection reaches 
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 the test does not have to increase the SNR above that value, and can stop at that SNR value. (Reference sensing modelling document)

The SNR in dB is then,
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Step 5


Repeat the same process that was done for the laboratory-generated signals using the ATSC DTV signals and Part 74 signals collected in the field.  Select different portions of the DTV signal files when performing the tests so as to average over different realizations of the multipath channel. Then scale the signal so that the SNR is the value specified in the previous step.  Run the test as was done for the laboratory-generated signals and calculate the probability of misdetection. 

C. Threshold of Detection Test Using Field Captured Signals and in the Presence of Strong Incumbent Alternate TV Channel Signals 

Purpose

Test the performance of the sensing device in the presence of a strong incumbent alternate TV channel signals to determine the contribution of the RF front-end.

Conditions:

· False alarm: Incorrectly determines that an in-channel incumbent signal is present when in fact, it is not present.  The device would be affected by the energy leaking in-channel from the strong adjacent channel.

· Misdetection: Incorrectly determines that an in-channel incumbent signal is not present.  The device does not detect the in-channel signal because the energy that has leaked into the channel from the strong channel which hides the weaker in-channel incumbent signal. 
Block Diagram to Test Signals Captured in the Field in the Presence of Strong

Incumbent Alternate TV Channel Signals


[image: image12]
Minimum Hardware Required

· AWGN Noise generator

· ATSC modulator

· NTSC modulator 

· Part 74 wireless device modulator

· ATSC Field Captures recorder

· Spectrum analysis

· RF step attenuators

· Combiners

· Unlicensed device with or without built-in tuner

· Unlicensed device idealized modelled tuner (if tuner not built-in) 

Unlicensed Device features/capability required for testing

· Ability to set and/or verify 
· The sensing period
· The sensing and count repetition rate
· Incumbent signal type
· Incumbent signal power level
· Noise power level 
Test Procedures

The first four steps are needed for initial calibration of the equipment and test bed. Steps 5 and 6 are the actual measurements.

Step 1

Set the sensing duration.  The duration should be varied over the range of values required by the spectrum-sensing detector. The maximum sensing duration is two seconds.

Step 2

Set the noise value.  This is fixed and is based on the bandwidth of the collected ATSC DTV waveforms.  The BW = 6 MHz.  The noise figure and other losses are combined into a total system noise figure of 11 dB.  The noise power is given by,
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The noise should be scaled so that the power of the in-band additive white Gaussian noise (AWGN) is set according to Equation above

Step 3

Set the detector threshold so as to obtain a false alarm rate for a value of 10% and 1% respectively.

Step 4

Select a value of signal-to-noise.  The test should be run over the range of [-25dB, 5dB] SNR. You may choose to run the test over a larger range if it is illustrative of the detector performance.  When the Probability of misdetection reaches 
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 the test does not have to increase the SNR above that value, and can stop at that SNR value. (Reference sensing modelling document)

The SNR in dB is then,
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Step 5


Repeat the same process that was done for the laboratory-generated signals using the ATSC DTV signals and Part 74 signals collected in the field.  Select different portions of the DTV signal files when performing the tests so as to average over different realizations of the multipath channel. Then scale the signal so that the SNR is the value specified in the previous step.  Run the test as was done for the laboratory generated signals and calculate the probability of misdetection. 

Step 6

Repeat the same process in step 5 in the presence of strong incumbent TV channels generated from on an alternate channel from the one being detected and determine the effect if any. 

Other Tests???
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Abstract


A test plan for evaluating sensing techniques in the laboratory is provided.  The proposed test plan encompasses a number of tests to determine the sensing performance of an unlicensed device in the presence of incumbent signals. This involves threshold of detection tests in the presence of incumbent co-channel TV and Part 74 wireless microphone signals, including the presence of strong incumbent alternate TV channel (2nd adjacent and beyond) signals, and other related tests to determine the various factors that may affect performance of the unlicensed device. The proposed test plan is limited to evaluating the detection threshold of an unlicensed device in a single 6 MHz TV channel (fine sensing and detection only).
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