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1 Introduction

The purpose of this document is to supply a simulation methodology for evaluating spectrum sensing technologies.  This is necessary so as to be able to evaluate spectrum sensing proposals within IEEE 802.22. The functional requirements document [1] states that spectrum sensing is required and many of the proposals to 802.22 have included techniques to performing spectrum sensing.  However, there is currently no standard method of evaluating these proposals. The purpose of this document is to provide such an evaluation methodology.

The primary goal of spectrum sensing is to determine which TV channels are occupied by a DTV station and which are vacant.  That allows the WRAN to utilize the unused TV channels and avoid using the occupied TV channels and/or reduce the limit on its transmit EIRP if needed as a function of the proximity of TV channels (adjacent and alternate) used for DTV broadcasting and/or Part 74 wireless microphones.  Of course, identification of which TV channels are occupied and which are unoccupied is complicated by many factors: noise in the receiver, shadow fading, multipath fading, wireless transmissions other than DTV, transmission of DTV signals in adjunct channels, etc.  This document will describe several simulation scenarios that can be used to evaluate spectrum sensing techniques.

Though this document initially discusses spectrum sensing of DTV signals it will be extending to include sensing of Part 74 wireless microphone signals, which may be made easier by the new 802.22.1 Task Group.

There are several different simulation scenarios that need to be considered.  The document will begin with the case of determining if a given signal TV channel is occupied with a DTV transmission. In this scenario, there will be a signal spectrum sensor, located at the base station.  In this first case, the following will be included in the model: receiver noise, shadow fading, and multipath fading.

The second simulation scenario will extend the first simulation scenario to include multiple spectrum sensors, located at the base station and at each of the CPEs.  In this simulation the same DTV signal is received, but the shadow and multipath fading is different at each sensor. Since the decision is ultimately made at the base station, this simulation assumes that some information is transmitted from the CPEs to the base station.

The third simulation scenario involves transmission of a WRAN signal in the channel being evaluated and is intended to determine if the spectrum sensing technique miss-classifies a channel as occupied by a DTV signal, when in fact it is occupied by another WRAN.

The fourth simulation scenario involves transmission of a DTV signal (or possibly a WRAN signal) on an adjunct channel, and is intended to determine if the spectrum sensing technique improperly classifies the channel as occupied when it is actually the adjunct channel that is occupied.

Section X describes xxx …

2 Acronyms

	TBD
	To be determined

	TBR
	To be reviewed


3 DTV Signal Files

As part of the simulation DTV signals must be provided.  These signals can be produced by a simulation or can be supplied from laboratory or field measurements.  Since collected signal files are available there is no need to produce a DTV transmitter simulator.

Here we put in a description of the files provided by Victor.

4 General Description

There is a DTV station which is transmitting at 1 MW (90 dBm) ERP.  The DTV antenna height is 500m. The DTV operates at 615 MHz in the UHF band.  Based on ITU-R propagation models [2] this results in a Grade B contour of approximately 86 km.  Figure 1 shows the average field strength versus distance for the F(50,50) curve based on these DTV transmission parameters.
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Figure 1: DTV Field Strength versus Distance

The WRAN sensor is located well outside the Grade B contour to avoid harmful interference.  The WRAN sensor has a 0 dBi receive antenna gain.  The receive power for such a sensor is plotted in Figure 2.  The requirements document [1] states that the spectrum sensor must be able to detect the DTV signal at a receive signal power of –116 dBm.  This corresponds to distance of approximately 366 km.

The ITU-R document describes not only the mean path loss but the standard deviation of the shadow fading.  Each sensor should be subject to the typical lognormal shadow fading with a 5.5 dB standard deviation [2].
Let us describe some of this mathematically.  Let 
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 be the receive power (in dB) and the average receive power be indicated by 
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 be the average of mean received power (in dB).  The average receive power is given by the ITU-R recommended practice.  Then the receive power (in dB) is the sum of the average power and the shadow fading which is a zero-mean normal random variable [3] with standard deviation of 5.5 dB.
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NOTE: We need to include some multipath fading model.
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Figure 2: DTV Receive Power versus Distance for a 0dBi RX Antenna
5 Simulation Scenario 1 – Single WRAN Spectrum Sensor

This simulation scenario involves only a single WRAN sensor.  Subsequent simulation scenarios will involve multiple sensors.

5.1 Description of the Two Hypothesises

The spectrum sensing mechanism is attempting to classify the given TV channel as either occupied by a DTV signal or vacant.  This is a binary hypothesis testing problem [4].  The two hypotheses are summarized in Table 1.

	H0
	TV Channel Vacant

	H1
	TV Channel Occupied


Table 1: Two Hypothesises for Simulation Scenario 1

In this scenario there are two types of errors that the spectrum sensor can have.  When the TV channel is vacant (H0) the spectrum sensor can declare that the channel is occupied.  This is referred to as a false alarm.  The probability of this event is referred to as the probability of false alarm, 
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. When the TV channel is occupied (H1) the spectrum sensor can declare that the channel is vacant.  This is referred to as a misdetection.   The probability of this event is referred to as the probability of misdetection, 
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.  One minus the probability of misdetection is the probability of detection, 
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.  These probabilities are summarised in Table 2.
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	Probability of False Alarm
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	Probability of Misdetection
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	Probability of Detection


Table 2: Summary of Probabilities for Simulation Scenario 1

Figure 3 illustrates the topology of the single WRAN sensor detecting a DTV transmission.  The distance d is the separation between the DTV transmitter and the WRAN sensor.
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Figure 3: Topology of DTV station and a single WRAN sensor

The DTV transmitter radiating at 90 dBm ERP with an antenna height of 500 m operating at 615 MHz, as described in the previous section.  The WRAN sensor is located 366 km (TBR) from the DTV transmitter.  The simulation should use signal XYZ (to be described by Victor).

The signal should be scaled so that the average signal power is set according to Equation (1).

Assuming that there is no other wireless system in operation nearby, the noise is based on thermal additive white Gaussian noise (AWGN).  The receiver bandwidth is 6 MHz and a receiver noise figure of 10 dB (TBR) is assumed.  This value of receiver noise figure is sufficient to include not only the noise figure and also several dB of cable losses, etc.

The noise power is then 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 (2).

The signal to noise ratio is then just the ratio of the signal power to the noise power.

5.2 Description of How to Run Simulation and What to Report

There is always a trade-off between probability of having a high probability of detection and having a low probability of false alarm.  This trade-off can be made by changing the detection threshold.  To allow evaluation of the spectrum sensing technique, the threshold should be set so that the false alarm probability is equal to 1% (TBR).  This should be validated by running the simulation several thousand times with no DTV signal present just with noise present (H0). 

Once the detection threshold has been set so that the false alarm rate is 1%, the simulation with the signal present (H1) should be run.  They should be run for different value of sensing time, so as to demonstrate the reduction of probability of misdetection with increased sensing time.

For a given value of sensing time, the simulation with both signal and noise (H1) should be run for 100 (TBR) different values of the shadow fading.  For each simulation the receive signal power shall be calculated using Equation (1).  For each realization of the channel fading random variable, the simulation should be run for 100 (TBR) different realizations of the receiver noise, with the in-band noise power set according to Equation (2).  Hence, there are 10,000 total simulations.  The probability of misdetection is the number of times the spectrum sensor declared that the channel was occupied while in fact it was vacant, divided by the number of simulation that were run.

The probability of misdetection should then be plotted as a function of sensing time.  Values of 
[image: image14.wmf]MD

P

 should be below 
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Gerald’s Comments

[In the case of the single detector at the base station, the probability of detection will be close to the 5.5 dB standard deviation of the propagation model.  This is probably why a positive margin was included in setting the sensing threshold.  If we assume that the 41 dB(uV/m) level is to be provided for 90% of the locations at the noise-limited contour.  A detector able to sense (41 - 23.9)= 17.1 dB(uV/m) at the DTV noise limited should have a probability of missing the presence of the DTV signal (i.e., false-negative or misdetection) of only 0.0007% according to the lognormal model and σ= 5.5 dB.  1% misdetection would correspond to a margin of 12.8 dB.]

[In the case of distributed sensing, the CPE’s should report the actual sensed RF level to the base station (say, in half dB over a range of 128 dB, 8bits) rather than the one-bit (H0/H1) information unless the threshold is set at 41 dB(uV/m) otherwise the protection would include the sensing margin since the standard deviation of the sensed level will tend to 0 with the increase in the number of CPEs reporting their sensing.]
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Abstract


This is a description of a simulation model that can be used to compare various spectrum sensing techniques used to identify occupied and vacant TV channels.
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