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1 Introduction

This document serves two purposes.  First, it captures the current numerical sensing requirements.  No attempt is made do duplicate the descriptive language from the requirements document on the behaviour of the system. References to the appropriate sections of the requirements document may be made as appropriate. Second, it supplements these requirements with additional detail not included in the original set of requirements.

Whenever detailed calculations are required those calculations are included in an appendix.

Any new requirements will be highlighted so that the Working Group can vote on those requirements as needed.

2 Protection Requirements

The spectrum sensing requirements are all derived from the protection requirements.  These protection requirements are summarized in this section.  The protection requirements are summarized in Table 1.

The first column is the type of primary system.  The second column is the protection level of these primary systems.  A receiver within the protection contour defined by this protection level must be protected.  The next column is the propagation model used to find the protection contour.  The next column is the desired-to-undesired ratio required within the protection contour.  Finally, the last column is the propagation model used for the WRAN undesired signal when determining the required separation to meet the D/U ratio requirement.

	Primary System
	Protection Level
	Propagation Model for Primary Signal
	Co-channel D/U Ratio
	Propagation Model for WRAN Signal

	ATSC
	41 dBu
	F(50,90)
	23 dB
	F(50,10)

	NTSC
	64 dBu
	F(50,50)
	34 dB
	F(50,10)

	Wireless Microphone
	-95 dBm
	
	20 dB
	


Table 1: Summary of Protection Requirements


The spectrum sensing requirements are derived from these protection requirements.

3 Signal Parameters

This section gives the signal power level and multipath characteristics that the sensing system must be able to meet.

3.1 Signal Power

The sensing system must be able to detect the DTV, NTSC and wireless microphones at various signal power levels.  These power levels are given in Table 2.  These requirements come from Section 15.1.1.7 of the WRAN Requirements Document [1].

	Signal Type
	Signal Power
	Measurement Bandwidth

	ATSC
	-116 dBm
	6 MHz

	NTSC
	-94 dBm
	6 MHz

	Wireless Microphone
	-107 dBm
	200 KHz


Table 2: Signal Power Levels

NOTE: The Tiger Team had a discussion on these requirements.  Gerald suggested an alternative method of writing these requirements.  Winston pointed out that these requirements should not be relaxed.

3.2 Multipath Channel

There is a detailed channel model document for the WRAN wireless link [2].  However, it is not clear whether that model should be used for sensing.  In particular, it has been recommended by Victor Tawil [3] that the working group use actual captured DTV signals, which include the effects of multipath.  Also, the working group must decide whether how to best consider the effects of multipath for NTSC and wireless microphones.

NEEDS WG APPROVAL

DTV sensing will be evaluated using the MSTV captured DTV signals [3].

OPEN ISSUE

How should multipath be addressed for sensing of NTSC and Wireless Microphones?

3.3 Shadow Fading Model

The ITU propagation model, used by the WG, includes a lognormal shadow fading model.  This model assumes a 5.5 dB standard deviation for the lognormal shadow fading.  This fading was considered when the signal power levels in Table 2 were originally developed in the requirements document.

OPEN ISSUE

NOTE: WHEN THE ITU PROPAGATION MODEL THE 5.5 dB INCLUDED BOTH SHADOW FADING AND MULITPATH FADING.

4 Sensing Receiver Model

This section gives the sensing receiver model to be used in evaluating sensing techniques.

4.1 Receiver Noise

The receiver noise consists of a typical noise power spectral density (PSD) and a noise uncertainty.  The noise uncertainty specification is necessary since even though the sensing mechanism may involve calibration based on estimating the noise power, that estimate will have some inaccuracy, which must be modelled.

The thermal noise PSD is,
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The receiver noise is larger than the thermal noise value.  Combining the effects of the LNA noise figure, coupling losses, RF switch losses and any other the TV industry typically assumes a composite receiver noise figure of 11 dB [4].

ACTION: Add derivation of 11 dB receiver noise figure (Gerald?)

NEEDS WG APPROVAL

The average receiver noise PSD is then,
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However, the actual receiver noise PSD is not known exactly, even if calibration is used.  Hence, the receiver noise PSD is modelled with an average value and a tolerance on that value.

The calculations of the noise uncertainty are in Appendix A.

NEEDS WG APPROVAL
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4.2 Local Oscillator Accuracy and Phase Noise

Sensing techniques that rely on sensing of a pilot signal depend on the accuracy and the phase noise of the receiver local oscillator.  The specification for the receiver local oscillator accuracy is the same as that used for the WRAN air interface.

NOTE: THE ONLY FREQUENCY ACCURACY IN THE CURRENT DRAFT IS 
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The specification for receiver phase noise is the same as the phase noise is the same as that used for the WRAN air interface.

NOTE: I WAS UNABLE TO FIND A PHASE NOISE REQUIREMENT IN THE DRAFT


[image: image6.wmf]Hz

dBc

TBD

/

Noise

 

Phase

£


5 Timing Requirements

The channel detection time is 2 seconds maximum.

We need to translate this into a sensing time based on periodic sensing.  Figure 1 shows the timing of sensing and how it fits within the 2 second detection time.
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Figure 1: Timing of Spectrum Sensing


To ensure at least one chance to sense each of the channels the sensing period is,
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If we assume at most a 10% overhead for sensing we get a sensing time of,
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During this sensing time the system must sense the TV channel and some additional channels.  Not all channels need to be monitored all the time, just the potential candidates.  So we will assume that 10 channels are being sensed during the sensing time.  Then the per channel sensing time is given by,
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This gives us 18 ms for sensing each channel.

6 Decision Accuracy

The requirements on probability of false alarm and probability of detection are,


[image: image11.wmf]1

.

0

£

FA

P



[image: image12.wmf]9

.

0

³

D

P


7 References

[1] Carl R. Stevenson, Carlos Cordeiro, Eli Sofer and Gerald Chouinard, Functional Requirements for the 802.22 WRAN Standard, IEEE 802.22-05/0007r46, September 2005

[2] Eli Sofer, Gerald Chouinard, WRAN Channel Modeling, IEEE 802.22-05/0055r6, September 2006
[3] Victor Tawil, DTV Signal Captures, IEEE 802.22-06/0038r0, March 2006
[4] Steve Shellhammer, Victor Tawil, Gerald Chouinard, Max Muterspaugh, and Monisha Ghosh, Spectrum Sensing Simulation Model, IEEE 802.22-06/0028r5, March 2006

[5] Specification for HMC376LP3 GaAs PHEMT MIMIC LNA

[6] Steve Shellhammer, Performance of the Power Detector, IEEE 802.22-06/0075r0, May 2006

[7] Notice of Proposed Rulemaking on Unlicensed Operation in TV Broadcast Bands, FCC 04-113, May 25, 2004

[8] Carl Stevenson, Comment to FCC on NPRM 04-133, IEEE 802.18-04/0056r0, November 2004

A Noise Uncertainty

There are several factors that contribute to noise uncertainty: calibration error, changes in thermal noise due to thermal variation, changes in LNA amplifier gain due to thermal variation, and error in the estimate due to interference.

The thermal variation in the receiver leads to a change in the noise PSD.  This can be shown as follows.  The noise PSD is given by,
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Where Kb is the Boltzmann constant and T is the temperature in degrees Kelvin.  If the temperature changes from T1 to T2 the change in the PSD (in dB) is given by,
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If the original temperature is room-temperature of 300(K and the temperature rise is 20(K, then the increase in noise PSD is,
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Another factor that affects noise uncertainty is the change in LNA gain due to thermal changes.  As an example, in a GaAs LNA [5] used for operating between 700 and 1000 MHz the change in gain is up to 0.01 dB/(C.  So for a 20(C temperature change we get,
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NOTE: IF ANYONE HAS ADDITIONAL INFORMATION ON LNA GAIN VARIATION VERSUS TEMPERATURE FOR A UHF LNA IT WOULD BE HELPFUL.

NOTE: NEED TO CONSIDER THE FULL RF AMPLIFIER CHAIN.


In addition the initial power estimate will have an error.  If we sample for 1 ms then based on the standard deviation of the noise estimate [6] the error in the initial estimate is,
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NOTE: WE DO NOT YET MODEL INTERFERENCE (UNSYNCHRONIZED WRAN OR OTHER SYSTEMS)

Combining all these errors we get an error of approximately 
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.  So if we add three-tens of a dB for some margin, we get the following noise uncertainty,
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B Sensing Receiver Characterization 

In developing the response to the NPRM 04-186 [7] the IEEE 802.18 WG assumed some characteristics for the WRAN incumbent sensor that would be needed at the base station and at all CPEs.  On the last page of the comment document [8] it was stated that:

“In the case of the fixed/access operation, the base station and the CPE’s shall sense licensed transmissions using an omni-directional antenna with a gain of 0 dBi or greater where all losses between the antenna and the input to the receiver are included …”

This means that the RF front-end of the sensing device will need to be designed to take into consideration any difference in antenna gain and/or signal loss in the RF chain so that the resulting sensing signal levels correspond to what would be available from a 0 dBi gain antenna and no loss in the RF signal path at the input of the sensor signal detector.  In such case, the signal level produced at the detector could directly be compared to the stated sensing threshold.  Any gain of the sensor RF front-end, as defined by the following equation, different than 0 dB will need to be taken into consideration in setting the sensing levels at the input of the sensor detector corresponding to the specified sensing thresholds:
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where:

GainA =
Antenna gain in dBi

LossRF =
RF loss of the sensor front-end in dB

The performance of the sensor RF front-end is also determined by the noise level that will be produced at the input of the detector.  For simplicity, only one stage of amplification at a nominal gain of 0 dB (i.e., levels referenced to the input of the amplifier) is assumed in this model.  The noise power present at the detector is determined by the following equation where the first term represents the antenna noise attenuated by the loss in the RF path, the second term is the thermal noise generated by the lossy components in the RF path and the third component represents the noise generated in the RF amplifier:
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Where:


[image: image23.wmf]Total
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 :
Total noise power generated at the input of the detector, expressed in degree Kelvin.


[image: image24.wmf]Antenna
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 :
Noise from the environment captured by the omnidirectional sensing antenna.  For the sake of simplicity, it is assumed that 1/3 of the antenna pattern captures sky noise (90ºK) and 2/3 of the pattern sees the ground at the ambient temperature (290ºK).  This results in a total antenna noise of 223ºK.  Note that if some interference from other license-exempt device operation is generated in the surrounding, this will result in an increase in local noise level and will need to be taken into consideration as an increase in antenna noise in the calculation of the total noise power present at the input of the sensor detector.

LRF :
RF loss of the sensor front-end in power ratio.  It is assumed that, in practice, this RF loss will be composed of 0.5 dB coupling loss, 4 dB downlead loss
 and 2 dB pre-selective filter loss, for a total of 6.5 dB RF loss or 0.224 in power ratio.

NF:
Noise Figure of the RF amplifier defined as the ratio of noise power between the output and input of an amplifier when the reference noise temperature (290ºK) is applied at the input of the amplifier.  A Noise Figure of 6 dB is assumed.  This corresponds to a power ratio of 4 to 1 and therefore a 3*290= 870ºK noise level generated inside the RF amplifier.

For the assumed parameter values, the total noise power is:
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The ‘system noise figure’ as used in the OET Bulletin 69 can then be deduced:
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Note that for the case where the antenna noise temperature is 290ºK, the ‘system noise figure’ is numerically equal to the noise figure of the RF amplifier although its definition is different and it is not used the same way.
Knowing that the reference thermal noise level (290ºK) in 6 MHz is –106.2 dBm, the SNR at the input of the sensor detector can be determined as follows:
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As an example, the SNR at the input of the sensor detector is as follows when an input signal level of –116 dBm (DTV sensing threshold proposed by P802.18 WG) is presented at the input of the sensing RF front-end.
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Another common way to quantify the performance of the RF front-end is through the “Figure of Merit” which is defined as follows:
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Where:

GA: Antenna gain in power ratio relative to the isotropic antenna

Other parameters as defined above.

Using the numerical values assumed above, the “Figure of Merit” of the sensor RF front-end is

G/T = -37.07 dB(1/ºK)

The signal-to-noise ratio can then be deduced as follows:
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Where:

k:
Boltzman constant = -138.6 dBm/(MHz*ºK)

BW:
Equivalent noise bandwidth in MHz

Using the same reference input signal level applies at the input of the sensing RF front-end, the SNR at the input of the sensor detector can be found  as follows
SNR= -116 – 37.07 +138.6 –10 log(6) =  -22.2 dB
The difference between the above sensor RF front-end performance and the performance of an idealized RF front-end where the antenna gain is 0 dBi including any losses, and where the noise level corresponds to the reference 290ºK can be established as follows:

Figure of merit of the idealized RF front-end:
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The difference in G/T is therefore:
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Abstract


Summary of Spectrum Sensing Requirements.











� If the sensor RF front-end were to be integrated to the sensing antenna, this 4 dB downlead loss would not need to be included and would result in an improvement of about 4 dB in RF front-end performance.
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