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WRAN Sensing Receiver Characteristics

In developing the response to the NPRM 04-186, the P802.18 WG assumed some characteristics for the WRAN incumbent sensor that are needed at the base station and at all CPEs.  On the last page of the comment document (18-04-0056-00-0000_Comments_ to_TV_Band_NPRM.doc), 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 compensate for 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 thresholds.  Any gain of the sensor RF front-end different than 0, as defined by the following equation, 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:

GAINRF front-end = GA - LossRF

(dB)

Where:

GA =
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:

NTotal = NAntenna * LRF + (1-LRF)*290 + (NF-1)*290
(ºK)

Where:

NTotal :
Total noise power generated at the input of the detector, expressed in degree Kelvin.

NA :
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, that is 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:

 NTotal = 1145
(ºK)

The ‘system noise figure’ as used in the OET Bulletin 69 can then be deduced:

NS= 10*log(NTotal/290) = 5.96 dB

(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.)

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:

SNR= Signal level + GA – LossRF + 106.2 - NS
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 802.18) is presented at the input of the sensing RF front-end:

SNR= -116 + 0 – 6.5 +106.2 – 5.96 = -22.3 dB
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Abstract


This document provides a text explanation of the RF characteristics assumed for the WRAN sensing device present at the base stations and at the CPEs.  The numerical development is contained in the spreadsheet: 22-06-0051-04-0000_Sensing_Thresholds.xls
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