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NOTE: This document is intended to be input to the US WRC preparatory process in response to requests from the US Government for comments on the referenced submission to Working Party 4A  from the administration of Canada.

Comments on "The measurement of the aggregate Interference into non-gso satellite receivers from rlan devices in the 5150-5250 mhz band" (ITU-R Document 4A/CAN-1-E)

· 
After consultation with space science experts, the IEEE 802 RR-TAG
 has been lead to believe that satellite receiver determination of aggregate RLAN signal levels would be difficult if not impossible due to the other man-made and natural signal variations.  There is concern that the proposed radiometric measurement method would have greater variations due to other signals than the aggregated RLAN energy, and that the proposal has not suggested any method of differentiating the RLANs from other signal sources.  The measurement system to determine these interference levels would be prohibitively expensive and is not currently contained in any existing MSS satellites.  The common approach of utilizing long integration times to enhance RMS sensitivity of measurements is not feasible in a rapidly orbiting platform.  Further, determination of RLAN sites / locations by these measurements appear to be doubtful /unlikely making the utility questionable.

We have some concerns with the proposed measurement system statements including:

"If such a Dicke radio-astronomy radiometer receiver were included in the satellite, the error in measurement of the external noise could be measured with the accuracy indicated. . ."

· Radio astronomy measurements take advantage of large integration times to enhance the RMS sensitivity of the measurements, which are made by comparisons between a measurement made in a pointing direction with no source of interference, and another measurement made towards the radio source of interest. Inter alia, the separation in time between two measurements is small, to ensure the conditions of measurements are safeguarded to the greatest extent.

· The separation in time between two measurements in the method proposed by the Canadian document is quite long, perhaps 5 - 6 hours...

· A RA receiver is situated on Earth, generally fixed, and in a monitored environment (for example there may be exclusion zones around a RA site to avoid interference phenomenon). Here, the receiver is on board a LEO-D space-craft, orbiting quite rapidly around the Earth, and in an environment that may not be so satisfactorily monitored 

· Since the integration time is linked to the required "accuracy", and the "Dicke receiver" is on board spacecrafts of a specific MSS constellation (LEO-D), the integration time together with the spacecraft location during the measurement, will determine the area on Earth in visibility of the satellite (which is also the "radio-source"('s) transmission level measured). So, if we discuss the assumptions (accuracy and requirement), we may need to increase the integration time to overcome a greater uncertainty in the forecasted accuracy, and also come at the end, to render any measurement impracticable (if the integration time is longer, then the measurements will correspond to a very large area in visibility of the satellite, and this would preclude even more the possibility of identifying the source of interference).

"Systematic errors in that measurement of aggregate RLAN interference would be:

i. The background warm earth noise temperature may not be the same … 

 the differences in noise temperature in different parts of the Earth would be unavoidable as a second-order error in estimating aggregate RLAN interference."

· Water surfaces with a much lower brightness temperature than land is present (say, between 120-160 K). This obviously complicates the issue dramatically. Also man-made noise from cities will be picked up; so with the described configuration, the desired unwanted signal can NEVER be singled out.

· The measurement involves the noise of the Earth, including Earth temperature and interference from sets of RLANs that are in the field of view of the space-craft antenna: the Earth temperature again is varying over day and seasons from years to years (following quite difficult to assess statistical/prediction laws).... thus making difficult an impairment between several sources of noise.

"This 5 GHz feeder-link path of the LEO-D system has an effective 549.5 ° K uplink system noise temperature, with a thermal noise density of –201.2 dBW/Hz.

 Thus the LEO-D system has a Tsys value (see Equation (1) above), of 549.5 ° K, not including the relatively low level RLAN interference, and a B of 1.65*107 Hz if one of the 16.5 MHz wide transponders is used to estimate the value of the RLAN interference."
"The aggregate interference from RLAN transmissions in the beam of the 5 GHz satellite antenna is expected to be 1 % to 3 % of the uplink thermal and background noise of the uplink. The objective is to be able to measure the magnitude of that aggregate RLAN interference with high accuracy."

· For a single indoor RLAN the received power at the satellite will be around -190 dBW/channel.

· If we consider a number of 10000 RLANs active at the same time in a square of 100x100 Km, we get an aggregate RLAN interference of around –150 dBW/channel, which corresponds to a 'delta' in the received brightness temperature of the radiometer of around 5 Kelvin. But the use of this low gain satellite antenna would give a huge instantaneous field of view of the Earth (basically the entire hemisphere).["…for example at a central North America location such as over Colorado USA, where it would receive RLAN interference from Canada, CONUS, Mexico, and parts of Central America and the Caribbean."]

· A satellite flying at an altitude of 800 km, the antenna will cover an area describing a circle with a radius of around 3000km, which is identical to an area of 28 million square kilometers!!!  With one hotspot over land (290 K) in the satellite footprint, we are thus looking at an increase of the brightness temperature of 0.001 K!!  

· It is acknowledged that several hotspots may exist in the footprint (100s, maybe 1000s), but even then the increase due to interference will never be higher than, say, 0.1 K.

· To measure such small differences accurately, one would require a very stable, high accuracy, incredibly expensive radiometer.  

"In this case a 1 % rms error in the measurement can be achieved with a Dicke receiver with an 0.67 or 2/3 second integration time. Thus a series of measurements can be taken as the satellite travels through its low-Earth orbit, one measurement being taken each 2/3 second."

· Radio astronomy measurements take advantage of large integration times to enhance the rms sensitivity of the measurements, which are made by comparisons between a measurement made in a pointing direction with no source of interference, and another measurement made towards the radio source of interest. Inter alia, the separation in time between two measurements is small, to ensure the conditions of measurements are safeguarded to the greatest extent.

· In RA measurements the separation in time between two measurements is small, to ensure the conditions of measurements are safeguarded to the greatest extent. In the Canadian proposal the separation in time between two measurements is quite long, several hours [perhaps 5 - 6 hours]

· The RA receiver is situated on Earth, generally fixed, and in a monitored environment (for example there may be exclusion zones around a RA site to avoid interference phenomenon's). Here, the receiver is on board a LEO-D space-craft, orbiting quite rapidly around the Earth, and in an environment that may not be so satisfactorily monitored

"A first-order estimate of the RLAN aggregate interference into the satellite can be determined by subtracting the external noise measurement at a remote location without RLAN interference, such as the measurement when the satellite is over the southern Indian Ocean, from the estimate at the location of interest, for example at a central North America location such as over Colorado USA, where it would receive RLAN interference from Canada, CONUS, Mexico, and parts of Central America and the Caribbean. The difference in the two measurements would be an estimate of the aggregate RLAN interference from that area."

· Within the footprint also water surfaces with a much lower brightness temperature than land is present (say, between 120-160 K). This obviously complicates the issue dramatically. 

· Another issue is solar illumination. At C-band frequencies, this plays a major role. Both direct (backlobe reception) and indirect illumination (reflection from the Earth's surface) can make a huge contribution to the observed brightness temperature.

· Man-made noise from cities and naturally occurring noise sources will be picked up rendering it impossible to differentiate between the contribution from man-made and natural noise sources and the aggregate RLAN energy that this method purports to measure.

· One would need to fly another radiometer-channel with it (equally stable and in a 'clean' frequency band) to at least remove the influence of the above described physical phenomena. To have another measurement with the same frequency at another location on the Earth (as described in the Canadian document), is completely irrelevant to the desired accuracy.

CONCLUSIONS

In summary, one would need to fly a multi-channel state-of-the-art radiometer with a dedicated high-gain antenna and very accurate calibration capabilities to accomplish this. This is clearly not a simple addition of a 'little (cheap) box'.

· The difficulty of performing accurate radiometry from space should not be oversimplified.  

· The ability to identify the location of any noise contributions from RLAN deployments with a low gain antenna is dubious.

· The very weak signal variations needed to be measured will be masked by multiple effects, both man-made and naturally occurring, rendering it impossible to identify the contribution of the aggregate RLAN energy that this method purports to measure.   

· This equipment is currently not part of the existing MSS payload, and might be prohibitively expensive in space, weight, and dollars, especially in light of the concerns as to the efficacy of these measurement techniques.

· Given the attempted measurement of exceedingly small noise differences, and the measurement uncertainties involved, the proposed methodology is akin to purporting to be able to detect a whispered conversation at a football game from the Goodyear blimp high overhead.
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