	WORLD METEOROLOGICAL ORGANIZATION


_____________


COMMISSION FOR BASIC SYSTEMS

STEERING GROUP ON RADIO FREQUENCY COORDINATION

PERROS GUIREC, FRANCE

13-14 SEPTEMBER 2004

 
	
	CBS/SG-RFC 2004/Doc. 4.1(3)

_______

ITEM 4.1

ENGLISH only




ASSESSMENT OF INTERFERENCE POTENTIAL BETWEEN SHORT RANGE RADARS ON AUTOMOBILES AND PASSIVE MICROWAVE SENSORS IN THE 23.6 TO 24.0 GHZ BAND 
(Submitted By D. F. McGinnis, Nat’l Environmental Satellite, Data and Info. Services)
Summary and Purpose of Document
The band 23.6 to 24.0 GHz is important for sensing of water vapor content in the atmosphere.  It has been, in the past, protected from interference by an exclusive ITU-R allocation and a footnote prohibiting all emissions in this band.  This band may in the future be receiving co-channel interference from radars mounted on automobiles using a modulation technique called ultra-wideband and the deployment of devices using this technique, which cannot be contained within an allocated band.  Each radar has very low power and would individually not cause an interference problem for the sensor.  However a high concentration of these devices within the footprint of the passive sensor may be an interference problem.

The analysis in this paper, derived from that performed for the ITU to assess the potential for interference, indicates that there is a potential for interference. The actual probability of interference will depend upon the average density of cars within a pixel.

This document is also being submitted to SFCG-24 for consideration by meteorological interests that may not be present at this meeting.

Action Proposed

This document is for information to the SG-RFC and requests that SG-RFC members support the protection of passive sensors from UWB emissions by actively participating in the ITU BR Task Group 1/8 (Compatibility between ultra-wideband devices (UWB) and radiocommunication services)

ASSESSMENT OF INTERFERENCE POTENTIAL BETWEEN SHORT RANGE RADARS ON AUTOMOBILES AND PASSIVE MICROWAVE SENSORS IN THE 23.6 TO 24.0 GHZ BAND

Introduction

The introduction of ultra-wideband technology may cause interference to passive sensors in bands allocated exclusively to passive sensors by the ITU and protected by ITU Radio Regulation footnote 5.340 that prohibits all emissions.  Ultra-wideband devices have broad spectra that extend over a frequency range that includes many allocated bands.  These devices themselves are not allocated but have very low power density, which minimizes the potential for interference.

The Short Range Car Radars are ultra-wideband devices.  They will radiate in the 23.6 to 24.0 GHz band allocated to Earth-Exploration Satellite (passive), which is used for water vapor measurements by at least four present satellite systems.  NOAA is concerned with the interference potential of large concentrations of these devices, which may exist in urban areas.  The SARA group, which represents the car radar industry, claims that the concentrations of cars will not be sufficient to cause interference to passive sensors.  They have provided estimates of the expected car densities.

Analysis

The following analysis determines from the sensor parameters the density of cars that will just equal the interference threshold for passive sensors in this band as documented in ITU-R Recommendation SA.1029.  This can then be compared to the predicted densities provided by SARA to determine if these car radars can cause harmful interference.

The analysis is based upon the premise that the density in a pixel will be so great that it can be considered to be an upwelling of energy from a plane.  The calculations are shown in Table 1 and the equations used are presented in Table 2.

Table 1 – Calculation of the Car Density Equal to the Sensor Interference Threshold

	System
	AMSU
	AMSR-E
	ATMS
	CMIS
	Units

	Frequency
	23.6
	23.6
	23.6
	23.6
	GHz

	Wavelength (()
	1.27E-05
	1.27E-05
	1.27E-05
	1.27E-05
	km

	Altitude
	833.00
	705
	825.00
	816
	km

	Earth elevation ((el)
	90
	35
	90
	33
	Deg

	Range
	833
	1122
	825
	1332
	km

	HPBW/2
	1.65
	1.058
	1.10
	0.50
	Deg

	Gain (G)
	42.85
	46.71
	46.38
	53.22
	dBi

	Gain (adj)
	1.05
	1.05
	1.05
	1.05
	dB

	Threshold
	-166
	-166
	-166
	-166
	dBW/200 MHz

	Threshold 
	-189
	-189
	-189
	-189
	dBW/ 1 MHz

	Tau (()
	0.23
	0.23
	0.23
	0.23
	

	Attenuation 
	1.00
	1.22
	1.00
	1.19
	

	Loss free space
	-178.31
	-180.90
	-178.23
	-182.39
	dB

	Incidental Loss
	3.00
	3.00
	3.00
	3.00
	dB

	AreaPixel
	1807.85
	1650.30
	788.13
	507.28
	km2

	Power/km2 ((E)
	-81.06
	-81.72
	-81.06
	-81.64
	dBW/km2/1 MHz

	Power/km2 ((E)
	-51.06
	-51.72
	-51.06
	-51.64
	dBm/km2/ 1 MHz

	Power per transmitter
	-71.3


	-71.3


	-71.3


	-71.3


	dBm/ 1 MHz



	Transmitters per car
	4
	4
	4
	4
	# transmitters

	Power per car
	-65.28
	-65.28
	-65.28
	-65.28
	dBm/ 1 MHz

	SRR Sidelobe Relative Gain
	-30


	-23.2


	-30


	-21.9


	DB



	Scattering Coefficient
	-24.5


	-24.5


	-24.5


	-24.5


	DB



	Composite Directional Gain
	-23.42
	-20.79
	-23.42
	-20.00
	DB

	Power toward Sensor
	-58.70
	-56.07
	-58.70
	-55.28
	dBm/ 1 MHz

	Max Car density
	6
	3
	6
	2
	Cars/km2


Table 2 – Equations used in the Calculations in Table 1
	Parameter
	Equation
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Discussion of Parameters

Gain(G)  is derived form the Half Power Beam Width.  It is the beamwidth that is specified by the manufacturers of the sensors.

Gain(adj) is an adjustment applied because the gain over the 3-dB beamwidth is not the maximum gain within 3-dB beamwidth.

Incidental Loss accounts for factors, which have been debated such as loss due to the automobile bumper, polarization loss, or a gating loss from the radar’s operation. 

The SRR Sidelobe Relative Gain because the power of the radar transmitter is specified as maximum e.i.r.p.  Added to the maximum e.i.r.p. this gives the e.i.r.p. in the direction of the sensor into the maximum gain of the sensor antenna.

The Scattering Coefficient  accounts for the fact that the maximum concentration of automobiles is likely to be in urban areas.  It accounts for the scattering of the car radar energy off of other cars and buildings.

Comparison to SARA Car Density Predictions

The results should be considered not only in terms of car density but also the area over which this density must exist to provide the total interfering power to the sensor.  Table 3 summarizes these results for the four systems. And Table 4 shows traffic densities predicted by SARA.

Table 3 – Analysis Results Summary

	System
	Density
	Pixel Area

	AMSU
	6 vehicles / km2
	1808 km2

	AMSR-E
	3 vehicles / km2
	2326 km2

	ATMS
	6 vehicles / km2
	788 km2

	CMIS
	2 vehicles / km2
	507 km2


Table 4 - Predicted Traffic Densities

	Scenario
	Vehicle Density

	Highway
	123 vehicles / km2

	Suburban City
	330 vehicles / km2

	Urban Case
	453 vehicles / km2


Comparison

The predicted traffic densities presented in Table 4 for all scenarios exceed the densities corresponding to the interference threshold as presented in Table 3.  This would imply that these radars might become an interference source if they meet the predicted deployment density.  However it must be considered that the density must be the average within the pixel. Table 5 shows how many vehicles there must be in a pixel for each instrument to equal the interference threshold.

Table 5 – Total Number of Cars Causing Interference

	System
	Cars in a pixel

	AMSU
	10,848

	AMSR-E
	6,978

	ATMS
	4,728

	CMIS
	1,014


The CMIS instrument appears to be the most vulnerable because the probability of high densities in a smaller area is greater.

This analysis also indicates that all the density scenarios could be a problem.  The highway density may be the largest problem because it is more likely that this density could be reached on an average over a large area.

Conclusion

Scenarios have been presented by the auto industry that exceed the calculated deployment density equal to the interference threshold of the sensors.  However the potential for interference depends heavily on the expected car radar deployment density.
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