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Summary and Purpose of Document
This document is being submitted, by the United States of America, to the upcoming meeting of Working Party 8B.  It contains a study of the potential impact of the possible Earth exploration satellite service (EESS) allocation extension into 9300-9500 MHz on meteorological radars operating in the same band.  This study supports the work of WRC -2007 Agenda Item 1.3.  Additional work is required to determine the level of impact the EESS will have on meteorological radars.

Action Proposed
The SG-RFC should review this document.  EESS allocations often are of use for meteorological, environmental and climatological operations.  While the existing meteorological radars operating in 9300-9500 need protection from interference, support of the EES extension under WRC-2007 Agenda Item 1.3 is also of interest to meteorological operations.

United States of America

Analysis of compatibility between the Earth Exploration Satellite Service (active) and Ground-based Meteorological Radars operating in the Radiolocation Service in the Band 

9 300- 9 500 MHz.

1.0  Introduction.  


The United States of America submitted a study to the last meeting of Working Party 7C, analyzing the potential for interference to meteorological radars operating in the band 9300-9500 MHz from the EESS if the EESS allocation is extended under WRC-2007 Agenda Item 1.3.  That document showed the EESS produced interference levels well above the radar’s noise floor for extended periods of time due to sidelobe-to-sidelobe coupling.  Review of the EESS antenna pattern during the Working Party 7C meeting showed that the pattern used in the simulations was not fully accurate.  Working Party 7C revised the sidelobe characteristics of the antenna pattern.  This document presents an update to the analysis contained in the document submitted to Working Party 7C, and includes analysis of additional meteorological radar operating modes.

2.0  System Characteristics.  

Document ITU-R 7C/146, Annex 13 contains the characteristics of representative EESS synthetic aperture radars (SAR) proposed to be operated in the band 9 300 – 9 500 MHz.  The characteristics of SAR 3 were used in this analysis.  Table 1 provides the SAR characteristics.  Table 2 provides the updated SAR 3 antenna pattern formulas.

	Table 1- Space borne SAR3 characteristics

	Orbit height (km)
	506

	Orbit inclination (˚)
	98

	Transmit power (W) 
	25 000

	Pulse width (μs) 
	1-10

	PRF (Hz)
	410-515

	Duty cycle 
	0.0004-0.005

	Average RF power (W)
	10-125

	Modulation of pulse 
	Linear FM

	RF bandwidth (MHz) 
	450

	Peak antenna gain (dBi) 
	39.5-42.5


	Table  2 – Updated Space borne SAR3 antenna gain pattern at 9600 MHz

	Pattern
	Gain G(θ) (dBi) as a function of
off-axis angle θ (degrees)
	Angle range

	Vertical
(elevation)
	Gv (θv )  =  42.5  –  9.92(θv )2
Gv (θv )  =  31.4  –  0.83 θv
Gv (θv )  =  10.5  –  0.133 θv
	   0º
<  θv <  1.1º
  1.1º<  θv <30º

  θv
>  30º

	Horizontal
(azimuth)
	Gh (θh )  =  0.0  –  9.07(θh )2
Gh (θh )  =  +1.9  –  12.08 θh
Gh (θh )  =  –48
	  0º<  θh <  1.15º
  1.15º<  θh <  4.13º

  θh
>  4.13º

	Beam pattern
	G(θ)  =  Gv (θv )  +  Gh (θh )
	



Preliminary Draft New Recommendation ITU-R M.[ 8B.8-10 GHz] contains the characteristics of several representative ground-based meteorological radars operating in the band 9 300-9 500 MHz.  The characteristics of the ground-based meteorological radar used in this analysis are listed below.  Within the United States, radars of this type are used for atmospheric research. 

	Table 3- Meteorological Radar Characteristics

	Characteristics
	System G9

	Function
	Meteorological (radiolocation)

	Platform type 
	Ground

	Tuning range (MHz)
	9 300-9 375 MHz

	Modulation
	Pulse

	Peak power into antenna
	50 kW

	Pulse width (s) &

Pulse repetition rate
	0.1, 0.25 & 1.0

1 000 to 2 000 pps

	Maximum duty cycle
	0.002

	Pulse rise/fall time (s)
	0.05

	Output device
	Klystron or magnetron

	Antenna pattern type
	Pencil beam 

	Antenna type
	Parabolic reflector with Cassegrain feed

	Antenna polarization
	Linear (dual polarization)

	Antenna mainbeam gain (dBi)
	46

	Antenna elevation beamwidth (deg)
	0.9

	Antenna azimuthal beamwidth (deg)
	0.9

	Antenna horizontal scan rate
	0 to 20 degrees/sec

	Antenna horizontal scan type (continuous, random, sector, etc.)
	Volume, Sector Volume, Stationary and Tracking

	Antenna vertical scan
	0 to 20 degrees

	Antenna vertical scan type
	Steps to next elevation after horizon. Rotation or elevation change at constant azimuth

	Antenna side-lobe (SL) levels (1st SLs and remote SLs) 
	26 dBi

	Antenna height
	4 meters

	Receiver IF 3 dB bandwidth (MHz)
	10, 4 or 1

	Receiver noise floor (dBm)
	–110

	Receive loss, dB
	Not specified

	Chirp bandwidth (MHz)
	Not Applicable

	RF emission bandwidth (MHz)

–
3 dB

–
20 dB
	Not Specified

6 to 60 MHz- dependent on pulse width


3.0 Analysis Methodology.  

The analysis results of compatibility between the ground-based meteorological radar and the EESS were obtained through the use of dynamic simulations using a commercial software package.  Only interference to the ground-based meteorological radar from the EESS was considered for this study.  The simulations were run to cover a period of approximately 23 days for each scenario.    

3.1  Ground-Based Meteorological Radar Parameters.

Ground-based meteorological radars can be operated in a variety of modes resulting in different antenna rotation speeds and antenna movement strategies.  The most common scanning strategy is a volume scan, where the radar performs a series of antenna full rotations at elevation angle increments ranging from near 0 degrees to a maximum of 20 to 30 degrees.  Figure 1 is a plot of antenna volume scan strategy used in the simulations involving volume scans.  
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Figure 1-  Antenna Elevation Movement for a Volume Scan Strategy used in the Simulations

Ground-based meteorological radars can also perform other scanning strategies to meet specific operational requirements.  To closely monitor a specific area of the atmosphere, the radar can perform sector scans or operate in a spotlight mode.   In the sector volume scan mode, the antenna concentrates on an azimuth sector while progressing through a series of elevation steps.  In spotlight mode, the antenna azimuth and elevation are held constant to illuminate a small area of atmosphere for an extended period of time.  For this study, the sector volume scan was simulated by scanning an azimuth range of 60 degrees, +/-30 about a mean azimuth value.  Simulations were run with median azimuth values of 0, 90 and 135 degrees.  Figure 2 shows a plot of the sector volume scanning strategy used in the simulations. 

[image: image2.emf]Sector Scan Strategy


0


2


4


6


8


10


12


14


16


18


20


22


Elevation (degrees)


-45


-30


-15


0


15


30


45


Azimuth Offset Relative Mean 


Azimuth (degrees) - 60 degree sector


Elevation


Azimuth Relative to Mean Az.




Sector Scan Strategy

0

2

4

6

8

10

12

14

16

18

20

22

Elevation (degrees)

-45

-30

-15

0

15

30

45

Azimuth Offset Relative Mean 

Azimuth (degrees) - 60 degree sector

Elevation

Azimuth Relative to Mean Az.


Figure 2-  Sector Scan Antenna Movement Used In Simulation (60 degree-wide sector)

As can be seen from Table 2, the radar uses a range of antenna rotation speeds.  The volume scan and sector scan strategies are simulated at antenna rotation speeds of 5 and 20 degrees per second.  The ground-based meteorological radar is assumed to remain in a fixed location.  Three radar locations were used in the simulations since latitude of the radar may affect the length of time the SAR will be in sight of the radar.  Simulations were run with the radar placed at low, mid and high latitude locations (0(, 45(N and 60(N) respectively.  Since the IF bandwidth is adjustable, a large number of simulations would be required to cover all the possible combinations.  To obtain results indicating the worst potential for interference, a radar IF bandwidth of 10 MHz was used. 

3.2  SAR 3 Parameters

The orbital characteristics of the SAR were also simulated.  The actual number of SAR systems that may use the EESS allocation extension is not known at this time.  However, the total number is not expected to exceed 4 systems.  The simulations use four SARs separated by 90 degrees in longitude.  The SAR uses linear FM chirp where the pulse duration is variable from 1 to 10 microseconds.  To limit the number of simulations, the pulse width of 10 microseconds was used, corresponding to the lowest frequency dependent rejection (FDR) and the worst sharing case.  Co-frequency operation with the meteorological radar was assumed.  In ITU-R Working Party 8B document 8B/220, tests were performed that showed that the effective pulse width of a chirped waveform is with a bandwidth that is much wider than the receive bandwidth was reduced due to the response of the receiver’s IF circuitry.  Therefore, the chirped 10 µs pulse width of SAR 3 within the met radar’s receiver will be considerably reduced. This may aid in the compatibility between the systems.    

3.3    Frequency Dependent Rejection.

Frequency dependent rejection (FDR) between an interference source and a victim receiver is a combination two factors, off-frequency rejection (OFR) and on-tune rejection (OTR).

FDR = OFR + OTR

In this case where the SAR and radar are operating co frequency, the OFR is zero.

The OTR of chirped signals is calculated in the following manner:


OTR =  0 dB


for Bc/(BR2 T) ( 1


OTR = 10 log (Bc/(BR2 T))
for Bc/(BR2 T) > 1

where,

T = Chirped pulse width (sec)

Bc = Transmitter chirped bandwidth during the pulse width, T (Hz)

BR= Receiver 3 dB bandwidth.

For the selected meteorological radar bandwidth of 10 MHz, and the selected SAR chirp pulse width of 10 (sec, the OTR is zero.  The simulations used a value of 0 dB for the FDR.

4.0  Results.

Since the ability of the ground-based meteorological radar to mitigate the SAR interference is unknown at this time, the generic interference-to-noise ratio (I/N) of -6 db was used a reference.  The generic -6 dB I/N is associated with a Continuous Wave (CW) or noise-like interference signal and it may not be applicable to a space borne SAR signal due to its chirped pulsed nature.  Work is ongoing within Working Party 8B to quantify the processing gain typical ground-based meteorological radars would use to mitigate interference levels above an I/N of -6 dB.   It should be noted the radar used in this analysis and other types of ground-based meteorological radars that are operating in this band may not contain interference mitigation techniques that are described in ITU-R M. 1372 for eliminating the effects of pulsed interference.    The results, as presented, should not be used to determine compatibility based on signal processing.  Additional work and/or testing is needed by Working Party 8B to determine compatibility for these types of radars with EESS systems.

4.1   Radar Volume Scan Results.

Table 4 presents the results for the volume scan simulations. The time durations are independent of the maximum I/N value.  The durations provide some insight into how long a radar operator may experience interference from a SAR before any processing gain or mitigation techniques are applied to the analysis results.  Table 4 also presents the data for an I/N threshold of = +10 dB, to provide insight into how the results will be affected by the radar’s potential ability to mitigate the effects of interference at levels greater than an I/N of -6dB.  As with the I/N=-6 dB level, the +10 dB level has no significance and was just selected to illustrate the point that as the radar can withstand a higher interference level, the number of interference occurrences and the interference durations change.  

Within the United States, ground-based meteorological radars operating in this band are generally used for atmospheric research and other applications that can and do withstand some periods of pulsed interference.  Other administrations may have more stringent protection requirements for radars operating in 9300-9500 MHz.

	Table 4 – Volume Scan Simulation Results

	5 Degrees Per Second Rotation

	Radar Location
	Max I/N
	Longest Duration Above     I/N=-6dB
	Average Duration Above     I/N=-6 dB
	Number of I/N>-6 dB Occurrences Over 23 Day Period
	Longest Duration Above I/N=+10 dB
	Average Duration Above I/N=+10 dB
	Number of I/N>+10 dB Occurrences Over 23 Day Period

	Low Latitude
	23.8 dB
	0.55 seconds
	0.34 seconds
	225
	0.40 seconds
	0.22 seconds
	139

	Mid Latitude
	27.3 dB
	2.50   seconds
	0.38 seconds
	366
	0.35 seconds
	0.22 seconds
	231

	High Latitude
	24.6 dB
	0.55 seconds
	0.34 seconds
	488
	0.40 seconds
	0.22 seconds
	371

	20 Degrees Per Second Rotation

	Low Latitude
	23.9 dB
	0.15 seconds
	0.09 seconds
	853
	0.10 seconds
	0.06 seconds
	523

	Mid Latitude
	24.2 dB
	2.5  seconds
	0.10 seconds
	1321
	0.10 seconds
	0.06 seconds
	836 

	High Latitude
	24.2 dB
	0.15 seconds
	0.09 seconds
	2205
	0.01 seconds
	0.06 seconds
	1330


The results presented in Table 4 indicate that the ground-based meteorological radar may experience maximum I/N values on the order of 24 to 27 dB when operating in a typical volume scan mode.  A limited number of simulations were also run to confirm the number of interference occurrences was directly proportional to the number of SARs used in the simulation.  The results showed the number of occurrences was reduced by a factor of 4 when a single SAR was used, but the peak levels and durations remained approximately the same.    

4.2  Radar Sector Volume Scan Results.

Table 5 present the results with the radar simulated operating in a sector volume scan mode.  In the sector scan mode none of the radar receiver characteristics change.  The antenna is moved in a pattern as shown in Figure 2.  The simulations were run for only the 45 degrees latitude location.  

	Table 5 – Sector Scan Simulation Results (45 degrees latitude)

	60-Degree Sector Start/End Azimuth
	5 Degree Per Sec. Rotation
	20 Degrees per Sec Rotation

	
	Max I/N
	Longest Duration Above     I/N=-6dB
	Average Duration Above     I/N=-6 dB
	Max I/N
	Longest Duration Above   I/N=-6 dB
	Average Duration Above  I/N=-6 dB

	North Sector    (330 to 60 degrees)
	24.0 dB
	2.50   seconds
	0.36 seconds
	28.3 dB
	2.50 seconds
	0.10 seconds

	East Sector (60 to 120 degrees)
	23.6 dB
	2.50 seconds
	0.37 seconds
	24.3 dB
	2.50 Seconds
	0.10 seconds

	Southeast Sector (105 to 165 degrees)
	24.1 dB
	2.50 seconds
	0.38 seconds
	23.0 dB
	2.50 seconds
	0.10 seconds


4.3  Radar Spotlight Mode Results.  Ground-based meteorological radars operated in the band 9300-9500 MHz for atmospheric research will periodically be used in a spotlight mode, where a point in the atmosphere is illuminated for a long period of time.  During this operation, the antenna elevation and azimuth do not change.  Simulations were run with the radar placed at the 45 degree latitude location, and the antenna held at a fixed azimuth and elevation.  Azimuths of 0 degrees (north) and 90 degrees (east), and antenna elevations of 0.5, 20 and 45 degrees were used.

	Table 6 – Spotlight Mode Simulation Results (45 degrees latitude only)

	
	0 Degrees Azimuth (North)
	90 Degrees Azimuth (east)

	
	Max I/N
	Longest Duration Above     I/N=-6dB
	Average Duration Above     I/N=-6 dB
	Max I/N
	Longest Duration Above   I/N=-6 dB
	Average Duration Above  I/N=-6 dB

	0.5 Degrees Antenna Elevation
	17.0 dB
	23.0 seconds
	14.0 seconds
	18.0 dB
	13.55 seconds
	7.14 seconds

	20 degrees Antenna Elevation
	24.6 dB
	11.75 seconds
	6.98 seconds
	15.6 dB
	5.65 seconds
	2.83 seconds

	45 Degrees Antenna Elevation
	24.5 dB
	4.75 seconds
	3.36 seconds
	3.3 dB
	2.5  seconds
	1.86 seconds


5.0  Conclusion. 

Concluding on whether compatibility exists between the EESS and ground-based meteorological radars is difficult without a better understanding of the ability of meteorological radar to mitigate the effects of the SAR interference.  For purposes of this study, a generic thresholds of I/N = -6 dB and +10 dB were used to develop data on time durations that the SAR could potentially impact the radar’s operations.  This is most likely not the appropriate threshold, and the threshold could potentially fall somewhere in the I/N = 0 dB to +40 dB range.  The maximum I/N shown to occur in the simulations for this study was I/N = +28.3 dB, with most of the peak levels falling near I/N = +24 dB.  Testing or a detailed analysis of the interference mitigation techniques of ground-based meteorological radars operating in the band 9 300 - 9 500 MHz is needed. 

