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Working Party 7C held its meeting from 8 to 14 November 2005 in Geneva and would like to thank WP 8B for Document 7C/163 “Liaison statement to WP 7C: Information regarding WRC-07 Agenda item 1.3, Resolution 747 (WRC-03): Possible extension of the existing primary allocations to the Earth Exploration-satellite service (active) and the space research service (active) in the band 9 500-9 800 MHz”. In particular, WP 7C thanks WP 8B for calling attention to the following documents:

–
Documents 8B/220, 8B/221, and 8B/222. 

–
Annex 1 of document 7C/163 received through the Radar Correspondence Group (RCG). Item by item responses to the information in the liaison statement Annex 1 are given in the paragraphs below. 

–
Document 8B/TEMP/128 “Draft CPM text for Chapter 1 of the CPM Report (agenda item 1.3) and the invitation to review the text and contribute to its further development. 

–
Document 8B/TEMP/104 “Working document towards a PDNR on technical and operational aspects of ground-based meteorological radars”. 

In addition, WP 7C received input documents 7C/147, 7C/148, 7C/160, 7C/161, 7C/169, 7C/172, 7C/174, 7C/175, 7C/184, and 7C/194, regarding WRC-07 Agenda item 1.3, Resolution 747 (WRC‑03). 

–
Document 7C/160 contained an assessment of interference from the radiodetermination service to active space-borne sensors operating in the 9 300-9 500 MHz band and 9 800-10 000 MHz band. 

–
Documents 7C/169 and 7C/194 contained two separate assessments of interference from the EESS (active) to the meteorological radars operating in the 9 300-9 500 MHz band. Document 7C/194 took into account the additional information on the meteorological radar given in document 7C/163.

–
Documents 7C/147 and 7C/175 concerned CPM text for WRC-07 agenda item 1.3. 

WP 7C would like to draw WP 8B’s attention to the conflicting on-tune rejection (OTR) equations for chirped signals within the two documents 7C/169 and 7C/194. Document 7C/194 and its Annex 1 points out a possible error in the OTR equations contained in Recommendations ITU‑R M.1461 and ITU‑R SA.1280, taking into account the radar test results given in Document 8B/220. In particular, Table 8 of Annex 1 to Document 7C/194 provides a comparison between the test results, the formula given in recommendations ITU‑R M.1461 and ITU‑R SA.1280, and a formula based on the ratio of bandwidths. The ratio of bandwidths appears to better model the OTR. WP 7C requests direction as to the correct equation to use in the interference assessments.

Moreover, Working Party 7C has reviewed Annex 1 of Document 7C/163 and would like to provide the following response to the items 1-6:

1
WP 7C notes that the antenna gain for the typical System S4 should be 32 dBi, not 27 dBi, which potentially could increase the maximum I/N shown in Table 6 of Annex 5 of Annex 13 of document 7C/146. However, the determination of the correct OTR equation for chirped signals could potentially lower the maximum I/N. As shown in Table 4 of Annex 5 of Annex 13 of document 7C/146, the calculated OTR used for SAR3 chirped signals into system S4 was 0 dB; however, the conflicting OTR equation as given in Document 7C/194 yields an OTR of 23 dB, which would substantially reduce the maximum I/N.

2
WP 7C notes that antenna rotation rates of up to 50 rpm should also be considered. In Document 7C/169, simulations were run with the antenna rotating at 5 degrees per second and 20 degrees per second. In document 7C/194, simulations were run with the antenna rotating at a speed of 1 rotation per minute. However, these analyses refer to ground-based meteorological radars.

3
WP 7C notes that maritime radionavigation radars have not been tested at an I/N ratio of 52 dB. The maximum I/N shown in Table 6 of Annex 5 of Annex 13 of Document 7C/146 for SAR3 interference into system S4 was 52 dB. However, as in the response to the first item above, the determination of the correct OTR equation for chirped signals could potentially lower the maximum I/N by as much 23 dB.

4
Section 5, page 38 of Document 8B/129 states that “EESS waveforms are planned to be tested with several types of radar systems including marine radionavigation.” As to the question “What radionavigation radars are they planning to use and are they fully representative?”, the Document 8B/220 titled “Test results illustrating the effective duty cycle of frequency modulated pulsed radiolocation and EESS waveforms in a marine radionavigation receiver,” gives the radar characteristics used in the tests as those parameters “developed based on the characteristics of Radars A7 and A3 from the ITU‑R WP 8B 8.5-10 GHz PDNR.”

5
In several places in Document 8B/129, it is stated that “worst case interference ... only happens for less than three seconds every 48 hours.” This refers to that interference caused by the SAR2 main beam-to-main beam coupling with the radiodetermination antenna. The other interference occurring would be SAR2 main beam-to-side lobes of the radiodetermination antenna, SAR2 side lobe-to-main beam of the radiodetermination antenna, and SAR2 side lobe-to-side lobes of the radiodetermination antenna. The frequency and periods of all four types of coupling are given in documents 7C/169 and 7C/194 containing two separate assessments of interference from the EESS (active) to the meteorological radars operating in the 9 300-9 500 MHz band as shown in Attachments 2 and 3 of this liaison statement.

6
WP 7C agrees that the assumptions about “processing gain” may depend upon the “victim” radar and its function. The Documents 8B/220, 8B/221, and 8B/222 may offer insight into the “processing gain” of the various radars tested.

WP 7C invites WP 8B to review the four attachments to this liaison statement and looks forward to continuing to work with Working Party 8B with regard to these above subjects.
Attachments

•
Attachment 1 contains an assessment of potential interference from the radiodetermination service to active space-borne sensors operating in the 9 300-9 500 MHz band and 9 800- 10 000 MHz band;

•
Attachments 2 and 3 contains an assessment of potential interference from the EESS (active) to meteorological radars operating in the 9 300-9 500 MHz band (Documents 7C/169 and 194, not attached); 

•
Attachment 4 contains proposed revisions to the draft CPM text for agenda item 1.3.

Attachment 1

Assessment of potential interference from the radiodetermination service to active space-borne sensors operating in the 9 300-9 500 MHz band and 
9 800-10 000 MHz band

1
Introduction

WRC-07 agenda item 1.3 and Resolution 747 call for the consideration of extending, by up to 200 MHz, the existing primary allocations to EESS (active) and SRS (active) in the band 9 500‑9 800 MHz without placing undue constraint on the service to which the bands are allocated.

Resolution 747 resolves to study the compatibility between terrestrial radars of the radiolocation and radionavigation services, and space-borne radars of the Earth exploration satellite and space research services in the band 9 300-9 500 MHz. Resolution 747 further resolves that in the event that sharing studies in the 9 300-9 500 MHz band lead to unsatisfactory conclusions which do not fully satisfy the requirement for an increase by 200 MHz of contiguous spectrum for EESS (active) and space research (active) services, additional sharing studies should be carried out in the alternative frequency range 9 800-10 000 MHz.

Previous studies within the ITU‑R have examined the potential interference into the radiodetermination service from the EESS (active) service operating in the 9 300-9 500 MHz band. This contribution assesses potential interference from the radiodetermination service to the EESS (active) service in both the 9 300-9 500 MHz band and the 9 800-10 000 MHz band.

Dynamic simulations are used to determine interference power levels at the space-borne SAR taking into consideration the relevant radar characteristics contained in Document 8B/182, Annex 1.

2
Technical characteristics of active space-borne sensors (SAR3)

The technical characteristics of a proposed synthetic aperture radar (SAR3) sensor that may operate in the frequency band 9 300-10 000 MHz are provided in Table 1. The SAR3 antenna gain pattern used for this analysis is described in Table 2. SAR3 operates at an altitude of 506 km and an inclination of 98(. This orbit will provide a repeat period of about 10 days with a 264-340 km field of regard. The SAR antenna orientation may be pointed from 20( to 44( off-nadir. For this study, the SAR antenna was pointed 44( off-nadir in the cross-track direction.

There are five wideband SARs that are expected to operate in the band near 9.6 GHz. These include the SARs found on board the four satellites of the Cosmo Sky-Med constellation as commissioned by the Italian Space Agency (ASI) but as yet un-launched; and one SAR labeled “SAR3” that is currently under consideration by NASA (Table 1). The “absolutely once in a while” mode of operation is typical of space-borne radar systems orbiting in low earth orbit. It is expected that wideband SARs operating near 9.6 GHz would be controlled via ground command to turn on and off as required to view only specific areas on the earth due to power constraints of the spacecraft. This mode of operations would result in the SAR operating for 10% to 20% of the time. Another mode of operation is the spotlight mode. In the spotlight mode a look angle is selected between 20( and 44(, data will typically be collected by taking 49 to 65 sub-swaths of 20 km in range by 0.35 km in azimuth. This data can then be put into a mosaic of the sub-swaths in azimuth to process a 20 km by 20 km image.

TABLE 1
Technical characteristics of SAR3 operating near 9.6 GHz

	Characteristic
	SAR3

	Orbital altitude
	506 km

	Orbital inclination
	98(

	RF centre frequency
	9.6 GHz

	Peak radiated power
	25 000 W

	Pulse modulation
	Linear FM chirp

	Pulse bandwidth
	450 MHz

	Pulse duration 
	1-10 (s

	Pulse repetition rate
	410-515 pps

	Duty cycle
	0.04-0.5%

	Range compression ratio
	450 - 4500

	System noise temperature
	600(K

	Receiver IF bandwidth
	512 MHz

	Antenna type
	Planar phased array

	Antenna peak gain
	39.5-42.5 dBi

	Antenna orientation
	20( to 44( from Nadir

	Antenna beamwidth in elevation
	1.1( to 2.3(

	Antenna beamwidth in azimuth
	1.15(

	Antenna polarization
	Linear horizontal/vertical

	Along track footprint
	10.8 km

	Cross track footprint
	11.5 km

	Pixel (Antenna -3 dB beam footprint)
	98 sq. km

	Resolution cell area
	1.0 sq. km



TABLE 2
SAR3 antenna gain pattern near 9.6 GHz

	Pattern
	Gain G(θ) (dBi) as a function of
off-axis angle θ (()
	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 ), –5} max
	


Annex-8 to Document 7C/110 (Chairman’s Report) contains a PDRR to ITU‑R SA.1166-2 that defines the performance and interference criteria for space-borne active sensors. The criteria for unacceptable degradation in performance for imaging or topographical interferometric SARs operating in the 9 500 to 9 800 MHz band is a peak power level of −104 dBW/20 MHz, or −89.9 dBW/512 MHz for the SAR3 radar. This criterion applies to non-FM pulsed interference sources with pulse duration of 2 µs or less.

For pulse lengths greater than 2 µs, an interference threshold of -102 dBW/20 MHz is derived; however, for the purpose of this analysis, a worst case interference criterion of −104 dBW/20 MHz is used.

The availability criteria is also contained in Document 7C/110 and is stated as follows: “In shared frequency bands, availability of SAR data shall exceed 99% of all geographical locations targeted as selected sites or for global coverage in topographical mapping.”

3
Technical characteristics of radiodetermination radars

The radiodetermination radar characteristics used for this study were taken from Document 8B/182, Annex 1. In that document, characteristics are provided for ten airborne radar systems, nine shipborne radar systems, and eight beacon/ground-based radar systems that operate in the 8 500‑10 500 MHz band. Ten representative radar systems that operate in the 9 300-10 000 MHz band were selected from Document 8B/182 for this analysis and their characteristics are listed in Tables 3, 4 and 5.

The radar antenna patterns were developed from Recommendation ITU‑R F.1245-1 by setting the maximum gain, and the azimuth and elevation 3 dB beamwidths in the gain equation to the values given in Tables 3, 4 and 5.

TABLE 3
Technical characteristics of airborne radars(1)
	Characteristic
	System A1
	System A2
	System A3

	Function
	Search and Track Radar (multifunction)
	Airborne Search Radar
	Ground-Mapping and Terrain-Following Radar (multifunction)

	Tuning range (MHz)
	9 300 to 10 000
	8 500 to 9 600
	9 240, 9 360 and 9 480

	Modulation
	Pulse
	Pulse
	Non-Coherent Frequency-Agile Pulse-Position Modulation

	Peak power into antenna (kW)
	17
	143 (min)
220 (max) 
	95

	Pulse widths (µs)
	0.285; 8
	2.5; 0.5
	0.3, 2.35, 4

	Pulse repetition rates (pps)
	200 to 23 000
	400, 1 600
	2 000, 425, 250

	Maximum duty cycle
	0.0132
	0.001
	0.001

	Antenna pattern type
	Pencil
	Fan
	Pencil

	Antenna type
	Planar Array
	Parabolic Reflector
	Flat-Plate Planar Array

	Antenna polarization
	Linear
	Linear
	Circular

	Antenna main beam gain (dBi)
	32.5
	34
	28.3

	Antenna elevation beamwidth (deg)
	4.6
	3.8
	5.75

	Antenna azimuth beamwidth (deg)
	3.3
	2.5
	5.75

	Antenna horizontal scan rate
	118 scans/min
	6 or 12 rpm
	Up to 53 scans/min

	Antenna horizontal scan type
	Sector: ( 60 deg (mechanical)
	360 deg (mechanical)
	Sector: ( 60 deg (mechanical)

	Antenna vertical scan rate
	59 scans/min
	Not applicable
	Up to 137 scans/min

	Antenna vertical scan type
	Sector: ( 60 deg (mechanical)
	Not applicable 
	Sector: +25/(40( (mechanical)

	Antenna height
	Aircraft Altitude
	Aircraft altitude
	Aircraft altitude

	(1)
Characteristics of radar systems taken from PDNR in Document 8B/182, Annex 1 (Chairman’s Report).


TABLE 3 (end)

Technical characteristics of airborne radars(1) 
	Characteristic
	System A7d
	System A8

	Function
	Navigation
	Search (radiolocation) Weather

	Tuning range (MHz)
	9 380 to 10 120
Frequency agile pulse-to-to pulse over 340
	9 250 to 9 440, frequency-agile pulse-to-pulse, 20 steps

	Modulation
	Linear FM pulse
	FM pulse

	Peak power into antenna (kW)
	50
	10

	Pulse widths (µs)
	10
	5, 17

	Pulse repetition rates (pps)
	380
	2 500, 1 500, 750, 400

	Maximum duty cycle
	0.004
	0.04

	Antenna pattern type
	Pencil/Fan
	Fan

	Antenna type
	Parabolic reflector
	Slotted array

	Antenna polarization
	Horizontal
	Vertical & horizontal

	Antenna main beam gain (dBi)
	34.5
	32

	Antenna elevation beamwidth (deg)
	4.0
	9.0

	Antenna azimuth beamwidth (deg)
	2.4
	1.8

	Antenna horizontal scan rate
	36, 360, 1 800 deg/sec
	15 or 60 rpm

	Antenna horizontal scan type
	10 degree sector
	360 deg

	Antenna vertical scan rate
	Not applicable
	Not applicable

	Antenna vertical scan type
	Selectable tilt 0 deg/‑90(
	Selectable tilt +15 deg/‑15 deg

	Antenna height
	Aircraft altitude
	Aircraft altitude

	Total chirp width (MHz)
	5
	10

	(1)
Characteristics of radar systems taken from PDNR in Document 8B/182, Annex 1 (Chairman’s Report).


TABLE 4
Technical characteristics of shipborne radars(1)
	Characteristic
	System S1
	System S3
	System S6
	System S7

	Function
	Search and Navigation Radar
	Low Altitude and Surface Search Radar (multifunction)
	Maritime Radionavigation Radar
	Navigation & search

	Platform type
	Shipborne, Shore Training Sites
	Shipborne
	Shipborne
	Shipborne

	Tuning range (MHz)
	8 500 to 9 600
	8 500 to 10 000
	9 380 to 9 440
	9 300-9 500

	Modulation
	Pulse
	Frequency-Agile Pulse 
	Pulse
	Pulse

	Peak power into antenna (kW)
	35 
	10
	25
	1.5

	Pulse width (µs)
	0.1; 0.5
	0.56 to 1.0; 0.24; 
	0.08, 0.2, 0.4, 0.7, 1.2
	0.08, 0.25, & 0.5

	Pulse repetition rate (pps)
	1 500; 750
	19 000 to 35 000
4 000 to 35 000
	2 200 (0.08 us); 
1 800, 1 000,
600 (1.2 us)
	2 250, 1 500, 750

	Maximum duty cycle
	0.00038
	0.020
	0.00072
	0.000375

	Antenna pattern type
	Fan
	Pencil
	Fan
	Fan

	Antenna type
	Horn Array
	Slotted Array
	End-fed slotted array
	Centre-fed slotted waveguide

	Antenna polarization
	Linear
	Linear
	Horizontal
	Horizontal

	Antenna main beam gain (dBi)
	29
	39
	31
	23.9

	Antenna elevation beamwidth (deg)
	13
	1
	20
	25

	Antenna azimuth beamwidth (deg)
	3
	1.5
	0.95
	6

	Antenna horizontal scan rate
	9.5 rpm
	180 deg/sec
	24 rpm
	24 rpm

	Antenna horizontal scan type
	360 deg (mechanical)
	360 deg or Sector Search/Track (mechanical)
	360 deg
	360 deg

	Antenna vertical scan rate
	Not applicable
	Not applicable
	Not applicable
	Not applicable

	Antenna vertical scan type
	Not applicable
	Not applicable 
	Not applicable
	Not applicable

	Antenna height
	Mast/deck mount
	Mast/deck mount
	Mast
	Mast

	(1) 
Characteristics of radar systems taken from PDNR in Document 8B/182, Annex 1 (Chairman’s Report).


TABLE 5
Technical characteristics of ground-based radars(1)

	Characteristic
	System G3

	Function
	Tracking Radar

	Platform type 
	Ground (trailer)

	Tuning range (MHz)
	9 370-9 990

	Modulation
	Frequency-Agile Pulse

	Peak power into antenna (kW)
	31

	Pulse width (µs)
	1

	Pulse repetition rate (pps)
	7 690 to 14 700

	Maximum duty cycle
	0.015

	Antenna pattern type
	Pencil

	Antenna type
	Phased Array (linear slotted waveguide)

	Antenna polarization
	Linear

	Antenna main beam gain (dBi)
	42.2

	Antenna elevation beamwidth (deg)
	0.81

	Antenna azimuth beamwidth (deg)
	1.74

	Antenna horizontal scan rate
	Not Specified

	Antenna horizontal scan type (continuous, random, sector, etc.)
	Sector: ( 45 deg (phase-scanned)

	Antenna vertical scan rate
	Not Specified

	Antenna vertical scan type
	Sector: 90 deg ( array tilt (frequency-scanned)

	Antenna height
	Ground Level

	(1) 
Characteristics of radar systems taken from PDNR in
Document 8B/182, Annex 1 (Chairman’s Report).


4
Analysis approach

A computer simulation model was developed which calculates the time-dependent interference power level at the receiver of a space-borne SAR active sensor from the radiodetermination systems. Using this simulation model, interference statistics were collected in the form of the probability that an interference power level was exceeded, and the maximum interference power level at the SAR receiver.

Two sets of simulations were carried out. The first set of simulations assumed co-polar and co-channel frequency operation with a SAR centre frequency of 9 600 MHz and a SAR receiver IF bandwidth of 512 MHz. The second set of simulations employed Frequency Dependent Rejection (FDR). For the simulations employing FDR, the SAR receive frequency is set to 9 600 MHz and the transmit radar frequencies are varied randomly at each time sample within the radar tuning range listed in Tables 3, 4 and 5. The FDR values, in decibel, were derived using the approach described below, and applied to the interference calculations.

All simulations were performed for a period of 10 days with incremental time steps of three seconds. At each increment, the azimuth and elevation of each radar antenna were determined based on the antenna scan rate. The distance between the SAR receiver and the radar transmitters was calculated based on the SAR orbital parameters and radar station location. The radar stations interference power at the victim SAR was calculated using equations (15) and (16) in Annex 1 of ITU‑R Recommendation M.1461-1 as follows:
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Frequency dependent rejection (FDR) provided by the SAR3 receiver to the radar transmitted signal as a result of both the SAR3 receiver bandwidth and the radar emission spectrum (dB).

FDR is the amount of attenuation offered by the SAR3 receiver to the radar transmitted signals. This attenuation is composed of two parts: on-tune rejection (OTR) and off-frequency rejection (OFR). The FDR is calculated using Recommendation ITU‑R SM.337-4, “Frequency and Distance Separations”:

FDR (f) = OFR (f) + OTR
Where: 


OTR: 
is the rejection provided by the SAR3 receiver selectivity characteristic to a co-tuned radar transmitter as a result of an emission spectrum exceeding the receiver bandwidth, in dB


OFR:
is the additional rejection, caused by specified detuning of the receiver with respect to the transmitter, in dB


f: 
is the tuned radar transmitter frequency, due to the frequency hopping of the radar, minus the tuned SAR3 receiver frequency.

The mathematical definitions of FDR, OFR, and OTR are as follows:



FDR (f) = 10 log10
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, where


S(f):
is the radar transmitter power spectral density, in Watts/kHz,


R(f):
is the SAR3 receiver selectivity with the receiver tuned to the transmitter frequency.



OFR (f) = 10 log10
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OTR = 10 log10
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As shown in Fig. 1, a 7-Pole Cheyeshev filter centred at 9.6 GHz with a 3 dB intermediate frequency (IF) bandwidth of 512 MHz was assumed for the SAR3 receiver.

FIGURE 1

SAR3 Chebyshev receiver filter
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In order to determine the power spectral density for each radar transmitter, formulas were employed from Recommendation ITU‑R SM.1541-1, Annex-8 (“OoB domain emission limits for primary radar systems”) to calculate the 40 dB bandwidth of the radar transmitter pulse. Table 6 lists the radar parameters used to calculate the radar emission spectrum mask. The one-sided radars spectrum plots, shown in Fig. 2, roll off at 20 dB per decade from the 40 dB bandwidth.

TABLE 6

Radar parameters for ITU‑R SM.1541-1 RF spectrum calculation

	
	Radar system

	
	A1
	A2
	A3
	A7d
	A8
	G3
	S1
	S3
	S6
	S7

	Peak trans. power (kW)
	17
	143
	95
	50
	10
	31
	35
	10
	25
	1.5

	Modulation type
	Pulse
	Pulse
	Pulse
	LFM
	LFM
	Pulse
	Pulse
	Pulse
	Pulse
	Pulse

	Pulse length ((s)
	8.00
	2.50
	4.0
	10.0
	17.0
	1.0
	0.5
	1.0
	1.2
	0.5

	Pulse rise time ((s)
	0.010
	0.020
	0.100
	0.100
	0.100
	0.050
	0.080
	0.028
	0.010
	0.010

	Pulse fall time ((s)
	0.010
	0.020
	0.100
	0.100
	0.100
	0.050
	0.080
	0.030
	0.010
	0.050

	Chirp bandwidth (MHz)
	N/A
	N/A
	N/A
	5
	10
	N/A
	N/A
	N/A
	N/A
	N/A


LFM – Linear frequency modulation, N/A – not applicable.

FIGURE 2

Radar transmit spectrum plots
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The resulting FDR plots, produced using the equations in Recommendation ITU‑R SM.337-4, are shown in Fig. 3. Radars that have similar FDR results were combined together into one plot. The combined plots are for radars A1, A2 and A8; radars A3 and A7d; and radars G3 and S1. Radars S3, S6 and S7 were plotted individually. 

As seen in the centre of Fig. 3, FDR values are negligible for frequency separations less than ±250 MHz. Because the SAR3 IF bandwidth is large with respect to the radar transmitter bandwidths, the on-tune rejection component of the FDR equation was negligible. The primary contributor was to the FDR calculation was the off-frequency rejection due to the offset between the SAR3 receive centre frequency and the radar transmit centre frequency. A look-up table that lists FDR versus offset frequency was created based in the FDR results in Fig. 3 and was used in the simulation that randomly varies the radar transmit frequency at each simulation time step.

FIGURE 3

SAR3 frequency dependent rejection
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Figure 4 shows the frequency range that the radar centre frequencies will hop over. If a radar frequency is selected in the shaded area, then there will be no significant difference between the co-frequency and FDR analysis cases. Outside the grey region, the FDR increases resulting in a lower interference power levels at the SAR receiver.

FIGURE 4

Comparison of SAR3 frequency dependent rejection and radar
transmitter tuning range
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5
Analysis results

This section presents the analysis results for the following:

•
Co-frequency analysis to determine:

a)
Individual interference levels at SAR3 from each radar system

b)
Aggregate interference levels at SAR3 from 1000 randomly distributed radar systems

•
Frequency Dependent Rejection (FDR) analysis to determine:

c)
Individual interference levels at SAR3 from each radar system

d)
Aggregate interference levels at SAR3 from 1000 randomly distributed radar systems

5.1
Co-Frequency analysis

5.1.1
Single interferer case

For each of the simulation runs, the radar was continuously transmitting from a fixed location of 40( North latitude and 97( west longitude. 

Figure 5 shows the cumulative distribution function plots of the resulting interference at the space-borne SAR from the airborne, shipborne and ground-based radar transmitters. Table 7 provides a summary of the interference statistics in terms of the 1% exceedance levels and the maximum interference levels. The maximum interference levels for the radars simulated are well below the space-borne SAR interference criteria of −89.9 dBW/512 MHz, except for the A1 radar system which exceeds the criteria for less than 0.01% of the time. In these simulations, all interference values greater than -300 dBW were included in the collected statistics. It is assumed that at values below −300 dBW there was no visibility between the SAR3 and the radars.

FIGURE 5

Interference results for single interfering radar
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TABLE 7

Summary of single radar interference into SAR3 for
co-frequency analysis

	Radar
	Interference value at 1.0% threshold (dBW)
	Maximum interference value (dBW)

	Airborne radars

	A1
	−126.5
	−84.0

	A2
	−127.0
	−96.0

	A3
	−115.5
	−95.5

	A7d
	−135.5
	−99.5

	A8
	−133.0
	−105.0

	Shipborne radars

	S1
	−120.0
	−99.5

	S3
	−135.0
	−106.0

	S6
	−125.0
	−102.5

	S7
	−133.5
	−113.0

	Ground based radar

	G3
	−129.5
	−102.0


5.1.2
Multiple interferer case

To determine the impact of multiple radar systems on the operation of SAR3, it was assumed that one hundred of each of the ten representative radar systems were deployed world-wide, resulting in a total deployment of 1 000 radar systems.

A random deployment of the radar systems was used with a uniform distribution over the range of −60 to +70 degrees in latitude and −180 to +180 degrees in longitude. A slight modification was made to the random distribution of the radars so that all fixed radars were placed on land and all shipborne radars were placed in seas, lakes or rivers. Airborne radars were placed anywhere with a random height above sea level in the range of 1 to 10 km. 

The radar transmit antenna elevation angles were selected initially as described below, and remained static for the duration of the simulations.

•
Radar A1 − elevation angles were selected from a random value between ±60(
•
Radar A2 − elevation angle for all A2 radars was 0(
•
Radar A3 − elevation angles were selected from a random value between −40( to +25(
•
Radar A7d − elevation angles were selected from a random value between −90( and 0(
•
Radar A8 − elevation angles were selected from a random value between ±15(
•
Radar G3 − elevation angles were selected from a random value between 0( to 90(
•
Radar S1 − elevation angle for all S1 radars was 3(
•
Radar S3 − elevation angle for all S3 radars was 0(
•
Radar S6 − elevation angle for all S6 radars was 5(
•
Radar S7 − elevation angle for all S7 radars was 8(
Each radar transmit antenna scanned in azimuth at the rates listed in Tables 3, 4, and 5 using a starting azimuth randomly selected from a value between ±180(. The heading for each airborne and shipborne radar was also selected from a random value between ±180(.

Figure 6 shows the cumulative distribution function plot of the resulting aggregate interference at the space-borne SAR from a total of 1 000 airborne, shipborne, and ground-based radar transmitters. Table 8 provides a summary of the interference statistics in terms of the maximum interference levels and the 1% exceedance level. From Fig. 6, it is seen that the space-borne SAR interference criterion was exceeded 0.018% of the time.

FIGURE 6

Aggregate interference results for 1 000 radars using co-frequency analysis
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TABLE 8

Summary of aggregate radar interference into SAR3

	Interference value at 1.0% threshold (dBW)
	Maximum interference value (dBW)
	Percent time maximum level received

	−103.5
	−70.5
	0.0035%


5.2
Frequency dependent rejection (FDR) analysis

5.2.1
Single interferer analysis

The same radar deployment configuration and assumptions used for the co-frequency analysis were used in the FDR analysis. Figure 7 shows the cumulative distribution function plots of the resulting interference at the space-borne SAR from the airborne, shipborne and ground-based radar transmitters. Table 9 provides a summary of the interference statistics in terms of the maximum interference levels and the 1% probability levels. The maximum interference levels for all the radars simulated are well below the space-borne SAR interference criteria of −89.9 dBW/512 MHz. 

When comparing Fig. 7 with the co-channel simulation results at the 1% probability point, the interference power level at the SAR is less in most cases for the FDR simulation than the co-channel simulation. The reduction in interference power when considering FDR ranges from 0 dB for the S6 radar system to 15 dB for the S1 radar system. The amount of FDR is a function of the radar transmitter tuning range and its offset from the SAR receiver centre frequency as illustrated in Fig. 4.

FIGURE 7

Interference results for single interfering radar
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TABLE 9

Summary of single radar interference into SAR3 employing FDR

	Radar
	interference value at 1.0% threshold (dBW)
	Maximum interference value (dBW)

	Airborne radars

	A1
	−128.0
	−100.5

	A2
	−135.0
	−102.5

	A3
	−120.0
	−95.5

	A7d
	−137.5
	−100.0

	A8
	−137.5
	−112.5

	Shipborne radars

	S1
	−135.0
	−104.5

	S3
	−141.5
	−111.0

	S6
	−125.0
	−103.0

	S7
	−135.0
	−116.5

	Ground based radar

	G3
	−132.0
	−101.0


5.2.2
Multiple interferer case

The same radar deployment configuration and assumptions used for the co-frequency analysis were used in the FDR analysis. Figure 8 shows the cumulative distribution function plot of the resulting aggregate interference at the space-borne SAR from a total of 1 000 airborne, shipborne, and ground-based radar transmitters. Table 10 provides a summary of the interference statistics in terms of the maximum interference levels and the 1% exceedance level. From Fig. 8, it is seen that the space-borne SAR interference criterion was exceeded 0.0035% of the time. When FDR is accounted for by randomly hopping the radar transmit frequency, the aggregate interference level at SAR3 is approximately 4.5 dB lower at the 1% exceedance point than when co-frequency operation is assumed.

FIGURE 8

Frequency dependent rejection (FDR) analysis
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TABLE 10

Summary of aggregate radar interference into SAR3 using FDR

	Interference value at 1.0% threshold (dBW)
	Maximum interference value (dBW)
	Percent time max. level received

	−108.0
	−71.0
	0.0035%


6
SAR interference mitigation techniques

Although the results of this study indicated that SAR interference mitigation techniques would not be necessary with respect to the radiodetermination service, SAR processing techniques offer appreciable interference suppression for certain types of waveforms. Raw data from a SAR receiver are processed in range and azimuth to produce a radar image. A point target return is spread linearly in frequency both in the range and azimuth dimensions. The SAR processor correlates the data in both dimensions and the processing gain is typically 20 to 40 dB for the return echo. These processing gains are accounted for in determining the interference criteria for a space-borne SAR as described in a companion WP 7C contribution from the United States titled “Interference Suppression by SAR Processing of Data from Space-borne SARs in EESS (Active) and Proposed Changes to PDR to Rec. ITU‑R SA.1166-2.”
7
Summary of analyses

This study evaluated the interference power levels at a space-borne SAR receiver from airborne, shipborne, and ground based radiodetermination transmitters operating in the 9 300 to 10 000 MHz band. Simulation results indicate the following:

•
Maximum interference levels from the individual radar systems considered in this study for the co-channel simulation are well below the space-borne SAR interference criteria of −89.9 dBW/512 MHz, except for the A1 radar system which exceeds the criteria for less than 0.01% of the time

•
Maximum interference levels from the individual radar systems considered in this study are well below the space-borne SAR interference criteria of -89.9 dBW/512 MHz for the frequency dependent rejection simulation

•
The space-borne SAR interference criteria was exceed 0.018% of the time for a world-wide random deployment of 1 000 radar systems operating co-channel with SAR3. 

•
The space-borne SAR interference criteria was exceed 0.0035% of the time for a world-wide random deployment of 1 000 radar systems when assuming that the radar transmitters randomly frequency hop over their specified tuning range.

Attachment 4

Proposed revisions to draft CPM Text provided
by Working Party 8B for agenda item 1.3

Chapter 1 
(WP 8B and WP 8F)

Mobile, aeronautical mobile, radionavigation and radiolocation services
(Agenda items 1.3, 1.4, 1.5, 1.6)

Agenda item 1.3
(WPs 8B / 7C, 9D, 3M)

in accordance with Resolution 747 (WRC-03), to consider upgrading the radiolocation service to primary allocation status in the bands 9 000-9 200 MHz and 9 300-9 500 MHz and extending by up to 200 MHz the existing primary allocations to the Earth exploration-satellite service (active) and the space research service (active) in the band 9 500-9 800 MHz without placing undue constraint on the services to which the bands are allocated

Resolution 747 (WRC-03)

Possible upgrade of the radiolocation service to primary allocation status in the frequency bands 9 000‑9 200 MHz and 9 300-9 500 MHz, and possible extension of the existing primary allocations to the Earth exploration-satellite service (active) and the space research service (active) in the band 9 500‑9 800 MHz

[No changes are being proposed to Sections 1/1.3/1, 1/1.3/2, 1/1.3/3, and 1/1.3/4 of Document 8B/TEMP/128 at this time]

1/1.3/5
Issue (C-3) resolves to invite ITU‑R 3-3

as a matter of urgency, with due regard to services to which these bands are allocated:

to study the compatibility between terrestrial radars of the radiolocation and radionavigation services, and space-borne radars of the Earth exploration-satellite and space research services in the band 9 300-9 500 MHz

1/1.3/5.1
Background

The band 9 500-9 800 MHz is allocated on a primary basis to the Earth exploration-satellite (EESS) (active), space research (SRS) (active), radiolocation and radionavigation services. In order to satisfy global environmental monitoring requirements for improved resolution, EESS (active) and the SRS (active) allocations require an increase of 200 MHz. This additional bandwidth will greatly improve the resolution of the features for global monitoring and for environmental and land-use purposes. Studies have been performed that analyse the compatibility between EESS (active), SRS (active) and the existing services in the possible extension band 9 300-9 500 MHz.

1/1.3/5.2
Summary of technical and operational studies and relevant ITU‑R Recommendations

ITU‑R draft new Report “Test results illustrating the effective duty cycle of frequency modulated pulsed radiolocation and EESS waveforms in a marine radionavigation receiver”

This Report contains results of tests on a marine radionavigation receiver and some representative EESS and radiolocation waveforms. The Report illustrates that the actual pulse width and duty cycle of a chirped pulse in the radionavigation receiver from an EESS or radiolocation waveform is less than the transmitted pulse. This enhances compatibility between the services since the radar’s interference mitigation circuitry/processing is more effective on shorter pulses and hence reduced duty cycle waveforms. 

ITU‑R preliminary draft new Report “Test results illustrating compatibility between representative radionavigation systems and radiolocation and EESS (active) systems in the band 8.5-10 GHz” Note this Report will have additional information added once more testing is completed. This Report contains the results of testing with representative radionavigation systems and representative EESS and radiolocation waveforms.
Studies performed to determine compatibility between EESS (active), SRS (active) and the existing services in the possible extension band 9 300-9 500 MHz included analyzing interference levels into the radiodetermination service from EESS (active), and analyzing interference into EESS (active) from the radiodetermination service. To determine interference into the radiodetermination service, dynamic simulations were used to evaluate the I/N levels at a radar receiver input due to a space-borne SAR operating co-channel in the 9 300 to 9 500 MHz band. Recommendation ITU‑R 1461-1 states that the effect of pulsed interference is more difficult to quantify and is strongly dependent on receivers/processor design and mode of operation. In particular, the differential processing gains for valid-target return, which is synchronously pulsed, and interference pulses, which are usually asynchronous, often have important effects on the impact of given levels of pulsed interference. Several different forms of performance degradation can be inflicted by such desensitization. In general, numerous features of radiodetermination radars can be expected to help suppress low-duty cycle pulsed interference, especially from a few isolated sources. Techniques for suppression of low-duty cycle pulsed interference are contained in Recommendation ITU‑R M.1372 – Efficient use of the radio spectrum by radar stations in the radiodetermination service.

To determine interference into a space-borne SAR from the radiodetermination service operating in the 9 300 to 9 500 MHz band, dynamic simulations were also used to evaluate the I/N levels at a SAR receiver input. These studies indicated that for a world-wide deployment of 1 000 radiodetermination transmitters, I/N levels at the SAR receiver were approximately 4 dB below the interference threshold for space-borne SARs operating in the EESS (active) near 9 GHz.














 dB



1/1.3/5.3
Analysis of the results of studies
Based on measurements that were performed with a marine radionavigation radar operating at 9 410 MHz, interference susceptibility tests have shown that the radar’s ability to suppress pulsed interference is closely related to the duty cycle and pulse width of the interfering waveform. For EESS and radiolocation systems using chirped waveforms, the longer duty cycles will be reduced to values that can be mitigated by the various interference suppression circuitry (illustrated in Rec. ITU‑R M.1372), which enhances the compatibility between systems operating in the EESS services. 

Therefore, when assessing the compatibility of radionavigation radars and systems operating in the EESS services, tests and measurements along with analyses should be used for a more complete overview of the sharing potential.

The test results for the representative marine radionavigation radar shows that it did not suffer any degradation to its performance with any of the representative EESS waveforms at an I/N of +40 dB for up to a 36% duty cycle with a chirp bandwidth of 400 MHz. The studies are ongoing to determine the effect of higher I/N values. As most marine radionavigation radars of this type are similar to the one that was tested also employ interference mitigation techniques to prevent/reduce interference among themselves, it can be expected that they would also be compatible with the systems operating in the EESS services represented by the test waveforms. 

Initial simulations of SAR satellites constellations show that high levels of pfd could be received at the ground level but during a very limited time. These levels resulted in high I/N values at the radar receivers from the SAR transmitter. Space-borne SARs operating in the EESS (active) transmit pulsed signals like other radars. Nevertheless, they can operate with duty cycle significantly higher than those of the radiolocation and radionavigation systems operating in the band 9 300-9 500 MHz. The SAR waveforms that have been introduced into Working Party 8B from Working Party 7C use frequency modulation on the transmitted pulses to accomplish their sensing objectives to the required resolution. In ITU‑R draft new Report “Test results illustrating the effective duty cycle of frequency modulated pulsed radiolocation and EESS waveforms in a marine radionavigation receiver” tests and measurements showed that due to the chirping of the SAR waveform and the response of the radionavigation receiver, the effective pulse width and duty cycle of the SAR waveform can be lowered to a value that enables the radionavigation receiver’s mitigation circuitry/processing to overcome it’s effects. 

1/1.3/6
Issue (D) resolves to invite ITU‑R 4

In the event that sharing studies in the 9 300-9 500 MHz band lead to unsatisfactory conclusions which do not fully satisfy the requirement for an increase by up to 200 MHz of contiguous spectrum for EESS (active) and space research services (active), to carry out additional sharing studies in the alternative frequency range 9 800-10 000 MHz 

1/1.3/6.1
Background
The band 9 800-10 000 MHz is allocated to the radiolocation service on a primary basis and to the fixed service on a secondary basis in all regions. Footnote 5.477 provides a primary allocation to the fixed service for some countries in the 9 800-10 000 MHz band. As stated in Resolution 747, the 9 800-10 000 MHz band was identified as an alternative to the 9 300-9 500 MHz band to obtain the 200 MHz bandwidth increase for EESS (active) and the SRS (active) needed to satisfy global environmental monitoring requirements for improved resolution. This additional bandwidth will greatly improve the resolution of the features for global monitoring and for environmental and land-use purposes. 

Due to the fact that studies did not definitively determine that compatibility exists in the 9 300-9 500 MHz band, additional studies have been performed that analyse the compatibility between EESS (active), SRS (active) and the existing services in the possible extension band 9 800-10 000 MHz.

1/1.3/6.2
Summary of technical and operational studies and relevant ITU‑R Recommendations
[The studies summarized in Section 1/1.3/5.2 to determine compatibility between EESS (active), SRS (active) and the radiodetermination service in the possible extension band 9 300-9 500 MHz also included an assessment of compatibility between EESS (active), SRS (active) and the radiodetermination service in the possible extension band of 9 800-10 000 MHz. To determine interference into the radiodetermination service, dynamic simulations were used to evaluate the I/N levels at a radar receiver input due to a space-borne SAR operating co-channel in the 9 800 to 10 000 MHz ban.

Studies to determine compatibility between the EESS (active), SRS (active) and the fixed service also employed dynamic simulations to determine interference statistics at fixed service receivers from a proposed space-borne SAR transmitter, and interference statistics at a proposed space-borne SAR receiver from fixed service transmitters. Simulation results indicated the following:

–
Maximum interference levels into the space-borne SAR were approximately 5.3 dB below the SAR interference criteria for both a world-wide random distribution of 1 536 point-to-point fixed service stations, and 1 536 P-P FS stations distributed within the administrations listed in ITU‑R footnote 5.477.

–
The worst case I/N levels at P-P fixed service receivers from a space-borne SAR occurred when the FS antenna was pointed at a 5( elevation angle and a 0( or 180( azimuth angle relative to the SAR3 inclination angle. The I/N levels varied based on the FS station latitude with a worst case value of –29.8 dB exceeded 1% of the time for an FS station located at a 45( latitude.

1/1.3/6.3
Analysis of the results of studies

1/1.3/7
Methods to satisfy the agenda item

1/1.3/7.1
further resolves 1 of Resolution 747

Method 1 – Upgrade the radiolocation service to primary status in the bands 9 000-9 200 MHz and 9 300-9 500 MHz with addition of a new footnote 5.AAA and modification of 5.475.

ADD

5.AAA

In the bands 9 000-9 200 MHz and 9 300-9 500 MHz, stations operating in the radiolocation service shall not cause harmful interference to, nor claim protection from systems [operating] in the aeronautical radionavigation service (9 000-9 200 MHz) or in the radionavigation service (9 300-9 500 MHz). In the band 9 300-9 500 MHz, ground-based radars used for meteorological purposes have priority over other radiolocation devices.

MOD

5.475
The use of the band 9 300-9 500 MHz by the aeronautical radionavigation service is limited to airborne weather radars and ground-based radars. In addition, ground-based radar beacons in the aeronautical radionavigation service are permitted in the band 9 300-9 320 MHz on condition that harmful interference is not caused to the maritime radionavigation service.  MHz
[Editor’s Note: The exact status of the allocations in these bands needs to be reflected in this part of the text.]

Advantages: 

[–
Provides a primary allocation to the radiolocation service, contiguous across 8.5-10.5 GHz, with sufficient bandwidth to meet emerging requirement for increased image resolution and increased range accuracy.

–
Assures long-term operating and development environment for radiolocation systems.

–
Provide primary allocation to the radiolocation service at frequencies in the vicinity of 9 GHz as needed to meet radar operational requirements while explicitly protecting the radio navigation service.]

Disadvantages:

[–
Considering RR articles 5.28, 5.29 and 5.30, the RADIOLOCATION service would be maintained to a secondary status in this band with respect to RADIONAVIGATION.

–
The coexistence of the RADIONAVIGATION and RADIOLOCATION services exists in the band 9.5-9.8 GHz without any footnote related to these two primary services. Then, considering that current RNS and RLS systems have been successfully operating in the 9 GHz range for many years, any footnote would create an artificial difference between the contiguous bands without any technical explanation.

–
In the bands 8 750-8 850 MHz, 8 850-9 000 MHz and 9 200-9 300 MHz the RADIOLOCATION service coexists with AERONAUTICAL or MARITIME RADIONAVIGATION service without such a footnote (situation similar to that quoted in 3).]

Method 2 – Upgrade the RLS to a primary allocation in the bands 9 000-9 200 MHz and 
9 300-9 500 MHz. 

[Editor’s Note: The exact status of the allocations in these bands needs to be reflected in this part of the text.]

[Advantages:

–
Provides a primary allocation to the radiolocation service, contiguous across 8.5-10.5 GHz, with sufficient bandwidth to meet emerging requirement for increased image resolution and increased range accuracy.

–
Assures long-term operating and development environment for radiolocation systems.

–
Provide primary allocation to the radiolocation service at frequencies in the vicinity of 9 GHz as needed to meet radar operational requirements while explicitly protecting the radio navigation service.

Disadvantage:

None, since current RNS and RLS systems have been successfully operating in this band for many years.]

1/1.3/7.2
further resolves 2 of Resolution 747
Method 1 – Provide a primary allocation to the EESS (active) in the band 9 300-9 500 MHz with a modification to footnote 5.476A.

MOD

5.476A
In the band 9 3009 500-9 800 MHz, stations in the Earth exploration-satellite service (active) and space research service (active) shall not cause harmful interference to, or constrain the use and development of, stations of the radionavigation and radiolocation services.
Advantages: 

–
Provides a primary allocation to the Earth exploration-satellite service (active) and space research service (active), contiguous across 9 300 to 9 800 MHz, with sufficient bandwidth to meet emerging requirement for increased image resolution.

–
Assures long-term operating and development environment for Earth exploration-satellite service (active) and space research service (active) systems.

–
Provides a primary allocation to the Earth exploration-satellite service (active) and space research service (active), at frequencies in the vicinity of 9 GHz as needed to meet operational requirements while explicitly protecting the radionavigation service and radiolocation service.

Disadvantages:

–
None

[Editor’s Note: A Method 2 to provide a primary allocation to the EESS (active) in the band 9 800-10 000 MHz should only be included in the CPM text in the event that sharing studies in the 9 300-9 500 MHz band lead to unsatisfactory conclusions which do not fully satisfy the requirement for an increase by 200 MHz of contiguous spectrum for EESS (active) and space research (active) services.]
1/1.3/8
Regulatory and procedural considerations

1/1.3/8-1
further resolves 1 of Resolution 747

1/1.3/8-2 
further resolves 2 of Resolution 747

______________







Attention: The information contained in this document is temporary in nature and does not necessarily represent material that has been agreed by the group concerned. Since the material may be subject to revision during the meeting, caution should be exercised in using the document for the development of any further contribution on the subject.
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