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1
Introduction

Sharing between L band SAR in 1 215-1 300 MHz and radiolocation is in general feasible based upon Recommendation ITU‑R SA.516-1 (1994). Typical parameters of L band SAR are shown in Table 1 of Annex 2 of Recommendation ITU‑R SA.[MITIGATE]. A typical radiodetermination service is shown in Table 1 of Recommendation ITU‑R M.1463. It has been shown that it may be possible to share between a radiolocation service and L band SAR as an Earth exploration-satellite service (active) in the band 1 215-1 300 MHz.

2
Method and results

2.1
Method
The characteristics of five L band SAR sensors (SAR1 to SAR5) are indicated in Recommendation ITU‑R SA.[MITIGATE]. Table 1 shows the characteristics of radiolocation services indicated in Recommendation ITU‑R M.1463. Table 2 shows the characteristics of wind profiler radar indicated in Recommendation ITU‑R M.1227-2 and the antenna pattern indicated in Doc. 8-2/16 (1996) is considered.

Since the antenna pattern is not known, simulation is conducted over a month (30 days) in the worst case where these radars always look SAR. Concerning wind profiler radar, one beam is exactly vertical and the remaining beams are displaced from the vertical by 15 degrees at azimuth angles 90 degrees apart. The antenna pattern of a wind profiler radar is assumed to meet with Recommendation ITU‑R F.1336-1 and antenna gain 34 dBi is used considering Doc. 8-2/16 (1996).

TABLE 1*

1 215-1 400 MHz radiodetermination system characteristics

	Parameter
	System 1
	System 2
	System 3
	System 4

	Peak power into
antenna (dBm)
	97
	80
	76.5
	80

	Pulse duration ((s)
	2
	88.8;
58.8 
(Note 1)
	0.4; 102.4;
409.6 
(Note 2)
	39 single frequency 26 and 13 dual frequency (Note 3)

	Pulse repetition rate (pps)
	310-380
staggered
	291.5 or 312.5
average
	200-272 long range

400-554 short range
	774 average

	Chirp bandwidth for frequency modulated (chirped) pulses
	Not applicable
	770 kHz for both pulse widths
	2.5 MHz for
102.4 μs

625 kHz pour 409.6 μs
	Not applicable

	Phase-coded sub-pulse width ((s)
	Not applicable
	1

	Compression ratio
	Not applicable
	68.3:1 and 45.2:1
	256:1 for both pulses
	

	RF emission bandwidth (3 dB) (MHz)
	0.5
	1.09
	2.2;
2.3;
0.58;
	1

	Output device
	Klystron
	Transistor
	Cross field amplifier

	Antenna type
	Horn-fed reflector
	Stack beam reflector
	Rotating phased array
	Parabolic cylinder

	Antenna polarization
	Horizontal, vertical,
LHCP, RHCP
	Vertical, circular
	Horizontal
	Vertical

	Antenna maximum
gain (dBi)
	34.5, transmit

33.5, receive
	32.4-34.2, transmit

31.7-38.9, receive
	38.9, transmit

38.2, receive
	32.5

	Antenna elevation beamwidth (degrees)
	3.6 shaped to 44
	3.63-5.61, transmit

2.02-8.79, receive
	1.3
	4.5 shaped to 40

	Antenna azimuthal beamwidth (degrees)
	1.2
	1.4
	3.2
	3.0

	Antenna horizontal scan characteristics (rpm)
	360 mechanical at 5 rpm
	360 mechanical at 6 rpm for long range and 12 rpm for short range
	360 mechanical at 6, 12 or 15 rpm

	Antenna vertical scan characteristics
	Not applicable
	–7 to 30
in 12.8 or 13.7 ms
	–1 to 19 
in 73.5 ms
	Not applicable


TABLE 1 (end)

	Parameter
	System 1
	System 2
	System 3
	System 4

	Receiver IF bandwidth
	780 kHz
	0.69 MHz
	4.4 to 6.4 MHz
	1.2 MHz

	Receiver noise figure (dB)
	2
	4.7
	3.5

	Platform type
	Fixed
	Transportable

	Percentage of time
system operates (%)
	100

	NOTE 1 – The radar has 44 RF channel pairs with one of the 44 RF channel pairs selected in normal mode. The transmitted waveform consists of a 88.8 μs pulse at frequency f1 followed by a 58.8 μs pulse at frequency f2. Separation of f1 and f2 is 82.854 MHz.

NOTE 2 – The radar has 20 RF channels in 8.96 MHz increments. The transmitted waveform group consists of one 0.4 μs P0 pulse (optional) which is followed by one 102.4 μs linear frequency modulated pulse (if 0.4 μs P0 is not transmitted) of 2.5 MHz chirp which may be followed by one to four long range 409.6 μs linear frequency modulated pulses each chirped 625 kHz and transmitted on different carriers separated by 3.75 MHz. Normal mode of operation employs frequency agility whereby the individual frequencies of each waveform group are selected in a pseudo-random manner from one of the possible 20 RF channels within the 1 215-1 400 MHz band.

NOTE 3 – The radar has the capability of operating single frequency or dual frequency. Dual RF channels are separated by 60 MHz. The single channel mode uses the 39 μs pulse width. In the dual channel mode, the 26 μs pulse is transmitted at frequency f, followed by the 13 μs pulse transmitted at f  60 MHz.

* See Table 1 of Recommendation ITU‑R M.1463.


TABLE 2
Representative values for operational WPRs in bands near 1 000 MHz
	System parameter
	Range of representative values(1)

	Pulse peak power (kW)
	0.5-5

	Maximum transmitter average power (W)
	50-500

	Duty cycle (%)
	0.5-10

	Pulse repetition frequency (kHz)
	1-50

	Main beam antenna gain (dBi)
	25-32

	Beamwidth (degrees)
	4-12

	Tilt angle (degrees)
	12-25

	Antenna size (m2)
	3-15

	Height range(2) (km)
	0.05-3

	Height resolution (m)
	50-500

	(1)
Users of this table should exercise caution in using combinations of these values to represent a “typical” or “worst” case profiler. For example, a profiler operating with an average power of 500 W while using short pulses to yield a height resolution of 50 m would be an unusual system.

(2)
The maximum operating height for a given range resolution depends upon the product: (mean power) × (antenna gain).


NOTE 1 – See Table 1 of Recommendation ITU‑R M.1227-2.

NOTE 2 – System processing gain is 28-32 dB indicated in Table 1 of Doc. 8-2/16.

2.2
Results

FIGURE 1 

Interference time percentage from SAR 1-5 to Radars 1-4 and WPR

(1) SAR1
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(2) SAR2
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(3) SAR3
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(4) SAR4
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(5) SAR5

[image: image5.wmf]0.0001

0.001

0.01

0.1

1

10

100

-50

0

50

100

TimeRate(%)WPR

TimeRate(%)system4

TimeRate(%)system3

TimeRate(%)system2

TimeRate(%)system1

TimeRate(%)

I/N(dB)

WPR

system4

system1

system3

system2


Results of simulation for one month indicate that  interference time percentage exceeding I/N = −6 dB indicated in Recommendation ITU‑R M.1463 is less than about 4% as shown in Fig. 1 and Table 3. Since the beamwidth of a radio location service system is about 1-3 degrees, the interference time percentage decreases to 0.011-0.033%, less than 0.1%, as shown in the value in the lower line of each cell of Table 3. Considering system processing gain of these radars, interference time percentage decreases further. 
Considering processing gain 28-32 dB for WPR (NOTE 2 of Table 2), I/N increases to 22-26 dB and interference time percentage decreases to 0.001-0.063 %, less than 0.1%.

Considering duty cycle 5.5%, interference time percentage decreases further  corresponding to reduction of power 12.596 dB.

Table 3

Interference time percentage from SARs 1-5 to Radars 1-4 and WPR

	
	SAR 1
	SAR 2
	SAR 3
	SAR 4
	SAR 5

	System 1 (RDR1)
	3.449 % 0.011%
	4.139 % (4.139%) 0.014%
	3.442% 0.011%
	3.986% 0.013%
	3.592% 0.012%

	System 2 (RDR2)
	3.449% 0.013%
	4.139% (4.139%) 0.016%
	3.442% 0.013%
	3.986% 0.016%
	3.592% 0.014%

	System 3 (RDR3)
	3.449% 0.031%
	4.139% (4.139%) 0.037%
	3.442% 0.031%
	3.986% 0.035%
	3.592% 0.032%

	System 4 (RDR4)
	3.449% 0.029%
	4.139% (4.139%) 0.035%
	3.442% 0.029%
	3.986% 0.033%
	3.592% 0.030%

	WPR
	3.449% 0.040-0.063% 0.013-0.016%
	4.139% (0.787%) 0.080-0.130% (0.016-0.025%) 0.019-0.031% (0.002-0.007%)
	0.735% 0.004-0.012% 0.003-0.0007%
	3.026% 0.016-0.025% 0.002-0.006%
	0.056% 0.001-0.003% 0.0003%


NOTE 1 – Measurement data is used in the SAR 2 column. Lower side lobe −11.5 dB is used in brackets in the SAR 2 column. 

NOTE 2 – Concerning Systems 1-4, the value in the bottom of each cell is derived considering the beamwidth of these radars.

NOTE 3 – Concerning WPR, the value at  the middle of each cell is derived from system processing gain 28‑32 dB. 

NOTE 4 – Concerning WPR, the value at the bottom of each cell is derived from system processing gain and the use of duty cycle of each of SAR

3
Conclusion

As a result of this study, it has been shown that interference time percentage from SAR to radars of less than about 4% is available in the worst case and a value of less than 0.1% is available when a main beam width of 1-3 degrees is considered. Considering processing gain, further reduction of interference time percentage is possible. Moreover, interference time percentage from SAR to wind profiler radar of less than about 4% is available and considering processing gain, interference time percentage less than 0.1% is available. Concerning interference from radars and WPR, it is possible to reduce interference by introducing the mitigation technique indicated in Recommendation ITU‑R SA.[MITIGATE] if the bandwidth of interference is not too large in comparison with the bandwidth of SAR.

Annex

Antenna pattern of space-borne active sensors in
the frequency band 1 215-1 300 MHz

1
Introduction

Technical characteristics of space-borne active sensors in the frequency band 1 215-1 300 MHz are given by the following equations using elevation angle E (degree) and azimuth angle A (degree).
2
SAR antenna pattern

SAR1 antenna pattern:

GSE (E) =
36.4 ( 0.478 E2
0 ( E (( 4.0


33.8 ( 1.0E
4.0 ( E ( 40.0


−11

E ( 40.0

GSA (A) =
0.0 – 19.6 A2
0( A ( 4.0


−24.5 ( 0.47 A
4.0( A ( 40.0


−30.5

E ( 40.0

GS = GSE (E) ( GSA (A) (min: −11.0 dBi)
SAR2  antenna pattern: (See Section 3)

GSE (E) =
36.6 ( 0.85 E2
0 ( E ( 4.0


24.4 ( 0.3611E
4.0 ( E ( 40.0


10.0

E ( 40.0

GSA (A) =
0.0 ( 0.85 A2
0 ( A ( 4.0


−12.16 ( 0.3611 A
4.0 ( A ( 40.0


−26.6

E ( 40.0

GS = GSE (E) ( GSA (A) (min: 10.0 dBi)
SAR3 antenna pattern:

GSE(E)=
33.5 ( 0.242 E2
0 ( E ( 5.6


31.5 – E

5.6 ( E ( 45


−13.5

E ( 45

GSA (A) =
0.0 ( 22.68 A2
0 ( A ( 1.05


−24.5 ( 0.481 A
1.05 ( A ( 12.7


−30.9

E ( 12.7

GS = GSE (E) ( GSA (A) (min: −11.5 dBi)
SAR4 antenna pattern:

GSE (E) =
37.5 ( 0.356 E2
0 ( E ( 4.84


34.0 ( E

4.84 ( E ( 45


−11.0

E ( 45

GSA (A) =
0.0 ( 19.24 A2
0 ( A ( 1.14


−24.5 ( 0.439 A
1.14 ( A ( 12.7


−30.8

E ( 12.7

GS = GSE (E) ( GSA (A) (min: −11.0 dBi)

SAR5 antenna pattern:

GSE (E) =
35.5 ( 0.614 E2
0 ( E ( 3.1


32.7 ( E

4.84( E ( 45


−12.3

E ( 45

GSA (A) =
0.0 ( 6.25 A2
0 ( A ( 2.0


−24.5 (0.25 A
2.0( A ( 12.7


−27.675

E ( 12.7

GS = GSE (E) ( GSA (A) (min: –18.0 dBi)
3
Example of measurement

Examples of measurement of L band SAR are shown in the following figures. Measurement is conducted outdoors and side lobe level may increase due to buildings and others. The first side-lobe level is smaller than the specific value which is obtained by subtracting 11 dB from peak value. Side-lobe level will be reduced to −11 dBi in the near future.

FIGURE 2

Measured antenna pattern (Polarization: horizontal)
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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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