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Related document: Document CMR03/25(Add.8), Document 3 (§ 6.1.1)
Background
For magnetron-based primary radars, the calculated B-40 dB bandwidth to determine the boundary between the out-of-band (OoB) and spurious domains deviates from measured values. A measured value is sometimes greater than the calculated value. (See Table 1.)

Based on the above fact, Japan submitted a contribution document about primary radars (Document CPM02-2/56) to the CPM held in November 2002, and it was reflected in Sections 6.1.1.1, 6.1.1.2 and Section 3 of Annex 1 to Chapter 6.1.1 of the CPM Report to WRC‑03.

This document is intended to provide further information regarding agenda item 1.8.1, pointing out several items to be studied in the future in order to solve the problem regarding the boundary between the OoB and spurious domains of magnetron-based primary radars.

Consideration
Since the oscillation mechanism of magnetron-based primary radars are somewhat different from those of other type of radars, other elements should be taken into account in deriving the B-40 dB bandwidth than those assumed in Recommendation ITU-R SM.1541.

The B-40 dB calculation formula in Recommendation ITU-R SM.1541 should be applied only when a rectangular or trapezoidal wave is pulse-modulated under ideal oscillation conditions in which carrier frequency oscillation is kept stable. Actual magnetron-based primary radars, however, do not meet such ideal conditions, and following oscillation process of the magnetron should be considered thoroughly.

1
Magnetron oscillation process

Different from other transmitters, the oscillation of magnetron-based primary radars has the following process:

1)
Initially, the magnetron does not oscillate. It starts oscillation on the rising edge of a pulse signal, then the oscillation frequency increases to the carrier frequency (for example, f 0 = 9.4 GHz) in a short time. Therefore, the oscillation frequency in this period is unstable because frequency components other than the carrier frequency are included. (Phase 1 in Figure 1)

2)
Even in the stable oscillation state of the pulse modulation waveform, the oscillation frequency (f 0) of the magnetron varies as changes of the anode current. (This phenomenon is called “frequency pushing”.) (Phase 2 )

3)
On the falling edge of the pulse, a phenomenon reverse to Phase 1 occurs, after that the oscillation stops. (Phase 3)
Figure 1

Magnetron oscillation process (detected waveform)
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2
Items to be solved

Although the B-40 dB calculation formula defined in Recommendation ITU-R SM.1541 takes some margin into consideration, deviation of many magnetron-based primary radars would exceed the margin. Japan considers that the following items should be studied to handle this problem.

1)
Pulse frequency component

The power spectral density at the B-40 dB point is 1/10 000 of that at the carrier frequency (the basic oscillation frequency of magnetrons), so the part not included in the pulse rise and fall used in the calculation formula (the bottom part not higher than 10% of the pulse voltage) is considered to have a large influence. Therefore, because of the influence of unwanted frequency components, frequency pushing, and so on, which are generated in the process of oscillation in each pulse, some parameters not included in the calculation formula may cause an actual measured value to be greater than the calculated value.

Of course, FM modulation components are included also in the stable oscillation part of the pulse waveform as described above.

2)
Ratio of rise time and fall time to the entire pulse width

Maritime radars using a magnetron must use a short pulse width to realize sufficient range resolution in conformity with IMO performance standards. Since certain period is required until the magnetron can perform stable oscillation (pulse rise time), a significant portion of the entire pulse width is occupied by the rise time and fall time if the pulse width is short.

For example, when the pulse width is 0.08 (s (at half-amplitude), the rise time is 0.02 (s, and the fall time is 0.03 (s, Phase 1 and Phase 3, in which an unstable operation is observed, are about 40% of the entire period when a radar emits a radiowave.

Conclusion
As mentioned above, when the boundary between the OoB and spurious domains for magnetron-based primary radars is determined based on Recommendation ITU-R SM.1541, measured value would be greater than the calculated value and, therefore, OoB domain would be underestimated. So, further refinement is needed within the ITU-R taking into account influence of the elements not considered in the current version of the Recommendation.
Table 1
Radar spectrum and pulse conditions (detected pulse)

	Sample No.
	Fundamental frequency
(MHz)
	Output
power
(kW)
	Pulse
(nS)
	B-40
(MHz)
	B/A

	
	
	
	t
	tr
	Calculated (A)
	Measured (B)
	

	1
	9 400
	4
	91
	25
	159
	181
	1.14

	2
	9 413
	
	85
	14
	220
	236
	1.07

	3
	9 408
	6
	70
	18
	214
	260
	1.21

	4
	9 414
	
	72
	20
	200
	208
	1.04

	5
	9 390
	10
	61
	27
	187
	223
	1.19

	6
	9 390
	
	59
	28
	192
	208
	1.08

	7
	9 425
	25
	70
	12
	262
	240
	0.93

	8
	9 400
	
	78
	35
	145
	178
	1.23

	9
	3 057
	30
	59
	24
	202
	178
	0.88

	10
	3 053
	
	40
	25
	240
	189
	0.79
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t (time)





 f = f0 ± df








• For reasons of economy, this document is being provided on CD-ROM. Participants are therefore kindly asked •
to bring their personal copies to the meeting since no others can be made available. 
A CD-ROM containing all preparatory documents will be provided to each participant on arrival.

P:\ENG\ITU-R\CONF-R\CMR03\000\058ADD02E.ww9 (162300)
21.05.03
21.05.03
P:\ENG\ITU-R\CONF-R\CMR03\000\058ADD02E.ww9
21.05.03
21.05.03
P:\ENG\ITU-R\CONF-R\CMR03\000\058ADD02E.ww9 (162300)
21.05.03
21.05.03

_1111328732.unknown

