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United States of America
WORKING DOCUMENT TOWARDS A PRELIMINARY DRAFT
NEW REPORT ITU-R M.[PULSED INTERFERENCES]
[Specific case] studies on the radar protection criteria for the pulsed interferences

Introduction 
This contribution offers some edits to the duty cycle versus the protection criteria tests and simulations to support a case-by-case analysis of pulsed interference.
Proposal
The United States provides WP 5B proposed edits to the preliminary draft new report (Annex 1.12 to Document 5B/526-E). The edits incorporate specific technical questions to refine simulation parameters and shift the evaluation metric to instantaneous volume scan loss. These updates are highlighted in grey in the Attachment.





ATTACHMENT
WORKING DOCUMENT TOWARDS A PRELIMINARY DRAFT
NEW REPORT ITU-R M.[PULSED INTERFERENCES]
[Specific case] studies on the radar protection criteria for the pulsed interferences

[Editor’s Note: Comments, points of discussion, and concerns submitted by administrations have been incorporated under the relevant sections. These inputs are intended to serve as a basis for further analysis, study, and discussion at future meetings, and to highlight areas where additional work may be required, as well as other points which need further clarification]
[Editor’s note: As an alternative to the development of a working document towards a preliminary draft new report, a revision of Report ITU-R M.2414 (Performance measurements of interference into one example of a Radar operating under the aeronautical radionavigation service in the frequency band 2 700-2 900 MHz) may be explored. Report ITU-R M.2414 presents test on a aeronautical radionavigation radar conducted in the presence of various pulsed interference waveforms and a generic continuous interference waveform. By extending its scope, this report could be a placeholder for the case investigated in this document.
Two ITU-R documents are highly relevant to this input contribution. Recommendation ITU-R M.1372-1, “Efficient use of the radio spectrum by radar stations in the radiodetermination service,” outlines methods to improve the efficient use of the limited radio spectrum by radar stations within the radiodetermination service. Because radar systems inherently have low duty cycles, they can employ various interference suppression circuitry or software to ensure performance requirements are met in anticipated high pulse-density environments. The recommendation categorizes widely used receiver interference suppression techniques, detailing specific methods such as antenna beam scanning suppression, signal integrators, double-threshold detection, pulse width and amplitude discriminators, and constant false alarm rate (CFAR) processing. Alongside explaining these operational mechanics, the document consistently evaluates the associated system performance trade-offs and limitations for the addressed techniques.
In addition, Report ITU-R M.2076, “Factors that mitigate interference from radiolocation and Earth exploration-satellite service/space research service (active) radars to maritime and aeronautical radionavigation radars in the 9.0-9.2 and 9.3-9.5 GHz bands and between Earth exploration-satellite service/ space research service (active) radars and radiolocation radars in the 9.3-9.5 and 9.8-10.0 GHz bands” evaluates the technical factors that mitigate pulsed interference in the 9.0 to 10.0 GHz frequency bands. The primary performance degradation risk in these radar-to-radar interactions is an increased rate of false target detections, commonly known as "false alarms."
However, careful radar design naturally prevents significant interference through a combination of spatial, temporal, and processing mechanisms. Spatial isolation is achieved due to asynchronous antenna scanning and significant power suppression in antenna sidelobe coupling. Additionally, signal processing techniques—such as fast time constant (FTC) filtering, multiple-pulse binary integration, and deliberate asynchronous pulse removal—heavily discriminate against isolated, uncoordinated interference pulses. Further mitigation is provided by nonlinear receiver components like logarithmic amplifiers and limiters, Sensitivity Time Control (STC), CFAR processing, and scan-to-scan software tracking that discards uncorrelated anomalies. Ultimately, these combined spatial, temporal, spectral, and processor-driven differences ensure that overlapping radar systems can operate compatibly without falsely correlating interference into valid target tracks.
Conclusion: Given the demonstrated ability of radar systems to effectively mitigate pulsed interference through these spatial, temporal, and processing mechanisms, an interference-to-noise (I/N) ratio of -6 dB remains the appropriate baseline protection criterion. Because modern radar receivers actively suppress low-duty-cycle pulses, this -6 dB threshold provides the necessary protection independent of the interfering radar's duty cycle.]
1	Introduction
When conducting sharing and compatibility studies, the protection criteria for the victim services or systems should be established first to provide a reference measure as the basis for drawing the interference analysis conclusions. Sometimes, to simplify the analysis, we assume that the interference signal is continuous-wave (CW) signal and use I/N = ‒6 dB (approximately a 1 dB increase in the receiver noise power) as the protection criteria. However, considering the differences between the CW signal and pulsed signal, this kind of simplification could overestimate the actual interference caused by pulsed signals, especially the low duty cycle pulsed signals.
[USA: The ‒6 dB I/N criterion must apply uniformly to noise-like, CW and pulsed interference, as all of them can significantly degrade radar performance. Radar receivers are particularly sensitive to the peak power and precise timing of pulses, which can cause detrimental effects even at low average power levels. Consequently, the protection threshold must be enforced independently of the interference waveform.
ATDI: To simplify, I propose to take out CW Tx and Rx radars from the [Pulsed Interferences] new Recommendation.
China: We have no difficulties that the ‒6 dB I/N criterion should apply to noise-like, CW and some high duty cycle pulsed interferences. However, we think the cases for the low duty cycle pulsed interferences may be a little bit different. As showed in Annex 3 of Recommendation ITU-R M.1460 and Annex 3 of Recommendation ITU-R M.1796, some radars can withstand low duty cycle pulsed interference at high I/N levels. These findings were provided by the trials carried out in the United States and the United Kingdom. Also in the Recommendation ITU-R M.1461, it is said “In general, numerous features of radiodetermination radars can be expected to help suppress low-duty cycle pulsed interference”. We propose to add a sentence “especially the low duty cycle pulsed signals” at the end of this paragraph to clarify this situation.]
There are several ITU-R materials, such as Recommendations ITU-R M.1461, ITU-R M.1849, ITU-R RS.1280, provide considerations on the evaluation methods for the pulsed interferences. And these methods have been referenced and incorporated in many ITU-R studies.
However, due to the well-known difficulties and complexities, no ITU-R Recommendations or Reports were developed to dedicatedly address the development of protection criteria for pulsed interferences.
[USA: High-power pulsed interference can instantaneously saturate sensitive radar receivers, causing transient errors that can persist in processed data and lead to incorrect interpretations.
The cumulative effect of multiple pulsed interferers, even with low duty cycles, can collectively exceed the ‒6 dB I/N threshold. Therefore, adherence to the I/N = ‒6 dB criterion is essential to prevent this harmful aggregate interference.
China: We fully agree that the transient high-power pulsed interference could cause severe impact to the radar receivers. Maybe we could use peak I/N as the protection criterion to solve this problem. Regarding the cumulative effect of multiple pulsed interferers, we could claim the protection criterion should be applied to the total interferers, not any individual interferer, as recommended in Recommendation ITU-R M.1461 and other recommendations]
In this document, some preliminary considerations on the development of protection criteria for pulsed interferences are provided, aiming to provide some thoughts for establishing such kind of protection criteria used in sharing and compatibility studies.
According to the Recommendations ITU-R M.1460 and ITU-R M.1796, normally the degree of interference from pulsed signal  is related to its duty cycle, in addition to its power. The other pulse parameters, such as PRF, pulse width, could be converted to duty cycle. Therefore, the following study will focus on the influencing mechanism of pulse signal duty cycle to radar receiver.
[USA Note: Recommendation ITU-R M.1460 indicates that the degree of interference from a pulsed signal is related to its duty cycle. However, using duty cycle to mathematically average the SAR transmit power down to a Continuous Wave (CW) equivalent obscures the actual RF front-end response. The simulation must evaluate the potential for receiver front-end saturation based on the SAR peak pulse power during the exact microseconds of temporal overlap, rather than a generalized duty-cycle reduction.]

 [USA: Some radars use multiple PRFs leading to questions on how to apply pulse related protection criteria. Recommend to keep I/N = ‒6 dB for all types of interferers into radar.
China: The influencing mechanism of pulsed signals with different parameters is exactly what we want to study in this report. In this contribution, as the first step, we only investigate the influencing mechanism of different duty cycles.][China’s further comment: actually, the PRFs could be converted to duty cycles in combination with pulse widths and lead to the same cases with duty cycles.]
This document only focuses on radar systems as the victim systems. The generalization of the proposed methods to other services or systems could be further studied.
2	Main difficulties for the development of protection criteria for pulsed interferences
The effect of pulsed interference is more difficult to quantify and is strongly dependent on receivers/processor design and operation mode of radar systems. Several different forms of performance degradation can be inflicted by such desensitization. Assessing it will be an objective for analysis of interactions between specific radar types. In general, numerous features of radiodetermination radars can be expected to help suppress low-duty cycle pulsed interference, especially from a few isolated sources. 
[USA: Processing gain offers limited or no benefit against strong, structured interference such as CW signals or pulsed emissions with significant spectral overlap with the radar signal. Processing techniques are primarily designed and optimized to mitigate the effects of random noise, not deterministic or modulated interference signals.
ATDI: To simplify, I propose again to take out CW Tx and Rx radars from the [Pulsed Interferences] new Recommendation.
China: We agree with this observation. We propose to remove the “processing gains” from this report.]
[TBD]
3	Methods to develop the protection criteria for pulsed interferences
3.1	Theoretical analyses
[TBD]
3.2	Simulations
Simulations normally could provide a more practical and accurate way to get some analysis results relative to the theoretical analyses. 
[USA Note: To evaluate the impact of pulsed interference, it is proposed that compatibility studies utilize high-fidelity, time-domain simulations rather than static Continuous Wave (CW) equivalence models. Averaging a high-power, low-duty-cycle SAR signal into an equivalent CW baseline obscures critical peak power effects and temporal pulse collisions. Simulations must explicitly model the precise time-domain pulse train of the interfering SAR system against the specific listening windows and pulse repetition intervals of the victim radiodetermination radar. This approach ensures that the dynamic interaction between the SAR transmit duty cycle and the victim receiver's processing capabilities including asynchronous pulse elimination and CFAR thresholds is accurately captured, preventing overestimation or underestimation of instantaneous degradation.]
Pulsed interference could have various effects on a receiver, depending on the characteristics:
‒	Saturation of the RF front-end stage: When the interference power exceeds the front-end saturation level, then amplifier or analog to digital converte may not operate nominally, and receiver measurements could be affected. It has to be noted that the saturation of the RF front-end stage does not depend on the duty cycle of the interference, since even short duration interference exceeding the front-end saturation level may be sufficient to affect receiver performance.
‒	Desensitization: Degradation on the probability of detection of the radar affected by the interference. Equivalently, that results in a reduction of the probability of the distance at which a target can be detected by the radar with the same probability of detection.
‒	False alert: Increase of the probability of false detection of the radar affected by the interference
The section 3.2.1 focuses on the degradation of the probability of detection. The simulation method could be divided into 2 stages: first getting the permissible I/Ns under various pulse duty cycles, then getting the permissible interference probabilities or interference time percentages under various I/Ns.
3.2.1	Getting the permissible I/Ns
3.2.1.1	Description
This section provides a step-by-step procedure as an example to demonstrate the basic idea of simulation method to develop the permissible I/Ns under various duty cyclesprotection criteria for pulsed interferences. 
Step 1: ModelingModelling a radar receiver with typical components such as low noise amplifier (LNA), down converter, matched filter, target processing, video display, etc.
[USA: We must be careful as there are multiple types of radar receivers.
China: We agree with this observation. As the first step, we could use simplified models to investigate the influencing mechanisms from the pulsed interference to radar.]
Step 2: Set a required probability of detection (PD), a target RCS (radar cross section) at a specified distance (e.g., 1 m2 at 200 km) and other relevant performances of the radar receiver as needed.
Step 3: ModelingModelling radar echo signal with a set of pulse parameters (pulse width, pulse repetition frequency, duty cycle, etc.) and received power level (based on radar equation and the parameters specified in Step 2).
[USA: Is this for non-fluctuating target or Swerling models?
China: This is for non-fluctuating target.]
Step 4: ModelingModelling a set of pulsed interference signals with different pulse duty cyclesparameters to provide different type of interference signals.
[USA: Radar pulse parameters can have significant variations.
China: We agree with this observation. As the first step, we could use simplified models to investigate the influencing mechanisms from the pulsed interference to radar.]
Step 5: Select one interference signal from the interference signals set modeledmodelled in Step 4, and combinecombines it with the modeledmodelled echo signal into the modeledmodelled radar receiver.
[USA Note: Does the simulation methodology explicitly model the time-domain pulse train of the SAR system against the specific listening windows of the victim radar? Evaluating instantaneous interference requires calculating the exact probability of pulse collision, rather than applying a static, average duty-cycle reduction factor to the interfering power.]
[USA Note: Given the disparity between the SAR PRF (e.g., 6,000 Hz) and the victim radar PRF (e.g., 250–1,500 Hz), how does the simulation account for multiple SAR pulses arriving within a single victim receive window? Please clarify if the model evaluates peak instantaneous power during these specific overlap events.]
Step 6: Set the power level of the selected interference signal to a relatively low value (let the simulation run from low I/N to high I/N) and run the simulation.
Step 7: Record the value of PD and the corresponding I/N with the current interference signal power level.
[USA Note: To accurately evaluate desensitization, the methodology could specific the stage of the receiver chain where the Interference-to-Noise (I/N) ratio calculated (i.e. pre-IF filtering, post-IF filtering, or post-signal processing at the input of the CFAR window).]
[USA Note: When evaluating the Interference-to-Noise (I/N) ratio at the output of the receiver IF filter, does the simulation calculate Frequency Dependent Rejection (FDR) based on the average power of the interfering pulse, or does it explicitly model the peak transient responses (the 'rabbit ears' effect)? When a wideband SAR pulse passes through a narrower radiodetermination IF filter, amplitude spikes occur at the rising and falling edges of the pulse. Evaluating only the average FDR obscures these peak transients. See CCIR Report 972 “Pek Power Responses to Intermittent Interference Signals”]
[USA Note: Note that the "rabbit ears" effect occurs when an off-tuned or bandwidth-limited linear frequency-modulated (LFM) radar pulse interacts with a victim's intermediate frequency (IF) filter. It specifically happens when the victim's IF bandwidth is narrower than the interferer's total chirp bandwidth, causing the filter to miss the fast-sweeping core energy of the pulse. Consequently, the receiver only captures transient energy bursts from the pulse's sharp leading and trailing edges, transforming a flat-topped signal into two distinct time-domain spikes on the display.]
[USA: What is the value of Pd and corresponding Pfa for the target model?
China: In the example provided in the next section, we assume the Pd=0.8 and Pfa=1e-6, as showed and further modified in the paragraph added by ATDI.]
Step 8: Repeat Steps 6-7 with incremental interference signal power levels until PD reach the value defined at Step 2. The current I/N could be considered as the interference protection criteria for this kind of radar receiver and this type of interference signal.
[bookmark: _Hlk523151803]Figure A1-7 shows the radar medium pulse (cosine-square shapes for the rising edge and falling edge) and the normalized power spectrum (shape pulse and rectangular pulse). In the frequency-domain, the shape pulse has lower unwanted emissions in the spurious domain, than the rec pulse.
[bookmark: _Hlk523151277]Figure A1-7
Radar medium pulse and its normalized power spectrum
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3.2.1.2	Example
Here we provide an example to illustrate the process how to derive the protection criteria for the pulsed signals by simulation method.
This example models the detection process of an interfered pulsed signal using a typical linear FM radar system.
The following assumptions are made for the purpose of this example: the System 8 radar is required to meet a probability of detection (PD) of 80%, the target is a non-fluctuating Swerling I model with radar cross- section (RCS) of 2.2 m2 at 200 nautical miles (NM), and the probability of false alarm (PFA) is 1 × 10-6. 
For e ג and R expressed in the same unit; e.g., m, and σ (RCS) in m2, and Pt and KT0B in the same unit; e.g., dBW, Table A1-3 shows the derivation of the single-pulse (LP) received SNR , based on the free-space equation below; see Recommendation ITU-R P.525 section 3 ‘The free-space basic transmission loss for a radar system’:
		
The above assumptions are not strictly linked to this example System 8 and some applications may have other performances, sometimes even more stringent.
A simplified block diagram of the radar model is shown in Figure 1.
Figure 1
A simplified block diagram of the radar model


The technical characteristics of the wanted signal are provided in Table 1:
[USA: A simplified model might not be appropriate for all cases. In Radar direct conversion receivers, also known as zero-IF or homodyne receivers, convert the incoming radio frequency signal directly to baseband (zero frequency) without an intermediate frequency stage. In that where is the I/N measured?
China: We agree with this observation. As the first step, we could use general models to investigate the influencing mechanisms from the pulsed interference to radar. After finishing this step, we could investigate the influencing mechanisms to other types of radars.]
Table 1
Characteristics of wanted pulsed signal
	Parameter
	Units
	Wanted pulsed signal

	Carrier frequency
	GHz
	10

	Pulse duration
	µs
	0.33

	Pulse repetition rate
	kHz
	30

	Chirp bandwidth
	MHz
	3



The reflected radar signals are received and processed through a chain of electronic components such as RF filters, low-noise amplifiers (LNA), RF down-converters, pulse compressors, non-coherent integrators and constant false alarm rate processors. Figure 2 shows a simplified block diagram of the modelled radar receiver.


Figure 2
[USA: Some radars also use coherent integration.
China: We agree with this observation. we could investigate the influencing mechanisms to radars using coherent integration at later stage.]
Simplified block diagram of a modelled radar receiver


[bookmark: _Hlk129164733]Table 2 shows the simulated probability of detection (Pd) as a function of I/N under pulsed interference with various duty cycles. Note that in Table 2, the I/N represents the peak pulse interference power over the receiver average noise power.
Table 2 
[bookmark: _Hlk67436330]Probability of detection with peak pulse interference
	Duty cycle of interference
	Pd (I/N=10 dB)
	Pd (I/N=15 dB)
	Pd (I/N=20 dB)

	0.1%
	0.8
	0.8
	0.7

	0.2%
	0.8
	0.8
	0.68

	0.3%
	0.77
	0.75
	0.53

	0.4%
	0.75
	0.72
	0.41

	0.5%
	0.69
	0.66
	0.33



[USA Note: Please provide the supporting calculations and simulation parameters used to derive the values in Table 2. Specifically, clarify whether the victim system is a meteorological radar or a SAR system, whether the cited duty cycles are measured at the IF filter's input or output, and if the I/N ratio is defined strictly on a per-pulse basis. Furthermore, because radar signal processors, including peak detectors and Constant False Alarm Rate (CFAR) windows, can be triggered by peak transient spikes rather than the average pulse energy, relying solely on Average FDR may severely underestimate the Probability of False Alarm (Pfa) or desensitization. We propose that the methodology explicitly evaluate Peak FDR at the IF filter output to ensure the protection criteria accurately reflect the hardware's response to out-of-band pulsed interference.]
 [USA: Is this I/N for a single pulse? If it is, it seems to be high. Note that for small targets, the SNR can be low.
China: This I/N is for a single pulse. We could check the results at later stage.]
[3.2.2	Getting the permissible interference time percentages
Editor’s note: This section computes time percentages interference by making varying the geometry of the interfering configuration (position of the SAR satellite with respect to the ground based radar). This approach is not generalizable for radiodetermination, in particular when the geometry of the interfering configuration is deterministic. This time statistics are different metrics and cannot be compared to the probability of detection/ probability of false detection of the radar.
This section provides an example to show how to develop the permissible interference time percentages under various I/Ns for pulsed interferences by simulation method.
The interference signal comes from a SAR satellite system with pulsed transmission signals, and the interfered system is ground-based meteorological radar, chosen from the Recommendation ITU-R M.1849-3.
The protection criteria for the ground-based meteorological radar is set to different I/Ns, with the aim to investigate the interference time percentages under various I/Ns.
3.2.2.1	Technical characteristics of SAR system
The SAR-4 from Recommendation ITU-R RS.2043-0 (i.e. SAR-F6 system from Recommendation ITU-R RS.2105-3) is considered to be the interference system. The technical characteristics of SAR-4 are shown in Table 3.
TABLE 3
Technical characteristics of SAR satellite system
	Parameter
	SAR- USA: This is F6 (RS.2015)
	USA this is SAR-4 (RS.2043)

	Type of orbit
	Circular, SSO
	

	Altitude (km)
	514
	510

	Inclination (degrees)
	97.4
	98

	Ascending node LST
	18:00
	

	Repeat period (days)
	11
	

	Antenna type
	Active phased array
	

	Number of beams
	1
	

	Antenna peak transmit/receive gain (dBi)
	47
	47

	Polarization
	Linear HH, VV
	

	Azimuth scan rate (rpm)
	0
	

	Antenna beam look angle (degree)
	18-50
	18.5 – 49.3

	Antenna beam azimuth angle (degree)
	90
	

	Antenna elevation beamwidth (degrees)
	1.13
	1.13

	Antenna azimuth beamwidth (degree)
	0.53
	0.53

	RF centre frequency (MHz)
	9 800
	9 300 – 9 900

	RF bandwidth (MHz) Chirp BW
	1 200
	1 200

	Transmit peak power (W)
	7 000
	7 000

	Transmit average power (W)
	2 100
	2 100

	Pulse width (μs)
	50
	50

	PRF (Hz)
	6 000
	6 000

	Chirp rate (MHz/μs)
	24
	24

	Transmit duty cycle (%)
	30
	30

	System noise figure (dB)
	3
	(Noise temp=500 K)



[USA Note: Please resolve the conflicting system references in Table 3. Explicitly define whether the parameters correspond to SAR-F6 (Recommendation ITU-R RS.2105-3) or SAR-4 (Recommendation ITU-R RS.2043-0) to ensure accurate modelling.]
The antenna gain pattern of SAR-4 from Recommendation ITU-R RS.2043-0 is showed below.
TABLE 4
SAR-4 antenna gain pattern
	Pattern
	Gain G() (dBi) as function of off-axis angle  (degrees)
	Angular range (degrees)

	Vertical (elevation)
	Gv(v) = 47.0 – 9.91 (v)2
Gv(θv) = 35.189 – 1.944θv
Gv(θv) = 21.043 – 0.468θv
Gv(θv) = 12.562 – 0.185θv
Gv(v) = 3.291
	v < 1.149
1.149  v  9.587
9.587  v  29.976
29.976  v  50
v > 50.0

	Horizontal (azimuth)
	Gh(h) = 0 – 45.53(h)2
Gh(h) = –11.210 – 4.022h
Gh(h) = –26.720 – 0.953h
Gh(h) = –35.031 – 0.388h
Gh(h) = –41.936 – 0.158h
Gh(h) = –51.387
	h  0.542
0.542 < h  5.053
5.053 < h  14.708
14.708 < h  30.00
30.00 < h  59.915
h > 59.915

	Beam pattern
	G() = Gv(v) + Gh(h)
	



3.2.2.2	Technical characteristics of ground-based meteorological radar
The Radar 2 in Table 8 of Recommendation ITU-R M.1849-3 is considered to be the interfered system. The technical characteristics of Radar 2 are shown in Table 5. The receiver IF 3 dB bandwidth and the receiver noise figure are assumed to be 2 MHz and 3 dB, respectively. The antenna pattern comes from Recommendation ITU-R M.1851-2, Table 13.The pulse width is set to 1.0 s and the Pulse repetition rate is set to 500 Hz.
TABLE 5
Technical characteristics of meteorological radars
	Characteristics
	Radar 2

	Tuning range (MHz)
	9 200-9 500

	Pulse width (s)
	0.5, 1.0, 0.8 and 2.0

	Pulse repetition rate (pps)
	1 500 to 250

	Maximum duty cycle (%)
	Not specified

	Antenna pattern type
	Pencil beam

	Antenna type
	Parabolic reflector

	Antenna polarization
	Linear

	Antenna main beam gain (dBi
	45

	
Antenna elevation beamwidth (degree)
	< 1.0

	Antenna azimuthal beamwidth (degree)
	< 1.0

	Antenna horizontal scan rate (degree/s)
	0 to 36

	Antenna horizontal scan type (continuous, random, sector, etc.) (degree)
	Volume

	Antenna vertical scan rate (degree/s)
	Not specified

	Antenna vertical scan type (degree)
	Steps to next elevation after horizontal rotation

	Antenna side-lobe (SL) levels (1st SLs and remote SLs) (dBi)
	16

	Antenna height (m)
	2 to 30

	Receiver IF 3 dB bandwidth (MHz)
	2

	Noise figure (dB)
	3



3.2.2.3	Simulation results
The simulation time step is 0.01s, and the simulation run duration is 11 days, which is the repeat period of SAR-4. 
The SAR satellite operates in spotlight mode and points towards the meteorological radar when it flies over the meteorological radar. The meteorological radars are located at different geographic latitudes to investigate the different interference effect due to the different latitudes. The chosen meteorological radars are located in Sanya, Beijing and Mohe in China, represents the low, medium and high latitude respectively.
From the simulation, the interference time percentage under various I/Ns and different latitudes could be obtained, as showed in Table 6.
[USA Note: During the SAR Spotlight mode operations, the satellite continuously steers its beam to illuminate a target area for an extended duration. How does this continuous variation in elevation and azimuth look angles alter the main beam and peak sidelobe coupling at the fixed geographic evaluation nodes (Sanya at about 18.25N, Beijing at about 30.9N, and Mohe at about 52.17N)?]

ABLE 6
Interference time percentage
	I/N (dB)
	Site name
	Interference time percentage

	10
	Sanya (low latitude)
	0.0008%

	
	Beijing (medium latitude)
	0.0013%

	
	Mohe (high latitude)
	0.0015%

	‒6
	Sanya (low latitude)
	0.0013%

	
	Beijing (medium latitude)
	0.0020%

	
	Mohe (high latitude)
	0.0033%

	‒10
	Sanya (low latitude)
	0.0014%

	
	Beijing (medium latitude)
	0.0027%

	
	Mohe (high latitude)
	0.0033%



[USA note: Please clarify the specific geometric parameters assumed in the simulations for Table 6, including the SAR antenna look angle and the weather radar's azimuth and elevation pointing angles during the SAR flyover. Additionally, state whether the simulation incorporates terrain height data and accounts for the dynamic duty cycle of a radar during active volume scanning.]

From the Table 6, it could be observed that the interference time percentage would decrease with the increase of the I/N. This is because the higher the interference level, the fewer times the interference events occur. Furthermore, it also could be observed that the interference time percentage would increase with the increase of the latitude. The reason is that the higher the latitude, the more opportunities there are for the SAR satellite to pass over the area due to the type of the SAR satellite orbit. 
]

3.2.23	Conclusions
[TBD]
3.3	Field tests
3.3.1	Description
In general, the field tests could provide the most straightforward results for drawing interference conclusions. 
When conducting field tests, one appropriate parameter for the interference determination need to be chosen first. There are various parameters which could be chosen as the interference determination metric, such as the target probability of detection (PD), the target brightness level on the plan position indicator (PPI), the area proportion of the clutters on the PPI, etc. After the parameter was chosen, a specified value of this parameter should be defined which provides the least acceptable performance degradation of the radar receiver.
Here we take the target probability of detection as the determination metric. 
We could use arbitrary waveform signal generators and other RF components to generate the emulated interference signals and then input the interference signals into the radar receiver.
Afterwards, we adjust the power of the interference signals input to the radar receiver and meanwhile observe and record the changed values of the target probability of detection of the radar receiver. If the target probability of detection reaches the pre-defined value, then the corresponding power of the interference signals at that time could be considered as the interference criteria to the radar receiver.
3.4	Field tests
3.4.1	Description
In general, the field tests could provide the most straightforward results for drawing interference conclusions. 
When conducting field tests, one appropriate parameter for the interference determination need to be chosen first. There are various parameters which could be chosen as the interference determination metric, such as the target probability of detection (PD), the target brightness level on the PPI, the area proportion of the clutters on the PPI, etc. After the parameter was chosen, a specified value of this parameter should be defined which provides the least acceptable performance degradation of the radar receiver.
[USA: For tests on real radars, much details are needed on the radar design. Tests must also be conducted on a number of different radar systems that makes this task very difficult if not impossible because permissions must be granted by the operators of all such radars.
China: We agree with this observation. We have coordinated with several radar operators in China to conduct such tests and may provide the tests results at later stage.]
Here we take the target probability of detection as the determination metric. 
We could use arbitrary waveform signal generators and other RF components to generate the emulated interference signals and then input the interference signals into the radar receiver.
Afterwards, we adjust the power of the interference signals input to the radar receiver and meanwhile observe and record the changed values of the target probability of detection of the radar receiver. If the target probability of detection reaches the pre-defined value, then the corresponding power of the interference signals at that time could be considered as the interference criteria to the radar receiver.
3.43.2	Field tests examples
[TBD]
A field test was performed in China from March to April this year to see the interference effect from a SAR satellite to ground-based meteorological radars.
3.3.2.1	Radar characteristics
The Jiangan and Anyue meteorological observatory in China were selected in this test.
The main characteristics of the meteorological radars are listed in Table 7.
TABLE 7
Characteristics of the meteorological radars
	Characteristics
	Jiangan
	Anyue

	Operating frequency (MHz)
	9 500

	Pulse width (s)
	0.5

	Pulse repetition rate (pps)
	500

	Maximum duty cycle (%)
	0.25

	Output device
	All solid state

	Antenna main beam gain (dBi)
	44.54
	44.51

	
Antenna beamwidth (degree)
	0.96
	0.98

	Receiver IF 3 dB bandwidth (MHz)
	20

	Minimum discernible signal (dBm)
	‒107.56



3.3.2.2	Interfering signal
The interfering signal comes from a SAR satellite (Airsat-04) of a Chinese company. The main emission characteristics and orbit parameters of this SAR satellite are listed in Table 8.
[bookmark: _Ref136327074]

TABLE 8
Emission characteristics and orbit parameters of Airsat-04 satellite
	Parameter
	Value

	Orbital altitude (km)
	505

	Orbital inclination (degrees)
	97.43

	RF centre frequency (GHz)
	9.3-9.9

	Peak radiated power (W)
	4 800

	Antenna peak gain (dBi)
	44.2

	Antenna polarization
	Linear HH

	Repeat period (days)
	11


[USA Note: The current table lists a peak gain of 44.2 dBi. However, the peak gain for the SAR-4 system is specified as 47 dBi in Table 9 of Recommendation ITU-R RS.2043-0. Please correct this discrepancy.]
3.3.2.3	Test scenario
The meteorological radar operates in the volume scan mode, i.e. the normal working mode. The SAR satellite operates in spotlight mode and points towards the meteorological radar when it flies over the meteorological radar. The test scenario is showed in Figure 3.
Figure 3
Test scenario


[USA Note: Regarding the test scenario in Figure 3, what defines the Instantaneous Field of View (IFOV) for the spot beam within the SAR antenna pattern? Is this based strictly on the main beam's -3 dB contour, or does it account for the peak sidelobe shape and/or SAR antenna pattern envelope roll-off characteristics?]
3.3.2.4	Test results
3.3.2.4.1	Interference phenomenon
The reflectivity factor was used in the visual determination of the interference.
The test results are showed in Figure 4, which provides the reflectivity factor showed on the PPI when the interference exists.
figure 4
Reflectivity factor when the interference exists (left: Jiangan, right: Anyue)
[bookmark: _Toc168215380][bookmark: _Toc168216937][bookmark: _Toc168217015][bookmark: _Toc168225907][bookmark: _Toc168215381][bookmark: _Toc168216938][bookmark: _Toc168217016][bookmark: _Toc168225908][bookmark: _Toc168215382][bookmark: _Toc168216939][bookmark: _Toc168217017][bookmark: _Toc168225909][bookmark: _Toc168215384][bookmark: _Toc168216941][bookmark: _Toc168217019][bookmark: _Toc168225911][bookmark: _Toc168215385][bookmark: _Toc168216942][bookmark: _Toc168217020][bookmark: _Toc168225912][bookmark: _Toc168215386][bookmark: _Toc168216943][bookmark: _Toc168217021][bookmark: _Toc168225913][bookmark: _Toc167854280][bookmark: _Toc168194923][bookmark: _Toc168215390][bookmark: _Toc168216947][bookmark: _Toc168217025][bookmark: _Toc168225917][bookmark: _Toc167784519][bookmark: _Toc167786534][bookmark: _Toc167792091][bookmark: _Toc167794266][bookmark: _Toc167842160][bookmark: _Toc167854282][bookmark: _Toc168194925][bookmark: _Toc168215392][bookmark: _Toc168216949][bookmark: _Toc168217027][bookmark: _Toc168225919][bookmark: _Toc167784520][bookmark: _Toc167786535][bookmark: _Toc167792092][bookmark: _Toc167794267][bookmark: _Toc167842161][bookmark: _Toc167854283][bookmark: _Toc168194926][bookmark: _Toc168215393][bookmark: _Toc168216950][bookmark: _Toc168217028][bookmark: _Toc168225920][bookmark: _Toc168194933][bookmark: _Toc168215400][bookmark: _Toc168216957][bookmark: _Toc168217035][bookmark: _Toc168225927][bookmark: _Toc167794274][bookmark: _Toc167842168][bookmark: _Toc167854290][bookmark: _Toc168194935][bookmark: _Toc168215402][bookmark: _Toc168216959][bookmark: _Toc168217037][bookmark: _Toc168225929][bookmark: _Toc168194937][bookmark: _Toc168215404][bookmark: _Toc168216961][bookmark: _Toc168217039][bookmark: _Toc168225931][bookmark: _Toc168216964][bookmark: _Toc168217042][bookmark: _Toc168225934][bookmark: _Toc168216972][bookmark: _Toc168217050][bookmark: _Toc168225942][bookmark: _Toc168194948][bookmark: _Toc168215415][bookmark: _Toc168216974][bookmark: _Toc168217052][bookmark: _Toc168225944][image: ]   [image: ]
From the figures above, the interference signals (the radial and spiral shape lines) could be clearly observed from the radar PPI, which may cause severe impacts on the observations of the precipitation levels and other meteorological products. 
3.3.2.4.2	Interference time percentage
According to the interference records, these interference events lasts for approximately 6 seconds. 
Considering the repeat period of the Airsat-04 satellite is 11 days, the interference time percentage could be calculated as 6/(11×24×3600) = 0.00063%. Normally there are 5-10 potential illumination times per repeat period of the SAR satellite, therefore the potential accumulated interference time percentage per repeat period could be 0.0032% - 0.0063%. These values are on the same order as the values obtained from the simulation method in the previous section.
[USA Note: Given that Spotlight mode inherently increases the localized dwell time on a specific geographic area, how does this extended instantaneous 6-second exposure correlate to acute data loss during a victim radar's critical measurement window.]
[USA Note: Averaging a continuous 6-second interference event from a Spotlight-mode SAR over an 11-day orbital cycle (yielding 0.00063%) mathematically obscures the severe operational impact. This event causes acute data loss during a critical measurement window rather than a long-term smeared degradation. To illustrate the severity: if a radiodetermination radar rotates at 30 degrees/second and experiences SAR interference for 6 seconds, 180 degrees of that specific elevation sweep is compromised. Losing half a hemisphere of real-time volume scan data during critical tracking operations is an unacceptable degradation. Consequently, the evaluation metric must be shifted from 'Percentage of Orbital Cycle' to 'Instantaneous Volume Scan Loss' or 'Instantaneous False Alarm Rate'.]
4	Summary
[TBD]

______________
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