
...
	
U.S. Radiocommunications Sector
Fact Sheet

	Working Party:  ITU-R WP-5B
	Document No:  USWP5B33-13

	Ref: 5B/96 Annex 13
	Date: 		8 October 2024

	Document Title:  Update to the working document towards a preliminary draft new Report ITU-R M.[FOD_EESS_SHARE]

	Author(s)/Contributors(s):
	Contact

	Ryan McDonough GRC NASA
	ryan.s.mcdonough@nasa.gov

	Purpose/Objective: To update the working document towards a draft new Report ITU-R M.[FOD_EESS_SHARE] document.  This work will continue previous work on coexistence between Foreign Object Detection (FOD) systems operating in the 92-100 GHz band with EESS (active) service in the 94-94.1 GHz band. Summary of simulation results in section A1-2 will be updated.

	Abstract: This contribution continues analyses of possible in-band radiofrequency interference between the Foreign Object Detection (FOD) system placed along runways in the 92-100 GHz band with EESS (active) in the 94-94.1 GHz band. This document contains two dynamic analyses of potential in-band interference to a spaceborne cloud profile radar in the EESS (active) band with FOD detection systems in the Radiolocation Service and updates section A1-2.


 


		

Radiocommunication Study Groups
	[bookmark: ditulogo][image: ]

	
	

	
	

	Source:	      5B/96 Annex 13
Subject:	 Report ITU-R M.[FOD_EESS_SHARE]
	
Document 5B/xx-E

	
	XX October 2024

	
	English only

	United States of America




	[bookmark: drec]WORKING DOCUMENT TOWARDS A PRELIMINARY DRAFT 
NEW REPORT ITU-R M.[FOD_EESS_SHARE]

	[bookmark: dtitle1]Sharing and compatibility studies between foreign object debris detection system and other services in the frequency ranges 92-100 GHz



Summary:
This contribution continues analyses of possible in-band radiofrequency interference between the Foreign Object Detection (FOD) system placed along runways in the 92-100 GHz band with EESS (active) in the 94-94.1 GHz band. This document contains two dynamic analyses of potential in-band interference to a spaceborne cloud profile radar in EESS (active) with FOD detection systems in the Radiolocation Service and updates section A1-2.
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Scope
This Report provides results of sharing and compatibility studies between FOD detection system operating in the frequency range 92-100 GHz and EESS (active) and EESS (passive) operating in these or adjacent bands. The results of analyses contained within this report are limited to FOD detection system and deployment described herein. Additional deployments of this system or new systems will require further studies for sharing and compatibility.
Keywords
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List of Abbreviations/Glossary
CCDF:	Complementary cumulative distribution function
CPR:	Cloud profile radar
EESS:	Earth exploration-satellite service
FMCW:	Frequency-modulated continuous wave
FOD:	Foreign object debris
FODDS	FOD detection system
OOB:	Out-of-band
Related ITU-R Recommendations and Reports
Recommendations
ITU-R F.699	Reference radiation patterns for fixed wireless system antennas for use in coordination studies and interference assessment in the frequency range from 100 MHz to 86 GHz
ITU-R RS.1166	Performance and interference criteria for active spaceborne sensors
ITU-R RS.1861	Typical technical and operational characteristics of Earth exploration-satellite service (passive) systems using allocations between 1.4 and 275 GHz
ITU-R RS.2017	Performance and interference criteria for satellite passive remote sensing
ITU-R RS.2105	Typical technical and operational characteristics of Earth exploration-satellite service (active) systems using allocations between 432 MHz and 238 GHz
1	Introduction
[Editor’s Note: No proposed edits until section A1-1.]
A1-1	Interference from foreign object debris detection systems into Earth exploration-satellite service (active)
A1-1.1	Static analysis based on interference with specific geometric scenarios
At least three different geometrical scenarios have to be considered in assessing the potential for interference from FOD detection systems into EESS active systems. The first is coupling of the antenna mainlobe of a nadir-looking EESS (active) satellite with the sidelobes of the FOD detection system antenna. The second geometrical scenario is when coupling occurs between the sidelobes of both the EESS active sensor antenna and the FOD detection system antenna; and the third, and worst case, geometrical scenario is when coupling occurs between the mainbeam of the FOD detection system antenna and the EESS active sensor antenna sidelobes at a time when the EESS active satellite is on the horizon with respect to the FOD detection system.
The peak interfering signal power level, I (dBW), received by a spaceborne radar from a terrestrial source is calculated from:
		I    10 log Pt    Gt    Gr  –  (32.44    20 log ( f R ))  –  La – FDRIF  +  CAF	(A1-1)
where:
	Pt :	peak terrestrial source transmitter power (W);
	Gt :	terrestrial source antenna gain towards spaceborne sensor (dBi);
	Gr :	spaceborne radar antenna gain towards terrestrial source (dBi);
	f :	frequency (MHz);
	R :	slant range between spaceborne sensor and terrestrial source (km);
	La :	attenuation due to atmospheric absorption (dB);
	FDRIF : 	frequency-dependent rejection produced by the receiver IF selectivity curve on an unwanted transmitter emission spectra (dB);
CAF :	Channel aggregation factor (dB).
Attenuation due to atmospheric absorption, La, is dependent upon the path length to the satellite through the Earth’s atmosphere, and hence upon the elevation angle from the terrestrial source to the satellite. [Potentially other propagation mechanism may or may not be relevant for three geometric scenarios] La is calculated using Recommendations ITU-R P.676 and ITU-R P.835. FDRIF is not included in the following tables of calculation of the interference levels and margins because sufficient information is not provided in Recommendations ITU-R RS.1861 and ITU-R RS.2105.
Table A1-1 summarizes technical and operational parameters to be used for three geometric scenarios between FOD radar and CPR L-1. The antenna gains of FOD radar and EESS passive sensor are calculated using Recommendations ITU-R F.699 and ITU-R RS.1813, respectively. The channel aggregation factor is introduced for calculation to consider out-of-band emissions from neighbouring channels. The out-of-band emission of ‒47 dBm/MHz fell within one channel of L-8 sensor which is worse than ‒50 dBm/MHz is used for compatibility studies. Although the number of FOD radars varies in relation to the size of the airport, the number of FOD radars in the CPR L-1 footprint recommended to use is 120 which gives the maximum density of FOD radars provided in Table 4 in the main body.
Table A1-1
Technical and operational parameters to be used for three geometric scenarios 
between FOD radar and CPR L-1
	Parameters
	Unit
	Geometric scenario 1
	Geometric scenario 2
	Geometric scenario 3

	Transmit power of FOD radar
	mW
	200
	200
	200

	Out-of-band emission level
	dBm/MHz
	‒47
	‒47
	‒47

	Antenna gain of FOD radar
	dBi
	‒16.85
	‒9.3
	44

	Elevation angle to EESS passive sensor
	degree
	90
	45
	0

	Antenna gain of EESS passive sensor
	dBi
	65.2
	‒9.8
	‒11.6

	Distance between FOD radar and EESS passive sensor
	km
	705
	952
	3079

	Atmospheric loss (La) at 94 GHz
	dB
	0.82
	1.165
	66.92

	RF bandwidth of EESS active sensor
	MHz
	0.36
	0.36
	0.36

	Channel aggregation factor
	dB
	3
	3
	3

	Number of FOD radars in beam
	-
	< 120
	< 120
	< 120



The interference due to CPR antenna mainlobe coupling with the FOD detection system antenna sidelobes allows for the highest value of RFI levels of these three geometrical scenarios. [For CPR L‑1 and CPR L-2, the CPR L-1 system was found to be more sensitive to interference due to its narrower receiver bandwidth of 300 kHz.] For geometric scenario 1 for coupling between the CPR L‑1 mainlobe and the FOD radar sidelobes (elevation angle at 90°), preliminary calculations of two cases examined are provided in Tables A1-2 which indicates the amount of attenuation such as 23.88 dB needed to apply to in-band FOD detection systems emissions in order that they meet the EESS (active) interference protection criteria for CPR L-1. However, preliminary calculations on out-of-band emissions of FOD radars in the frequency range 94.0-94.1 GHz indicate EESS (active) protection criteria are met with margin of 47.56 dB.
For geometric scenario 2 for coupling between the CPR L-1 sidelobes and the FOD detection sidelobes (elevation angle at 45°), preliminary calculations of two cases examined are provided in Tables A1-3 which indicates the EESS (active) interference protection criteria for CPR L-1 are met with margins of 46.52 dB and 117.96 dB for in-band and out-of-band emissions of FOD radars, respectively. 
For geometric scenario 3 for coupling between the CPR L-1 sidelobes and the FOD radar mainlobe (elevation angle at 0°), preliminary calculations of two cases examined are provided in Tables A1-4 which indicates the EESS (active) interference protection criteria for CPR L-1 are met with margins of 69.18 dB and 140.621 dB for in-band and out-of-band emissions of FOD radars, respectively. 
For EESS (active) systems, when initially considering three different geometrical interaction scenarios between FODDSs and CPR L-1, the RFI levels at the CPR are highest for the geometrical situation of coupling between the nadir-looking CPR antenna coupling and the sidelobes of the FODDS antenna. The RFI levels by in-band FOD radar emission for this first scenario is higher than those of the second and third geometrical scenarios which examine coupling between the sidelobes of both the CPR antenna and the FODDS. It could be concluded that EESS (active) interference protection criteria are met for the second and third geometric scenarios. For the first geometric scenarios, in-band emission of FOD radars cause interference to EESS (active) missions in the frequency band 94-94.1 GHz, while out-of-band emissions of FOD radars do not. Therefore, it could be recommended not to use “Channel plan A” described in Fig. 1 in the main body of this report. 


Table A1-2
Radio frequency interference from foreign object debris detection systems into 
Earth exploration-satellite service (active) systems at 94 GHz, 
First geometric scenario: cloud profile radar mainlobe to foreign
object detection sidelobe
	Case 1: Calculation of received power at 90 degrees elevation

	
	Units
	Cloud profile radar-L1

	
	
	Value
	dB

	
	
	
	In-band
	Out-of-band

	Transmit power
	W
	0.2
	−6.99
	

	Out-of-band emission
	dBm/MHz
	−47
	
	−47

	EESS bandwidth
	MHz
	0.36
	−4.43
	−4.43

	Gain transmit antenna
	dBi
	
	−16.85
	−16.85

	e.i.r.p.
	dBW
	
	−23.84
	−98.28

	Gain receive antenna
	dBi
	
	65.20
	65.20

	1/R2
	km
	705
	−56.96
	−56.96

	1/f2
	MHz
	94 050
	−99.47
	−99.47

	Path loss
	dB
	
	−188.87
	−188.87

	Atmospheric loss
	dB
	
	0.82
	0.82

	No. of FODs in beam
	
	120
	20.79
	20.79

	Channel aggregation factor
	dB
	
	0
	3

	Interference power
	dBW
	
	−127.54
	−198.98

	K
	
	1.38E-23
	−228.60
	−228.60

	Temp
	K
	290
	24.62
	24.62

	EESS bandwidth
	MHz
	0.36
	55.56
	55.56

	EESS noise figure
	dB
	
	7.00
	7.00

	Noise power
	dBW
	
	−141.42
	−141.42

	I/N
	dB
	
	13.88
	−57.56

	I/N criteria
	dB
	
	−10.00
	−10.00

	Margin (attenuation)
	dB
	
	−23.88
	47.56






Table A1-3
Radio frequency interference from foreign object debris detection systems into 
Earth exploration-satellite service (active) systems at 94 GHz,
Second geometric scenario: cloud profile radar sidelobe to foreign
object detection sidelobe
	Case 1: Calculation of received power at 45 degrees elevation

	
	Units
	Cloud profile radar-L1

	
	
	Value
	dB

	
	
	
	In-band
	Out-of-band

	Transmit power
	W
	0.2
	−6.99
	

	Out-of-band emission
	dBm/MHz
	‒47
	
	−47

	EESS bandwidth
	MHz
	0.36
	−4.43
	−4.43

	Gain transmit antenna
	dBi
	
	‒9.3
	‒9.3

	e.i.r.p.
	dBW
	
	−16.29
	‒90.73

	Gain receive antenna
	dBi
	
	−9.80
	−9.80

	1/R2
	km
	952
	−59.57
	−59.57

	1/f2
	MHz
	94 050
	−99.47
	−99.47

	Path loss
	dB
	
	−191.48
	−191.48

	Atmospheric loss
	dB
	
	1.165
	1.165

	No. of FODs in beam
	
	120
	20.79
	20.79

	Channel aggregation factor
	dB
	
	
	3

	Interference power
	dBW
	
	−197.948
	‒269.38

	K
	
	1.38E-23
	−228.60
	−228.60

	Temp
	K
	290
	24.62
	24.62

	EESS Bandwidth
	MHz
	0.36
	55.56
	55.56

	EESS noise figure
	dB
	
	7.00
	7

	Noise power
	dBW
	
	−141.421
	‒141.42

	I/N
	dB
	
	−56.52
	‒127.96

	I/N criteria
	dB
	
	‒10.00
	‒10

	Margin (attenuation)
	dB
	
	46.52
	117.96




Table A1-4
Radio frequency interference from foreign object debris detection systems into 
Earth exploration-satellite service (active) systems at 94 GHz, 
Third geometric scenario: cloud profile radar sidelobe to foreign
object detection mainlobe
	Case 1: Calculation of received power at 0 degrees elevation

	
	Units
	Cloud profile radar-L1

	
	
	Value
	dB

	
	
	
	In-band
	Out-of-band

	Transmit power
	W
	0.2
	−6.99
	

	Out-of-band emission
	dBm/MHz
	‒47
	
	‒47

	EESS bandwidth
	MHz
	0.36
	‒4.43
	‒4.43

	Gain transmit antenna
	dBi
	
	44.00
	44.00

	e.i.r.p.
	dBW
	
	
	‒37.43

	Gain receive antenna
	dBi
	
	−9.80
	−9.80

	1/R2
	km
	3 079
	−69.77
	−69.76

	1/f2
	MHz
	94 050
	−99.47
	−99.47

	Path loss
	dB
	
	−201.68
	−201.68

	Atmospheric loss
	dB
	
	66.92
	66.92

	No. of FODs in beam
	
	120
	20.79
	20.79

	Channel aggregation factor
	
	
	
	3

	Interference power
	dBW
	
	−220.6
	‒292.04

	K
	
	1.38E-23
	−228.60
	−228.60

	Temp
	K
	290
	24.62
	24.62

	EESS bandwidth
	MHz
	0.36
	55.56
	55.56

	EESS noise figure
	dB
	
	7.00
	7.00

	Noise power
	dBW
	
	−141.42
	‒141.42

	I/N
	dB
	
	−79.18
	‒150.62

	I/N criteria
	dB
	
	−10.00
	‒10.00

	Margin (attenuation)
	dB
	
	69.18
	140.62



A1-1.2	Dynamic analysis based on interference observed with spacecraft orbit simulation
To obtain a more realistic assessment of the interference expected to be observed from FODDSs into EESS active systems, an analysis was conducted in which the orbits of the EESS spacecraft under investigation (i.e., CPR-L1 and CPR-L2 described in Table 2 of section A2‑1.2) will be dynamically simulated. This approach corresponds to the EESS ITU-R Recommendations and is the only type of analysis where conclusions can be drawn.
Based on time series values for the peak interfering signal power level, complementary cumulative distribution function (CCDF) curves were generated in order to assess the percentage of time for which violations of the limit specified in Recommendation ITU-R RS.1166-4 occurred. From Recommendation ITU-R RS.1166-4, the interference criteria for a cloud profiling type radar, under conditions of systematic interference source, is I/N of −10 dB with a data availability of 99% of time.
A1-1.2.1	Deployment of foreign object debris detection systems
In anticipation of a worldwide rollout of FODDS at airports, networks of FODDS were assumed to be present at locations throughout the world. The FODDSs will be assumed to be deployed along the runways of the airports that are classified as medium or large hubs. Medium airports are defined as ones that have .25% to 1% of total passenger boarding annually. Large hubs are defined as one with greater than 1% of total annual passenger boarding annually. This criterion results in deployment at 6 432 runways globally. Figure A1-1 shows the deployment of the global FODDS. Figure A1-2 shows a zoomed in version of the Chicago, USA area airports to show some detail how the FODDS were placed alongside the runways.
The analysis will consider two types of deployments. The first scenario will be higher power FOD radars with a low density at an airfield and the FODDS will have a down tilt focused on the runways. The FODDS were placed every 500 meters along the runways, and this would result in a total of 29 994 FODDS. This scenario considered ICAO Standards for FOD detection.
The second scenario is envisioned as a possible alternative deployment where a deployment under scenario 1 is difficult due to physical or other constraints at some locations. It will consider small lower power FODs radars placed uniformly alongside the runways and it will have a higher density and an up-tilt so to be able measure the maximum distance of the runway. The FODDS were placed every 20 meters along the runways, and this would result in a total of 670 554 FODDS. Figure A1-1 shows the proposed global deployment. This analysis could also serve as a sensitivity analysis to assess a higher number of radars operating at lower powers. The assumed operating parameters are the same as the parameters of the radars in scenario 1, other than the operating power.
Figure A1-1
Assumed global deployment of foreign object debris detection systems (scenario 1)
[image: large+med_deployment]
Figure A1-2 shows deployment over airports in the Chicago, USA area under the 500 m separation of scenario 1.
Figure A1-2
Assumed foreign object debris detection system deployment over Chicago airport (scenario 1)
[image: ohare]		[image: chicago_500m]
[image: ]
Figure A1-3 shows deployment over airports in the Chicago, USA area under the 20 m separation of scenario 2.
[Editorial note: Figures A1-2 and A1-3 need some update. As a reference at least some elements of the airport should be shown]
Figure A1-3
Assumed foreign object debris detection system deployment over Chicago airport (scenario 2)
[image: chicago_20m]
[image: ]
A1-1.2.2	Characteristics of foreign object debris detection systems
The description of the FOD detection networks, including the parameters used for this analysis, is given in Table 1-7 and Table 1-8. The received interference will be calculated based on the aggregate power received by all FOD radars within a possible line of sight mask.
[Chairman’s note: Is a FOD detection network different to a FOD detection system?]
[note: In this study, system refers to the individual RF element, and network refers to coverage of the systems over an application area i.e. airport collection of multiple runways.]
Table A1-5
Assumed scenario 1 characteristics of foreign object debris detection system networks 
	Parameter
	Value

	Carrier frequency of each FOD radar
	94.050 GHz

	Modulation bandwidth
	1.2 MHz

	Transmit power of each FOD radar
	200 mW

	Elevation angle
	−1.8°

	Spacing
	500 m

	Azimuth scan
	±60°

	Scan rate
	15 RPM

	Transmit height
	8 m



[Editor’s note: SN.1541. Equation 46 to confirm band width information.]
Table A1-6
Assumed scenario 2 characteristics of foreign object debris detection system networks 
	Parameter
	Value

	Carrier frequency of each FOD radar
	94.050 GHz

	Transmit power of each FOD radar
	50 mW

	Elevation angle
	+1.8°

	Spacing
	20 m

	Azimuth
	Fixed runway heading

	Transmit height
	10 cm



[Editor’s note: Additional operating parameters for radars operating under Scenario 2 should be provided in a future document.]
The FODDS antenna radiation pattern at 96 GHz was used to construct an empirical function, shown in Fig. 1-4, for the transmit antenna gain  (in dBi) as a function of the off‑axis angle  (in deg) used in this analysis.
Figure 1-4
Empirical foreign object debris detection system antenna radiation pattern used for
dynamic radio frequency interference analysis (assumed to also apply at 94.05 GHz)
[image: ]
A1-1.2.3	Characteristics of Earth exploration-satellite service (active) system
A1-1.2.3.1	Earth exploration-satellite service (active) orbital characteristics
The following table shows EESS satellite orbit parameters used by CloudSat.
Table 1-7
Earth exploration-satellite service (active) satellite orbit parameters
	Parameter
	Units
	Value

	Altitude (mean)
	km
	800

	Inclination
	deg
	98.2



A1-1.2.3.2	Earth exploration-satellite service (active) technical and operational characteristics
The following table summarizes the EESS parameters.
Table 1-8
Earth exploration-satellite service (active) technical and operational characteristics
	Parameter
	Units
	Value

	Max gain
	dBi
	65

	Bandwidth
	MHz
	0.3

	Antenna pattern
	–
	Fig. X

	Temp
	K
	290

	Noise figure
	dB
	7

	Noise power
	dBW
	−143.17

	Scan type
	–
	Fixed

	Pointing
	–
	Nadir



Figure A1-5
Earth exploration-satellite service (active) antenna pattern normalized to 0 dB
[image: ]

Figure A1-6
Earth exploration-satellite service (active) small angle antenna pattern normalized to 0 dB
[image: EESS_active_antpat]

A1-1.2.3.3	Sensor area of interest test cases
A single test case was explored which was a global area of interest. Consequently, all visible Earth ground area within the sensor field of view is considered.
A1-1.2.4	Simulation parameters and results
The peak interfering signal power level, I/N (dB), received by a spaceborne radar from a terrestrial source is calculated from (A1-3):
		I    10 log Pt    Gt    Gr  –  (32.44    20 log ( f R ))  –  La – FDRIF – Xr	(A1-2)
	T =	Tb (10NF/10 − 1)		(K)
	N =	10 log (T b BW)	(dBW)
		I/N = I – N      (dB)	(A1-3)
where:
	Pt :	peak terrestrial source transmitter power (W);
	Gt :	terrestrial source antenna gain towards spaceborne sensor (dBi);
	Gr :	spaceborne radar antenna gain towards terrestrial source (dBi);
	f :	frequency (MHz);
	R :	slant range between spaceborne sensor and terrestrial source (km);
	La :	attenuation due to atmospheric absorption (dB);
	FDRIF : 	frequency-dependent rejection produced by the receiver IF selectivity curve on an unwanted transmitter emission spectra (dB);
	Xr :	losses due to polarization mismatch (dB);
	Tb :	noise temperature w/o noise figure (K);
	NF :	noise figure (dB);
	b :	Boltzman constant 1.38 × 10−23 (K);
	BW :	bandwidth of receiver (Hz);
	N :	Noise power with noise figure (dBW).
A1-1.2.4.1	General simulation parameters
The following table gives the relevant aspects of the simulation.
Table A1-9
General simulation parameters
	Parameter
	Units
	Value

	Duration
	days
	1

	Time step
	s
	0.1

	Atmospheric losses
	
	P.676

	Polarization losses
	dB
	3



A1-1.2.4.2		Simulation results
A1-1.2.4.2.1	Scenario 1
The following CCDF curve shows the statistical distribution of interference to noise (I/N dB) levels experienced by the active sensor during the simulation for scenario 1.
Figure 1-7
Complementary cumulative distribution function curves of aggregated radio frequency interference scenario 1
[image: active_96GHzglobal_1d_FOD1_IN]
Note: Dashed line indicates −10 dB I/N threshold used by Rec. ITU-R RS.1166-4.
The following RFI impact map indicates FOD radar sources that contributed more to interference levels over time for scenario 1.
Figure 1-8
Impact map of radio frequency interference (I/N dB) scenario 1
[image: active_96GHzglobal_1d_FOD1_impact]

A1-1.2.4.2.2	Scenario 2
The following CCDF curve shows the statistical distribution of interference to noise (I/N dB) levels experienced by the active sensor during the simulation for scenario 2.
Figure 1-9
Complementary cumulative distribution function curves of aggregated radio frequency interference scenario 2
[image: active_96GHzglobal_1d_FOD2_IN]
Note: Dashed line indicates −10 dB I/N threshold used by Rec. ITU-R RS.1166-4.
The following RFI impact map indicates FOD radar sources that contributed more to interference levels over time for scenario 2.
Figure 1-10
Impact map of radio frequency interference (I/N dB) scenario 2
[image: active_96GHzglobal_1d_FOD2_impact]
A1-2	Summary of results
[TBD]
As a result of studying the interference cases outlined above, there is no expectation of interference from FODDSs exceeding the protection limits of EESS (active). The worst-case results, co-frequency FOD with 100% duty cycle, between the two cases of deployment studied show a margin of at least 20 dB for 1% of time. There are only minor differences between the two deployment scenarios. The deployment on large airport runways dominates the anticipated interference, as large airport runways are most likely to have the highest number of FODDSs in the main beam of an EESS (active) sensor. Further studies are needed to evaluate if other geographic areas are identified for deployment of FODDSs adjacent to the EESS active band.
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