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	Purpose/Objective:  To address threshold levels of permissible interference for radio astronomy facilities on the Moon in accordance with restrictions on emissions under Radio Regulations (RR) Nos. 22.22-22.25.

	Abstract: This draft new Recommendation references and builds upon the scientific background and methodology for calculating threshold levels of permissible interference to radio astronomy provided in 7D/235 Annex 12. This input contribution provides updates to the document currently attached to the Chairman’s Report (7D/235 Annex 13).
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United States of America

	Elements for a working document towards a preliminary draft new RECOMMENDATION [SZM_THRESHOLDS] 

	Threshold levels of permissible interference to radio astronomy
in the shielded zone of the Moon



Introduction
This Recommendation addresses threshold levels of permissible interference to radio astronomy in the shielded zone of the Moon in accordance with restrictions on emissions under Radio Regulations (RR) Nos. 22.22-22.25. It builds upon and references the scientific background information and methodology provided in Report 7D/235 Annex 12. Changes made relative to the previous version attached to the Chair’s Report as Annex 13 include removing the scientific background and methodology tables which are in Report 7D/235 Annex 12, cleaning up formatting, and adding two new recognizings—one which refers to Report 7D/235 Annex 12, and one which refers to Report ITU-R RA.2512. The word “harmful” is replaced by “permissible” throughout the document. Finally, some substantial revisions were made to the recommends to clarify guidance for minimizing impacts to the RAS, including the addition of an Annex 1 which will contain a table of example threshold values. The proposed changes are highlighted through track changes. This document is still under development with significant further work anticipated.	Comment by Author: ITU-R definitions:

Permissible interference:
Observed or predicted interference which complies with quantitative interference and sharing criteria contained in these Regulations or in ITU-R Recommendations or in special agreements as provided for in these Regulations.

Accepted interference:
Interference at a higher level than that defined as permissible interference and which has been agreed upon between two or more administrations without prejudice to other administrations.

Note:  if administrations agree to a higher level than the permissible level recommended here, that would be "accepted interference" and in accordance with Article 22.

Attachment:	1
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ATTACHMENT
[elements for] Working Document Towards a Preliminary
Draft New [guiding] Recommendation [SZM_[ThresholdS]]
Thresholds levels of permissible interference detrimental  to radio astronomy observations
in the shielded zone of the Moon 
(Question ITU-R 260/7)
(202X)
{Editor’s note: Working Party 7D has not reached agreement on whether the material in this document should be in the form of a Recommendation, a Report, or both.} 
{Editor’s note: It was indicated that quantifying harmful interference is not a proper course of action due to the fact that there are other terms such as admissible interference or permissible interference which could be used in this regard as they are quantifiable. Moreover, there are several recommendations addressing the issue and there is no need to have a new Recommendation.}
Scope
This Recommendation provides [guidance regarding]addresses threshold levels of permissible harmful interference to radio astronomy in the shielded zone of the Moon, as [may be necessary] by the uniquegiven the restrictions on emissions under Radio Regulations (RR) Nos. 22.22-22.25.
The ITU Radiocommunication Assembly,
considering
a)	that radio astronomy in the shielded zone of the Moon (SZM) is a subject of RR Nos. 22.22-22.25;
b)	that the SZM is defined in RR No. 22.22.1 as comprising the area of the Moon’s surface and an adjacent volume of space which are shielded from emissions originating within a distance of 100 000 km from the centre of the Earth;
c)	that in the shielded zone of the Moon RR Nos. 22.22-22.24 prohibit emissions causing harmful interference to radio astronomy observations in the entire spectrum except in the frequency bands given there, making the SZM a uniquely advantaged location for radio astronomy observations;
d)	that in the SZM, radio astronomy may be protected in the given frequency bands by agreement between administrations concerned (RR No. 22.25);
e)	that the level of harmful interference is determined by agreement between the administrations concerned, with the guidance of the relevant ITU‑R Recommendations (RR. No. 22.22.2),
recognizing
a)	that the technical and operational characteristics of radio astronomy in the SZM are similar to those subject to the relevant ITU-R Recommendations noted in RR No. 22.22.2 while benefiting from the absence of Earth’s atmosphere;
b)	that radio astronomy observations in the SZM should be able to take advantage of the long lunar night (1.2 × 106 seconds),
{Editor’s note: Report ITU-R RA.[SZM-THRESHOLDS] is under development.}
[c)	that the background to Annex 1 may be provided in a future Report ITU-R RA.[SZM-THRESHOLDS] provides scientific background and a methodology for calculating nominal thresholds of permissible interference for radio astronomy in the shielded zone of the Moon.]
d)	that Report ITU-R RA.2512 provides characteristics of extremely sensitive, background-limited millimeter-wave bolometric detectors and similar types of incoherent detectors with large fractional bandwidths, including reference levels for interference to telescopes employing such detectors.
recommends [as a guidance]
that when performing studies of sharing and compatibility studies with radio astronomy in the SZM should use threshold levels in , the Annex 1 to determine the maximum level of permissible interferencethreshold levels of harmful interference 





in Annex 1 Tables 1-4 should be [considered/used].
{Editor’s note: Content from original IUCAF contribution 7D/168 pasted below for reference during drafting:
recommends
1	that when performing studies of sharing and compatibility with radio astronomy in the SZM, the threshold levels of harmful interference should be as follows:
a)	For emissions in the frequency bands given in RR Nos. 22.23-22.24, the values in Tables 1 and 2 of Annex 1 provide the thresholds for harmful interference;
b)	In other frequency bands, all received emissions are considered harmful interference.
}
]


Annex 1
{Editor’s note: Noting that similar tables are included in a Preliminary Draft New Report on this topic, but there is disagreement as to whether the tables should be included in the Report or the Recommendation.}
Table 1
Wideband (line) threshold values of interference harmful to radio astronomy observations in the shielded zone of the Moon
	Frequencyf
(Hz)
	Bandwidthf 
(Hz)
	Minimum antenna noise temperature
TA.
(K)
	Receiver noise temperature
TR
(K)
	System sensitivity
(noise fluctuations)
	Threshold interference levels

	
	
	
	
	Rms noise temperature
T
(K)
	Power spectral density
PS
(W Hz-1)
	Input power
PH (W)
	Incident pfd
PH (2/4)–1
(W m–2)
	Spectral pfd
SH
(W m-2 Hz–1)

	(1)
	(2)
	(3)
	(4)
	(5)
	(6)
	(7)
	(8)
	(9)

	f
	rw f 
rw see Table 3
	Table 3
	Table 4
	(TA+TR)(f t)–1/2
t see Table 3
	rfn kB T
rfn see Table 3
	PS f
	PS f 4(cf–1)–2
	PS 4 (cf–1)–2



Table 2
Narrowband (continuum) threshold values of interference harmful to radio astronomy observations in the shielded zone of the Moon
	Frequencyf
(Hz
	bandwidth
f
(Hz)
	Minimum antenna noise temperature
TA.
(K)
	Receiver noise temperature
TR
(K)
	System sensitivity
(noise fluctuations)
	Threshold interference levels

	
	
	
	
	Rms noise temperature
T
(K)
	Power spectral density
PS (W Hz–1)
	Input power
PH (W)
	Incident pfd
PH (2/4)-1
(W m–2)
	Spectral pfd
SH
(W m–2 Hz–1)

	(1)
	(2)
	(3)
	(4)
	(5)
	(6)
	(7)
	(8)
	(9)

	f
	rn f 
rn 
see Table 3
	Table 3
	Table 4
	(TA+TR)(f t)–1/2
t see Table 3
	rfn kB T
rfn see Table 3
	PS f
	PS f 4(cf–1)–2
	PS 4 (cf–1)–2




Table 3
Frequency-independent relations, parameters, and constants
	Quantity
	Symbol
	Unit
	Value/Expression

	Fraction of bandwidth used for wideband observations
	rw
	–
	0.25 (See[footnoteRef:1]) [1: 	] 


	Fraction of bandwidth used for narrow band observations
	rn
	–
	3.3  10–6 (See[footnoteRef:2]) [2: 	] 


	Minimum antenna noise temperature
	TA
	K
	(1-fg) TS+ fg TG

	Fraction of ground radiation spilling into antenna
	fg
	–
	0.1

	Minimum sky brightness temperature
	TS
	K
	TS  = (Tf0-TCMB)(ff0–1) +TCMB

	Minimum ground temperature during lunar night
	TG
	K
	26

	Reference sky brightness temperature
	Tf0
	K
	Table 4

	Brightness temperature of the Cosmic Microwave Background
	TCMB
	K
	2.73

	Reference frequency
	f
	Hz
	Table 4

	Spectral index
	
	–
	Table 4

	Minimum sky temperature at reference frequency
	Tf0
	K
	Table 4

	Integration time
	t
	s
	1.2  106

	Tolerable fraction of noise temperature
	rfn
	–
	0.1 (See[footnoteRef:3]) [3: 	] 


	Boltzmann constant
	kB
	J K–1
	1.38  10–23

	Speed of light
	c
	m s–1
	3.00  108



Table 4 
Frequency-dependent relations, parameters, and constants
	Frequency
f 
	Reference sky brightness temperature (K)
Tf0
(K)
	Reference frequency
f0
(Hz)
	Spectral index

	Receiver noise temperature
TR
(K)

	f  2 MHz
	1.63  107
	2.00  106
	–0.3
	60

	2 MHz < f  29.021 MHz
	1.63  107
	2.00  106
	–2.53
	60

	29.021 MHz < f  500 MHz
	15.8
	4.08  108
	–2.75
	60

	MHz  f   1 GHz
	15.8
	4.08  108
	–2.75
	20

	 GHz  f   12 GHz
	15.8
	4.08  108
	–2.75
	10

	 GHz  f   20 GHz
	15.8
	4.08  108
	–2.75
	15

	 GHz  f   30 GHz
	15.8
	4.08  108
	–2.75
	20

	 GHz  f   150 GHz
	15.8
	4.08  108
	–2.75
	30

	Tbd.
	
	
	
	





ANNEX 1

Note: The methodology provided in Report ITU-R RA.[SZM-THRESHOLDS] Tables 1-4 can be used to calculate the nominal thresholds for permissible interference for any RAS facility in the SZM. Below is a table of example threshold values for three RAS facilities in the SZM.
{Editor’s note: Table 1 to be completed at a later time; this table will be further informed by Report ITU-R RA.[SZM-THRESHOLDS (under development). Numerical threshold values depend on specific instrument parameters of the RAS facilities.}


TABLE 1
Threshold values of permissible interference to radio astronomy observations in the SZM

	Facility name
	

Frequency 
f
(Hz)
	Bandwidth 
f 
(Hz)
	Minimum antenna noise temperature
TA.
(K)
	Receiver noise temperature
TR
(K)
	System sensitivity
(noise fluctuations)
	Threshold interference levels

	
	
	
	
	
	Rms noise temperature
T
(K)
	Power spectral density
PS 
(W Hz-1)
	Input power
PH (W)
	Incident pfd
PH (2/4)-1
(W m-2)
	Spectral pfd
SH
(W m-2 Hz-1)
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