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Introduction
During last RAN4#110 meeting, extreme conditions testing was discussed for Ka band in [1] (Noted). This contribution was proposing the following:
 
	Proposal 2: Consider Extreme Test Environment for SAN conformance testing, as a measure to ensure proper and predictable operation in the whole range of supported environmental parameters declared by the manufacturer.  



In this contribution, we provide our views on the Extreme conditions testing for NTN SAN. 
Discussion
Extreme conditions testing was already discussed for NTN SAN during Rel-17. As an outcome, TS 38.181 has captured an informative Annex for the Environmental requirements for the SAN equipment, which includes Extreme test environment (extracted below, TS 38.181 v17.4.0): 
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The manufacturer shall declare the following parameters supported by the equipment:
1)	minimum and maximum operating temperatures
2)	maximum and minimum power supply
When an extreme test environment is specified for a test, the SPRF shall be tested within the limits of the conditions stated in table B.3.1-1.
Table B.3.1-1: Limits of conditions for extreme test environment for SPRF
	Condition
	Minimum
	Maximum

	Barometric pressure
	Declared by manufacturer
	Declared by manufacturer

	Relative humidity 
	Declared by manufacturer
	Declared by manufacturer

	Vibration
	Declared by manufacturer
	Declared by manufacturer

	Additional conditions
	Declared by manufacturer
	Declared by manufacturer

	NOTE: 	Additional extreme test conditions might be decided outside 3GPP, according to the specific mission requirements, together with operator and manufacturer customizations.
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For SAN terrestrial equipment, the manufacturer shall declare one of the following:
1)	The equipment class for the equipment under test, as defined in the IEC 60 721-3-3 [19];
2)	The equipment class for the equipment under test, as defined in the IEC 60 721-3-4 [20];
3)	The equipment that does not comply with the mentioned classes, the relevant classes from IEC 60 721 [21] documentation for temperature, humidity and vibration shall be declared.
NOTE:	Reduced functionality for conditions that fall outside of the standard operational conditions is not tested in the present document. These may be stated and tested separately.
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When an extreme temperature test environment is specified for a test, the test shall be performed at the minimum and maximum operating temperatures declared by the manufacturer for the equipment under test.
NOTE:	It is recommended that the equipment is made fully operational prior to the equipment being taken to its lower operating temperature.
For SPRF:
The test at minimum and maximum temperatures shall be performed with the environment test equipment and methods including the required environmental phenomena into the equipment, conforming to the test procedures specific to space equipment, as declared by the manufacturer.
For SAN terrestrial equipment:
The test at minimum temperature shall be performed with the environment test equipment and methods including the required environmental phenomena into the equipment, conforming to the test procedure of IEC 60 068-2-1 [14]. It is allowed to exclude from this test condition the equipment which is difficult to include due to size limitations. Such exclusion shall be recorded in the test report.
The test at maximum temperature shall be performed with the environmental test equipment and methods including the required environmental phenomena into the equipment, conforming to the test procedure of IEC 60 068-2-2 [15]. It is allowed to exclude from this test condition the equipment which is difficult to include due to size limitations. Such exclusion shall be recorded in the test report.
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When extreme power supply conditions are specified for a test, the test shall be performed at the standard upper and lower limits of operating voltage defined by manufacturer's declaration for the equipment under test.Upper voltage limit:
The equipment shall be supplied with a voltage equal to the upper limit declared by the manufacturer (as measured at the input terminals to the equipment). 
For SPRF the tests shall be carried out at the steady state minimum and maximum temperature limits declared by the manufacturer for the equipment, as described in clause B.3.2.For SAN terrestrial equipment the tests shall be carried out at the steady state minimum and maximum temperature limits declared by the manufacturer for the equipment, to the methods described in IEC 60 068-2-1 [14] Test Ab/Ad and IEC 60 068-2-2 [15] Test Bb/Bd: Dry heat.  It is allowed to exclude from this test condition the equipment which is difficult to include due to size limitations. Such exclusion shall be recorded in the test report.
Lower voltage limit:
The equipment shall be supplied with a voltage equal to the lower limit declared by the manufacturer (as measured at the input terminals to the equipment). 
For SPRF the tests shall be carried out at the steady state minimum and maximum temperature limits declared by the manufacturer for the equipment, as described in clause B.3.2.
For SAN terrestrial equipment the tests shall be carried out at the steady state minimum and maximum temperature limits declared by the manufacturer for the equipment, to the methods described in IEC 60 068-2-1 [14] Test Ab/Ad and IEC 60 068-2-2 [15] Test Bb/Bd: Dry heat.  It is allowed to exclude from this test condition the equipment, which is difficult to include due to size limitations. Such exclusion shall be recorded in the test report.



It shall be noted that there are no Core requirement defined in TS 38.108 for the Extreme test conditions. Furthermore, annex in TS 38.181 defined the extreme test conditions based on manufacturer declarations, which are captured in rather open ended manner, not following manufacturer declarations framework in clause 4.6 of TS 38.181: 
	Condition
	Minimum
	Maximum

	Barometric pressure
	Declared by manufacturer
	Declared by manufacturer

	Relative humidity 
	Declared by manufacturer
	Declared by manufacturer

	Vibration
	Declared by manufacturer
	Declared by manufacturer

	Additional conditions
	Declared by manufacturer
	Declared by manufacturer

	NOTE: 	Additional extreme test conditions might be decided outside 3GPP, according to the specific mission requirements, together with operator and manufacturer customizations.



We have observed that some companies are still interested in extreme conditions testing, while the interest is still quite limited. Proper modelling and reconstruction of extreme conditions for LEO or GEO orbits is also expected to be challenging technical task, requiring high specialty chambers, etc. In order to allow manufacturer declared set of boundaries for the extreme conditions testing, we proposed the following set of proposals: 
Proposal 1: Consider extreme conditions testing for NTN SAN in band agnostic manner, i.e. not to re-open this discussion for each new NTN frequency range or band, e.g. Ka, Ku, etc.
Proposal 2: Introduce new dedicated set of optional manufacturer declarations in TS 38.181, table 4.6-1, reflecting existing content of Annex B, with the following modifications (Track Changes):  
Table 4.6-1 Manufacturers declarations for SAN type 1-H conducted test requirements, and for SAN type 1-H and SAN type 1-O radiated test requirements
	Declaration identifier
	Declaration
	Description
	Applicability
(Note 1)

	
	
	
	SAN type 1-H
(Note 2)
	SAN type 1-O
	SAN type 2-O

	…
	
	
	
	
	

	D.106
	Minimum barometric pressure
	Minimum value of the barometric pressure for the extreme test environment for Satellite Payload RF (SPRF).
	o
	o
	o

	D.107
	Maximum barometric pressure
	Maximum value of the barometric pressure for the extreme test environment for SPRF.
	o
	o
	o

	D.108
	Minimum relative humidity
	Minimum value of the relative humidity for the extreme test environment for SPRF.
	o
	o
	o

	D.109
	Maximum relative humidity
	Maximum value of the relative humidity for the extreme test environment for SPRF.
	o
	o
	o

	D.110
	Minimum vibration
	Minimum value of the vibration for the extreme test environment for SPRF.
	o
	o
	o

	D.111
	Maximum vibration
	Maximum value of the vibration for the extreme test environment for SPRF.
	o
	o
	o

	D.112
	Additional conditions for extreme testing
	Additional (e.g. mission-specific) conditions for the extreme test environment for SPRF.
	o
	o
	o

	 NOTE 1:	Manufacturer declarations applicable per SAN requirement set were marked as "x" (related radiated declaration applies), or "c" (related conducted declaration applies), or “o” (optional declaration). Manufacturer declarations not applicable per SAN requirement set were marked as "n/a".
NOTE 2:	For SAN type 1-H, the only radiated declarations are related to EIRP and EIS requirements. For declarations marked as 'c', related conducted declarations apply, and for declarations marked as 'x', related radiated declarations apply. 
NOTE 3:	Depending on the capability of the system some of these beams may be the same. For those same beams, testing is not repeated.
NOTE 4:	These operating bands are related to their respective single‑band RIBs, or single-band TAB connectors.
NOTE 5:	As each identified OSDD has a declared minimum EIS value (D.23), multiple operating band can only be declared if they have the same minimum EIS declaration.
NOTE 6:	If the SAN type 1-H or SAN type 1-O is not capable of redirecting the receiver target related to the OSDD then there is only one RoAoA applicable to the OSDD.
NOTE 7:	For an OSDD without receiver target redirection range, this is a direction inside the sensitivity RoAoA.
NOTE 8:	OTA coverage range is used for conformance testing of such TX OTA requirements as occupied bandwidth, frequency error or EVM.
NOTE 9:	The OTA coverage reference direction may be the same as the Reference beam direction pair (D.8) but does not have to be.
NOTE 10:	Parameters for contiguous spectrum operation in the operating band are assumed to be the same unless they are separately declared. When separately declared, they shall still use the same declaration identifier.
NOTE 11:	If a SAN is capable of 64QAM DL operation then up to two rated output power declarations may be made. One declaration is applicable when configured for 64QAM transmissions, and the other declaration is applicable when not configured for 64QAM transmissions.



The above modification is not Ka-band specific, but it solves the problem for Ka band as well. 
Based on Proposal 2: 
Proposal 3: Improve the existing content of the Annex B in TS 38.181, by applying the unified approach to the manufacturer declarations, with the following modifications (Track Changes):  
	Condition
	Minimum
	Maximum

	Barometric pressure
	D.106 Declared by manufacturer
	D.107 Declared by manufacturer

	Relative humidity 
	D.108 Declared by manufacturer
	D.109 Declared by manufacturer

	Vibration
	D.110 Declared by manufacturer
	D.111 Declared by manufacturer

	Additional conditions
	D.112 Declared by manufacturer
	D.112 Declared by manufacturer

	NOTE: 	Additional extreme test conditions might be decided outside 3GPP, according to the specific mission requirements, together with operator and manufacturer customizations.



Conclusions 
Based on the discussion above, the following proposals were formulated: 
Proposal 1: Consider extreme conditions testing for NTN SAN in band agnostic manner, i.e. not to re-open this discussion for each new NTN frequency range or band, e.g. Ka, Ku, etc.
Proposal 2: Introduce new dedicated set of optional manufacturer declarations in TS 38.181, table 4.6-1, reflecting existing content of Annex B, with the following modifications (Track Changes):  
Table 4.6-1 Manufacturers declarations for SAN type 1-H conducted test requirements, and for SAN type 1-H and SAN type 1-O radiated test requirements
	Declaration identifier
	Declaration
	Description
	Applicability
(Note 1)

	
	
	
	SAN type 1-H
(Note 2)
	SAN type 1-O
	SAN type 2-O

	…
	
	
	
	
	

	D.106
	Minimum barometric pressure
	Minimum value of the barometric pressure for the extreme test environment for Satellite Payload RF (SPRF).
	o
	o
	o

	D.107
	Maximum barometric pressure
	Maximum value of the barometric pressure for the extreme test environment for SPRF.
	o
	o
	o

	D.108
	Minimum relative humidity
	Minimum value of the relative humidity for the extreme test environment for SPRF.
	o
	o
	o

	D.109
	Maximum relative humidity
	Maximum value of the relative humidity for the extreme test environment for SPRF.
	o
	o
	o

	D.110
	Minimum vibration
	Minimum value of the vibration for the extreme test environment for SPRF.
	o
	o
	o

	D.111
	Maximum vibration
	Maximum value of the vibration for the extreme test environment for SPRF.
	o
	o
	o

	D.112
	Additional conditions for extreme testing
	Additional (e.g. mission-specific) conditions for the extreme test environment for SPRF.
	o
	o
	o

	 NOTE 1:	Manufacturer declarations applicable per SAN requirement set were marked as "x" (related radiated declaration applies), or "c" (related conducted declaration applies), or “o” (optional declaration). Manufacturer declarations not applicable per SAN requirement set were marked as "n/a".
NOTE 2:	For SAN type 1-H, the only radiated declarations are related to EIRP and EIS requirements. For declarations marked as 'c', related conducted declarations apply, and for declarations marked as 'x', related radiated declarations apply. 
NOTE 3:	Depending on the capability of the system some of these beams may be the same. For those same beams, testing is not repeated.
NOTE 4:	These operating bands are related to their respective single‑band RIBs, or single-band TAB connectors.
NOTE 5:	As each identified OSDD has a declared minimum EIS value (D.23), multiple operating band can only be declared if they have the same minimum EIS declaration.
NOTE 6:	If the SAN type 1-H or SAN type 1-O is not capable of redirecting the receiver target related to the OSDD then there is only one RoAoA applicable to the OSDD.
NOTE 7:	For an OSDD without receiver target redirection range, this is a direction inside the sensitivity RoAoA.
NOTE 8:	OTA coverage range is used for conformance testing of such TX OTA requirements as occupied bandwidth, frequency error or EVM.
NOTE 9:	The OTA coverage reference direction may be the same as the Reference beam direction pair (D.8) but does not have to be.
NOTE 10:	Parameters for contiguous spectrum operation in the operating band are assumed to be the same unless they are separately declared. When separately declared, they shall still use the same declaration identifier.
NOTE 11:	If a SAN is capable of 64QAM DL operation then up to two rated output power declarations may be made. One declaration is applicable when configured for 64QAM transmissions, and the other declaration is applicable when not configured for 64QAM transmissions.



Proposal 3: Improve the existing content of the Annex B in TS 38.181, by applying the unified approach to the manufacturer declarations, with the following modifications (Track Changes):  
	Condition
	Minimum
	Maximum

	Barometric pressure
	D.106 Declared by manufacturer
	D.107 Declared by manufacturer

	Relative humidity 
	D.108 Declared by manufacturer
	D.109 Declared by manufacturer

	Vibration
	D.110 Declared by manufacturer
	D.111 Declared by manufacturer

	Additional conditions
	D.112 Declared by manufacturer
	D.112 Declared by manufacturer

	NOTE: 	Additional extreme test conditions might be decided outside 3GPP, according to the specific mission requirements, together with operator and manufacturer customizations.
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