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1 Introduction
Referring to the NTN IoT WID in [1], TS 36.181 was listed as one of the new specifications to be introduced for the IoT SAN conformance testing.
In this contribution we provide initial analysis of conducted and radiated IoT NTN SAN RF conformance testing requirements. 
2 Discussion
2.1 Alignment with the Rel-17 NTN SAN progress
NTN SAN conformance testing specification TS 38.181 [2] was supposed to be finished in December 2022, but the WI was extended till March due to some missing RRM aspects. 
Referring to NTN SAN conformance testing specification TS 38.181 [2], some concerns on the radiated conformance testing were discussed during last RAN4#105 meeting, based on [3] as extracted below for reader’s convenience. For technical justification, please refer to [4], section 2.1. 
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As radiated testability of the IoT NTN SAN is expected to be performed is the same manner as for the NTN SAN (besides RAT-specific signal generation), it is important to keep those two test specifications aligned. 
[bookmark: _Ref127011297][bookmark: _Toc127011350]Proposal 1: TS 36.181 shall capture same DUT size clarification for the OTA conformance testing requirements applicability, same as captured in TS 38.181. 
NOTE:	OTA SAN testability issue may be subject to further studies and discussions. Any further adjustments to TS 38.181 shall be also reflected into TS 36. 181. 

2.2 SAN RF conformance testing requirements
2.2.1 Analysis of the Measurement Uncertainty values
In this section we collect input values for the analysis of MU applicable to IoT NTN SAN measurements both in conducted and radiated test setup. In the following tables we collect values, including brief motivation. 
2.2.1.1 Tx MU
Based on TS 36.141 and TS 38.181, Tx MU values were collected for conducted and radiated Tx measurements. 
Table 1: Maximum Test System uncertainty for conducted transmitter tests
	Clause
	Maximum Test System Uncertainty
	Comments and motivation for the proposed MU values

	6.2 SAN output power
	±0.7 dB, f ≤ 3 GHz
±1 dB for standalone NB-IoT
	E-UTRA values aligned with TS 38.181 and TS 36.141.
Standalone NB-IoT value from 36.141

	6.3 Output power dynamics
	±0.4 dB
	E-UTRA values aligned with TS 38.181 and TS 36.141.

	6.5.2 Frequency error
	±12 Hz
	E-UTRA values aligned with TS 38.181 and TS 36.141.

	6.5.3 EVM
	±1%
	E-UTRA values aligned with TS 38.181 and TS 36.141.

	6.5.5 DL RS power
	±0.8 dB, f ≤ 3 GHz
	Aligned with TS 36.141

	6.6.2 Occupied bandwidth
	1.4 MHz channel BW: 30 kHz
	Aligned with TS 36.141

	6.6.3 Adjacent Channel Leakage power Ratio (ACLR)
	±0.8 dB
	Aligned with TS 38.181 and TS 36.141

	6.6.4 Operating band unwanted emissions
	±1.5 dB, f ≤ 3 GHz
	Aligned with TS 38.181 and TS 36.141

	[6.6.5.5.1.1] TX spurious emissions: General requirements
	9 kHz < f ≤ 4 GHz: ±2 dB
4 GHz < f ≤ 15 GHz: ±4 dB
	Aligned with TS 38.181 and TS 36.141

	[6.6.5.5.1.2] TX spurious emissions: Protection of SAN receiver
	±3 dB
	Aligned with TS 38.181 and TS 36.141

	NOTE:	Test system uncertainty values are applicable for normal condition unless otherwise stated.



Table 2: Maximum OTA Test System uncertainty for OTA transmitter tests
	Clause
	Maximum OTA Test System uncertainty
	Comments and motivation for the proposed MU values

	9.2 Radiated transmit power
	E-UTRA: [±1.1] dB, f ≤ 3 GHz
	E-UTRA value aligned with TS 38.181.
Standalone NB-IoT value derivation FFS with  
±[1.1 ÷ 1.4] dB range as starting point:  
- lower bound from E-UTRA
- upper bound estimated as: MUOTA_EUTRA_low + MUconducted_NBIoT - MUconducted_EUTRA

	9.3 OTA SAN output power
	[±1.4] dB, f ≤ 3 GHz
	Aligned with TS 38.181

	9.4.3 OTA total power dynamic range 
	[bookmark: OLE_LINK85][bookmark: OLE_LINK86][±0.4] dB
	Aligned with TS 38.181

	9.6.2 OTA frequency error
	[±12] Hz
	Aligned with TS 38.181

	9.6.3 OTA EVM
	[±1] %
	Aligned with TS 38.181

	9.6.5 OTA DL RS power
	[±1.1] dB
	FFS: reusing MU from the EIRP directional requirement measurement. 

	9.7.2 OTA occupied bandwidth
	1.4 MHz channel BW: 30 kHz
	Aligned with the conducted OBW requirement (and therefore with TS 36.141). 

	9.7.3 OTA ACLR
	[±1] dB, f ≤ 3 GHz
	Aligned with TS 38.181

	9.7.4 OTA operating band unwanted emissions
	Absolute power: [±1.8] dB, f ≤ 3 GHz
	Aligned with TS 38.181

	[9.7.5.5.1] OTA TX spurious emissions: General requirements
	[±2.3] dB, 30 MHz < f ≤ 6 GHz
[±4.2] dB, 6 GHz < f ≤ 15 GHz
	Aligned with TS 38.181

	NOTE:	Test system uncertainty values are applicable for normal condition unless otherwise stated.



It shall be noted that OTA TX MU values are in [], as they are still in [] in the source NTN SAN spec TS 38.181. 
Proposal 2: Consider TX MU values for conducted (in Table 1) and radiated (in Table 2) testing as the baseline for the derivation of TT values. 

2.2.1.2 Rx MU
Based on TS 36.141 and TS 38.181, Rx MU values were collected for conducted and radiated Rx measurements. 
Table 3: Maximum Test System Uncertainty for conducted receiver tests
	Clause
	Maximum Test System Uncertainty
	Comments and motivation for the proposed MU values

	7.2 Reference sensitivity level
	±0.7 dB, f ≤ 3 GHz
For NB-IoT: ±1 dB, f ≤ 3 GHz
	E-UTRA value aligned with TS 38.181.
Standalone NB-IoT value taken from TS 36.141.

	7.3 Dynamic range
	±0.3 dB
	Aligned with TS 38.181 and TS 36.141.

	7.4.1 Adjacent channel selectivity 
	±1.4 dB, f ≤ 3 GHz
	Aligned with TS 38.181 and TS 36.141.

	7.5 Out-of-band blocking
	fwanted ≤ 3GHz
1 MHz < finterferer ≤ 3 GHz: ±1.3 dB
3 GHz < finterferer ≤ 4.2 GHz: ±1.5 dB
4.2GHz < finterferer ≤ 12.75 GHz: ±3.2 dB
	Aligned with TS 38.181 and TS 36.141.

	7.8 In-channel selectivity
	±1.4 dB, f ≤ 3 GHz
	Aligned with TS 38.181 and TS 36.141.

	NOTE:	Test system uncertainty values are applicable for normal condition unless otherwise stated.



Table 4: Maximum OTA Test System uncertainty for FR1 OTA receiver tests
	Clause
	Maximum OTA Test System uncertainty
	Comments and motivation for the proposed MU values

	10.2 OTA sensitivity
	[±1.3] dB, f ≤ 3 GHz
	Aligned with TS 38.181

	10.3 OTA reference sensitivity level
	[±1.3] dB, f ≤ 3 GHz
	Aligned with TS 38.181

	10.4 OTA dynamic range 
	[±0.3] dB
	Aligned with TS 38.181

	10.5.1 OTA adjacent channel selectivity
	[±1.7] dB, f ≤ 3 GHz
	Aligned with TS 38.181

	 10.6 OTA out-of-band blocking
	fwanted ≤ 3 GHz:
[±2] dB, finterferer ≤ 3 GHz
[±2.1] dB, 3 GHz < finterferer ≤ 6 GHz
[±3.5] dB, 6 GHz < finterferer ≤ 12.75 GHz
	Aligned with TS 38.181

	10.9 OTA in-channel selectivity 
	[±1.7] dB, f ≤ 3 GHz
	Aligned with TS 38.181

	NOTE:	Test system uncertainty values are applicable for normal condition unless otherwise stated.



It shall be noted that OTA RX MU values are in [], as they are still in [] in the source NTN SAN spec TS 38.181.
It shall be noted that there were no NB-IoT specific MU values captured in the NR specification (which also supports NB-IoT operation). Therefore further clarifications may be needed to any NB-IoT specific MU values.  
Proposal 3: Consider RX MU values for conducted (in Table 3) and radiated (in Table 4) testing as the baseline for the derivation of TT values. 
2.2.2 Conducted TX requirements TT
Based on the MU data collection in section 2.2.1, below conducted TX requirements are analysed, considering legacy E-UTRA BS test spec, and recent Rel-17 developments for NTN SAN.
	Requirement
	Core requirement in TS 36.108
	TT values
	Proposed TS 36.181 approach

	SAN output power
	
	36.108 refers to TS 38.108: based on a set of 4 manufacturer declarations for Prated limits.
Normal conditions: ±2 dB accuracy
	E-UTRA: 0.7 dB

NB-IoT: 1 dB
	E-UTRA: Reuse TS 38.181 requirement, i.e. ±2.7 dB accuracy

NB-IoT: ±3 dB accuracy

	Output power dynamics
	RE power control dynamic range
	36.108 refers to TS 38.108
	0.4 dB

	Reuse TS 38.181 requirement.

	
	Total power dynamic range
	TPDR defined for 1.4 MHz channel BW
	
	Define as: 
Total power dynamic range – TT (dB) = 7.7 – 0.4 = 7.3 dB

	Transmit ON/OFF power
	
	Not applicable for SAN

	Transmitted signal quality
	Frequency error
	±0.05 ppm over 1ms, same as BS specs
	12 Hz
	Define as Frequency Error limit + TT, for both NB-IoT and eMTC.

0.05 ppm + 12 Hz observed over 1 ms.


	
	Modulation quality
	36.108 refers to 36.104
	1%
	Reuse TS 38.181 requirement, i.e. 
EVM limit + TT

	
	Time alignment error
	Not applicable for SAN

	
	DL RS power
	36.108 refers to 36.104
DL RS:  2.1 dB
	0.8 dB, f ≤ 3.0GHz
	Formula:
limit + TT
DL RS power shall be within 2.9 dB, f ≤ 3.0GHz

	Unwanted emissions
	Occupied bandwidth
	36.108 refers to TS 38.108 
	0 Hz
	Minimum requirement = test requirement

	
	Adjacent Channel Leakage Power Ratio
	LEO: 14 dB
GEO: 24 dB
	BW ≤ 20MHz:
 0.8 dB
	Formula:
Minimum Requirement + TT, i.e. 
LEO: 13.2 dB
GEO: 23.2 dB

	
	Operating band unwanted emissions
	As per SM.1541-6
	0 dB
	Minimum requirement = test requirement

	
	Transmitter spurious emissions: General
	As per SM.329
	0 dB
	Minimum requirement = test requirement

	
	Transmitter spurious emissions: Protection of the own Satellite Access Node receiver
	E-UTRA: -96 dBm/100kHz
	0 dB
	Minimum requirement = test requirement

	
	Transmitter spurious emissions: Additional spurious emissions requirements
	Not applicable for SAN

	Transmitter intermodulation
	
	Not applicable for SAN 

	NOTE:	Test system uncertainty values are applicable for normal condition unless otherwise stated.


Based on the above analysis, the following proposals are formulated: 
[bookmark: _Ref127012232][bookmark: _Ref127012306]Proposal 4: Define conducted SAN output power test requirement for IoT NTN SAN based on 0.7dB TT value for E-UTRA as ±2.7 dB accuracy.
Proposal 5: Define conducted SAN output power test requirement for IoT NTN SAN based on 1dB TT value for NB-IoT as ±3 dB accuracy.
[bookmark: _Ref127011668]Proposal 6: as per alignment with the NTN SAN conformance testing specification, reuse the following conducted TX test requirements limit from TS 38.181 (exact spec implementation text is FFS) for the following requirements: RE power control dynamic range, Frequency error, Modulation quality, Occupied bandwidth (regulatory requirement; TT = 0Hz), Operating band unwanted emissions (regulatory requirement; TT = 0dB), Transmitter spurious emissions (regulatory requirement; TT = 0dB)
[bookmark: _Ref127012309]Proposal 7: Define conducted Total power dynamic range test requirement for IoT NTN SAN as 7.3 dB.
[bookmark: _Ref127012312]Proposal 8: Define conducted DL RS power test requirement for IoT NTN SAN based on 0.8dB TT value, as 2.9 dB.
[bookmark: _Ref127012314]Proposal 9: Define conducted ACLR test requirement for IoT NTN SAN based on 0.8dB TT, as 13.2 dB for LEO SAN, and as 23.2 dB for GEO SAN.
2.2.3 Conducted RX requirements TT
Based on the MU data collection in section 2.2.1, below conducted RX requirements are analysed, considering legacy E-UTRA BS test spec, and recent Rel-17 developments for NTN SAN.
	Requirement
	Core requirement in TS 36.108
	TT values
	Proposed TS 36.181 approach

	Reference sensitivity level
	
	E-UTRA GEO, 1.4MHz: -104.4 dBm
E-UTRA LEO, 1.4MHz: -107.5 dBm 

NB-IoT GEO, 15kHz SCS: -124.9
NB-IoT GEO, 3.75kHz SCS: -130.9
NB-IoT LEO, 15kHz SCS: -128
NB-IoT LEO, 3.75kHz SCS: -134
	E-UTRA: 0.7 dB

NB-IoT: 1 dB
	Formula: Reference sensitivity power level + TT:
E-UTRA GEO, 1.4MHz: -103.7 dBm
E-UTRA LEO, 1.4MHz: -106.8 dBm 

NB-IoT GEO, 15kHz SCS: -123.9
NB-IoT GEO, 3.75kHz SCS: -129.9
NB-IoT LEO, 15kHz SCS: -127
NB-IoT LEO, 3.75kHz SCS: -133

	Dynamic range
	
	Wanted signal mean power: 
LEO: E-UTRA: -82 dBm
 
GEO: NB-IoT, 15kHz SCS: -97.3 dBm
GEO: NB-IoT, 3.75kHz SCS: -103.2 dBm
LEO: NB-IoT, 15kHz SCS: [-89.4 dBm]
LEO: NB-IoT, 3.75kHz SCS: [-95.3 dBm]
	0.3 dB
	Reuse TS 38.181 framework, while wanted signal mean power: 
LEO: E-UTRA: -81.7 dBm
 
GEO: NB-IoT, 15kHz SCS: -97 dBm
GEO: NB-IoT, 3.75kHz SCS: -102.9 dBm
LEO: NB-IoT, 15kHz SCS: [-89.1 dBm]
LEO: NB-IoT, 3.75kHz SCS: [-95 dBm]

Interferer signal power unchanged.

	In-band selectivity and blocking
	Adjacent Channel Selectivity (ACS)
	E-UTRA: 
- Wanted signal mean power: PREFSENS + 11dB
- Interfering signal mean power: -57.6 dBm (GEO), -60.7 dBm (LEO)

NB-IoT: 
- Wanted signal mean power: PREFSENS + 19.5dB
- Interfering signal mean power: -56.6 dBm (GEO), -59.7 dBm (LEO)
	0 dB
	Minimum requirement = test requirement

Interferer signal power unchanged.

	
	In-band blocking
	Not applicable for SAN

	Out-of-band blocking
	
	- Wanted signal mean power: PREFSENS + 6dB
- Interfering signal mean power: -44 dBm
	0 dB
	Minimum requirement = test requirement

	Receiver spurious emissions
	
	Not applicable for SAN

	Receiver intermodulation
	
	Not applicable for SAN

	In-channel selectivity
	
	E-UTRA Wanted signal mean power: 
GEO: -104.5 dBm
LEO: -107.6 dBm

E-UTRA interfering signal mean power: 
GEO: -97.6 dBm
LEO: -88.7 dBm
	1.4 dB
	Reuse TS 38.181 framework, while wanted signal mean power: 
GEO: -103.1 dBm
LEO: -106.2 dBm

Interferer signal power unchanged.



Based on the above analysis, the following proposals are formulated:
Proposal 10: Define conducted Reference sensitivity level requirement for IoT NTN SAN as follows based on the TS38.181 framework; TT=0.7dB for E-UTRA, TT = 1 dB for NB-IoT: 
Table 7.2.2-1: Reference sensitivity levels of SAN supporting E-UTRA (GEO class payload)
	SAN channel bandwidth (MHz)
	Sub-carrier spacing (kHz)
	Reference measurement channel
(NOTE)

	Reference sensitivity power level, PREFSENS
 (dBm)

	1.4
	15
	FRC A1-1 in Annex A.1
	-103.7

	NOTE:	PREFSENS is the power level of a single instance of the reference measurement channel.



Table 7.2.2-2: Reference sensitivity levels of SAN supporting E-UTRA (LEO class payload)
	SAN channel bandwidth (MHz)
	Sub-carrier spacing (kHz)
	Reference measurement channel
(NOTE)

	Reference sensitivity power level, PREFSENS
 (dBm)

	1.4
	15
	FRC A1-1 in Annex A.1
	-106.8

	NOTE:	PREFSENS is the power level of a single instance of the reference measurement channel.



Table 7.2.1-3: Reference sensitivity levels of SAN supporting standalone NB-IoT operation (GEO class payload)
	SAN  channel bandwidth [kHz]
	Sub-carrier spacing
[kHz]
	Reference measurement channel
	 Reference sensitivity power level, PREFSENS
 [dBm]

	200
	15
	FRC A14-1 in Annex A.14
	-123.9

	200
	3.75
	FRC A14-2 in Annex A.14
	-129.9



Table 7.2.1-4: Reference sensitivity levels of SAN supporting standalone NB-IoT operation (LEO class payload)
	SAN  channel bandwidth [kHz] [kHz]
	Sub-carrier spacing
[kHz]
	Reference measurement channel
	 Reference sensitivity power level, PREFSENS
 [dBm]

	200
	15
	FRC A14-1 in Annex A.14
	-127

	200
	3.75
	FRC A14-2 in Annex A.14
	-133



Proposal 11: Define conducted Dynamic range requirement for IoT NTN SAN as follows based on the TS38.181 framework and applying TT=0.3dB for the wanted signal mean power value: 
Table 7.3.2-1: Dynamic range of SAN supporting E-UTRA (LEO class payload)
	SAN   channel bandwidth [MHz]
	Reference measurement channel
	Wanted signal mean power [dBm]
	Interfering signal mean power [dBm] / BWConfig
	Type of interfering signal

	1.4
	FRC A2-1 in Annex A.2
	-81.7
	-94.4
	AWGN

	Note:	The wanted signal mean power is the power level of a single instance of the reference measurement channel.



Table 7.3.2-2: Dynamic range of SAN supporting standalone NB-IoT operation (GEO class payload)
	SAN   channel bandwidth [kHz]
	Reference measurement channel
	Wanted signal mean power [dBm]
	Interfering signal mean power [dBm] / BWChannel
	Type of interfering signal

	200
	FRC A15-1 in Annex A.15
	-97
	-93.6
	AWGN

	200
	FRC A15-2 in Annex A.15
	-102.9
	-93.6
	AWGN



Table 7.3.2-3: Dynamic range of SAN supporting standalone NB-IoT operation (LEO class payload)
	SAN   channel bandwidth [kHz]
	Reference measurement channel
	Wanted signal mean power [dBm]
	Interfering signal mean power [dBm] / BWChannel
	Type of interfering signal

	200
	FRC A15-1 in Annex A.15
	[-89.1]
	[-85.7]
	AWGN

	200
	FRC A15-2 in Annex A.15
	[-95]
	[-85.7]
	AWGN



Proposal 12: as per alignment with the NTN SAN conformance testing specification, reuse the following conducted RX requirements core requirement limits as test requirement limits (regulatory requirements, TT = 0):  
· Adjacent Channel Selectivity (ACS)
· Out of band blocking
Proposal 13: Define conducted ICS requirement for IoT NTN SAN as follows based on the TS38.181 framework and applying TT=1.4dB for the wanted signal mean power value: 
Table 7.8.2-1 In-channel selectivity of SAN supporting E-UTRA (GEO class payload)
	SAN
channel bandwidth (MHz)
	Reference measurement channel
	Wanted signal mean power [dBm]
	Interfering signal mean power [dBm] 
	Type of interfering signal

	1.4
	A1-4 in Annex A.1
	-103.1
	-97.6
	1.4 MHz E-UTRA signal, 3 RBs



Table 7.8.2-2 In-channel selectivity of SAN supporting E-UTRA (LEO class payload)
	SAN
channel bandwidth (MHz)
	Reference measurement channel
	Wanted signal mean power [dBm]
	Interfering signal mean power [dBm] 
	Type of interfering signal

	1.4
	A1-4 in Annex A.1
	-106.2
	-88.7
	1.4 MHz E-UTRA signal, 3 RBs



2.2.4 Radiated TX requirements TT
Based on the MU data collection in section 2.2.1, OTA TX requirements derivations are analysed based on the core values from TS 36.108, and considering recent Rel-17 developments for NTN SAN.
	Requirement
	Core requirement in TS 36.108
	TT values
	Proposed TS 36.181 approach

	Radiated transmit power
	
	Accuracy requirement on top of the declared EIRP value. ±2.2 dB accuracy
	E-UTRA: 1.1 dB
NB-IoT: [1.1 ÷ 1.4] dB
	E-UTRA: 
Reuse TS 38.181 requirement, i.e. Upper limit + TT, Lower limit – TT 
Test requirement as ±3.3 dB accuracy

	
	
	
	
	NB-IoT: 
Verify if the E-UTRA TT value needs to be adjusted, or can be reused. 

	OTA Satellite Access Node output power
	
	±2 dB accuracy requirement on top of the declared TRP value.
	1.4 dB
	Reuse TS 38.181 requirement, i.e. Upper limit + TT, Lower limit – TT 
Test requirement as ±3.4 dB accuracy

	OTA output power dynamics
	OTA RE power control dynamic range
	Core requirement same as conducted, i.e. 36.108 refers to TS 38.108
	0.4 dB
	Reuse TS 38.181 requirement.

	
	OTA total power dynamic range
	Core requirement same as conducted
	
	Test requirement same as conducted requirement, i.e.
OTA total power dynamic range derived as:
7.3 dB

	OTA transmit ON/OFF power
	
	Not applicable for SAN

	OTA transmitted signal quality
	OTA frequency error
	Core requirement same as conducted, i.e. ±0.05 ppm over 1ms
	12 Hz
	Test requirement same as conducted requirement, i.e. ±0.05 ppm +12Hz over 1ms

	
	OTA modulation quality
	Core requirement same as conducted, i.e. 36.108 refers to 36.104
	1%
	Same as conducted requirement, i.e. Reuse TS 38.181 requirement as 
EVM limit + TT

	
	OTA time alignment error
	Not applicable for SAN

	
	OTA DL RS power
	Core requirement same as conducted, i.e. 36.108 refers to 36.104
DL RS:  2.1 dB 
	-
	DL RS can be categorized as directional EIRP measurement. Therefore the EIRP measurement TT can be reused (1.1 dB). 
With the formula as limit + TT, the OTA test requirement becomes: 
 2.1 +1.1 = 3.2 dB

	OTA unwanted emissions
	OTA occupied bandwidth
	Same requirement as conducted
	0 Hz
	Minimum requirement = test requirement

	
	OTA Adjacent Channel Leakage Power Ratio (ACLR)
	Same requirement as conducted
	1 dB
	Reuse TS 38.181 requirement, i.e. 
Relative limit – TT

GEO relative ACLR: 13 dB 
LEO relative ACLR: 23 dB

	
	OTA operating band unwanted emissions
	Same requirement as conducted
	0 dB
	Minimum requirement = test requirement

	
	OTA transmitter spurious emissions: General
	Same requirement as conducted
	0 dB
	Minimum requirement = test requirement

	OTA transmitter intermodulation
	
	Not applicable for SAN

	NOTE:	Test system uncertainty values are applicable for normal condition unless otherwise stated.



Based on the above analysis, the following proposals are formulated: 
Proposal 14: Define Radiated transmit power test requirement for IoT NTN SAN as follows: 
· E-UTRA: ±3.3 dB accuracy.
· Standalone NB-IoT: Verify if E-UTRA requirement can be re-used, or some adjustment of the TT is needed. 
Proposal 15: Define OTA Satellite Access Node output power test requirement for IoT NTN SAN as follows:
· E-UTRA: ±3.4 dB accuracy.
· Standalone NB-IoT: Verify if E-UTRA requirement can be re-used, or some adjustment of the TT is needed. 
Proposal 16: as per alignment with the NTN SAN conformance testing specification, reuse the following OTA TX test requirement limits from TS 38.181 (exact spec implementation text is FFS) for the following requirements: 
· OTA RE power control dynamic range
· OTA Frequency error
· OTA Modulation quality
· OTA Occupied bandwidth (regulatory requirement; TT = 0Hz)
· OTA Operating band unwanted emissions (regulatory requirement; TT = 0dB)
· OTA Transmitter spurious emissions (regulatory requirement; TT = 0dB)
Proposal 17: [Define OTA total power dynamic range test requirement for IoT NTN SAN as 7.3 dB (same as the conducted requirement)].
Proposal 18: [Define OTA DL RS power requirement for IoT NTN SAN as 3.2 dB, based on the reuse of the TT for EIRP measurement].
Proposal 19: Define OTA ACLR requirement for IoT NTN SAN as 13 dB for LEO SAN, and as 23 dB for GEO SAN, based on TT value of 1 dB.
2.2.5 Radiated RX requirements TT
Based on the MU data collection in section 2.2.1, OTA RX requirements derivations are analysed based on the core values from TS 36.108, and considering recent Rel-17 developments for NTN SAN.
	Requirement
	Core requirement in TS 36.108
	TT values
	Proposed TS 36.181 approach

	OTA sensitivity
	
	Declaration based
	1.3 dB
	Reuse TS 38.181 framework; 
Formula:
Declared Minimum EIS + 1.3 dB

	OTA reference sensitivity level
	
	E-UTRA GEO, 1.4MHz: -104.4 - ΔOTAREFSENS
E-UTRA LEO, 1.4MHz: -107.5 - ΔOTAREFSENS

NB-IoT GEO, 15kHz SCS: -124.9 - ΔOTAREFSENS
NB-IoT GEO, 3.75kHz SCS: -130.9 - ΔOTAREFSENS
NB-IoT LEO, 15kHz SCS: -128 - ΔOTAREFSENS
NB-IoT LEO, 3.75kHz SCS: -134 - ΔOTAREFSENS
	1.3 dB
	Reuse TS 38.181 framework; 
Formula:
EISREFSENS + TT:

E-UTRA GEO, 1.4MHz: -103.1 - ΔOTAREFSENS
E-UTRA LEO, 1.4MHz: -106.2 - ΔOTAREFSENS

NB-IoT GEO, 15kHz SCS: -123.6 - ΔOTAREFSENS
NB-IoT GEO, 3.75kHz SCS: -129.6 - ΔOTAREFSENS
NB-IoT LEO, 15kHz SCS: -126.7 - ΔOTAREFSENS
NB-IoT LEO, 3.75kHz SCS: -132.7 - ΔOTAREFSENS

	OTA dynamic range
	
	Wanted signal mean power: 
LEO: E-UTRA: -82 - ΔOTAREFSENS
 
GEO: NB-IoT, 15kHz SCS: -97.3 - ΔOTAREFSENS
GEO: NB-IoT, 3.75kHz SCS: -103.2 - ΔOTAREFSENS
LEO: NB-IoT, 15kHz SCS: [-89.4] - ΔOTAREFSENS
LEO: NB-IoT, 3.75kHz SCS: [-95.3 dBm] - ΔOTAREFSENS
	0.3 dB
	Same approach as for conducted requirement, i.e. reuse TS 38.181 framework, while wanted signal mean power: 
LEO: E-UTRA: -81.7 - ΔOTAREFSENS
 
GEO: NB-IoT, 15kHz SCS: -97 - ΔOTAREFSENS
GEO: NB-IoT, 3.75kHz SCS: -102.9 - ΔOTAREFSENS
LEO: NB-IoT, 15kHz SCS: [-89.1 dBm] - ΔOTAREFSENS
LEO: NB-IoT, 3.75kHz SCS: [-95 dBm] - ΔOTAREFSENS

Interferer signal power unchanged.

	OTA in-band selectivity and blocking
	OTA adjacent channel selectivity
	OTA requirement same as conducted requirement. 

E-UTRA: 
- Wanted signal mean power: PREFSENS + 11dB
- Interfering signal mean power: -57.6 dBm (GEO), -60.7 dBm (LEO)

NB-IoT: 
- Wanted signal mean power: PREFSENS + 19.5dB
- Interfering signal mean power: -56.6 dBm (GEO), -59.7 dBm (LEO)
	0 dB
	Minimum requirement = test requirement

Interferer signal power unchanged.

	
	OTA in-band blocking
	Not applicable for SAN

	OTA out-of-band blocking
	
	- Wanted signal mean power: PREFSENS + 6dB
- Interfering signal mean power: 0.0129 V/m
	0 dB
	Minimum requirement = test requirement

	OTA receiver spurious emissions
	
	Not applicable for SAN

	OTA receiver intermodulation
	
	Not applicable for SAN

	OTA in-channel selectivity
	
	E-UTRA Wanted signal mean power: 
GEO: -104.5 dBm - ΔminSENS
LEO: -107.6 dBm - ΔminSENS

E-UTRA interfering signal mean power: 
GEO: -97.6 dBm - ΔminSENS
LEO: -88.7 dBm - ΔminSENS
	1.7 dB
	Formula:
Wanted signal power + TT:

GEO: -102.8 dBm - ΔminSENS
LEO: -105.9 dBm - ΔminSENS

Interferer signal power unchanged



Based on the above analysis, the following proposals are formulated:
Proposal 20: Define OTA sensitivity level requirement for IoT NTN SAN as declaration based, with TT=1.3dB. Further verify if there is need to adjust the TT value for the NB-IoT (refer to the conducted TT discussion).
Proposal 21: Define OTA Reference sensitivity level requirement for IoT NTN SAN as follows based on the TS38.181 framework and TT=1.3dB. Further verify if there is need to adjust the TT value for the NB-IoT (refer to the conducted TT discussion): 
Table 10.3.2-1: Reference sensitivity levels of SAN supporting E-UTRA (GEO class payload)
	SAN channel bandwidth (MHz)
	Sub-carrier spacing (kHz)
	Reference measurement channel
(NOTE)

	Reference sensitivity power level, EISREFSENS
 (dBm)

	1.4
	15
	FRC A1-1 in Annex A.1
	-103.1 - ΔOTAREFSENS

	NOTE:	PREFSENS is the power level of a single instance of the reference measurement channel.



Table 10.3.2-2: Reference sensitivity levels of SAN supporting E-UTRA (LEO class payload)
	SAN channel bandwidth (MHz)
	Sub-carrier spacing (kHz)
	Reference measurement channel
(NOTE)

	Reference sensitivity power level, EISREFSENS
 (dBm)

	1.4
	15
	FRC A1-1 in Annex A.1
	-106.2 - ΔOTAREFSENS

	NOTE:	PREFSENS is the power level of a single instance of the reference measurement channel.



Table 10.3.2-3: Reference sensitivity levels of SAN supporting standalone NB-IoT operation (GEO class payload)
	SAN channel bandwidth [kHz]
	Sub-carrier spacing
[kHz]
	Reference measurement channel
	Reference sensitivity power level, EISREFSENS
 [dBm]

	200
	15
	FRC A14-1 in Annex A.14
	-[123.6] - ΔOTAREFSENS

	200
	3.75
	FRC A14-2 in Annex A.14
	-[129.6] - ΔOTAREFSENS



Table10.3.2-4: Reference sensitivity levels of SAN supporting standalone NB-IoT operation (LEO class payload)
	SAN channel bandwidth [kHz] [kHz]
	Sub-carrier spacing
[kHz]
	Reference measurement channel
	 Reference sensitivity power level, EISREFSENS
 [dBm]

	200
	15
	FRC A14-1 in Annex A.14
	-[126.7] - ΔOTAREFSENS

	200
	3.75
	FRC A14-2 in Annex A.14
	-[132.7] - ΔOTAREFSENS



Proposal 22: Define OTA Dynamic range requirement for IoT NTN SAN as follows based on the TS38.181 framework and applying TT=0.3dB for the wanted signal mean power value: 
Table 10.4.2-1: Dynamic range of SAN supporting E-UTRA (LEO class payload)
	SAN channel bandwidth [MHz]
	Reference measurement channel
	Wanted signal mean power [dBm]
	Interfering signal mean power [dBm] / BWConfig
	Type of interfering signal

	1.4
	FRC A2-1 in Annex A.2
	-81.7 - ΔOTAREFSENS
	-94.4 - ΔOTAREFSENS
	AWGN

	NOTE:	The wanted signal mean power is the power level of a single instance of the reference measurement channel. This requirement shall be met for each consecutive application of a single instance of FRC A2-3 mapped to disjoint frequency ranges with a width of 25 resource blocks each.



Table 10.4.2-2: Dynamic range of SAN supporting standalone NB-IoT operation (GEO class payload)
	SAN channel bandwidth [kHz]
	Reference measurement channel
	Wanted signal mean power [dBm]
	Interfering signal mean power [dBm] / BWChannel
	Type of interfering signal

	200
	FRC A15-1 in Annex A.15
	-97 - ΔOTAREFSENS
	-93.6 - ΔOTAREFSENS
	AWGN

	200
	FRC A15-2 in Annex A.15
	-102.9 - ΔOTAREFSENS
	-93.6 - ΔOTAREFSENS
	AWGN



Table 10.4.2-3: Dynamic range of SAN supporting standalone NB-IoT operation (LEO class payload)
	SAN channel bandwidth [kHz]
	Reference measurement channel
	Wanted signal mean power [dBm]
	Interfering signal mean power [dBm] / BWChannel
	Type of interfering signal

	200
	FRC A15-1 in Annex A.15
	[-89.1] - ΔOTAREFSENS
	[-85.7] - ΔOTAREFSENS
	AWGN

	200
	FRC A15-2 in Annex A.15
	[-95] - ΔOTAREFSENS
	[-85.7] - ΔOTAREFSENS
	AWGN



Proposal 23: as per alignment with the NTN SAN conformance testing specification, reuse the following OTA RX requirements core requirement limits as test requirement limits (regulatory requirements, TT = 0):  
· OTA Adjacent Channel Selectivity (ACS)
· OTA Out of band blocking

Proposal 24: Define OTA ICS requirement for IoT NTN SAN as follows based on the TS38.181 framework and applying TT=1.7dB for the wanted signal mean power value: 
Table 10.9.2-1: In-channel selectivity of SAN supporting E-UTRA (GEO class payload)
	SAN
channel bandwidth (MHz)
	Reference measurement channel
	Wanted signal mean power [dBm]
	Interfering signal mean power [dBm] 
	Type of interfering signal

	1.4
	A1-4 in Annex A.1
	-102.8 - ΔminSENS 
	-97.6 - ΔminSENS 
	1.4 MHz E-UTRA signal, 3 RBs



Table 10.9.2-2: In-channel selectivity of SAN supporting E-UTRA (LEO class payload)
	SAN
channel bandwidth (MHz)
	Reference measurement channel
	Wanted signal mean power [dBm]
	Interfering signal mean power [dBm] 
	Type of interfering signal

	1.4
	A1-4 in Annex A.1
	-105.9 - ΔminSENS 
	-88.7 - ΔminSENS 
	1.4 MHz E-UTRA signal, 3 RBs



3 Conclusions 
Based on the above discussion, the following proposals were formulated: 
	Proposal 1: TS 36.181 shall capture same DUT size clarification for the OTA conformance testing requirements applicability, same as captured in TS 38.181.

	Proposal 2: Consider TX MU values for conducted (in Table 1) and radiated (in Table 2) testing as the baseline for the derivation of TT values. 

	Proposal 3: Consider RX MU values for conducted (in Table 3) and radiated (in Table 4) testing as the baseline for the derivation of TT values. 

	Proposal 4: Define conducted SAN output power test requirement for IoT NTN SAN based on 0.7dB TT value for E-UTRA as ±2.7 dB accuracy.
Proposal 5: Define conducted SAN output power test requirement for IoT NTN SAN based on 1dB TT value for NB-IoT as ±3 dB accuracy.
Proposal 6: as per alignment with the NTN SAN conformance testing specification, reuse the following conducted TX test requirements limit from TS 38.181 (exact spec implementation text is FFS) for the following requirements: RE power control dynamic range, Frequency error, Modulation quality, Occupied bandwidth (regulatory requirement; TT = 0Hz), Operating band unwanted emissions (regulatory requirement; TT = 0dB), Transmitter spurious emissions (regulatory requirement; TT = 0dB)
Proposal 7: Define conducted Total power dynamic range test requirement for IoT NTN SAN as 7.3 dB.
Proposal 8: Define conducted DL RS power test requirement for IoT NTN SAN based on 0.8dB TT value, as 2.9 dB.
Proposal 9: Define conducted ACLR test requirement for IoT NTN SAN based on 0.8dB TT, as 13.2 dB for LEO SAN, and as 23.2 dB for GEO SAN.

	Proposal 10: Define conducted Reference sensitivity level requirement for IoT NTN SAN as follows based on the TS38.181 framework; TT=0.7dB for E-UTRA, TT = 1 dB for NB-IoT: 
Table 7.2.2-1: Reference sensitivity levels of SAN supporting E-UTRA (GEO class payload)
	SAN channel bandwidth (MHz)
	Sub-carrier spacing (kHz)
	Reference measurement channel
(NOTE)

	Reference sensitivity power level, PREFSENS
 (dBm)

	1.4
	15
	FRC A1-1 in Annex A.1
	-103.7

	NOTE:	PREFSENS is the power level of a single instance of the reference measurement channel.



Table 7.2.2-2: Reference sensitivity levels of SAN supporting E-UTRA (LEO class payload)
	SAN channel bandwidth (MHz)
	Sub-carrier spacing (kHz)
	Reference measurement channel
(NOTE)

	Reference sensitivity power level, PREFSENS
 (dBm)

	1.4
	15
	FRC A1-1 in Annex A.1
	-106.8

	NOTE:	PREFSENS is the power level of a single instance of the reference measurement channel.



Table 7.2.1-3: Reference sensitivity levels of SAN supporting standalone NB-IoT operation (GEO class payload)
	SAN  channel bandwidth [kHz]
	Sub-carrier spacing
[kHz]
	Reference measurement channel
	 Reference sensitivity power level, PREFSENS
 [dBm]

	200
	15
	FRC A14-1 in Annex A.14
	-123.9

	200
	3.75
	FRC A14-2 in Annex A.14
	-129.9



Table 7.2.1-4: Reference sensitivity levels of SAN supporting standalone NB-IoT operation (LEO class payload)
	SAN  channel bandwidth [kHz] [kHz]
	Sub-carrier spacing
[kHz]
	Reference measurement channel
	 Reference sensitivity power level, PREFSENS
 [dBm]

	200
	15
	FRC A14-1 in Annex A.14
	-127

	200
	3.75
	FRC A14-2 in Annex A.14
	-133



Proposal 11: Define conducted Dynamic range requirement for IoT NTN SAN as follows based on the TS38.181 framework and applying TT=0.3dB for the wanted signal mean power value: 
Table 7.3.2-1: Dynamic range of SAN supporting E-UTRA (LEO class payload)
	SAN   channel bandwidth [MHz]
	Reference measurement channel
	Wanted signal mean power [dBm]
	Interfering signal mean power [dBm] / BWConfig
	Type of interfering signal

	1.4
	FRC A2-1 in Annex A.2
	-81.7
	-94.4
	AWGN

	Note:	The wanted signal mean power is the power level of a single instance of the reference measurement channel.



Table 7.3.2-2: Dynamic range of SAN supporting standalone NB-IoT operation (GEO class payload)
	SAN   channel bandwidth [kHz]
	Reference measurement channel
	Wanted signal mean power [dBm]
	Interfering signal mean power [dBm] / BWChannel
	Type of interfering signal

	200
	FRC A15-1 in Annex A.15
	-97
	-93.6
	AWGN

	200
	FRC A15-2 in Annex A.15
	-102.9
	-93.6
	AWGN



Table 7.3.2-3: Dynamic range of SAN supporting standalone NB-IoT operation (LEO class payload)
	SAN   channel bandwidth [kHz]
	Reference measurement channel
	Wanted signal mean power [dBm]
	Interfering signal mean power [dBm] / BWChannel
	Type of interfering signal

	200
	FRC A15-1 in Annex A.15
	[-89.1]
	[-85.7]
	AWGN

	200
	FRC A15-2 in Annex A.15
	[-95]
	[-85.7]
	AWGN



Proposal 12: as per alignment with the NTN SAN conformance testing specification, reuse the following conducted RX requirements core requirement limits as test requirement limits (regulatory requirements, TT = 0):  
· Adjacent Channel Selectivity (ACS)
· Out of band blocking
Proposal 13: Define conducted ICS requirement for IoT NTN SAN as follows based on the TS38.181 framework and applying TT=1.4dB for the wanted signal mean power value: 
Table 7.8.2-1 In-channel selectivity of SAN supporting E-UTRA (GEO class payload)
	SAN
channel bandwidth (MHz)
	Reference measurement channel
	Wanted signal mean power [dBm]
	Interfering signal mean power [dBm] 
	Type of interfering signal

	1.4
	A1-4 in Annex A.1
	-103.1
	-97.6
	1.4 MHz E-UTRA signal, 3 RBs



Table 7.8.2-2 In-channel selectivity of SAN supporting E-UTRA (LEO class payload)
	SAN
channel bandwidth (MHz)
	Reference measurement channel
	Wanted signal mean power [dBm]
	Interfering signal mean power [dBm] 
	Type of interfering signal

	1.4
	A1-4 in Annex A.1
	-106.2
	-88.7
	1.4 MHz E-UTRA signal, 3 RBs




	Proposal 14: Define Radiated transmit power test requirement for IoT NTN SAN as follows: 
· E-UTRA: ±3.3 dB accuracy.
· Standalone NB-IoT: Verify if E-UTRA requirement can be re-used, or some adjustment of the TT is needed. 
Proposal 15: Define OTA Satellite Access Node output power test requirement for IoT NTN SAN as follows:
· E-UTRA: ±3.4 dB accuracy.
· Standalone NB-IoT: Verify if E-UTRA requirement can be re-used, or some adjustment of the TT is needed. 
Proposal 16: as per alignment with the NTN SAN conformance testing specification, reuse the following OTA TX test requirement limits from TS 38.181 (exact spec implementation text is FFS) for the following requirements: 
· OTA RE power control dynamic range
· OTA Frequency error
· OTA Modulation quality
· OTA Occupied bandwidth (regulatory requirement; TT = 0Hz)
· OTA Operating band unwanted emissions (regulatory requirement; TT = 0dB)
· OTA Transmitter spurious emissions (regulatory requirement; TT = 0dB)
Proposal 17: [Define OTA total power dynamic range test requirement for IoT NTN SAN as 7.3 dB (same as the conducted requirement)].
Proposal 18: [Define OTA DL RS power requirement for IoT NTN SAN as 3.2 dB, based on the reuse of the TT for EIRP measurement].
Proposal 19: Define OTA ACLR requirement for IoT NTN SAN as 13 dB for LEO SAN, and as 23 dB for GEO SAN, based on TT value of 1 dB.

	Proposal 20: Define OTA sensitivity level requirement for IoT NTN SAN as declaration based, with TT=1.3dB. Further verify if there is need to adjust the TT value for the NB-IoT (refer to the conducted TT discussion).
Proposal 21: Define OTA Reference sensitivity level requirement for IoT NTN SAN as follows based on the TS38.181 framework and TT=1.3dB. Further verify if there is need to adjust the TT value for the NB-IoT (refer to the conducted TT discussion): 
Table 10.3.2-1: Reference sensitivity levels of SAN supporting E-UTRA (GEO class payload)
	SAN channel bandwidth (MHz)
	Sub-carrier spacing (kHz)
	Reference measurement channel
(NOTE)

	Reference sensitivity power level, EISREFSENS
 (dBm)

	1.4
	15
	FRC A1-1 in Annex A.1
	-103.1 - ΔOTAREFSENS

	NOTE:	PREFSENS is the power level of a single instance of the reference measurement channel.



Table 10.3.2-2: Reference sensitivity levels of SAN supporting E-UTRA (LEO class payload)
	SAN channel bandwidth (MHz)
	Sub-carrier spacing (kHz)
	Reference measurement channel
(NOTE)

	Reference sensitivity power level, EISREFSENS
 (dBm)

	1.4
	15
	FRC A1-1 in Annex A.1
	-106.2 - ΔOTAREFSENS

	NOTE:	PREFSENS is the power level of a single instance of the reference measurement channel.



Table 10.3.2-3: Reference sensitivity levels of SAN supporting standalone NB-IoT operation (GEO class payload)
	SAN channel bandwidth [kHz]
	Sub-carrier spacing
[kHz]
	Reference measurement channel
	Reference sensitivity power level, EISREFSENS
 [dBm]

	200
	15
	FRC A14-1 in Annex A.14
	-[123.6] - ΔOTAREFSENS

	200
	3.75
	FRC A14-2 in Annex A.14
	-[129.6] - ΔOTAREFSENS



Table10.3.2-4: Reference sensitivity levels of SAN supporting standalone NB-IoT operation (LEO class payload)
	SAN channel bandwidth [kHz] [kHz]
	Sub-carrier spacing
[kHz]
	Reference measurement channel
	 Reference sensitivity power level, EISREFSENS
 [dBm]

	200
	15
	FRC A14-1 in Annex A.14
	-[126.7] - ΔOTAREFSENS

	200
	3.75
	FRC A14-2 in Annex A.14
	-[132.7] - ΔOTAREFSENS



Proposal 22: Define OTA Dynamic range requirement for IoT NTN SAN as follows based on the TS38.181 framework and applying TT=0.3dB for the wanted signal mean power value: 
Table 10.4.2-1: Dynamic range of SAN supporting E-UTRA (LEO class payload)
	SAN channel bandwidth [MHz]
	Reference measurement channel
	Wanted signal mean power [dBm]
	Interfering signal mean power [dBm] / BWConfig
	Type of interfering signal

	1.4
	FRC A2-1 in Annex A.2
	-81.7 - ΔOTAREFSENS
	-94.4 - ΔOTAREFSENS
	AWGN

	NOTE:	The wanted signal mean power is the power level of a single instance of the reference measurement channel. This requirement shall be met for each consecutive application of a single instance of FRC A2-3 mapped to disjoint frequency ranges with a width of 25 resource blocks each.



Table 10.4.2-2: Dynamic range of SAN supporting standalone NB-IoT operation (GEO class payload)
	SAN channel bandwidth [kHz]
	Reference measurement channel
	Wanted signal mean power [dBm]
	Interfering signal mean power [dBm] / BWChannel
	Type of interfering signal

	200
	FRC A15-1 in Annex A.15
	-97 - ΔOTAREFSENS
	-93.6 - ΔOTAREFSENS
	AWGN

	200
	FRC A15-2 in Annex A.15
	-102.9 - ΔOTAREFSENS
	-93.6 - ΔOTAREFSENS
	AWGN



Table 10.4.2-3: Dynamic range of SAN supporting standalone NB-IoT operation (LEO class payload)
	SAN channel bandwidth [kHz]
	Reference measurement channel
	Wanted signal mean power [dBm]
	Interfering signal mean power [dBm] / BWChannel
	Type of interfering signal

	200
	FRC A15-1 in Annex A.15
	[-89.1] - ΔOTAREFSENS
	[-85.7] - ΔOTAREFSENS
	AWGN

	200
	FRC A15-2 in Annex A.15
	[-95] - ΔOTAREFSENS
	[-85.7] - ΔOTAREFSENS
	AWGN



Proposal 23: as per alignment with the NTN SAN conformance testing specification, reuse the following OTA RX requirements core requirement limits as test requirement limits (regulatory requirements, TT = 0):  
· OTA Adjacent Channel Selectivity (ACS)
· OTA Out of band blocking
Proposal 24: Define OTA ICS requirement for IoT NTN SAN as follows based on the TS38.181 framework and applying TT=1.7dB for the wanted signal mean power value: 
Table 10.9.2-1: In-channel selectivity of SAN supporting E-UTRA (GEO class payload)
	SAN
channel bandwidth (MHz)
	Reference measurement channel
	Wanted signal mean power [dBm]
	Interfering signal mean power [dBm] 
	Type of interfering signal

	1.4
	A1-4 in Annex A.1
	-102.8 - ΔminSENS 
	-97.6 - ΔminSENS 
	1.4 MHz E-UTRA signal, 3 RBs



Table 10.9.2-2: In-channel selectivity of SAN supporting E-UTRA (LEO class payload)
	SAN
channel bandwidth (MHz)
	Reference measurement channel
	Wanted signal mean power [dBm]
	Interfering signal mean power [dBm] 
	Type of interfering signal

	1.4
	A1-4 in Annex A.1
	-105.9 - ΔminSENS 
	-88.7 - ΔminSENS 
	1.4 MHz E-UTRA signal, 3 RBs
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