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1 Introduction
In this contribution we provide further discussion on the conducted Tx requirements for the Satellite Access Node.
2 Discussion
Referring to the WF in [1], the following was agreed on the conducted Tx requirements for SAN: 
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	· Base station output power 
· The power limitation on “satellite access node” is manufacture declaration basis, no limitation in RAN4 specification. 
· Some background information from regulatory can be included in the TR for information.
· RE power dynamic range
· The same requirement will be reused from TN.
· Total power dynamic range
· The current total power dynamic range requirement can be reused.
· If the co-existence simulations indicate that there is no need to change the ACLR, SU can be reused from NR.
· Frequency error
· The current requirement for WA BS can be reused, i.e. 0.05ppm.
· Modulation quality (EVM) 
· The current requirement can be reused for QPSK, 16 QAM in FR1.
· 256QAM is not supported by Satellite Access node in Rel-17.
· FFS for 64QAM 
· Time alignment error
· CA is confirmed to be out of Rel-17 NTN WI scope for RAN4 requirements
· The baseline assumption: MIMO TAE requirement is not applicable pending further checking till Jan 2022 RAN4 meeting 

	· ACLR
· Wait the conclusion from co-existence simulation.
· Transmitter spurious emissions
· Specify satellite access node’ spurious emissions based on ERC 74-01 Space stations’ limits, i.e. ITU Radio Regulations Annex 3.
· Protection of the own BS receiver
· Specify the requirement as initial assumption 
· Protection of the BS receiver of different BS
· This requirement not needed
· Co-location with other BS
· This requirement is not needed since there is no co-location scenario foreseen for satellite.
· Transmitter intermodulation
· This requirement is not needed since there is no nearby interfering signal reaching the transmitter unit via the antenna, RDN and antenna array.



The remaining aspects on the conducted Tx requirements for the Satellite Access Node are discussed below. 
2.1 Satellite Access Node output power 
According to the WF in [1], the following was agreed for the SAN output power requirement: 
· The power limitation on “satellite access node” is manufacture declaration basis, no limitation in RAN4 specification. 
· Some background information from regulatory can be included in the TR for information.

Referring to the requirement’s structure in TS 38.104, there are couple of further clarifications required to complete the requirement: 
1. Consideration of manufacturer declarations
As per the above agreement, there will be need to introduce related set of declarations. As we envision GEO, LEO600 and LEO1200 SAN classes, the manufacturer will have to first declare the SAN class, as to clarify which class-specific requirement apply. 
Proposal: for SAN spec, consider manufacture declaration on the class of the SAN (to choose from GEO SAN, LEO600 SAN, or LEO1200 SAN).
Please note, that manufacturer declarations were defined in TS 38.141-1/-2 (Performance part of the WI). Below we provide the proposed framework for the SAN manufacturer declarations, to be used in the NTN SAN conformance testing specification (section numbers to be adjusted at later stage of the TS 38.108 drafting). 
Proposal: set of related manufacturer declarations to be reused from NR BS, as baseline (this work belongs to the Performance part of the WI), with the structure provided in Table 1 to be approved as the starting point. 
More declarations to be added during the Performance part of the WI. 
Table 1
	4.6	Manufacturer declarations
The following SAN declarations listed in table 4.6-1, when applicable to the SAN under test, are required to be provided by the manufacturer for the conducted requirements testing of SAN type 1-H.
For the SAN type 1-H declarations required for the radiated requirements testing, refer to the [SAN radiated testing specification] TS 38.1xx-2 [x].
Table 4.6-1 Manufacturer declarations for SAN type 1-H conducted test requirements
	Declaration identifier
	Declaration
	Description

	
	
	

	D.1
	SAN class
	Class of the SAN, declared as GEO SAN, LEO600 SAN, or LEO1200 SAN.

	D.2
	Operating bands and frequency ranges
	List of NR operating band(s) supported by single-band connector(s) and/or multi-band connector(s) of the BS and if applicable, frequency range(s) within the operating band(s) that the SAN can operate in. 
Declarations shall be made per TAB connector for SAN type 1-H.

	…
	
	





(Section numbers to be adjusted at later stage of the TS 38.108 drafting)
2. Antenna connectors for AAS architecture
Referring to the NR BS specification, there was AAS-specific terminology used for antenna connectors for BS type 1-H, or BS type 1-O/2-O, namely TAB connectors were used as defined below: 

TAB connector: transceiver array boundary connector
As NTN satellite access node 1-H is based on the AAS BS architecture, range of AAS-specific definitions should be reused from related NR specification, for consistency purposes. 
Proposal: AAS-specific definitions to be reused from related NR specification (e.g. TAB connectors), as baseline for NTN specification drafting.

3. Satellite Annex Node terminology
Similar to the discussion on the AAS terminology, we also need to decide on the naming convention for the NTN Satellite Access Node, for both 1-H and 1-O. following the naming convention for AAS products in the NR BS specification, recognizing the need to consider for FR1 and FR2 frequency ranges, as well as hybrid and radiated set of requirements, the following two proposal are formulated: 

Proposal: introduce SAN abbreviation for the Satellite Access Node. 
Proposal: define two SAN types: 
SAN type 1-H: 	Satellite Access Node operating at FR1 with a requirement set consisting of conducted requirements defined at individual TAB connectors and OTA requirements defined at RIB
SAN type 1-O: 	Satellite Access Node operating at FR1 with a requirement set consisting only of OTA requirements defined at the RIB

Based on the above proposal, in Rel-18 we can expect to introduce SAN type 2-O.


4. Consideration of Extreme test conditions
Referring to NR BS specification, selected requirements were defined for Normal, and for Extreme test conditions, as detailed in e.g. TS 38.141-1, section. 6.2.5 and related annex B.3. For the Performance part of the WI, it will be necessary to discuss on the need for the Extreme testing conditions:

Proposal: for the TS 38.108 Core requirements drafting purposes, consider both Normal as well as Extreme testing conditions.

5. Consideration of the conformance testing specification
Referring to the NR BS specifications, one can notice that both conducted and radiated set of requirements were defined, same as we currently do for the SAN type 1-H. It shall be noted, that test requirements, testing chambers, TT/MU values differ among the conducted and radiated tests. Therefore in order to provide more readable specifications structure and to follow the NR BS approach, the following is proposed: 

Proposal:  Recommend to TSG RAN to split the TS 38.181 specification into two parts, for conducted conformance testing (TS 38.181-1), and for radiated conformance testing (TS 38.181-2).


Based on the basic issues being fixed in the above proposals, we provide the initial content of the Satellite Access Node output power for SAN type 1-H below (section numbers to be adjusted at later stage of the TS 38.108 drafting). 
Proposal: Reuse the output power accuracy requirement for Normal and for Extreme test conditions from NR BS. 
Proposal: Approve the baseline structure of the SAN type 1-H output power requirement from Table 2. 
Table 2
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The conducted output power requirement for SAN type 1-H is defined at TAB connector. The rated carrier output power value for the BS type 1-H is declared by the manufacturer.
[bookmark: _Toc21127452][bookmark: _Toc29811658][bookmark: _Toc36817210][bookmark: _Toc37260126][bookmark: _Toc37267514][bookmark: _Toc44712116][bookmark: _Toc45893429][bookmark: _Toc53178156][bookmark: _Toc53178607][bookmark: _Toc61178833][bookmark: _Toc61179303][bookmark: _Toc67916599][bookmark: _Toc74663197][bookmark: _Toc82621737][bookmark: _Toc90422584]6.2.x	Minimum requirement for SAN type 1-H
In normal conditions, Pmax,c,TABC shall remain within +2 dB and -2 dB of the rated carrier output power Prated,c,TABC for each TAB connector as declared by the manufacturer.
In extreme conditions, Pmax,c,TABC shall remain within +2.5 dB and -2.5 dB of the rated carrier output power Prated,c,TABC for each TAB connector as declared by the manufacturer.
In certain regions, the minimum requirement for normal conditions may apply also for some conditions outside the range of conditions defined as normal.
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2.2 RE power dynamic range
According to the WF in [1], the following was agreed for the RE power dynamic range requirement:
· The same requirement will be reused from TN.
Based on the reuse of the TS 38.104, the following SAN-adjusted requirement is proposed (section numbers to be adjusted at later stage of the TS 38.108 drafting):
Table 3
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The RE power control dynamic range is the difference between the power of an RE and the average RE power for a SAN at maximum output power (Pmax,c,TABC) for a specified reference condition.
For SAN type 1-H this requirement shall apply at each TAB connector supporting transmission in the operating band.
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RE power control dynamic range requirement is defined as:
Table 6.3.2.2-1: RE power control dynamic range
	Modulation scheme used
	RE power control dynamic range (dB)

	on the RE
	(down)
	(up)

	QPSK (PDCCH)
	-6
	+4

	QPSK (PDSCH)
	-6
	+3

	16QAM (PDSCH)
	-3
	+3

	64QAM (PDSCH)
	0
	0

	NOTE:	The output power per carrier shall always be less or equal to the maximum output power of the SAN.






Proposal: Approve the baseline structure of the SAN type 1-H requirement for RE power control dynamic range as in Table 3.
2.3 Total power dynamic range
According to the WF in [1], the following was agreed for the Total power dynamic range requirement:
· The current total power dynamic range requirement can be reused.
· If the co-existence simulations indicate that there is no need to change the ACLR, SU can be reused from NR.

Based on the reuse of the TS 38.104, the following SAN-adjusted requirement is proposed (subject to the SU confirmation based on the co-ex work; section numbers to be adjusted at later stage of the TS 38.108 drafting):
Table 4
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The BS total power dynamic range is the difference between the maximum and the minimum transmit power of an OFDM symbol for a specified reference condition.
For BS type 1-H this requirement shall apply at each TAB connector supporting transmission in the operating band.
NOTE:	The upper limit of the dynamic range is the OFDM symbol power for SAN when transmitting on all RBs at maximum output power. The lower limit of the total power dynamic range is the average power for single RB transmission. The OFDM symbol shall carry PDSCH and not contain RS or SSB.
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The downlink (DL) total power dynamic range for each NR carrier shall be larger than or equal to the level in table 6.3.3.2-1.
Table 6.3.3.2-1: Total power dynamic range
	BS channel 
	Total power dynamic range (dB)

	bandwidth (MHz)
	15 kHz SCS
	30 kHz SCS
	60 kHz SCS

	5
	[13.9]
	[10.4]
	N/A

	10
	[17.1]
	[13.8]
	[10.4]

	15
	[18.9]
	[15.7]
	[12.5]

	20
	[20.2]
	[17]
	[13.8]

	25
	[21.2]
	[18.1]
	[14.9]

	30
	[22]
	[18.9]
	[15.7]

	35
	[22.7]
	[19.6]
	[16.4]

	40
	[23.3]
	[20.2]
	[17]

	45
	[23.8]
	[20.7]
	[17.6]

	50
	[24.3]
	[21.2]
	[18.1]

	60
	N/A
	[22]
	[18.9]

	70
	
	[22.7]
	[19.6]

	80
	
	[23.3]
	[20.2]

	90
	
	[23.8]
	[20.8]

	100
	
	[24.3]
	[21.3]






Proposal: Approve the baseline structure of the SAN type 1-H requirement for Total power dynamic range as in Table 4.
2.4 Frequency error
According to the WF in [1], the following was agreed for the frequency error requirement:
· The current requirement for WA BS can be reused, i.e. 0.05ppm.
The above frequency error requirement is assumed to be reused for all SAN classes. 
Based on the reuse of the TS 38.104, the following SAN-adjusted requirement is proposed (section numbers to be adjusted at later stage of the TS 38.108 drafting):
Table 5
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The requirements in clause 6.5.1 apply to the transmitter ON period.
Frequency error is the measure of the difference between the actual SAN transmit frequency and the assigned frequency. The same source shall be used for RF frequency and data clock generation.
For SAN type 1-H this requirement shall be applied at each TAB connector supporting transmission in the operating band.
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The modulated carrier frequency of each NR carrier configured by the SAN shall be accurate to within 0.05 ppm observed over 1 ms. 



Proposal: Approve the baseline structure of the SAN type 1-H requirement for frequency error requirement as in Table 5.
2.5 Modulation quality (EVM) 
According to the WF in [1], the following was agreed for the EVM requirement:
· The current requirement can be reused for QPSK, 16 QAM in FR1.
· 256QAM is not supported by Satellite Access node in Rel-17.
· FFS for 64QAM 

Based on the motivation provided in [3], it is proposed to include EVM requirement for 64QAM in the NTN SAN specification (the EVM requirement value is TBD).
Proposal: include EVM requirement for 64QAM in the NTN SAN specification (in addition to the EVM requirements for QPSK and 16QAM).
Based on the reuse of the TS 38.104, the following SAN-adjusted requirement is proposed (section numbers to be adjusted at later stage of the TS 38.108 drafting):
Table 6
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Modulation quality is defined by the difference between the measured carrier signal and an ideal signal. Modulation quality can e.g. be expressed as Error Vector Magnitude (EVM). The Error Vector Magnitude is a measure of the difference between the ideal symbols and the measured symbols after the equalization. This difference is called the error vector. Details about how the EVM is determined are specified in Annex B.
For SAN type 1-H this requirement shall be applied at each TAB connector supporting transmission in the operating band.
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The EVM levels of each NR carrier for different modulation schemes on PDSCH outlined in table 6.5.2.2-1 shall be met using the frame structure described in clause 6.5.2.3.
Table 6.5.2.2-1: EVM requirements for SAN type 1-H carrier
	Modulation scheme for PDSCH
	Required EVM

	QPSK
	17.5 %

	16QAM
	12.5 %

	64QAM
	 TBD
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6.5.2.3	EVM frame structure for measurement
TBD 



Proposal: Approve the baseline structure of the SAN type 1-H requirement for EVM requirement as in Table 6.
2.6 Time alignment error
According to the WF in [1], the following was agreed for the TAE requirement:
· CA is confirmed to be out of Rel-17 NTN WI scope for RAN4 requirements
· The baseline assumption: MIMO TAE requirement is not applicable pending further checking till Jan 2022 RAN4 meeting

As per discussion last meeting, the MIMO TAE requirement was discussed. Formally speaking, MIMO operating is not explicitly included in the NTN WID. Some MIMO enhancements may be envisioned to the Rel-18 WI on NTN evolution. Therefore we can stick to the agreement from the previous meeting: 
Proposal: no MIMO TAE to be defined for NTN SAN.
2.7 Protection of the own BS receiver
According to the WF in [1], the following was agreed for the Protection of the own BS receiver (Tx spur) requirement:
· Specify the requirement as initial assumption 
The same requirement for all SAN classes is specified based on the emission limit for NR BS, WA BS class. 
Based on the reuse of the TS 38.104, the following SAN-adjusted requirement is proposed (section numbers to be adjusted at later stage of the TS 38.108 drafting):
Table 7
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This requirement shall be applied for NR FDD operation in order to prevent the receivers of the SAN being desensitised by emissions from a SAN transmitter. It is measured at the transmit TAB connector for SAN type 1-H for any type of SAN which has common or separate Tx/Rx TAB connectors.
The spurious emission basic limits are provided in table 6.6.5.2.2-1.
Table 6.6.5.2.2-1: SAN spurious emissions basic limits for protection of own SAN receiver
	Frequency range
	Basic limits
	Measurement bandwidth

	FUL,low – FUL,high
	[-96 dBm]
	100 kHz






Proposal: Approve the baseline structure of the SAN type 1-H requirement for Protection of the own BS receiver (Tx spur) requirement as in Table 7.
2.8 Transmitter intermodulation
According to the WF in [1], the following was agreed for the TX IMD requirement:
· This requirement is not needed since there is no nearby interfering signal reaching the transmitter unit via the antenna, RDN and antenna array.

Referring to the Tx intermodulation requirement in NR BS specification, despite the general TX IMD, there is also an Intra system transmitter intermodulation requirement defined. 
In 1-H there could be coupling effects occurring in the RDN and the antenna array, which potentially can generate reverse interferers and consequently unwanted emissions due to intermodulation. In this case, the central frequencies of the transmitted signals are aligned in frequency domain, and they could transmit the same level of power.
The wanted signal and the interfering signal in a corresponding test would thus be within the bandwidth of the same carriers. The wanted signal and the interfering signal would have the same waveform characteristics, but they would be non-coherent. 
The transmitter intermodulation emission level caused by intra system interfering signal should not exceed the unwanted emission limits of the OBUE and ACLR in the presence of the interference signal declared by the manufacturer as described below.
Based on the above, it is seen that the Intra system transmitter intermodulation requirement is actually applicable to the NTN SAN, as it is scenario-agnostic. With this, the following is proposed: 
Proposal: re-consider the intra system transmitter intermodulation requirement for NTN SAN.
Companies are welcome to provide more views by next meeting.  
Conclusions 
Based on the above discussion, the following proposals are formulated: 
Proposal 1: for SAN spec, consider manufacture declaration on the class of the SAN (to choose from GEO SAN, LEO600 SAN, or LEO1200 SAN).
Proposal 2: set of related manufacturer declarations to be reused from NR BS, as baseline (this work belongs to the Performance part of the WI), with the structure provided in Table 1 to be approved as the starting point. 
Proposal 3: AAS-specific definitions to be reused from related NR specification (e.g. TAB connectors), as baseline for NTN specification drafting.
Proposal 4: introduce SAN abbreviation for the Satellite Access Node. 
Proposal 5: define two SAN types: 
SAN type 1-H: 	Satellite Access Node operating at FR1 with a requirement set consisting of conducted requirements defined at individual TAB connectors and OTA requirements defined at RIB
SAN type 1-O: 	Satellite Access Node operating at FR1 with a requirement set consisting only of OTA requirements defined at the RIB

Proposal 6: for the TS 38.108 Core requirements drafting purposes, consider both Normal as well as Extreme testing conditions.
Proposal 7:  Recommend to TSG RAN to split the TS 38.181 specification into two parts, for conducted conformance testing (TS 38.181-1), and for radiated conformance testing (TS 38.181-2).
Proposal 8: Reuse the output power accuracy requirement for Normal and for Extreme test conditions from NR BS. 
Proposal 9: Approve the baseline structure of the SAN type 1-H output power requirement from Table 2. 
Proposal 10: Approve the baseline structure of the SAN type 1-H requirement for RE power control dynamic range as in Table 3.
Proposal 11: Approve the baseline structure of the SAN type 1-H requirement for Total power dynamic range as in Table 4.
Proposal 12: Approve the baseline structure of the SAN type 1-H requirement for frequency error requirement as in Table 5.
Proposal 13: Include EVM requirement for 64QAM in the NTN SAN specification (in addition to the EVM requirements for QPSK and 16QAM)
Proposal 14: Approve the baseline structure of the SAN type 1-H requirement for EVM requirement as in Table 6.
Proposal 15: no MIMO TAE to be defined for NTN SAN.
Proposal 16: Approve the baseline structure of the SAN type 1-H requirement for Protection of the own BS receiver (Tx spur) requirement as in Table 7.
Proposal 17: re-consider the intra system transmitter intermodulation requirement for NTN SAN.
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* It was agreed to replace “SATELLITE NODE” with “satellite access node” in the box and use the
figure for RF requirement development.
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