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1 Introduction
In this contribution we provide further discussion on the remaining radiated Tx requirements for the Satellite Access Node.
2 Discussion
Referring to the WF in [1], the following was agreed on the Satellite Access Node (SAN) RF TX requirements: 
	[image: ]

	· Transmitter requirement for NTN BS type 1-O
· Companies are encouraged to input in this area in the next RAN4 meeting.



In order to complete the 1-H set of requirements, the Radiated transmit power requirement needs to be defined.
In order to complete the 1-O set of requirements, all the other applicable TX requirements need to be translated into OTA domain. 
The general principle is that the radiated requirements are supposed to be providing equivalent performance as their conducted counterparts. Therefore for multiple 1-O requirements, the conducted requirement mirroring process is proposed below.
2.1 General issues for OTA requirements
Referring to the discussion in [2], the following was proposed: 
	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



The above proposals on terminology are use in this contribution as the baseline.
2.2 Radiated transmit power (EIRP)
This NR BS requirement is applicable to both 1-H, and 1-O. The radiated transmit power requirements for FR1 are defined as the directional requirements on the output power accuracy for EIRP, i.e. ±x dB over the declared EIRP value. The radiated transmit power for FR1 is based on the manufacturer’s declarations at RIB interface.
Proposal 1: Reuse the Radiated transmit power (EIRP) accuracy requirement for Normal (±2.2 dB) and for Extreme (±2.7 dB) test conditions from NR BS type 1-O. 
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 1
	[bookmark: _Toc21127618][bookmark: _Toc29811827][bookmark: _Toc36817379][bookmark: _Toc37260301][bookmark: _Toc37267689][bookmark: _Toc44712292][bookmark: _Toc45893605][bookmark: _Toc53178325][bookmark: _Toc53178776][bookmark: _Toc61179014][bookmark: _Toc61179484][bookmark: _Toc67916780][bookmark: _Toc74663401][bookmark: _Toc82621942][bookmark: _Toc90422789]9.1	General
Radiated transmitter characteristics requirements apply on the SAN type 1-H or SAN type 1-O including all its functional components active and for all foreseen modes of operation of the SAN unless otherwise stated.
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SAN type 1-H and SAN type 1-O are declared to support one or more beams, as per manufacturer's declarations specified in TS 38.181 [x]. Radiated transmit power is defined as the EIRP level for a declared beam at a specific beam peak direction.
For each beam, the requirement is based on declaration of a beam identity, reference beam direction pair, beamwidth, rated beam EIRP, OTA peak directions set, the beam direction pairs at the maximum steering directions and their associated rated beam EIRP and beamwidth(s).
For a declared beam and beam direction pair, the rated beam EIRP level is the maximum power that the base station is declared to radiate at the associated beam peak direction during the transmitter ON period.
For each beam peak direction associated with a beam direction pair within the OTA peak directions set, a specific rated beam EIRP level may be claimed. Any claimed value shall be met within the accuracy requirement as described below. Rated beam EIRP is only required to be declared for the beam direction pairs subject to conformance testing as detailed in TS 38.181 [x].
NOTE 1:	OTA peak directions set is set of beam peak directions for which the EIRP accuracy requirement is intended to be met. The beam peak directions are related to a corresponding contiguous range or discrete list of beam centre directions by the beam direction pairs included in the set.
NOTE 2:	A beam direction pair is data set consisting of the beam centre direction and the related beam peak direction.
NOTE 3:	A declared EIRP value is a value provided by the manufacturer for verification according to the conformance specification declaration requirements, whereas a claimed EIRP value is provided by the manufacturer to the equipment user for normal operation of the equipment and is not subject to formal conformance testing.
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For each declared beam, in normal conditions, for any specific beam peak direction associated with a beam direction pair within the OTA peak directions set, a manufacturer claimed EIRP level in the corresponding beam peak direction shall be achievable to within ±2.2 dB of the claimed value.
For BS type 1-O only, for each declared beam, in extreme conditions, for any specific beam peak direction associated with a beam direction pair within the OTA peak directions set, a manufacturer claimed EIRP level in the corresponding beam peak direction shall be achievable to within ±2.7 dB of the claimed value.
Normal and extreme conditions are defined in TS 38.181, annex x [x].
In certain regions, the minimum requirement for normal conditions may apply also for some conditions outside the range of conditions defined as normal.



Proposal 2: Approve the baseline structure of the SAN requirement for Radiated transmit power (EIRP) as in Table 1.
2.3 OTA output power (TRP)
The TRP requirement is equivalent to the conducted output power (excluding internal losses). Therefore, structure of the OTA output power requirement should be aligned with the structure of the conducted output power, as defined for 1-H in [2]. This means that there is no upper output power limit for any of the NTN SAN class.
Proposal 3: Reuse the OTA output power (TRP) accuracy (±2 dB) requirement for Normal test conditions from NR BS type 1-O. 
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 2
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OTA SAN output power is declared as the TRP radiated requirement, with the output power accuracy requirement defined at the RIB during the transmitter ON period. TRP does not change with beamforming settings as long as the beam peak direction is within the OTA peak directions set. Thus the TRP accuracy requirement must be met for any beamforming setting for which the beam peak direction is within the OTA peak directions set.
The SAN rated carrier TRP output power value for SAN type 1-O is declared by the manufacturer.
Despite the general requirements for the BS output power described in clauses 9.3.2 – 9.3.3, additional regional requirements might be applicable.
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In normal conditions, the SAN type 1-O maximum carrier TRP output power, Pmax,c,TRP measured at the RIB shall remain within ±2 dB of the rated carrier TRP output power Prated,c,TRP, as declared by the manufacturer.
Normal conditions are defined in TS 38.181, annex x [x].



Proposal 4: Approve the baseline structure of the SAN requirement for OTA output power (TRP) as in Table 2.
Related manufacturer declaration details are to be further discussed during the Performance part of the WI.
2.4 OTA Output power dynamics
Referring to TS 38.104, the OTA Output power dynamics requirements are simply reused from the conducted requirements. 
Referring to [2], related text proposal for the RE power control dynamic range and Total power dynamic range were already drafted in sections 2.2 and 2.3. 
Proposal 5: reuse the conducted requirements for RE power control dynamic range and Total power dynamic range. 
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 requirements in clause 9.4 apply during the transmitter ON period. Transmit signal quality (as specified in clause x) shall be maintained for the output power dynamics requirements.
The OTA output power requirements are directional requirements and apply to the beam peak directions over the OTA peak directions set.
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The OTA RE power control dynamic range is the difference between the power of an RE and the average RE power for a BS at maximum output power (Pmax,c,EIRP) for a specified reference condition.
This requirement shall apply at each RIB supporting transmission in the operating band.
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The OTA RE power control dynamic range is specified the same as the conducted RE power control dynamic range requirement for SAN type 1-H in table [requirement in conducted section].
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The OTA total power dynamic range is the difference between the maximum and the minimum transmit power of an OFDM symbol for a specified reference condition.
This requirement shall apply at each RIB supporting transmission in the operating band.
NOTE:	The upper limit of the OTA total power dynamic range is the BS maximum carrier EIRP (Pmax,c,EIRP) when transmitting on all RBs. The lower limit of the OTA total power dynamic range is the average EIRP for single RB transmission in the same direction using the same beam. The OFDM symbol carries PDSCH and not contain RS or SSB.
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OTA total power dynamic range minimum requirement for SAN type 1-O is specified such as for each NR carrier it shall be larger than or equal to the levels specified for the conducted requirement for SAN type 1-H in table [requirement in conducted section].



Proposal 6: Approve the baseline structure of the SAN requirement for OTA Output power dynamics as in Table 3.
2.5 OTA Transmit ON/OFF power
Referring to discussion in [2], it was already agreed not to define TX ON/OFF requirement for NTN, as the NTN band is FDD. The same is proposed to be mirrored for OTA TX ON/OFF.
Proposal 7: Not to define OTA TX ON/OFF requirement for NTN SAN type 1-O.
2.6 OTA TX signal quality: f. error
Same as for the NR BS, the OTA frequency error is simply reusing the conducted requirement (refer to [2] section 2.4).
Proposal 8: reuse conducted requirement for the OTA frequency error. 
2.7 OTA TX signal quality: TAE
Referring to the TAE discussion in [2], it was proposed not to define TAE requirement for CA, not MIMO in NTN spec. The same is mirrored for OTA requirement. 
Proposal 9: no OTA TAE to be defined for NTN SAN.
2.8 OTA TX signal quality: EVM
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 10: Include OTA 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 4
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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). Details about how the EVM is determined are specified in Annex X for FR1.
[bookmark: _Toc21127654]OTA modulation quality requirement is defined as a directional requirement at the RIB and shall be met within the OTA coverage range.
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The EVM levels of each NR carrier for different modulation schemes on PDSCH outlined in table [refer to conducted EVM table] shall be met. 
Requirements shall be the same as clause [refer to conducted EVM table] and follow EVM frame structure from clause [refer to conducted EVM frame structure section].



Proposal 11: Approve the baseline structure of the SAN requirement for OTA EVM as in Table 4.
2.9 OTA TX IMD
Referring to discussion in [2], it was already agreed not to define TX IMD for 1-H. The same is proposed to be mirrored for OTA TX IMD.
Proposal 12: Not to define OTA TX IMD requirement for NTN SAN type 1-O.
Conclusions 
In order to define 1-O requirements, other Tx requirements require translation from conducted requirements. 
Based on the above discussion, the following proposals are formulated:
Proposal 1: Reuse the Radiated transmit power (EIRP) accuracy requirement for Normal (±2.2 dB) and for Extreme (±2.7 dB) test conditions from NR BS type 1-O. 
Proposal 2: Approve the baseline structure of the SAN requirement for Radiated transmit power (EIRP) as in Table 1.
Proposal 3: Reuse the OTA output power (TRP) accuracy (±2 dB) requirement for Normal test conditions from NR BS type 1-O. 
Proposal 4: Approve the baseline structure of the SAN requirement for OTA output power (TRP) as in Table 2.
Proposal 5: reuse the conducted requirements for RE power control dynamic range and Total power dynamic range. 
Proposal 6: Approve the baseline structure of the SAN requirement for OTA Output power dynamics as in Table 3.
Proposal 7: Not to define OTA TX ON/OFF requirement for NTN SAN type 1-O.
Proposal 8: reuse conducted requirement for the OTA frequency error. 
Proposal 9: no OTA TAE to be defined for NTN SAN.
Proposal 10: Include OTA EVM requirement for 64QAM in the NTN SAN specification (in addition to the EVM requirements for QPSK and 16QAM).
Proposal 11: Approve the baseline structure of the SAN requirement for OTA EVM as in Table 4.
Proposal 12: Not to define OTA TX IMD requirement for NTN SAN type 1-O.
Below we present an overview of the current situation, with some proposals on requirements handling: 
Table: TX requirement set applicability
	Requirement

	
	1-H
	1-O
	Status/proposal

	Output power
	applicable
	NA
	Declaration based requirement agreed, baseline TP in [2]

	Output power dynamics 
	applicable
	
	TN reuse agreed; baseline TP in [2]

	Transmit ON/OFF power 
	Not applicable to NTN
	
	

	Transmitted signal quality: f. error
	applicable
	
	TN reuse agreed; baseline TP in [2]

	Transmitted signal quality: TAE
	Not applicable to NTN
	
	Refer to proposal 15 in [2]: “Proposal 15: no MIMO TAE to be defined for NTN SAN.”

	Transmitted signal quality: EVM
	applicable
	
	See [2]: 64QAM proposed to be added

	Occupied bandwidth
	applicable
	
	TN reuse agreed

	ACLR
	applicable
	
	Co-ex related; pending

	OBUE
	applicable
	
	ACLR/spur related; pending

	TX spurious emissions
	applicable
	
	Follow regulatory limits

	Transmitter intermodulation 
	Not applicable to NTN
	
	

	Radiated transmit power (EIRP)
	applicable
	applicable
	Proposal 1: reuse the EIRP accuracy requirements  from NR BS

	OTA output power (TRP)
	NA
	applicable
	Proposal 3: reuse the TRP accuracy requirement from NR BS

	OTA Output power dynamics
	
	applicable
	Refer to proposal 10, 11 in [2]
Proposal 5: reuse conducted output power dynamics requirements for OTA

	OTA Transmit ON/OFF power
	
	Not applicable to NTN
	Proposal 7: Mirror the decision for the conducted 1-H requirement, i.e. requirement not applicable to NTN.

	OTA TX signal quality: f. error
	
	applicable
	Proposal 8: reuse conducted f.error requirements for OTA

	OTA TX signal quality: TAE
	
	Not applicable to NTN
	Mirror the agreement for conducted requirement; 
Refer to proposal 15 in [2]: “Proposal 15: no MIMO TAE to be defined for NTN SAN.”

	OTA TX signal quality: EVM
	
	applicable
	Proposal 10: mirror conducted EVM, i.e. introduce OTA EVM requirement for 64QAM (and QPSK, 16QAM).

	OTA Occupied bandwidth
	
	applicable
	Mirror conducted

	OTA ACLR
	
	applicable
	Co-ex related; pending

	OTA OBUE 
	
	applicable
	ACLR/spur related; pending

	OTA TX spurious emission 
	
	applicable
	Mirror conducted

	OTA TX IMD 
	
	Not applicable to NTN
	Proposal 12: Mirror the decision for the conducted 1-H requirement, i.e. requirement not applicable to NTN.



3 References
[1]		R4-2120674	WF on Tx RF requirements for satellite access node, RAN4#101-e
[2]		R4-2201818	Discussion on Satellite Access Node conducted RF requirements: Tx
[3]		R4-2201819	Discussion on 64QAM support for the Satellite Access Node operation in FR1
image1.png
Reference point

* It was agreed to replace “SATELLITE NODE” with “satellite access node” in the box and use the
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