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Introduction
In RAN1#114bis meeting, a list of Rel-18 UE features for NR NTN were agreed as baseline for further discussions [1]. In this contribution, we address the remaining aspects.
Discussion 
1. 
FG 44-1 
The following udpates were agreed in RAN1#114bis for feature group 44-1.
	44. NR_NTN_enh
	44-1
	PUCCH repetition on common PUCCH resource for Msg4 HARQ-ACK
	1. Support repetition transmission of PUCCH for Msg4 HARQ-ACK on common PUCCH resource (i.e., PUCCH resource before dedicated configuration is provided)
2. Support receiving repetition factor in system information
3. Support receiving repetition factor in DCI format 1_0 with CRC scrambled by TC-RNTI scheduling Msg4 PDSCH
4. Support Msg3 to transmit information for PUCCH Msg4 HARQ-ACK repetition
[5. Extension of the repetition transmission of PUCCH before dedicated PUCCH resource configuration]
6. Support of RSRP threshold for Msg4 HARQ-ACK repetition on common PUCCH resources
	FFS
	Yes
	No
	UE does not support PUCCH repetition for common PUCCH resources Msg4 HARQ-ACK
	Per Band
	N/A
	N/A
	N/A
	A UE that includes [RAN2 parameter name] in [RRC Setup Request] must support FG 44-1

[Note: This UE feature group is applicable only for bands in Table 5.2.2-1 in TS 38.101-5 [and HAPS operation bands in Clause 5.2 of TS 38.104]
	Optional without capability signaling



· Comments: 
1) For the component 4 in the component column, the information transmitted by Msg3 should be clarified clearly, i.e. capability for PUCCH Msg4 HARQ-ACK repetition. Thus, it is better to change the description as “Support Msg3 to report capability for PUCCH Msg4 HARQ-ACK repetition”.
2) For the note of applicable band, it is applicable for both satellite and HAPS, thus the square brackets of the Note regarding the applicable bands should be removed.

Proposal 1: The UE feature group of FG 44-1 is updated with purple highlights as following considering the following aspects:
· Change the description of component 4 as “Support Msg3 to report capability for PUCCH Msg4 HARQ-ACK repetition”;
· The UE feature group of FG 44-1 is applicable only for bands in Table 5.2.2-1 in TS 38.101-5 and HAPS operation bands in Clause 5.2 of TS 38.104
	44. NR_NTN_enh
	44-1
	PUCCH repetition on common PUCCH resource
	1. Support repetition transmission of PUCCH for Msg4 HARQ-ACK on common PUCCH resource (i.e., PUCCH resource before dedicated configuration is provided)
2. Support receiving repetition factor in system information
3. Support receiving repetition factor in DCI format 1_0 with CRC scrambled by TC-RNTI scheduling Msg4 PDSCH
4. Support Msg3 to transmit information report capability for PUCCH Msg4 HARQ-ACK repetition
5. Extension of the repetition transmission of PUCCH before dedicated PUCCH resource configuration
6. Support of RSRP threshold for Msg4 HARQ-ACK repetition on common PUCCH resources
	
	Yes
	No
	UE does not support PUCCH repetition for common PUCCH resources 
	Per Band
	N/A
	N/A
	N/A
	A UE that includes [RAN2 parameter name] in [RRC Setup Request] must support FG 44-1

[Note: This UE feature group is applicable only for bands in Table 5.2.2-1 in TS 38.101-5 and HAPS operation bands in Clause 5.2 of TS 38.104]
	Optional without capability signaling




FG 44-2 
The following udpates were agreed in RAN1#114bis for feature group 44-2.
	44. NR_NTN_enh
	44-2
	NTN DMRS bundling enhancement for PUSCH
	1. Support of DM-RS bundling for PUSCH over consecutive slots
2. Support of pre-compensation to keep phase rotation due to timing drift within the phase difference limit
[3. Support not to perform TA pre-compensation update within an actual TDW if it causes phase discontinuity that may violate the phase difference limit.]
	At least one of {30-4a/b/c}, 26-1
	Yes
	No
	UE does not support DM-RS bundling enhancement for PUSCH in NTN
	Per Band
	N/A
	N/A
	N/A
	Note: This UE feature group is applicable only for bands in Table 5.2.2-1 in TS 38.101-5 [and HAPS operation bands in Clause 5.2 of TS 38.104]
	Optional with capability signaling



· Comments: 
1) In RAN1#114 meeting, an agreement of UE reports the max TDW size it can support by fulfilling the phase difference limit requirement was achieved. And it is FFS whether FG 30-4 is used without new FG or new FG is introduced, which is suggested to be discussed in UE feature session. Considering the large timing drift and Doppler shift in NTN, UE may need to do pre-compensation to keep phase rotation. Thus, we propose to report the max TDW size for NTN UE as a component of FG 44-2.
2) For current DMRS bundling, UE should be allowed not to perform autonomous TA adjustment during the actual TDW since the adjustment would lead to phase discontinuity. For NTN, although phase pre-compensation has been introduced due to the large timing drift, the TA pre-compensation update within an actual TDW is allowed not to be performed if phase difference limit cannot be kept for UE. There, the third bullet in component columns should be kept and the square brackets can be removed

Proposal 2: The UE feature group of FG 44-2 is updated in purple as following considering the above aspects:
	44. NR_NTN_enh
	44-2
	NTN DMRS bundling enhancement for PUSCH
	1. Support of DM-RS bundling for PUSCH over consecutive slots
2. Support of pre-compensation to keep phase rotation due to timing drift within the phase difference limit
[3. Support not to perform TA pre-compensation update within an actual TDW if it causes phase discontinuity that may violate the phase difference limit.]
4. Report the max TDW size it can support to fulfilling the phase difference limit requirement in NTN.
	At least one of {30-4a/b/c}, 26-1
	Yes
	No
	UE does not support DM-RS bundling enhancement for PUSCH in NTN
	Per Band
	N/A
	N/A
	N/A
	Note: This UE feature group is applicable only for bands in Table 5.2.2-1 in TS 38.101-5 and HAPS operation bands in Clause 5.2 of TS 38.104
	Optional with capability signaling



FG 44-3 
The following udpates were agreed in RAN1#114bis for feature group 44-3.
	44. NR_NTN_enh
	44-3
	UE Rx-Tx Measurement and Report for Multi-RTT with single satellite in NTN
	1. Support UE Rx-Tx time difference and UE Rx-Tx time difference offset Measurement and Report for Multi-RTT positioning with single satellite in NTN
[2. Support of assistance information report [to mitigate the timing error] in Multi-RTT positioning in NTN]
2. Support of reporting DL timing drift due to Doppler over the service link associated with the UE Rx-Tx time difference measurement period

	13-4, 13-8
	Yes
	No
	UE does not support Multi-RTT positioning with single satellite in NTN
	Per Band
	N/A
	N/A
	N/A
	Note: This UE feature group is applicable only for bands in Table 5.2.2-1 in TS 38.101-5 [and HAPS operation bands in Clause 5.2 of TS 38.104]
	Optional with capability signaling



· Comments: 
1) For the note of applicable band, there is no reason to apply this capability for HAPS operation bands since Multi-RTT with single satellite approach is not simlulated/verified under HAPS scenario.
Proposal 3: The UE feature group of FG 44-3 is applicable only for bands in Table 5.2.2-1 in TS 38.101-5 
	44. NR_NTN_enh
	44-3
	UE Rx-Tx Measurement and Report for Multi-RTT with single satellite in NTN
	1. Support UE Rx-Tx time difference and UE Rx-Tx time difference offset Measurement and Report for Multi-RTT positioning with single satellite in NTN
2. Support of reporting DL timing drift due to Doppler over the service link associated with the UE Rx-Tx time difference measurement period

	13-4, 13-8
	Yes
	No
	UE does not support Multi-RTT positioning with single satellite in NTN
	Per Band
	N/A
	N/A
	N/A
	Note: This UE feature group is applicable only for bands in Table 5.2.2-1 in TS 38.101-5 [and HAPS operation bands in Clause 5.2 of TS 38.104]
	Optional with capability signaling



FR2-NTN
In RAN1#114bis, there are some concluded working assumptions and agreements on the discussion of support for FR2-NTN. Currently, all the listed UE features in Rel-17 and Rel-18 are applied only for the bands in Table 5.2.2-1 in TS 38.101-5 according to the note in TR 38.822. Therefore, how to capture feature lists corresponding to FR2-NTN should also be discussed. One simple way is to capture new set of UE features as shown in Appendix for FR2-NTN.
Proposal 4: New set of UE feature groups for FR2-NTN should be added to support the same UE feature groups as that in FR1-NTN:
· [bookmark: _GoBack]The notes in corresponding UE feagure groups in Appendix can be updated to: “Note: This UE feature group is applicable only for bands within frequency range of FR2 NTN [Table TBD in TS 38.101-5]”.

Conclusion
In this contribution, we discuss the Rel-18 UE features for NR NTN. The following proposals are presented:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]
Proposal 1: The UE feature group of FG 44-1 is updated with purple highlights as following considering the following aspects:
· Change the description of component 4 as “Support Msg3 to report capability for PUCCH Msg4 HARQ-ACK repetition”;
· The UE feature group of FG 44-1 is applicable only for bands in Table 5.2.2-1 in TS 38.101-5 and HAPS operation bands in Clause 5.2 of TS 38.104
	44. NR_NTN_enh
	44-1
	PUCCH repetition on common PUCCH resource
	1. Support repetition transmission of PUCCH for Msg4 HARQ-ACK on common PUCCH resource (i.e., PUCCH resource before dedicated configuration is provided)
2. Support receiving repetition factor in system information
3. Support receiving repetition factor in DCI format 1_0 with CRC scrambled by TC-RNTI scheduling Msg4 PDSCH
4. Support Msg3 to transmit information report capability for PUCCH Msg4 HARQ-ACK repetition
5. Extension of the repetition transmission of PUCCH before dedicated PUCCH resource configuration
6. Support of RSRP threshold for Msg4 HARQ-ACK repetition on common PUCCH resources
	
	Yes
	No
	UE does not support PUCCH repetition for common PUCCH resources 
	Per Band
	N/A
	N/A
	N/A
	A UE that includes [RAN2 parameter name] in [RRC Setup Request] must support FG 44-1

[Note: This UE feature group is applicable only for bands in Table 5.2.2-1 in TS 38.101-5 and HAPS operation bands in Clause 5.2 of TS 38.104]
	Optional without capability signaling



Proposal 2: The UE feature group of FG 44-2 is updated in purple as following considering the above aspects:
	44. NR_NTN_enh
	44-2
	NTN DMRS bundling enhancement for PUSCH
	1. Support of DM-RS bundling for PUSCH over consecutive slots
2. Support of pre-compensation to keep phase rotation due to timing drift within the phase difference limit
[3. Support not to perform TA pre-compensation update within an actual TDW if it causes phase discontinuity that may violate the phase difference limit.]
4. Report the max TDW size it can support to fulfilling the phase difference limit requirement
	At least one of {30-4a/b/c}, 26-1
	Yes
	No
	UE does not support DM-RS bundling enhancement for PUSCH in NTN
	Per Band
	N/A
	N/A
	N/A
	Note: This UE feature group is applicable only for bands in Table 5.2.2-1 in TS 38.101-5 and HAPS operation bands in Clause 5.2 of TS 38.104
	Optional with capability signaling



Proposal 3: The UE feature group of FG 44-3 is applicable only for bands in Table 5.2.2-1 in TS 38.101-5 
	44. NR_NTN_enh
	44-3
	UE Rx-Tx Measurement and Report for Multi-RTT with single satellite in NTN
	1. Support UE Rx-Tx time difference and UE Rx-Tx time difference offset Measurement and Report for Multi-RTT positioning with single satellite in NTN
2. Support of reporting DL timing drift due to Doppler over the service link associated with the UE Rx-Tx time difference measurement period

	13-4, 13-8
	Yes
	No
	UE does not support Multi-RTT positioning with single satellite in NTN
	Per Band
	N/A
	N/A
	N/A
	Note: This UE feature group is applicable only for bands in Table 5.2.2-1 in TS 38.101-5 [and HAPS operation bands in Clause 5.2 of TS 38.104]
	Optional with capability signaling



Proposal 4: New set of UE feature groups for FR2-NTN should be added to support the same UE feature groups as that in FR1-NTN:
· The notes in corresponding UE feagure groups in Appendix can be updated to: “Note: This UE feature group is applicable only for bands within frequency range of FR2 NTN [Table TBD in TS 38.101-5]”.
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Appendix
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Field name in TS 38.331 [2]
	Parent IE in TS 38.331 [2]
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Note
	Mandatory/Optional

	26. NR_NTN_solutions
	26-1
	Uplink Time and Frequency pre-compensation and timing relationship enhancements
	1.	Support of UE specific TA calculation based on its GNSS-acquired position and the serving satellite ephemeris.
2.	Support of common TA calculation according to the parameters provided by the network (UE considers common TA as 0 if the parameters are not provided)
3.	For TA update in RRC_CONNECTED state, support of combination of both open (i.e. UE autonomous TA estimation, and common TA estimation) and closed (i.e., received TA commands) control loops
4.	Support of pre-compensation of the calculated TA in its uplink transmissions
5.	Support of estimating UE-gNB RTT and delaying the start of RAR window by UE-gNB RTT
6.	Support of frequency pre-compensation to counter shift the Doppler experienced on the service link
7.	Support of determining timing of the scheduling of PUSCH, PUCCH and PDCCH ordered PRACH, CSI reference resource, transmission of aperiodic SRS activation of TA command, first PUSCH transmission in CG Type 2 with cell-specific K_offset if indicated
8.	Support of determining timing of the UE action and assumption on a downlink configuration carried by MAC CE command by K_mac if it is indicated and determining the timing of PDCCH monitoring in recovery search space using K-mac during beam failure recovery procedure
9.	Support of UE receiving cell-specific K_offset/K_mac in system information
	
	uplinkPreCompensation-r17
	BandNR
	No
	No
	An NTN UE is required to at least support UE specific TA and frequency calculation based at least on its GNSS-acquired position and the serving satellite ephemeris

Note: This UE feature group is applicable only for bands in Table 5.2.2-1 in TS 38.101-5 and HAPS operation bands in Clause 5.2 of TS 38.104
	Optional with capability signalling

For UE supports NR communication via satellite, UE must indicate this FG is supported.


	26. NR_NTN_solutions
	26-4
	UE reporting of information related to TA pre-compensation
	1. Support UE reporting of information related to TA pre-compensation 
	26-1
	uplink-TA-Reporting-r17
	BandNR
	No
	No
	Note: The exact content of UE reporting of information about the TA pre-compensation is up to RAN2

Note: This UE feature group is applicable only for bands in Table 5.2.2-1 in TS 38.101-5 and HAPS operation bands in Clause 5.2 of TS 38.104
	Optionalwith capability signalling 

	26. NR_NTN_solutions
	26-5
	Increasing the number of HARQ processes
	1. The maximal supported HARQ process number is X for UL and Y for DL
	
	max-HARQ-ProcessNumber-r17
	BandNR
	No
	No
	Candidate component values for (X,Y): {(16,32),(32,16),(32,32)}

Note: This UE feature group is applicable only for bands in Table 5.2.2-1 in TS 38.101-5 and HAPS operation bands in Clause 5.2 of TS 38.104
	Optional with capability signalling

	26. NR_NTN_solutions
	26-6
	Type-2 HARQ codebook enhancement
	1.	Support of type-2 HARQ codebook enhancements when there are feedback-disabled HARQ processes
	harq-FeedbackDisabled
	type2-HARQ-Codebook-r17
	BandNR
	No
	No
	Note: This UE feature group is applicable only for bands in Table 5.2.2-1 in TS 38.101-5 and HAPS operation bands in Clause 5.2 of TS 38.104
	Optional with capability signalling 

	26. NR_NTN_solutions
	26-6a
	Type-1 HARQ codebook enhancement
	1.	Support of Type-1 HARQ codebook enhancements when there are feedback-disabled HARQ processes
	 harq-FeedbackDisabled
	type1-HARQ-Codebook-r17
	BandNR
	No
	No
	Note: This UE feature group is applicable only for bands in Table 5.2.2-1 in TS 38.101-5 and HAPS operation bands in Clause 5.2 of TS 38.104
	Optional with capability signalling 

	26. NR_NTN_solutions
	26-6b
	Type-3 HARQ codebook enhancement 
	1.	Support of Type-3 HARQ codebook enhancements when there are feedback-disabled HARQ processes
	harq-FeedbackDisabled
	type3-HARQ-Codebook-r17
	BandNR
	No
	No
	Note: This UE feature group is applicable only for bands in Table 5.2.2-1 in TS 38.101-5 and HAPS operation bands in Clause 5.2 of TS 38.104
	Optional with capability signalling 

	26. NR_NTN_solutions
	26-8
	Support of polarization signalling in NR NTN
	1.	Support polarization indication reception in SIB indicating DL and/or UL polarization information using respective polarization type parameters to indicate: RHCP or LHCP or linear
2.	Support polarization signalling for target serving cell in handover command message
3.	Support polarization signalling for non-serving cell in RRM measurement configuration
	
	n/a
	n/a
	No
	No
	Note: This UE feature group is applicable only for bands in Table 5.2.2-1 in TS 38.101-5 and HAPS operation bands in Clause 5.2 of TS 38.104
	Optional without capability signalling



	26. NR_NTN_solutions
	26-9
	UE-specific K_offset 
	1.	Support of reception of UE-specific K_offset via MAC-CE
Support of determining the timing of PUSCH, PUCCH, CSI reference resource, transmission of aperiodic SRS, activation of TA command, first PUSCH transmission in CG Type 2 with UE-specific Koffset
	26-1, 26-4
	ue-specific-K-Offset-r17
	BandNR
	No
	No
	Note: This UE feature group is applicable only for bands in Table 5.2.2-1 in TS 38.101-5 and HAPS operation bands in Clause 5.2 of TS 38.104
	Optional with capability signalling

	26. NR_NTN_solutions
	26-10
	K1 range extension
	1.	Support of extended K1 value range of (0..31) for unpaired spectrum
	
	k1-RangeExtension-r17
	BandNR
	No
	No
	Note: This UE feature group is applicable only for bands in Table 5.2.2-1 in TS 38.101-5 and HAPS operation bands in Clause 5.2 of TS 38.104
	Optional with capability signalling 

	44. NR_NTN_enh
	44-1
	PUCCH repetition on common PUCCH resource
	1. Support repetition transmission of PUCCH for Msg4 HARQ-ACK on common PUCCH resource (i.e., PUCCH resource before dedicated configuration is provided)
2. Support receiving repetition factor in system information
3. Support receiving repetition factor in DCI format 1_0 with CRC scrambled by TC-RNTI scheduling Msg4 PDSCH
4. Support Msg3 to transmit information report capability for PUCCH Msg4 HARQ-ACK repetition
5. Extension of the repetition transmission of PUCCH before dedicated PUCCH resource configuration
6. Support of RSRP threshold for Msg4 HARQ-ACK repetition on common PUCCH resources
	
	
	
	
	
	A UE that includes [RAN2 parameter name] in [RRC Setup Request] must support FG 44-1

[Note: This UE feature group is applicable only for bands in Table 5.2.2-1 in TS 38.101-5 [and HAPS operation bands in Clause 5.2 of TS 38.104]
	Optionalwith capability signalling

	44. NR_NTN_enh
	44-2
	NTN DMRS bundling enhancement for PUSCH
	1. Support of DM-RS bundling for PUSCH over consecutive slots
2. Support of pre-compensation to keep phase rotation due to timing drift within the phase difference limit
[3. Support not to perform TA pre-compensation update within an actual TDW if it causes phase discontinuity that may violate the phase difference limit.]
4. Report the max TDW size it can support to fulfilling the phase difference limit requirement in NTN.
	At least one of {30-4a/b/c}, 26-1
	
	
	
	
	Note: This UE feature group is applicable only for bands in Table 5.2.2-1 in TS 38.101-5 and HAPS operation bands in Clause 5.2 of TS 38.104
	Optionalwith capability signalling

	44. NR_NTN_enh
	44-3
	UE Rx-Tx Measurement and Report for Multi-RTT with single satellite in NTN
	1. Support UE Rx-Tx time difference and UE Rx-Tx time difference offset Measurement and Report for Multi-RTT positioning with single satellite in NTN
2. Support of reporting DL timing drift due to Doppler over the service link associated with the UE Rx-Tx time difference measurement period

	13-4, 13-8
	
	
	
	
	Note: This UE feature group is applicable only for bands in Table 5.2.2-1 in TS 38.101-5 [and HAPS operation bands in Clause 5.2 of TS 38.104]
	Optionalwith capability signalling
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