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1. Introduction
Updated Rel.17 UE feature list after RAN1#107bis-e including NR sidelink enhancement has been agreed [1] while NR NTN was not treated in the meeting. In this contribution, we present our views and updates regarding the UE features for NR NTN based on the list.

2. Discussion
	Agreement: Adopt the following changes highlighted in chromatic formatting
	26. NR_NTN_solutions
	26-1
	Uplink Time pre-compensation
	1. UE specific TA calculation in RRC_IDLE and RRC_INACTIVE states based on its GNSS-acquired position and the serving satellite ephemeris.
2. UE specific TA calculation in RRC_CONNECTED state based on its GNSS-acquired position and the serving satellite ephemeris.
3. UE applies common TA according to the parameters provided by the network (if any) [(UE considers common TA as 0 if the parameter is not provided)]
4. For TA update in RRC_CONNECTED state, combination of both open (i.e. UE autonomous TA estimation, and common TA estimation) and closed (i.e., received TA commands) control loops
5. FFS: UE (re)acquire the serving satellite ephemeris and common TA upon the expiration of the corresponding validity timer
6. FFS: UE pre-compensates the calculated TA in its uplink transmissions
	
	No
	No
	Release 17 UE cannot access [NTN/ satellite/HAPS/ATG]
	[Per UE/per band]
	No
	No
	[support mixture of FDD/TDD (for HAPS and/or ATG) and/or FR1/FR2]
	An NTN UE is required to at least support UE specific TA calculation based at least on its GNSS-acquired position and the serving satellite ephemeris

[Note: Serving satellite ephemeris Epoch time is implicitly known as a reference time defined by the starting time of a DL slot and/or frame]

FFS: Whether this starting time is given by predefined rule or it is indicated by the Network
	Optional with capability signalling 

For UE supports NR [NTN/ satellite/HAPS/ATG], UE must indicate this FG is supported.

[Note: This UE feature group is applicable only for NR NTN cell and ATG cell, for terrestrial cell except for ATG cell this feature is not supported]



Agreement:
· Adopt the following changes highlighted in chromatic formatting
· Remove the FG as independent row
· Merge the component with FG 26-1
· “Support of frequency pre-compensation to counter shift the Doppler experienced on the service link”
	26. NR_NTN_solutions
	26-2
	Uplink Frequency/Doppler pre-compensation
	1. [In RRC_IDLE and RRC_INACTIVE states calculate Support of frequency pre-compensation to counter shift the Doppler experienced on the service link]
2. In RRC_CONNECTED states, calculate frequency pre-compensation to counter shift the Doppler experienced on the service link
	
	No
	No
	Release 17 UE cannot access [NTN/ satellite/HAPS/ATG]
	[Per UE/per band]
	No
	No
	[support mixture of FDD/TDD (for HAPS and/or ATG) and/or FR1/FR2]
	An NR NTN UE shall be capable of at least using its acquired GNSS position and satellite ephemeris to calculate frequency pre-compensation to counter shift the Doppler experienced on the service link


FFS: whether this FG gets merged with FG 26-1
	Optional with capability signalling 

For UE supports NR [NTN/ satellite/HAPS/ATG], UE must indicate this FG is supported.

[Note: This UE feature group is applicable only for NR NTN cell and ATG cell, for terrestrial cell except for ATG cell this feature is not supported]



Agreement: 
· Adopt the following changes highlighted in chromatic formatting
· Merge component 1 “Support of estimating UE-gNB RTT and delaying the start of RAR window [by UE-gNB RTT]” with FG 26-1
· Keep the row and the remaining components as placeholder (with yellow background) and continue discussion 
	26. NR_NTN_solutions
	26-3
	Enhancement on the timing relationship
	1. estimate of UE-gNB RTT Support of estimating UE-gNB RTT and delaying the start of RAR window [by UE-gNB RTT]
2. delaying the start of ra-ResponseWindow [by UE-gNB RTT]
3. delaying the start of msgB-ResponseWindow [by UE-gNB RTT]
1. FFS: delaying 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
2. FFS: delaying the UE action and assumption on a downlink configuration carried by MAC CE command by K_mac if it is indicated
3. FFS: separate FGs for cell specific Koffset and Kmac/UE-gNB RTT estimation/delay of RAR/MsgB response window
	[26-1][26-2]
	No
	No
	Release 17 UE cannot access [NTN/ satellite/HAPS/ATG]
	[Per UE/per band]
	No
	No
	[support mixture of FDD/TDD (for HAPS and/or ATG) and/or FR1/FR2]
	FFS: whether this FG gets merged with FG 26-1
	Optional with capability signalling 

For UE supports NR [NTN/ satellite/HAPS/ATG], UE must indicate this FG is supported

[Note: This UE feature group is applicable only for NR NTN cell and ATG cell, for terrestrial cell except for ATG cell this feature is not supported]



Agreement: Adopt the following changes highlighted in chromatic formatting
	26. NR_NTN_solutions
	26-4
	UE reporting of information about the UE specific TA pre-compensation
	Support UE reporting of information about the UE specific TA pre-compensation 
a. [The FFS exact content of UE reporting of information about the UE specific TA pre-compensation], e.g., frequency of the reports, granularity of the reported conten, etc.
1. FFS: frequency of the reports
2. FFS: granularity of the reported content
	[26-1][26-2]
	Yes
	No
	
	[Per UE/Per band]
	No
	No
	[support mixture of FDD/TDD (for HAPS and/or ATG) and/or FR1/FR2]
	FFS: whether this FG gets merged with FG 26-1 if the note “For UE supports NR [NTN/ satellite/HAPS/ATG], UE must indicate this FG is supported” is confirmed in the positive
	Optiona lwith capability signalling 

[For UE supports NR [NTN/ satellite/HAPS/ATG], UE must indicate this FG is supported]

[Note: This UE feature group is applicable only for NR NTN cell and ATG cell, for terrestrial cell except for ATG cell this feature is not supported]



Agreement: Adopt the following changes highlighted in chromatic formatting
	26. NR_NTN_solutions
	26-5
	Increasing the number of HARQ processes
	1. The maximal supported HARQ process number is X32 for both UL and Y DL 
2. FFS: Support on the maximal HARQ process number is up to UE capability
3. FFS: separate features for DL and UL
	
	Yes
	No
	[Increasing the number of HARQ processes avoids HARQ stalling] Increased number of HARQ processes is not supported 
	FFS [Per band or per FSPC or per UE]
	No
	No
	[support mixture of FDD/TDD (for HAPS and/or STG) and/or FR1/FR] 
	FFS: whether this FG gets merged with FG 26-1 if the note “For UE supports NR [NTN/ satellite/HAPS/ATG], UE must indicate this FG is supported” is confirmed in the positive

Candidate component values for (X,Y): {(16,32),(32,16),(32,32)}

Candidate component values for Y: {16,32}
	Optional with capability signalling

[For UE supports NR [NTN/ satellite/HAPS/ATG], UE must indicate this FG is supported]

[Note: This UE feature group is applicable only for NR NTN cell and ATG cell, for terrestrial cell except for ATG cell this feature is not supported]



Agreement: 
· Confirm FG 26-6 as independent row/FG
· Adopt the following changes highlighted in chromatic formatting
· Continue discussing the relationship with HARQ disabling
	26. NR_NTN_solutions
	26-6
	Type-2 HARQ codebook Enhancement
	1. Enhancement on Type-2 HARQ codebook in NTN Support of type-2 HARQ codebook enhancements [for feedback-disabled HARQ processes]
2. FFS: UE supports HARQ disabling

	[26-1, 26-2]
	Yes
	No
	
	[Per UE/Per band]
	No
	No
	[support mixture of FDD/TDD (for HAPS and/or ATG) and/or FR1/FR2]
	FFS: whether this FG gets merged with FG 26-1 if the note “For UE supports NR [NTN/ satellite/HAPS/ATG], UE must indicate this FG is supported” is confirmed in the positive
	Optional with capability signalling 

[For UE supports NR [NTN/ satellite/HAPS/ATG], UE must indicate this FG is supported]

[Note: This UE feature group is applicable only for NR NTN cell and ATG cell, for terrestrial cell except for ATG cell this feature is not supported]



Agreement: Adopt the following changes highlighted in chromatic formatting
	26. NR_NTN_solutions
	26-9
	UE-specific K_offset 
	1. Reception of UE-specific K_offset via MAC-CE
2. Determining delaying the scheduling timing 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 UE-specific Koffset
	26-3, 26-4
	Yes
	No
	
	FFS
	No
	No
	[support mixture of FDD/TDD (for HAPS and/or ATG) and/or FR1/FR2] 
	FFS: whether this FG gets merged with FG 26-1 if the note “For UE supports NR [NTN/ satellite/HAPS/ATG], UE must indicate this FG is supported” is confirmed in the positive
	Optional with capability signalling 

[For UE supports NR [NTN/ satellite/HAPS/ATG], UE must indicate this FG is supported]

[Note: This UE feature group is applicable only for NR NTN cell and ATG cell, for terrestrial cell except for ATG cell this feature is not supported]





At the previous meeting, the above agreement and working assumption were reached. Details of UE capabilities for Rel-17 NTN need further discussions.

2.1. General aspects
One important discussion is whether FGs for NR NTN are basic FGs for HAPS/ATG. After careful checking, currently we believe that they should not basic FGs at least for HAPS. Cell size of HAPS would not so large, then TN might be possible to be applied to HAPS NW. In this case, if all FGs shall be supported for HAPS NW, it means that the existing UEs are not allowed to access the HAPS NW though some HAPS NW does not use NTN-specific features. From similar reason, we guess those FGs should not be basic FGs for ATG as well.
In addition, the above text and the note in the same column have terminologies of ‘NTN/NTN cell’ ‘satellite’ ‘HAPS’ ‘ATG/ATG cell’ ‘terrestrial cell’, but it seems that they are not terminologies on the same level. Without sufficient clarification, some misunderstanding might occur. For example, at least the following interpretations would be possible:
· Interpretation 1
· NTN: communications via satellite/HAPS or with ATG BS, by using its specific features
· TN: communications of conventional deployments or via HAPS or with ATG BS, without using its specific features
· Interpretation 2
· NTN: communications via satellite/HAPS, regardless of with/without its specific features
· TN: communications of conventional deployments or with ATG BS, regardless of with/without its specific features
To avoid misunderstanding, we believe that NTN/TN terminologies should not be used in any FG for NR NTN. Satellite/HAPS/ATG are much better.
Based on these, we propose the following.
Proposal 1:
· Update the following texts in all FGs for NR NTN, if any.
· For UE supports NR communications via [NTN/ satellite/HAPS/ATG], UE must indicate this FG is supported
· Release 17 UE cannot do NR communication via access [NTN/ satellite/HAPS/ATG]
· [Note: This UE feature group is applicable only for NR cell for communications via satellite/HAPS or with ATG gNB as specified in TS 38.101-X; NTN cell and ATG cell, for terrestrial any other cell, except for ATG cell this feature is not supported]

2.2. FG 26-5
	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
	
	Yes
	No
	Increased number of HARQ processes is not supported
	[Per band or per FSPC or per UE]
	No
	No
	
	

Candidate component values for (X,Y): {(16,32),(32,16),(32,32)}
	Optional with capability signalling

[Note: This UE feature group is applicable only for NR NTN cell and ATG cell, for terrestrial cell except for ATG cell this feature is not supported]


There is one important discussion on this issue – whether this FG is merged with other FG from other WI. In FR2-2 WI, the same mechanism was agreed and there are corresponding FGs as FGs 24-8/24-9. In addition, it seems that the discussion includes another big issue behind, which is whether maximum of 32 HARQ processes can be applied to cell other than NTN/FR2-2. In short, our view is that the feature should not be applicable for other cases and correspondingly there is no need to merge the FGs.
For the applicability perspective, there are two rationales:
· No agreements in any WIs. The 32 HARQ processes feature was agreed in NTN WI and FR2-2 WI for these purposes, but not for other purposes. Without certain agreements at appropriate WG or TEI, such an expansion should not be allowed.
· UE burden or signaling overhead. If this feature is applicable for any cell/band and corresponding FG is per UE, then UE that would like to indicate “support” shall support this feature for any cell/band. In our view, there is motivation of this FG only for NTN/FR2-2, so the excessive support is not preferable. Alternatively if this feature is applicable for any cell/band and corresponding FG is per band, then UE needs to report support/not support for all the bands that the UE supports including bands without any motivation of this feature, which is meaningless overhead.
Then with this direction, for merging perspective, each WI should make corresponding FG separately since the detailed part is different. Pre-requisites will be different, and especially for FR2-2, there would be some other issues specific to the WI. For example, how to define this capability for 120 kHz SCS seems likely to be controversial. Separate definition of this feature can avoid mixing up such WI-specific issues. Moreover, separate FG does not lead to any issue, e.g. no overhead increase.
Proposal 2:
· Maximum of 32 HARQ processes is applicable only for NTN and FR2-2.
· FG 26-5 is not merged with FGs 24-8/24-9.

2.3. FG 26-6
	26. NR_NTN_solutions
	26-6
	Type-2 HARQ codebook Enhancement
	1. Support of type-2 HARQ codebook enhancements [for feedback-disabled HARQ processes]
1. FFS: UE supports HARQ disabling
	
	Yes
	No
	
	[Per UE/per band]


	No
	No
	
	
	Optional with capability signalling 

[Note: This UE feature group is applicable only for NR NTN cell and ATG cell, for terrestrial cell except for ATG cell this feature is not supported]


Here, there is an FFS on whether “UE supports HARQ disabling” is added as a new component or not. We do not think the new component is necessary since the 1st component cover this feature. In our understanding, the enhanced part for NR NTN is only related to HARQ feedback disabling. This means that the two are saying the same thing.
Rather, it seems that companies’ intention is to merge the feedback disabling feature with some FGs from other WI (e.g. MBS). In our view, merging them is not a good way. They are different and corresponding spec text is put in different sections. In addition, if merged, the note with yellow becomes quite controversial. Separate FG would be much better.
Proposal 3:
· Remove brackets in the 1st component of FG 26-6.
· Remove the 2nd component from FG 26-6.
· FG 26-6 is not merged into any FG from other WI.

2.4. FG 26-6a
	26. NR_NTN_solutions
	[26-6a]
	[Type-1 HARQ codebook enhancement] 
	1. Enhancement on Type-1 HARQ codebook in NTN
2. FFS: HARQ disabling
	[26-1, 26-2]
	Yes
	No
	
	[Per UE/per band]
	No
	No
	[support mixture of FDD/TDD (for HAPS and/or ATG) and/or FR1/FR2] 
	FFS: whether this FG gets merged with FG 26-1 if the note “For UE supports NR [NTN/ satellite/HAPS/ATG], UE must indicate this FG is supported” is confirmed in the positive
	Optional with capability signalling 

[For UE supports NR [NTN/ satellite/HAPS/ATG], UE must indicate this FG is supported]

[Note: This UE feature group is applicable only for NR NTN cell, for terrestrial cell this feature is not supported]


Based on the agreements so far, this component for type-1 HARQ-ACK CB enhancement is necessary. The same approach as for FG 26-6 would be valid.
Proposal 4:
· Support at least four left columns of FG 26-6a for type-1 HARQ-ACK CB enhancement.
· Remove the 2nd component from FG 26-6a.
· FG 26-6a is not merged into any FG from other WI.


3. Conclusion
Proposal 1:
· Update the following texts in all FGs for NR NTN, if any.
· For UE supports NR communications via [NTN/ satellite/HAPS/ATG], UE must indicate this FG is supported
· Release 17 UE cannot do NR communication via access [NTN/ satellite/HAPS/ATG]
· [Note: This UE feature group is applicable only for NR cell for communications via satellite/HAPS or with ATG gNB as specified in TS 38.101-X; NTN cell and ATG cell, for terrestrial any other cell, except for ATG cell this feature is not supported]
Proposal 2:
· Maximum of 32 HARQ processes is applicable only for NTN and FR2-2.
· FG 26-5 is not merged with FGs 24-8/24-9.
Proposal 3:
· Remove brackets in the 1st component of FG 26-6.
· Remove the 2nd component from FG 26-6.
· FG 26-6 is not merged into any FG from other WI.
Proposal 4:
· Support at least four left columns of FG 26-6a for type-1 HARQ-ACK CB enhancement.
· Remove the 2nd component from FG 26-6a.
· FG 26-6a is not merged into any FG from other WI.
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