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Introduction
In RAN1#106bis-e, a list of Rel-17 UE features for NR NTN were agreed as baseline for further discussions [1]. In this contribution, we address some remaining aspects.
Discussion 
1. 
1. 
FG 26-1
· Comment 1: Component 1 and component 2 can be merged together.
· Comment 2: On component 5, a NTN UE can either acquire the ephemeris and common TA before or after the validity timer expires. Component 5 is also implicitly covered by component 1 hence it can be removed.
· Comment 3: As the typical altitude of HAPS and ATG are below 20 km, which is similar to a large cell from physical layer point of view. There is no need of UE specific TA pre-compensation. 
· Comment 4: The serving satellite ephemeris epoch time is not a UE feature, it is a part of the ephemeris. Thus, the description can be removed.
· Comment 5: This FG is a per UE capability.
	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)
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
	
	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
	Mandatory

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]



FG 26-2
· Comment 1: Component 1 and component 2 can be merged together.
· Comment 2: Uplink Frequency/Doppler pre-compensation is mainly relavant for NGSO. It is preferred to keep FG26-2 as a separate FG to allow flexibility UE implementation. 
· Comment 3: This FG is a per UE capability.
	26. NR_NTN_solutions
	26-2
	Uplink Frequency/Doppler pre-compensation
	1. [In RRC_IDLE and RRC_INACTIVE states UE calculates 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
	Mandatory

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]



FG 26-3
· Comment 1: Component 1, 2, 3 can be merged together. The enhancement on K_offset and K_mac can be separate.
· Comment 2: FG 26-3 can either be a basic feature for NTN or a separate FG in order not to results long list of basic features.
· Comment 3: This FG is a per UE capability.
	
	
	
	3. 
	
	
	
	
	
	
	
	
	
	

	 26. NR_NTN_solutions
	26-3
	Start of RAR window Enhancement on the timing relationship
	1. estimate of 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 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

1. UE estimates UE-gNB RTT and delays the delays the start of RAR window by UE-gNB RTT
2. UE delays the scheduling of PUSCH, PUCCH and PDCCH ordered PRACH, CSI reference resource,  transmission of aperiodic SRS with cell-specific K_offset
3. UE delays the UE action and assumption on a downlink configuration carried by MAC CE command by K_mac 

	[26-1][26-2]
	No
	No
	Due to large propagation delay in NTN the UE RAR is not expected within a few milliseconds like in TN. The UE does not need to  monitor the PDCCH for RAN right after transmitting RA Preamble.

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
	Mandatory

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]



FG 26-4
· Comment 1: Two kinds UE-specific TA reporting are under discussion, i.e. UE specific TA pre-compensation or UE location information. Depending on further input from SA3, component 1 may be updated later.
· Comment 2:  Component 2 and 3 can be removed since there is no need to list the detailed signalling design.
· Comment 3: This is not a basic feature for NTN and there is need to merge it with FG26-1. Therefore, the notes in the last column can be removed.
· Comment 4: This FG is a per UE capability.
	[bookmark: _GoBack]26. NR_NTN_solutions
	26-4
	UE reporting of information about the UE specific TA pre-compensation
	1. UE reports UE specific TA pre-compensation or UE location information
2. [The exact content of UE reporting of information about the UE specific TA pre-compensation]
3. FFS: frequency of the reports
4. 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
	[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]



FG 26-5
· Comment 1: FG 26-5 can be split into DL and UL for UE implementation flexibility.
· Comment 2: This feature is also supported for 52.6GHz, a common FG can defined as per band capability.
· Comment 3: This is not a basic feature for NTN and there is need to merge it with FG26-1. The notes in the last column can be removed.
	26. NR_NTN_solutions
	26-5
	Increasing the number of HARQ processes for DL
	1. The maximal supported HARQ process number is 32 for both UL and 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]
	FFS
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

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

	26. NR_NTN_solutions
	26-5a
	Increasing the number of HARQ processes for UL
	1. The maximal supported HARQ process number is 32 for both UL
	
	Yes
	No
	[Increasing the number of HARQ processes avoids HARQ stalling]
	FFS
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

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


 
FG 26-6, FG 26-6a
· Comment 1: For FG26-6 and FG 26-6a, add a component “UE supports HARQ disabling” since HARQ disabling is a pre-requisit for HARQ-ACK codebook enhancement.
· Comment 2: Both FGs are not basic features for NTN and there is need to merge them with FG 26-1. The notes in the last column can be removed.
· Comment 3: Both FGs are per UE capability.
	26. NR_NTN_solutions
	26-6
	Type-2 HARQ CODEBOOK Enhancement
	1. Enhancement on Type-2 HARQ codebook in NTN
2. FFS: UE supports HARQ disabling
3. Enhancement on Type-1 HARQ codebook in NTN
	[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
	Mandatory

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]

	 26. NR_NTN_solutions
	26-6a
	Type-1 HARQ codebook enhancement 
	1. Enhancement on Type-1 HARQ codebook in NTN
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
	Mandatory

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]




FG 26-8
· Comment 1: Component 1 can be simplified and Component 2 has already been covered by the component 1 hence can be removed.
· Comment 2: This is not a basic feature for NTN and there is need to merge it with FG26-1. The notes in the last column can be removed.
· Comment 3: This FG is a per UE capability.
	26. NR_NTN_solutions
	26-8
	Support of polarization [signalling/ information/reception] in NR NTN
	1. UE polarization capability (RHCP, LHCP, Linear)
2. Polarization information for UL may be indicated in SIB by the network
3. UE assumes a same polarization for UL and DL, when the UL polarization information is absent.
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. FFS: polarization information for DL is indicated in SIB by the network
	
	No
	No
	[It is assumed by the network that UE supports at least linear polarization]
	[Per UE/Per band]
	No
	No
	[support mixture of FDD/TDD (for HAPS and/or ATG) and/or FR1/FR2] 
	[Value range for component 1: {(RHCP, LHCP, Linear), (RHCP, LHCP), (RHCP), (LHCP), (Linear)}]

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
	Mandatory

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]



An update to NTN UE feature groups can be found in Appendix.
Conclusion
In this contribution, we discuss the Rel-17 UE features for NR NTN. The following proposals are presented:

[bookmark: _Hlk86417714][bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal: Agree on the updated FGs as listed in the Appendix.
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Appendix
Proposed Rel-17 UE features for NR_NTN_solutions
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (Sidelink WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	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)
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
	
	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
	Mandatory

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]




	26. NR_NTN_solutions
	26-2
	Uplink Frequency/Doppler pre-compensation
	1. [In RRC_IDLE and RRC_INACTIVE states UE calculates frequency pre-compensation to counter shift the Doppler experienced on the service link]
1. 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
	Mandatory

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]

	 26. NR_NTN_solutions
	26-3
	Start of RAR window Enhancement on the timing relationship
	4. estimate of UE-gNB RTT
1. delaying the start of ra-ResponseWindow  [by UE-gNB RTT]
2. delaying the start of msgB-ResponseWindow [by UE-gNB RTT]
4. FFS: delaying the scheduling of PUSCH, PUCCH and PDCCH ordered PRACH, CSI reference resource,  transmission of aperiodic SRS with cell-specific K_offset
5. FFS: delaying the UE action and assumption on a downlink configuration carried by MAC CE command by K_mac if it is indicated
6. FFS: separate FGs for cell specific Koffset and Kmac/UE-gNB RTT estimation/delay of RAR/MsgB response window

1. UE estimates UE-gNB RTT and delays the delays the start of RAR window by UE-gNB RTT
2. UE delays the scheduling of PUSCH, PUCCH and PDCCH ordered PRACH, CSI reference resource,  transmission of aperiodic SRS with cell-specific K_offset
3. UE delays the UE action and assumption on a downlink configuration carried by MAC CE command by K_mac 
	[26-1][26-2]
	No
	No
	Due to large propagation delay in NTN the UE RAR is not expected within a few milliseconds like in TN. The UE does not need to  monitor the PDCCH for RAN right after transmitting RA Preamble.

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
	Mandatory

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]

	26. NR_NTN_solutions
	26-4
	UE reporting of information about the UE specific TA pre-compensation
	5. UE reports UE specific TA pre-compensation or UE location information
6. [The exact content of UE reporting of information about the UE specific TA pre-compensation]
7. FFS: frequency of the reports
8. 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
	[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]

	26. NR_NTN_solutions
	26-5
	Increasing the number of HARQ processes for DL
	4. The maximal supported HARQ process number is 32 for both UL and DL
5. FFS: Support on the maximal HARQ process number is up to UE capability
1. FFS: separate features for DL and UL
	
	Yes
	No
	[Increasing the number of HARQ processes avoids HARQ stalling]
	FFS
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

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

	26. NR_NTN_solutions
	26-5a
	Increasing the number of HARQ processes for UL
	1. The maximal supported HARQ process number is 32 for both UL
	
	Yes
	No
	[Increasing the number of HARQ processes avoids HARQ stalling]
	FFS
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

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

	26. NR_NTN_solutions
	26-6
	Type-2 HARQ CODEBOOK Enhancement
	4. Enhancement on Type-2 HARQ codebook in NTN
5. FFS: UE supports HARQ disabling
1. Enhancement on Type-1 HARQ codebook in NTN
	[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
	Mandatory

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]

	 26. NR_NTN_solutions
	26-6a
	Type-1 HARQ codebook enhancement 
	3. Enhancement on Type-1 HARQ codebook in NTN
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
	Mandatory

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]

	 26. NR_NTN_solutions
	[26-7]
	[NTN Performance enhancement] 
	1. The maximum number of supported aggregation factor (i.e., pdsch-AggregationFactor) for DL PDSCH is [X]
2. FFS: X = 8, 16 or 32
	
	Yes
	No
	Particularly beneficial  in case HARQ feedback is disabled
	[Per UE/per band/Per BC]
	[No]
	No
	[support mixture of FDD/TDD (for HAPS and/or ATG) and/or FR1/FR2] 
	
	Optional with capability signalling

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

	26. NR_NTN_solutions
	26-8
	Support of polarization [signalling/ information/reception] in NR NTN
	4. UE polarization capability (RHCP, LHCP, Linear)
5. Polarization information for UL may be indicated in SIB by the network
6. UE assumes a same polarization for UL and DL, when the UL polarization information is absent.
3. 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
1. FFS: polarization information for DL is indicated in SIB by the network
	
	No
	No
	[It is assumed by the network that UE supports at least linear polarization]
	[Per UE/Per band]
	No
	No
	[support mixture of FDD/TDD (for HAPS and/or ATG) and/or FR1/FR2] 
	[Value range for component 1: {(RHCP, LHCP, Linear), (RHCP, LHCP), (RHCP), (LHCP), (Linear)}]

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
	Mandatory

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]

	 26. NR_NTN_solutions
	26-9
	UE-specific K_offset 
	1. Reception of UE-specific K_offset via MAC-CE
2. delaying the scheduling of PUSCH, PUCCH and PDCCH ordered PRACH, CSI reference resource,  transmission of aperiodic SRS 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
	Mandatory

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]



- 10/10 -
