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1. Introduction
In previous RAN1 meeting [1], RAN1 has updated and endorsed NR Rel-16 UE features list as in [2]. Still, there are remaining points to be decided on further details of NR Rel-16 UE features. In this paper, we share LG’s views on the further updates of NR Rel-16 UE features, especially dedicated to NR Rel-16 items of positioning and NR-U.
1. Discussion
1. UE features for NR positioning
In RAN1 UE feature discussion, we have common UE capability on DL PRS processing for DL-TDOA, DL-AoD, and Multi-RTT techniques since the UE’s processing capability is not different depending on the techniques, while the UE capability on SRS for positioning is not common across multiple techniques such as UL-AoA, UL-TDOA, and Multi-RTT, but the capability on SRS is not related to the positioning techniques so it does not need to be different. For the FGs from 13-8 to 13-10f, UE capability on SRS for positioning are defined and those are contained in IE NR-UL-SRS-Capability-r16. For this IE, it is necessary that the UE needs to report the same values for the capabilities in IEs NR-UL-ProvideCapabilities-r16 and NR-Multi-RTT-ProvideCapabilities-r16, so we have the following proposal.
Proposal: The following note needs to be added to the FG from 13-8 to 13-10f.
· Note: In the case of capabilities for multiple NR positioning methods are provided, the UE reports the same values of NR-UL-SRS-Capability-r16 for the capabilities in IEs NR-UL-ProvideCapabilities-r16 and NR-Multi-RTT-ProvideCapabilities-r16.

	.13. NR Positioning
	13-8
	SRS Resources for Positioning
	1. Max number of SRS Resource Sets for positioning supported by UE per BWP. 
Values = {1, 2, 4, 8, 12, 16}.
2. Max number of P/SP/AP SRS Resources for positioning per BWP.
Values = {1,2,4,8,16,32,64}
3. Max number of P/SP/AP SRS Resources including the SRS resources for positioning per BWP per slot.
Values = {1, 2, 3, 4, 5, 6, 8, 10, 12, 14}
Note: Max number of P/SP/AP SRS Resources in Component 3 include both SRS resources configured by SRS-Resource and SRS resources configured by SRS-PosResource-r16 supported by UE
4. Max number of periodic SRS Resources for positioning per BWP.
 Values = {1,2,4,8,16,32,64}
5. Max number of periodic SRS Resources for positioning per BWP per slot. 
Values = {1,2,3,4,5,6,8,10,12,14}

OLPC for SRS for positioning based on SSB from serving cell is part of FG13-8
Note: no dedicated capability signaling is intended for this component
Note: In the case of capabilities for multiple NR positioning methods are provided, the UE reports the same values of NR-UL-SRS-Capability-r16 for the capabilities in IEs NR-UL-ProvideCapabilities-r16 and NR-Multi-RTT-ProvideCapabilities-r16.
	
	Yes
	N/A
	
	Per FS

Note: Per FS is selected because similar capability was reported per FS (in FeatureSetUplink) in Rel-15
	N/A
	N/A
	N/A
	Note: if the UE does not indicate this capability for a band in a band combination, the UE does not support SRS for Positioning in this band in the band combination.
· UE not supporting FG13-8 does not support FG13-8a or FG13-8b in the band in the band combination.
· The same approach is applicable to FG13-8c, FG13-8d, and FG13-8e.
	Optional with capability signaling

	13. NR Positioning
	13-8a
	Support of Aperiodic SRS Resources for positioning
	1. Max number of aperiodic SRS Resources for positioning per BWP.
Values = {1,2,4,8,16,32,64}
2. Max number of aperiodic SRS Resources for positioning per BWP per slot.
 Values = {1,2,3,4,5,6,8,10,12,14}
Note: In the case of capabilities for multiple NR positioning methods are provided, the UE reports the same values of NR-UL-SRS-Capability-r16 for the capabilities in IEs NR-UL-ProvideCapabilities-r16 and NR-Multi-RTT-ProvideCapabilities-r16.
	13-8
	Yes
	N/A
	
	Per FS

Note: Per FS is selected because similar capability was reported per FS (in FeatureSetUplink) in Rel-15
	N/A
	N/A
	N/A
	
	Optional with capability signaling

	13. NR Positioning
	13-8b
	Support of Semi-persistent SRS Resources for positioning
	1. Max number of semi-persistent SRS Resources for positioning supported by UE per BWP.
Values = {1,2,4,8,16,32,64}
2. Max number of semi-persistent SRS Resources for positioning supported by UE per BWP per slot.
Values = {1,2,3,4,5,6,8,10,12,14}
Note: In the case of capabilities for multiple NR positioning methods are provided, the UE reports the same values of NR-UL-SRS-Capability-r16 for the capabilities in IEs NR-UL-ProvideCapabilities-r16 and NR-Multi-RTT-ProvideCapabilities-r16.
	13-8
	Yes
	N/A
	
	Per FS

Note: Per FS is selected because similar capability was reported per FS (in FeatureSetUplink) in Rel-15
	N/A
	N/A
	N/A
	
	Optional with capability signaling

	13. NR Positioning
	13-8c
	SRS Resources for Positioning
	1. Max number of SRS Resource Sets for positioning supported by UE per BWP. 
Values = {1, 2, 4, 8, 12, 16}.
2. Max number of P/SP/AP SRS Resources for positioning per BWP.
Values = {1,2,4,8,16,32,64}
3. Max number of periodic SRS Resources for positioning per BWP.
Values = {1,2,4,8,16,32,64}
Note: In the case of capabilities for multiple NR positioning methods are provided, the UE reports the same values of NR-UL-SRS-Capability-r16 for the capabilities in IEs NR-UL-ProvideCapabilities-r16 and NR-Multi-RTT-ProvideCapabilities-r16.
	13-8
	No
	N/A
	
	Per band
	N/A
	N/A
	N/A
	Need for location server to know if the feature is supported

UE only reports the number on bands for the current configured CA band combination.
	Optional with capability signaling

	13. NR Positioning
	13-8d
	Support of Aperiodic SRS Resources for positioning
	1. Max number of aperiodic SRS Resources for positioning per BWP.
Values = {1,2,4,8,16,32,64}
Note: In the case of capabilities for multiple NR positioning methods are provided, the UE reports the same values of NR-UL-SRS-Capability-r16 for the capabilities in IEs NR-UL-ProvideCapabilities-r16 and NR-Multi-RTT-ProvideCapabilities-r16.
	13-8a, 13-8c
	No
	N/A
	
	Per band
	N/A
	N/A
	N/A
	Need for location server to know if the feature is supported.

UE only reports the number on bands for the current configured CA band combination.
	Optional with capability signaling

	13. NR Positioning
	13-8e
	Support of Semi-persistent SRS Resources for positioning
	1. Max number of semi-persistent SRS Resources for positioning supported by UE per BWP.
Values = {1,2,4,8,16,32,64}
Note: In the case of capabilities for multiple NR positioning methods are provided, the UE reports the same values of NR-UL-SRS-Capability-r16 for the capabilities in IEs NR-UL-ProvideCapabilities-r16 and NR-Multi-RTT-ProvideCapabilities-r16.
	13-8b,13-8c
	No
	N/A
	
	Per band
	N/A
	N/A
	N/A
	Need for location server to know if the feature is supported.

UE only reports the number on bands for the current configured CA band combination.
	Optional with capability signaling

	13. NR Positioning
	13-9
	OLPC for SRS for positioning based on PRS from the serving cell
	1. OLPC for SRS for positioning based on PRS from the serving cell in the same band
Note: In the case of capabilities for multiple NR positioning methods are provided, the UE reports the same values of NR-UL-SRS-Capability-r16 for the capabilities in IEs NR-UL-ProvideCapabilities-r16 and NR-Multi-RTT-ProvideCapabilities-r16.
	13-1 and 13-8
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	RAN1 kindly requests RAN2 to decide on the necessity for location server to know if the feature is supported
	Optional with capability signaling

	13. NR Positioning
	13-9a
	OLPC for SRS for positioning based on SSB from neighbouring cells
	1. OLPC for SRS for positioning based on SSB from neighbouring cells in the same band
Note: In the case of capabilities for multiple NR positioning methods are provided, the UE reports the same values of NR-UL-SRS-Capability-r16 for the capabilities in IEs NR-UL-ProvideCapabilities-r16 and NR-Multi-RTT-ProvideCapabilities-r16.
	13-8
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	RAN1 kindly requests RAN2 to decide on the necessity for location server to know if the feature is supported
	Optional with capability signaling

	13. NR Positioning
	13-9b
	OLPC for SRS for positioning based on PRS from the neighbouring cells
	1. OLPC for SRS for positioning based on PRS from the neighbouring cells in the same band
Note: In the case of capabilities for multiple NR positioning methods are provided, the UE reports the same values of NR-UL-SRS-Capability-r16 for the capabilities in IEs NR-UL-ProvideCapabilities-r16 and NR-Multi-RTT-ProvideCapabilities-r16.
	13-9
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	RAN1 kindly requests RAN2 to decide on the necessity for location server to know if the feature is supported
	Optional with capability signaling

	13. NR Positioning
	13-9e
	PathLoss estimate maintenance per serving cell
	1. Max number of pathloss estimates that the UE can simultaneously maintain for all the SRS resource sets for positioning per serving cell in addition to the up to four pathloss estimates that the UE maintains per serving cell for the PUSCH/PUCCH/SRS transmissions”
· Candidate values are {1, 4, 8, 16}
· Note: SRS in “PUSCH/PUCCH/SRS” refers to SRS configured by SRS-Resource
Note: In the case of capabilities for multiple NR positioning methods are provided, the UE reports the same values of NR-UL-SRS-Capability-r16 for the capabilities in IEs NR-UL-ProvideCapabilities-r16 and NR-Multi-RTT-ProvideCapabilities-r16.

	One of {13-9, 13-9a, 13-9b, 13-9c}
	Yes
	N/A
	
	Per band 
	N/A
	N/A
	N/A
	RAN1 kindly requests RAN2 to decide on the necessity for location server to know if the feature is supported
SRS and SSB and/or PRS are in the same band

Note: if the UE does not indicate this capability for a band, the UE does not support any pathloss estimates in addition to the up to four pathloss estimates that the UE maintains per serving cell for the PUSCH/PUCCH/SRS transmissions in that band.
	Optional with capability signaling

	13. NR Positioning
	13-9f
	PathLoss estimate maintenance across all cells
	1. Max number of pathloss estimates that the UE can simultaneously maintain for all the SRS resource sets for positioning across all cells in addition to the up to four pathloss estimates that the UE maintains per serving cell for the PUSCH/PUCCH/SRS transmissions”
· Candidate values are {1, 4, 8, 16}
· Note: SRS in “PUSCH/PUCCH/SRS” refers to SRS configured by SRS-Resource
Note: In the case of capabilities for multiple NR positioning methods are provided, the UE reports the same values of NR-UL-SRS-Capability-r16 for the capabilities in IEs NR-UL-ProvideCapabilities-r16 and NR-Multi-RTT-ProvideCapabilities-r16.
	One of {13-9, 13-9a, 13-9b, 13-9c}
	Yes
	N/A
	
	Per UE
	No
	No
	N/A
	RAN1 kindly requests RAN2 to decide on the necessity for location server to know if the feature is supported
SRS and SSB and/or PRS are in the same band
	Optional with capability signaling

	13. NR Positioning
	13-10
	Spatial relation for SRS for positioning based on SSB from the serving cell
	1. Spatial relation for SRS for positioning based on SSB from the serving cell in the same band
Note: In the case of capabilities for multiple NR positioning methods are provided, the UE reports the same values of NR-UL-SRS-Capability-r16 for the capabilities in IEs NR-UL-ProvideCapabilities-r16 and NR-Multi-RTT-ProvideCapabilities-r16.
	13-8
	Yes
	N/A
	
	Per band
	N/A
	N/A (FR2 only)
	N/A
	Need for location server to know if the feature is supported.
	Optional with capability signaling

	13. NR Positioning
	13-10a
	Spatial relation for SRS for positioning based on CSI-RS from the serving cell
	1. Spatial relation for SRS for positioning based on CSI-RS from the serving cell in the same band
Note: In the case of capabilities for multiple NR positioning methods are provided, the UE reports the same values of NR-UL-SRS-Capability-r16 for the capabilities in IEs NR-UL-ProvideCapabilities-r16 and NR-Multi-RTT-ProvideCapabilities-r16.
	13-10
	Yes
	N/A
	
	Per band
	N/A
	N/A (FR2 only)
	N/A
	Need for location server to know if the feature is supported.
	Optional with capability signaling

	13. NR Positioning
	13-10b
	Spatial relation for SRS for positioning based on PRS from the serving cell
	1. Spatial relation for SRS for positioning based on PRS from the serving cell in the same band
Note: In the case of capabilities for multiple NR positioning methods are provided, the UE reports the same values of NR-UL-SRS-Capability-r16 for the capabilities in IEs NR-UL-ProvideCapabilities-r16 and NR-Multi-RTT-ProvideCapabilities-r16.
	One of 
{13-2, 13-3, 13-4} and13-8
	Yes
	N/A
	
	Per band
	N/A
	N/A (FR2 only)
	N/A
	Need for location server to know if the feature is supported.
	Optional with capability signaling

	13. NR Positioning
	13-10c
	Spatial relation for SRS for positioning based on SRS
	1. Spatial relation for SRS for positioning based on SRS in the same band
Note: In the case of capabilities for multiple NR positioning methods are provided, the UE reports the same values of NR-UL-SRS-Capability-r16 for the capabilities in IEs NR-UL-ProvideCapabilities-r16 and NR-Multi-RTT-ProvideCapabilities-r16.
	13-8,
	Yes
	N/A
	
	Per band
	N/A
	N/A (FR2 only)
	N/A
	Need for location server to know if the feature is supported.
	Optional with capability signaling

	13. NR Positioning
	13-10d
	Spatial relation for SRS for positioning based on SSB from the neighbouring cell
	1. Spatial relation for SRS for positioning based on SSB from the neighbouring cell in the same band
Note: In the case of capabilities for multiple NR positioning methods are provided, the UE reports the same values of NR-UL-SRS-Capability-r16 for the capabilities in IEs NR-UL-ProvideCapabilities-r16 and NR-Multi-RTT-ProvideCapabilities-r16.
	13-10
	Yes
	N/A
	
	Per band
	N/A
	N/A (FR2 only)
	N/A
	Need for location server to know if the feature is supported.
	Optional with capability signaling

	13. NR Positioning
	13-10e
	Spatial relation for SRS for positioning based on PRS from the neighbouring cell
	1. Spatial relation for SRS for positioning based on PRS from the neighbouring cell in the same band
Note: In the case of capabilities for multiple NR positioning methods are provided, the UE reports the same values of NR-UL-SRS-Capability-r16 for the capabilities in IEs NR-UL-ProvideCapabilities-r16 and NR-Multi-RTT-ProvideCapabilities-r16.
	13-10b
	Yes
	N/A
	
	Per band
	N/A
	N/A (FR2 only)
	N/A
	Need for location server to know if the feature is supported.
	Optional with capability signaling

	13. NR Positioning
	13-10f
	Spatial relation maintenance
	1. Max Number of maintained spatial relations for all the SRS resource sets for positioning across all serving cells in addition to the spatial relations maintained spatial relations per serving cell for the PUSCH/PUCCH/SRS transmissions.
Values = {0,1,2,4,8,16}
Note: component 1 is for all cells across all bands
Note: SRS in “PUSCH/PUCCH/SRS” refers to SRS configured by SRS-Resource
Note: In the case of capabilities for multiple NR positioning methods are provided, the UE reports the same values of NR-UL-SRS-Capability-r16 for the capabilities in IEs NR-UL-ProvideCapabilities-r16 and NR-Multi-RTT-ProvideCapabilities-r16.

	One of {13-10, 13-10a, 13-10b, 13-10d, 13-10e}
	Yes
	N/A
	
	Per UE
	No
	No (FR2 only)
	N/A
	Need for location server to know if the feature is supported.

SRS and SSB and/or PRS are in the same band
	Optional with capability signaling



1. UE features for some Rel-15 FGs to introduce licensed/unlicensed differentiation
In previous RAN1 meeting [1], the following agreement was made for Rel-15 FGs differentiation between licensed and unlicensed bands. In this section, we share the views on FFS point for handling of FGs 4-19/4-23/4-28/5-17.
	Agreements:
· At least for the following FGs, Rel-16 FGs can be introduced to indicate the support of the feature in unlicensed band
· FG 1-2 (SS block based SINR measurement (SS-SINR))
· FG 2-32a/2-32b (Semi-persistent CSI report on PUCCH/PUSCH)
· FG 3-6 (Dynamic SFI monitoring)
· [FG 4-19]
· FG 4-19a/4-19b/4-19c/4-28 (HARQ-ACK multiplexing)
· FG 4-23 (Repetitions for PUCCH format 1, 3, and 4 over multiple slots with K = 2, 4, 8)
· FG 5-14/5-16/5-17/5-17a (PDSCH and PUSCH repetitions)
· [FG 5-18/5-19/5-20/5-21 (SPS and configured grant)]
· Note1: for above listed FGs, indicating the support of Rel-15 FG by Rel-16 UE means support of the feature in licensed band only
· Note2: for above listed FGs, Rel-16 FGs for unlicensed band replicated from Rel-15 are “optional with capability signaling” in UE features list
· FFS: whether each of Rel-16 versions of 4-19/4-23/4-28/5-17 is part of basic operation for corresponding scenarios of NR-U
· FFS: interpretation of support of FG in case of cross-carrier operation between licensed and unlicensed carriers



FGs 4-19/4-23/4-28/5-17 were given as “Mandatory with capability signalling” in Rel-15, as follows.
	4-19
	SR/HARQ-ACK/CSI multiplexing once per slot using a PUCCH (or HARQ-ACK/CSI piggybacked on a PUSCH) when SR/HARQ-ACK/CSI are supposed to be sent with the same starting symbol on the PUCCH resources in a slot
	SR/HARQ-ACK/CSI multiplexing once per slot, where overlapping PUCCH resources have the same starting symbols on the PUCCH resources in a slot while precluding the case of SR/HARQ-ACK by overlapping PUCCH resources with the same starting symbols on the PUCCH resources in a slot
	
	sameSymbol in mux-SR-HARQ-ACK-CSI-PUCCH-OncePerSlot
	Phy-ParametersFRX-Diff
	No
	Yes
	If FG4-28 is not included or not supported, HARQ-ACK/CSI piggyback on PUSCH once per slot when the starting OFDM symbol of the PUSCH is the same as the starting OFDM symbols of the PUCCH resource(s) that would have been transmitted on

If FG4-28 is included and supported, HARQ-ACK/CSI piggyback on PUSCH once per slot for which case the starting OFDM symbol of the PUSCH is the different from the starting OFDM symbols of the PUCCH resource(s) that would have been transmitted on
	Mandatory with capability signalling

	4-23
	Repetitions for PUCCH format 1, 3, and 4 over multiple slots with K = 2, 4, 8
	Repetitions for PUCCH format 1, 3, and 4 over multiple slots with K = 2, 4, 8
	
	pucch-Repetition-F1-3-4
	Phy-ParametersCommon
	No
	No
	
	Mandatory with capability signalling

	4-28
	HARQ-ACK multiplexing on PUSCH with different PUCCH/PUSCH starting OFDM symbols
	HARQ-ACK piggyback on a PUSCH with/without aperiodic CSI once per slot when the starting OFDM symbol of the PUSCH is different from the starting OFDM symbols of the PUCCH resource that HARQ-ACK would have been transmitted on
	4-1
	mux-HARQ-ACK-PUSCH-DiffSymbol
	Phy-ParametersFRX-Diff
	No
	Yes
	
	Mandatory with capability signalling

	5-17
	PUSCH repetitions over multiple slots
	K = 2, 4, 8 times repetitions
	
	pusch-RepetitionMultiSlots
	Phy-ParametersCommon
	No
	No
	
	Mandatory with capability signalling



Therefore, it is preferable to apply them with basic FGs for NR-U. However, as discussed in RAN1#103-e, we need to further discuss on whether those FGs are defined as basic FGs for all or parts of the following scenarios (as in TS 38.300 Annex B.3).
- Scenario A: Carrier aggregation between NR in licensed spectrum (PCell) and NR in shared spectrum (SCell);
- Scenario A.1: SCell is not configured with uplink (DL only);
- Scenario A.2: SCell is configured with uplink (DL+UL).
- Scenario B: Dual connectivity between LTE in licensed spectrum and NR in shared spectrum (PSCell);
- Scenario C: NR in shared spectrum (PCell);
- Scenario D: NR cell in shared spectrum and uplink in licensed spectrum;
- Scenario E: Dual connectivity between NR in licensed spectrum (PCell) and NR in shared spectrum (PSCell).
Considering that FGs 4-19/4-23 are related to PUCCH operation, it seems reasonable to define them as basic FGs for scenarios B, C, D, and E. Similarly, considering that FGs 4-28/5-17 are related to PUSCH operation, it seems reasonable to define them as basic FGs for scenarios A2, B, C, D, and E.

Proposal: Define FGs 4-19/4-23 as basic FGs for NR-U with scenarios B, C, D, and E as described in TS 38.300 Annex B.3.
Proposal: Define FGs 4-28/5-17 as basic FGs for NR-U with scenarios A2, B, C, D, and E as described in TS 38.300 Annex B.3.
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