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1. Introduction
In this contribution, we provide our views on UE features for Rel-17 NR positioning enhancements [1].
UE feature for enhancements to mitigate Rx/Tx timing Delays
In Rel-17, in order to mitigate the Tx and Rx timing errors, a new concept of TEG (timing error group) is introduced. Based on TEGs, several enhanced solutions are introduced for DL TDOA, UL TDOA and multi-RTT positioning methods. In Rel-17, three types of TEGs are introduced, i.e., Rx TEG, Tx TEG and RxTx TEG. Thus, we should define the UE capability signaling to support UE to report it corresponding capabilities. 
During RAN1#106bis-e meeting, four feature groups were identified as below:
· 27-1-1: Maximum number of UE-RxTEGs [for UE-assisted DL TDOA and/or Multi-RTT positioning]
· 27-1-2: Maximum number of UE-TxTEGs [for UL TDOA and/or Multi-RTT positioning]
· 27-1-3: Maximum number of UE-RxTxTEGs for Multi-RTT
· 27-1-4: The maximum Number of  UE Rx TEGs for measuring the same DL PRS resource
The TEGs are depending on the hardware implementation. Typically, a UE may use different hardware for different bands. In this case, the TEGs will be different for different bands. Thus, it is natural to support the above-mentioned four feature groups as “per-band”. 
For the feature groups 27-1-1/2/3, some clarification is needed, e.g.,
· Alt.1: If the reported value reflects the total number of TEGs among all possible PFLs, it should be clarified that only up to (reported values / # of supported PFLs) TEGs can be available for a PFL
· Alt.2: If the reported value reflects the maximum number of TEGs in one PFL, we should make it clear
In our understanding, both alternatives can work. We prefer Alt.2 since it is more concise. 
Based on the above discussion, we have the following proposals:
Proposal 1: UE feature groups 27-1-1 
· Per band
· for UE-assisted DL TDOA and/or Multi-RTT positioning
· Adding some wording to reflect the reported value is for a PFL
· The candidate values are [1, 2, 4, 6, 8]
· The prerequisite feature groups: 13-3 or 13-4
Proposal 2: UE feature groups 27-1-2 
· Per band
· for UL TDOA and/or Multi-RTT positioning
· Adding some wording to reflect the reported value is for a PFL
· The candidate values are [1, 2, 4, 6, 8]
· The prerequisite feature groups: 13-4 or 13-8
Proposal 3: UE feature groups 27-1-3 
· Per band
· Adding some wording to reflect the reported value is for a PFL
· The candidate values are [1, 2, 4, 6, 8, 12, 16, 32, 64]
· The prerequisite feature groups: 13-4 or 13-8
Proposal 4: UE feature groups 27-1-4 
· Per band
· The candidate values are [1, 2, 4, 6, 8]

UE feature for DL-AoD enhancement
Rel-17 supports PRS RSRP measurement of the first path for DL-AoD as in the following agreement:
	Agreement:
For both UE-based and UE-assisted DL-AOD, the UE can be requested subject to UE capability to measure and report (for UE-assisted) the PRS RSRP of the first path
· FFS: Details of measurement and reporting of PRS RSRP of the first path


During the Rel-17 dicussion, the PRS RSRP measurement of the first path was discussed and agreed only for the DL-AoD positioning method, but not for DL-DTOA or multi-RTT.  However, in the positioning measurement result reporting, the UE can also report PRS RSRP result in measurement reporting of DL-DTOA and Multi-RTT. In our view, because the initial motivation for RSRP of the first path was DL-AoD method and it was discussed and agreed only for DL-AoD. Therefore, we shall not request the UE to support it for other positioning method. In UE feature, we shall only define the UE capability of PRS RSRP measurement of the first path for the DL-AoD positioning method. 
Proposal 5: In UE feature, the UE capability of PRS RSRP measurement of the first path for DL-AoD positioning method is separate capability.
Regarding the maximal number of DL PRS RSRP per TRP for DL AoD, we have agreed that the candidate values can be {16, 24}.  If the UE does not report this capability, the maximal number of DL PRS RSRP is 8 by default.
In rel-17, we agreed to support first path PRS RSRP for DL AoD and the maximal number per TRP is UE capability. The candidate values can be {2,4,8,16, 24}, which shall be captured in UE capability. Furthermore, as agreed, the maximal number of DL PRS RSRP associated with the same Rx beam index is up to UE implementation. Therefore, that shall not be included in UE capability. 
Proposal 6: Update FG 27-2-1 and 27-2-2 as follows:
	[bookmark: _Hlk86955342]27-2-1
	[UE-assisted] DL PRS RSRP of the first [or additional] path [for DL-AoD]
	Support of [measuring and reporting the] PRS RSRP of the first path  [or additional] [for DL-AoD positioning method]
The maximum number of first path PRS RSRP per TRP: candidate value: 2,4,8,16,24
[Note: Applicable for DL-TDOA and Multi-RTT]


	27-2-2
	DL PRS RSRP reporting for more than 8 measurements for UE-assisted DL-AoD positioning
	Support reporting K> 8 DL PRS RSRP measurements per TRP.

FFS: the values of K
The candidate values for K is 16, 32. If K is not reported, default value is 8.

Note: Multiple RSRPs corresponding to same or different Rx Beam index should be able to be reported for a given PRS resource for different timestamps. 

FFS: Additional capability may be added to limit the maximum number of DL PRS RSRP associated with the same Rx beam index


UE feature for latency reduction
To reduce the NR positioning measurement and reporting latency, the issue of M (< 4)- sample PRS processing was discussed. From the perspective of RAN1, by assuming that RAN4 agrees to support the M-sample measurement, it was agreed to support M-sample measurement as UE capability:
	Agreement:
Subject to UE capability, support LMF to explicitly request UE to report the measurement with either M-sample or 4-sample, if RAN4 has supported M-sample measurement.
· FFS signalling details.


Supporting M-sample measurement is a UE capability. A dedicated UE capability shall be introduced for this feature. The UE can report if the UE supports the M-sample measurement and the UE can also report the values of M that the UE can support.  M = 1 shall be a candidate value.
[bookmark: _Hlk86955354]Proposal 7: Introduce a new UE capability for supporting M-sample measurement
· the UE reports the supported M value. M = 1 is one candidate value.
Furthermore, for a UE supporting M-sample measurement, the LMF can indicate the UE to report a result based on M-sample measurement. From the UE perspective, it is not feasible that the LMF indicate different M-sample measurements for different simultaneous NR positioning measurements. For instance, the following case shall not happen: the LMF indicates the UE to report DL TDOA measurement result based on M-sample measurement and requests the UE to report DL AoD measurement based on 4-sample measurement.
[bookmark: _Hlk86955361]Proposal 8: In UE feature, we shall clarify that the UE expects the LMF to indicate same M-sample or 4-sample measurement for all the NR positioning measurement at the same time and add one note in FG 27-3-1 to clarify that:
	27. NR_pos_enh
	27-3-1
	M-sample measurements [of DL PRS measurement on single DL PRS period/occasion]
	The capability to support reporting a measurement based on measuring M samples (instances) of a DL PRS resource set

M=1[,2-3]. FFS: other values. If the UE does not provide the capability, the UE [is assumed to] support M=4 only.
Note: a UE reporting M value expects the LMF configure same the M-sample measurement for all the simultaneous positioning measurement configurations.  




UE feature for multipath/NLOS mitigation
Rel-17 supports the UE to report more than 2 additional paths for DL-TDOA positioning measurement. That should be subject to the UE capability. In UE feature, the UE can report if the UE supports to report more than 2 additional paths and the UE can reports the maximal number of additional paths for DL-TDOA positioning measurement. Regarding the maximal number of additional paths, 4 shall be one candidate value. 
[bookmark: _Hlk86955373]Proposal 9: Reporting > 2 additional paths for DL-TDOA is UE capability and the UE can report the maximal number of additional paths for DL-TDOA:
· The candidate values for maximal number additional paths are 2 and 4.
It was also agreed in Rel-17 that UE can report more than 2 additional paths for Multi-RTT positioning measurement. That should be subject to the UE capability too. In UE feature, the UE can report if the UE supports to report more than 2 additional paths and the UE can reports the maximal number of additional paths for multi-RTT positioning measurement. Similarly, 4 shall be a candidate value for the maximal number of additional paths.
[bookmark: _Hlk86955378]Proposal 10: Reporting > 2 additional paths for Multi-RTT is UE capability and the UE can report the maximal number of additional paths for multi-RTT:
· The candidate values for maximal number additional paths are 2 and 4.
In Rel-17, the UE can report a single NLOS/LOS indicator for DL and DL+UL positioning measurement. As agreed, this feature is subject to UE capability. For the candidate value of the single NLOS/LOS indicator reported by the UE shall be 0 and 1 which are used to indicate whether the positioning measurement is from a NLOS or LOS path. 
[bookmark: _Hlk86955383]Proposal 11: In UE capability, the UE can report supporting reporting hard value for LOS/NLOS indicator: [0, 1] and update the FG 27-4-1 as follows:
	[bookmark: _Hlk86955391]27-4-1
	LOS/NLOS Indicator for UE-assisted positioning
	Support reporting LoS/NLoS indicator to LMF [for RSTD and UE Rx-Tx time difference measurements to LMF for DL and DL+UL positioning]

FFS: whether to have separate capability component/FG for RSTD and UE Rx-Tx time difference measurements

· Supported values for LOS/NLOS indicator: hard value or soft value.

FFS: whether to have separate capability component for hard and soft indication



UE feature for positioning in RRC_INACTIVE state
There were different views on the UE capability of DL PRS reception in RRC_INACTIVE state. The main reason not supporting this UE capability is that LMF is not aware of RRC state. On the other than, UE can report this UE capability to gNB and facilitate the gNB to do better decision. Thus, we have the following proposal: 
[bookmark: _Hlk86955402]Proposal 12: Introduce a UE capability for the DL PRS reception in RRC_INACTIVE state
· This UE capability is reported to gNB
· FFS: additional sub-groups for this UE capability, e.g., PRS processing capability, supported positioning methods.

SRS transmission for positioning is also supported for UE in RRC_INACTIVE state. This feature should also be reported by UE capability signaling 
[bookmark: _Hlk86955407]Proposal 13: Introduce a UE capability for SRS transmission for positioning in RRC_INACTIVE state
· This UE capability is reported to gNB
· FFS: additional sub-groups for this UE capability, e.g., types of SRS, power control.

In RAN1#106bis-e meeting, it is agreed that for RRC_INACTIVE UEs, SRS for positioning bandwidth, SCS and CP type are configured by RRC and can be different from that of initial UL BWP. This agreement should not mandate all UE to support this feature. Thus, we prefer to have a separate UE feature for it:
[bookmark: _Hlk86955412]Proposal 14: Introduce a UE capability for the following sub-group feature
· For RRC_INACTIVE UEs, SRS for positioning bandwidth, SCS and CP type are configured by RRC and can be different from that of initial UL BWP configured by the system information
· If not supported, UE in RRC_INACTIVE state can only transmit the SRS within the initial UL BWP with the same SCS and CP  type
2. Conclusion
In this contribution, we presented our views on UE features for Rel-17 NR positioning enhancement. Based on the discussion, the following proposals are provided:
[bookmark: _Hlk83764760]Proposal 1: UE feature groups 27-1-1 
· Per band
· for UE-assisted DL TDOA and/or Multi-RTT positioning
· Adding some wording to reflect the reported value is for a PFL
· The candidate values are [1, 2, 4, 6, 8]
· The prerequisite feature groups: 13-3 or 13-4
Proposal 2: UE feature groups 27-1-2 
· Per band
· for UL TDOA and/or Multi-RTT positioning
· Adding some wording to reflect the reported value is for a PFL
· The candidate values are [1, 2, 4, 6, 8]
· The prerequisite feature groups: 13-4 or 13-8
Proposal 3: UE feature groups 27-1-3 
· Per band
· Adding some wording to reflect the reported value is for a PFL
· The candidate values are [1, 2, 4, 6, 8, 12, 16, 32, 64]
· The prerequisite feature groups: 13-4 or 13-8
Proposal 4: UE feature groups 27-1-4 
· Per band
· The candidate values are [1, 2, 4, 6, 8]
Proposal 5: In UE feature, the UE capability of PRS RSRP measurement of the first path for DL-AoD positioning method is separate capability.
Proposal 6: Update FG 27-2-1 and 27-2-2 as follows:
	27-2-1
	[UE-assisted] DL PRS RSRP of the first [or additional] path [for DL-AoD]
	Support of [measuring and reporting the] PRS RSRP of the first path  [or additional] [for DL-AoD positioning method]
The maximum number of first path PRS RSRP per TRP: candidate value: 2,4,8,16,24
[Note: Applicable for DL-TDOA and Multi-RTT]


	27-2-2
	DL PRS RSRP reporting for more than 8 measurements for UE-assisted DL-AoD positioning
	Support reporting K> 8 DL PRS RSRP measurements per TRP.

FFS: the values of K
The candidate values for K is 16, 32. If K is not reported, default value is 8.

Note: Multiple RSRPs corresponding to same or different Rx Beam index should be able to be reported for a given PRS resource for different timestamps. 

FFS: Additional capability may be added to limit the maximum number of DL PRS RSRP associated with the same Rx beam index


Proposal 7: Introduce a new UE capability for supporting M-sample measurement
· the UE reports the supported M value. M = 1 is one candidate value.
Proposal 8: In UE feature, we shall clarify that the UE expects the LMF to indicate same M-sample or 4-sample measurement for all the NR positioning measurement at the same time and add one note in FG 27-3-1 to clarify that:
	27. NR_pos_enh
	27-3-1
	M-sample measurements [of DL PRS measurement on single DL PRS period/occasion]
	The capability to support reporting a measurement based on measuring M samples (instances) of a DL PRS resource set

M=1[,2-3]. FFS: other values. If the UE does not provide the capability, the UE [is assumed to] support M=4 only.
Note: a UE reporting M value expects the LMF configure same the M-sample measurement for all the simultaneous positioning measurement configurations.  



Proposal 9: Reporting > 2 additional paths for DL-TDOA is UE capability and the UE can report the maximal number of additional paths for DL-TDOA:
· The candidate values for maximal number additional paths are 2 and 4.
Proposal 10: Reporting > 2 additional paths for Multi-RTT is UE capability and the UE can report the maximal number of additional paths for multi-RTT:
· The candidate values for maximal number additional paths are 2 and 4.
Proposal 11: In UE capability, the UE can report supporting reporting hard value for LOS/NLOS indicator: [0, 1] and update the FG 27-4-1 as follows:
	27-4-1
	LOS/NLOS Indicator for UE-assisted positioning
	Support reporting LoS/NLoS indicator to LMF [for RSTD and UE Rx-Tx time difference measurements to LMF for DL and DL+UL positioning]

FFS: whether to have separate capability component/FG for RSTD and UE Rx-Tx time difference measurements

· Supported values for LOS/NLOS indicator: hard value or soft value.

FFS: whether to have separate capability component for hard and soft indication


Proposal 12: Introduce a UE capability for the DL PRS reception in RRC_INACTIVE state
· This UE capability is reported to gNB
· FFS: additional sub-groups for this UE capability, e.g., PRS processing capability, supported positioning methods.
Proposal 13: Introduce a UE capability for SRS transmission for positioning in RRC_INACTIVE state
· This UE capability is reported to gNB
· FFS: additional sub-groups for this UE capability, e.g., types of SRS, power control.
Proposal 14: Introduce a UE capability for the following sub-group feature
· For RRC_INACTIVE UEs, SRS for positioning bandwidth, SCS and CP type are configured by RRC and can be different from that of initial UL BWP configured by the system information
· If not supported, UE in RRC_INACTIVE state can only transmit the SRS within the initial UL BWP with the same SCS and CP  type
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