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1. Introduction
[bookmark: _Hlk30969022]The Rel-17 WID of NR positioning enhancement was approved in RAN#90e [1], including the following RAN1-centric objective of study the enhancements for multipath/NLOS mitigation:
	· Study and specify, if agreed, the enhancements of information reporting from UE and gNB for multipath/NLOS mitigation [RAN1, RAN2, RAN3]


In this contribution, we will present our views on multipath/NLOS mitigation for NR positioning. Evaluation results for NLOS mitigation are also presented for assisting the discussion. 
2. LOS/NLOS Indicator 
It was agreed to introduce LOS/NLOS indicator reporting for DL, UL and DL+UL positioning method. 
	Agreement:
· Support LoS/NLoS indicators which are reported to the LMF for DL and DL+UL positioning measurements taken at UE for UE-assisted positioning or UL and DL+UL measurements at the TRP for NG-RAN assisted positioning. 
· Reporting from UE is subject to UE capability
· Positioning assistance data from LMF is enhanced for UE-based positioning by including LoS/NLoS indicators.
· FFS: Other kinds of positioning assistance data enhancements
· For LoS/NLoS detection method(s), there is no additional measurement IEs or assistance data outside of LoS/NloS indicator reporting (i.e., Option 6 from prior agreement).
· Note 1: No RAN4 requirements are expected for the LoS/NLoS indicators in RAN1’s understanding
· Note 2: LoS/NLoS indicators can be complementary to outlier rejection algorithms.


One FFS point is the value of LOS/NLOS indicator:
	[bookmark: _Hlk80976305]Agreement:
For LoS/NLoS indicators, a single-indicator can be reported and the supported values are a discrete set in the interval [0, 1]. 
· FFS: the number of discrete values to be supported
· Note: This does not preclude using binary values only which is up to UE/TRP implementation
· Note: Single-indicator means that one value in the interval [0, 1] is used for the LoS/NLoS indication


In our view, a single LOS/NOLOS indicator taking value of 0 or 1 shall be decided. Reporting indicator = 1 indicates that the associated positioning measurement result is obtained from a LOS link while reporting indicator = 0 indicates that the associated positioning measurement result is obtained from a NLOS link. Companies did propose to choose soft values between 0 and 1 for the LOS/NLOS indicator and it can be used to indicate the probability of LOS or NLOS of the corresponding link. Theoretically, reporting soft value as the probability of LOS or NLOS would provide more information to the system. However, it is not practical for NR specification and that would even cause more problem instead. The reason for that concern is there is no RAN4 requirements for the LOS/NLOS indicator. Different UEs or TRPs would implement different methods for calculating the probability of LOS or NLOS. There is problem to align the understanding on each reported NLOS/LOS indicator between the LMF and each UE/TRP.  Reporting with finer granularity but without alignment could cause more misunderstandings between LMF and UE/TRP. Considering the practical feasibility, we propose to report 0 or 1 for the LOS/NLOS indicator.
[bookmark: _Hlk83764719]Proposal 1: For one RSTD, PRS RSRP or UE Rx-Tx time difference measurement result, the UE can report a LOS/NLOS indicator that takes value 0 or 1. 
· LOS/NLOS indicator =1 indicates that the corresponding measurement results is obtained from a LOS link.
· LOS/NLOS indicator =0 indicates that the corresponding measurement results is obtained from a NLOS link.
Similarly, the following proposal is made for the TRP positioning measurement reporting:
[bookmark: _Hlk83764728]Proposal 2: For one UL-RTOA, UL RSRP, UL AoA or gNB Rx-Tx time difference measurement result, the TRP can report a LOS/NLOS indicator that takes value 0 or 1. 
· LOS/NLOS indicator = 1 indicates that the corresponding measurement results is obtained from a LOS link.
· LOS/NLOS indicator =0 indicates that the corresponding measurement results is obtained from a NLOS link.
3. Multipath reporting
As specified in rel-16, the UE can report up to 2 additional paths for RSTD and UE Rx-Tx time difference measurement reporting and it was agreed to extend the number of additional paths to beyond 2:
	Agreement:
· For up to N>2 additional paths, support reporting relative timing (to the first detected path) in the measurement reports from UE to LMF for at least DL-TDOA and multi-RTT
· FFS: Definition of additional paths for N>2
· FFS: Whether power is additionally reported and if reported whether power is relative to first detected path or total power
· Support one of the following options for maximum value of N at RAN1#106-b (any further criteria for selection to be discussed during RAN1#106):
· Option 1: N = 4
· Option 2: N = 8
· Option 3: N = 16
· Option 4: N = 32


Selecting the additional paths shall be up to UE implementation. For each reported additional path, the UE reports the relative time difference with respect to the detected path timing of the reference resource.  Furthermore, we propose to report the relative RSRP of each additional path. The maximum value of N can be UE capability and each UE would report the maximum value of N it can support. 
[bookmark: _Hlk83764739]Proposal 3: For supporting N >2 additional paths in DL-TDOA and multi-RTT:
· Selecting additional paths is up to UE implementation.
· UE reports relative RSRP for each additional path.
· The maximum value of N is reported in UE capability

Supporting N > 2 additional paths for UL-TDOA and multi-RTT method was also agreed:
	Agreement:
· For multipath reporting enhancements, support reporting from TRP to LMF, angle, timing, for up to additional N>2 paths for at least UL-TDOA and multi-RTT.
· FFS: Definition of additional paths for N>2
· FFS: Whether power is additionally reported and if reported whether power is relative to first detected path or total power
· Down select between the following options for N at RAN1#106-b (any further criteria for selection to be discussed during RAN1#106):
· Option 1: N = 4
· Option 2: N = 8
· Option 3: N = 16
· Option 4: N = 32


Similar to the UE reporting, the definition of additional paths in TRP reporting shall be up to TRP implementation and we do not need specify that in the spec. Furthermore, the TRP can report RSRP of each additional path reported for UL-TDOA and multi-RTT.
[bookmark: _Hlk83764745]Proposal 4: For supporting N >2 additional paths in UL-TDOA and multi-RTT by TRP:
· Selecting additional paths is up to TRP implementation.
· TRP reports relative RSRP for each additional path.
· The maximum value of N is 8.

The issue of reporting additional paths for DL-AoD was discussed in previous meeting. We have agreed to support RSRP of the first arrival path of PRS resource. With respect to the first arrival path, the UE can also report the AoD measurement on one or more additional paths. Besides the RSRP, the UE shall also report the relative time-of-arrival for each additional path.  To combat the negative impact of multipath on NR positioning, another method is to enhance the multipath based measurement and reporting.  The following agreements were made accordingly in RAN1#105-e meeting:
[bookmark: _Hlk83764750][bookmark: _Hlk78921451]Proposal 5: In DL-AoD measurement reporting, the UE reports the RSRP and relative time-of-arrival of N additional paths.

We agreed to support reporting multiple UL-AoA values for each additional path in UL-TDOA and multi-RTT method.  
	Agreement:
Reporting multiple UL-AoA values per additional path is supported for at least UL TDOA and multi-RTT.
· FFS: maximum number of UL-AoA values per additional path.


Similar to the maximum number of UL-AoA values for the first path, the maximum number of UL-AoA values per addition path here can be 8. Furthermore, the TRP can report the UL-AoA value for the first arrival path per SRS resource in UL-AoA positioning method, as agreed in 8.5.2. Thus, the TRP can also report N additional paths in UL-AoA positioning method. The TRP can report one or more UL-AoA values for each reported additional path and the UE can also report the relative time-of-arrival and RSRP measurement of each reported additional path.
[bookmark: _Hlk83764760]Proposal 6: The maximum number of UL-AoA per additional path reported in UL-TDOA and multi-RTT is 8.
Proposal 7: In UL-AoA, the TRP can report one or more additional paths and the TRP can report one or more UL-AoA values, path RSRP and relative time-of-arrival for each additional path.

4. Conclusions
In this contribution, we discussed the issue of multipath/NLOS mitigation and evaluation results are also provided. Accordingly, the following observations and proposals were made:
Proposal 1: For one RSTD, PRS RSRP or UE Rx-Tx time difference measurement result, the UE can report a LOS/NLOS indicator that takes value 0 or 1. 
· LOS/NLOS indicator =1 indicates that the corresponding measurement results is obtained from a LOS link.
· LOS/NLOS indicator =0 indicates that the corresponding measurement results is obtained from a NLOS link.
Proposal 2: For one UL-RTOA, UL RSRP, UL AoA or gNB Rx-Tx time difference measurement result, the TRP can report a LOS/NLOS indicator that takes value 0 or 1. 
· LOS/NLOS indicator = 1 indicates that the corresponding measurement results is obtained from a LOS link.
· LOS/NLOS indicator =0 indicates that the corresponding measurement results is obtained from a NLOS link.
Proposal 3: For supporting N >2 additional paths in DL-TDOA and multi-RTT:
· Selecting additional paths is up to UE implementation.
· UE reports relative RSRP for each additional path.
· The maximum value of N is reported in UE capability
Proposal 4: For supporting N >2 additional paths in UL-TDOA and multi-RTT by TRP:
· Selecting additional paths is up to TRP implementation.
· TRP reports relative RSRP for each additional path.
· The maximum value of N is 8.
Proposal 5: In DL-AoD measurement reporting, the UE reports the RSRP and relative time-of-arrival of N additional paths.
Proposal 6: The maximum number of UL-AoA per additional path reported in UL-TDOA and multi-RTT is 8.
Proposal 7: In UL-AoA, the TRP can report one or more additional paths and the TRP can report one or more UL-AoA values, path RSRP and relative time-of-arrival for each additional path.
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