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Introduction
This contribution discusses Rel-17 NR positioning enhancements specifically in positioning multipath/NLOS mitigation/identification.

Multipath/NLOS mitigation
LoS/NLos indicator
Regarding LoS/NLos indicator, followings are agreed in the previous meeting [1].
	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.


According to above agreement, it was agreed that additional IEs except for LoS/NLoS indicator are not supported in measurement report. There is one remaining discussion point that is related with assistance dada from LMF to enhance UE-based positioning and we will discuss it in this contribution.
Based on the fact that TRPs close to the UE have a very high probability of having a LoS signal path, the TRP(s) close to the UE can be used as a reference TRP with an assumption of having the LoS signal path. Based on the reference TRP, a RSTD threshold/window could be made for a target TRP for the LoS/NLoS identification. Figure 2 shows an example case. For example, the UE can determine a reference TRP based on RSRP measurements obtained from multiple TRPs. As shown in this figure, assuming the feasible location of the UE, the difference in distance between the UE and each TRP is determined within a specific range. In this example, RSTD threshold can be . That is, if the estimated RSTD between the reference TRP and the target TRP exceeds the threshold, the target TRP can be identified as NLOS. 
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[bookmark: _Ref53672953]Figure 2. An illustrative example of UEs in an indoor factory

The LoS exists with a high probability for the nearest TRP, but it is not always guaranteed so multiple reference TRPs for a specific target TRP need to be considered. In addition to the geometric information of TRPs, synchronization time error and/or intentional transmission delay in heterogeneous network could affect the threshold/window. 

Proposal 1:
· For UE-based positioning measurement in terms of LoS/NLoS identification, support following assistance data for UE: 
· Propagation time difference threshold/window between a reference and a target TRP.

Multipath reporting enhancements 
In the previous meeting [1], further reporting enhancements for additional path was discussed and followings are agreed.
	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 = 3
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


Regarding the definition of additional paths, after converting CFR (channel frequency response) to CIR (channel impulse response), there can be multiple peaks in the time domain. Under the assumption that UE select first peak as FAP (first arrival path), the second path may be a sample that close to the corresponding peak for FAP or may be defined as a peak of adjacent lobe. In this perspective, we think window in the time domain is necessary to separate each additional paths.
Proposal 2:
· To define additional paths, a window in the time domain should be introduced to separate each additional paths.

Maximum number of UL-AoA per additional path
For additional path, reporting multiple UL-AoA values is agreed in the previous meeting [1].
	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.



Additionally, it was also agreed that the maximum number of UL-AOAs values for the first arrival path corresponding to the same timestamp is 8. Considering signaling overhead and the fact that first arrival path is high LoS probability, we think that it seems appropriate that the number of multiple UL-AoA per additional path is less than 8. 
Proposal 3: 
· Considering signaling overhead and the fact that first arrival path is high LoS probability, it seems appropriate that the number of multiple UL-AoA per additional path is less than 8.

Conclusion
In this contribution, we discussed positioning multipath/NLOS mitigation/identification, and our proposals are summarized below. 
LoS/NLos indicator
Proposal 1:
· For UE-based positioning measurement in terms of LoS/NLoS identification, support following assistance data for UE: 
· Propagation time difference threshold/window between a reference and a target TRP.

Multipath reporting enhancements 
Proposal 2:
· To define additional paths, a window in the time domain should be introduced to separate each additional paths.
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Proposal 3: 
· Considering signaling overhead and the fact that first arrival path is high LoS probability, it seems appropriate that the number of multiple UL-AoA per additional path is less than 8.
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