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1. Introduction
[bookmark: _GoBack]At the RAN#91-e meeting, updated WID on NR positioning was agreed [1]. The work item includes RAN1-led objectives as follows:
The objective of this work item is to specify solutions to enable RAT dependent (for both FR1 and FR2) and RAT independent NR positioning enhancements for improving positioning accuracy, latency, network and/or device efficiency. The objective of this work item also includes the support of GNSS enhancements.  
The specific objectives of this work are:
· Specify methods, measurements, signalling, and procedures for improving positioning accuracy of the Rel-16 NR positioning methods by mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays, including [RAN1, RAN2, RAN3, RAN4]
· DL, UL and DL+UL positioning methods
· UE-based and UE-assisted positioning solutions

· Specify the procedure, measurements, reporting, and signalling for improving the accuracy of [RAN1, RAN2, RAN3]
· UL AoA for network-based positioning solutions.
· DL-AoD for UE-based and network-based (including UE-assisted) positioning solutions.

· Specify the enhancements of signalling, and procedures for improving positioning latency of the Rel-16 NR positioning methods, for DL and DL+UL positioning methods, including:
· [bookmark: _Hlk67643864]Latency reduction related to the request and response of location measurements or location estimate and positioning assistance data; [RAN2, RAN3, RAN1]
· Latency reduction related to the time needed to perform UE measurements; [RAN1, RAN4]
· Latency reduction related to the measurement gap; [RAN1, RAN4, RAN2]

· Study and specify, if agreed, the enhancements of information reporting from UE and gNB for multipath/NLOS mitigation [RAN1, RAN2, RAN3]

Notes: 
Solutions for RAT-dependent positioning enhancements are designed to operate in both frequency ranges (i.e. FR1 & FR2)
RAN working groups will take into account the work from other working group SA/CT which involves same objectives.
· The WID is subject to further update in RAN #91 for RAN1/2/3/4 scoping.

In this contribution, we present our view on potential enhancements of information reporting from UE and gNB for multipath/NLOS mitigation for Rel-17 NR positioning.

2. Potential enhancements for multipath/NLOS mitigation
2.1. LOS/NLOS indicator
Regarding LOS/NLOS indication, the following agreements were made at the last meeting [2].
Agreement:
· For UE-based positioning, support the following options for LoS/NLoS indicators within positioning assistance data: 
· Option 1 (Working assumption): LMF associates UE-based LoS/NloS indicators with each DL PRS resource for each TRP
· Option 2: LMF associates UE-based LoS/NloS indicators with each TRP
· Note: For option 1, one LoS/NloS indicator is associated with one DL-PRS resource
 
Agreement:
· For UL-TDOA, UL-AoA and Multi-RTT one LoS/NLoS indicator can be associated with each UL RTOA, UL SRS RSRP, UL-AoA and/or gNB Rx-Tx time difference measurement, respectively, and reported by gNB for each TRP that performed measurements for a given UE
· For UL-TDOA, UL-AoA and Multi-RTT one LoS/NLoS indicator can be associated and reported by a TRP for a given UE
· For DL-AoD and Multi-RTT one LoS/NLoS indicator can be associated with each DL PRS RSRP and/or UE Rx-Tx time difference measurement, respectively, and reported by UE for each TRP
· For DL-AoD and Multi-RTT one LoS/NLoS indicator can be associated with each TRP in the measurement report from the UE
· For DL-TDOA one LoS/NLoS indicator can be associated with each RSTD measurement performed with a target TRP and one LoS/NLoS indicator is associated with the RSTD measurement performed with a reference TRP
· For DL-TDOA one LoS/NLoS indicator can be associated with each target TRP and one LoS/NLoS indicator can be associated with the reference TRP in the measurement report
· FFS: Dependence of indication of a LOS/Nlos indicator on the presence of Rx beam index for DL-AoD
· FFS: Whether the above bullets apply to additional path measurements.

As discussed at RAN1#106bis-e meeting, LOS/NLOS indicator is associated with either the each measurement or the each TRP for UE-assisted and NW-based positioning. For UE-based positioning, it remains as the working assumption that whether LOS/NLOS indicator is associated with each DL PRS resource. Considering the agreement for UE-assisted and NW-based positioning, we think LOS/NLOS indicators within positioning assistance data for UE-based positioning should be also supported both per DL PRS resource and per TRP. The indicator per DL PRS resource will also contribute to providing the assistance data with higher spatial resolution to UE, i.e. which path is more likely to LOS, since different PRS resource can experience different path.
Regarding whether the LOS/NLOS indicator association applies to additional path measurements or not, firstly we would like to consider the motivation for additional path measurements. Additional path reporting aims to capture/detect the LOS path component certainly. The UE/TRP measures and reports some metrics of additional paths to the LMF. Then, the LMF can examine which path is the highest possibility of LOS. Additional paths are also beneficial for propagation environment modeling with reported RSRP or path delay time. Based on the above discussion and understanding, we think the motivation of introducing the LOS/NLOS indicator association with additional path measurements is unclear, and the LOS/NLOS indicator association with additional path measurements may not be needed.
Proposal 1: 
· LOS/NLOS indicators within positioning assistance data for UE-based positioning should be also supported both per DL PRS resource and per TRP.
Observation 1: 
· LOS/NLOS indicator association with additional path measurements may not be needed.

2.2. Additional path reporting
Regarding additional path reporting enhancements, the following agreement and proposal were made at the last meeting [2].
	Agreement:
Support reporting the path RSRP for the first path and for additional paths as part of DL-TDOA, UL-TDOA, and multi-RTT reporting enhancements.
· FFS: Support introducing a request from the LMF to the UE/TRP when the path-RSRP for additional paths is desired to be reported.
· FFS: Support of path RSRP for additional paths as part of DL-AoD. 

Proposal 4.1.3 (updated)
Select at least one of the following options for additional N path reporting criteria at RAN1#107: 
· Option 1: UE/TRP reports the strongest paths as the N additional paths.
· Option 2: UE/TRP reports the N-paths within a defined time window relative to the first path
· Option 3: UE/TRP reports N additional paths when the UE/TRP is uncertain that the first path is correct
· Option 4: UE/TRP reports N additional paths which are above a power threshold
· Option 5: UE/TRP reporting of N additional paths is left to implementation (i.e., Rel-16 behavior) 
· Option 6: UE/TRP reports the (N-1) paths between the first arrival path and the strongest path. 
· Option 7: UE/TRP reports N-paths, in addition to FAP, with lowest path-delays.


In Rel-17 NR, definition of path RSRP was agreed in other agenda item (in AI 8.5.3), and we agreed to support reporting the path RSRP for the first/additional paths in the previous meeting. These agreements contribute to the enhancement of the measurement reporting and the positioning calculation. In UE-assisted and NW-based positioning, the UE/TRP transfers some measurement results or assistance data to the LMF. The LMF calculates UE’s location based on these information. If LMF-initiated path RSRP measurement request is supported, the LMF can obtain the path RSRP information for additional path from the UE/TRP when the LMF requires it, which is beneficial to improve positioning accuracy. Based on the above discussion, we made the following proposal:
Proposal 2: 
· Support introducing a request from the LMF to the UE/TRP when the path-RSRP for additional paths is desired to be reported.

Regarding positioning method supporting the path RSRP for additional paths, it was agreed in previous meetings that DL/UL-TDOA and multi-RTT are supported and UL-AoA for additional paths is also supported. Considering the situation, it is reasonable to support the path RSRP for additional paths in DL-AoD. Therefore, we may be able to support the path RSRP for additional paths as part of DL-AoD. However, we also think the motivation of supporting it may need to be clarified more. In terms of propagation environment modeling, UL-AoAs (AoA and ZoA) are estimated with the granularity of 0.1 degree. On the other hand, DL-AoD is reported as receive beam index in our understanding. Based on the above discussion, the purpose of supporting path RSRP for additional paths for DL-AoD may need to be clarified before supporting it.
Observation 2: 
· The purpose of supporting path RSRP for additional paths for DL-AoD may need to be clarified before supporting it. 

There are other discussion points of the definition for the additional paths and the number of reporting paths. Strong path reporting would be beneficial for positioning. The paths whose power are lower are regarded as less beneficial since they are likely to be dominated by noise or they contain less information. Moreover, in terms of the tradeoff between the performance and the signaling overhead, introducing the path power criteria is beneficial. Therefore, we prefer to report additional paths which are above a power threshold to contribute to both the enhancement of the positioning accuracy and signaling resource management. 
Proposal 3: 
· We prefer to report additional paths which are above a power threshold to contribute to both the enhancement of the positioning accuracy and signaling resource management as one of the options for additional paths reporting criteria.

Regarding the maximum number of reporting additional paths, generally if the number of reporting additional paths becomes too large, it will include the report on many additional paths with lower power. In other words, such information containing paths with lower power may not be useful for LMF. In order to decide the maximum number of reporting additional paths, we may need to discuss whether reporting of low power additional paths is beneficial or not. In addition, even if we can obtain a gain by reporting many paths, it may require a large overhead. We should discuss the maximum number of reporting additional paths considering the tradeoff between the gain and the signaling overhead.
Observation 3: 
· In order to decide the maximum number of reporting additional paths, we may need to discuss whether reporting of low power additional paths is beneficial or not. 
Observation 4: 
· We should discuss the maximum number of reporting additional paths considering the tradeoff between the gain and the signaling overhead. 

3. Conclusion
In this contribution, we discussed potential enhancements for multipath/NLOS mitigation for Rel-17 NR positioning. Based on the discussion, we made following observations and proposals.
Observation 1: 
· LOS/NLOS indicator association with additional path measurements may not be needed.
Observation 2: 
· The purpose of supporting path RSRP for additional paths for DL-AoD may need to be clarified before supporting it. 
Observation 3: 
· In order to decide the maximum number of reporting additional paths, we may need to discuss whether reporting of low power additional paths is beneficial or not. 
Observation 4: 
· We should discuss the maximum number of reporting additional paths considering the tradeoff between the gain and the signaling overhead. 
Proposal 1: 
· LOS/NLOS indicators within positioning assistance data for UE-based positioning should be also supported both per DL PRS resource and per TRP.
Proposal 2: 
· Support introducing a request from the LMF to the UE/TRP when the path-RSRP for additional paths is desired to be reported.
Proposal 3: 
· We prefer to report additional paths which are above a power threshold to contribute to both the enhancement of the positioning accuracy and signaling resource management as one of the options for additional paths reporting criteria.
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