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Introduction
[bookmark: _Hlk57059510]In RAN-91 meeting, the work item of NR Positioning enhancements [1] was approved. The detailed specific objectives on multipath/NLOS mitigation can be seen as follows:
· Study and specify, if agreed, the enhancements of information reporting from UE and gNB for multipath/NLOS mitigation [RAN1, RAN2, RAN3]
There are some agreements in RAN1-105 e-meeting [2], which can be seen as follows:
Agreement:
· Study reporting of LoS/NLoS indicators for DL, UL, and DL+UL positioning measurements taken at both UE and TRP at least for UE assisted positioning. 
· Study the following options (or combinations of the following options) for LoS/NLoS indicators
· Option 1: Binary (i.e., hard) value indicators
· Option 2: Soft value indicators (i.e., [0,1]). 
· FFS: Format and criteria for determination 
· FFS: additional information or options
· FFS: LoS/NLoS indicators for UE-based positioning

Agreement:
· Study multipath reporting enhancements for DL, UL, and DL+UL positioning to enable LoS/NLoS/multipath identification and mitigation at the LMF for UE-assisted positioning. 
· FFS: Details of the enhancements.

Agreement:
For multipath reporting enhancements, study reporting from TRP to LMF, angle, timing, phase (of additional paths) and power for the additional N paths (value of N is part of the study).
· Note: Companies are not obligated to provide inputs for all parameters in their study

Agreement:
For multipath reporting enhancements, study reporting from UE to LMF, relative timing of additional paths (additional to the first path) and the power (at least relative power) at least per DL PRS resource per additional path for at least DL-AoD reporting (the number of paths is part of the study).
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Agreement:
· Study whether to support up to N>2 additional paths in the measurement reports from UE to LMF for at least DL-TDOA and multi-RTT,
· FFS: Exact value of N. 
· FFS: reporting the power of the paths in addition to the timing. 
· FFS: LMF requesting additional M non-distinct paths corresponding to the first path.
· Note 1: This agreement applies to N additional paths (i.e., not including the “first” path).
· Note 2: Rel-16 supports N=2 already. 

Agreement:
As part of studying LoS/NLoS information reporting, study at least the following options for information to enable/assist LoS/NLoS detection: 
· Option 1: Polarization information reporting from UE/gNB to LMF. 
· Option 2: Coherence bandwidth information reporting from UE/gNB to LMF. 
· Option 3: Propagation time difference information reporting from UE/gNB to LMF. 
· Option 4: RSRP reporting from UE/gNB to LMF with finer granularity
· Option 5: Rice an factor and the variance of Channel Frequency Response (CFR) information reporting from UE/gNB to LMF
· Option 6: No specification impact outside of LoS/NLoS reporting
Note: Companies are encouraged to identify differences in information reporting and any performance gains compared with multipath information reporting
In this contribution, we focus on the enhancements of information reporting from UE and gNB for multipath/NLOS mitigation.  
Multipath/NLOS mitigation
Indication of the first arrival path
In order to improve the positioning accuracy, it is very important to find the LOS path or the first arrival path. Since only the LoS path can indicate the accurate distance between the UE and the TRP. The NLoS paths do not refer to the actual distance or actual angles between UE and TRPs. If there is no LoS path, the first arrival path is the most similar one. But during PRS measurement procedure, it is possible that the PRS resource with the strongest L1-RSRP/L1-SINR is not the one refer to the first arrival path. Thus the PRS resource refer to the first arrival path may not be included in the PRS measurement report. Or the measurement results mainly depends on the non-first arrival path, thus the calculated location of the UE will be biased by the non-first arrival path. But if gNB configures PRS resources without beam measurement report, there may be no PRS resource with beam refer to the first arrival path. That will decrease the positioning accuracy. If gNB configure more PRS resources, e.g., based on gNB Tx sweeping, the signaling overhead and the latency for positioning measurement will be increased. In order to solve this problem, we suggest to find the first arrival path during beam management procedure and report to the gNB. For example, the arrival time of each beam can be included in the beam measurement report. Based on the enhanced beam measurement report, gNB can configure PRS resources with earlier arrival time. Thus the latency for positioning measurement will be reduced.   
Proposal 1: To indicate the first arrival path by reporting the arrival time in the PRS measurement report.
Indication of the LoS/NLoS path
If there is a LoS path, it is much better to provide the information of LoS path. For UE-based positioning method, there is no need to report the indication of LoS path in the PRS measurement report. While for UE-assisted positioning method, it is necessary to report the indication of LoS path in the PRS measurement report or provide some assist information for LoS identification in the PRS measurement report, which depends on whether UE or LMF to decide the LoS/NLoS. Thus it is important to provide some information for LoS/NLoS identification. As for the two Options agreed in last RAN1 meeting, Option 1 is to provide hard value indicators, only 1 bit per path is needed. But it is possible that UE can’t sure it is a LoS or it is just a first path. In this case, in order to provide more accurate information, soft value indicator is more suitable. So we slightly prefer Option 2 with soft value indicators. 
Proposal 2: Slightly prefer Option 2 with soft value indicators for LoS/NLoS identification if no other assisted information is specified.
As for the LOS/NLOS identification methods, there are some Options listed in last RAN1 meeting. From our point of view, if the UE/gNB can identify LoS/NLoS path without any doubt, hard indicators can be reported. And the identification methods should up to UE or gNB implementation. But if the UE/gNB can’t sure it is a LoS/NLoS path, it is also possible that some assisted information can be reported from UE/gNB to LMF for LOS/NLOS identification, such as time of arrival of the multi-path components, signal power and/or relative power, power delay profile, angle, and/or polarization information, coherence bandwidth, etc.
Proposal 3: Support to select hard LoS/NLoS indicator or assisted information to be reported to LMF for LoS/NLoS identification depending on the probability of LoS/NLoS.
In addition, in order to provide assisted information for LoS/NLoS identification, UE need to perform measurement before. Then it is necessary to consider which reference signal will be used for such measurements. In order to save the system overhead and reduce the measurement latency, it is better to reuse the PRS for LoS/NLoS identification measurement. And the LoS/NLoS can be determined by CIR or some other implementation methods.
Proposal 4: Support to reuse PRS for identifying LoS/NLoS.
Conclusion
In this contribution, we discussed about enhancements of information reporting from UE and gNB for multipath/NLOS mitigation. Based on above discussion, we provide the following proposals.
Proposal 1: To indicate the first arrival path by reporting the arrival time in the PRS measurement report.
Proposal 2: Slightly prefer Option 2 with soft value indicators for LoS/NLoS identification if no other assisted information is specified.
Proposal 3: Support to select hard LoS/NLoS indicator or assisted information to be reported to LMF for LoS/NLoS identification depending on the probability of LoS/NLoS.
Proposal 4: Support to reuse PRS for identifying LoS/NLoS.
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