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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. NLOS reporting enhancement
The issue of multipath/NLOS mitigation was also discussed during the phase of study item. As well known, the multipath and NLOS can greatly impair the performance of RAT-dependent NR positioning methods. The timing estimated from NLOS path can bear large errors and thus time-based positioning method (DL-DTOA, multi-RTT, and UL-DTOA) would result in larger positioning inaccuracy. In DL-TDOA method, the RSTD measured from NLOS could have extra timing error. In multi-RTT positioning method, the UE Rx-Tx time difference and gNB Rx-Tx time difference would have larger timing error caused by NLOS path. In UL-DTOA method, the UL RTOA would have larger errors due to NLOS path. The multipath and NLOS would also affect the performance of angle-based positioning techniques (DL-AoD and UL-AoA) because the angle error estimated from NLOS paths that are reflected. Thus, mitigating multipath/NLOS is critical for NR positioning performance improvement in IIoT use cases. For mitigating the negative impact of multipath/NLOS, in our views, we shall focus on implementation-based solutions. For instance, during the processing of DL PRS resource for timing or DL AoD measurement, the UE can first identify the LOS and NLOS paths and then the UE only uses the LOS paths to measure the positioning measurements. Similarly, the TRP can also first identify the LOS and NLOS paths in uplink reference signals and then the TRP only uses the LOS paths to measure uplink positioning measurements.
The following agreements on NLOS reporting were made in RAN1#105e meeting: 
	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:
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: Ricean 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


To evaluate whether it is beneficial to report the LOS/NLOS indicators, SLS simulations were conducted to evaluate the performance of UE implementation-based solution for multipath/NLOS mitigation. To combat the NLOS, we can consider the method of NLOS classification and NLOS mitigation. In NLOS classification, the UE can first estimate the LOS and NLOS and then only use the LOS path to measure positioning measurement. In NLOS mitigation, the UE prunes the RSTD measurement by implementation and the RSTD quality is verified with triangle inequality. These methods are evaluated in simulation.
For performance comparison, the following two cases are also evaluated as baselines:
· The case of ‘All TRP’: the UE does not differentiate the NLOS and LOS paths. This can be considered as the worst case in NLOS environment.
· Perfect NLOS/LOS identification: in this case, we assume the UE knows the LOS and NLOS paths perfectly and thus the UE only the real LOS paths to estimate RSTD measurements.
The simulation results for scenarios of InF-DH and InF-SH are shown in Figures 1 and 2, respectively. 


[image: ]
Figure 1. Performance of multipath/NLOS mitigation in InF-DH scenario 
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Figure 2. Performance of multipath/NLOS mitigation in InF-SH scenario 
The case of perfect NLOS and LOS identification can be considered as performance upper bound. In the simulation results, we can first observe that the estimation errors in RSTD caused by NLOS paths degrade the positioning performance severely. Specifically, in InF-SH scenario, the positioning error at 80% is 2.6 meters and in InF-DH scenario, the positioning error at 90% is larger than 20 meters. The UE implementation-based solutions of NLOS/LOS identification and NLOS mitigation can improve the positioning performance greatly in both InF-SH and InF-DH scenarios. Specially, by UE implementation, NLOS channel can be detected from RSTD, which may achieve better performance than NLOS/LOS identification. When joint method of NLOS mitigation and NLOS/LOS identification is used, the positioning performance can be further improved. 
Observation 1: On NLOS mitigation for NR positioning:
· Implementation-based solutions of NLOS/LOS identification and NLOS mitigation can greatly improve the performance of NR positioning
Based on the discussion and observation, we make the following proposal:
[bookmark: _Hlk53430273]Proposal 1: Rel-17 supports implementation-based solutions for NLOS mitigation. 
3. Multipath reporting enhancement
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:
	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).

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. 





Figure 1: measurement of multipath and NLOS
One solution to resolve the multipath issue is the UE can measure and report the information of time of arrival of DL PRS resource that the UE reports RSRP. For each TRP, the UE measures a set of DL PRS resources and choose to report a few DL PRS resources with largest RSRP.  For those reported DL PRS resource of one TRP, the UE can indicate the relative time of arrival of them. In the example shown in Figure 1, the UE reports the RSRP measurements of DL PRS resources of Tx beams of angle α and β. The UE also reports the relative time-of-arrival of DL PRS of Tx beams of angle α and β. That information would be helpful for the location server to refine the estimation of AoD. Therefore, the NR positioning reporting can be enhanced considering the impact of multipath as follows:
· For DL AoD: besides the RSRP measurement of one DL PRS resource, the UE also reports the relative time-of-arrival of each reported DL PRS resource of each TRP.
· For DL TDoA measurement, the RSRP measurement of the additional path shall be reported besides the relative time difference. Regarding the number of additional paths, release 16 can support N = 2. There is no strong motivation to increase the value of N.
· For Multi-RTT measurement reporting, release 16 supports reporting the relative time difference of additional paths. In addition to that, the UE can also report the RSRP measurement of each reported additional path.
Therefore, the following proposal is made for multipath based measurement and reporting:
[bookmark: _Hlk78921451]Proposal 2: In DL-AoD measurement reporting, the UE reports the relative time-of-arrival of each reported DL PRS resource in addition to the RSRP report.
Proposal 3: In DL TDOA and Multi-RTT measurement report, the UE reports the RSRP measurement of each reported additional path and the maximum number of additional paths remains to be N = 2. 
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:
Observation 1: On NLOS mitigation for NR positioning:
· Implementation-based solutions of NLOS/LOS identification and NLOS mitigation can greatly improve the performance of NR positioning
Proposal 1: Rel-17 supports implementation-based solutions for NLOS mitigation. 
Proposal 2: In DL-AoD measurement reporting, the UE reports the relative time-of-arrival of each reported DL PRS resource in addition to the RSRP report.
Proposal 3: In DL TDOA and Multi-RTT measurement report, the UE reports the RSRP measurement of each reported additional path and the maximum number of additional paths remains to be N = 2. 
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