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Introduction
[bookmark: _Hlk38879917]In the RAN#91e meeting, the work item on NR Positioning Enhancements RP-210903[1] was approved. The WI includes the following objective 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 RAN1#103 meeting, the following agreements are achieved about the enhancements for supporting multipath/NLOS mitigation in [2].
	Agreement:
[bookmark: _Hlk70347099]Capture the following in the TR:
Enhancements of information reporting from UE and gNB for supporting multipath/NLOS mitigation can be studied further, and if needed, specified during normative work for improving positioning accuracy.
· Note: The details of the enhancements of reporting are left for further discussion in normative work, which may include, but are not limited to the following information associated with multi-path, e.g., LOS/NLOS identification, 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.


In this contribution, we present our views on the enhancement for multipath/NLOS mitigation.
Evaluation for multipath/NLOS mitigation
In previous RAN1 discussion, it was agreed that enhancements of information reporting from UE and gNB for supporting multipath/NLOS mitigation can be studied further. However, it is unclear how information reporting of multipath/NLOS mitigation can improve the positioning accuracy. 
Firstly, as far as we are concerned, the multipath/NLOS mitigation can be achieved by implementation. Secondly, the performance of multipath/NLOS mitigation is highly affected by the accuracy of LOS detection, which itself depends on the specific method of LOS detection and identification. In this contribution, we evaluate the performance assuming different levels of LOS detection probability as in Figure 1 and Table 1. In addition, we also evaluate the performance of RAIM, an implementation-based solution (e.g. outlier rejection) without any LOS detection information.
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[bookmark: _Ref52377226]Figure 1 The positioning performance with different levels of LOS probability
[bookmark: _Ref52377238]Table 1 The positioning performance with different levels of LOS probability
	
	
	Source
	50%
	67%
	80%
	90%

	FR1
	SH
Convex UE
	Case 1: RAIM
	0.037
	0.048
	0.069
	0.094

	
	
	Case 2: 100% LOS detection probability without RAIM
	0.037
	0.049
	0.073
	0.096

	
	
	Case 3: 95% LOS detection probability without RAIM
	0.039
	0.052
	0.080
	2.86

	
	
	Case 4: 90% LOS detection probability without RAIM
	0.041
	0.052
	0.083
	4.54

	
	
	Case 5: baseline no LOS detection without RAIM
	0.042
	0.055
	0.11
	4.62

	FR1
	DH
Convex UE
	Case 6: RAIM
	0.056
	0.075
	0.11
	0.17

	
	
	Case 7: 100% LOS detection probability without RAIM
	0.060
	0.097
	0.15
	0.33

	
	
	Case 8: 95% LOS detection probability without RAIM
	0.042
	0.064
	0.30
	3.40

	
	
	Case 9: 90% LOS detection probability without RAIM
	0.043
	0.065
	1.82
	3.43

	
	
	Case 10:  baseline no LOS detection without RAIM
	0.048
	1.05
	3.49
	8.64


In this evaluation, for SH scenario, Case1 means that UE selects four TRPs based on the ratio of the first path and median path and then excludes the TRPs by RAIM which introducing the large error of selecting TRP. In this case, the LOS probability is 98.9% by selecting TRPs based on the ratio of the first path and median path and excludes the TRPs by RAIM. Case2/3/4 means 100%/95%/90% TRPs of all UEs have a LOS path, which is equivalent to the case with 0/5%/10% LOS identification error separately. Case 5 means UE selects four TRPs based on the RSRP. There are 87.4% TRPs of all the positioning TRPs of all UE has a LOS path. This is the baseline of SH without LOS identification techniques and implementation-based solutions (RAIM). For DH scenario, the cases are similar with SH. It is noted that in Case7, due to DH deployment, 98% UEs have more than four TRPs with LOS path and the other 2% UEs have less than four TRPs with LOS path. Therefore, 100% LOS probability means: for 98% UEs, no NLOS paths are selected to calculate UE position; for 2% UEs, all LOS paths and part of NLOS paths are selected to calculate UE position. Case 10 means UE selects four TRPs based on the RSRP. There are 63.3% TRPs of all the positioning TRPs of all UE has a LOS path for DH scenario.
Based on the above evaluation results, the positioning performance of multipath/NLOS mitigation degrades as LOS detection error probability increases. Even in the ideal case with 100% LOS path detection assumed, its positioning performance is still worse than that of implementation-based solutions for 90% UE in SH and DH cases. The reason is that the implementation-based solution (RAIM) can eliminate the TRP who introduces relatively large error no matter it has a LOS link or not. Therefore, the implementation-based solution should be considered to solve NLOS problems.
Observation 1: 
· The positioning performance of multipath/NLOS mitigation method degrades as LOS detection error probability increases.
Observation 2: 
· [bookmark: _Hlk70414936]The positioning performance of an implementation-based solution without specification impact is better than that of multipath/NLOS mitigation method even if no LOS/NLOS detection error is assumed.
Proposal 1: 
· Implementation-based solution should be considered to solve NLOS problems.
Thirdly, how LMF utilizes the reported LOS/NLOS information when calculating the position is unclear. Would the NLOS measurements be discarded or mitigated, or would they also be used? From our simulation results, when using RAIM solution, even some NLOS links are used, the positioning accuracy is higher than completely using LOS links. One reason is that when the delay of obstacles reflecting paths are close to the LOS path, NLOS links perform as good as LOS links. Another reason is that the position convergence process in location calculation is affected by the magnitude and direction of the error, where NLOS may rightly introduce an error consistent with the direction of convergence, which is beneficial for location convergence. Therefore, if LOS/NLOS identification related reporting is considered, whether and how the UE reports the measurement results of the PRS resource/path related to NLOS needs to be further clarified.
Proposal 2: 
· The potential impact of LOS/NLOS identification on UE selecting PRS resources/paths to report should be clarified.
Methods for multipath/NLOS mitigation
As the evaluation results shown in Section 2, the positioning performance of multipath/NLOS mitigation largely depends on the accuracy of LOS identification. So, before we discuss the enhancements of information reporting for supporting multipath/NLOS mitigation, at least the effective LOS identification method and the LOS identification error should be provided. Admittedly, the specific implementation method is not within the scope of standardization. However, if the feasibility and effectiveness of LOS identification are unclear, how can we say the multipath/NLOS mitigation is beneficial for positioning?
Furthermore, reporting information associated with multipath/NLOS mitigation is different with respect to different LOS identification methods. It is necessary to identify which information can reach a high LOS detection accuracy and which is not so effective. Therefore, the LOS identification method and the impact of LOS identification error should be studied to verify the effective information that should be reported for multipath/NLOS mitigation.
Proposal 3: 
· Before discussing detailed enhancements of information reporting for supporting multipath/NLOS mitigation, the method of LOS identification and the impact of LOS identification error should be studied.
In the previous agreement, it is noted that the details of the enhancements of reporting are left for further discussion in normative work, which may include, but are not limited to the following information associated with multi-path, e.g., LOS/NLOS identification, 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. Detailed enhancements of information reporting for multipath/NLOS mitigation are discussed as following. 
For the LOS/NLOS identification, it is more like a concept rather than a method, and it is unclear how to use it and assess the accuracy of it.
For the time of arrival of the multi-path components, we think at least it has been supported in timing-based positioning method. The performance gain and intention are unclear of additional multi-path reporting, which needs more evaluation to assess the positioning performance gain and overhead.
For signal power and/or relative power, as far as we are concerned, is a method through path relative power to identify LOS/NLOS. And the power delay profile is similar to signal power and/or relative power, which contains more information but with a larger information size. We evaluate the LOS probability based on the ratio of the first path and median path, which is 98.1% in SH scenario and 93.1% in DH scenario.
For angle information, it is unclear that what angle information is helpful for multipath/NLOS mitigation.
For polarization related information, from our point of view, is also a method to identify LOS/NLOS. The following characteristics of LOS and NLOS links  mentioned in SI discussion are evaluated.
· Figure 2 is the power of first path across the two antennas with the same polarization direction, where in the horizontal axis 1 and 2 represent the 2 antennas with the same polarization direction. It is observed that for LOS links, the power fluctuations in 2 antennas are relatively small than NLOS links.
[image: ][image: ]
(a) LOS links                                                     (b)  NLOS links
Figure 2 the power of first path in the antenna with the same polarization direction
· Figure 3 is the phase of first path across the two antennas with  same  polarization directions. It is observed that for LOS links, the phase in 2 antennas are continuous while for NLOS links the phase in 2 antennas are discontinuous. Considering the polarization related information, the LOS probability is 98.7% in SH scenario and 94.3% in DH scenario as evaluated.
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(a) LOS links                                                     (b)  NLOS links
Figure 3 the phase of first path in the antenna with the same polarization direction
For coherence bandwidth, we think it can be understood as a characteristic of frequency-domain channel. In Figure 4, we evaluate the power of the frequency-domain channel, where the horizontal axis is the subcarriers. It is observed that for LOS links, the power fluctuations on different subcarriers are relatively small than NLOS links.
[image: ][image: ]
(a) LOS links                                                     (b)  NLOS links
Figure 4 the power of frequency domain channel 
According to the above discussion, the accuracy of LOS identification under various information is summarized as shown in Table 2 below, the correct rate of LOS detection means the percentage of LOS links which is detected as LOS links in all detected LOS links.
Table 2 LOS identification accuracy with information of different measurement 
	Scenario
	Method
	the correct rate of LOS detection

	SH
	LOS/NLOS identification
	\

	
	signal power and/or relative power,or/and power delay profile
	98.1%

	
	angle information
	\

	
	polarization related information
	98.7%

	
	coherence bandwidth
	97.9%

	
	polarization related information and coherence bandwidth
	99.6%

	DH
	LOS/NLOS identification
	\

	
	signal power and/or relative power,or/and power delay profile
	93.1%

	
	angle information
	\

	
	polarization related information
	94.3%

	
	coherence bandwidth
	88.03%

	
	polarization related information and coherence bandwidth
	96.5%


From the above results, different LOS identification methods correspond to different measurement and reporting information, and correspond to different accuracy of LOS identification. Of course, the above results are only partial methods of LOS identification. Other methods such as using the measured RSRP with Tx and Rx beam of LOS direction etc. may also be helpful for LOS identification. Since the characteristics of the correct rate of LOS detection that the correct rate of LOS detection is dependent on the scenario and LOS identification methods , the efficiency of LOS/NLOS identification needs to be further studied.
Observation 3: 
· The correct rate of LOS detection varies with the scenarios and LOS identification methods.
Proposal 4: 
· The intention and benefit of information to be reported for multipath/NLOS mitigation should be further clarified since the correct rate of LOS detection is different with different scenarios and different LOS identification methods.
Another problem is whether different LOS identification method should be applied to different positioning method. For example, LOS identification methods based on time measurement information can surely be used in timing-based positioning method such as DL-TDOA, UL-TDOA and Multi-RTT, but can they also be used in angle-based positioning method such as DL-AoD and UL-AoA which are not required to measure and report timing information? Similarly, whether angle information can be used for LOS identification in timing-based positioning method? In our opinion, different LOS identification method should be applied for different positioning method considering the measurement information. For example, in Rel-16 specification, for DL-AoD, only RSRP are measured and reported, RSRP-based LOS identification methods should be considered firstly if they are effective (with a relatively high identification accuracy). However, in Rel-17 specification, if more additional timing information is supported for enhanced angle-based positioning method, timing-based LOS identification method may also be adopted. 
Proposal 5: 
· [bookmark: _Hlk71133224]Whether different LOS identification method should be applied to different positioning method should be confirmed.
Conclusion
In this contribution, we discuss the issue on potential enhancements for multipath/NLOS mitigation. We have the following proposals and observations:
Observation 1: 
· The positioning performance of multipath/NLOS mitigation method degrades as LOS detection error probability increases.
Observation 2: 
· The positioning performance of an implementation-based solution without specification impact is better than that of multipath/NLOS mitigation method even if no LOS/NLOS detection error is assumed.
Observation 3: 
· The correct rate of LOS detection varies with the scenarios and LOS identification methods.

Proposal 1: 
· Implementation-based solution should be considered to solve NLOS problems.
Proposal 2: 
· The potential impact of LOS/NLOS identification on UE selecting PRS resources/paths to report should be clarified.
Proposal 3: 
· Before discussing detailed enhancements of information reporting for supporting multipath/NLOS mitigation, the method of LOS identification and the LOS identification error should be studied.
Proposal 4: 
· The intention and benefit of information to be reported for multipath/NLOS mitigation should be further clarified since the correct rate of LOS detection is different with different scenarios and different LOS identification methods.
Proposal 5: 
· Whether different LOS identification method should be applied to different positioning method should be confirmed.
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