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Introduction
[bookmark: _Hlk38879917]In RAN1#105 meeting, some issues for multipath/NLoS mitigation have been discussed and some agreements and conclusions have been achieved in [1]. In this contribution, we present our views on potential enhancements for multipath/NLoS mitigation.
Evaluation for NLoS mitigation
In the previous RAN1 discussion, it has been agreed that enhancements for supporting NLoS mitigation can be studied further. For the method of LoS identification, the performance of positioning is highly affected by the accuracy of LoS identification, which depends on the specific method of LoS identification. We have evaluated the performance assuming different levels of LoS detection probability as shown in Figure 1 and Table 1. For comparison, 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 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 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 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 NLoS mitigation method even if no LoS/NLoS detection error is assumed.
Proposal 1: 
· Implementation-based solution should be considered to solve NLoS problems.
Reporting enhancements for NLoS mitigation
In the last RAN1 #105 meeting, the following agreements for NLoS mitigation have been achieved.
	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


As far as we are concerned, reporting of LoS/NLoS indicators and reporting of LoS/NLoS information are two ways to achieve LoS identification. Reporting of LoS/NLoS indicators, is to perform LoS identification on UE side or TRP side, and report the identification results by LoS/NLoS indicators. Reporting of LoS/NLoS information is to report the associated information to LMF and LMF performs LoS identification or LoS/NLoS selection for positioning. In fact, the LoS/NLoS indicators are estimated by different LoS identification method associated with different LoS/NLoS measurement information on UE side or TRP side, which has different LoS detection accuracy. In the following part, we discuss about the LoS identification method which can be used for both LoS/NLoS indicators and LoS/NLoS information, and whether the performance is consistent if different LoS identification methods are used for calculating LoS/NLoS indicators. 
Different LoS identification methods associated with different LoS/NLoS measurement information have different LoS detection accuracy. It is necessary to identify the relationship with LoS detection accuracy and those LoS/NLoS measurement information, and then identify the impact for positioning performance with different LoS detection accuracy. Therefore, the LoS identification method and the impact of LoS identification error should be studied firstly.
For polarization information, the following characteristics of polarization information is evaluated. As different polarization related information has different characteristic and performance, we think the polarization information should be clarified more clearly. Is it just the polarization direction, or the measurement associated with polarization information?
· Figure 2 is the power of first path across the two antennas with the same polarization direction, wherein 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 smaller 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.
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(a) LoS links                                                     (b)  NLoS links
Figure 4 the power of frequency domain channel 
For the propagation time difference information, we think at least it has been supported in timing-based positioning method. But it is unclear how it can help in LoS/NLoS detection, which needs more evaluation to assess the performance gain.
For RSRP reporting, it has been supported in timing-based and angle-based positioning already. However, the method of LoS/NLoS detection with RSRP needs more clarification. For example, RSRP reporting with Tx and Rx beam of LoS direction may be a good way to do LoS/NLoS detection. However, how does the UE receive the PRS resource with Tx beam of LoS direction and report the measurement results correspond to the Rx beam of LoS direction is a problem to solve if RSRP reporting is used to do LoS detection.
For Ricean factor signal and the variance of Channel Frequency Response power, as far as we are concerned, is a method through relative power to identify LoS/NLoS. We have evaluated 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.
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 LoS links.
Table 2 LoS identification accuracy with information of different measurement 
	Scenario
	Method
	the correct rate of LoS detection
	90% 
accuracy

	SH
	polarization related information
	98.7%
	0.73

	
	coherence bandwidth
	97.9%
	1.27

	
	polarization related information and coherence bandwidth
	99.6%
	0.48

	
	RSRP
	93.1%
	3.87

	
	relative power
	98.1%
	0.86

	DH
	polarization related information
	94.3%
	3.28

	
	coherence bandwidth
	88.03%
	5.18

	
	polarization related information and coherence bandwidth
	96.5%
	2.61

	
	RSRP
	82.4%
	6.23

	
	relative power
	93.1%
	3.44


[bookmark: OLE_LINK1][bookmark: _Hlk78445161]From the above results, different LoS identification methods correspond to different measurement and reporting information, and has different LoS identification accuracy. Of course, the above results are only partial methods of LoS identification. Since the correct rate of LoS detection is dependent on the scenario and LoS identification methods, it is better to clarify the effective LoS detection methods correspond with different LoS/NLoS information reporting, and evaluate the corresponding validity of LoS/NLoS identification before we decide which LoS/NLoS information can be reported.
Observation 3: 
· The correct rate of LoS detection varies with the scenarios and LoS identification methods.
Proposal 2: 
· Before we decide which LoS/NLoS information can be reported, verify the correct rate of LoS detection methods correspond to different LoS/NLoS information reporting.
The LoS/NLoS indicators is acquired by different LoS identification methods correspond to different correct rate, which is shown in Table 2. The performance is not consistent if different LoS identification methods are used for calculating LoS/NLoS indicators. Then, how can LMF confirm whether the measurement information associated with LoS/NLoS indicators can be used when the validity of LoS/NLoS indicators is unknown? In addition to this, how LMF utilizes the reported measurements associated with LoS/NLoS indicators when calculating the position is also a problem. Would the NLoS measurements be discarded or mitigated, or would they also be used? From our simulation results in Section2, 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 indicators is reported, how LMF utilizes the reported measurements associated with LoS/NLoS indicators needs to be further studied.
Observation 4: 
· The validity of LoS/NLoS indicators reported by UE or TRP with different LoS detection methods is different.
Proposal 3: 
· The validity of LoS/NLoS indicators with different LoS detection methods should be studied further.
Proposal 4: 
· How LMF utilizes the reported measurements associated with LoS/NLoS indicators needs to be further studied.
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: 
· Whether different LoS identification method should be applied to different positioning method should be confirmed.
Potential enhancements for multipath reporting
In last meeting, some agreements for multipath reporting have been achieved as following.
	Agreement:
· [bookmark: _Hlk78468945]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:
· [bookmark: _Hlk78469223]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. 


In our opinion, the intention for multipath reporting mainly include the following cases:
Case 1 LoS/NLoS selection
	Case 2 AI-based positioning
For case1, it is still unclear how multipath reporting can help in LoS/NLoS identification except increase the probability of LoS path reporting. We acknowledge that more path information reporting may be helpful for positioning. However, from our point of view, the benefit is limited in the equation-based positioning methods such as Chan algorithm. No matter how many paths are reported, only one best path is needed for a TRP in the equation. The problem is how many paths are needed to be reported to guarantee the best path in those paths, and guarantee the numerous path information is beneficial for positioning other than leading to large useless overhead.
We evaluate the performance gain of UL-AoA with angle information for the additional paths and DL-AoD with RSRP information for the additional paths, where 3 additional paths are reported and the one with strongest RSRP is chosen to calculate location. In the two methods, only one path information is used for equation-based positioning calculation, the difference is how to select the best path. The results are shown in Figure 4. From the evaluation results, we can see that with an accurate first path selection method, reporting more additional paths have no performance gain, which can only approach the accuracy of first path. Therefore, we think how to calculate location with multiple path information to acquire great performance gain against large overhead should be clarified first.
[image: ][image: ]
(a) UL-AoA positioning                                                     (b)  DL-AoD positionig
Figure 4 the performance of first-path and multi-paths 
In addition, if reporting multiple paths for guaranteeing the best path in those paths, in general, two additional paths is enough, for example, the strongest RSRP, a path before the path in DL-TDOA and with the low power.
[bookmark: _GoBack]For case 2, as far as we are concerned, it is a use case that multipath reporting may be an effective way to get a higher accuracy in AI-based positioning. However, it is too early to discuss multipath reporting before AI-based positioning is agreed to be studied. Maybe after AI-based positioning is agreed to be studied, it will be a good time for us to further study what specific information of multi paths should be reported and how many multi paths reporting is the most efficient.
Observation 5: 
· The performance gain of multipath reporting is not obvious in the equation-based positioning method.
Proposal 6: 
· For multipath reporting enhancements to enable LoS/NLoS identification, the method and effectiveness to do LoS/NLoS identification with multipath information should be confirmed firstly.
According to the above discussion, noting that Rel-16 supports N=2 additional paths already, we do not think N>2 additional paths reporting and other information associated with additional paths is necessary. At least at this stage, 2 additional paths are enough to achieve the accuracy requirement, and the overhead is relatively acceptable.
Proposal 7: 
· N=2 additional paths in the measurement reports from UE to LMF are enough at this stage for positioning.
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 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 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.
Observation 4: 
· The validity of LoS/NLoS indicators reported by UE or TRP with different LoS detection methods is different.
Observation 5: 
· The performance gain of multipath reporting is not obvious in the equation-based positioning method.

Proposal 1: 
· Implementation-based solution should be considered to solve NLoS problems.
Proposal 2: 
· Before we decide which LoS/NLoS information can be reported, verify the effectiveness of LoS detection methods correspond with different LoS/NLoS information reporting.
Proposal 3: 
· The validity of LoS/NLoS indicators with different LoS detection methods should be studied further.
Proposal 4: 
· How LMF utilizes the reported measurements associated with LoS/NLoS indicators needs to be further studied.
Proposal 5: 
· Whether different LoS identification method should be applied to different positioning method should be confirmed.
Proposal 6: 
· For multipath reporting enhancements to enable LoS/NLoS identification, the method and effectiveness to do LoS/NLoS identification with multipath information should be confirmed firstly.
· .
Proposal 7: 
· N=2 additional paths in the measurement reports from UE to LMF are enough at this stage for positioning.
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