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Introduction
The updated WID for NR positioning enhancements  includes the following objective
· Study and specify, if agreed, the enhancements of information reporting from UE and gNB for multipath/NLOS mitigation [RAN1, RAN2, RAN3]
This contribution is towards the above objective. In this contribution, discuss the remaining issues to be closed regarding multipath/NLOS mitigation. 
Remaining issues on LOS indication
LoS/NLoS Indicator Values
The issue was discussed during RAN1#106b-e but did not converge.  The following was proposed as part of the FL summary: 

	Support the following two options for LoS/NLoS indicator values: 
· Option 1: Soft values: [0, 0.1, …, 0.9, 1] (in steps of 0.1) 
· Option 2: Hard values: [0, 1] 
· The values correspond to the likelihood of LoS with a value of 1 corresponding to LoS and a value of 0 corresponding to NLoS
· At most a single UE capability is introduced for this feature (i.e., no differentiation between soft/hard values).
· The candidate values are [0,1] or [0,0.1…., 0.9,1]
· UE reports supporting Option 1 or Opiotn 2 in UE capability reporting. 
· UE supporting the report of either soft or hard values or both may advertise support of the feature in the UE capability signaling
· Note: UE is not mandated to support soft value. 



The issue of support for soft or hard LoS/NLoS indicator by the UE boils down to the reporting of the supported granularity of the indicator in the capability signalling. Therefore, we propose to have the specification support a range [0, 1] for the Los/NLos indication and  both hard or soft reporting. The UE will signal a capability for the granularity of the indicator. The candidate value for granularity can at least include 0.1 or 1. 

Proposal 1 [bookmark: _Toc87049615]The granularity of LoS/NLoS indicator is a UE capability
· [bookmark: _Toc87049616]Candidate values include 0.1 and 1. 
On the need to report LOS indicator per PRS resource

The following was agreed with a working assumption:

	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




LOS indication per beam can be beneficial if LOS/NLOS is reported with  soft values. Each PRS beams gets a “confidence index for LOS”. If LOS indicator is binary (LOS/NLOS), then it is enough to point at the LOS PRS in the TRP, as there can only be one LOS PRS. 

[bookmark: _Toc87049617]For UE-based positioning,  LMF can associate UE-based LoS/NloS indicators with each DL PRS resource for each TRP only if the indicator is a soft indicator, i.e. with a granularity less than 1. 
LOS indication for additional paths


	
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.




Regarding whether the LOS indication should also apply to additional path, we do not see gains from such additional reporting. If a measuring UE or gNB  can detect the earliest path with confidence, it can attach a LOS indicator to this path. A low LOS indicator means there may be an other LOS path that was not detected, but the node will never associate a higher LOS indicator with an additional path.   Thus we do not support the reporting of LOS indication for additional path. 

[bookmark: _Toc87049618]LOS/NLOS indicators are not reported for additional path measurements.
Further details on multipath reporting
 The following was agreed during RAN1#106e and RAN1#106b-e:

	Agreement:
· For up to N>2 additional paths, support reporting relative timing (to the first detected path) in the measurement reports from UE to LMF for at least DL-TDOA and multi-RTT
· FFS: Definition of additional paths for N>2
· FFS: Whether power is additionally reported and if reported whether power is relative to first detected path or total power
· Support one of the following options for maximum value of N at RAN1#106-b (any further criteria for selection to be discussed during RAN1#106):
· Option 1: N = 4
· Option 2: N = 8
· Option 3: N = 16
· Option 4: N = 32

Agreement:
· For multipath reporting enhancements, support reporting from TRP to LMF, angle, timing, for up to additional N>2 paths for at least UL-TDOA and multi-RTT.
· FFS: Definition of additional paths for N>2
· FFS: Whether power is additionally reported and if reported whether power is relative to first detected path or total power
· Down select between the following options for N at RAN1#106-b (any further criteria for selection to be discussed during RAN1#106):
· Option 1: N = 4
· Option 2: N = 8
· Option 3: N = 16
· Option 4: N = 32

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.





Types of path to be reported
While release 16 provides a good suite of reference signals for positioning, the measurements specified in release 16 needs to be enriched through the incorporation ofadditional useful information for positioning.  
Rich multipath reporting have been discussed in release 16, and there is support for up to two additional paths to be reported with the timing measurements (RSTD, UE RxTX Time Diff, gNB RxTx Time Diff and RTOA). However, in release 17, to make rich reporting useful and to meet stringent accuracy requirements, we need to increase the number of additional paths reported and unambiguously define what additional paths and what metrics the UE shall report. 
Rich multipath reporting can include many parameters of the received signal which provides additional information helpful for positioning. Such parameters can be magnitudes of peaks SNRs of the peaks, Doppler frequencies, angle of arrival etc. of every reported multipath.
In order for rich reporting of additional paths to be at all useful, it’s necessary to define unambiguously what additional paths the UE should report. 
1. First path. Gives the TOA of the LOS path in case of LoS and the TOA closest to LOS in case of NLOS.
2. Strongest path. Gives information that can be used for LOS detection (If the first path isn’t also the strongest path it can be assumed to be NLOS). It can be measured with best precision, and is useful for fingerprinting techniques.
3. N strongest paths with shorter delay than the strongest path. Gives useful information in case the first path is misdetected with noise, interference or an out of range path. This is useful also for fingerprinting techniques.
4. If the first path is the strongest, then N first path should be reported.

Proposal 2 [bookmark: _Toc87049619]For rich multipath reporting, it shall be unambiguously defined what additional paths a UE shall report. The following paths should be reported. First path, strongest path, N-2 paths between first and strongest paths, if first and strongest paths are same then first N paths.
 

Reporting of path power for NLOS/LOS identification for angle-based methods
The following was agreed in RAN1#106b-e:
	
[bookmark: _Hlk85580282]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. 





In signature-based LOS/NLOS classification, we propose detecting specific signatures(patterns) in the measurements to detect LOS/NLOS. Below we motivate a LOS/NLOS detection method inspired from a real-world measurement dataset in LOS/NLOS scenarios . Figure 2 shows power delay profile in indoor factory like scenario in LOS/NLOS conditions. The zoomed version of the power delay profile is shown on the right in Fig.2 in relevant regions of the measurement.
[image: ][image: ]
Figure 2 Power delay profile in LOS/NLOS scenarios;  zoomed version of the PDP is shown on the right


It can be seen from above figures that in LOS scenario the highest peak of the measurement is very prominent. It is the first very clear peak arising from the measurement noise floor. Whereas, in the NLOS case, the highest peak of the measurement data is very gradual. The nature of LOS peak can be attributed to the fact that in the LOS conditions, all scattered signals arrive after the LOS component of the delay profile. Magnitudes of arriving scattered signals are always lower than the LOS reception due to higher path losses and other loss attributing effects. In NLOS cases, the highest peak can arrive possibly after many other scattering peaks. Even when the NLOS peak is prominent, typically it may be received after diffuse scattering components. Receiving diffuse scattering components along and before the prominent NLOS peak makes the rise of the peak very gradual, as evident from. Based on above discussion, following observations can be made. 		

[bookmark: _Toc87049633]LOS peak is always the first peak in power delay profile of the received signal for a LOS link.
[bookmark: _Toc87049634]A NLOS peak can also be a first prominent peak in a delay profile. But it appears along with smaller surrounding peaks and other components of delay profile generated from diffusely scattered signal before and after the NLOS prominent peak.
[bookmark: _Toc87049635]Rise of LOS highest peak is very sharp. Rise of NLOS highest peak is typically very gradual.
Figure 4 shows a possible implementation for detecting LOS/NLOS based on analyzing power delay profile of the received signal.
[image: ]
Figure 3 LOS/NLOS detection algorithm based on analyzing power delay profile of the received signal.

Based on the above discussion, we make the following proposal:
Proposal 3 [bookmark: _Toc87049620]Following measurements should be specified in Rel-17 to support signature-based methods. These measurements can be part of rich reporting.
· [bookmark: _Toc87049621]Delay and magnitude/power of the first peak.
· [bookmark: _Toc87049622]Delay and magnitude/power of the highest peak.
· [bookmark: _Toc87049623]Components of PDP/CIR around first/highest peak. 

 
Regarding “FFS Whether power is additionally reported and if reported whether power is relative to first detected path or total power”: Aside from NLOS mitigation, multipath reporting can be used for more advanced positioning techniques, for instance in combination with a 3D map. In  such techniques are used to “turn multipath channels from foe to friend” increasing accuracy and enabling indoor positioning from a single TRP. One of the key results is that the positioning robustness can be increased when the SINR of each path is reported. Consequently we strongly think that the power/magnitude should be reported for each additional path.

[bookmark: _Toc87049624]Support reporting the path power for the first and additional path for all positioning methods. 

Regarding  introducing a request from the LMF to the UE/TRP when the path-RSRP for additional paths is desired to be reported, we think this level of details can be left to RAN3 and RAN2 to decide on. We don’t think RAN1 specifications will be impacted by such request. 


[bookmark: _Toc87049625]The support of a LMF request for path RSRP of additional path is left to RAN2/3.

Number of additional paths: Performance evaluations with ML based NLOS detection
Machine learning example

Machine Learning (ML) classifiers can be trained for LOS/NLOS detection. We have studied the performance of different ML classifiers that take as inputs the value and delay time of varying number of peaks in the power delay profile (PDP). The classifiers were trained and evaluated on real 5G measurement data from a macro deployment with carrier frequency 2.66 GHz and PDP obtained from reference signals with 20 MHz bandwidth. The best performance was obtained with a K-nearest neighbor method and those results are presented here.
Test cases
10 test cases were evaluated, with increasing number of reported peaks:
For case 1 to 7:
· The LOS/NLOS classifier inputs are the (i) peak value and (ii) delay time of the highest peaks in the PDP.
· The number of peaks used are: 5, 10, 15, 20, 30, 40 or 50 (Test case 1 to 7)
For case 8 to 10:
· The LOS/NLOS classifier inputs are the first X number of samples of the measured PDP.
·  Using X= 100 (case 8), X=150 (case 9), and all samples in the PDP (case 10)
The K-nearest neighbor method is always used as it gives the best performance.
Results
Table 2 summarize the results of the evaluation. Since Test case 10 makes use of the full PDP, we interpret the performance results obtained there as an upper bound for what can be achieved by this method on a subset of the PDP. We can make a number of observations:
[bookmark: _Toc87049636][bookmark: _Toc79052291][bookmark: _Toc79065345]The more PDP peaks (corresponding to paths) that are used by the classifier, the better becomes the classifier performance.
Table 2: ML results for test cases 1-10. The true LOS/NLOS status of the channel is on the vertical axis, and the ML-estimate is on the horizontal axis. Consequently, the diagonal elements shows the fraction of correct NLOS resp. LOS classifications and the off-diagonal elements show false negatives and false positives.
[bookmark: _Toc79065533][image: ]
Measurement classification example

Classification of measurements as LOS or NLOS and mitigation of the effects of NLOS can sometimes be done algorithmically with methods for robust estimation. The input to this kind of algorithms is typically a set of observations, like for instance TOA or TDOA measurements between different TRPs and a UE. NLOS measurements are considered as contaminated observations or outliers. While e.g. estimation with a least-squares method is highly sensitive to outliers, robust estimation methods are not. The methods only work when there is an excess of observations from which outliers can be pruned, hence algorithmic classification is particularly interesting for positioning in e.g. industrial scenarios where there is a dense deployment of TRPs. It should be stressed that the applicability of algorithmic LOS/NLOS classification to macro deployments (that are sparse) is very limited. 
In this section we show results for an adaptation of the RANdom SAmple Consensus (RANSAC) algorithm proposed in  to the TOA/TDOA positioning method. The performance of robust estimation methods degrades as the fraction of contaminated observations increases. RANSAC can cope with a relatively large fraction of contaminated data. Algorithmic LOS/NLOS classification can benefit from rich reporting and be used in combination with e.g. signature-based LOS/NLOS detection to obtain even better performance. Here we show one such example where RANSAC is combined with a LOS/NLOS detector that compares the strength of different peaks in the power delay profile: If the first peak is the strongest, then it is likely LOS.
We evaluate the positioning performance on the InF-DH scenario specified by 3GPP in TR 38.901 with model parameters as given in TR 38.857. There are 18 TRPs in a 120x60 room which are mounted on a high level and 800 UEs are uniformly distributed over the deployment area. Each TRP broadcast DL-PRS that the UEs perform TOA measurements on by peak detection in an estimated channel impulse response. The TRPs are assumed synchronized with each other but not with the UE. The bandwidth and carrier frequency of the reference signal is 100 MHz respectively 3.5 GHz. With 800 UEs and 18 TRPs there in total 14400 TOA measurements. Figure 4 shows the TOA error distribution for LOS resp. NLOS measurements. The UE/TRP clock synchronization errors are not included in these figures, meaning that what is shown are the measurement errors and NLOS excess delays.
For LOS measurements the error distribution is well approximated by a Student´s t distribution with location, scale and shape parameters ,  and , respectively. The accuracy of these measurements in the order of decimeters, likely thanks to the high bandwidth of the DL-PRS signal. The NLOS excess delay is modeled with a log-normal distribution in the InF-DH scenario. This distribution is also plotted in Figure 4 (b) and its agreement with the simulated data is very good. Notice that the NLOS TOA errors are generally much larger than the LOS TOA errors, this is an important property for the performance of an algorithmic LOS/NLOS classifier.
[image: ]
Figure 4
Figure 5 shows the UE positioning error CDFs that are obtained with two different RANSAC algorithms. The figure also includes the results obtained with a least squares estimator, serving as a baseline performance reference. Moreover, the "LOS Genie'' results are obtained with a least-squares estimation based on the actual LOS measurements. Hence, these results indicate an upper limit for the accuracy that can theoretically be achieved by an estimator with a non-ideal LOS classifier.
The performance of the least-squares estimator is bad because of the large fraction of NLOS measurements in this scenario. Already the basic RANSAC algorithm gives very good improvements as compared to the LS estimator. The RANSAC+SFP algorithm combines RANSAC with the output of a signature-based LOS/NLOS classifier. The combination gives an even better positioning performance, close to the performance of “LOS Genie”.
[bookmark: _Toc87049637]Robust estimation methods can drastically improve the positioning performance in dense deployments with many NLOS measurements. However, since they require an excess of measurements, they cannot be used in sparse deployments.
[bookmark: _Toc87049638]Robust estimation methods can be combined with signature-based LOS/NLOS detectors to achieve even better positioning performance.
[image: ]
Figure 5
In Figure 6 we group the total 800 UEs according to how many LOS measurements there are for each of them and show how many of the UEs that different algorithms locate to a position within 1 m from the true position.
We observe a gradually reduced performance for both the robust estimation methods as the number of LOS measurements reduce. However, the combined RANSAC+SFP method performs better when there are very few LOS measurements.
[bookmark: _Toc87049639]The performance of robust estimation methods reduces gradually as the fraction of LOS measurements decrease.
[bookmark: _Toc87049640]The use of signature-based LOS/NLOS detectors becomes more important when there are only a few LOS measurements. 
[image: ]
Figure 6
The next table summarizes the LOS/NLOS classification performance of the methods. SFP is the detector that compares the strengths of the pdp-peaks. 
The SFP classifier has a much larger fraction of false LOS classifications than the other methods. In this dense deployment scenario, algorithmic LOS/NLOS classification with RANSAC works well. However, the best performance is obtained with the combined algorithmic and signature-based detector RANSAC+SFP. 
Note: In our implementation, RANSAC+SFP will always “inherit” the NLOS classifications of the SFP detector and possibly also add more. However, this need not be the case depending on how the detectors are combined.
[bookmark: _Toc87049641]The LOS/NLOS classification performance of robust estimation methods is good in dense deployments.
[bookmark: _Toc87049642]The LOS/NLOS classification performance can be further improved by combining signature-based classifiers with robust estimation techniques.

Table 2 LOS/NLOS detector statistics. In total 14400 TOA measurements are simulated according to the Inf-DH scenario, 7524 of them are in LOS conditions and the other 6876 are in NLOS conditions
	
Detector
	LOS
	NLOS

	
	Correct
	False
	Correct
	False

	SFP
	7136
	2250
	4626
	388

	RANSAC
	7197
	249
	6627
	327

	RANSAC+SFP
	7016
	32
	6844
	508

	LOS Genie
	7524
	0
	6876
	0



When performing TOA measurements on an estimated PDP, it is not always obvious which peak to report for, for instance if the first peak is not the strongest. In this situation the first peak could be a noise peak or it can correspond to the LOS path which is attenuated from e.g. penetration of a wall. However, since algorithmic LOS/NLOS classification can resolve such confusions, it is best to always report both the TOA for the first peak and additionally the N strongest peaks.
[bookmark: _Toc87049643]To support outlier detection types of methods (e.g. RANSAC) The UE could report TOA for the first (earliest) detected peak and additionally the N strongest detected peaks.

[bookmark: _Toc87049644]The more PDP peaks (corresponding to paths) that are used by the classifier, the better becomes the classifier performance.
proposal
Motivated by these results we think that the number N of additional paths should be as large as possible.

[bookmark: _Toc87049645]The number of additional paths N should be large to enable accurate LOS/NLOS detection. 
[bookmark: _Toc87049626]Support N=32 for the maximum number of additional paths in all positioning methods. 
[bookmark: _Toc71653688]Resolving the issue of conflicting LOS/NLOS identification at the TRP and the UE 
We have seen from previous discussions the importance of first path in detecting NLOS links. The first path can be missed due to using an FFT window which are typically used for communication purposes also being used for computing CIR for positioning purposes. It is important to ensure that right CIR is used in doing NLOS detection using CIR peaks.  
Fig.7 shows a NLOS impulse response where the start of impulse response, the first path falls within the FFT window. However, Fig.8 shows the case when the first path is missed as it may fall out of the FFT window. This can happen when a FFT window is placed to capture maximum energy of an impulse response, which is typically the case while placing FFT windows for communication purposes. Higher numerologies can be more prone to such issue as the length of cyclic prefix shrinks while the geometries of scenarios and the corresponding time of arrival delay remains same. 
[image: ]
Figure 4   A typical CIR where the first path is included within the cyclic prefix. A NLOS link will be correctly detected as first peak falls within the FFT window.
[image: ]
Figure 5  A CIR where first path is  missed due to wrong placement of FFT window. In this case a NLOS channel will be detected as LOS channel. This can happen when the FFT windows are placed in order to capture maximum energy within the window.

[bookmark: _Toc79145615][bookmark: _Toc87049646]Positioning may require different FFT window placement (symbol timing estimation) than typically used for communication depending on the scenario for channel impulse response based LOS/NLOS detection. 
[bookmark: _Toc87049647]RSTD windows typically use distance estimates based on timing advanced. The timing advanced values are computed using FFT windows used for communication purposes. Hence RSTD window is not enough to capture CIR enriched with information required for LOS/NLOS detection. 
[bookmark: _Toc87049648]It is important to ensure that CIR used in NLOS detection is not missing the first peak. 
[bookmark: _Toc79145616][bookmark: _Toc87049649]In higher numerologies, cyclic prefix shrinks but delays in channel remains same. Hence, it is more probable to miss the first path in higher numerologies.
When the reciprocity principle holds, a CIR computed by the UE in DL and a CIR computed by a TRP in UL should ideally match. This property can be used by LMF to validate the CIRs and detect errors caused by an incorrectly placed FFT window.
[bookmark: _Toc79145617][bookmark: _Toc87049650]Channel reciprocity between the network and UE can be used for avoiding mis-detection of the first CIR/PDP peak.
A consequence of Observation 13,  corroboration of the CIRs at the two ends (Network in UL, UE in DL) based on the reciprocity principle can improve the reliability of a NLOS detector and hence the position estimation. One option is that LMF compares the complete CIRs obtained by the UE and TRP respectively, but then of course these CIRs must be signalled to LMF. Alternatively, the comparison can be done based on rich multipath reporting from the UE and TRP.
[bookmark: _Toc79145618][bookmark: _Toc87049651]Rich multipath reporting in both UL and DL can be used by LMF for validation and to avoid mis-detection of LOS/NLOS links.

Proposal 4 [bookmark: _Toc79065530][bookmark: _Toc87049627]The LMF can provide the UE/TRP with notifications that the LOS/NLOS estimate are conflicting

Proposal 5 [bookmark: _Toc87049628]Upon detecting conflict, LMF can ask UE and gNB to report a few settings while collecting measurements. One such setting can be FFT window size and placement.

Proposal 6 [bookmark: _Toc87049629]The LMF can provide a configuration for FFT window placement or alternatively provide an indication that a reconfiguration is needed.

Conclusion
  In the previous sections we made the following observations: 
Observation 1	LOS peak is always the first peak in power delay profile of the received signal for a LOS link.
Observation 2	A NLOS peak can also be a first prominent peak in a delay profile. But it appears along with smaller surrounding peaks and other components of delay profile generated from diffusely scattered signal before and after the NLOS prominent peak.
Observation 3	Rise of LOS highest peak is very sharp. Rise of NLOS highest peak is typically very gradual.
Observation 4	The more PDP peaks (corresponding to paths) that are used by the classifier, the better becomes the classifier performance.
Observation 5	Robust estimation methods can drastically improve the positioning performance in dense deployments with many NLOS measurements. However, since they require an excess of measurements, they cannot be used in sparse deployments.
Observation 6	Robust estimation methods can be combined with signature-based LOS/NLOS detectors to achieve even better positioning performance.
Observation 7	The performance of robust estimation methods reduces gradually as the fraction of LOS measurements decrease.
Observation 8	The use of signature-based LOS/NLOS detectors becomes more important when there are only a few LOS measurements.
Observation 9	The LOS/NLOS classification performance of robust estimation methods is good in dense deployments.
Observation 10	The LOS/NLOS classification performance can be further improved by combining signature-based classifiers with robust estimation techniques.
Observation 11	To support outlier detection types of methods (e.g. RANSAC) The UE could report TOA for the first (earliest) detected peak and additionally the N strongest detected peaks.
Observation 12	The more PDP peaks (corresponding to paths) that are used by the classifier, the better becomes the classifier performance.
Observation 13	The number of additional paths N should be large to enable accurate LOS/NLOS detection.
Observation 14	Positioning may require different FFT window placement (symbol timing estimation) than typically used for communication depending on the scenario for channel impulse response based LOS/NLOS detection.
Observation 15	RSTD windows typically use distance estimates based on timing advanced. The timing advanced values are computed using FFT windows used for communication purposes. Hence RSTD window is not enough to capture CIR enriched with information required for LOS/NLOS detection.
Observation 16	It is important to ensure that CIR used in NLOS detection is not missing the first peak.
Observation 17	In higher numerologies, cyclic prefix shrinks but delays in channel remains same. Hence, it is more probable to miss the first path in higher numerologies.
Observation 18	Channel reciprocity between the network and UE can be used for avoiding mis-detection of the first CIR/PDP peak.
Observation 19	Rich multipath reporting in both UL and DL can be used by LMF for validation and to avoid mis-detection of LOS/NLOS links.


Based on the discussion in the previous sections we propose the following:
Proposal 1	The granularity of LoS/NLoS indicator is a UE capability
-	Candidate values include 0.1 and 1.
Proposal 1	For UE-based positioning,  LMF can associate UE-based LoS/NloS indicators with each DL PRS resource for each TRP only if the indicator is a soft indicator, i.e. with a granularity less than 1.
Proposal 2	LOS/NLOS indicators are not reported for additional path measurements.
Proposal 3	For rich multipath reporting, it shall be unambiguously defined what additional paths a UE shall report. The following paths should be reported. First path, strongest path, N-2 paths between first and strongest paths, if first and strongest paths are same then first N paths.
Proposal 4	Following measurements should be specified in Rel-17 to support signature-based methods. These measurements can be part of rich reporting.
-	Delay and magnitude/power of the first peak.
-	Delay and magnitude/power of the highest peak.
-	Components of PDP/CIR around first/highest peak.
Proposal 5	Support reporting the path power for the first and additional path for all positioning methods.
Proposal 6	The support of a LMF request for path RSRP of additional path is left to RAN2/3.
Proposal 7	Support N=32 for the maximum number of additional paths in all positioning methods.
Proposal 8	The LMF can provide the UE/TRP with notifications that the LOS/NLOS estimate are conflicting
Proposal 9	Upon detecting conflict, LMF can ask UE and gNB to report a few settings while collecting measurements. One such setting can be FFT window size and placement.
Proposal 10	The LMF can provide a configuration for FFT window placement or alternatively provide an indication that a reconfiguration is needed.
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