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Introduction
The following objective was approved for Multi-path/NLOS mitigation for Rel-17 NR positioning in RAN#91e meeting [2],
· Study and specify, if agreed, the enhancements of information reporting from UE and TRP for multipath/NLOS mitigation [RAN1, RAN2, RAN3]
In this contribution, we provide our views on the methods to mitigate the impact of NLOS and Multi-path.
NLOS mitigation
	Agreement:
· Support LoS/NLoS indicators which are reported to the LMF for DL and DL+UL positioning measurements taken at UE for UE-assisted positioning or UL and DL+UL measurements at the TRP for NG-RAN assisted positioning. 
· Reporting from UE is subject to UE capability
· Positioning assistance data from LMF is enhanced for UE-based positioning by including LoS/NLoS indicators.
· FFS: Other kinds of positioning assistance data enhancements
· For LoS/NLoS detection method(s), there is no additional measurement IEs or assistance data outside of LoS/NloS indicator reporting (i.e., Option 6 from prior agreement).
· Note 1: No RAN4 requirements are expected for the LoS/NLoS indicators in RAN1’s understanding
· Note 2: LoS/NLoS indicators can be complementary to outlier rejection algorithms.
[bookmark: _Hlk80976305]Agreement:
For LoS/NLoS indicators, a single-indicator can be reported and the supported values are a discrete set in the interval [0, 1]. 
· FFS: the number of discrete values to be supported
· Note: This does not preclude using binary values only which is up to UE/TRP implementation
· Note: Single-indicator means that one value in the interval [0, 1] is used for the LoS/NLoS indication


The above two agreements were approved in last meeting to specify the LoS/NLoS indicators. In this section, we provide our views on some remaining issues.
Positioning assistance data enhancements
The LoS/NLoS indicator means UE/gNB has to scale or normalize the measurement results locally into a value between 0 and 1, which presupposes that the measurement result follows a linear distribution since UE cannot derive more detailed channel parameter distribution property. This kind of reporting also means the largest measurement result among different links may always be indicated as value 1. This is NOT TRUE! Some of channel parameters, for example Ricean K-factor (or delay spread), as shown in the Figure 1 below, which actually subjects to a normal distribution. For such non-linear distribution, it’s impossible for the UE to derive an indicator within [0, 1], which may limit the possibility to achieve better performance based on proper implementation. Since LMF is responsible for the location services, LMF can collect a bunch of measurement results from a mass of UEs. Therefore, it’s reasonable that LMF may have some priori information of the channel (e.g. the distribution of channel statistics), which can facilitate the LOS determination for UE.
[image: ]
Figure 1 PDF of Ricean K-factor for LOS and NLOS links
In addition, we think the prior channel statistics could be useful for both UE-based and UE-assisted positioning. 
· [bookmark: OLE_LINK1]For UE-assisted positioning, LMF can provide the distribution of Ricean K-factor of the scenario to UE. UE may get a measured Rciean K-factor locally based on the measurement of one link (or reference signal). As discussed in last meeting, most companies didn’t agree to report the measured results (e.g. Rciean K-factor) from UE. It would be a problem that how UE can derive the LoS/NLoS indicator. From our point of view, UE can map the measured Ricean K-factor into confidence level (i.e. LoS/NLoS indicator) according to the distribution of Ricean K-factor of the scenario. This doesn’t mandate UE to measure the Ricean K-factor. It’s still up to UE on how to use the prior channel statistics. The prior channel statistics can help UE to derive the reported LoS/NLoS indicators. 
· For UE-based positioning, first of all, the LoS/NLoS indicator in positioning assistance data that we have agreed belongs to one of the prior channel statistics. However, only providing LoS/NLoS indicator in positioning assistance data maybe quite limited in some cases when the channel is dynamically time-varying. It would also be helpful for LMF to provide other kinds of prior channel statistics, e.g. distribution of Ricean K-factor of the scenario. Similar to UE-assisted positioning discussed above, this information may help UE to decide which link is a LoS/NLoS link when conducting location computation. 
Regarding the specification impacts to provide prior channel statistics, the distribution of Ricean K-factor as mentioned in TR 38.901 including the mean value of Ricean K-factor and the standard deviation of Ricean K-factor can be provided in assistance data.
Observation 1:The prior channel statistics provided in assistance data can facilitate UE to determine the confidence of LOS links for both UE-based and UE-assisted positioning.
Proposal 1: Support LMF to provide the priori channel statistics in positioning assistance data, at least considering the distribution of Ricean K-factor and/or the distribution of delay spread.
Details on the reporting of LoS/NLoS indicators
Several companies only supported to report binary values (i,.e. hard decision) the LoS/NLoS indicator. This is not a good choice since UE may not have the full confidence to declare that a link is LoS or NLoS. Therefore, a soft value is preferred to provide some kinds of confidence levels for different links. A granularity of 0.1 within the interval [0, 1] would be enough for different use cases. 
Another pending issue is how to report the LoS/NLoS indicators. In our understanding, each LoS/NLoS indicator should correspond to a link (or a channel experienced by a reference signal). Therefore, all measurement results associated with the same reference signal should be provided with a single LoS/NLoS indicator. In addition, we have agreed that SRS resource ID can be provided to LMF for UL measurement results. Therefore, a LoS/NLoS indicator from UE should be associated with a DL PRS resource, and a LoS/NLoS indicator from gNB should be associated with an SRS resource as well.
Proposal 2: The discrete set for the LoS/NLoS indicators is defined with a granularity of 0.1 within the interval [0, 1] (i.e. [0, 0.1, 0.2,..., 0.9, 1])
Proposal 3: All measurement results associated with the same reference signal in a location report should be provided with a single LoS/NLoS indicator.
Multi-path mitigation
	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:
Reporting multiple UL-AoA values per additional path is supported for at least UL TDOA and multi-RTT.
· FFS: maximum number of UL-AoA values per additional path.


The timing based reporting is adequate in LOS scenario when the time of arrival (TOA) reflects the LOS component. However, if the LOS component is impacted by large noise and interference, or an NLOS component is selected to reflect TOA estimate, the TOA estimate is biased from the propagation time of the corresponding reference signal over the air. That’s why the current specification supports UE/TRP to report additional paths aside from the path component to derive measurement results. By this way, it’s up to LMF to choose the best path for locating a UE. According to the current specifications defined in TS 37.355 and TS 38.455, the reporting of additional paths is already supported in following cases,
· DL-TDOA positioning method supports up to 2 additional detected path timing values for a TRP or resource, relative to the path timing used for determining DL RSTD value.
· Multi-RTT positioning method up to 2 additional detected path timing values for a TRP or resource, relative to the path timing used for determining UE Rx-Tx timing difference value.
· For UL RTOA and gNB Rx-Tx Time Difference measurement reporting, there is no explicit signaling to report additional paths. However, gNB/TRP can report up to 16384 measurement values, which can implicitly support the timings of additional paths.
In addition to the timings of additional paths, several companies also proposed to support RSRP of additional paths and N>2 additional paths for timings, which may be beneficial for NLOS and AI based positioning solutions. However, the path PRS RSRP was discussed in DL-AOD agenda in last meeting, which is normally useful for the first path. Therefore, the discussion of RSRP for additional paths should wait for the conclusion on the definition of path PRS RSRP. 
For the number of additional paths, the concern is that whether the devices are necessary to detect and report so many additional paths. At least some criteria should be considered for the reporting of additional paths. For example, as depicted in Figure 2, LMF may only have interest in some paths close to the first detected path. There is no need for UE/TRP to provide additional paths outside the time span concerned by LMF. The additional paths outside the time span are biased too much from the first detected path, which may not provide any important information but consume a mass of overhead. Hence, UE/TRP only needs to report the additional paths that are within a time span started from the first detected path.


Figure 2 Time span for the reporting of additional paths
Another criterion shown in Figure 3 is considered from power domain. The detection of paths is impacted by noise and interference. Therefore, some additional paths detected may not actually be real paths in the channel but noise and interference. Those paths cannot provide any additional information for LMF to conduct positioning. Thus, UE/TRP only needs to report the additional paths whose powers are larger than a threshold related to the peak of the power delay profile.


Figure 3 The power threshold to report additional paths
Proposal 4: The RSRP for additional paths should wait for the conclusion on the definition of path PRS RSRP in other agenda. 
Proposal 5: In order to balance the overhead and performance, at least the following criteria should be considered for the reporting of additional paths,
· UE/TRP only needs to report the additional paths that are within a time span started from the first detected path.
· UE/TRP only needs to report the additional paths whose powers are larger than a threshold related to the peak of the power delay profile.
Conclusions
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In this contribution, we provide our views on NLOS and Multi-path mitigation for NR positioning, the following observations and proposals are proposed,
Observation 1:The prior channel statistics provided in assistance data can facilitate UE to determine the confidence of LOS links for both UE-based and UE-assisted positioning.
Proposal 1: Support LMF to provide the priori channel statistics in positioning assistance data, at least considering the distribution of Ricean K-factor and/or the distribution of delay spread.
Proposal 2: The discrete set for the LoS/NLoS indicators is defined with a granularity of 0.1 within the interval [0, 1] (i.e. [0, 0.1, 0.2,..., 0.9, 1])
Proposal 3: All measurement results associated with the same reference signal in a location report should be provided with a single LoS/NLoS indicator.
Proposal 4: The RSRP for additional paths should wait for the conclusion on the definition of path PRS RSRP in other agenda. 
Proposal 5: In order to balance the overhead and performance, at least the following criteria should be considered for the reporting of additional paths,
· UE/TRP only needs to report the additional paths that are within a time span started from the first detected path.
· UE/TRP only needs to report the additional paths whose powers are larger than a threshold related to the peak of the power delay profile.
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