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Introduction
[bookmark: _Hlk38879917][bookmark: _GoBack]In RAN1#106-e and RAN1#106-bis-e meeting, some issues for multipath/NLoS mitigation were discussed and some agreements and conclusions were achieved in [1] and [2]. In this contribution, we present our views on remaining issues on potential enhancements for multipath/NLoS mitigation.
Potential enhancements for NLoS mitigation
In RAN1 #106-e meeting, the following agreements were reached.
	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


For LoS/NLoS indicators, it has been agreed in RAN1 #106-e meeting that a single-indicator can be reported and the supported values are a discrete set in the interval [0, 1], which does not preclude using binary values only which is up to UE/TRP implementation. This may lead to some ambiguousness. For example, UE1 is supportive of reporting LoS/NLoS indicator using binary values and UE2 is supportive of reporting LoS/NLoS indicators using discrete set, when UE1 and UE2 both report a LoS/NLoS indicator of 0. For UE1, it only means the link is detected as NLoS but the confidence is unknown; for UE2, it means the link is detected as NLoS and the confidence is very high. But the LMF cannot know the confidence information and assume the two indicators are the same as they are both 0 and may further use them in the same way, which is obviously unreasonable. This is exactly what we think need to be addressed.
[bookmark: _Hlk84801448]As the UE capability of LOS/NLOS Indicator has already been supported, in our opinion, both the following two options can solve the above problem.
· Option1: Support the additional UE capability of which type of LoS/NLoS indicators the UE is supportive. When gNB or LMF receives different UE capability, it can identify the meaning of 0 and 1 according to the reported UE capability.
· Option2: Support to differentiate the type of LOS/NLOS indicators by the LoS-NLos-Indicator IE, which can include hard value and soft value. Then LMF can have the knowledge of whether 0 and 1 corresponds to hard value or soft value.
[bookmark: OLE_LINK1][bookmark: OLE_LINK4]We think both the two options can solve the ambiguousness, what we want to emphasize is if a UE supports LOS/NLOS indicator of soft value type, it will of course support the hard value 0 and 1. In other words, if Option2 is chosen, we think the hard value type is a baseline which should be supported as a default value. No matter whether a UE is supportive of hard value only or soft value, it can firstly identify whether a measurement is LoS or NLoS, then UE supportive of soft value type can further report the soft value to indicate the probability.
Proposal 1: 
· Support one of the following options:
·  Option1: Support UE capability of which type of LoS/NLoS indicators the UE is supportive.
· Option2: Support to differentiate the type of LOS/NLOS Indicator by the LoS-NLos-Indicator IE, which can include hard value and soft value.
· If Option2 is chosen, the hard value type should be supported as a default value.
The following agreements were achieved in last RAN1 #106-bis-e meeting.
	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

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.


As we have agreed in last meeting, for different positioning methods one LoS/NLoS indicator can be associated with each measurement. It should be further clarified what is each measurement corresponding to. 
As far as we are concerned, it is more reasonable that each measurement corresponds to a PRS or SRS resource rather than a path. In most LoS/NLoS identification method discussed in previous, the LoS/NLoS state that can be identified is whether the link in a direction between UE and TRP is LoS or NLos. In fact, if the measurement associated with a PRS or SRS resource is LoS, it means there is a LoS path included in the measurement so that LMF can consider using this measurement for location calculation. As for additional paths, in most timing-based positioning method like DL-TDOA, UL-TDOA and Multi-RTT, the delay information of each path is reported to LMF so that LMF can estimate the LoS path by the timing information. For other positioning method, LMF can also select the best path by plug the multiple path measurements into the calculation formula. However, for UE or TRP, the identification method and confidence to evaluate the LoS/NLoS state of each path are both unclear. Therefore, we do not think the LoS/NLoS indicator should be applied to associate with each additional path measurements.
Proposal 2: 
· Do not support to associate LoS/NLoS indicator with each additional path measurements.
As for DL-AoD, we do not see the association between the indication of a LoS/NLoS indicator and the presence of Rx beam index. In our opinion, LOS/NLoS indicator is aimed to indicate whether or how much probability each measurement is LoS or NLoS, it does not matter if two measurements is not with the same Rx beam index. 
Proposal 3: 
· No need to consider the dependence of indication of a LOS/NLoS indicator on the presence of Rx beam index for DL-AoD. 
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]Potential enhancements for multipath reporting
[bookmark: _Hlk82529468]In last meeting, the agreement for multipath reporting were achieved as following.
	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 DL-AoD positioning, LMF calculates location according to angle information estimated by the reported RSRP. It is useful to report first path RSRP because the angle information can be more accurate by extracting the first path direction. However, we do not see the benefit of reporting RSRP of additional paths. The first problem is if RSRP of additional paths is reported to LMF, how can LMF uses these RSRP? Due to the RSRP of first path is not always the maximum, additional path RSRP reporting may lead to confusing. However, this issue can be resolved by UE implementation due to the reason that UE knows the arrival timing information and can select the first path. Therefore, only reporting RSRP for the first path for DL-AoD is more clearly for LMF, so we do not support of path RSRP reporting for additional paths as part of DL-AoD.
Proposal 4: 
· Do not support of path RSRP reporting for additional paths as part of DL-AoD.
Conclusion
In this contribution, we discuss the issue on potential enhancements for multipath/NLoS mitigation. We have the following proposals:
Proposal 1: 
· Support one of the following options:
·  Option1: Support UE capability of which type of LoS/NLoS indicators the UE is supportive.
· Option2: Support to differentiate the type of LOS/NLOS Indicator by the LoS-NLos-Indicator IE, which can include hard value and soft value.
· If Option2 is chosen, the hard value type should be supported as a default value.
Proposal 2: 
· Do not support to associate LoS/NLoS indicator with each additional path measurements.
Proposal 3: 
· No need to consider the dependence of indication of a LOS/NLoS indicator on the presence of Rx beam index for DL-AoD. 
Proposal 4: 
· Do not support of path RSRP reporting for additional paths as part of DL-AoD.
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