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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In this contribution, we discuss the remaining issues related to LOS/NLOS indicator, multipath information reporting for positioning enhancement.
LOS/NLOS indicator
Remaining issues on LOS/NLOS indicator association
The following agreements were achieved in RAN1#106bis-e related to LOS/NLOS indicator association [1].
	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.


In our opinion, it is only reasonable that LOS/NLOS indicators are associated with first path measurements. For first path measurement values measured from different DL PRS resources of the same TRP, the LOS/NLOS indicators can be different due to the different channel states. When LMF receives the measurements, LMF finally selects the suitable measurement values from the reported multiple measurement values for position calculation. The LOS/NLOS indicator should reflect the channel state of the first path measurement from a DL PRS resource, that is, whether the measured first path is a LOS path. Thus, for the second FFS, the LOS/NLOS indicator for the additional path is meaningless in our view.
Proposal 1: No need to support LOS/NLOS indicators for additional path measurements in Rel-17.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Values of LOS/NLOS indicator
In the last meeting, companies didn’t reach a conclusion about the values of the LOS/NLOS indicator. The following agreements were achieved in RAN1#106-e meeting related to LOS/NLOS indicator [2]:
	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



[bookmark: OLE_LINK152][bookmark: OLE_LINK153]In RAN1#106-e meeting, LOS/NLOS indicators were defined as a discrete set in the interval [0, 1]. In our opinion, the appropriate number of discrete sets is 8 which can be represented by a 3-bit binary for the following considerations. On the one hand, the accuracy of the LOS/NLOS identification algorithm is limited by a lot of factors. Very high resolution representation of LOS/NLOS indicator may be not required. On the other hand, taking into account the signaling overhead of LOS/NLOS indicator, the number of discrete values should be in the exponential form of 2. Based on the consideration of the accuracy of the LOS/NLOS identification algorithm and the signaling overhead, in our view, the interval [0, 1] can be divided to 8 sections represented from 000 to 111 by 3 bits as shown in Table 1. These 3-bit binary LOS/NLOS indicators are reported from UE or TRP to LMF. In order to economize one bit used for the indication of LOS or NLOS probability, the indicator can be expressed as either the LOS or the NLOS probability by default. In RAN1#106b-e meeting, some company proposed a discrete set [0, 0.1, … , 0.9, 1] (in steps of 0.1) for soft values. The total number of segments 10 introduced by the setting method, which is not an integer exponential multiple of 2, leads to a waste of transmission bits. Thus, a discrete set [0, 0.125, … , 0.875, 1] (in steps of 0.125) for soft values is more reasonable. 
Table 1: LOS/NLOS indicator (3 bits) and probability range
	000
	001
	010
	011
	100
	101
	110
	111

	[0,0.125)
	[0.125,0.25)
	[0.25,0.375)
	[0.375,0. 5)
	[0.5,0.625)
	[0.625,0.75)
	[0.75,0.875)
	[0.875,1]



Proposal 2: In Rel-17, support using 8 discrete values to report either the LOS or the NLOS probabilities in the interval [0, 1] for LOS/NLOS indicators (Note: If it is decided the reported value indicates the LOS probability, then NLOS probability = 1 - LOS probability).
Multipath reporting
The reporting of multipath from UE or TRP to LMF has been supported for DL-TDOA, UL-TDOA and Multi-RTT in RAN1#106 e-meeting. The definition of N additional paths, the reporting of additional power, and the maximum value of N remain to be further discussed. In RAN1#106bis e-meeting, most of the companies believed that the number of multipath reported should depend on the selection criteria. The options for selection criteria are summarized in [3] as follows. 
	Modified Proposal
Select one of the following options for additional N path reporting criteria at RAN1#107: 
· Option 1: UE/TRP reports the strongest paths as additional paths.
· Option 2: UE/TRP reports the N-paths within a defined time window relative to the first path
· Option 3: UE/TRP reports additional paths when the UE/TRP is uncertain that the first path is correct
· Option 4: UE/TRP reports additional paths which are above a power threshold
· Option 5: UE/TRP reporting of additional paths is left to implementation (i.e., Rel-16 behavior) 


		
First, we think a threshold that is assigned to UE or TRP from LMF should be defined for selecting additional paths (i.e., Option 4 in the above proposal). The threshold is a relative power ratio in the interval of [0,1] and it can filter interference and noise which may be regarded as multipath. The value of threshold can be flexibly set to a different value according to the different scenarios in which the UE is located. And, selecting additional paths should follow principles related to delay and power. The suitable selecting principle can be first N paths or strongest N paths which exceed the (pre)-configured power threshold. 

[bookmark: OLE_LINK12][bookmark: OLE_LINK13]Then, we support the reporting of relative power in the measurement reports because power reporting of additional paths helps the LMF to use advanced algorithms (e.g., AI/ML algorithm) to better match the user location. For example, when Convolutional Neural Network (CNN) is used, the input parameters between the interval [0,1] are more favorable for the convergence of the algorithm, and thus it is suitable for relative power value. 

[bookmark: OLE_LINK9][bookmark: OLE_LINK14]We propose one possible definition of power relative to the strongest path which is defined in the following form:

                                                                  (1)

[bookmark: _GoBack]In the above formula,  can be expressed by path DL PRS RSRP for ith path delay which is just defined in DL-AOD topic in RAN1#106bis-e[1]. The reason for the above definition form is that the strongest power path is easily detected and determined in the measurement and the definition of relative power keeps consistent with the definition of the additional paths selecting threshold mentioned previously. And the definition allows the relative power of the additional paths to be distributed between [0,1], which is beneficial for AI/ML processing.

In addition, the value of N needs to be considered from several aspects, such as different measurement accuracy requirements, reporting overhead, and so on. In particular, it is difficult to distinguish more than 8 additional paths in the actual environment. Overall, we believe that N = 4 provides a good compromise between reporting overhead and localization performance. N=4 could accommodate most of the positioning requirements.

Proposal 3: A (pre)-configured power threshold that is assigned to UE or TRP from LMF should be defined for selecting additional paths for reporting.

Proposal 4: In Rel-17, support to report the relative power (to the strongest power path) for additional paths from UE or TRP to LMF.

[bookmark: OLE_LINK15][bookmark: OLE_LINK16]Proposal 5: In Rel-17, support up to 4 additional paths in the measurement reports from UE or TRP to LMF.
[bookmark: _Ref47295954][bookmark: _Ref60564645]Conclusions
In this contribution, we discuss the remaining issues related to LOS/NLOS indicator, multipath information reporting for positioning enhancement. We finally give the following proposals:
Proposal 1: No need to define LOS/NLOS indicators for additional path measurements in Rel-17.
Proposal 2: In Rel-17, support using 8 discrete values to report either the LOS or the NLOS probabilities in the interval [0, 1] for LOS/NLOS indicators (Note: If it is decided the reported value indicates the LOS probability, then NLOS probability = 1 - LOS probability).
Proposal 3: A threshold that is assigned to UE or TRP from LMF should be defined for selecting additional paths for reporting.
Proposal 4: In Rel-17, support to report the relative power (to the strongest power path) for additional paths from UE or TRP to LMF.
Proposal 5: In Rel-17, support up to 4 additional paths in the measurement reports from UE or TRP to LMF.
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