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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In this contribution, we further discuss the issues related to NLOS indicator, multipath information reporting for positioning and AOA reporting for additional paths.
LOS/NLOS indicator
The following agreements were achieved in RAN1#106-e related to LOS/NLOS indicator [1]:
	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.

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



LOS/NLOS indicator for DL-RSTD
For a DL-RSTD measurement, the UE should report two LOS/NLOS indicators associated with one DL-RSTD measurement to the LMF. Each of LOS/NLOS indicators corresponds to one of the two TOAs associated with the DL-RSTD measurement, i.e., one LOS/NLOS indicator corresponds to reference time and another LOS/NLOS indicator corresponds to measurement time for a DL-RSTD measurement.
As shown in Figure 1 below, UE1 receives the DL-PRS1 and DL-PRS2 from TRP1 and TRP2 respectively, and calculates the DL-RSTD measurement. However, DL-PRS1 and DL-PRS2 experience different wireless channels. Since there is no obstacle between TRP1 and UE1, and there is a line of sight propagation path between them, DL-PRS1 experiences LOS channel, while there is an obstacle between TRP2 and UE1, and there is no line of sight propagation path between them, so DL-PRS2 experiences NLOS channel. In this way, UE1 measures the reference time TOA1 with DL-PRS1, the LOS/NLOS indicator corresponding to TOA1 should be LOS. However, the LOS/NLOS indicator corresponding to the measurement time TOA2 measured with DL-PRS2 should be NLOS.
[image: ]
[bookmark: _Ref82981302]Figure 1: LOS/NLOS indicators for DL-RSTD

Therefore, UE1 will report two LOS/NLOS indicators for a DL-RSTD measurement. For the reference time (i.e., TOA1) or reference TRP (i.e., TRP1), UE1 will report one LOS/NLOS indicator (i.e., LOS). For the measurement time (i.e., TOA2) or the measurement TRP (i.e., TRP2), UE1 needs to report an additional LOS/NLOS indicator (i.e., NLOS).
Proposal 1: For a DL-RSTD measurement, the UE should report two LOS/NLOS indicators associated with one DL-RSTD measurement to the LMF. One LOS/NLOS indicator corresponds to reference time and another LOS/NLOS indicator corresponds to measurement time of the DL-RSTD measurement.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Value of LOS/NLOS indicator
[bookmark: _GoBack]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 one hand, the accuracy of the LOS/NLOS identification algorithm is limited by a lot of factors. Very high resolution representation is not required. On the other hand, taking into account the signaling overhead, the number of discrete values should be in the exponential form of 2. Based on the consideration of 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.
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 following agreements were achieved in RAN1#106-e related to multipath reporting [1]:
	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



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, whether power is additionally reported, and the maximum value of N remain to be further discussed.
	
First, there is currently no clear guideline on how to select additional paths. We think a threshold which is assigned to UE or TRP from LMF should be defined for selecting additional paths. 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 of 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 power threshold. 
	
[bookmark: OLE_LINK12][bookmark: OLE_LINK13][bookmark: OLE_LINK9][bookmark: OLE_LINK14]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 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. We propose one possible definition of power relative to the strongest path which is defined in the following form:
                                                                  (1)
The reason for the above definition form is that the strongest power path is easily 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 to 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 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.

AOA reporting for additional path
The following agreements were achieved in RAN1#106-e related to AOA reporting [1]:
	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.



Reporting multiple UL-AOA measurement values per additional path for UL TDOA and multi-RTT was agreed at the last meeting. The remaining issue is the maximum number of UL-AOA values per additional path. In our opinion, the performance gain of reporting more than 2 AOA values per additional path is so far unclear. Even if the correct AOA value of the non-first path is obtained, this information is of little significance to the traditional algorithms. Advanced algorithms, such as AI/ML may have the ability to abstract useful information, but this will require great efforts in training and modeling. Furthermore, the computational complexity and reporting overhead of gNB and LMF should be considered. The gain of reporting too many AOA values for each additional path is still unclear and may not compensate for the signaling overhead it brings. Therefore, in consideration of the trade-off between performance and overhead, the number of AOAs reported for each additional path is not necessary to be the same as the number of reported AOA values for the first path (the maximum number of AOA values reported for the first path is 8), and 2 AOA values per additional path are more appropriate.

[bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK6][bookmark: OLE_LINK7]Proposal 6: In Rel-17, support gNB to report up to 2 UL-AoA values (pair of AoA & ZoA values, AoA values or ZoA values) per SRS resource per additional arrival path. 
[bookmark: _Ref47295954][bookmark: _Ref60564645]Conclusions
In this contribution, we discuss the issues related to NLOS indicator, multipath information reporting for positioning and AOA reporting for additional paths. We finally give the following proposals:
Proposal 1: For a DL-RSTD measurement, the UE should report two LOS/NLOS indicators associated with one DL-RSTD measurement to the LMF. One LOS/NLOS indicator corresponds to reference time and another LOS/NLOS indicator corresponds to measurement time of the DL-RSTD measurement.
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.
Proposal 6: In Rel-17, support gNB to report up to 2 UL-AoA values (pair of AoA & ZoA values, AoA values or ZoA values) per SRS resource per additional arrival path. 
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