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Introduction
In the approved new WI for positioning enhancement [1], one direction is to study the enhancement of information reporting for multi-path or NLOS mitigation.· Study and specify, if agreed, the enhancements of information reporting from UE and gNB for multipath/NLOS mitigation [RAN1, RAN2, RAN3]

This contribution discusses the LOS/NLOS related aspects and potential enhancement.
Discussion on NLOS/LOS IndicationAgreement:
· 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.
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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

In RAN1#106, the following agreement was reached:

In case of soft LOS/NLOS indication, theUE can report either the binary or the discrete values depending on the measurement and calculation. If a UE only supports the hard indication, only binary report is possible. Thus, if the gNB/LMF does not know if binary or soft values are received for NLOS, there is an ambiguity: if a 1 is reported, the gNB/LMF does not know how to interpret it if it does not know the quantization granularity. In order to ensure the same understanding of the indicated value in the UE and the LMF, the UE first need to report its capability on soft indication or hard indication, and then the gNB/LMF could understand the LOS/NLOS indication according to the related capability report.
Proposal 1: The support of soft LOS/NLOS indication or hard LOS/NLOS indication is based on UE capability.
In case of soft LOS/NLOS indication, the UE and the LMF need to have the same understanding of what the soft value indicates. There are several possibilities, with among them the two following options:
1. The indicator could be the probability of being LOS/NLOS. While this mirrors the common definition of a soft indicator in information theory, the probability of being LOS/NLOS conditions might be difficult to evaluate: for instance, the first ray may not correspond to LOS if the LOS ray is propagating through a high dispersion material
2. The indicator could be based on the channel impulse response and be the ratio of the energy of the first received path and the total energy received in a given time window.
In our view, although option 1 can be done, it is more difficult to implement than option 2.  As we mentioned, determining the probability of LOS/NLOS is not a simple thing to do. On the other hand, option 2 simply involves the computation of a power ratio. For that reason, we have a slight preference for option 2.
Proposal 2: The LOS/NLOS indicator is a measure of the ratio of the energy of the first received path and the total energy received in a given time window.
In order to signal the LOS/NLOS indicator, several value sets could be considered. The design principle is the trade-off between the indication granularity and the signaling overhead, e.g., 1 bit for [0,1], 2 bits for [0, 0<X<0.5, 0.5<Y<1, 1], and 4 bits for [0, 0.1, 0.2…0.8, 0.9, 1]. It will depend on whether UE supports the fine granularity or not to decide which one to be adopted.
Proposal 3:  The values of LOS/NLOS indicators could be selected from the following options: 
· 1 bit for [0,1],
· 2 bits for [0, 0<X<0.5, 0.5<Y<1, 1],
· 4 bits for [0, 0.1, 0.2…0.8, 0.9, 1], granularity is 0.1
Multiple path discussionAgreement:
· 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



In Rel-16, the measurement and report for up to 2 additional paths are supported for the RSTD and the UE Rx-Tx time difference. The above agreement enhanced the feature of multipath reporting by supporting the measurements for more than 2 additional paths.  One question to be addressed is the definition of additional paths. If the additional paths mean the NLOS paths except LOS path in one measurement, it should be noticed that path detection is quite challenging in practical. It is not always possible to identify a large number of  additional paths. Therefore, we support the maximum number of additional paths to 4 at least for TDOA and multi-RTT methods.
Proposal 4: The maximum number of additional reported paths is 4.
Conclusion
This contribution discusses the LOS/NLOS related aspects and potential enhancement. Observations and proposals are summarized as follows: 
Proposal 1: The support of soft LOS/NLOS indication or hard LOS/NLOS indication is based on UE capability.
Proposal 2: The LOS/NLOS indicator is a measure of the ratio of the energy of the first received path and the total energy received in a given time window.
Proposal 3:  The values of LOS/NLOS indicators could be selected from the following options: 
· 1 bit for [0,1]
· 2 bits for [0, 0<X<0.5, 0.5<Y<1, 1],
· 4 bits for [0, 0.1, 0.2…0.8, 0.9, 1], granularity is 0.1
Proposal 4: The maximum number of additional reported paths is 4.
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