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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Hlk68171798]In RAN1#106-e, agreements [1] were made on additional reporting to mitigate multipath and NLOS effects on the positioning accuracy. Specifically, we have agreed on additional paths in support for DL-TDOA, UL-TDOA and multi-RTT positioning techniques. In addition, reporting of LoS/NLoS indicators are also supported for both UE-assisted and UE-based positioning. 
There are still some remaining FFSs identified during discussions in the last meeting related to the above-mentioned decisions and in this contribution, we provide our considerations and views.

[bookmark: _Ref129681832]Discussion 
LOS Indicator 
In RAN1#106-e, the agreements on the support of a LoS/NLoS indicator are described in the following:

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

It has been extensively studied and summarized [2] on the benefits of soft-value LoS/NLoS indicators as input into iterative optimization algorithms [3]-[6] such as RAIM, RANSAC or Gaussian-Newton to improve the positioning accuracy. If certain TRP-UE links correspond to a NLOS link, the measurements from these links will result in a false positioning estimate. These different algorithms use the redundancy of many gNBs/TRPs links per UE to eliminate the NLOS links. Since these algorithms work iteratively, soft-value LOS indicators have been shown to improve the regularization property versus e.g., discrete binary values and hence accuracy of these optimization algorithms are further improved.
It should be noted that a soft-value LoS/NLoS indicator is equally applicable to angular-based iterative optimization algorithms as it is to power-based positioning algorithms to improve the overall position accuracy. Although the efficacy of the indicator needs to also consider the reporting overhead involved, a binary indicator with two states: LOS and NLOS would be too coarse for it to be truly beneficial to the optimization algorithm deployed. 
Proposal 1: The LoS/NLoS indicator consisting of at least of 4 discrete values are supported i.e. [0, [0.25], [0.75], 1].

The reported indicator by the UE or the TRP when received at the LMF must be unambiguous associated to the reported measurements at the LMF for it to utilize the indicator correctly. For UE reported LoS/NLoS indicator, the DL measurements it is associated with are the latest reported DL PRS RSRP and DL RSTD measurements. Similarly, for TRP reported LoS/NLoS indicator, the UL measurements it is associated with are the latest received UL RTOA, UL AoA and UL SRS RSRP.
Proposal 2: Each LoS/NLoS indicator is associated with the latest reported corresponding UL or DL measurements. 
· For UE reported LoS/NLoS indicator, the DL measurements it is associated with are the latest reported DL PRS RSRP and DL RSTD measurements. Similarly, for TRP reported LoS/NLoS indicator, the UL measurements it is associated with are the latest received UL RTOA, UL AoA and UL SRS RSRP.

It was agreed that the LOS indicator calculated at the UE is included with other existing assistance data sent to the LMF to support UE-assisted positioning. For UE-based positioning that is performed at the UE, such reporting to the LMF would not be required. For UE-based positioning, there is no obvious motivation to report back the LOS/NLoS indicator to the LMF. However, it was agreed that the positioning assistance data from LMF is enhanced for UE-based positioning by including the LoS/NLoS indicators. 
Some additional assistance data together with the reported LoS/NLoS indicator should therefore be considered. Firstly, the LMF possesses LoS/NLoS indicator reported by the TRP or UE for UL and DL positioning measurements, respectively. Which indicator that is reported to the UE should be informed to the UE as well.  In addition, the LoS/NLoS indicator can also be different for different path between the UE and the specific TRP.  
Proposal 3: For UE-based positioning, the LoS/NLoS indicator included in the positioning assistance data from LMF should be associated with the following additional information:
· Whether the LoS/NLoS indicator is associated to UL or DL positioning measurements. 
· The specific path between the UE and the TRP that the LoS/NLoS indicator corresponds to.

Additional Paths Reporting   
In RAN1#106-e, the agreements on the support of additional paths reporting are described in the following:

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

In both agreements above, the issues still to be resolved are:
· 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

Separately, in a separate agenda item, we are considering an additional new definition of ‘path PRS RSRP’ that would correspond to the channel impulse response:
Agreement:
For definition of the path PRS RSRP, consider the following options until RAN1#106b-e:
· Option 1: the measured path PRS RSRP correspond to the power of the channel impulse response, at a certain path delay, over which the DL PRS is received. 
· Option 2: the path PRS RSRP correspond to the accumulated power of the channel impulse response over which the DL PRS is received, over a time duration corresponding to the given path delay 
· FFS: whether/how is the window conveyed to the UE (i.e., fixed in specification or configured in measurement request or determined by the UE)
· FFS on relationship with the UE DL PRS measurement bandwidth.
· FFS: normalization of the path RSRP measurement with DL PRS RSRP (i.e., RSRP for all path as defined in Rel-16) could be included in the measurement definition. 
· FFS: Further details of the definition, e.g., definition of the certain path delay
· Up to RAN4 to define any test/requirement for the measurement.

Whether Option 1 or 2 is adopted, it should be clarified that the above proposal for path PRS RSRP is only applicable to DL-AoD, an approach based on received PRS RSRP. Similarly, the agreed support of reporting of additional N>2 paths is only applicable to timing-based approaches of DL-TDOA, UL-TDOA and multi-RTT. The performance gains of additional timing information for power-based approaches (e.g., DL-AoD) or additional power profile information for power-based approaches have not been studied and shown to be beneficial. 
Furthermore, it is not clear how to interpret or implement ‘new definition’ that is only applicable to the additional paths N>2.
Observation 1:  The benefits of additional reporting of power information for multipath reporting enhancements up to N>2 additional paths (for DL-TDOA, UL-TDOA or multi-RTT) is unclear. 


Conclusions
In this contribution, some of the proposed enhancements are discussed and our views provided. Below are the observations and proposals.
Proposal 1: The LoS/NLoS indicator consisting of at least of 4 discrete values are supported i.e. [0, [0.25], [0.75], 1].
Proposal 2: Each LoS/NLoS indicator is associated with the latest reported corresponding UL or DL measurements. 
· For UE reported LoS/NLoS indicator, the DL measurements it is associated with are the latest reported DL PRS RSRP and DL RSTD measurements. Similarly, for TRP reported LoS/NLoS indicator, the UL measurements it is associated with are the latest received UL RTOA, UL AoA and UL SRS RSRP.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 3: For UE-based positioning, the LoS/NLoS indicator included in the positioning assistance data from LMF should be associated with the following additional information:
· Whether the LoS/NLoS indicator is associated to UL or DL positioning measurements. 
· The specific path between the UE and the TRP that the LoS/NLoS indicator corresponds to.
Observation 1:  The benefits of additional reporting of power information for multipath reporting enhancements up to N>2 additional paths (for DL-TDOA, UL-TDOA or multi-RTT) is unclear. 
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