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Introduction
During the previous RAN1#105-e meeting [1], the following agreements related to NLOS/Multipath Information Reporting were made:
	Agreement:
· Study reporting of LoS/NLoS indicators for DL, UL, and DL+UL positioning measurements taken at both UE and TRP at least for UE assisted positioning. 
· Study the following options (or combinations of the following options) for LoS/NLoS indicators
· Option 1: Binary (i.e., hard) value indicators
· Option 2: Soft value indicators (i.e., [0,1]). 
· FFS: Format and criteria for determination 
· FFS: additional information or options
· FFS: LoS/NLoS indicators for UE-based positioning
Agreement:
· Study multipath reporting enhancements for DL, UL, and DL+UL positioning to enable LoS/NLoS/multipath identification and mitigation at the LMF for UE-assisted positioning. 
· FFS: Details of the enhancements.
Agreement:
For multipath reporting enhancements, study reporting from TRP to LMF, angle, timing, phase (of additional paths) and power for the additional N paths (value of N is part of the study).
· Note: Companies are not obligated to provide inputs for all parameters in their study
Agreement:
For multipath reporting enhancements, study reporting from UE to LMF, relative timing of additional paths (additional to the first path) and the power (at least relative power) at least per DL PRS resource per additional path for at least DL-AoD reporting (the number of paths is part of the study).
Agreement:
· Study whether to support up to N>2 additional paths in the measurement reports from UE to LMF for at least DL-TDOA and multi-RTT,
· FFS: Exact value of N. 
· FFS: reporting the power of the paths in addition to the timing. 
· FFS: LMF requesting additional M non-distinct paths corresponding to the first path.
· Note 1: This agreement applies to N additional paths (i.e., not including the “first” path).
· Note 2: Rel-16 supports N=2 already. 
Agreement:
As part of studying LoS/NLoS information reporting, study at least the following options for information to enable/assist LoS/NLoS detection: 
· Option 1: Polarization information reporting from UE/gNB to LMF. 
· Option 2: Coherence bandwidth information reporting from UE/gNB to LMF. 
· Option 3: Propagation time difference information reporting from UE/gNB to LMF. 
· Option 4: RSRP reporting from UE/gNB to LMF with finer granularity
· Option 5: Ricean factor and the variance of Channel Frequency Response (CFR) information reporting from UE/gNB to LMF
· Option 6: No specification impact outside of LoS/NLoS reporting
Note: Companies are encouraged to identify differences in information reporting and any performance gains compared with multipath information reporting


This contribution discusses additional FFS aspects and open issues following from the previous meeting.
NLOS/Multipath Reporting
LOS/NLOS Reporting
As agreed during the previous RAN1#105-e meeting Options 1 and 2 of using binary indicators and/or soft metrics, respectively are both feasible in terms of enhancing the quality of the the reported measurements. Such granularity of the LOS/NLOS metrics can be derived based on a host of UE implementation options including hypothesis testing, machine learning techniques using feature extraction based on RMS delay spread, amplitude, etc. The importance lies in the UE reporting of such LOS/NLOS metrics. 
Another aspect to consider with respect to the indicators is to make use of a threshold to enable classification of DL-PRS beam measurements as either LOS or NLOS. The threshold can be adapted based on a function that captures channel characteristics of a particular environment, e.g., dense clutter in an IIoT scenario. The threshold can be LMF/UE configured, based on one or more combination of several features, e.g. K-factor, other statistical information such as standard deviation and mean, signal kurtosis, skewness. The LMF can define the threshold, which can be applicable to Option 1: Binary indicators and extended to Option 2: Soft indicators.
Observation 1: Implementation-based approaches can be used to enable Options 1 and 2 to classify LOS/NLOS measurements.
Proposal 1: Consider the use of an adaptive threshold to enable LOS/NLOS classification using either Option 1: Binary indicators and/or Option 2: Soft metrics.
The UE and gNB reporting of LOS/NLOS quality metrics serve as a low complexity method to provide assistance information to the LMF with minimal specification impact. Such reporting metrics can enhance the positioning measurement quality by providing an additional guidance to the LMF on which measurements and beams are affected by NLOS. The RAT-dependent timing-based positioning methods, including DL-TDOA (based on RSTD measurements) and Multi-RTT (based on UE Rx-Tx timing difference measurements) stand to benefit from this additional UE reporting on LOS/NLOS effects since this affects the first arrival path of the received channel impulse response at the UE depending on the size of the blockage and/or the environment (indoor scenarios with dense clutter). This is especially relevant for positioning in FR2, where larger bandwidths can be exploited to better differentiate and classify LOS and NLOS signal components.
Observation 2: UE Reporting of LOS/NLOS measurements for timing-based positioning schemes is especially beneficial in FR2, where larger bandwidths can enable easier classification of LOS and NLOS time of arrival delay components.
DL-AoD positioning is essentially dependent on the UE DL-PRS RSRP measurements made per beam/TRP, coupled with the knowledge of the gNB(s) spatial information of the DL transmissions and geographical coordinates of the TRPs in order to determine the UE’s location estimate. A potential issue may arise in relation to the computation of DL-AoD location estimates in scenarios with high prevalence of NLOS/multipath components (e.g. indoor factory with dense clutter), i.e. the UE may report DL-PRS RSRP measurements based on TRPs, which may be ambiguous to the LMF due to multipath components and therefore this may contribute to an increase in overall positioning error (See Figure 1(a)).

[bookmark: _Ref79154124]Figure 1: Issue comparison between current approach and proposed approach with LOS/NLOS indicators
Since the LMF (UE-assisted) maps the measured RSRP values to the provided spatial information from the gNB(s), there may be ambiguity between the RSRP measurement value(s) affected by NLOS beams or multipath components (e.g., blockages or reflections) and the spatial information at the gNBs, which affects the DL-AoD estimate. Additionally, in dynamic scenarios such as IIoT environments, the blockages can be time-varying (e.g., movement of people and objects) in addition to being static. Blockages along the azimuth and elevation planes should also be considered. 

Observation 3: NLOS/multipath effects may cause ambiguities in the DL-PRS RSRP measurement report for static and dynamic blockages, especially in IIoT scenarios.

This measurement ambiguity can be avoided as seen in Figure 1(b), based on the LOS/NLOS indicator report associated with each measurement. This reporting would be beneficial on a per beam/TRP basis and can be considered as candidate solution for improving accuracy.

Proposal 2: Support UE reporting of RSTD, UE Rx-Tx time difference and/or DL-PRS RSRP associated with Option 1 (binary metrics) or Option 2(soft metrics) LOS/NLOS indicators on a per beam basis.
LOS/NLOS Measurement Window
During the previous RAN1#105-e meeting, the LOS/NLOS measurement window was considered as part of the FL’s summary discussion [3], but was closed due to the overlap with a similar discussion in AI 8.5.1. A key aspect to note is that the measurement window discussion has different requirements to the discussion in AI 8.5.1.  The LOS/NLOS measurement window is necessary to accurately capture the LOS/NLOS behavior of single/multiple measurement(s) over a configured duration of time, which is different from the measurement instance time stamp reporting discussed in AI 8.5.1. The duration of the window has to be sufficiently long in order to effectively measure the DL-PRS samples, which is contrary to the timestamp reporting discussed in AI 8.5.1, which is in the order of ms.

Observation 4: Granularity of the LOS/NLOS measurement window duration is larger than the discussed measurement timestamp reporting in AI 8.5.1.

It should also be noted that the LOS/NLOS condition of the radio channel can be time varying especially in terms of the characteristics of the blockage/reflector. Therefore, it would be beneficial if the configured positioning measurement for LOS/NLOS indication may be measured over a certain window of duration ‘T’, which can capture the different underlying effects of the NLOS blockage, which can also be taken into account by the LMF. Depending on the type of measurement reporting, the configured measurement window can be aperiodic or periodic, which can also be considered as further signalling details.
For example, for a configured interval “T”, a beam transmitting DL-PRS resources may be considered NLOS, e.g., based on a measurement window, which can assist in categorizing the type of NLOS effect as either:
· Short-term LOS/NLOS (e.g. short-term changes in radio environment may cause NLOS beams, e.g. people and objects moving) 
· Medium-term LOS/NLOS (e.g. medium-term changes in radio environment may cause NLOS beams, objects obstructing LOS for temporary period, e.g. medium-term timescale of couple of hours)
· Long-term LOS/NLOS (e.g. long-term changes in radio environment may cause NLOS beams, objects obstructing LOS for long period, e.g. timescale in days, weeks).

Proposal 3: Specify a separate LOS/NLOS measurement window, where the applicable LOS/NLOS positioning measurement is considered valid. This motivation of the LOS/NLOS measurement window is separate from the measurement timestamp reporting in AI 8.5.1. FFS further details such as length of the measurement window(s), configuration of periodic/aperiodic measurement window(s).
Conclusion
The following observation were noted:
Observation 1: Implementation-based approaches can be used to enable Options 1 and 2 to classify LOS/NLOS measurements.
Observation 2: UE Reporting of LOS/NLOS measurements for timing-based positioning schemes is especially beneficial in FR2, where larger bandwidths can enable easier classification of LOS and NLOS time of arrival delay components.

Observation 3: NLOS/multipath effects may cause ambiguities in the DL-PRS RSRP measurement report for static and dynamic blockages, especially in IIoT scenarios.
Observation 4: Granularity of the LOS/NLOS measurement window duration is larger than the discussed measurement timestamp reporting in AI 8.5.1.

Based on the discussion relating to NLOS/multipath reporting, the following proposals are summarized as follows:
Proposal 1: Consider the use of an adaptive threshold to enable LOS/NLOS classification using either Option 1: Binary indicators and/or Option 2: Soft metrics.

Proposal 2: Support UE reporting of RSTD, UE Rx-Tx time difference and/or DL-PRS RSRP associated with Option 1 (binary metrics) or Option 2(soft metrics) LOS/NLOS indicators on a per beam basis.

Proposal 3: Specify a separate LOS/NLOS measurement window, where the applicable LOS/NLOS positioning measurement is considered valid. This motivation of the LOS/NLOS measurement window is separate from the measurement timestamp reporting in AI 8.5.1. FFS further details such as length of the measurement window(s), configuration of periodic/aperiodic measurement window(s).
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(b) Reporting LOSINLOSS indicators with DL-PRS measurements
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