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Introduction
During the previous RAN1#106-e meeting [1], the following agreements related to NLOS/Multipath Information Reporting were made:
	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
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:
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.
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


This contribution discusses remaining aspects and open issues following from the previous meeting.
Multipath Reporting Enhancements
According to the above agreements, reporting N>2 additional paths has already been agreed to be supported for the following two cases:
1. From UE to LMF (relative timing to the first detected path)	
2. From gNB to LMF (angle and timing)

The maximum limit of reporting of additional paths will depend on the multipath radio environment including scatters and reflectors, which is acknowledged to be prevalent in IIoT scenarios. Currently, it is well understood that up to N=2 additional paths can be supported in Rel-16 and therefore considering the potential overhead of reporting additional paths, we would prefer Option 1: N=4 or Option 2 N=8. 

Proposal 1: Support Option 1: N=4 or Option 2: N=8 additional path reporting from UE to LMF.
NLOS/Multipath Reporting
Assistance Data
The enhancement of assistance data for LOS/NLOS reporting is one of the remaining FFS points from the previous RAN1#106-e meeting. In the case of UE-based positioning, the UE can tag/associate the currently supported positioning measurements as LOS/NLOS, e.g., in the case of DL-PRS RSRP (DL-AoD) and DL-TDoA (RSTD) measurements. Unlike the UE-assisted methods, UEs performing UE-based positioning do not need to report the DL-based measurements to the LMF and therefore such LOS/NLOS indication is aimed at benefitting the UE when considering the appropriate measurements for its internal location estimation algorithms. 
In the case of UL-based, DL-based and (DL+UL) positioning methods, the gNB and UE can report measurements to the LMF and may associate each measurement with an LOS/NLOS indication. Supplementary information regarding which TRP measurements have been experiencing LOS/NLOS may also be transmitted to the UE in the case of UE-assisted and UE-based positioning, however this is dependent on the availability of such information at the LMF and can be used to assist other UEs participating in a different LPP (positioning) session.
Proposal 2: Supplementary assistance information regarding which TRPs have been experiencing LOS/NLOS can be signalled to UEs, if available, for UE-assisted and UE-based positioning methods. FFS the TRP indication for LOS/NLOS in assistance data.
According to the following agreements made during the RAN1#106-e in AI.8.5.1 [2]:
	Agreement:
Consider the following options (both could be selected) until RAN1#106b-e
· Option 1: Support LMF to optionally indicate the measurement time window (MTW) for a UE for the measurement instances included in a measurement report. 
· Option 2: Support LMF to optionally indicate the measurement time window for a gNB for the measurement instances included in a measurement report.
· FFS: the details of the MTW configuration.
· Any requirements can be discussed by RAN4 after decision on the options is made.



The main benefit is to correct for any time drifts and to assist with the measurements instance timestamp reporting. This configured measurement window can be extended to LOS/NLOS measurement indications. This is due to the fact that the LOS/NLOS condition of the radio channel can be time varying especially in terms of the characteristics of the blockage/reflector, which are prevalent in IIoT (indoor factory) scenarios.

Observation 1: LOS/NLOS condition of a measurement can be time varying.

Therefore, it would be beneficial if the configured positioning measurement for LOS/NLOS indication may be configured by the LMF to be a measured over a certain window of duration ‘T’, which can capture the different underlying effects of the NLOS blockage, e.g., short-term/long-term NLOS effect. 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 window length “T”, measurements from a TRP may be considered LOS/NLOS over the configured duration, and assist the LMF in classifying the LOS/NLOS measurement as either:
· Short-term/temporary LOS/NLOS effect (e.g., short-term changes in radio environment may cause NLOS beams, e.g., people and objects moving) 
· Long-term LOS/NLOS effect (e.g., permanent blockages in radio environment may result in NLOS TRPs, objects obstructing LOS for long period,).

The main difference between the measurement window for measurement instance timestamp reporting and measurement window for LOS/NLOS is the timescale of the measurement. The agreed measurement window can therefore be extended for the purposes of a more accurate LOS/NLOS indication by the LMF. It can be further considered if this window can be signaled as part of the assistance data.

Proposal 3: Extend the optional measurement time window configuration for LOS/NLOS measurements with an adapted timescale to increase the accuracy of the LOS/NLOS indication. FFS LOS/NLOS measurement window can signaled via assistance data, etc.
NLOS/Multipath Reporting - RRC Parameter List
One of the remaining issues during the RRC parameter list discussion is the positioning measurement association of LOS/NLOS indicators for DL-based, UL-based, (DL+UL)-based positioning techniques. The LOS/NLOS indication should be applicable to all measurements including:
1. UE measurements: RSTD, DL PRS RSRP, UE Rx-Tx time difference measurements
2. gNB measurements: RTOA, UL AOA, gNB Rx-Tx time difference measurements

Proposal 4: LOS/NLOS indicators are applicable to all supported UE and gNB positioning measurements.

Another related issue is the value range of the LOS/NLOS indicator, which indicates the probability that a certain measurement is LOS/NLOS. LOS measurements are indicated by a 0 value, while NLOS measurements are indicated by 1 value. Since the indication is based on a set of NLOS probabilities, the discrete set of values can range from 0 to 1 in steps of 0.1. Additional granularity can potentially increase the overhead of this IE and therefore 11 discrete values ranging from [0, ... ,1] in steps of 0.1 may be initially considered.

Proposal 5: Consider discrete values in steps of 0.1 for LOS/NLOS corresponding to the set of probabilities.
Conclusion
The following observation were noted:
Observation 1: LOS/NLOS condition of a measurement can be time varying.
Based on the discussion relating to NLOS/multipath reporting, the following proposals are summarized as follows:
Proposal 1: Support Option 1: N=4 or Option 2: N=8 additional path reporting from UE to LMF.

Proposal 2: Supplementary assistance information regarding which TRPs have been experiencing LOS/NLOS can be signalled to UEs, if available, for UE-assisted and UE-based positioning methods. FFS the TRP indication for LOS/NLOS in assistance data.

Proposal 3: Extend the optional measurement time window configuration for LOS/NLOS measurements with an adapted timescale to increase the accuracy of the LOS/NLOS indication. FFS LOS/NLOS measurement window can signaled via assistance data, etc.

Proposal 4: LOS/NLOS indicators are applicable to all supported UE and gNB positioning measurements.

Proposal 5: Consider discrete values in steps of 0.1 for LOS/NLOS corresponding to the set of probabilities.
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