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In RANP#91e, a work item on NR positioning enhancements was updated with the objective to specify solutions to enable RAT dependent (for both FR1 and FR2) and RAT independent NR positioning enhancements for improving positioning accuracy, latency, network and/or device efficiency. One of the specific objectives of this work item is [1] :
	· Study and specify, if agreed, the enhancements of information reporting from UE and gNB for multipath/NLOS mitigation [RAN1, RAN2, RAN3]



The following agreements were made in RAN1#106e meeting [2]:
	· 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.

· 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 issues on enhanced reporting from UE and gNB for Multipath/NLOS mitigation to improve positioning accuracy.
Discussions
Multipath/NLOS mitigation in downlink-based positioning can be performed in two different solutions. One solution is to provide a rich information from UE to LMF. Rich information can be in a form of multiple positioning measurements (e.g. RSTD, RSRP) representing the results from the first path and other paths. It can also be the positioning measurements from one beam or multiple beams. The LMF utilize that rich information, extract the LOS component(s) and NLOS component(s) and calculate UE positioning estimate. The second solution is the UE does not have to provide a rich information as in the first solution above. The UE provides assistance data / information together with positioning measurements result which can help the LMF to obtain UE positioning estimation accuracy improvements. The assistance information can be in a form of LOS/NLOS identification of the reported positioning measurement results. The positioning measurement report can be the legacy positioning measurement report. It is not necessarily as rich information as the first solution. Hence, the positioning measurement and the associated assistance data can be kept compact.
Observation 1: The UE can provide positioning measurement report with assistance data (e.g., LOS/NLOS identification) for multipath / NLOS mitigation. Hence, the positioning report can be kept compact.

LOS/NLOS Identification for DL-based Positioning
In legacy NR downlink-based positioning, the UE performs positioning measurements. The UE typically performs positioning measurements based on PRSs received from multiple gNBs/TRPs. Once the measurements have been obtained the UE reports the positioning measurements to the LMF. Subsequently, the LMF performs positioning estimation. The positioning accuracy depends on the positioning measurements. Inaccurate positioning measurements degrade the positioning accuracy.
One of the scenarios under evaluation in 3GPP Rel-17 is indoor factory scenario for Industrial IoT (IIoT) use cases. In Rel-17, target positioning requirements for IIoT use cases are 0.2m and 1m for horizontal and vertical accuracy, respectively. A known major challenge to meet the stringent positioning accuracy requirements of IIoT is the existence of multipath components. The non-light of sight (NLOS) components due to reflections can be more dominant than the Line of Sight (LoS) component. Due to the bias information, positioning measurements contaminated by NLOS components can compromise the accuracy of the positioning estimation. The details of simulation results in IIoT use cases can be found in [1]. Here, we can analyse the simulation results in various channel, including the scenario where NLOS components are relatively dominant.
During study item [1], it was identified that the enhancement can be in a form of LOS/NLOS identification. In addition to the legacy operation by the UE to perform positioning measurement, we propose the UE to also perform LOS/NLOS identification. The UE can report whether the obtained positioning measurement is based on LOS or NLOS component. This can be in the form of quality of LOS identification. A high-quality LOS identification can be interpreted by LMF as LOS dominant component and a low-quality LOS identification can be interpreted by LMF as NLOS dominant component. In practice, this can be reported in soft values between 0 and 1, where the high number (e.g., 0.9) indicates the UE has high confident that the reported positioning measurement is based on LOS component. This is known as Option 2 according to the agreement made in RAN1#105e. This information can be used by the LMF for the positioning estimation purpose. The LMF can selectively use the obtained positioning measurement based on LOS/NLOS identification information. Positioning estimation based on a sufficient number of positioning measurements with LOS component is expected to have a better accuracy.
In RAN1-106e meeting, there was a discussion so that the LoS/NLoS indicator values are [0, 0.1, …, 0.9, 1] (in steps of 0.1) with the values corresponding to the likelihood of LoS. In principle we support it. The steps of 0.1 results in 11 possible values. The actual signalling those values are represented in binary number (e.g,, “0000” represents “0” and “1111” represents “1”). Three digits of binary number results in 8 possible values and four digits results in 16 possible values. 11 possible values here may require 4 bits in which some values are unused. For optimization purpose, we suggest to use in steps of (0.11 or 0.06).  
The UE estimates the quality of LOS/NLOS indicator based on the UE implementation. Note: Positioning quality report based on UE best knowledge have been used in the current LPP protocol. For example:
	nr-path-Quality
This field specifies the target device’s best estimate of the quality of the detected timing of the additional path.



Observation 2: Legacy LTE / NR positioning supports quality measurement (e.g, nr-path-Quality) where the quality measurement report is based on UE best knowledge (e.g., UE implementation). The same concept can also be applied for LOS/NLOS indicator that some UEs may only report 0 or 1 and some others can be with more refined steps.
Hence, it is expected that the devices from different UE vendors may have different results. However, it is commonly known and acceptable in 3GPP based positioning procedure. Further capability information allowing the UE to indicate whether the UE can support the step size of 0.1 (soft values) or it can only support values in the subset [0, 1] (hard values) is not required.
Proposal 1: Support LOS/NLOS identification with soft values with this range [0, .., 1] to indicate the quality of LOS/NLOS identification. Consider the steps value based on the required binary digits number (e.g, 3 bits results in 0.11 steps and 4 bits results in 0.06 steps).
Proposal 2: Do not support further capability information allowing the UE to indicate whether the UE can support the step size of 0.1 (soft values) or it can only support values in the subset [0, 1] (hard values).

Conclusion
In this contribution, we discuss on enhanced reporting from UE and gNB for Multipath/NLOS mitigation to improve positioning accuracy.  We observe the following observation: 
Observation 1: The UE can provide positioning measurement report with assistance data (e.g., LOS/NLOS identification) for multipath / NLOS mitigation. Hence, the positioning report can be kept compact.
Observation 2: Legacy LTE / NR positioning supports quality measurement (e.g, nr-path-Quality) where the quality measurement report is based on UE best knowledge (e.g., UE implementation). The same concept can also be applied for LOS/NLOS indicator that some UEs may only report 0 or 1 and some others can be more refined.We also made these proposals:

Proposal 1: Support LOS/NLOS identification with soft values with this range [0, .., 1] to indicate the quality of LOS/NLOS identification. Consider the steps value based on the required binary digits number (e.g, 3 bits results in 0.11 steps and 4 bits results in 0.06 steps).
Proposal 2: Do not support further capability information allowing the UE to indicate whether the UE can support the step size of 0.1 (soft values) or it can only support values in the subset [0, 1] (hard values).
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