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1 Introduction
In RAN#90-eError: Reference source not found, the approved WI for Rel-17 positioning enhancement includes enhancement for DL-AoD positioning method for better angle-based positioning estimation. RAN1 started work on this WI in RAN1#105-e. So far following are the agreements relevant to this contribution,

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 provides the further deliberation and detailing on remaining aspects for multipath and/or NLOS mitigation for positioning method in Rel 17.

2 LOS/NLOS Soft IndicatorsAgreement:
· 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:
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


LOS/NLOS soft indicators are useful in improving the positioning performance as shown in Figure 1. Simulation is performed for IIoT -SH scenarios and it clearly shows that LOS/NLOS will improve the positioning accuracy compared to random selection and outlier detection technique. This indicator denotes the confidence the receiver has about the state (LOS/NLOS) of a link which allows the LMF in shortlisting the most accurate measurements for positioning.
The LOS/NLOS indicator is allowed to take values from a discrete set. The large size of this set can pose high reporting overhead. On the other hand, very small set (such as binary values) may not convey enough information to differentiate between the quality of different measurements at the LMF for positioning. Hence, we support that LOS/NLOS indicator should be reported using 2 or 3 bits.

Proposal 1:  The LOS/NLOS indicator should be allowed to take values from a discrete set of cardinality 4 or 8.
[bookmark: _Hlk80976305][bookmark: _Hlk80976305][bookmark: _Ref84010548]Figure 1: Performance evaluation for LOS hard indicators and outlier detection method for InF-SH scenario.


3 Additional path reporting 
In NLOS scenarios, the individual measurements don’t provide the required positioning accuracy. In such cases, the UE or BS can estimate the multipath measurements and report it to the LMF which can combine these measurements with other information such as geometric, camera/LIDAR to yield a better performance in comparison to positioning based on NLOS measurements. The measurements include angle, time, and power for each path. For DL positioning, UE should report RSRP, delay and UE-AoA for each additional path. Similarly for UL based positioning, gNB should report UL-AoA, RSRP and delay for each additional path. Further, we support that up to 16 additional paths should be reported from UE/gNB to the LMF for UE assisted or UE based positioning.   
Furthermore, the orientation information of the UE or the LCS to GCS mapping for the UE is required to extract the best out of the UE-AoA estimates. However, the LMF can estimate this LCS to GCS mapping of UE if either of the following information is available at it: 
1. TRP location and UL-AoA (or DL-AoD), RToA measurements with respect to target UE for >2 TRPs.
2. TRP location and coarse location of the target UE for >2 TRPs.
Hence, in UE assisted positioning the LCS to GCS mapping of UE can be estimated at the LMF and for UE based positioning, the LMF should provide the LCS to GCS mapping of UE as an assistance information. Moreover, it doesn’t have a significant standardization impact.
[bookmark: move840150441]Similarly for UL based positioning, gNB should report UL-AoA, RSRP and delay for each additional path. Further, we support that up to 16 additional paths should be reported from UE/gNB to the LMF for UE assisted or UE based positioning.   

Observation-1: To use UE-path-AoA, the LCS to GCS mapping of UE is crucial which can be estimated at the LMF   
[bookmark: __DdeLink__7275_3172109152]Proposal-2: For multipath mitigation, reporting of path specific RSRP, delay and angle of arrival for both UL and DL based schemes for every SRS/PRS resource configured.

Proposal-3: For UE based positioning, the LMF should provide the LCS to GCS mapping of UE as an assistance information.

Proposal 4: For multipath mitigation, reporting of up to 16 additional paths should be supported for measurement reports from UE to LMF and from TRP to LMF.

4 Conclusion
The reporting of path-RSRP, path-AoA, path-RTOA should be supported in both UL and DL and UL-DL methods for both first path and additional paths. The multipath reporting not only help in the identification of NLOS but also reduce the effect of NLOS-bias based on multipath positioning. These parameters should be reported at resource level along with the UE orientation.
 
Observation-1: To use UE-path-AoA, the LCS to GCS mapping of UE is crucial which can be estimated at the LMF.

Proposal 1:  The LOS/NLOS indicator should be allowed to take values from a discrete set of cardinality 4 or 8.

Proposal-2: For multipath mitigation, reporting of path specific RSRP, delay and angle of arrival for both UL and DL based schemes for every SRS/PRS resource configured.

Proposal-3: For UE based positioning, the LMF should provide the LCS to GCS mapping of UE as an assistance information.

Proposal 4: For multipath mitigation, reporting of up to 16 additional paths should be supported for measurement reports from UE to LMF and from TRP to LMF.
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6 Appendix: Parameters considered for evaluations
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