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1 Introduction
In RAN#90-e, the approved WI for Rel-17 positioning enhancement includes enhancement for UL-AoA positioning method for better angle-based positioning estimation. RAN1 started work on this WI in RAN1#105-e i. So far following are the agreements relevant to this contribution,

Agreement:
	Both GCS and LCS are supported for UL AoA/ZoA assistance information indication.
	Note: Existing signaling can be used for obtaining LCS to GCS translation information

Agreement:
	Granularity of 0.1 degrees is applied for the expected AoA (φAOA), expected ZoA (θZOA ) and the corresponding uncertainty values

Agreement:
LMF to gNB signaling of UL AoA/ZoA assistance information (expected value and uncertainty range) is supported for UL-TDOA and Multi-RTT positioning methods

Agreement:
[bookmark: _Hlk73029848]Send an LS to RAN3 (potentially also to RAN2 at least as cc) capturing RAN1 agreements on UL AOA/ZOA assistance information (expected value and uncertainty range) and request them to define signalling.


Agreement:
NR supports gNB reporting of the first arrival path UL-AOA/ZOA measurement per SRS for positioning resource and SRS for MIMO resource
· Note: The use of SRS for MIMO resource is transparent to the UE

This contribution provides the further deliberation and detailing on remaining aspects for UL-AoA positioning method in Rel 17.


2 On Multipath reporting enhancement for UL-AoA
 Release-16 supports reporting of UL-SRS-RSRP, UL-AoA (azimuth and elevation) for positioning using UL-AoA method. The accuracy of positioning is heavily dependent on the LOS path and the precision with which the AoA of this path is estimated. Current standards, however, doesn’t capture the effect of first arrival path (FAP) neither in terms of first path power nor in terms first path AoA. This results in poor AoA estimation accuracy in scenarios where LoS path is weak compared to the NLOS paths. Hence, reporting of the FAP-power and FAP-AoA is crucial in handling such scenarios. Moreover, as the measurements are reported at SRS resource level, the LMF can estimate AoA even more accurately by selecting the FAP-AoA of beam with the lowest relative time of arrival (RTOA) amongst all the reported beams. Further, A UE may lie between two beams and for methods where Tx-beam direction is considered as AoA, the FAP-power can be used to calculate the AoA based on weighted average of the two or multiple beam direction (AoA) as shown in Error: Reference source not found.
The gNB should report the path-RSRP, path-RTOA and path-AoA to LMF. These measurements help in mitigation of the NLOS measurements and provide the improved performance based on hybrid positioning method. In NLOS scenarios the multipath based positioning where FAP and additional paths information can be combined to provides better accuracy than its NLOS counterpart which is severely affected by the NLOS bias. However, the RAN1 is yet to define the path-specific RSRP, path-RTOA and path-AoA which hindered the progress on this proposal in last meeting.  
Figure 1:: AoA estimation based on the weighted average of different beam directions.

Observation: Multipath measurements help in improving the accuracy of positioning based on NLOS mitigation and multipath positioning.

Proposal: For UL-AoA positioning, reporting of path- RSRP, path-RTOA and path-AoA measurements for first arrival path from gNB to LMF should be supported.





3 Conclusion
This contribution provides following observation and proposal,

Observation: Multipath measurements help in improving the accuracy of positioning based on NLOS mitigation and multipath positioning.

Proposal: For UL-AoA positioning, reporting of path-specific RSRP, path-RTOA and path-AoA measurements for first arrival path and additional paths from gNB to LMF should be supported.
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