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Introduction
[bookmark: _Hlk38879917]In RAN1 #105 meeting, some agreements for UL-AoA were achieved in [1] and there are still some issues to be discussed. In this contribution, we present our views on the remaining issues for potential enhancements for UL-AOA method.
Number of Reported UL-AOA Values for the First Arrival Path
In RAN1 #104b meeting, it has been agreed that reporting to LMF of M > 1 UL-AOA (AoA/ZoA) measurement values associated with the first arrival path and corresponding to the same timestamp is supported. In last meeting, the maximum number of UL-AOAs values for the first arrival path corresponding to the same timestamp was discussed. 
As far as we are concerned, the maximum number of UL-AOAs values for the first arrival path is for one SRS resource, the multiple measurement values associated with the first arrival path corresponding to the same timestamp occurs in the following cases based on the pervious discussion: 
Case 1 NLOS case
	Case 2 ambiguity between frontside and backside directions
[bookmark: OLE_LINK1]	Case 3 ambiguity because of larger antenna spacing
For case1, we think it is due to reflecting in NLOS cases and more than one path arrives at the same stamp as the first path, the maximum number of multiple measurement values can hardly exceed 2 or 4. For case2, according to the previous discussion, the number of UL-AOAs values for the first arrival path caused by the ambiguity between frontside and backside directions is 2. As for the case3, antenna spacing of two wavelengths can introduce 4 ambiguity values, but the antenna spacing error generally will not exceed two wavelengths. In addition to the above cases, some companies think machine-learning based positioning may need more values for the first arrival path, however, it is out of scope of current Rel-17 release. Therefore, there is no need to support more than 4 UL-AOAs values for the first arrival path. We think the maximum number of 2 or 4 is enough.
Observation 1: 
· For reporting of multiple values of UL-AOAs for the first arrival path, the maximum number of 2 or 4 is enough.
Proposal 1: 
· [bookmark: _Hlk78968243][bookmark: _Hlk78968032]The maximum number of UL-AOA values for the first arrival path that can be reported from gNB to LMF is {1, 2, 4}.
The enhancement of measurement and reporting
In RAN1 #105 meeting, it has been discussed whether to support path-specific UL-RTOA measurements and path-specific RSRP measurements for UL-AoA. In TS 38.305[3], it is indicated that in UL-AoA positioning method, UE position is estimated based on UL-AoA (and optionally UL-SRS-RSRP) of uplink radio signals taken at different TRPs, along with other configuration information. The Measurement results that may be transferred from gNBs to the LMF for UL-AoA is as following:
	Measurement results

	PCI, GCI, and TRP ID of the measurement

	UL Angle of Arrival (azimuth and elevation)

	UL-SRS-RSRP

	Time stamp of the measurement

	Quality for each measurement


In current specification in Rel-16, Rx-Tx time difference and RTOA reporting in UL-AoA are not supported. Path-specific Rx-Tx time difference and path-specific UL-RTOA measurements should be discussed after Rx-Tx time difference and RTOA measurements for UL-AoA are supported. However, in our opinion, it is unclear how Rx-Tx time difference and RTOA reporting in UL-AoA can improve accuracy. Why we introduce Rx-Tx time difference and RTOA reporting in an angle-based positioning method? In fact it is a hybrid positioning mode based on time and AoA if Rx-Tx time difference and RTOA are reported. Therefore, we think there is no need to report Rx-Tx time difference and RTOA in UL-AoA positioning. 
When considering the RSRP of first path, firstly the definition of RSRP should be clarified. Is it the power of all REs in frequency domain? Or is it the power of CIR of first path? Whether gNB can be sensitive enough to measure path-RSRP? We may need to consult RAN4 to confirm these problems. Besides the above problems, more evaluation is needed to show how RSRP of first path can improve the performance of UL-AoA.
Observation 2: 
· For UL-AoA positioning, there is no need to report RTOA or Rx-Tx Time Difference.
Proposal 2: 
· Before we discuss about reporting of RSRP of first path
· The definition of RSRP should be clarified.
· Consult RAN4 to confirm the feasibility of measuring path-RSRP.
Conclusion
In this contribution, we discuss the remaining problems for UL-AoA positioning, and present our views. We have the following observations and proposals:
Observation 1: 
· For reporting of multiple values of UL-AOAs for the first arrival path, the maximum number of 2 or 4 is enough.
Observation 2: 
· For UL-AoA positioning, there is no need to report RTOA or Rx-Tx Time Difference.

Proposal 1: 
· The maximum number of UL-AOA values for the first arrival path that can be reported from gNB to LMF is {1, 2, 4}.
Proposal 2: 
· Before we discuss about reporting of RSRP of first path
· The definition of RSRP should be clarified.
· Consult RAN4 to confirm the feasibility of measuring path-RSRP.
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