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Introduction
In RAN1#104b-e meeting, some solutions were discussed related to accuracy improvements for UL-AoA positioning [1][2][3]. This contribution further discusses the methods for improving the accuracy of UL-AoA for network-based positioning solutions.

Reporting and measurements enhancements
The following agreements related to the measurement of the first arrival path and additional path were made in RAN1#104-e and RAN1#104b-e:
	
Agreement:
· NR supports reporting of M > 1 UL-AOA (AoA/ZoA) measurement values by gNB to the LMF at least for the first arrival path
· FFS: Supporting of UL-AOA measurements for additional paths
· FFS:Supporting of N >= 1 UL-AOA values per path for additional paths
· FFS: Whether the multiple values can correspond to the same time stamp.
· FFS:Further details of measurement and reporting
· Note: The reporting by gNB to the LMF is optional 

Agreement:
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.



According to the above agreements, the reporting of M>1 UL-AoA measurement values for the first arrival path will be supported in Rel-17. In addition to the first arrival path, UL-AoA measurement for additional paths should also be supported. The intention is to give LMF the opportunity to use more advanced algorithms to potentially achieve a higher positioning accuracy. There are two options to support the UL-AoA report for the additional path:
· Option 1: NR supports reporting to LMF of N = 1 UL-AoA measurement values per additional path for the same timestamp
· Option 2: NR supports reporting to LMF of N ≥ 1 UL-AoA measurement values per additional path for the same timestamp
The performance gain of option 2 is shown in [4], where N=8 is evaluated and machine-learning (ML) algorithm is used. In our opinion, the use of ML algorithm for positioning is under very early stage of investigation and further study is obviously needed. In reality, it may be difficult to implement such high-resolution ML algorithm that requires the great efforts in training and modelling. In addition, reporting multiple UL-AOA measurements per additional path increases the implementation complexity in gNB and also the reporting overhead. Furthermore, it would be difficult to define the measurement performance and testing requirements for supporting it.  Thus, we prefer only to support N=1 UL-AoA measurement value per additional path in Rel-17. Whether to support N>1 UL-AoA measurement value per additional path can be discussed in future releases.
Proposal 1: NR supports only one UL-AoA measurement per additional path in Rel-17.

Details of UL-AoA Assistance Information
The following agreement related to the measurement of UL-AoA assistance information from LMF to gNB/TRP to facilitate UL measurements was made in RAN1#104b-e:
	Agreement:
· Uncertainty range for expected UL AoA/ZoA is defined as follows 
· Expected azimuth angle of arrival as (φAOA - ΔφAOA/2, φAOA + ΔφAOA/2)
· φAOA - expected azimuth angle of arrival, ΔφAOA – uncertainty range for expected azimuth angle of arrival
· Expected zenith angle of arrival as (θAOA - ΔθAOA/2, θAOA + ΔθAOA/2)
· θAOA - expected zenith angle of arrival, ΔθAOA – uncertainty range for expected zenith angle of arrival
· Select one of the following coordinate system alternatives for signaling UL AoA/ZoA assistance information
· Alt.1: Only GCS is supported for AoA/ZoA assistance information indication
· Alt.2: Both GCS and LCS are supported for AoA/ZoA assistance information indication
· FFS: Additional signaling for AoA/ZoA assistance information (expected value and uncertainty range) 




For Alt.2 to work, LMF should know the GCS to LCS conversion matrix of the gNB/TRP antenna. If LMF has the GCS to LCS conversion matrix of the gNB/TRP antenna, either LCS or GCS can be used for UL-AoA/ZoA assistance information indication for gNB/TRP with two-dimensional antenna arrays.
For a gNB/TRP with a linear antenna array, however, it is not useful for LMF to provide expected UL-AoA/ZoA in GCS to gNB. Also, it is not worthy to provide expected UL-AoA in LCS, since TRP with a linear antenna array only measures and reports UL-ZoA in LCS. In this case, it is only meaningful for LMF to provide expected UL-ZoA in LCS to gNB.
Observation 1: For linear antenna array, it is only meaningful for the LMF to provide expected UL-ZoA in LCS to a gNB/TRP.
Proposal 2: For the two coordinate system alternatives for signaling UL AoA/ZoA assistance information, Alt.2 should be supported. For a gNB/TRP with a two-dimensional antenna array, both GCS and LCS can be used for AoA/ZoA assistance information indication. However, for a gNB/TRP with a linear antenna array, the expected azimuth angle of arrival needs to be provided in LCS.
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In this contribution, we discuss NR positioning enhancements, and give the following observation and proposals:
Observation 1: For linear antenna array, it is only meaningful to provide expected UL-ZoA in LCS to gNB.
Proposal 1: NR supports only one UL-AoA measurement per additional path.
Proposal 2: For the two coordinate system alternatives for signaling UL AoA/ZoA assistance information, Alt.2 should be supported. For a gNB/TRP with a two-dimensional antenna array, both GCS and LCS can be used for AoA/ZoA assistance information indication. However, for a gNB/TRP with a linear antenna array, the expected azimuth angle of arrival needs to be provided in LCS.

References
[bookmark: _Ref60735943][bookmark: _Ref471775016][bookmark: _Ref505694604][bookmark: _Ref28076734][bookmark: _Ref524868549][bookmark: _Ref29474324][bookmark: _Hlk67677919]3GPP RP-210903, Revised WID on NR Positioning Enhancements, Intel Corporation, CATT 
3GPP RAN1 Chairman’s Notes, 3GPP TSG RAN WG1 Meeting #104b-e
R1-2102636, Discussion on accuracy improvements for UL-AoA positioning solutions, CATT
R1-2103171, Potential Enhancements on UL-AOA positioning, Qualcomm Incorporated
2/ 3

