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Introduction
In RAN#90-e meeting, a new work item for NR positioning enhancements was approved [1], in which the motivation to support positioning enhancements to attain Rel-17 target positioning requirement was justified for both commercial and IIoT use cases.
The objectives of this new work item are to specify solutions to provide higher accuracy (horizontal and vertical), low latency, network efficiency (scalability, RS overhead, etc.), and device efficiency (power consumption, complexity, etc.), where the RAN1 centric objectives are listed as follows:
	[bookmark: _Hlk57059510]RAN1 centric objectives:
· Specify methods, measurements, signalling, and procedures for improving positioning accuracy of the Rel-16 NR positioning methods by mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays, including [RAN1]
· DL, UL and DL+UL positioning methods
· UE-based and UE-assisted positioning solutions
· Specify the procedure, measurements, reporting, and signalling for improving the accuracy of [RAN1]
· UL AoA for network-based positioning solutions.
· DL-AoD for UE-based and network-based (including UE-assisted) positioning solutions.
Note: RAN1 will discuss the candidate solutions and provide updates for this objective, with status to be reviewed in RAN#91e.


In this contribution, we discuss on the enhancements to improve the accuracy of UL-AoA method.
Discussion
In Rel-16, the angle-based positioning method, including the UL-AoA and DL-AoD, were specified. For the UL-AoA, the positioning performance highly relies on the AoA measurements accuracy of the LOS path. However, in case of complicated propagation environments, such as the InF-DH scenario for the IIoT use cases, since the clutter density as well as the NLOS probability are rather high, the strongest AoA measurement may not be the LOS path, or the first arrival path; therefore, the positioning accuracy of the Rel-16 UL-AoA expects to be degraded, shown as the evaluation results in the study item [2]. 
In the study item phase, several companies provided the measurement and reporting enhancements:
· Reporting multiple AoAs with additional measurements: According to Rel-16 NRPPa, with respect to a particular to-be-positioned UE, the NG-RAN node will report one UL-AoA measurement to the LMF. It is noted that even for a LOS path clutter, the included NLOS components may deteriorate the estimation performance of the AoA, let alone the scenarios that are full of NLOS paths. In such cases, current measurement reporting specification is limited. To further improve the positioning accuracy, it is proposed to allow the gNBs to report multiple AoA measurements, and for each measurement, additional measurements such as the timing and relative powers can be reported to the LMF together. 
· Reporting the AoA of the first arrival path: In case of scenarios of LOS paths, the gNB is able to precisely estimate the ToA of the first arrival path by using UL-TDOA. Then, this first arrival path can be extracted to further estimate its AoA by gNB implementation. It is proposed that the positioning accuracy can be improved without further specification impact.
Both solutions aim to improve the accuracy of the AoA measurement in the presence of multipath/NLOS-rich scenarios by letting the LMF obtain the estimated angle of the first arrival path, and the difference lies in that whether the specification change is required or not. 
In our view, reporting of multiple measurements is more preferred. Some advanced algorithms can be applied at the LMF to estimate the AoA of the first arrival path, and to improve the estimation performance. In addition, with multiple AoA measurement with the associated timing information, the LMF can renew or update the UE location by using some iterative manners. Therefore, we propose that:
Proposal 1: Support the enhancement of reporting multiple UL AoA measurements, along with additional measurements, at least the associated ToA.
[bookmark: _Ref31533076]Conclusions
In this contribution, we provide our views on the UL-AoA enhancements, and the following proposal is provided:
Proposal 1: Support the enhancement of reporting multiple UL AoA measurements, along with additional measurements, at least the associated ToA.
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