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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 RAN1#105-e meeting, various DL-AoD solutions from both UE and gNB aspects were proposed and discussed, including measurement reporting enhancements and angle calculation enhancements, etc. In this contribution, we continually provide our views on remaining issues of the enhancements for DL-AoD positioning.
Discussion
Reporting related to first arrival path
	Agreement:
For both UE-based and UE-assisted DL-AOD, the UE can be requested subject to UE capability to measure and report (for UE-assisted) the PRS RSRP of the first path
· FFS: Details of measurement and reporting of PRS RSRP of the first path


In the last RAN1 meeting, reporting the PRS-RSRP of the first arrival path was agreed, while other options to support the phase of the CIR, the arrival time, and the angle of departure of the first arrival path was still left open, in which the discussion on the arrival time of the first arrival time is moved under the NLOS mitigation AI. 
In previous meetings, reporting enhancement regarding the phase of CIR and the angle of departure was proposed by several companies as a promising solution that has already supported by other competitive techniques such as Wifi and Bluetooth. In our understanding, the intention of supporting the phase of CIR is similar with supporting the angle of departure, but with a difference of the reporting information. Regarding the angle of departure, the principle is to measure the reference signal across different physical antenna elements to obtain the phase difference, and with the information such as the antenna configuration and antenna spacing, the DL-AoD can then be calculated easily. To achieve the theoretically gain of this method, first, the phase consistency across the transmitted multiple PRS resources should be guaranteed; on the other hand, the impairment on the phase consistency introduced by the complicated propagation environment may also lead to a performance degradation. Therefore, we think that the feasibility of the remaining two options should be further clarified.
Observation 1: The feasibility and benefits of Option 2 an Option 4 to enhance the DL-AoD performance should be further studied. 
Extension of number of RSRP measurements
In RAN1#104-e meeting, the following three options were captured to be further down-selection on the number of reported RSRP measurements:
	Agreement:
For UE-assisted DL AOD, select one of the following options for reporting of RSRP measurements per TRP
· Option 1: Up to 8 measurements in a measurement report (as in release 16) 
· Option 2: Up to 8 measurements in a measurement report, for the same Rx beam index
· Option 3: Up to N>=8 measurements
· Note: Multiple measurements corresponding to different Rx Beam index may be reported for a given PRS resource. 
· FFS: value for N.


Due to the controversial views from companies, this issue was treated as low priority and no further progress was made in the last meeting.
In our understanding, the intention of the enhancements is to account for different RX beams, which is basically reasonable since the performance of the DL AoD is not only dependent on the Tx beams but also Rx beams. Since Rx beam index has nothing to do with the actual Rx beam orientation information, which we believe matters more in finding the “best” Tx-Rx beam alignment; therefore, simply extending the number of RSRP measurements associated with different Rx beam index may not achieve a significant performance gain. However, consider that a UE has the capability to measure a given DL PRS with multiple Rx beams, or to request and measure finer beams under a wider beam direction in an on-demand way, the limitation on only reporting 8 RSRP measurements per TRP in R16 can be further enhanced, and we think that Option 3 is more preferred.
Proposal 1: For UE-assisted DL AOD, support up to N>=8 measurements for reporting of RSRP measurements per TRP.
Two-step beam sweeping
In the last RAN1 meeting, several companies proposed to enable beam refinement for DL-AOD, with the support of a two-stage beam-sweeping procedure. This issue was discussed and agreed for further study:
	Agreement:
· For both UE-based and UE-assisted DL methods, at least for two-stage PRS beam sweeping, study further at least the following:
· Enhancements in the association between resources belonging to two DL PRS resource sets of the same TRP
· Companies are encouraged to evaluate whether other potential enhancements in this subagenda or other subagendas (e.g. additional beam information, on-demand PRS framework) could be used to enable this feature (potentially by implementation). 
· Note: Two-stage PRS beam sweeping corresponds to different DL PRS resource sets.


In our views, supporting of a two-stage beam sweeping (i.e., wide + narrow beam sweeping) have potential benefits on:
· Positioning performance: For instance, a set of DL PRS resource can be sent with wide beams, in case that an LCS service is request with higher positioning accuracy, another set of DL PRS resource with narrow beams can be configured to further improve the measurement quality;
· NW efficiency: In Rel-16, up to 2 PRS resource sets can be configured per TRP, basically, these two sets can be implemented with wide beams and narrow beams, respectively; however, since the Rel-16 DL PRS are “always-on” signals, it will be transmitted even when no UE requires positioning, which is harmful for the NW RS overhead. In this case, by supporting two-stage beam sweeping in an on-demand way, the UE that requires more accurate positioning performance can request a 2nd stage DL PRS resource set. The request can indicate a required beam direction, or the DL PRS resource ID from the wide beam resource set, to the NW, so that the NW can enable the narrow beam resource set toward the UE, which achieves a tradeoff between the positioning accuracy, and the NW efficiency.
In addition, we think that two-stage PRS configuration/request framework is basically the on-demand PRS framework, and is also applicable to other positioning methods besides the DL-AoD enhancement; therefore, we propose to discuss this issue under the on-demand DL PRS AI.
Proposal 2: For both UE-based and UE-assisted DL methods, support a two-stage DL PRS beam sweeping, and the discussion can be put under the on-demand DL PRS subagenda.
[bookmark: _Ref31533076]Conclusions
In this contribution, we discuss the DL-AoD enhancements, and the following proposals are provided:
Observation 1: The feasibility and benefits of Option 2 an Option 4 to enhance the DL-AoD performance should be further studied. 
Proposal 1: For UE-assisted DL AOD, support up to N>=8 measurements for reporting of RSRP measurements per TRP.
Proposal 2: For both UE-based and UE-assisted DL methods, support a two-stage DL PRS beam sweeping, and the discussion can be put under the on-demand DL PRS subagenda.
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