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1. Introduction
[bookmark: _Hlk30969022]The Rel-17 WID of NR positioning enhancement was approved in RAN#90e [1], which only includes the following RAN1-centric objective:
	[bookmark: _Hlk57059510][bookmark: _Hlk30969040]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 will present our views on issues and enhancement for DL-AoD positioning method. 
2. Enhancements for DL-AoD method
In NR DL-AoD positioning method, the location server estimates the location of UE based on the RSRP measurement report of one or multiple DL PRS resources of each TRP. The TRP transmits multiple DL PRS resources and each DL PRS resource carry one steering Tx beam. In FR2, each Tx beam can be one analog transmit beams or a combination of baseband precoder and analog transmit beam. In FR1, each Tx beam can be one precoder. The UE measures the RSRP of each DL PRS resource and reports the RSRP of one or more best DL PRS resource. Based on such reporting information, the location server can estimate the angle of departure of the UE with respect to each TRP and then the location server calculates the location of the UE.
One factor that that critically affects the performance of DL-AoD positioning is the number of DL PRS resources and the beamwidth of Tx beam applied to each DL PRS resource.  The error in AoD estimation is inversely proportional to the beamwidth of Tx beam.  To achieve high accuracy in DL-AoD positioning, narrow Tx beam is needed and thus a large number of DL PRS resources is needed to fully cover a cell area.
A simulation was conducted to evaluate the impact of number of Tx beams (i.e., number of DL PRS resources) on the accuracy of DL-AoD positioning.  In the simulation, a 120-degree sector area is covered by various number of DL PRS resources with uniformly arranged Tx beams. The number of DL PRS resources per TRP is 8, 16, 32, 64 and 128. The UE reports the RSRP of best DL PRS resource for each TRP. The evaluation results are illustrated in Figures 1 and 2.
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Figure 1: Performance of DL-AoD with various number of Tx beams
[image: ]
Figure 2: performance of DL-AoD vs the number of Tx beams (number of DL PRS resources)
As we can observe in Figure 1 and 2:
· The performance of DL-AoD depends on the number DL PRS resources critically.
· To achieve sub-meter accuracy in DL-AoD positioning, large number DL PRS resources (>= 64) are needed.
· Small number of Tx beams can impair the performance of DL-AoD significantly.

Observation 1: Large number of DL PRS resource is needed for high accuracy of DL-AoD positioning.
Large number of DL PRS resources would increase the resource overhead for DL-AoD positioning. That is not aligned with the objective of improving network efficiency in Rel-17 positioning enhancement. To support high accuracy of DL-AoD positioning with high network efficiency, one solution is to support UE-specific beam sweeping on DL PRS resource. The TRP can first transmit one set of DL PRS resources to sweep a set of wide and small number of Tx beam. That can be used to cover each cell area with small resource overhead.  The for each individual UE, the TRP can transmit another set of DL PRS resources carrying UE-specific narrow Tx beams that can provide refined estimation of angle of departure. Since the DL PRS resources only need to carry the Tx beams around the direction of one UE, the number of DL PRS resources is not necessarily large.  An example of this method is shown in Figure 3.
Generating large number of DL PRS resources would increase the resource overhead for positioning, which is not aligned with. To resolve this issue without impairing the performance of DL-AoD method, we shall support UE-specific beam refinement on DL PRS. The TRP can transmit a first set of DL PRS resources which can carry wide beams to provide coverage for all the UE and then for one UE, the TRP transmit a second set of DL PRS resources with refined Tx beams specifically for one UE. An example is shown in Figure 6.  The TRP1 use a set of DL PRS resources carrying wide beams to cover the whole cell. The TRP1 can also estimate the coarse direction of UE-A based on the measurement on this set of DL PRS resources. Then the TRP1 can transmit the second set of DL PRS resources that carry a set of refined narrow beam dedicated for the UE-A. Since the DL PRS resources in the second set only carry the Tx beams around the direction of the UE-A, the number of DL PRS resources is not large. 


Figure 3: UE-specific refined beam on DL PRS

Proposal 1: To enhance the performance of DL AoD, support UE-specific beam refinement on DL PRS resource for DL-AoD measurement.
Another issue of DL-AoD positioning is about the RSRP measurement report of DL PRS resource. In current DL-AoD method as specified in Rel-16, the UE reports RSRP measurement of one or more DL PRS resources. Basically, the UE would report the best RSRP measurement(s). However, to better estimate the angle of one UE, the RSRP measurement of DL PRS resources that carry Tx beam next to the Tx beam with best RSRP is also useful. An example in Figure 4 is used to illustrated that. A UE-A is aligned with the beam direction of Tx beam a and thus the UE-A would see largest RSRP measurement from the DL PRS resource carrying Tx beam a.  Tx beam b and Tx beam c are adjacent to Tx beam a and are carried by another two DL PRS resource. The RSRP measurement of Tx beam b and c would be helpful for determining angle of UE-A in Tx beam a. 


Figure 4: Reporting RSRP of adjacent Tx beams

Proposal 2: In DL-AoD UE measurement reporting, support the UE to report the RSRP of a few DL PRS resources carrying adjacent Tx beam directions. 

One issue of DL-AoD positioning method is the RSRP measurement reporting might be measured from a NLOS DL PRS resource. A DL PRS resource with NLOS may even give higher RSRP measurement than a DL PRS resource with LOS path. The consequence is the AoD estimation at the location server would be totally wrong. An example is shown in Figure 5. The real angle of UE with respect to the TRP is α but the Tx beam direction of angle α is blocked by some obstacles.  Another Tx beam with angle β reaches the UE through a reflection and the UE measures larger RSRP from it. 


Figure 5: AoD of NLOS
To resolve this issue, one solution is the UE can first detect LOS for each DL PRS resource and the UE only reports the RSRP measured from LOS path. 
Proposal 3: The UE uses the LOS path of one DL PRS resource to measure the RSRP measurement report for DL-AoD. 
Another solution to resolve this issue is the UE can measure and report the information of time of arrival of DL PRS resource that the UE reports RSRP. For each TRP, the UE measures a set of DL PRS resources and choose to report a few DL PRS resources with largest RSRP.  For those reported DL PRS resource of one TRP, the UE can indicate the relative time of arrival of them. In the example shown in Figure 1, the UE reports the RSRP measurements of DL PRS resources of Tx beams of angle α and β. The UE also reports the relative time-of-arrival of DL PRS of Tx beams of angle α and β. That information would be helpful for the location server to refine the estimation of AoD.
Proposal 4: In DL-AoD measurement report, besides the RSRP measurement of DL PRS resources for each TRP, the UE also reports the relative time-of-arrival of those reported DL PRS resources of each TRP.
3. Conclusion
In this contribution, we presented our views on enhancements for DL-AoD positioning. Based on the discussion, the following observation and proposals are provided:
Observation 1: Large number of DL PRS resource is needed for high accuracy of DL-AoD positioning.
Proposal 1: To enhance the performance of DL AoD, support UE-specific beam refinement on DL PRS resource for DL-AoD measurement.
Proposal 2: In DL-AoD UE measurement reporting, support the UE to report the RSRP of a few DL PRS resources carrying adjacent Tx beam directions. 
Proposal 3: The UE uses the LOS path of one DL PRS resource to measure the RSRP measurement report for DL-AoD. 
Proposal 4: In DL-AoD measurement report, besides the RSRP measurement of DL PRS resources for each TRP, the UE also reports the relative time-of-arrival of those reported DL PRS resources of each TRP.
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