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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 a few potential enhancements for DL-AoD positioning method. 
2. Enhancements for DL-AoD Assistance Data
TRP providing beam information for DL PRS
The issue of TRP providing additional beam information of DL PRS for DL-AoD to the LMF was discussed in previous meetings and the following agreement was made:
	Agreement:
Regarding support of angle calculation enhancement for DL-AoD:
· Support gNB providing the beam/antenna information to the LMF.
· The gNB beam/antenna information can be provided to the UE for UE-based DL-AoD
· FFS: the details of contents of the beam/antenna information
· FFS: the details of how to provide the beam/antenna information.
· Note: The antenna information is related to reducing the overhead of beam information
· Send an LS to RAN2/RAN3 regarding the option of angle report from gNB to LMF for UE-A DL-AoD requesting them to consider this option in Rel-17.


In current specification, the TRP can provide the azimuth angle and elevation angle of each DL PRS resource to the LMF, specifically, through the IE NR-PRS Beam Information. 
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	NR-PRS Beam Information
	
	[bookmark: _Hlk50063006]1 .. < maxPRS-ResourceSets >
	
	

	>PRS Resource Set ID
	M
	
	INTEGER (0..7)
	The resource set in which the resources are associated with the angle.

	>PRS Angle Item
	 
	[bookmark: _Hlk50063024]1..< maxPRS-ResourcesPerSet >
	 
	

	>>NR PRS Azimuth
	M
	
	INTEGER (0..359)
	

	>>NR PRS Azimuth fine
	O
	
	INTEGER (0..9)
	Fine angles

	>>NR PRS Elevation
	O
	
	INTEGER (0..180)
	

	>>NR PRS Elevation fine
	O
	
	INTEGER (0..9)
	Fine angles

	LCS to GCS Translation
	
	1 .. <maxnolcs-gcs-translation>
	
	Only the single value, 1, shall be used in this version of the specifications

	>Alpha
	M
	
	INTEGER (0..359)
	

	>Alpha-fine
	O
	
	INTEGER (0..9)
	Fine angles

	>Beta
	M
	
	INTEGER (0..359)
	

	>Beta-fine
	O
	
	INTEGER (0..9)
	Fine angles

	>Gamma
	M
	
	INTEGER (0..359)
	

	>Gamma-fine
	O
	
	INTEGER (0..9)
	Fine angles


 For assisting the angle calculation based on measurement on DL PRS, each TRP can provide the following configuration information related with each DL PRS resource to the LMF:
· The configuration of TRP transmit antennas that are used to transmit DL PRS resource. It can include the number of antennas, number of panels, the antenna element spacing. For instance, the antenna modeling defined in 38.901 can a starting point.
· The precoder that is applied on each PRS resource transmission. In FR1, it can be PMI vector applied on each DL PRS resource. In FR2, it can be the beamformer of analog beamforming and if hybrid beamforming is implemented, the precoder shall include both digital precoder and analog beamformer.
With the above assistance information, the LMF can further calculate the beam directions applied on each DL PRS resource. 
[bookmark: _Hlk71485695]Proposal 1: The TRP can provide the following information to the LMF:
· The antenna modeling of the TRP Tx antennas, e.g., including the number antennas, antenna spacing.
· The precoder applied on each DL PRS resource.
Enhancement on RSRP report of Adjacent PRS resource
The issue of reporting RSRP of adjacent beam was further discussed in previous meeting and the following agreement was made.
	Agreement:
Support the following enhancements under UE capability for both UE-B and UE-A DL-AOD positioning method 
· Enhancing the signaling to UE for the purpose of PRS resource(s) measurement and (for UE-A) report 
· FFS: The detailed signaling (e.g, the boresight direction for UE-A DL-AoD, further spatial information of PRS resources, processing prioritization of PRS resources)
· FFS: The following options
· Option 1: Enhancing the reporting to include the measurements of adjacent beams PRS resources that related with each other indicated by the assistance data.    
· Option 2: UE can be requested to measure and report on specific PRS resources  


In release 16, the UE reports RSRP measurement of one or DL PRS resources. Generally, the UE would report the best RSRP measurement(s). In our view, reporting RSRP measurement of multiple adjacent Tx beams can improve the performance DL AoD estimation. An example in Figure 1 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 1: Reporting RSRP of DL PRS resources that are adjacent in spatial domain 
Simulation was conducted to evaluate the performance of reporting RSRP of adjacent Tx beams and the simulation results are shown in Figure 5. In the simulation, two methods are compared:
· Release 16 RSRP reporting: the UE reports the RSRP of PRS resource with the best RSRP.
· The new method of reporting RSRP of adjacent Tx beam: the UE reports the RSRP of PRS resource with the best RSRP and the UE also report the RSRP of PRS resources that carries Tx beams that are adjacent to the PRS resource with best RSRP. 
It can be observed that in addition to the RSRP of one PRS, reporting the RSRP of two Tx beams that are adjacent to the Tx beam of that PRS can improve the positioning performance obviously. The technical reason is that can improve the arrival angle estimate.
[image: ]
Figure 2: Evaluation results of reporting RSRP of DL PRS resources that are adjacent in spatial domain. 
To support reporting RSRP of adjacent Tx beams, the assistance data of PRS configuration shall indicate the information of which PRS resources carry adjacent Tx beams. In the measurement reporting, if a UE chooses to report RSRP of a PRS resource A, the UE shall also report the RSRP measurement of PRS resources that carry Tx beam adjacent to that of the PRS resource A. 
[bookmark: _Hlk71485714]Proposal 2: For DL-AoD positioning method, support the following assistance data and reporting:
· In the assistance data of PRS configuration, the UE is provided with configuration information that indicates which PRS resources are associated with each other in spatial domain.
· In measurement report, if the UE reports RSRP of one PRS resource, the UE also reports the RSRP of PRS resources that are associated with that PRS resource.

Uncertainty window for DL-AoD
The issue of providing uncertainty window for DL-AoD method was discussed and pertinent agreement was made in last meeting:
	Agreement:
For the purpose of both UE-B and UE-A DL-AoD, and with regards to the support of AOD measurements with an expected uncertainty window, study further whether to support at most one of the following options:
· Option 1: Indication of expected DL-AoD/ZoD value and uncertainty (of the expected DL-AoD/ZoD value) range(s) is signaled by the LMF to the UE
· Single Expected DL-AoD/ZoD and uncertainty (of the expected DL-AoD/ZoD value) range(s) can be provided to the UE for each [TRP]
· Option 2: Indication of expected DL-AoA/ZoA value and uncertainty (of the expected DL-AoA/ZoA value) range(s) is signaled by the LMF to the UE 
· Single Expected DL-AoA/ZoA and uncertainty (of the expected DL-AoA/ZoA value) range(s) can be provided to the UE for each [TRP]
· Option 3: Indication of expected AoD/ZoD or AoA/ZoA value and uncertainty is not introduced.
· FFS: details of signaling
FFS: Applicability of this agreement to other Positioning methods



[bookmark: _Hlk71485735]Proposal 3: On uncertainty window for DL-AoD, support Option 3, i..e, not introduce expected AoD/ZoD or AoA/ZoA and uncertainty
3. Enhancement on PRS measurement report
In RAN1#104-e meeting, reporting RSRP measurement was discussed and the following agreement was made to study a few options:
	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.


Option 1 is what is specified in release 16. Option 2 suggests to request the UE to report RSRP measurement for a same Rx beam. As specified in release 16, each DL PRS correspond to one TRP Tx beam. Per the multi-beam operation, for each TRP Tx beam, the UE shall find a Rx beam that best match that TRP Tx beam. A TRP Tx beam and its corresponding Rx beam comprises a beam pair link. To measure the RSRP of one Tx beam, it is desired to use the corresponding Rx beam. If the UE use one same Rx beam to measure multiple different Tx beams. The RSRP measurement results would be biased to one particular Tx beam.  Furthermore, each PRS resource is provide with QCL-typeD configuration and the UE shall derive the Rx beam based on the configured QCL-TypeD. Option 3 suggest to increase the number of RSRP measurement reports and the UE can be requested to report multiple RSRP measurement of one PRS resource for different Rx beams. 
[bookmark: _Hlk71485758]Proposal 4: For UE-assisted DL AoD, support Option1, up to 8 RSRP measurements in a measurement report (as in release 16).
One issue of DL-AoD positioning method is the RSRP measurement reporting might be measured from a multi-path 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. In RAN1#104-e meeting, we made the following agreement to study the enhancement on measurement of first arrival path:
	Agreement:
· For both UE-based and UE-assisted DL-AOD study the following enhancements that enable the UE to measure and report (for UE-assisted) information related to the first arriving path
· Option 1: Information corresponds to PRS-RSRP of the first arriving path
· Option 2: Information corresponds to the angle of departure of the first arriving path
· Option 3: Information corresponds to the arrival time of the first path
· Option 4: Information corresponds to phase of the CIR corresponding to the first arriving path
· Option 5: Information corresponds to received signal value (amplitude and phase of the channel estimated from the first path which can be achieved as a combination of option 1 and option 4) of the first arriving path
· FFS: Reporting of additional path to the first arriving path.
· FFS: Measurement definition details
· FFS: additional assistance data to support these enhancements
· FFS: how the “first path” is selected among PRS resources in a PRS resource set  
· Note 1: Supporting multiple options as well as none of the options above is not precluded.


Among those options, option1 and option 2 can improve the system performance. In option 1, the UE reports the RSRP measurement of the first arriving path. That can effectively reduce the impact of multi-path and NLOS. In Option3, the UE reports the information of arrival time of the first path of each PRS resource.  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.
[bookmark: _Hlk71485767]Proposal 5: In DL-AoD measurement report, support the UE to report:
· the RSRP measurement of first arrival path of each PRS resource (i.e, Option 1)
· the relative time-of-arrival of those reported PRS resources of each TRP. (i.e., Option 3).
4. Enhancement on PRS Transmission
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.

[image: ]
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.
[bookmark: _Hlk71485780]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

[bookmark: _Hlk71485790]Proposal 6: Support UE-specific beam refinement on DL PRS resource for DL-AoD measurement.

5. 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:
Proposal 1: The TRP can provide the following information to the LMF:
· The antenna modeling of the TRP Tx antennas, e.g., including the number antennas, antenna spacing.
· The precoder applied on each DL PRS resource.
Proposal 2: For DL-AoD positioning method, support the following assistance data and reporting:
· In the assistance data of PRS configuration, the UE is provided with configuration information that indicates which PRS resources are associated with each other in spatial domain.
· In measurement report, if the UE reports RSRP of one PRS resource, the UE also reports the RSRP of PRS resources that are associated with that PRS resource.
Proposal 3: On uncertainty window for DL-AoD, support Option 3, i..e, not introduce expected AoD/ZoD or AoA/ZoA and uncertainty
Proposal 4: For UE-assisted DL AoD, support Option1, up to 8 RSRP measurements in a measurement report (as in release 16).
Proposal 5: In DL-AoD measurement report, support the UE to report:
· the RSRP measurement of first arrival path of each PRS resource (i.e, Option 1)
· the relative time-of-arrival of those reported PRS resources of each TRP. (i.e., Option 3).
Observation 1: Large number of DL PRS resource is needed for high accuracy of DL-AoD positioning.
Proposal 6: Support UE-specific beam refinement on DL PRS resource for DL-AoD measurement.
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