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Introduction
In the approved WI [1] for positioning enhancement, the angle-based method have been recognized as one important direction to improve the positioning accuracy.
	· 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, RAN2, RAN3, RAN4]
· DL, UL and DL+UL positioning methods
· UE-based and UE-assisted positioning solutions     


In this paper, we will discuss accuracy improvements for DL-AoD positioning solutions by improving the measurement reporting.
AoD measurement for first arrival path
In RAN1 #104 meeting, the following agreement was approved regarding on the first arrival path measurement for DL-AoD positioning:
	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 Rel-16, a UE is expected to report the DL PRS-RSRP as defined in TS38.215, thus including all paths. For Rel-17, it is preferred to report, for at least some cases, the measurements computed on the first path only since this path has a higher probability of being LOS. Thus, for backward compatibility with Rel-16 AoD positioning, an indicator in the configuration for DL-AoD to specify if the reported measurement is for the first arrival path or for all the paths is necessary. While the exact signaling is up to RAN2, the indicator may be included in IE NR-DL-AoD-MeasElement alongside with DL PRS-RSRP measurement report. If this indicator is not present, the network assumes that the measurement is performed on all paths. 
Proposal 1: An indicator of whether the report for PRS RSRP includes all the paths or the first arrival path only is supported.
Enhancement on beam reporting
In RAN1 #105 meeting, the following agreement was reached for DL-AoD positioning:
	Agreement:
For UE-assisted DL-AOD positioning method, select one or more of the following to enhance the signaling to the UE for the purpose of PRS resource(s) measurement and reporting:
· Option 1: the LMF explicitly identify adjacent beams in the assistance data (AD)
· Option 2: the LMF send the beam information in the AD with an order of priority of PRS resources.  
· Option 3: the LMF includes boresight direction information for each PRS resource in the assistance data. 
· Option 4: the LMF send the beam information in the AD with indicated subset of PRS resources.
· FFS: Detailed signaling and procedure
· FFS: How to define adjacent beams  



For the options listed in the agreement, option 1 may face the issue that the LMF may not know the the adjacent beams (corresponding to the beams/PRS UE selected) in timely manner. The indicated AD may not be always applicable at time of measurement when the UE position is changing. The same issue is faced by  option 2 and the priority should be at least based on the timely situation at UE side. Comparing option 3 and option 4, option 3 seems to require a large amount of signalling overhead since the boresight information of each PRS needs to be provided. On the other hand, for option 4, less signaling is needed. For instance, if the LMF has one strong RSRP reporting for a PRS associated with a gNB Tx beam, it may request UE to report the RSRP measurements for the adjacent beams by selecting the right PRS resources.  Thus, by comparing the RSRP measurements of two adjacent beams, the LMF can determine the AOD.
Proposal 2: For UE-assisted DL-AOD positioning method, support that the LMF sends the beam information in the assistance data with indicated subset of PRS resources.

Enhancement on AoD measurement and reporting
In RAN1 #104b meeting, the following agreements were reached regarding on DL-AoD positioning:
	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  
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



A further refinement of the second agreement was proposed in RAN1#106, but did not reach consensus:
	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, the following is supported 
· 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
· FFS: how to signal value and range:
· Option A: 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 B: a list of PRS indices corresponding to the uncertainty, with one PRS index identifying the expected value, if any. 

· 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]
· FFS: details of signaling
· FFS: Applicability to other Positioning methods



In the agreement, two options were identified for further study. Option 1 appears more reasonable in terms of reporting for UE-based and UE-assisted positioning.  Since usually the gNB/TRP may have stable beam setting for the DL PRS transmission, providing the AoD information of the outgoing beams gives the UE a chance to improve location accuracy. For example, once given the expected AoD range, the UE can calculate the range of AoA for DL PRS reception, then perform Rx beam sweeping within the range. In this way, with AoD, beam sweeping overhead can be reduced, and the accurate angle estimation for DL-AoD method can be determined.  Thus, option 1 is slightly preferred. However, if the accurate expected AoD or the corresponding uncertainty cannot be achieved, then neither option 1 nor option 2 may be useful any way.
Proposal 3: For the purpose of both UE based and UE assisted DL-AoD, the LMF can provide the UE with the expected DL-AoD/ZoD value and uncertainty (of the expected DL-AoD/ZoD value) ranges if these can be accurately determined.
Two-stage Beam Refinement for DL-AoD
In RAN1 #105 meeting, the following agreement was reached regarding two-step beamforming for DL-AoD positioning:
	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 order to enable two-step PRS beam sweeping, the LMF needs to request the UE to perform measurements on some PRS resources, which correspond to wide beams and narrow beams respectively for the same TRP. Given the fact that the PRS resources belonging to the same PRS resource set have the same time-frequency domain configuration, it is desirable to configure wide beams for one PRS resource set and narrow beams for another different PRS resource set when TRP performs beam sweeping.  The UE first measures one DL PRS resource in one PRS resource set (with the wide beams), with the association information, the UE also measures the PRS resources in the second PRS resource set (with the narrow beams), which are associated with the PRS resource in the first PRS resource set.
Proposal 4:  For two-stage PRS beam sweeping, support that one PRS resource set corresponding to wide beams with each PRS resource  is associated with the PRS resources in another PRS resource set corresponding to narrow beams. 

Definition of path PRS RSRP
In RAN1 #105 meeting, the following agreement was reached regarding two-step beamforming for DL-AoD positioning:
	Agreement:
For definition of the path PRS RSRP, consider the following options until RAN1#106b-e:
· Option 1: the measured path PRS RSRP correspond to the power of the channel impulse response, at a certain path delay, over which the DL PRS is received. 
· Option 2: the path PRS RSRP correspond to the accumulated power of the channel impulse response over which the DL PRS is received, over a time duration corresponding to the given path delay 
· FFS: whether/how is the window conveyed to the UE (i.e., fixed in specification or configured in measurement request or determined by the UE)
· FFS on relationship with the UE DL PRS measurement bandwidth.
· FFS: normalization of the path RSRP measurement with DL PRS RSRP (i.e. RSRP for all path as defined in Rel-16) could be included in the measurement definition. 
· FFS: Further details of the definition, e.g. definition of the certain path delay
· Up to RAN4 to define any test/requirement for the measurement.



It is generally agreed that the path RSRP should be defined in time domain. The same philosophy should be applied to the path PRS RSRP definition which is the accumulated power over a certain time duration/window. However, there is no need to specify such window (or time duration) as often it will be dependent on the UE implementation and could be variable in some cases. Thus a revised option 2 is supported.
Proposal 5: A revised option 2 is supported: 
· the path PRS RSRP corresponds to the accumulated power of the channel impulse response through which the DL PRS is received, over a time duration (which is up to UE implementation without specification) corresponding to the given path delay
Number of RSRP associated with same Rx beam

According to above agreement, the number of reported DL PRS RSPR could be more than 8 while whether a max number for a same Rx beam shall be defined or not is to be determined. To look into the spec impact on such issue, if the Rx beam index is not reported to the gNB/LMF, it will not matter whether to keep such limitation for a Rx beam. It only matters whether a UE could generate more than a certain number of RSRP measurements based on one Rx beam and the total number of RSRP measurements based on all used Rx beams. Thus, there is no point to limit the number of DL PRS RSRP associated with the same Rx beam index.Agreement from RAN1#106e:
· For UE-A DL-AOD, support reporting more than 8 DL PRS RSRP measurements per TRP.
· Note: Multiple RSRPs corresponding to same or different Rx Beam index should be able to be reported for a given PRS resource for different timestamps. 
· FFS: Limit the maximum number of DL PRS RSRP associated with the same Rx beam index

Proposal 6: Do not support limiting the maximum number of DL PRS RSRP associated with the same Rx beam index.

Conclusion
This contribution discusses the accuracy improvements for DL-AoD positioning solutions. Observations and proposals are summarized as follows: 
Proposal 1: An indicator of whether the report for PRS RSRP includes all the paths or the first arrival path only is supported.
Proposal 2: For UE-assisted DL-AOD positioning method, support that the LMF sends the beam information in the assistance data with indicated subset of PRS resources.
Proposal 3: For the purpose of both UE based and UE assisted DL-AoD, the LMF can provide the UE with the expected DL-AoD/ZoD value and uncertainty (of the expected DL-AoD/ZoD value) ranges if these can be accurately determined.
Proposal 4:  For two-stage PRS beam sweeping, support that one PRS resource set corresponding to wide beams with each PRS resource  is associated with the PRS resources in another PRS resource set corresponding to narrow beams. 
Proposal 5: A revised option 2 is supported: 
· the path PRS RSRP corresponds to the accumulated power of the channel impulse response through which the DL PRS is received, over a time duration (which is up to UE implementation without specification) corresponding to the given path delay
Proposal 6: Do not support limiting the maximum number of DL PRS RSRP associated with the same Rx beam index.
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