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In RAN1 #104bis-e, the agreements related to DL-AoD enhancements were made [1]. In this contribution, proposals related to enhancement of DL-AoD positioning solutions are made.
Improving accuracies of DL AoD
Beam information
	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 RAN1 #104bis-e, it was agreed to provided the UE with gNB beam/antenna information for UE-based DL-AoD. Especially in FR2, explicit information of beam characteristics may be helpful for the UE to determine its position for UE-based positioning. For example, information related to beamwidth such as an indication of wide/narrow beam or configuration details related to TX panel such as number of elements in the panel may be useful. In addition, tilt angle of the panel may be useful here as well. Information related beam or antenna can be provided along with PRS related parameters.  For example, ProvideAssistanceData can include beam related information.
Observation 1: Information related to beamwidth (e.g., number of elements in a panel) and tilt angle of a panel at the TRP may be helpful for a UE-based AoD positioning method to improve accuracy
Proposal 1: Beam/antenna information can be provided via LPP ProvideAssistanceData
Uncertainty window for AoD
The following agreements are made to downselect whether to support indication of expected and uncertainty related to DL beams. 
	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


Regarding the above proposal, we support Option 1 since the window of uncertainty for DL-AoD provides range of angles the UE can expect to receive DL beams. Such information will aid the UE to choose an appropriate Rx beam for the DL beam. The LMF may be able to derive the uncertainty information related to DL-AoD based on the measurements provided by the UE. Moreover, uncertainty of DL-AoD may also expose wide range of Rx angles caused by the multipath channel as explain in our companion contribution [2].
Proposal 2 : With regards to expected uncertainty window for AoD, support 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
	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 Rel. 16, for UE based, boresight direction of AoD is signalled to the UE  by the LMF to assist the UE to determine its location information. Even for UE assisted positioning, boresight direction of DL-AoD will be helpful for the UE to determine an appropriate receiving beam to maximize the RSRP. Furthermore, with the boresight beam information, the UE may be able to narrow down possible candidate of Rx beams, reducing the time required for Rx beam search. 
On the other hand, motivation for the UE to measure a specific resource or adjscent beams is not clear. The UE can choose which PRS resources to make measurements on and why the LMF will specify the specific resource to make measurements on is not clear. In addition, measurements on multiple beams can be reported by the UE and motivation for additional specification support to measure adjscent beams is not clear. Thus, the following proposal is made.
Proposal 3 : For UE-A positioning, boresight direction for DL-AoD is provided by the LMF to the UE
Conclusion
The following proposals and observations are made in this contribution:
Observation 1: Information related to beamwidth (e.g., number of elements in a panel) and tilt angle of a panel at the TRP may be helpful for a UE-based AoD positioning method to improve accuracy
Proposal 1: Beam/antenna information can be provided via LPP ProvideAssistanceData
Proposal 2 : With regards to expected uncertainty window for AoD, support 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
Proposal 3 : For UE-A positioning, boresight direction for DL-AoD is provided by the LMF to the UE
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