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In RAN1 #104e, the agreements related to DL-AoD enhancements were made [1]. Numerous options related to the measurements for the first arriving path, or measurements related to additional/adjacent PRS resources were proposed in the meeting. In this contribution, proposals are made to downselect the options proposed in RAN1#104e.In this contribution, proposals are made to improve performance of DL-AoD.
Improving accuracies of DL AoD
Robustness against multipath fading channels
In multipath fading channels, the reception points may observe multiple delayed versions of the transmitted PRS, creating inaccurate AoD measurements and degrading accuracy of the AoD methods. Identification of the first path was agreed in RAN1#104e.
	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.


In Option 1 and 3, the UE can report to the LMF RSRP or arrival time of PRS which corresponds to the first arriving path. The first path may be identified by the order of arrival time, in case the UE makes measurements on multiple paths. The benefit of reporting considered in Option 3 is not clear since whethe the LMF can gain more insights about the multipath channel with the arrival time of the first path is not clear. In Option 1, the LMF may receive RSRP of the first arriving path from the UE. However, the RSRP information about the first arriving path by itself may not be sufficient for the LMF to gain insights into multipath channels. Reports from the UE containing arrival time and RSRP of the first and other paths can provide more comprehensive view of the multipath channels for the LMF as information related to each path may correspond to LOS/NLOS paths in the channel.
Observation 1: Option 1 and Option 3 are beneficial if RSRP and arrival time of first and additional paths are reported jointly from the UE to provide more insights about the multipath channel to the LMF
In Option 2, the angle of departure for the first arriving path is provided by the LMF to the UE (or the UE reports to the LMF). However, in the current specification, the departure angle of the DL-PRS resources (e.g., azimuth, elevation, etc) are provided for the UE-based positioning. Using the AoD information provided by the LMF, the UE can make judgment on the trajectory of each PRS resource based on their angles of arrival. Thus, AoD for the first path provided by the LMF (or reported by the UE) may not be necessary in the current specification.
For Option 4 and 5, benefits are not clear since the phase of CIR may change dynamically according to multipath propagation or Doppler shift due to UE mobility. If the UE is to report the phase of CIR to the LMF, several bits are required for sufficient resolution to express angles. Amplitude/phase estimated from the channel under Option 5 may be useful for implementation based positioning methods. However, in the current assumption for AoD methods, it is not clear how much performance gain can be obtained by Option 5.
Regarding the FFS point “Reporting of additional path to the first arriving path”, addtional paths that can be potentially be NLOS or LOS paths with respect to the first arriving path should be reported by the UE. Such reports will assist the LMF for multipath mitigation.
With the above observaitons, we make the following proposals.
Porposal 1: Option 1 (PRS-RSRP) and Option 3 (arrival time) of the first path should be supported along with PRS-RSRP and arrival time reporting for additoinal path(s)
Reporting behavior

	Agreement:
For UE-assisted DL-AOD positioning method, study the following options to enable the UE to measure/report a PRS resource with an additional, adjacent PRS resources measurement/report:
· Option 1: UE can be requested to measure and report on specific PRS resources 
· Option 2: Enhancing the assistance data to identify adjacent beams
· Option 3: Enhancing the reporting to include the measurements of adjacent beams
· FFS: Detailed signaling and procedure
· FFS: How to define adjacent beams
Note: Depending on the discussion results, none/one/multiple of above options may be adopted in Rel-17



In the above, the motivation is to enhance the UE’s reporting behavior in the presence of multipath. In Option 1, the UE reports specific PRS resources. It is not clear the condition under which the UE is requested to report specific PRS resources by the LMF. 
In Option 2, additional information is included in the assistance data to identify adjacent beams.  However, such information is already provided for the UE-based AoD positioning where the LMF indicates to the UE departure angle information of each PRS resource. 
In Option 3, the UE may report measurements of adjacent beams to the LMF. However, the UE already reports measurements corresponding to multiple PRS resources. In addition, in the presence of multipaths, the UE can return additional measurements. Thus benefits from Option 1 through 3 are not clear.
Observation 2: Benefits of Option 1 through 3 for adjacent beam reporting/measurements or specified PRS resource measurement/reporting are not clear

Conclusion
The following observations and conclusions are made in this contribution:
Observation 1: Option 1 and Option 3 are beneficial if RSRP and arrival time of first and additional paths are reported jointly from the UE to provide more insights about the multipath channel to the LMF
Observation 2: Benefits of Option 1 through 3 for adjacent beam reporting/measurements or specified PRS resource measurement/reporting are not clear
Porposal 1: Option 1 (PRS-RSRP) and Option 3 (arrival time) of the first path should be supported along with PRS-RSRP and arrival time reporting for additoinal path(s)
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