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Introduction
In RAN#90-e[1], the approved WI for Rel-17 positioning enhancement includes enhancement for DL-AoD positioning method for better angle-based positioning estimation. In RAN 1#104-e, initial discussion resumed with potential ways to enhance the DL-AoD positioning. As an outcome, following agreements had drawn in the meeting,

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.

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.

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 signalling 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

This contribution provides the further deliberation and detailing on initial agreements and further enhancements for DL-AoD positioning method in Rel 17.

Enhanced Reporting from UE to LMF
Current standards support the reporting of PRS-RSRP and UE-Rx beam corresponding to a Tx beam. The RSRP is dominated by the contributions of NLOS paths which limits the DL-AoD performance. However, reporting the power of the first path improves the AoD estimation accuracy, and ToA helps select LOS direction. The standards should support reporting of DL-AoD along with ToA and power of the first path for configured resources.

Proposal 2.1: The standards should support reporting of DL-AoD along with ToA and power of the first path for configured resources.

Measurement Assistance information for DL-AoD positioning
Similar to UL-AoA [1], DL-AoD should also be configured with angular measurement window for both elevaton and azimuth directions. The measurement windows can be indicated as () and (), where  and  denotes the expectedAoD and expectedAoD uncertainty for azimuth and zenith angles, respectively. The measurement window allows the TRP to sweep with much finer granularity with a fewer number of beams. This allows the network to estimate the DL-AoD precisely with lower measurement and transmission overhead which not only reduces the power consumption but latency also.

Proposal 3.1: LMF should provide the gNB with angle measurement windows, both in azimuth and elevation directions, to gNB as an assistance information for DL-AoD.

Enhancing the assistance data and measurement reporting to identify adjacent beams
The power of the first path from adjacent beams can be used to improve the accuracy of AoD estimation. In current standards, UE is configured with Tx beam-IDs over which it is supposed to perform the measurements. However, the UE cannot figure out which beams are adjacent to one another. The standards should support enhancing the assistance information to identify the adjacent beams at UE to measure and report the power of the first path to LMF.

Proposal 4.1: The standards should support enhance the assistance information to identify the adjacent beams at UE for measurement and reporting to LMF. 


Conclusion
Proposal 2.1: The standards should support reporting of DL-AoD along with ToA and power of the first path for configured resources.

Proposal 3.1: LMF should provide the gNB with angle measurement windows, both in azimuth and elevation directions, to gNB as an assistance information for DL-AoD.

Proposal 4.1: The standards should support enhance the assistance information to identify the adjacent beams at UE for measurement and reporting to LMF. 
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