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Introduction
In RAN1#106-e meeting, several aspects of DL-AoD solutions were discussed for both UE and gNB side, including the reporting of first arrival path, extension of number of reported RSRP measurements, adjacent beams reporting, additional gNB beam information, etc. [1]:
	Agreement:
For the beam/antenna information to be optionally provided to the LMF by the gnodeB, decide to support one of the following options:
· Option 2.1: The gNB reports quantized version of the relative Power/Angle response per PRS resource per TRP	
· The relative power is defined with respect to the peak power of that resource
· FFS: How many relative power levels can be included (e.g., single -3 dB power-levels, multiple power-levels, etc). 
· Option 2.2: The gNB reports quantized version of the relative Power between PRS resources per angle per TRP.
· The relative power is defined with respect to the peak power in each angle
· For each angle, at least two PRS resources are reported.
· FFS: support of multiple levels of quantization
· FFS: how the report is constructed
· FFS: overhead reduction mechanisms, including reusing of associated-dl-PRS-ID as a way of signaling that 2 TRPs have the same beam information
· The gNB beam/antenna information can optionally be provided to the UE by the LMF 
· Note: Up to RAN2 & RAN3 the signaling/procedures on how the LMF receives this information from the gNBs
· Send an LS to RAN2 & RAN3 with this agreement
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.
Agreement:
· 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


In this contribution, we further discuss the remaining issues on the UE measurement reporting enhancements. 
Discussion
Adjacent beam reporting
In the RAN1#105-e meeting, the agreement made on the adjacent beam reporting was recapped as follows:
	Agreement:
For UE-assisted DL-AOD positioning method, select one or more of the following to enhance the signalling 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 signalling and procedure
· FFS: How to define adjacent beams


During the last RAN1 meeting, many companies were supportive of identifying adjacent beams by signalling the subsets of PRS beams adjacent to a given PRS. On the other hand, indication of boresight direction was also supported by many companies. The two options were discussed intensively, but due to the limited time budget, no consensus was made.
Note that for UE-based positioning, it has already supported to inform the boresight direction for each PRS resource in the assistance data, and by simply extending this feature to the UE-assisted positioning, can facilitate the UE to identify adjacent beam information. During the discussion, some companies argued that by supporting boresight information for each PRS resources, it only informs a UE the adjacent beam information, however, the behaviour of the UE is not clear. To our understanding, by providing the boresight beam information and indicating the expected AoD and uncertainty, the UE would measure the PRS within the expected AoD window, and report the RSRP of PRS resources that adjacent to the PRS resource with strongest RSRP, and the adjacent information is identified based on the boresight information in the assistance data.
Regarding the option to identify adjacent beams by signalling the subsets of PRS beams adjacent to a given PRS, this option clearly informs a UE the adjacent beam information for each PRS resources by associating it with a subset of PRS resources, and the UE would report strongest RSRP along with the RSRP values of the subset of PRS resources adjacent to the “best” PRS resource. To our understanding, indication of boresight direction works the same as this option if all beams are regular in beam shape, but not as efficient as this option when the beam shape is irregular. Therefore, we propose to support identifying adjacent beams by signalling the subsets of PRS beams adjacent to a given PRS as 1st priority, and to support the boresight direction information as the 2nd priority.
Proposal 1: For UE-assisted DL-AOD positioning method, to enhance the signaling to the UE for the purpose of PRS resource(s) measurement and reporting, support the following as the 1st priority:
· The LMF indicates in the assistance data (AD) for each PRS resource, a subset of PRS resources which indicates the beam information for the purpose of prioritization of DL-AOD measurement and reporting
Proposal 2: For UE-assisted DL-AOD positioning method, to enhance the signaling to the UE for the purpose of PRS resource(s) measurement and reporting, support the following as the 2nd priority:
· The LMF can include boresight direction information for each PRS resource in the assistance data.

[bookmark: _Ref31533076]Conclusions
In this contribution, we discuss the DL-AoD enhancements, and the following proposals are provided:
Proposal 1: For UE-assisted DL-AOD positioning method, to enhance the signaling to the UE for the purpose of PRS resource(s) measurement and reporting, support the following as the 1st priority:
· The LMF indicates in the assistance data (AD) for each PRS resource, a subset of PRS resources which indicates the beam information for the purpose of prioritization of DL-AOD measurement and reporting
Proposal 2: For UE-assisted DL-AOD positioning method, to enhance the signaling to the UE for the purpose of PRS resource(s) measurement and reporting, support the following as the 2nd priority:
· The LMF can include boresight direction information for each PRS resource in the assistance data.

References
[1] [bookmark: _Ref83830298]Draft Report of 3GPP TSG RAN WG1 #106-e v0.2.0


2/4
