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In RAN1 #105e, 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
PRS RSRP for the first path
	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 RAN1#105e, it was agreed that in the presence of multiple paths, the UE can be requested to measure and report the PRS RSRP of the first path. The UE can measure the RSRP of the PRS resource for the first path (i.e., received PRS resource with the earliest ToA) for certain duration. 
In the presence of multiple paths, the UE may observe multiple time of arrivals (ToA) for the PRS resource. In such a case, the UE may accumulate RSRP for each ToA for a preconfigured duration so that uncertainty per path is small enough for the UE to declare the path. Once the RSRP corresponding to the earliest ToA is above the threshold which may be configured by the LMF, the UE can report the PRS RSRP of the first path. Thus the following proposal is made.
Proposal 1: For both UE-based and UE-assisted DL-AoD, the UE reports the PRS RSRP of the first path once the RSRP, accumulated over a preconfigured duration, is above the threshold configured by the LMF 
Beam information
In RAN1#105e, the following agreement related to beam/antenna information was made.
	Agreement:
For the beam/antenna information to be optionally provided to the LMF by the gnodeB, select one or more of the following:
· Option 1: the gNB reports the antenna configuration including at least the following parameter:
· the number of antenna elements (vertical and horizontal) 
· antenna spacing dh and dv
· FFS: For DFT-based beams, precoder information for each PRS resource
· Check whether the already reported boresight directions are sufficient, or whether more information is needed
· FFS: Antenna Element pattern Information
· FFS: Details
· FFS: If additional information about panel/orientation is needed
· Option 2: the gNB reports a mapping of angle and beam gains for each of the PRS resources.
· FFS: representation of the mapping (e.g. parametric function approximating the beam response, or gain/angle table, beamwidth, intersection point of multiple beams (angle, RSRP)intersection point)
· Other options are not precluded
· In either option, the gNB beam/antenna information can optionally be provided to the UE by the LMF for UE-based DL-AoD



For Option 1, the gNB may need to provide the LMF implementation specific parameters such as number of antenna elements. Whether such information can provide meaningful information for the LMF needs to clarified also. For Option 2, angle and beam gain for each PRS resource can be used by the UE to estimate AoA for the PRS resource. In addition, combined with boresight direction information of each PRS beam, such assistance information can be used refine measurements for UE-based positioning. Thus, the following proposal is made: 
Proposal 2: Support Option 2 (the gNB reports a mapping of angle and beam gains for each of the PRS resources)
Beam indication
	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 Option 1, it is not clear whether the LMF identifies adjscent beams for each PRS beam or it indicates the neighbouring beams on on-demand basis. For non-on-demand based positioning, overhead required for Option 1 can be large. 
For Option 2, the LMF indicates priority for each PRS such that the UE can make measurements following the priority. For example, if the LMF configures 4 PRS resources, the LMF will order the PRS so that the UE is recommended to measure PRS, for example, PRS resource #3, PRS resource #1, PRS resource #4 and PRS resource #2. This operation may be useful, when each PRS has different beamwidth. For example, PRS resource #3 and PRS resource #1 may have wider beamwidth than PRS resource #4 and PRS resource #2. In such a case, 2-stage beam sweeping may be feasible.
For Option 3, the LMF includes boresight direction for each PRS resource. Such information will be useful for the UE to align the Rx beam to maximize RSRP.
Finally, in Option 4, a subset of PRS resources are indicated by the LMF for the UE to make measurements on. The selection of the subset could be based on priority. It can be generalization of Option 2 for a subset of PRS resources are measured at equal priority.
From the above analysis, Option 3 seems to be informative information for the UE. Provision of boresight direction for each PRS resource is already supported for the UE-based positioning. For UE-assisted positioning, such information will enable the UE to refine its measurements by optimizing Rx beam.
Proposal 3: Support Option 3 (The LMF includes boresight direction information for each PRS resource in the assistance data)
Conclusion
The following proposals are made in this contribution:

Proposal 1: For both UE-based and UE-assisted DL-AoD, the UE reports the PRS RSRP of the first path once the RSRP, accumulated over a preconfigured duration, is above the threshold configured by the LMF 
Proposal 2: Support Option 2 (the gNB reports a mapping of angle and beam gains for each of the PRS resources)
Proposal 3: Support Option 3 (The LMF includes boresight direction information for each PRS resource in the assistance data)
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