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1. 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. RAN1 started work on this WI in RAN1#104-e. So far following are the agreements relevant to this contribution,

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

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 signalling and procedure
· FFS: How to define adjacent beams  

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

Agreement:
· For both UE-based and UE-assisted DL methods, at least for two-stage PRS beam sweeping, study further at least the following:
· Enhancements in the association between resources belonging to two DL PRS resource sets of the same TRP
· Companies are encouraged to evaluate whether other potential enhancements in this subagenda or other sub agendas (e.g. additional beam information, on-demand PRS framework) could be used to enable this feature (potentially by implementation). 
Note: Two-stage PRS beam sweeping corresponds to different DL PRS resource sets

2. On multipath reporting for DL-AoD
The release-16 signalling for DL-AoD is extremely limited for NLOS scenarios. The measurements don’t provide enough information about the state of the link as DL-PRS RSRP doesn’t capture the first arrival path (FAP) information. To address this issue, enhanced signalling and reporting was agreed for DL-AoD method and many companies agreed that timing and power information can help in improving the AOD estimation accuracy. In RAN1 meeting-105e, an agreement was made on FAP-RSRP but no consensus could be reached on FAP-TOA. FAP-TOA is a crucial measurement for DL-AoD method in two ways. Firstly, it helps in NLOS identification as shown in Figure 1. In obstructed LOS scenarios, a beam having extremely suppressed LOS path could have a higher FAP-RSRP than another beam having a weak but recognizable LOS path. In such scenarios, FAP-TOA can help the LMF in identifying the correct AoD measurement. Secondly, the three measurements give a superior positioning performance using a hybrid positioning method. Further, in dense scenarios where the probability of LOS is extremely low, the multipath based positioning provides better accuracy than its counterpart which is severely affected by the NLOS bias. 
In last meeting, many companies had issues with respect to reporting of path specific angle of departure (AoD) reporting. The AoD estimation requires assistance information corresponding to  antenna panels from gNB to UE. This could pose a huge overhead on the network and may not even be possible. However, the angle of arrival (DL-AoA) can be estimated at the UE as an implementation-based solution. For UEs with few antennas, it will be difficult to estimate the UE’s path-angle of arrival (path-AoA). However, for UE having more than 16 physical antennas, the UE-AoA can be estimated. This information combined with UE-orientation can give precise information about the UE-AoA and the proposed method doesn’t have significant standards impact. The FAP-UE-AoA measurement can help LMF in NLOS identification based on the alignment of BS-AoD, UE-AoA + UE-orientation and also with NLOS bias correction when combined with additional path information.Figure 1: Inaccuracies in DL-AoD methods due to reporting of FAP-RSRP alone in obstructed LOS scenarios.




Observation 1: Multipath measurements help in improving the accuracy of DL_AoD positioning based on NLOS mitigation and multipath positioning.

Observation 2: The FAP-UE-AoA measurement can help LMF in both NLOS identification and NLOS bias correction.

Proposal 1: For DL_AoD based positioning, the standards should support reporting of FAP- RSRP and FAP-TOA measurements by UE.

Proposal 2: For DL_AoD based positioning, the standards should also support reporting of FAP-UE-AoA and UE-orientation measurements by UE to LMP.


3. Conclusion
This contribution provides following observation and proposal,

Observation 1: Multipath measurements help in improving the accuracy of DL_AoD positioning based on NLOS mitigation and multipath positioning.

Observation 2: The FAP-UE-AoA measurement can help LMF in both NLOS identification and NLOS bias correction.

Proposal 1: For DL_AoD based positioning, the standards should support reporting of FAP- RSRP and FAP-RTOA measurements by UE.

Proposal 2: For DL_AoD based positioning, the standards should also support reporting of FAP-UE-AoA and UE-orientation measurements by UE to LMP.
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