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[bookmark: OLE_LINK1]Introduction
After the completion of study item on Rel-17 NR positioning, collective observations and conclusions have been drawn in TR 38.857 [1]. During the RAN#90e meeting, the scope of corresponding work item has been discussed intensively. With the consideration that RAN2 hasn’t finished the study item phase, so we only agreed some RAN1 centric objectives. The following objective is approved to improve positioning accuracy for angle based methods [2].
	· Specify the procedure, measurements, reporting, and signalling for improving the accuracy of [RAN1]
· UL AoA for network-based positioning solutions.
· DL-AoD for UE-based and network-based (including UE-assisted) positioning solutions.


[bookmark: OLE_LINK4]In this contribution, we discuss some existing problems and potential enhancements on DL-AoD positioning solutions.
Timing information for DL-AOD
The network work normally configures many reference signals for DL-AOD measurement, where different reference signal resources may correspond to different transmission beams. UE will measure reference signals and report RSRP of some resources. Then the network will utilize the measurement to locate the UE based on the angle information in TRP INFORMATION RESPONSE message [3] from TRPs and the DL-AOD measurement report from UE. So, it’s quite straightforward that the largest RSRP of one TRP may be regarded as a line-of-sight direction of the TRP. However, there are some cases that largest RSRP is not actually the line-of-sight direction.


FIG.1 Example of Attenuated Line of Sight (ALOS) link
[bookmark: OLE_LINK2]Take FIG.1 as an example, even though RS1 is in the line-of-sight direction, however, the power of RS1 attenuates a lot due to the blockage (i.e. ALOS). As an consequence, the RSRP1 value may be smaller than RSRP2 value even the RS1 corresponds to a line-of-sight direction and RS2 corresponds to the non-line-of-sight direction. Therefore, if the positioning computation is based on RS2 in network side, the positioning performance will degrade consequently. So, how to find a promising way to address this problem is important for DL-AOD enhancement.
Observation 1: For a DL-AOD measurement report, due to ALOS problem, the largest RSRP may not correspond to the line-of-sight direction.
As we know, DL-AOD report only supports RSRP measurement by UE. One possible way to address above problem is that UE should be capable of doing timing measurement aside from RSRP measurement. That is, UE can also report reception timings in addition to RSRP, so that UE can provide some supplementary information for network to decide which RSRP or which reference signal probably corresponds to a line-of-sight direction. Even if a UE is not capable of supporting timing based positioning methods (e.g. DL-TDOA or Multi-RTT), the timing information in DL-AOD measurement report is still beneficial for positioning accuracy improvement.
Proposal 1: In addition to RSRP measurement, Rel-17 UE should have capability to support timing measurement for DL-AOD positioning method and report the timing information for network based positioning.
Rx beam information
In current specification, the DL-AOD measurement report includes coarse Rx beam information indicated by nr-DL-PRS-RxBeamIndex-r16. The detailed interpretation of this IE is explained in clause 5.1.6.5 of TS 38.214 as following [4],
	



That is, UE can indicate whether some reference signals received by UE are based on the same spatial domain filter. However, it’s still unclear whether this information can be useful for positioning because the network may only care about which RS is received with largest RSRP or with the line-of-sight direction.
Observation 2: The nr-DL-PRS-RxBeamIndex-r16 IE in DL-AOD measurement report only provides coarse Rx beam information so that the benefit is unclear.


FIG.2 Rx beam change due to terminal’s rotation
[bookmark: _GoBack][bookmark: OLE_LINK3]However, if terminal is equipped with multiple antennas, it’s possible that UE may virtualize antennas to form finer reception beams. So it’s important that terminal can provide more detailed reception beam information compared to Rel-16 for better communication and positioning purposes. As an example, detailed reception beam information may provide UE’s kinematic states (e.g. rotation direction and rotation speed). As shown in FIG.2, RS1 and RS2 are received by Rx beam 1 and Rx beam 2 respectively in t0. However, because of terminal’s rotation, RS1 and RS2 are received by Rx beam 2 and Rx beam 3 respectively in t1. If network is aware of this change, so UE’s rotation information is acquirable.
Observation 3: Detailed reception beam information providing UE’s kinematic states (e.g. rotation direction and rotation speed) is beneficial for UE location estimation.
Proposal 2: Rel-17 NR positioning should support detailed Rx beam information, in which UE can provide its antenna virtualization and reception beam direction information.
Conclusions
In this contribution, we discuss some existing problems and potential enhancements on DL-AoD positioning solutions. The following observations and proposals are proposed,
Observation 1: For a DL-AOD measurement report, due to ALOS problem, the largest RSRP may not correspond to the line-of-sight direction.
Proposal 1: In addition to RSRP measurement, Rel-17 UE should have capability to support timing measurement for DL-AOD positioning method and report the timing information for network based positioning.
Observation 2: The nr-DL-PRS-RxBeamIndex-r16 IE in DL-AOD measurement report only provides coarse Rx beam information so that the benefit is unclear.
Observation 3: Detailed reception beam information providing UE’s kinematic states (e.g. rotation direction and rotation speed) is beneficial for UE location estimation.
Proposal 2: Rel-17 NR positioning should support detailed Rx beam information, in which UE can provide its antenna virtualization and reception beam direction information.
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The UE may be configured to measure and report, subject to UE capability, up to 8 DL PRS-RSRP measurements on different DL PRS resources associated with the same dl-PRS-ID. When the UE reports DL PRS-RSRP measurements from one DL PRS resource set, the UE may indicate which DL PRS-RSRP measurements associated with the same higher layer parameter nr-DL-PRS-RxBeamIndex  [17, TS 37.355] have been performed using the same spatial domain filter for reception if for each nr-DL-PRS-RxBeamIndex reported there are at least 2 DL PRS-RSRP measurements associated with it within the DL PRS resource set.
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