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[bookmark: _Ref513464071]Introduction
In RAN plenary #90, the following objective is included [1]

	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.



In this contribution, proposals related to transfer of information about the RX panel ID, orientation information of the UE and detailed RSRP information are made to improve performance of DL-AoD.
Improving accuracies of DL AoD
Details of Rx beam information:
The RX beam at a UE may contain mainlobe and sidelobes, as shown in Figure 1, depending on analogue characteristics of the antenna at the UE. When RX beams are swept, the mainlobe and sidelobes of different beams may overlap. Thus, reporting only RSRP per RX beam may not be informative enough for the LMF in determining the position of the UE. Information related to analogue beam characteristics are implementation dependent, and may not be helpful for the LMF to derive more accurate RSRP information.


[bookmark: _Ref61634298]Figure 1 RX beam pattern
Observation 1: Details related to sidelobes, mainlobe, and beamwidth of Rx beam depend on implementation.
Power difference among Rx beams/panels
The UE may receive PRS using multiple beams or panels. Due to different analog characteristics of each RX panel, there may be different antenna gains among Rx beams or panels. Without antenna gain information, the network may not be able to precisely locate the angle of the UE since the same reported RSRP may result in two different angles if the UE uses two different Rx panels. Hence, it is beneficial to report the relative antenna gain between panels or beams to the network.
Observation 2: Relative antenna gain between panels or beams may be informative for the network to achieve accurate AoD positioning.
Rx panel information is essential to associate the Rx power and antenna gain. However, the current system does not allow the UE to report such information. Therefore, measurement reporting enhancement, which includes Rx panel identification should be supported.   
Observation 3: Rx panel ID is helpful for the gNB for the association of Rx power and analog characteristics.
Proposal 1: Include Rx panel identification in the measurement report.
UE’s orientation
For beam-based positioning methods, precise angle information is needed. For precise angle information, it is ideal that the receive beam and the transmit beam is aligned perfectly. To do so, orientation information may be needed. A small movement in the UE may introduce misalignment in the beam correspondence, causing inaccurate reception of the Tx beam.


Figure 2 An illustration of orientation angles of UE when receiving Tx beam from BS.
Currently, the azimuth/elevation angle of each PRS beam is given by the specification, which may allow the UE to rotate or change the beam pattern to maximize RSRP. However, in most cases, the UE is not able to change its orientation spontaneously. In some cases, the UE’s orientation may turn to a “blind spot” in the system when performing positioning, which may not allow the UE to sufficiently obtain the high RSRP of the transmitted PRS. To resolve this issue, the network may need to change the set of TRPs serving the UE. However, to determine which TRPs to serve the UE, orientation information of the UE is needed.

Observation 4: Orientation information of the UE is needed for accurate AoD positioning.
Proposal 2: The UE should report its orientation information to the LMF to improve performance of AoD positioning.
Orientation information is beneficial for the network to change the PRS configuration and determine the angle of the UE. However, frequent reporting of orientation may result in signaling overhead. Instead, the UE can be configured a certain condition for orientation reporting. Reporting of orientation information based on the condition can also be used as an implicit indication to the network that reconfiguration may be needed. The condition may be a sudden drop of RSRP measurement or a change in its orientation. 
Proposal 3: Define conditions for the UE to report the orientation.
Highest RSRP tag
Currently, the UE is requested to report a configured number of PRS resources. However, criterions for the report are not specified. The UE may report the PRS resource ID or Rx beam index from which the highest RSRP is obtained. Such information may be helpful for the network to determine the UE orientation. In addition, such information may be helpful for the LMF to reconfigure TRPs, PRS resource sets, or PRS resource. Possible combination for the highest RSRP pair is the following:
· For a given PRS resource, among all RX beams, which RX beam observes the highest RSRP
· For a given PRS resource set, among all PRS resources and RX beams, which RX-beam-PRS resource corresponds to the highest RSRP.
· For a given PRS resource set, which PRS resource yields the highest RSRP.
· Among all PRS resource sets, which PRS resource set yields the highest RSRP.

Proposal 4: Introduce an indicator associated with a PRS resource/resource set or RX beam index to indicate TX beam or RX beam corresponding to the highest RSRP measurement.
Conclusion.
The following observations and conclusions are made in this contribution:
Observation 1: Details related to sidelobes, mainlobe, and beamwidth of Rx beam depend on implementation.
Observation 2: Relative antenna gain between panels or beams may be informative for the network to achieve accurate AoD positioning.
Observation 3: Rx panel ID is helpful for the gNB for the association of Rx power and analog characteristics.
Observation 4: Orientation information of the UE is needed for accurate AoD positioning.
Proposal 1: Include Rx panel ID in the measurement report.
Proposal 2: The UE should report its orientation information to the LMF.
Proposal 3: Define conditions for the UE to report the orientation.
Proposal 4: Introduce an indicator associated with a PRS resource/resource set or RX beam index to indicate TX beam or RX beam corresponding to the highest RSRP measurement.
Reference
[1] RP-202900, “New WID on NR Positioning Enhancements,” RAN#90e, Dec. 2020.
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