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Introduction
In RAN#90-e meeting, a new work item for NR positioning enhancements was approved [1], in which the motivation to support positioning enhancements to attain Rel-17 target positioning requirement was justified for both commercial and IIoT use cases.
The objectives of this new work item are to specify solutions to provide higher accuracy (horizontal and vertical), low latency, network efficiency (scalability, RS overhead, etc.), and device efficiency (power consumption, complexity, etc.), where the RAN1 centric objectives are listed as follows:
	[bookmark: _Hlk57059510]RAN1 centric objectives:
· Specify methods, measurements, signalling, and procedures for improving positioning accuracy of the Rel-16 NR positioning methods by mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays, including [RAN1]
· DL, UL and DL+UL positioning methods
· UE-based and UE-assisted positioning solutions
· 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.
Note: RAN1 will discuss the candidate solutions and provide updates for this objective, with status to be reviewed in RAN#91e.


In RAN1#104-b-e meeting, various DL-AoD solutions from both UE and gNB aspects were proposed and discussed, including measurement reporting enhancements and angle calculation enhancements, etc. In this contribution, we continually provide our views on remaining issues of the enhancements for DL-AoD positioning.
Discussion
2.1 Measurement reporting
Reporting related to first arrival path
In RAN1#104-e meeting, the following agreement was agreed, which includes several options of enabling the UE to measure and report information related to the first arriving path:
	Agreement:
· For both UE-based and UE-assisted DL-AOD study the following enhancements that enable the UE to measure and report (for UE-assisted) information related to the first arriving path
· Option 1: Information corresponds to PRS-RSRP of the first arriving path
· Option 2: Information corresponds to the angle of departure of the first arriving path
· Option 3: Information corresponds to the arrival time of the first path
· Option 4: Information corresponds to phase of the CIR corresponding to the first arriving path
· Option 5: Information corresponds to received signal value (amplitude and phase of the channel estimated from the first path which can be achieved as a combination of option 1 and option 4) of the first arriving path
· FFS: Reporting of additional path to the first arriving path.
· FFS: Measurement definition details
· FFS: additional assistance data to support these enhancements
· FFS: how the “first path” is selected among PRS resources in a PRS resource set  
· Note 1: Supporting multiple options as well as none of the options above is not precluded.


In the last meeting, several rounds of email discussion were made on each option separately; however, companies shared different views and no consensus was made. 
For Rel-16 DL-AoD positioning, the UE measures and reports the RSRP of DL PRS resources to let the LMF identifies the AoD. Similar as UL-AoA, one of the main issues that impacts the positioning performance of the DL-AoD is that the DL PRS beam with the strongest power may not be associated with the LOS link, especially in scenarios such as the InF-DH, it is highly possible that the strongest RSRP beam would be a NLOS beam. We think that reporting of the DL-PRS RSRP measurement of the first arrival path is one of the most straightforward way to increase the performance. Whether the first arrival path is the “earliest” one among all DL PRS resources in a PRS resource set, or the “strongest” one among all the “earliest” one from each DL PRS resources can be further discussed.
Proposal 1: For both UE-based and UE-assisted DL-AOD, the UE can be requested to measure and report (for UE-assisted) the PRS RSRP of the first path.
· FFS: how the “first path” is selected or indicated among PRS resources in a PRS resource set 
In addition, Option 2 was proposed as a promising solution that has already supported by other competitive techniques such as Wifi and Bluetooth. The principle is to measure the reference signal across different physical antenna elements to obtain the phase difference, and with the information such as the antenna configuration and antenna spacing, the DL-AoD can then be calculated easily. In our understanding, the intention of Option 4 is similar with Option 2 but with a difference of the reporting information. During the discussion in RAN1#104-e meeting, the way to achieve this method within the framework of R16 DL PRS and CSI-RS codebook was intensively discussed. Theoretically, we believe that it can achieve a much better performance than the R16 DL AoD method; however, this method seems to suffer from some implementation restrictions. Since the DL AoD is obtained by measuring the phase across different physical antenna element, the phase consistency across these antenna elements should be guaranteed. As far as we know, the calibration precision across different antenna element is about 1 to 5 degrees, which is not accurate enough for this method to improve the DL AoD performance.
Observation 1: The feasibility and benefits of Option 2 an Option 4 to enhance the DL-AoD performance should be further studied. 
Extension of number of RSRP measurements
In RAN1#104-e meeting, the following three options were captured to be further down-selection on the number of reported RSRP measurements:
	Agreement:
For UE-assisted DL AOD, select one of the following options for reporting of RSRP measurements per TRP
· Option 1: Up to 8 measurements in a measurement report (as in release 16) 
· Option 2: Up to 8 measurements in a measurement report, for the same Rx beam index
· Option 3: Up to N>=8 measurements
· Note: Multiple measurements corresponding to different Rx Beam index may be reported for a given PRS resource. 
· FFS: value for N.


Due to the controversial views from companies, this issue was treated as low priority and no further progress was made in the last meeting.
In our understanding, the intention of the enhancements is to account for different RX beams, which is basically reasonable since the performance of the DL AoD is not only dependent on the Tx beams but also Rx beams. Since Rx beam index has nothing to do with the actual Rx beam orientation information, which we believe matters more in finding the “best” Tx-Rx beam alignment; therefore, simply extending the number of RSRP measurements associated with different Rx beam index may not achieve a significant performance gain. However, consider that a UE has the capability to measure a given DL PRS with multiple Rx beams, or to request and measure finer beams under a wider beam direction in an on-demand way, the limitation on only reporting 8 RSRP measurements per TRP in R16 can be further enhanced, and we think that Option 3 is more preferred.
Proposal 2: For UE-assisted DL AOD, support up to N>=8 measurements for reporting of RSRP measurements per TRP.
2.2 Enhancement on DL AoD estimation
In order to enhance the granularity of AOD estimation, several solutions were proposed, which can be generally categorized into two groups, one is the enhancement from the UE side, the other is from the gNB side. From the gNB aspect, it was proposed to enhance the DL AoD calculation mechanism by gNBs providing beam/antenna information, or by allowing gNBs to calculate/report DL AoD. On the other hand, from the UE aspect, it was proposed to measure/report RSRP measurements adjacent to that from the “best beam”. In the last meeting, the following agreement was made:
	Agreement:
Regarding support of angle calculation enhancement for DL-AoD:
· Support gNB providing the beam/antenna information to the LMF.
· The gNB beam/antenna information can be provided to the UE for UE-based DL-AoD
· FFS: the details of contents of the beam/antenna information
· FFS: the details of how to provide the beam/antenna information.
· Note: The antenna information is related to reducing the overhead of beam information
· Send an LS to RAN2/RAN3 regarding the option of angle report from gNB to LMF for UE-A DL-AoD requesting them to consider this option in Rel-17.
Agreement:
Support the following enhancements under UE capability for both UE-B and UE-A DL-AOD positioning method 
· Enhancing the signaling to UE for the purpose of PRS resource(s) measurement and (for UE-A) report 
· FFS: The detailed signaling (e.g, the boresight direction for UE-A DL-AoD, further spatial information of PRS resources, processing prioritization of PRS resources)
· FFS: The following options
· Option 1: Enhancing the reporting to include the measurements of adjacent beams PRS resources that related with each other indicated by the assistance data.    
· Option 2: UE can be requested to measure and report on specific PRS resources


In the following, we provide our views on the remaining issues regarding the enhancement from the UE aspect. In our views, since the gNB is specified to report the azimuth and elevation information of the DL PRS beams, the LMF should be able to identify the adjacent beams. However, the thing is that the LMF may not know the “strongest beam” of a UE, therefore, it would be impossible to explicitly indicate the adjacent information to a specific beam to a UE in the assistance data. One potential way is to implicitly list the DL PRS resources in a resource set in an adjacent manner. For example, as shown in Figure 1, the DL PRS resource ID #1~#8 is configured sequentially to a UE, which indicates that one is next to the other spatially. If the UE measures DL PRS resource #4 as the “strongest beam”, then it will report RSRP measurements from DL PRS resources #3 and #5, which are adjacent to beam #4. 
[image: ]
Figure 1: Illustration of adjacent beams and reporting
Proposal 3: For UE-assisted DL-AOD positioning method, support the LMF to provide the assistance data where the DL PRS resources in a resource set are listed in an adjacent manner, to implicitly indicate the adjacent beam information to the UE.
Proposal 4: For UE-assisted DL-AOD positioning method, support enhancing the reporting to include the measurements of adjacent beams.
[bookmark: _Ref31533076]Conclusions
In this contribution, we discuss the DL-AoD enhancements, and the following proposals are provided:
Observation 1: The feasibility and benefits of Option 2 an Option 4 to enhance the DL-AoD performance should be further studied. 
Proposal 1: For both UE-based and UE-assisted DL-AOD, the UE can be requested to measure and report (for UE-assisted) the PRS RSRP of the first path.
· FFS: how the “first path” is selected or indicated among PRS resources in a PRS resource set
Proposal 2: For UE-assisted DL AOD, support up to N>=8 measurements for reporting of RSRP measurements per TRP.
Proposal 3: For UE-assisted DL-AOD positioning method, support the LMF to provide the assistance data where the DL PRS resources in a resource set are listed in an adjacent manner, to implicitly indicate the adjacent beam information to the UE.
Proposal 4: For UE-assisted DL-AOD positioning method, support enhancing the reporting to include the measurements of adjacent beams.
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