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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-e meeting, the following agreements were made on the accuracy improvements for UL-AoA positioning solutions:
	Agreement:
NR supports at least the following additional assistance signaling from LMF to gNB/TRP to facilitate UL measurements of UL-AOA
· Indication of expected AoA/ZoA value and uncertainty (of the expected AoA/ZoA value) range(s)
· FFS: Details of procedure for providing the assistance
· FFS: Reference angle of expected AoA/ZoA
Agreement:
· Further study which option is used to potentially enhance signaling of UL-AOA measurement report in case of a linear array antenna
· Option 1: gNB reports UL-AOA measurement which is a function of the actual azimuth and zenith angles of arrival in a given coordinate system
· Option 2: The z-axis of LCS is defined along the linear array axis. gNB reports only the ZoA relative to z-axis in the LCS, and the LCS-to-GCS translation function is used to set up the specific z-axis direction
· Other options are not precluded from the study
Agreement:
· NR supports reporting of M > 1 UL-AOA (AoA/ZoA) measurement values by gNB to the LMF at least for the first arrival path
· FFS: Supporting of UL-AOA measurements for additional paths
· FFS: Supporting of N >= 1 UL-AOA values per path for additional paths
· FFS: Whether the multiple values can correspond to the same time stamp.
· FFS: Further details of measurement and reporting
· Note: The reporting by gNB to the LMF is optional


In this contribution, we provide our views on the enhancements of assistance signalling and measurement reporting.
Discussion
2.1 Assistance signalling 
In the last meeting, the enhancement on the assistance signalling to indicate an AoA search window, which is similar as the search window for the DL and UL timing-based positioning, was discussed and agreed. However, unlike the RSTD/RToA search window, of which the location and the range of the search window mainly relies on the geographical distance between two TRPs and the coverage of the reference TRP, the configuration of the AoA search window is not that straightforward. To achieve the target of improving the AoA measurement accuracy and reducing the reception beam sweeping overhead, the AoA search window should not be very wide. 
In the following, we discuss several cases that the AoA search window would work and provide views on how to configure the AoA search window.
· Mitigate the AoA ambiguity
In the last meeting, it was agreed to study the AoA measurement in case of a linear array antenna. During the discussion, it was commented that the linear array antenna may not be uniform, which indicates that the antenna elements are not evenly distributed and the antenna spacing may be larger than the wavelength. In addition, even for the UPA antenna, it should be noted that in reality, two or three antenna elements are mapped to one TXRU in the vertical direction. Taking two antenna elements that map to one TXRU as an example, the antenna spacing in the vertical direction is actually larger than 1 wavelength. It is shown that with the increasing of the antenna spacing, the aperture of the antenna reduces; therefore, the measurement performance of the AoA will become more accurate. The problematic thing, however, is that when the antenna spacing is larger than 1 wavelength, more than one main lobe can be measured, which brings estimation ambiguity of AoA. It is noted that the true UE location should be in the crossing area of AoA values from multiple TRPs, as shown in Figure 1. Hence, in such a case, an AoA search window can be configured to each gNB to eliminate the impact of AoA ambiguity. 
[image: ]
Figure 1: Configuration of search window to eliminate AoA ambiguity
Consider the case that the UE as an AGV, which moves fast in the horizontal direction, the configured AoA search window needs to be updated frequently to follow the UE’s movement. We believe that using the AoA search window to mitigate the ZoA ambiguity would be more appropriate.
Observation 1: The indication of expectedAoA/ZoA value and uncertainty can help mitigate the angle measurement ambiguity caused by antenna spacing larger than 1 wavelength. 
Proposal 1: To solve the AoA estimation ambiguity, the expected AoA/ZoA can be the boresight information of a beam, and the uncertainty range can be the beam width.
· Reduce the reception beam sweeping overhead
In R16, the configuration of SRS pos includes the spatial relation information of both serving and neighboring TRP, and we believe that it can already help the TRP to narrow down the beam sweeping range to measure the UL AoA. Consider the case that no spatial relation information is configured, and the SRS pos is sent in an omnidirectional manner, the AoA search window can facilitate the TRP for the UL measurement. In such a case, the LMF can refer to the previously reported DL measurement (e.g., DL PRS RSRP/RSRQ, SSB/CSI-RS RSRP/RSRQ, etc) and the associated resource index to configure the AoA search window for each TRP.
Observation 2: The indication of expectedAoA/ZoA value and uncertainty can help reduce the reception beam sweeping overhead.
Proposal 2: To reduce the reception beam sweeping overhead, the LMF can refer to the reported DL measurement and the associated resource index to configure the AoA search window for each TRP.
2.2 Measurement reporting
For the R16 UL-AoA, the positioning performance highly relies on the AoA measurements accuracy of the LOS path. However, in case of complicated propagation environments, such as the InF-DH scenario for the IIoT use cases, since the clutter density as well as the NLOS probability are rather high, the strongest AoA measurement may not be the LOS path, or the first arrival path; therefore, the positioning accuracy of the Rel-16 UL-AoA expects to be degraded, shown as the evaluation results in the study item [2]. 
In the last meeting, various proposals of reporting and measurement enhancements were provided and discussed to improve the performance of UL AoA, and it was agreed to support M > 1 UL-AOA (AoA/ZoA) measurement values by gNB to the LMF at least for the first arrival path. However, there were still several issues are left for further discussion: 
· UL AoA measurements for additional paths
It is noted that even for a LOS path clutter, the included NLOS components may deteriorate the estimation performance of the AoA, let alone the scenarios that are full of NLOS paths. In such cases, to further improve the positioning accuracy, it should support the gNB to report UL AoA measurements for not only the first arrival path, but also for additional paths. In our views, with UL AoA measurements for additional paths can assist the LMF to adopt some advanced positioning algorithms. To be specific, with information of AoA and associated timing, the LMF is able to calculate the coordinates of the reflectors and further build the model of the surrounding environment. The location of the UE can then be further updated. It is noted that the AoA values for first arrival paths and additional paths should be associated with timing information to further improve the accuracy.
Proposal 3: Support of UL-AoA measurements for additional paths.
Proposal 4: Support reporting of N>=1 UL-AoA measurements corresponding to the arrival time for the first arrival path and additional paths.
· Time stamp of multiple values
There is another remaining issue that whether the multiple values can correspond to the same time stamp. In our understanding, since the multiple AoA values can be measured from multiple SRS occasions; therefore, no need to restrict the multiple values with the same time stamp.
Proposal 5: No need to restrict the multiple values corresponding to the same time stamp.
[bookmark: _Ref31533076]Conclusions
In this contribution, we provide our views on the UL-AoA enhancements, and the following observations and proposals are provided:
Observation 1: The indication of expectedAoA/ZoA value and uncertainty can help mitigate the angle measurement ambiguity caused by antenna spacing larger than 1 wavelength.
Observation 2: The indication of expectedAoA/ZoA value and uncertainty can help reduce the reception beam sweeping overhead.
Proposal 1: To solve the AoA estimation ambiguity, the expected AoA/ZoA can be the boresight information of a beam, and the uncertainty range can be the beam width.
Proposal 2: To reduce the reception beam sweeping overhead, the LMF can refer to the reported DL measurement and the associated resource index to configure the AoA search window for each TRP.
Proposal 3: Support of UL-AoA measurements for additional paths.
Proposal 4: Support reporting of N>=1 UL-AoA measurements corresponding to the arrival time for the first arrival path and additional paths.
Proposal 5: No need to restrict the multiple values corresponding to the same time stamp.
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