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Introduction
In RAN1#104b-e [1], we made some agreements regarding enhance signaling in case of linear array, expected UL-AoA/ZoA and multiple angles reporting. In this paper, we discuss the potential enhancements on UL AoA positioning.

Expected AoA assistance
In RAN1#104b-e [1], we made the following agreement regarding assistance for SRS reception.
	Agreement:
· Uncertainty range for expected UL AoA/ZoA is defined as follows 
· Expected azimuth angle of arrival as (φAOA - ΔφAOA/2, φAOA + ΔφAOA/2)
· φAOA - expected azimuth angle of arrival, ΔφAOA – uncertainty range for expected azimuth angle of arrival
· Expected zenith angle of arrival as (θAOA - ΔθAOA/2, θAOA + ΔθAOA/2)
· θAOA - expected zenith angle of arrival, ΔθAOA – uncertainty range for expected zenith angle of arrival
· Select one of the following coordinate system alternatives for signaling UL AoA/ZoA assistance information
· Alt.1: Only GCS is supported for AoA/ZoA assistance information indication
· Alt.2: Both GCS and LCS are supported for AoA/ZoA assistance information indication
· FFS: Additional signaling for AoA/ZoA assistance information (expected value and uncertainty range) 



The remaining issues regarding the enhancement are 
Select one of coordinate system alternatives to represent the AoA/ZoA
Applicability to other positioning methods (UL-TDOA, Multi-RTT)
For the coordinate system, we think Alt. 1 is more suitable for AOA/ZOA assistance information indication. Because the expected AoA/ZoA calculated by the LMF is based on the TRP coordinates and the rough UE location, it is nature to provide the angle information in GCS to the TRP. TRP can perform the LCS-GCS translation based on its own orientation information.
Proposal 1: For coordinate system for signaling UL AoA/ZoA assistance information, support
Alt.1: Only GCS is supported for AoA/ZoA assistance information indication 
For the applicability to other positioning methods, we assume that any methods that requires SRS measurement can also benefit from this enhancement. For example, it can help TRP perform Rx beamforming without actually processing channel estimation, rule out paths from unwanted directions. In addition, given the fact that the gNB measurement procedure in NRPPa is somehow a more generic procedure not associated with a specific positioning method, it is not necessary to restrict the information only applicable for UL-AoA methods, and thus should not prevent LMF from providing this information also for UL-TDOA and Multi-RTT methods.
Proposal 2: The agreement of indicating expected AoA/ZoA value is applied to UL-TDOA and Multi-RTT.

Multiple angles per path
In RAN1#104b-e [1], we made the following agreement regarding multiple angle reporting.
	Agreement:
Reporting to LMF of M > 1 UL-AOA (AoA/ZoA) measurement values associated with the first arrival path and corresponding to the same timestamp is supported.



We have reached the consensus that the multiple angle measurements for the first path reporting can be beneficial for LMF to rule out the outliers for the case of larger antenna spacing. Regarding to the additional paths, the multiple angle measurements per path reporting should be also utilized to associate strong reflection/scattering in the indoor environment and used for improving positioning accuracy. The same number of angles per path should be applied for both the first path and the additional paths.
The number M/N can be part of a signaling in the NRPPa measurement request to inform gNB of the maximum allowed number of angle measurements per path.
Proposal 3: Support multiple angle measurements for additional path with the same number of that for the first path.
The number can be signaled by LMF to the TRP.
TRP should take the number as the maximum angle measurements per path for reporting.

Antenna-element wise calibration of TRP
In RAN1#104-e [2], we made the following agreement regarding enabling a reference device.
	Agreement:
· Study specification impact for enabling a reference device with known location to support the following functionalities:
· Measure DL PRS and report associated measurements (e.g., RSTD, Rx-Tx time difference, RSRP) to the LMF;
· Transmit SRS and enable TRPs to measure and report measurements (e.g., RTOA, Rx-Tx time difference, AOA) associated with the reference device to the LMF;
· FFS: The details of the signalling, the measurements, the parameters related to the Rx and Tx timing delays, AoD and AOA enhancements and measurement calibrations;
· FFS: The report of device location coordinate information to the LMF if the LMF does not have the information
· FFS: The device with the known location being a UE and/or a gNB
· FFS: Precision to which location of reference device is known
· Note: RAN1 assumes using these enhancements for the purpose of network synchronization is NOT within the scope of the WI




Considering the TRP angle error calibration, the reference device with the known location could also help perform the calibration of the angle measurements. As we mentioned in the contribution [3], the TRP bearing correction data can be maintained by the LMF, but the angle error caused by phase/amplitude error across antenna elements could be only calibrated by each gNB. 
Figure 3 shows the example of phase difference calculation with phase error. Without phase error, there is a linear relationship between phase difference and antenna spacing between two antenna elements. Considering the phase error, phase value of each antenna element would have different shifts. Finally, it lead to the deviation of angle estimation.
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[bookmark: _Ref67921540]Figure 3 Illustration of phase difference calculation with phase error
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Observation 1: The phase error across antenna elements could be only calibrated by each TRP.
· Note: The bearing error correction can be maintained by the LMF.
Since location information of the reference device has been known by LMF, the expected angles for each TRP can be easily derived. A simple way to accomplish the TRP angle error calibration is to allow LMF to carry out the normal NRPPa MEASUREMENT REQUEST procedure, conveying the SRS configuration of the reference device, and the expected angle for SRS reception can be interpreted as the correct one for the TRP to perform the calibration. The gNBs can take that into account, and perform the calibration. The phase/amplitude errors can be filtered to guarantee the calibration accuracy.
In response, the MEASUREMENT RESPONSE message may contain the corrected angle measurement as the normal MEASUREMENT procedure, and LMF should interpret the response as the acknowledgement.
Or alternatively, the MEASUREMENT FAILURE message may indicate that the calibration cannot be performed, and the detailed signaling can be left to RAN3.
The MEASUREMENT REPORT may serve as periodic calibration to overcome the short-term variation, and the detailed signaling can be left to RAN3.
Proposal 4: Support LMF to send the expected angle of the reference device to gNB for TRP antenna-element wise calibration.

Conclusion
In this contribution, we have the following observations and proposals regarding UL AoA enhancement in Rel-17.
Observation 1: The phase error across antenna elements could be only calibrated by each TRP.
· Note: The bearing error correction can be maintained by the LMF.

Proposal 1: For coordinate system for signaling UL AoA/ZoA assistance information, support
Alt.1: Only GCS is supported for AoA/ZoA assistance information indication 
Proposal 2: The agreement of indicating expected AoA/ZoA value is applied to UL-TDOA and Multi-RTT.
Proposal 3: Support multiple angle measurements for additional path with the same number of that for the first path.
The number can be signaled by LMF to the TRP.
TRP should take the number as the maximum angle measurements per path for reporting.
Proposal 4: Support LMF to send the expected angle of the reference device to gNB for TRP antenna-element wise calibration.
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