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Introduction
RAN#91e approved the positioning enhancement WI update [1] with the following objective.
	· Specify the procedure, measurements, reporting, and signalling for improving the accuracy of [RAN1, RAN2, RAN3]
· UL AoA for network-based positioning solutions.
· DL-AoD for UE-based and network-based (including UE-assisted) positioning solutions.



In this paper, we discuss the potential enhancements on UL AoA positioning.

Expected AoA assistance
In RAN1#104-e [3], we made the following agreement regarding assistance for SRS reception.
	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



The remaining issue regarding the enhancement is about
Applicability to other positioning methods (UL-TDOA, Multi-RTT)
The reference coordinate system to represent the AoA/ZoA
For the first issue, we assume that other methods that require SRS-based measurement can also benefit from this enhancement. For example, it can help TRP perform Rx beamforming without actually processing channel estimation, and 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, LMF should not be prevented from providing this information also for UL-TDOA and Multi-RTT.
Proposal 1: The agreement of indicating expected AoA/ZoA value is applied to UL-TDOA and Multi-RTT.
For the second issue, we think that calculating the expected AoA/ZoA by the LMF should be based on the rough UE location and the TRP coordinates, and thus it should be natural that the a priori angle information, i.e. AoA and ZoA in GCS, should be provided to the TRP. The TRP can further calculate the AoA and ZoA in LCS based on its own orientation (LCS-GCS translation).
Only when the TRP LCS-GCS translation is severely impaired in the TRP database and LMF gets the calibrated one, e.g. through a reference device, LMF should do the translation and provide the LCS AoA/ZoA to the TRP. However, this case is not typical.
Proposal 2: The expected AoA and ZoA should be provided in global coordinated system.
In addition, we think that the uncertainty mechanism for AoA/ZoA can be the same as the specified expected RSTD as well as its uncertainty. The granularity can be 0.1 as the baseline. Note that in Rel-16, RAN3 has further designed optimization on omission of the fractional degree of the angle in PRS beam information. The same optimization could be also considered by RAN3 for the expected angle information. Similar to the RSTD uncertainty and the RSTD reporting, the reporting should not be restricted into an uncertainty range, but it should be rather interpreted as the recommendation of RSTD measurement from the LMF.
Proposal 3: For supporting the expected AoA and ZoA uncertainty, 
the expected AoA, ZoA, AoA uncertainty and ZoA uncertainty should take the minimum granularity of 0.1 degree.
RAN3 are encouraged to optimize the granularity signaling.
Note: The signaled uncertainty should not prevent gNB from providing the measurements outside the range.

Linear array AoA
In RAN1#104-e [3], we made the following agreement regarding linear array AoA.
	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



For Option 1, the actual AoA and ZoA cannot be obtained due to the essence of array geometry, but the function of AoA and ZoA can be obtained. This is quite similar to Option 2, where the function can be also represented using the ZoA in the specific LCS as in Option 2. However, Option 2, compared to Option 1, is more natural in its form and can be more easily understood by the implementation.
Besides the above two options, Option 2b as follows should further be discussed.
Option 2b: 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 z-axis direction is also reported via AoA and ZoA in GCS.
Comparing with Option 2 and Option 2b, we think that to represent the LCS-GCS translation, we should require three parameters (alpha, beta, gamma) to represent the linear array with only two degrees of freedom, which may overcomplicate the issue. Typically, we only need (alpha, beta=0, gamma=90) to support a horizontal linear array with its boresight also pointing to the horizon, as shown in Figure 1.
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[bookmark: _Ref67417359]Figure 1 Illustration of horizontal array using LCS-GCS translation
For Option 2b, only AoA and ZoA of the z-axis need to be reported, and the ZoA can even be omitted for a horizontal array. To our understanding, reporting z-axis direction via AoA+ZoA in GCS is more direct compared to reporting the triplet (α, β, γ) with the benefit of low overhead.
Proposal 4: Support either Option 2 or Option 2b with
Option 2b: 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 z-axis direction is also reported via AoA and ZoA in GCS.

The expected AoA assistance provided in GCS can also help UL-AOA in linear array, which means that even if the expected AoA is in the form of AoA+ZoA in GCS, a TRP equipped with a linear array can also convert the angle into the expected ZoA in the LCS and report only the ZoA in the LCS.
Observation 1: Linear array AoA can also benefit from the expected AoA assistance.

Multiple angles per path
In RAN1#104-e [3], we made the following agreement regarding multiple angle reporting.
	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 



The reasons discussed in the last meeting for reporting multiple angles for the first path include, e.g.
Larger antenna spacing that leads to angle ambiguity
Different angle measurements of the “first path” from different SRS resources
For the larger antenna spacing, we have already shown the benefit of larger antenna spacing for increasing accuracy of the angle based positioning method which enables LMF to rule out the outliers as in [2] and in Figure 2, given the antenna size (number of elements) is typically small for indoor environment.
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[bookmark: _Ref61016238]Figure 2 Location fix in the presence of side-lobes

However, the motivation is unclear about different angle measurements of the first path from different SRS resources. Typically the same angle of the same first path should be received in multiple SRS resources, which corresponds to the UE direction. The angle estimation may vary due to the presence of noise, in which case the averaging among multiple angle measurements of the first path across SRS resources can be done by the gNB, without reporting multiple values that are close to each other.
The multiple angle measurements reporting for the first path can also be applied to additional paths, which can be used 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 additional path.
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.
Regarding the timestamp, we do not see the need to maintain the same time stamp, as the selection of the time stamp associated with the measurement reporting can be rather up to implementation independently. For example, if gNB averaged the AoA measurements across multiple SRS resources, each of which is transmitted in a different slot, it is hard to regulate which slot should be used by the gNB for the time stamp reporting. The common understanding is that if the SRS resource sets are transmitted within a burst, the time stamp associated with the multiple angle measurements should at least be within the burst.
Proposal 5: Support N >1 angle measurements for additional path with the same number of M for the first path.
The number M/N is 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 [3], 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 known location could also help perform the calibration. As we mentioned in the contribution [2], 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

Observation 2: 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 6: Support LMF sends 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 enhancements in Rel-17.
Observation 1: Linear array AoA can also benefit from the expected AoA assistance.
Observation 2: 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: The agreement of indicating expected AoA/ZoA value is applied to UL-TDOA and Multi-RTT.
Proposal 2: The expected AoA and ZoA should be provided in global coordinated system.
Proposal 3: For supporting the expected AoA and ZoA uncertainty, 
the expected AoA, ZoA, AoA uncertainty and ZoA uncertainty should take the minimum granularity of 0.1 degree.
RAN3 are encouraged to optimize the granularity signaling.
Note: The signaled uncertainty should not prevent gNB from providing the measurements outside the range.
Proposal 4: Support either Option 2 or Option 2b with
Option 2b: 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 z-axis direction is also reported via AoA and ZoA in GCS.
Proposal 5: Support N >1 angle measurements for additional path with the same number of M for the first path.
The number M/N is signaled by LMF to the TRP.
TRP should take the number as the maximum angle measurements per path for reporting.
Proposal 6: Support LMF sends the expected angle of the reference device to gNB for TRP antenna-element wise calibration.
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