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Introduction
[bookmark: _Hlk38879917]In RAN# 90e meeting, a new WID on NR Positioning Enhancements was approved [1]. 
	The objective of this work item is to specify solutions to enable RAT dependent (for both FR1 and FR2) and RAT independent NR positioning enhancements for improving positioning accuracy, latency, network and/or device efficiency. The specific objectives of this work are:
[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.
 
Notes: 
Solutions for RAT-dependent positioning enhancements are designed to operate in both frequency ranges (i.e. FR1 & FR2)
[bookmark: _Hlk57059470]The WID is subject to further update in RAN #91 for RAN1/2/3/4 scoping. 



In this contribution, we present our views on potential enhancements for UL-AoA.
Potential enhancements for UL-AoA
In this section, we analyze the main reasons which result in the decrease of the accuracy for UL-AoA positioning, and present the potential solutions to these problems.
1.1  Measuring and reporting of angle information
In TS 38.455 [2], the UL-AoA information in Table 1 is measured and reported to the LMF, where the angle information is determined at the gNB antenna for an UL channel corresponding to the UE. That is, the reported angle of AoA can be the angle information corresponding to different measurement such as the averaged angle of multi-paths, the angle of the strongest path, the angle of the first path, or the angle of any path. Different angle information may result in different angle error to the real LOS angle. 
Table 1 UL-AoA measurement and reported information
	IE/Group Name

	Azimuth Angle of Arrival

	Zenith Angle of Arrival

	[bookmark: _Hlk61360547]LCS to GCS Translation

	>Alpha

	>Beta

	>Gamma


In this subsection, we evaluate the positioning performance of UL-AoA when the reported angle information is corresponding to the averaged angle of multi-paths, the angle of the first path and multiple angles of multiple paths. Furthermore, we also evaluate the angle error of the above 3 cases.
[image: ]
Figure 1 AoA accuracy in SH scenario                                
[image: ]
Figure 2 Angle error with different angle information in SH scenario   
From the above results, it can be observed that AoA performance can be improved to 0.41 m for SH when reporting the angle of the first path, which has almost 10 times accuracy improvement compared to AoA reporting of the averaged angle of multi-paths. The performance of AoA when reporting multiple angles of multiple paths is slightly worse than that of reporting the first path because the final angle used to calculate location is not necessarily the angle of the first path. It is also observed that the angle error according to multiple angles of multiple paths is larger than the angle of the first path, because the larger angle error is introduced by the angles of other paths.
Observation 1: 
· The accuracy of AoA when reporting the angle of the first path can improve nearly 10 times compared with reporting of the averaged angle of multi-paths.
Observation 2: 
· The accuracy of AoA when reporting multiple angles of multiple paths is slightly worse than that of reporting the angle of the first path.
Observation 3: 
· The measured angle error of AoA with the angle of the first path is the minimum compared with AoA with the averaged angle of multi-paths and multiple angles of multiple paths.
It is obvious that measuring and reporting the angle information of the first path or additional multiple angles of multiple paths are effective ways to enhance AoA performance. However, when the additional angle information of multiple paths is reported, the LMF needs to choose from the reported angles to calculate the location. The accuracy of measuring and reporting additional multiple angles of multiple paths is determined by the probability of correctly selecting the angle of the first path in LoS scenario. Although it may depend on the implementation of the LMF, we believe that if multiple angles of multiple paths are reported, the measurement and reporting of RSRP and timing information corresponding to different angles of different paths will be beneficial for the LMF to decide which angle is better for accurate positioning. For example, the angle with the maximal RSRP or the angle with the earliest timing can be selected as the angle of the first path.
Proposal 1: 
· To improve the accuracy of AoA, we suggest choosing an option from the following:
Option1: Reporting the angle information of the first path.
Option2: Reporting additional angle information of multiple paths, including RSRP and timing information corresponding to each additional angle.

1.2 The effect of accuracy with different antenna array
In Table 1, the information element contains the uplink Angle of Arrival measurement including the Azimuth Angle of Arrival, the Zenith Angle of Arrival and the information about LCS to GCS translation.
The measured UL angle of arrival is shown in Figure 3, where the angle  is the azimuth angle of arrival, the angle  is the zenith angle of arrival and angle  is a 3D angle combining the azimuth and zenith angle. When the antenna height of BS and UE is the same,  and , but when the antenna height of BS and UE is different, . The formulas for calculating location with  and  are shown as the following, where x and y and z are the distance difference in coordinates along with the x and y and z axis between UE and BS separately.






[bookmark: _Ref61707765]Figure 3 Illustration of the angle  and 
It is obvious that when the angle  cannot be measured, the reporting of  is beneficial to the LMF to eliminate the effect of ZoA. However, whether the BS can detect the angle  and  depends on the type of antenna array. The common antenna arrays include the Uniform Linear Array (ULA), the Uniform Planar Array (UPA) and the Uniform Circular Array (UCA), which are shown as following figures. When there are antenna elements in both the horizontal and vertical directions, the angle  and  can be detected separately even though there is a height difference between BS and UE antennas.


Figure 4 Different antenna arrays 
That is, when the antenna array of BS is UPA or UCA, the azimuth angle  and  can be measured separately because of the distribution of antenna elements. But when the BS antenna array is ULA, the angle  and  cannot be measured, and only  can be measured due to the distribution of antenna elements is horizontal. This is merely the problem when the BS antenna array is ULA. As far as we know, at least in current indoor or indoor factory scenarios, the ULA is not the commonly used antenna array. In TR 38.857[3], for IIoT use cases the antenna configuration is as below, which is also an UPA antenna array. 
	gNB antenna configuration
	(M, N, P, Mg, Ng) = (4, 4, 2, 1, 1), dH=dV=0.5λ – Note 1
	(M, N, P, Mg, Ng) = (4, 8, 2, 1, 1), dH=dV=0.5λ – Note 1
One TXRU per polarization per panel is assumed


So if the effect of accuracy with different antenna arrays needs to be discussed, the use cases and scenarios for ULA antenna array should be confirmed firstly. Then we can discuss whether these use cases are common and important and how much specification effort it will take. Once the scenario and motivations are clear, the potential enhancement for different antenna arrays can be further studied.
Proposal 2: 
· Firstly the use cases and scenarios for ULA antenna array should be discussed and confirmed.
1.3 The effect of accuracy with angle calibration error
In this subsection, we evaluate the AoA performance with different values of angle calibration error. The AoA accuracy with the averaged angle of multi-paths and with the angle of the first path are evaluated separately. The results are provided in the following.
[image: ]
Figure 5 AoA accuracy with the averaged angle of multi-paths with different angle calibration error
[image: ]
Figure 6 AoA accuracy with the angle of the first path with different angle calibration error
Based on the above simulation results, it is observed that the angle calibration error will cause a performance deterioration to AoA. For both cases (AoA with the averaged angle of multi-paths and AoA with the angle of the first path), there’s an obvious drop with the increasing angle calibration error. The performance degradation due to angle calibration error is more obvious for AoA with the angle of the first path. When the accuracy of AoA with the angle of first path is below sub-meter, a 0.1 degree angle calibration error will cause the AoA performance not meet the requirement.
Observation 4: 
· The angle calibration error causes a performance deterioration for both AoA with the averaged angle of multi-paths and with the angle of the first path.
Observation 5: 
· With 0.1 degree angle calibration error, the AoA with the angle of the first path cannot reach a sub-meter accuracy for 90% UE.
The angle calibration error may be caused by various reasons, for example, the bias between LCS to GCS translation, the bias caused by measuring through different TXRUs or panels and so on. Firstly we need to identify the cause of the angle calibration error and whether it needs to be calibrated. And then how to reduce the angle calibration error should be further studied especially if the high accuracy of AoA is required. Maybe the way to reduce the angle calibration error is to introduce a reference UE to assist calibration. 
Proposal 3: 
· The cause of the angle calibration error and whether it needs to be calibrated should be clarified.
Proposal 4: 
· The potential method to reduce the angle calibration error should be further studied.
Conclusion
In this contribution, we discuss the main reasons for the decrease of the accuracy for UL-AoA positioning, and present the potential solutions to these problems. We have the following proposals:
Observation 1: 
· The accuracy of AoA when reporting the angle of the first path can improve nearly 10 times compared with reporting of the averaged angle of multi-paths
Observation 2: 
· The accuracy of AoA when reporting multiple angles of multiple paths is slightly worse than that of reporting the angle of the first path.
Observation 3: 
· The measured angle error of AoA with the angle of the first path is the minimum compared with AoA with the averaged angle of multi-paths and multiple angles of multiple paths.
Observation 4: 
· The angle calibration error causes a performance deterioration for both AoA with the averaged angle of multi-paths and with the angle of the first path.
Observation 5: 
· With 0.1 degree angle calibration error, the AoA with the angle of the first path cannot reach a sub-meter accuracy for 90% UE.
Proposal 1: 
· To improve the accuracy of AoA, we suggest choosing an option from the following:
Option1: Reporting the angle information of the first path.
Option2: Reporting additional angle information of multiple paths, including RSRP and timing information corresponding to each additional angle.
Proposal 2: 
· Firstly the use cases and scenarios for ULA antenna array should be discussed and confirmed.
Proposal 3: 
· The cause of the angle calibration error and whether it needs to be calibrated should be clarified.
Proposal 4: 
· The potential method to reduce the angle calibration error should be further studied.
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