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[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
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 AoD enhancement.
Potential enhancement for AoD
In this section, we summarize the causes which influence the accuracy of AoD and the potential solution for improving the accuracy of AoD in Table 1.
Table 1 The cause and potential enhancement for AoD
	Cause
	Potential enhancement and evaluation

	The beam selection criteria
	The performance comparison for AoD with ideal beam selection, DL PRS-RSRP and path-RSRP beam selection

	The limited beam number
	Finer beam information reporting and advanced algorithm

	The angle error of beam
	Calibrate the beam angle error and propose to discuss in 8.5.1

	The ambiguity of Rx beam
	Additional Rx beam information reporting


And those enhancements are evaluated based on the below assumptions in Table 2.
[bookmark: _Ref60859478]Table 2 The parameter assumption for evaluation
	Parameter
	Configuration

	Scenario
	InF-SH

	Carrier frequency, GHz 
	28GHz

	Subcarrier spacing, kHz
	120kHz

	Reference Signal Transmission Bandwidth
	100 MHz


	gNB antenna configuration
	(M, N, P, Mg, Ng) = (4, 8, 2, 1, 1)

	gNB antenna radiation pattern

	3-sector antenna configuration 

	Number of beams
	8 beams for one sector


 Performance of AoD with ideal, DL PRS-RSRP and path-RSRP beam selection
TS 38.215 5.12.8 DL PRS reference signal received power (DL PRS-RSRP)
	Definition
	DL PRS reference signal received power (DL PRS-RSRP), is defined as the linear average over the power contributions (in [W]) of the resource elements that carry DL PRS reference signals configured for RSRP measurements within the considered measurement frequency bandwidth.

For frequency range 1, the reference point for the DL PRS-RSRP shall be the antenna connector of the UE. For frequency range 2, DL PRS-RSRP shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch. For frequency range 1 and 2, if receiver diversity is in use by the UE, the reported DL PRS-RSRP value shall not be lower than the corresponding DL PRS-RSRP of any of the individual receiver branches.

	Applicable for
	RRC_CONNECTED



Looking at the definition of DL PRS-RSRP in TS 38.215 [2], DL PRS-RSRP is the linear average over the power contributions (in [W]) of the resource elements that carry DL PRS reference signals. Some companies propose to enhance the RSRP measurement of the first path or multiple paths. In this case, which RSRP value should be chosen for better performance of AoD is worth studying.
Thus, we evaluated the performance of AoD with ideal beam selection, that is the azimuth of beam as the angle of AoD and the beam is selected by UE’s real position. Then, we compare the performance of AoD with DL PRS-RSRP and path-RSRP (which is the RSRP of the first path). Those evaluation results are shown in Figure 1.
It is observed that the difference in performance is small no matter which RSRP (DL PRS-RSRP or path-RSRP) is chosen. This is due to the fact that even the optimal AoD performance with ideal beam selection is far from meeting the positioning accuracy requirement. The main reasons we believe are the limited number of beams and the technique of AoD positioning itself. Therefore, only change the DL PRS-RSRP to the path-RSRP for beam selection cannot improve the performance significantly.
[image: ]
[bookmark: _Ref61722637]Figure 1 AoD performance with different beam selection methods
Observation 1: 
· Only change the DL PRS-RSRP to path-RSRP (which is the RSRP of the first path) for beam selection cannot improve the performance significantly.
Observation 2: 
· Even the optimal AoD performance with ideal beam selection is far from meeting the positioning accuracy requirement.
 AoD enhancement with refined beam information
For Rel-16 NR AoD positioning, the gNB only reports the spatial direction information (e.g. azimuth, elevation, etc.) of the DL-PRS Resources to the LMF. The simplest calculation algorithm is for the LMF to choose an azimuth of a beam as AoD according to the RSRP report from the UE (this is the DL PRS-RSRP beam selection in section 2.1).
An exemplary beam pattern and received RSRPs for the adjacent beams is shown in Figure 2
[image: ]
(a)Exemplary polar beams pattern
[image: ][image: ]
(b)  Exemplary beams pattern             (c) Exemplary DL PRS-RSRP for beam1 and beam2
[bookmark: _Ref60943165]Figure 2 Exemplary beams pattern and DL PRS-RSRP for the adjacent beam
Considering those beams and received RSRPs for the adjacent beam, it is very intuitive that a finer angle of AoD can be calculated by combining the DL PRS-RSRP of adjacent DL PRS resources. I.e, the AoD (AoD enhancement with adjacent DL PRS-RSRP in Figure 3) can be 
                                          (1)
And if the finer information of beams was reported to the LMF, it is desirable that the AoD can be calculated by combining the DL PRS-RSRP and the beam information of adjacent DL PRS resources. I.e, the AoD (AoD enhancement with adjacent DL PRS-RSRP and beam pattern in Figure 3) can be
                                      (2)
[bookmark: OLE_LINK1]Furthermore, we study and evaluate AoD enhancement with limited beam information (such as 3dB beamwidth for each beam or the intersection point of adjacent beams) to balance the overhead and performance. For AoD enhancement with adjacent DL PRS-RSRP and 3dB beamwidth, the beamwidth corresponding to 3dB attenuation needs to be reported. For AoD enhancement with adjacent DL PRS-RSRP and the intersection point of adjacent beams, the angle and RSRP corresponding to the intersection point of adjacent beams () need to be reported. The evaluation results for AoD enhancements with the above methods are shown in Figure 3.
[image: ]
[bookmark: _Ref61723084]Figure 3 The performance of AoD enhancements with adjacent DL PRS-RSRP and beam information
In order to compare the performance with DL PRS-RSRP and path-RSRP. We also provide the evaluation results for AoD enhancements with path-RSRP using the same methods in Figure 4.  It is observed no improvement in performance for AoD enhancements with path-RSRP compared with AoD enhancements with DL PRS-RSRP.
[image: ]
[bookmark: _Ref61723242]Figure 4 The performance of AoD enhancements with adjacent beam information for first path-RSRP
 
Observation 3: 
· AoD performance will be improved by advanced calculation algorithm and additional beam information, and the performance nearly doubled by those enhancements.
Observation 4: 
· For advance calculation algorithm, no improvement in performance for AoD enhancements with path-RSRP compared with DL PRS-RSRP.
Proposal 1: 
· Report up to 8 DL PRS-RSRP including the strongest PRS resource and adjacent PRS resources.
Proposal 2: 
· Report additional beam information to the LMF or the UE for the enhancement of AoD.
· E.g. intersection point of multiple beams: 
[bookmark: Pro2] The impact of Beam orientation errors 
Same as Rx-Tx timing error, the beam orientation error will impact the accuracy of AoD. For example, the performance will be worse if the reporting azimuth angle of the beams has a bias with real azimuth angle in the global coordinate system. In this subsection, we evaluate the performance of different values of beam orientation error for AoD with the ideal beam selection. The results are shown in Figure 5.
[image: ]
[bookmark: _Ref61723299]Figure 5 The performance of AoD with ideal beam selection and different beam orientation errors
In addition, we provide the evaluation results with AoD enhancement by adjacent DL PRS-RSRP and refined beam pattern in Figure 6. It is observed that the performance impact of beam orientation error is much greater on AoD with DL PRS-RSRP and refined beam pattern than on AoD with ideal beam selection. We further compare the performance of AoD enhancement by adjacent DL PRS-RSRP with refined beam pattern and limited beam information (such as the intersection point of multiple beams). It is observed that the enhancement of AoD with adjacent DL-PRS and limited beam information has better robustness against beam orientation error based on the evaluation result in Figure 7.
[image: ]
[bookmark: _Ref60943866]Figure 6 The performance of AoD enhancement with different beam orientation errors 
[image: ]
[bookmark: _Ref61275956]Figure 7 The performance of AoD enhancement with different beam orientation errors 
Observation 5: 
· The performance of AoD degrades with beam orientation error.
Observation 6: 
· The performance impact of beam orientation error is much greater on AoD with RSRP and beam pattern than on AoD with ideal beam selection.
Proposal 3: 
· Beam orientation errors and potential correction mechanisms need to be considered in R17.
Proposal 4: 
· To balance the accuracy and robustness, AoD enhancement by adjacent DL PRS-RSRP and limited beam information (the intersection point of multiple beams) need to be considered.
 Rx beam index
	TS 38214 5.1.6.5
[bookmark: _GoBack]The UE may be configured to measure and report, subject to UE capability, up to 8 DL PRS RSRP measurements on different DL PRS resources from the same cell. When the UE reports DL PRS RSRP measurements from one DL PRS resource set, the UE may indicate which DL PRS RSRP measurements associated with the same higher layer parameter nr-DL-PRS-RxBeamIndex have been performed using the same spatial domain filter for reception if for each nr-DL-PRS-RxBeamIndex reported there are at least 2 DL PRS-RSRP measurements associated with it within the DL PRS resource set.


According to the current specification [3], nr-DL-PRS-RxBeamIndex is only reported when at least 2 DL PRS-RSRP measurements of one set are associated with the same spatial domain filter for a reception. Thus, the impact of different Rx beams for DL PRS-RSRP is not fully taken into account. For example, the beam selection is not accurate without considering the impact of different Rx beams for adjacent DL PRS-RSRP, especially when the strongest DL PRS-RSRP and the adjacent DL PRS-RSRP are reported and without nr-DL-PRS-RxBeamIndex. That is, we cannot judge whether the difference of DL PRS-RSRP is caused by different Tx beams without the impact of Rx beams if the 2 DL PRS RSRP is measured by different Rx beams. 
In this subsection, we evaluate the performance of AoD with ideal beam selection and different Rx beams in Figure 8.
[image: ]
[bookmark: _Ref60944231][bookmark: _Ref61275925]Figure 8 The performance of AoD with the same and different Rx beam 
It is observed the performance will deteriorate if the beam selection by DL PRS-RSRP with different Rx beam. So, to improve the accuracy of AoD and to avoid the impact of Rx beam, we suggest choosing one of the following options. 
Option 1: Report up to 8 DL PRS-RSRP corresponding to the same RX beam index
Option 2: Adding an additional DL PRS-RSRP list with different nr-DL-PRS-RxBeamIndex for a PRS resource. 
Observation 7: 
· The performance will deteriorate if the beam selection by adjacent DL PRS-RSRP with different Rx beam.
Proposal 5: 
· To improve the accuracy of AoD and to avoid the impact of Rx beam, choose one of the following options 
· Option 1: Report up to 8 DL PRS-RSRP corresponding to the same RX beam index
· Option 2: Adding an additional DL PRS-RSRP list with different nr-DL-PRS-RxBeamIndex for a PRS resource. 
Conclusion
In this contribution, we discuss AoD enhancements with the following observations and proposals:
Observation 1: 
· Only change the DL PRS-RSRP to path-RSRP (which is the RSRP of the first path) for beam selection cannot improve the performance significantly.
Observation 2: 
· Even the optimal AoD performance with ideal beam selection is far from meeting the positioning accuracy requirement.
Observation 3: 
· AoD performance will be improved by advanced calculation algorithm and additional beam information, and the performance nearly doubled by those enhancements.
Observation 4: 
· For advanced calculation algorithm, no improvement in performance for AoD enhancements with path-RSRP compared with DL PRS-RSRP.
Observation 5: 
· The performance of AoD degrades with beam orientation error.
Observation 6: 
· The performance impact of beam orientation error is much greater on AoD with RSRP and beam pattern than on AoD with ideal beam selection.
Observation 7: 
· The performance will deteriorate if the beam selection by adjacent DL PRS-RSRP with different Rx beam.

Proposal 1: 
· Report up to 8 DL PRS-RSRP including the strongest PRS resource and adjacent PRS resources.
Proposal 2: 
· Report additional beam information to the LMF or the UE for the enhancement of AoD.
· E.g. intersection point of multiple beams: 
Proposal 3: 
· Beam orientation errors and potential correction mechanisms need to be considered in R17.
Proposal 4: 
· To balance the accuracy and robustness, AoD enhancement by adjacent DL PRS-RSRP and limited beam information (the intersection point of multiple beams) need to be considered.
Proposal 5: 
· To improve the accuracy of AoD and to avoid the impact of Rx beam, choose one of the following options.
· Option 1: Report up to 8 DL PRS-RSRP corresponding to the same RX beam index
· Option 2: Adding an additional DL PRS-RSRP list with different nr-DL-PRS-RxBeamIndex for a PRS resource. 
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