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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RANP#90e, a new work item on NR positioning enhancements was approved. 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.
This contribution discusses some considerations on DL-AoD enhancements to improve UE positioning accuracy.
2. Discussions
2.1 Legacy DL-AoD
In legacy DL-AOD, the UE measures the DL PRS RSRP of the received signals from multiple TRPs using assistance data received from the location server (LS). Then, the UE transmits the resulting measurements to LS. The LS estimates UE position based on these measurements, along with knowledge of the geographical coordinates of the TRPs and their relative downlink timing.
In order to facilitate DL-AOD, LS provides the following assistance information to the UE:
· Physical cell IDs (PCIs), global cell IDs (GCIs), and TRP IDs of candidate NR TRPs for measurement
· Timing relative to the serving (reference) TRP of candidate NR TRPs
· DL-PRS configuration of candidate NR TRPs
· SSB information of the TRPs (the time/frequency occupancy of SSBs)
· Spatial direction information (e.g. azimuth, elevation etc.) of the DL-PRS
· Resources of the TRPs served by the gNB
· Geographical coordinates of the TRPs served by the gNB (include a transmission reference location for each DL-PRS Resource ID, reference location for the transmitting antenna of the reference TRP, relative locations for transmitting antennas of other TRPs)

Furthermore, the UE provides the following information to the LS:
· PCI, GCI, and TRP ID for each measurement
· DL PRS RSRP measurement
· Time stamp of the measurement
· Quality for each measurement
Each gNB typically transmits the PRS in multiple beams (i.e in a form of beam-sweeping). For example, a transmission of PRS resource uses a specific beam direction. The UE identifies a beam by means of an associated PRS resource ID. In DL-AoD, the AoD is measured by reporting the beam (i.e., the associated PRS resource ID) that the gNB was using when transmitting the PRS signal. The identification of the “right” beam is important for the accuracy of DL-AoD measurement. In release 16, the identification is based on PRS-RSRP. Concretely, the UE measure the RSRPs of the PRS signals with different resource ID. And each resource ID is associated with one certain transmitted beam. By knowing this information, along with the beam pattern of each transmitted beam, the LS can perform estimation on the AoD. As part of the estimation, the LS first estimate the angular power spectrum of the departure signal by averaging various of beam patterns weighted by their corresponding RSRP. The departure angle with the maximum amplitude in the angular spectrum is regarded as the AoD. 

2.2 Potential DL-AoD enhancements
In the legacy DL-AoD positioning method, the UE measures the RSRP of each PRS resource. After that, the RSRP measurement would be reported back to the LS together with other UE related information (Beam pattern, resource ID and the gNBs antenna orientation, etc.). In the final step, the AoD is calculated based on RSRP information.  However, in a multipath channel, the RSRP may contain the power from the NLOS path, which would cause an error in the final AoD measurement.
As part of DL-AoD enhancements, we have identified a new parameter that can be used to improve positioning accuracy using DL-AoD method. The new parameter is the amplitude of the first path in the received signal's power delay profile, which is measured in the UE. Here, we call it as first path coefficient (Hfp). This parameter can also be used by the LS to estimate the AoD. In our proposed scheme, after receiving the PRS signal from gNBs, the UE first calculate the signal's power delay profile (PDP) without normalization. Following that, UE performs first arrival path detection and measures the corresponding first path coefficient (Hfp). Similar to the legacy RSRP as a parameter in DL-AoD positioning measurement report, the Hfp is included as a new parameter in the DL-AoD positioning measurement report from UE to LS. This can be used as part of AoD's calculation.
In order to evaluate the performance of our proposed method, we perform DL-AoD simulation in InF-DH and InF-SH scenarios in FR2. The CDF of the positioning error by the two methods is shown in Figure 1. The accuracy of the proposed method in terms of horizontal location error for X % CDF(X = 50, 67, 80, 90) of the UEs is given in the Table 1. The simulation results show that the DL-AoD with first path coefficient (Hfp) reporting outperforms the legacy DL-AoD method (based on RSRP). For 90% of the UEs, the gain from the proposed method is 2.57 meters in InF-SH and 0.85 meters in InF-DH scenario. 

[image: ][image: ]
Figure 1: Comparison between DL-AoD positioning using first path coefficient (Hfp) and the legacy method (with RSRP). 
The simulation results in Figure 1 are summarized in Table 1.
Table 1: DL-AoD positioning - horizontal location error (m) results for X% of the UEs in meters
	Test Case
	50%
	67%
	80%
	90%

	[Case 1], [DL-AoD], [InF-SH], [FR2], [400 MHz], [Comb-6], [6dB PB], [w/ Hfp reporting]

	0.24
	0.42
	0.67
	1.03

	[Case 2], [DL-AoD], [InF-SH], [FR2], [400 MHz], [Comb-6], [6dB PB], [Legacy DL-AoD]

	1.75
	2.30
	2.85
	3.60

	[Case 3], [DL-AoD], [InF-DH], [FR2], [400 MHz], [Comb-6], [6dB PB], [w/ Hfp reporting]

	0.51
	0.74
	1.02
	1.38

	[Case 4], [DL-AoD], [InF-DH], [FR2], [400 MHz], [Comb-6], [6dB PB], [Legacy DL-AoD]

	1.17
	1.46
	1.80
	2.23



Observation 1:  DL-AoD with first path coefficient (Hfp) reporting outperforms the legacy DL-AoD method (based on RSRP). For 90% of the UE, the gain from the proposed method is 2.57 meters in InF-SH and 0.85 meters in InF-DH scenario.
Observation 2: The RSRP measurement contains the SRS signal power from the NLOS path may causes an error in the AoD measurement. It becomes severe in the scenario where NLOS path(s) are dominant. 

Proposal 1: Introduce first path coefficient (Hfp) (i.e the amplitude of the first path in the received signal's power delay profile) in DL-AoD measurement report from UE to LS.

3. Conclusion
In this contribution, we discuss some aspects to improve the accuracy of DL-AoD positioning method.  We have made the following observation and proposal: 
Observation 1:  DL-AoD with first path coefficient (Hfp) reporting outperforms the legacy DL-AoD method (based on RSRP). For 90% of the UE, the gain from the proposed method is 2.57 meters in InF-SH and 0.85 meters in InF-DH scenario.
Observation 2: The RSRP measurement contains the SRS signal power from the NLOS path may causes an error in the AoD measurement. It becomes severe in the scenario where NLOS path(s) are dominant. 
Proposal 1: Introduce first path coefficient (Hfp) (i.e the amplitude of the first path in the received signal's power delay profile) in DL-AoD measurement report from UE to LS.
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