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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
The work item on NR positioning enhancements was updated in RAN1#91e. 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. One of the specific objectives of this work item is:
· 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.
There has also been some progress in the first meeting of the work item in RAN1#104e. The following agreements were made [2]:
Agreement:
For UE-assisted DL AOD, select one of the following options for reporting of RSRP measurements per TRP
· Option 1: Up to 8 measurements in a measurement report (as in release 16) 
· Option 2: Up to 8 measurements in a measurement report, for the same Rx beam index
· Option 3: Up to N>=8 measurements
· Note: Multiple measurements corresponding to different Rx Beam index may be  reported for a given PRS resource. 
· FFS: value for N.
Agreement:
· For both UE-based and UE-assisted DL-AOD study the following enhancements that enable the UE to measure and report (for UE-assisted) information related to the first arriving path
· Option 1: Information corresponds to PRS-RSRP of the first arriving path
· Option 2: Information corresponds to the angle of departure of the first arriving path
· Option 3: Information corresponds to the arrival time of the first path
· Option 4: Information corresponds to phase of the CIR corresponding to the first arriving path
· Option 5: Information corresponds to received signal value (amplitude and phase of the channel estimated from the first path which can be achieved as a combination of option 1 and option 4) of the first arriving path
· FFS: Reporting of additional path to the first arriving path.
· FFS: Measurement definition details
· FFS: additional assistance data to support these enhancements
· FFS: how the “first path” is selected among PRS resources in a PRS resource set  
· Note 1: Supporting multiple options as well as none of the options above is not precluded.
Agreement:
For UE-assisted DL-AOD positioning method, study the following options to enable the UE to measure/report a PRS resource with an additional, adjacent PRS resources measurement/report:
· Option 1: UE can be requested to measure and report on specific PRS resources 
· Option 2: Enhancing the assistance data to identify adjacent beams
· Option 3: Enhancing the reporting to include the measurements of adjacent beams
· FFS: Detailed signaling and procedure
· FFS: How to define adjacent beams
· Note: Depending on the discussion results, none/one/multiple of above options may be adopted in Rel-17

This contribution discusses some considerations on DL-AoD enhancements to improve UE positioning accuracy in relation the progress made in the previous meeting.
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. 
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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 PRS 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: For both UE-based and UE-assisted DL-AOD, support UE to measure and report (for UE-assisted) information corresponds to complex value (amplitude and phase) of the first arriving path.
Furthermore, as an effort to minimize the reporting size, the complex value (amplitude and phase) of the first arriving path can be transformed to the associated PRS-RSRP of the first arriving path.
Proposal 2: As an alternative, for both UE-based and UE-assisted DL-AOD, support UE to measure and report (for UE-assisted) information corresponds to PRS-RSRP of the first arriving path.
Subsequently, we need to define or introduce the measurement definition related to the first arriving path. The new reported measurement parameter can be defined as the complex value of the first arriving path obtained from the cross-correlation function between the received PRS and the known PRS.
Proposal 3: Introduce a new measurement parameter and its definition related to the first arriving path.

In RAN1#104e, it was discussed whether to increase the number of reporting of RSRP measurements per TRP for UE-assisted DL AOD. The legacy DL-AOD has already supported up-to 8 measurement reports. Furthermore, increasing the number of reports will increase the payload of overall positioning measurement report. We do not see the benefit of further increasing the number of report greater than 8 measurement reports. It would be beneficial to report new positioning measurement information elements rather than increasing the RSRP measurement report. Hence, we propose to keep up-to 8 RSRP measurements per TRP as we have supported in Rel-16.
Proposal 4: Keep the legacy Rel-16 DL-AOD on the number of RSRP measurements per TRP (i.e., up-to 8 RSRP measurements).
From the discussion in RAN1#104e, some study pointed out that the DL-AoD positioning accuracy could be improved by increasing the number of the Tx beams. However, this operation will also reduce the network efficiency, since a large number of resources dedicated for DL-PRS transmission are used. 
To improve the network efficiency, we propose a mechanism so that the LMF can provide assistance information to TRP in a form of an expected AoD range for DL-PRS transmission. This can be described as follows: the TRP initially perform DL-PRS transmission that is typically with wide beam sweeping in a wide-angle range to cover the whole cell area. Then, the UE measures PRS-RSRP and LMF calculates the UE location based on the reported PRS-RSRP. Having the estimated UE location and its uncertainty, the LMF can further calculate and assign each TRP with an expected AoD range associated with one specific UE. This information can be provided to each TRPs and assists them, for example, to operate narrow beams sweeping in a configured angle range or to transmit DL-PRS in certain beams only. 
An example of the detailed signaling procedure is illustrated in Figure 2.Round 1 Tx beam sweeping 
UE
TRP
TRP
PRS
RSRP reporting
UE
LMF
Round 2 Tx beam sweeping 
AoD range

Figure 2: Transmission of DL-PRS with AoD range assistance information.
In practice, the AoD uncertainty given by multiple TRPs is expected to be smaller than the range only offered by one TRP. If the LMF can collect the AoD measurement from multiple TRPs, it can provide a smaller range to each TRP than in the previous round. Therefore, the TRP can perform the narrow beam sweeping in a relatively smaller range. Compared with the traditional method which the TRP performs beams weeping in the full range, this method can reduce the number of resources used in each measurement occasion. 
Proposal 5: Support AoD range assistance information from LMF to TRP/gNB. 
 
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 PRS 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: For both UE-based and UE-assisted DL-AOD, support UE to measure and report (for UE-assisted) information corresponds to complex value (amplitude and phase) of the first arriving path.
Proposal 2: As an alternative, For both UE-based and UE-assisted DL-AOD, support UE to measure and report (for UE-assisted) information corresponds to PRS-RSRP of the first arriving path.
Proposal 3: Introduce a new measurement parameter and its definition related to the first arriving path.
Proposal 4: Keep the legacy Rel-16 DL-AOD on the number of RSRP measurements per TRP (i.e., up-to 8 RSRP measurements).
Proposal 5: Support AoD range assistance information from LMF to TRP/gNB. 

4. References
[1] RP-202900, “New WID on NR Positioning Enhancements”, RANP #90e, December 2020
[2] RAN1#104e chairman notes, eMeeting, Jan-Feb 2021
image1.png
CDF

DL-AoD; InF-SH; FR2; Comb6; 400MHz

0.9+~

08~

0.7 -

06

05F-

04+

03+

02

01

—e— Hy, reporting
—&— Legacy DL-AoD

1 2 3
Horizontal Error (m

)





image2.png
CDF

DL-AoD; InF-DH; FR2; Comb6; 400MHz

—e— H,, reporting
—h— Legacy DL-AoD

1 2 3

Horizontal Error (m

)





image3.png




image4.png
%3




image5.png




image6.png
Eg




image7.png




image8.png
%3




image9.png




image10.png
Eg




