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1. Introduction 
The work item on NR positioning enhancements was updated in RANP#91e [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. One of the objectives of this work item is:
· Specify the procedure, measurements, reporting, and signalling for improving the accuracy [1].
· 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.
In RAN1#104bis-e. The following agreements were made [2]:
	Agreement:
Regarding support of angle calculation enhancement for DL-AoD:
· Support gNB providing the beam/antenna information to the LMF.
· The gNB beam/antenna information can be provided to the UE for UE-based DL-AoD
· FFS: the details of contents of the beam/antenna information
· FFS: the details of how to provide the beam/antenna information.
· Note: The antenna information is related to reducing the overhead of beam information
· Send an LS to RAN2/RAN3 regarding the option of angle report from gNB to LMF for UE-A DL-AoD requesting them to consider this option in Rel-17.

Agreement:
Support the following enhancements under UE capability for both UE-B and UE-A DL-AOD positioning method 
· Enhancing the signaling to UE for the purpose of PRS resource(s) measurement and (for UE-A) report 
· FFS: The detailed signaling (e.g, the boresight direction for UE-A DL-AoD, further spatial information of PRS resources, processing prioritization of PRS resources)
· FFS: The following options
· Option 1: Enhancing the reporting to include the measurements of adjacent beams PRS resources that related with each other indicated by the assistance data.    
· Option 2: UE can be requested to measure and report on specific PRS resources  

Agreement:
· For the purpose of both UE-B and UE-A DL-AoD, and with regards to the support of AOD measurements with an expected uncertainty window, study further whether to support at most one of the following options:
· Option 1: Indication of expected DL-AoD/ZoD value and uncertainty (of the expected DL-AoD/ZoD value) range(s) is signaled by the LMF to the UE
· Single Expected DL-AoD/ZoD and uncertainty (of the expected DL-AoD/ZoD value) range(s) can be provided to the UE for each [TRP]
· Option 2: Indication of expected DL-AoA/ZoA value and uncertainty (of the expected DL-AoA/ZoA value) range(s) is signaled by the LMF to the UE 
· Single Expected DL-AoA/ZoA and uncertainty (of the expected DL-AoA/ZoA value) range(s) can be provided to the UE for each [TRP]
· Option 3: Indication of expected AoD/ZoD or AoA/ZoA value and uncertainty is not introduced.
· FFS: details of signaling
· FFS: Applicability of this agreement to other Positioning methods



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 first path information reporting
In RAN1#104e, the following proposal has been discussed regarding the first arrival path specific information reporting, but there was no consensus.
	Proposal 1.2a:
For both UE-based and UE-assisted DL-AOD, the UE can be requested to measure and report (for UE-assisted) the PRS RSRP of the first path
· FFS: time window for the measurement of PRS RSRP.
· FFS: Measurement definition details
· FFS: Reporting of additional path to the first arriving path.
· FFS: how the “first path” is selected or indicated among PRS resources in a PRS resource set
· FFS: additional assistance data



In the legacy operation, the DL-AoD is calculated from the RSRP of the received PRS signal which may contains NLOS path. The aforementioned proposal basically requires a new definition of RSRP. We have performed the simulations to evaluate the gain from this proposal that is based on PRS RSRP of the first path compared with the legacy method. We hereby provide the simulation results:
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Figure 1: Comparison between DL-AoD positioning using RSRP of the first arrival path and the legacy method (with regular 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



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.
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.
Considering the performance gain is quite significant, we re-iterate the above proposal obtained in RAN1#104bis-e: 
Proposal 1: 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.
Time window for PRS-RSRP was also discussed. We consider the intention is to define a specific region in the estimated power delay profile in which UE selects the first arrival path. In our view, this time window can be defined by the UE itself and not necessary to be configured by other sources (e.g., gNB or LMF). In the TDOA positioning, some algorithms have been applied in the UE to identify the signal arrival region, such as moving sum based methods and some relative variants. We consider the DL-AoD positioning shall keep using the legacy method and leave the time window as a UE implementation aspect. Depending on UE implementation, the UE can select the first path from the measurement outcome. However, LMF can provide assistance information to assist the UE to select the first path. For example, LMF can provide the criteria of the first path,
Proposal 2: Time window for PRS-RSRP and selection of the first path are UE implementation aspect.
Proposal 3: Support assistance information from LMF to UE in order to assist UE in selecting the first path. 

2.2 Tx Beam information reporting
In RAN1#104b-e, it was agreed that gNB reports the beam/antenna information to the LMF. We consider it is needed as the legacy AoD estimation in LMF is based on PRS-RSRP reported by the UE. The beam information is the beam when gNB transmits PRS. The legacy Rel-16 only provide the spatial direction when TRP transmit PRS resources. In case the LMF also obtain additional beam configuration, such as beamwidth information (e.g. HPBW) and the gain of the associated beam, this can improve AoD estimation in LMF. LMF can also improve AoD estimation by utilizing antenna information from gNB. The antenna information can be the codebook information associated with the PRS resources, gNB Tx antenna configuration (e.g. number of elements, antenna pattern). 
Proposal 4: For UE-A DL-AoD positioning: support gNB to report the TX antenna configuration (e.g., antenna codebook configuration, number of elements, and antenna pattern)and TX beam configuration (e.g. beamwidth and gain). For UE-B DL-AoD positioning: gNB sends this information to the UE. 
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 RSRP of the first path reporting outperforms the legacy DL-AoD method (based on legacy 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.
Proposal 1: 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 2: Time window for PRS-RSRP and selection of the first path are UE implementation aspect.
Proposal 3: Support assistance information from LMF to UE to in order to assist UE in selecting the first path. 
Proposal 4: For UE-A DL-AoD positioning: support gNB to report the TX antenna configuration (e.g., antenna codebook configuration, number of elements, and antenna pattern)and TX beam configuration (e.g. beamwidth and gain). For UE-B DL-AoD positioning: gNB sends this information to the UE. 
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