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Introduction
[bookmark: _Hlk57059470][bookmark: _Hlk57059510]In RAN-91 meeting, the work item of NR Positioning enhancements [1] was approved. The detailed specific objectives on accuracy improvements for DL AoD can be seen as follows:
· Specify the procedure, measurements, reporting, and signalling for improving the accuracy of [RAN1, RAN2, RAN3]
· UL AoA for network-based positioning solutions.
· DL-AoD for UE-based and network-based (including UE-assisted) positioning solutions.
There are some agreements in RAN1-104bis e-meeting [2].
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
There are some agreements in RAN1-105 e-meeting [3].
Agreement:
For both UE-based and UE-assisted DL-AOD, the UE can be requested subject to UE capability to measure and report (for UE-assisted) the PRS RSRP of the first path
· FFS: Details of measurement and reporting of PRS RSRP of the first path
Agreement:
For UE-assisted DL-AOD positioning method, select one or more of the following to enhance the signaling to the UE for the purpose of PRS resource(s) measurement and reporting:
· Option 1: the LMF explicitly identify adjacent beams in the assistance data (AD)
· Option 2: the LMF send the beam information in the AD with an order of priority of PRS resources.  
· Option 3: the LMF includes boresight direction information for each PRS resource in the assistance data. 
· Option 4: the LMF send the beam information in the AD with indicated subset of PRS resources.
· FFS: Detailed signaling and procedure
· FFS: How to define adjacent beams  
Agreement:
· For both UE-based and UE-assisted DL methods, at least for two-stage PRS beam sweeping, study further at least the following:
· Enhancements in the association between resources belonging to two DL PRS resource sets of the same TRP
· Companies are encouraged to evaluate whether other potential enhancements in this subagenda or other subagendas (e.g. additional beam information, on-demand PRS framework) could be used to enable this feature (potentially by implementation). 
· Note: Two-stage PRS beam sweeping corresponds to different DL PRS resource sets
There are some agreements in RAN1-106 e-meeting [4].
Agreement:
For the beam/antenna information to be optionally provided to the LMF by the gnodeB, decide to support one of the following options:
· Option 2.1: The gNB reports quantized version of the relative Power/Angle response per PRS resource per TRP	
· The relative power is defined with respect to the peak power of that resource
· FFS: How many relative power levels can be included (e.g., single -3 dB power-levels, multiple power-levels, etc). 
· Option 2.2: The gNB reports quantized version of the relative Power between PRS resources per angle per TRP.
· The relative power is defined with respect to the peak power in each angle
· For each angle, at least two PRS resources are reported.
· FFS: support of multiple levels of quantization
· FFS: how the report is constructed
· FFS: overhead reduction mechanisms, including reusing of associated-dl-PRS-ID as a way of signaling that 2 TRPs have the same beam information
· The gNB beam/antenna information can optionally be provided to the UE by the LMF 
· Note: Up to RAN2 & RAN3 the signaling/procedures on how the LMF receives this information from the gNBs
· Send an LS to RAN2 & RAN3 with this agreement
There are some agreements in RAN1-106bis e-meeting [5].
Agreement:
The measured path DL PRS RSRP for ith path delay is defined as the power of the received DL PRS signal configured for the measurement at the ith path delay of the channel response, and
· path DL PRS RSRP for 1st path delay is the power corresponding to the first detected path 
· FFS: Whether the path RSRP measurement is normalized with PRS RSRP. 
· FFS: Whether the definition of the ith path delay (other than i=1) is required. 
· Note: UE may choose to use a time window to compute path DL PRS RSRP by UE implementation (there is no impact to specifications managed by RAN1 for this)
· Note: This does not imply that the path delay has to be reported in DL-AoD positioning
· Send LS to RAN4 to check the details of the definition and feedback if they identify any update is necessary
In this contribution, we want to discuss about accuracy improvements for DL-AoD positioning solutions.  
Improvements for DL-AoD positioning solutions 
Adjacent PRS resources measurement/report 
As agreed in RAN1-105e meeting, there are four Options to enhance the signaling to the UE for the purpose of PRS resource(s) measurement and reporting. With Option 1, LMF send the beam information explicitly identify adjacent beams in the assistance data (AD). From our point of view, the straight forward way to solve this problem is to predefine the adjacent PRS resources by resource index. With this method, no additional signaling is needed to provide this information. 
Proposal 1: Adjacent PRS resources can be predefined by resource index.
If in order to reduce the number of measured beams of PRS, two-step PRS measurement can be introduced by measuring PRS set with wide beams first and determine the PRS with the strongest RSRP, then indicate the UE to measure the adjacent beams of the wide beam PRS with the strongest RSRP. Thus the number of measured beams of PRS can be reduced. In order to support this method, the LMF need to indicate in the assistance data (AD) for each PRS resource, a subset of PRS resources which indicates the beam information for the purpose of DL-AOD measurement.
Proposal 2: For UE-assisted DL-AOD positioning method, to enhance the signaling to the UE for the purpose of PRS resource(s) measurement and reporting, in order to reduce the number of measured PRS resource, the LMF indicates in the assistance data (AD) for each PRS resource, a subset of PRS resources which indicates the beam information for the purpose of DL-AOD measurement.
With Option 2, the LMF send the beam information in the AD with an order of priority of PRS resources. But how does gNB know which PRS should be configured with the highest priority without PRS measurement report? There is the same problem in Option 4. Without PRS measurement report, gNB does not know which PRS resource can be configured into a subset. As for Option 3, the LMF includes boresight direction information for each PRS resource in the AD. We think it has same target as the indication of expected DL-AoD/ZoD value. Thus it can be discussed as another issue in section 2.2.
Uncertainty window indication for DL AoD  
In order to reduce the measurement time and improve the accuracy, similar to UL AoA, an expected uncertainty window for DL AoD was discussed in RAN1-104bis e-meeting. First we think it is necessary to indicate of expected uncertainty window for DL AoD in the case of no beam measurement report. With the indication of expected uncertainty window, UE can only measure the PRS resource within a limited receiving angle window, which can save UE’s power consumption and PRS measurement time. Then for Option 1 and Option 2, if it is a LoS path, there is no difference for Option 1 and Option 2. But for NLoS Path, without beam measurement report, gNB does not know DL AoA. Thus gNB can only provide DL AoD to UE through LMF. But UE does not know how to use this information without beam measurement. Thus we slightly prefer Option 1.  
Proposal 3: Slightly prefer Option 1 for LoS path. 
· 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.
Additional gNB’s beam/antenna information
As for the beam/antenna information to be provided to the LMF by the gNB, there were two Options agreed in RAN1-105 meeting. Option 1 supports the gNB reports the antenna configuration including the number of antenna elements and antenna spacing. With this information, UE or LMF can obtain an expected PRS RSRP in different location. And to derive the UE location by comparing the expected PRS RSRP and the measured PRS RSRP. With this Option, the signaling overhead will be not too large. But it doesn’t work when non-DFT beam is used. While with Option 2, the gNB reports a mapping of angle and beam gains for each of the PRS resources, with which the signaling overhead will be very large. 
After discussion in RAN1-106 meeting, two options based on Option 2 were proposed. With Option 2.1, the Power/Angle response per PRS resource per TRP. With Option 2.2, the relative Power between PRS resources per angle per TRP. In fact, Option 2.1 and Option 2.2 can provide a same database. With Option 1, the information in Table I will be provided. With Option 2, the information in Table II will be provided. For PRS RSRP(i, j), we assume that i means the PRS index and j means the angle index. From these two tables, we can see that same database can be obtained by these two Options. While with Option 2-1, there are two alternatives for absolute PRS RSRP indication. Alt 1 is only one absolute PRS RSRP across all PRS and all angles and Alt 2 is one absolute PRS RSRP per PRS. With Alt 1, it is necessary to indicate the PRS index and the angle index of the peak power which is indicated by absolute PRS RSRP. With Alt 2, it is necessary to indicate the angle index of the peak power which is indicated by absolute PRS RSRP for each PRS. Similarly, with Option 2-2, there are also two alternatives for absolute PRS RSRP indication. Alt 1 is only one absolute PRS RSRP across all PRS and all angles and Alt 2 is one absolute PRS RSRP per angle. With Alt 1, it is necessary to indicate the PRS index and the angle index of the peak power which is indicated by absolute PRS RSRP. With Alt 2, it is necessary to indicate the PRS index of the peak power which is indicated by absolute PRS RSRP for each angle.
Table I, Option 2-1
	PRS#1  
	Angle#1
	RSRP#(1,1)

	
	Angle#2
	RSRP#(1,2)

	
	Angle#3
	RSRP#(1,3)

	
	……
	

	PRS#2
	Angle#1
	RSRP#(2,1)

	
	Angle#2
	RSRP#(2,2)

	
	Angle#3
	RSRP#(2,3)

	
	……

	……


  Table II, Option 2-2
	Angle#1  
	PRS#1
	RSRP#(1,1)

	
	PRS#2
	RSRP#(2,1)

	
	PRS#3
	RSRP#(3,1)

	
	……
	

	Angle#2
	PRS#1
	RSRP#(1,2)

	
	PRS#2
	RSRP#(2,2)

	
	PRS#3
	RSRP#(3,2)

	
	……

	……


But since the measurement report from different UE with different angle is the RSRP for each PRS resource, we think it is more reasonable with Option 2.2.   
Proposal 4: Slightly prefer Option 2.2 for UE-B DL AoD positioning for the beam/antenna information provided by gNB.
Definition of the path PRS RSRP  
The definition of the path DL PRS RSRP was agreed in RAN1-106bis e-meeting. While for the normalization, we prefer to normalize the path DL PRS RSRP with PRS RSRP for signaling overhead reduction if both path DL PRS RSRP and PRS RSRP are reported together.
Proposal 5: Prefer to normalize the path PRS-RSRP with PRS RSRP for signaling overhead reduction.
Conclusion
In this contribution, we discussed about accuracy improvements for DL-AoD positioning solutions. Based on above discussion, we provide the following proposals.
Proposal 1: Adjacent PRS resources can be predefined by resource index.
Proposal 2: For UE-assisted DL-AOD positioning method, to enhance the signaling to the UE for the purpose of PRS resource(s) measurement and reporting, in order to reduce the number of measured PRS resource, the LMF indicates in the assistance data (AD) for each PRS resource, a subset of PRS resources which indicates the beam information for the purpose of DL-AOD measurement.
Proposal 3: Slightly prefer Option 1 for LoS path. 
· 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.
Proposal 4: Slightly prefer Option 2.2 for UE-B DL AoD positioning for the beam/antenna information provided by gNB.
Proposal 5: Prefer to normalize the path PRS-RSRP with PRS RSRP for signaling overhead reduction.
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