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In 3GPP RAN#90-e, a work item for Rel-17 NR positioning enhancements was approved and was updated in RAN#91-e [1]. One of the objectives of Rel-17 positioning WI, is to specify solutions to enhance positioning accuracy, as it can be found below [1]:

· 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 
· 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
· UL AoA for network-based positioning solutions.
· DL-AoD for UE-based and network-based (including UE-assisted) positioning solutions.

In this contribution, we present our views on potential techniques and required signalling to enhance NR positioning accuracy for angle-based positioning techniques. More specifically, in this paper we discuss DL-AoD positioning technique and in our companion contribution [2], we consider solutions to enhance accuracy for UL-AoA positioning technique.


Accuracy Enhancements for DL-AoD Positioning Technique
Path-specific PRS RSRP
In RAN1#106b-e, path-specific RSRP was finally defined, where the following agreement was made accordingly:

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

Different views were discussed on how to report the path-specific RSRP, e.g., absolute path RSRP or relative to PRS-RSRP. In our view, path-specific RSRP relative to PRS-RSRP potentially can better show NLOS impact. We have the following proposal, which is based on FL’s Proposal 1.4 [3]:

Proposal 1: The UE can be requested to report path PRS RSRP together with PRS RSRP in an AOD measurement report, where path PRS RSRP is relative to the included PRS RSRP.  


Further assistance information for DL-AoD 
In order to eliminate Pos-SRS reception from NLOS paths, it was agreed in RAN1# 104e that LMF indicates to TRP an expected AoA value, plus an uncertainty range associated with the expected AoA. RAN1 had a similar discussion in 104b-e for the UL’s dual angle-based positioning technique in DL, i.e., DL-AoD. The following agreement is made in RAN1#104b-e [4]: 

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

The matter was further discussed in RAN1#105-e, RAN1#106-e, and RAN1#106b-e, although no additional agreement was made. In our view, option 2 needs additional side information about UE location to be available at LMF which in general may not be feasible. On the other hand, Option 1 is simply dual of previous RAN1 agreement in UL-AoA for DL-AoD. The usage of Option 1 is justified, given that such side assistance information will help UE to eliminate measurements on PRS beams received on NLOS. Thus, we propose:

Proposal 2: For DL-AoD technique, support DL-AoD/ZoD assistance information (expected and uncertainty window), signaled from LMF to the UE for each TRP measurement.


Conclusions
In this contribution, we provided our thoughts on potential techniques to enhance the positioning accuracy for the NR DL-AoD positioning technique. Based on views shared in this paper, we make the following proposals:

Proposal 1: The UE can be requested to report path PRS RSRP together with PRS RSRP in an AOD measurement report, where path PRS RSRP is relative to the included PRS RSRP.  

Proposal 2: For DL-AoD technique, support DL-AoD/ZoD assistance information (expected and uncertainty window), signaled from LMF to the UE for each TRP measurement.


References
[1] [bookmark: _Ref528337287][bookmark: _Ref506125467][bookmark: _Ref513106987]RP-210903, “New WID on NR Positioning Enhancements”, March 2021
[2] R1- 2111875, Accuracy enhancements for UL-AoA positioning technique, Apple Inc.
[3] R1-2110578, “FL summary #3 for AI 8.5.3 Accuracy improvements for DL-AoD positioning”, Ericsson, Oct. 2021





	1/8	
