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In 3GPP RAN#90-e, a work item for Rel-17 NR positioning enhancements was approved. The objectives of Rel-17 positioning WI, mainly RAN1-centric as RAN2 is still in SI phase, 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 [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.

Further, it was agreed in RAN1#103-e that [2]:
Agreement:
Capture the following in the TR:
· The methods, measurements, signaling, and procedures for improving positioning accuracy in the presence of the UE Rx/Tx timing delays, and/or and gNB Rx/Tx timing delays are recommended for normative work, including 
· DL, UL and DL+UL positioning methods 
· UE-based and UE-assisted positioning solutions
· Note: The details of the solutions are left for further discussion in normative work.


Agreement:
Capture the following in the TR:
The enhancements of the procedure, measurements, reporting, and signalling for improving the accuracy of 
· UL AoA is recommended for normative work for network-based positioning solutions.
· DL-AoD is recommended for normative work for UE-based and network-based (including UE-assisted) positioning solutions.


Agreement:
Capture the following in the TR:
Enhancements of information reporting from UE and gNB for supporting multipath/NLOS mitigation can be studied further, and if needed, specified during normative work for improving positioning accuracy.
· Note: The details of the enhancements of reporting are left for further discussion in normative work, which may include, but are not limited to the following information associated with multi-path, e.g., LOS/NLOS identification, time of arrival of the multi-path components, signal power and/or relative power, power delay profile, angle, and/or polarization information, coherence bandwidth, etc.

In this contribution, we present our views on potential techniques and required signalling to enhance NR positioning accuracy for angle-based positioning technique. More specifically, in this paper we discuss UL-AoA positioning technique and in our companion contribution [3], we consider solutions to enhance accuracy for DL-AoD positioning technique.


Accuracy Enhancements for UL-AoA Positioning Technique

From 38.805 clause 8.14, the UL-AoA positioning method makes use of the measured azimuth and zenith of arrival at multiple RPs of uplink signals transmitted from the UE. The RPs measure A-AoA and Z-AoA of the received signals using assistance data received from the positioning server, and the resulting measurements are used along with other configuration information to estimate the location of the UE.

As mentioned in our companion paper [3], angle-based positioning techniques may face positioning inaccuracy due to couple of reasons, including deviation from panel orientation at transmitter or receiver, residual phase error that is not compensated at the baseband, and NLOS effect. While the panel orientation and/or residual phase error can be estimated by calibration techniques, similar to those techniques already used in GNSS for high accuracy positioning [4], the impact of NLOS on angle-based positioning needs more consideration. In the rest of this contribution, we focus on the NLOS impact on the accuracy of angle-based positioning. 

Similar to DL-AoD, and unlike timing-based positioning techniques i.e. DL/UL-TDOA and m-RTT, NLOS may have a big impact on the accuracy of UL-AoA positioning technique. The reason is that UL-SRS-RSRP measurements associated to positioning SRS, is not tied with the first detected path in time, similar to DL-PRS-RSRP. More precisely, UL-SRS-RSRP for each beam is measured on the received power across all the detected paths. Therefore, if there is a NLOS path that is stronger than the LOS, the estimated AoA based on current UL-SRS-RSRP report is wrongly biased toward the NLOS path. 

One simple solution to this problem, similar to DL-AoD technique, could be just implementation based. Indeed, instead of going through all paths to calculate the RSRP, the RSRP is calculated within a time window, where the power associated to all paths that may come out of the time window, if any, is ignored for the UL-SRS-RSRP measurements. In this way, a NLOS path stronger than the LOS path but coming later is likely lied out of the window. Of course, if the window length in time domain is not carefully selected, it is still possible that the NLOS path lies within the time window. Given that NLOS identification and mitigation is down-prioritized in current WID, it should be still beneficial to associate each UL-SRS-RSRP measurement/report with the time window where measurement is performed.  

Based on the above discussion, we make the following proposals:   

Proposal 1: Support in Rel-17 that UL-SRS-RSRP calculation for each beam is associated to a time window in which the RSRP measurement is performed. 

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

Proposal 1: Support in Rel-17 that UL-SRS-RSRP calculation for each beam is associated to a time window in which the RSRP measurement is performed.


References
[1] [bookmark: _Ref528337287][bookmark: _Ref506125467][bookmark: _Ref513106987]RP-202900, “New WID on NR Positioning Enhancements”, December 2020
[2] Chairman’s Notes RAN1#103-e final
[3] R1-2101388, Accuracy enhancements for DL-AoD positioning technique, Apple Inc.
[4] R1-2101387, Positioning accuracy enhancements under UE and/or gNB Rx/Tx timing errors, Apple Inc.
	1/8	
