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1 [bookmark: _Ref4510574]Introduction
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 technique. More specifically, in this paper we discuss UL-AoA positioning technique and in our companion contribution [2], we consider solutions to enhance accuracy for DL-AoD positioning technique.


2 Enhancements to UL-AOA Reporting and Measurements
In RAN1#104be, RAN1 further discussed reporting and measurement enhancements for UL-AoA technique. Two aspects were summarized in [3], path-specific SRS-RSRP measurements and path-specific UL-RTOA measurements. From FL’s proposal 6-1 in [3], the following alternatives are summarized:
· Alt.1: NR supports reporting of path specific RSRP measurements for the first arrival path only
· Alt.2: NR supports reporting of path specific RSRP measurements for the first arrival path and for additional paths
· Alt.3: NR supports reporting of RSRP measurements in a pre-configured time window
· Power of paths outside of the window is excluded. FFS details of time window configuration

Later in 105e, RAN1 further discussed other aspects like UL-AOA, SRS-RSRP and UL RTOA measurements for additional paths, where different views are captured in FL’s Proposal 3.9-1, as follows [4]:
FL’s Proposal 3.9-1:
For UL-AOA positioning, select alternative for NR support of path-specific RSRP measurements based on SRS (for positioning, MIMO)
· Alt.1: NR supports reporting of path specific RSRP measurements for the first arrival path only
· Alt.2: NR supports reporting of path specific RSRP measurements for the first arrival path and for additional paths
· Alt.3: NR supports reporting of RSRP measurements in a pre-configured time window
· Power of paths outside of the window is excluded. FFS details of time window configuration
· FFS definition of path specific RSRP measurements and whether it is supported per SRS resource or SRS resource set (for positioning, MIMO)
For UL-AOA positioning, select alternative for support of path-specific UL-RTOA measurements based on SRS (for positioning, MIMO)
· Alt.1: NR supports reporting of path specific UL-RTOA measurements for the first arrival path only
· Note: UL-RTOA for the first arrival path is supported for UL-TDOA (it is discussed in the context of UL-AOA)
· Alt.2: NR supports reporting of path specific UL-RTOA measurements for the first arrival path and for additional paths
· FFS definition of path specific RTOA measurement and whether it is supported per SRS resource or SRS resource set (for positioning, MIMO)

Finally, it was agreed in RAN1#106-e that [5]
Agreement:
Reporting of one UL-RTOA and multiple UL-AOAs measurements for the first arrival path per SRS resource for positioning and per SRS resource for MIMO in a single gNB report to LMF is supported
· The above measurements are associated with SRS resource ID which is also reported to LMF
· FFS: Reporting of RSRP for the first arrival path
· Note: The use of SRS for MIMO resource is transparent to the UE
· FFS: Reporting of gNB Rx-Tx

[bookmark: _Hlk80781611]Agreement:
Reporting of one gNB Rx-Tx time difference and multiple UL-AOAs measurements for the first arrival path per SRS resource for positioning in a single gNB report to LMF is supported 
· The above measurements are associated with SRS resource ID which is also reported to LMF
· FFS: Reporting of RSRP for the first arrival path

In our view, to mitigate the NLoS impact, UL-AOA measurements by TRP can be restricted to the first detected. Although it should be noted that even under this technique, which is mainly TRP implementation-based, the multi-path effect is not completely mitigated. An example is shown in Figure 1, where the pair link 1, although associated with LoS Tx/Rx beams at UE/TRP, is experiencing smaller RSRP than that of pair link 2 which is associated to the reflection path. In this example, due to blockage, the first arrival path on beam 2 may be not detected (e.g. completely blocked), so the first “detected” arrival path based on pair link 2 is indeed a NLoS path. To mitigate this issue, gNB may report the UL-AoA measurements associated with the first detected path from two positioning SRS resources, one with the smallest UL-RTOA and another one with the largest SRS-RSRP, if the two metrics belong to two different positioning SRS resources. Based on what we discussed, the following is proposed:      


Proposal 1: For UL-AOA positioning, when multiple positioning SRS resources are received, gNB shall report UL-AoA measurements associated to the first arrival path of two positioning SRS resources; the one with the largest SRS-RSRP and another one with the shortest UL-RTOA. 
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Figure 1: UL-AoA measurements associated to the first detected path of SRS with shortest RTOA and SRS with largest SRS-RSRP.



3 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: For UL-AOA positioning, when multiple positioning SRS resources are received, gNB shall report UL-AoA measurements associated to the first arrival path of two positioning SRS resources; the one with the largest SRS-RSRP and another one with the shortest UL-RTOA. 
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