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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 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.


Open Issues to Enhance Accuracy for UL-AoA Positioning Technique
On AoA/ZoA Assistance information for UL-TDOA and m-RTT 
From 38.305 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.

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. 

In order to eliminate Pos-SRS reception from NLOS paths, it was agreed in RAN1# 104e that LMF indicates to TRP (at least) an expected AoA value, plus an uncertainty range associated with the expected AoA [2]. Later in RAN1# 104b-e, Uncertainty range for expected AoA/ZoA is defined [5]. In addition, there were discussions in RAN1#104b-e, whether or not to extend signalling of AoA/ZoA assistance information (expected and uncertainty range) to other UL-involved positioning techniques (UL-TDOA and m-RTT). In our view, given that timing-based positioning techniques like UL-TDOA and m-RTT are less sensitive to NLOS impact, and there is already a mechanism in NRPPa to indicate the expected time that Pos-SRS arrives at a TRP, relative to the UL RTOA Rreference Time, the usage and extra benefit of additional AoA/ZoA assistance information is not justified. Thus, we have the following proposal:

Proposal 1: For timing-based positioning techniques, additional AoA/ZoA assistance information is not supported.


Enhancements to UL-AOA Reporting and Measurements
In previous meeting, RAN1 discussed further reporting and measurement enhancements for UL-AoA technique. Two aspects were discussed in [6], path-specific SRS-RSRP measurements and path-specific UL-RTOA measurements. In our view, RTOA measurements should be related to the first arrival path anyway, so in the following discussion we focus on path-specific SRS-RSRP measurements for positioning SRS where, from FL’s proposal 6-1, 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

The concept of time window for positioning is already defined and used in Rel-16 specification. For example, in 38.214, Sec. 5.1.6.5, the UE expects to be configured with higher layer parameter nr-DL-PRS-ExpectedRSTD, which defines the time difference with respect to the received DL subframe timing the UE is expected to receive DL PRS. Similarly, a “search window” is defined for UL-RTOA technique, which “indicates when the SRS is expected to arrive in time at the TRP relative to the UL RTOA Rreference Time” (38.455, Sec. 9.2.26). This concept can be extended for SRS-RSRP measurements at TRPs, where TRP is assisted by LMF about a timing window for a given UE, wherein the LOS path for a SRS reception from that UE is expected to arrive, as shown in Figure 1. The configuration of such window needs some priori knowledge of UE’s location, similar to the configuration of nr-DL-PRS-ExpectedRSTD. Once the window is indicated by LMF, TRP may be further indicated to perform SRS-RSRP measurement only based on paths that lie within the window, i.e., all paths that arrive out of the window duration will not contribute into UL-SRS-RSRP measurements.
 
Proposal 2: For UL-AoA technique, support UL-SRS-RSRP measurement within a configured time window wherein the power of paths out of the window, if any, does not contribute in SRS-RSRP.
· Alternatively, or additionally, for UL-AoA technique, support UL-SRS-RSRP for the first arrival path only that is measured within a configured time window.
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Figure 1: Paths that arrive out of the indicated time window W, don’t contribute to SRS-RSRP measurements.






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 timing-based positioning techniques, additional AoA/ZoA assistance information is not supported.

Proposal 2: For UL-AoA technique, support UL-SRS-RSRP measurement within a configured time window wherein the power of paths out of the window, if any, does not contribute in SRS-RSRP.
· Alternatively, or additionally, for UL-AoA technique, support UL-SRS-RSRP for the first arrival path only that is measured within a configured time window.
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