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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 [3], we consider solutions to enhance accuracy for UL-AoA positioning technique.


Accuracy Enhancements for DL-AoD Positioning Technique

From 38.805 clause 8.11, the DL-AoD positioning method makes use of the measured DL-PRS-RSRP of downlink signals received from multiple TPs, at the UE. The UE measures the DL-PRS-RSRP of the received signals using assistance data received from the positioning server, and the resulting measurements are used along with other configuration information to locate the UE in relation to the neighboring TPs.

Angle-based positioning techniques may face positioning inaccuracy due to couple of reasons, including deviation from the panel orientation at the 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. 

We note that, unlike time-based positioning techniques i.e. DL/UL-TDOA and m-RTT, for the angle-based positioning, NLOS may have a big impact on the positioning accuracy. The reason is that the RSRP measurements associated to positioning RS, e.g. PRS for DL-AoD, is not tied with the first detected path in time. Indeed, DL-PRS-RSRP for each beam is measured on the received power across all the detected paths, and then UE’s location is estimated via DL-PRS-RSRP measurements associated to multiple beam directions. Thus, in case there is a NLOS path that is stronger than LOS, which is quite possible e.g., in FR2 when there is blockage to the LOS path, the AoD estimated based on current DL-PRS-RSRP report is wrongly biased toward the NLOS path. Consequently, the positioning accuracy is highly impacted by such an error in AoD estimation. See the toy example in [5], where it is mathematically shown that even a small AoD estimation error like 1deg may result 0.4m positioning error, which is not bearable for sub-meter positioning accuracy desired in Rel-17.     

To improve the accuracy of DL-AoD, RAN1 made couple of agreements in RAN1#104e, including to increase number of PRS-RSRP measurements per TRP, for the same PRS resource or different PRS resources. 
Agreement: For UE-assisted DL AOD, select one of the following options for reporting of RSRP measurements per TRP
· Option 1: Up to 8 measurements in a measurement report (as in release 16) 
· Option 2: Up to 8 measurements in a measurement report, for the same Rx beam index
· Option 3: Up to N>=8 measurements
· Note: Multiple measurements corresponding to different Rx Beam index may be  reported for a given PRS resource. 
· FFS: value for N.

From 38.214 Sec. 5.1.6.5, in Rel-16 and subject to UE capability, UE can be configured to measure and report, up to 8 DL PRS-RSRP measurements on different DL PRS resources associated with a TRP. If UE performs, e.g. 8 PRS-RSRP measurements per PRS resource, although the PRS-RSRP associated to that PRS resource becomes more reliable, but it does not necessarily resolve/identify whether or not this PRS is received through a NLOS. On the other hand, although in theory increasing number of PRS-RSRP measurements per TRP for different PRS resources, should help to identify NLOS impact, but the improvement is not quantified. Thus, we make the following proposal:
  
Proposal 1: For reporting of RSRP measurements per TRP, subject to UE capability, support Option 1, i.e. up to 8 measurements in a measurement report, as in release 16. 

In RAN1#104e, couple of options was agreed as part of enhancements to measure/report information related to the first arriving path, where how to identify the first arrival path is left as FFS. In the following, we first discuss how to identify the “first path”. Next, we discuss the measurement enhancement to indicate whether PRS-RSRP involves any NLOS impact/mitigation.

In current spec, from 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. Here we use a similar concept, where UE is indicated about a timing window per TRP, wherein the first LOS path for a PRS reception from that TRP 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, UE may be further indicated to perform PRS-RSRP measurements only based on paths that lie within the window, i.e., all paths that arrive out of the window duration will not contribute into DL-PRS-RSRP measurements.
 
Proposal 2: For both UE-based and UE-assisted methods of DL-AoD technique, the DL-PRS-RSRP is measured within a time window wherein the received power of paths out of the window, if any, are ignored.
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Figure 1: Paths that arrive out of the indicated time window W don’t contribute in PRS-RSRP measurements.


Another procedure that may identify NLOS impact on PRS-RSRP measurements is obtained once the relative PRS-RSRP, which is the relative power of the first detected path to the measured RSRP, is also measured and reported. The larger the relative PRS-RSRP, the larger contribution of the first detected path to the PRS-RSRP. In the example shown in Fig. 2, while PRS-RSRP from Beam2 is larger than that of Beam1, but the ratio of the first detected path to the PRS-RSRP is less for Beam2 in comparison with Beam1. The drawback of this approach comes from the case that the first detected path itself is not associated with a LOS path, e.g., due to severely blocked LOS path. 

Proposal 3: For both UE-based and UE-assisted methods of DL-AoD technique, the relative power of the first detected path to the measured RSRP is also measured and reported.
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Figure 2: Relative PRS-RSRP measurements.


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: For reporting of RSRP measurements per TRP, subject to UE capability, support Option 1, i.e., up to 8 measurements in a measurement report, as in release 16. 

Proposal 2: For both UE-based and UE-assisted methods of DL-AoD technique, the DL-PRS-RSRP is measured within a time window wherein the received power of paths out of the window, if any, are ignored.

Proposal 3: For both UE-based and UE-assisted methods of DL-AoD technique, the relative power of the first detected path to the measured RSRP is also measured and reported.
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