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1 Introduction
The Rel-17 NR positioning enhancements WID was agreed upon during the RAN#90-e meeting [1] with a focus on satisfying the positioning target requirements and specifying corresponding enhancements/solutions defined for IIoT and commercial scenarios. The following WID objectives were outlined under the scope of RAN1:
	· 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]

a. UL AoA for network-based positioning solutions.

b. 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.


This contribution provides a discussion on the potential enhancements for DL-AoD positioning.
2 DL-AoD Positioning 
2.1 Target Performance Requirements

The Rel-17 target positioning requirements were finalised during the SI phase and are shown in Table 1. 

Table 1: Rel-17 Target Positioning Requirements [2]
	Positioning Error
	Commercial Use Cases
	IIoT Use Cases

	Horizontal Positioning 
	(< 1 m) for 90% of UEs
	(< 0.2 m) for 90% of UEs; 

	Vertical Positioning 
	(< 3 m) for 90% of UEs
	(< 1 m) for 90% of UEs

	Physical layer latency for position estimation of UE
	(< 10 ms)
	(< 10 ms)

	End-to-End Latency for position estimation of UE 
	 (<100 ms)
	(< 100 ms, in the order of 10 ms is desired)


It has been established that Rel-17 positioning requirements consist of more stringent parameters when compared to Rel-16, especially due to the IIoT vertical use cases, which demand high accuracy and low latency positioning. In addition, improved network and device efficiency are also investigated. One of the outcomes of the study was the need to investigate enhancements for DL-AoD procedures to fulfil the KPIs in Table 1, especially with regard to accuracy.
Proposal 1: Focus on DL-AoD enhancements that improve upon the positioning target KPIs.
2.2 Improvement of DL-AoD in NLOS scenarios

The DL-AoD positioning technique is essentially dependent on the UE DL-PRS RSRP measurements made per beam/TRP, coupled with the knowledge of the gNB(s) spatial information of the DL transmissions and geographical coordinates of the TRPs in order to determine the UE’s location estimate. A potential issue may arise in relation to the computation of DL-AoD location estimates in scenarios with high prevalence of NLOS/multipath components, i.e. the UE may report RSRP measurements based on TRPs, which may be ambiguous to the LMF due to multipath components and therefore this may contribute to an increase in overall positioning error (see Figure 1). 
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Figure 1: Effect of NLOS beams on ambiguous DL-PRS RSRP measurements (UE-assisted)
Since the UE (UE-based) or LMF (UE-assisted) maps the measured RSRP values to the provided spatial information from the gNB(s), there may be ambiguity between the RSRP measurement value(s) affected by NLOS beams or multipath components (e.g. reflections) and the spatial information at the gNBs, which affects the DL-AoD estimate. Additionally, in dynamic scenarios such as IIoT environments, the blockages can be time-varying (e.g. movement of people and objects) in addition to being static. Blockages along the azimuth and elevation plans should also be considered. 
Observation 1: NLOS/multipath effects may cause ambiguities in the DL-PRS RSRP measurement report for static and dynamic blockages, especially in IIoT scenarios.

Potential enhancements should be studied to mitigate the effects of ambiguities in the RSRP measurements, especially in the cases of UE-assisted and UE-based DL-AoD methods. These may include side information indicating that RSRP measurements are affected by either NLOS/multipath components and/or additional measurements (e.g. timing-based) to complement the DL-PRS RSRP measurements and help assist the UE/LMF in mitigating such impairments when computing the DL-AoD location estimate. Additionally, measuring the RSRP within a certain periodic window of duration ‘T’ can capture underlying effects of the NLOS blockages, which can also be taken into account by the LMF.
Proposal 2: Support UE reporting of RSRP side information and additional measurements to improve the accuracy of the DL-AoD estimate, especially in NLOS scenarios. FFS details such as type of side information and timing measurements, aperiodic/periodic measurement windows, etc.
2.3 Orientation Impairments
The gNB transmission and UE reception orientation can influence the DL-AoD location estimate accuracy. The orientation errors/offsets with respect to the TRPs carrying DL-PRS information may include errors that need to be considered in the computation of the location estimate, in order to avoid an increase positioning error. 
In Rel-16 positioning, a mechanism for reporting the same Rx beam to the LMF was supported if at least two DL-PRS measurements were made from the same DL-Resource set. The network, can however, utilise additional assistance information to exploit the UE orientation with respect to the best measured RSRP from a particular TRP at a given time, which is especially relevant for location tracking of mobile UEs. 
Proposal 3: Support mechanisms to consider beam orientation impairments and related assistance information for improving DL-AoD positioning accuracy.
3 Conclusion
The following observation was presented:

Observation 1: NLOS/multipath effects may cause ambiguities in the DL-PRS RSRP measurement report, especially in IIoT scenarios.
The proposals are summarized as follows:
Proposal 1: Focus on DL-AoD enhancements that improve upon the positioning target KPIs.
Proposal 2: Support UE reporting of RSRP side information and additional measurements to improve the accuracy of the DL-AoD estimate, especially in NLOS scenarios. FFS details such as type of side information and timing measurements, aperiodic/periodic measurement windows, etc.
Proposal 3: Support mechanisms to consider beam orientation impairments and related assistance information for improving DL-AoD positioning accuracy.
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