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1 Introduction
The Rel-17 NR positioning SID was agreed upon during the RAN#86 [1] meeting with a focus on satisfying the positioning requirements defined for IIoT scenarios. The following SID objectives were outlined under the scope of RAN1:
	1. Study enhancements and solutions necessary to support the high accuracy (horizontal and vertical), low latency, network efficiency (scalability, RS overhead, etc.), and device efficiency (power consumption, complexity, etc.) requirements for commercial uses cases (incl. general commercial use cases and specifically (I)IoT use cases as exemplified in section 3 above (Justification)) are:

a. Define additional scenarios (e.g. (I)IoT) based on TR 38.901 to evaluate the performance for the use cases (e.g. (I)IoT). [RAN1]

b. Evaluate the achievable positioning accuracy and latency with the Rel-16 positioning solutions in (I)IoT scenarios and identify any performance gaps. [RAN1]


c. Identify and evaluate positioning techniques, DL/UL positioning reference signals, signaling and procedures for improved accuracy, reduced latency, network efficiency, and device efficiency. Enhancements to Rel-16 positioning techniques, if they meet the requirements, will be prioritized, and new techniques will not be considered in this case. [RAN1, RAN2]


During the RAN1#101-e meeting, the performance requirements for NR Positioning in Rel-17 were agreed upon [2] and this serves as a good starting point towards further enhancements within the positioning framework:

	Agreement:
· In Rel-17 target positioning requirements for commercial use cases are defined as follows:
· Horizontal position accuracy (< 1 m) for [90%] of UEs
· Vertical position accuracy (< [2 or 3] m) for [90%] of UEs
· End-to-end latency for position estimation of UE (< [100 ms])
· FFS: Physical layer latency for position estimation of UE (< [10 ms])
· In Rel-17 target positioning requirements for IIoT use cases are defined as follows:

· Horizontal position accuracy (< X m) for [90%] of UEs

· X = [0.2 or 0.5] m

· Vertical position accuracy (< Y m) for [90%] of UEs

· Y = [0.2 or 1] m

· End-to-end latency for position estimation of UE (< [10ms, 20ms, or 100ms])

· FFS: Physical layer latency for position estimation of UE (< [10ms])

Note: Target positioning requirements may not necessarily be reached for all scenarios


This contribution discusses the different areas of positioning enhancements required to tackle the IIoT positioning use cases, with a specific focus on enhanced location estimation accuracy, overhead reduction, energy efficiency and lower latency positioning.
2 Potential Areas of Enhancement
2.1 Overview

Positioning was specified in Rel-16 with support for various RAT-dependent positioning techniques using NR signals. The overall design aimed to satisfy the target requirements defined for commercial use cases, which included a horizontal positioning error of <3m (80%) for indoor and <10m (80%) for outdoor scenarios. Similarly, a vertical positioning error < 3m was set as a target for indoor and outdoor commercial UE cases.  Therefore, the overall NR Positioning framework primarily satisfied the regulatory and commercial requirements. 
In Rel-16, the PRS has also undergone changes with respect to physical layer procedures and signaling in line with the flexible and forward compatible design of NR. One of the exemplary changes for NR Positioning includes the PRS transmission using beamforming in FR1 and FR2 as opposed to LTE where the PRS was transmitted cell wide. In the case of RAT-dependent positioning techniques, the corresponding measurement and reporting framework for UE-assisted positioning techniques have also been adapted to be beam-centric.
As noted in the agreements made during the RAN1#101-e meeting [2], the performance requirements including location accuracy and latency are more stringent in the case of IIoT and industrial automation scenarios, although the agreed final values of these KPIs are yet to be decided. 
Observation 1: Overall Rel-17 positioning requirements for accuracy and latency are more stringent than Rel-16.

The general aim should be to prioritise NR positioning enhancements which would fulfil the Rel-17 positioning requirements. This should be based on the Rel-16 PRS/SRS for positioning baseline design and corresponding measurement and reporting framework with further enhancements proposed based on the identified gaps. 
As a result, the following Sections have identified potential enhancements for IIoT positioning in Rel-17. 
2.2 Low latency positioning

In Rel-16, DL-only UE-based positioning (including RAT-dependent methods) was agreed to be supported [3], where both the position measurements and location estimation are performed at the UE.  In the context of IIoT applications, performing the location estimation at the UE can provide significant benefits of lowering the overall latency by avoiding the delay in reporting the configured PRS measurements to the network. The Rel-17 SID should aim to target enhancements especially for DL-only UE-based positioning methods. 
Proposal 1: UE-based positioning latency enhancements should be studied, which are especially applicable for IIoT scenarios. 

Additionally, there might be multiple requests from LCS Client(s) and Application function(s) for a UE’s/group of UE’s position estimate(s) toward the LMF, depending on the required accuracy and Time-to-First-Fix (TTFF). Similar to other delay critical services such as URLLC and V2X, where data transmissions can be prioritized,  possible reduction in the physical layer and L2 latency may be realised by introducing different categories of priority indications for the PRS measurement configuration and associated reporting, depending on the required accuracy and end-to-end latency. 
Proposal 2: Priority indications can be considered as potential enhancements in order to reduce the positioning latency for high priority scenarios. 
In the context of positioning reliability and latency, single or multiple beam/TRP failures that involve PRS transmission can impact the overall positioning performance, including RAT-dependent positioning techniques that rely on DL and UL positioning measurements. According to the current procedures the TargetDeviceErrorCauses IE would be triggered via the Error LPP message to the LMF in the event that the UE is unable to measure the PRS resources within a given time window on any of the configured TRPs or any neighbouring TRPs. The overall delay associated with the retransmission of the PRS measurement configuration and subsequent reporting via LPP can therefore be high. 
In addition to beam failure, other non-optimal positioning radio events may occur such as the identification of multiple NLOS beams or a lack of suitable LOS beams will impact the quality of the PRS measurements performed at UE and thus decrease the positioning accuracy required by the location server (UE-assisted positioning) or at the UE (UE-based positioning). This is an additional concern since it has been established that certain indoor factory setting have a high probability of NLOS components. It is therefore essential that positioning resiliency in a factory floor or Industrial IoT setting is required to meet the stringent cm-level precision and low latency for various IIoT applications.
Accordingly, dynamic techniques involving DCI/MAC CE signalling particularly in the physical layer for PRS configuration and provision need to be further explored in order reduce latency that would be otherwise incurred when using the current LPP signalling mechanism. In such cases, the gNB may be involved to assist the LMF and UE to faster adapt to any changes in the radio environment. 
Observation 2: Beam failure events can introduce additional delays in obtaining in obtaining an accurate location estimate.

Proposal 3: Explore dynamic signalling mechanisms to enable the LMF and UE to better adapt to changes in the radio environment for reduced latency, e.g. beam failure, identification of NLOS beams.
2.3 DL-PRS overhead reduction
The expected density of UEs performing positioning in IIoT scenarios within a limited geographic area and at any given time can be potentially very high, when compared to an outdoor scenario and therefore additional enhancements to reduce DL-PRS overhead need to be studied to ensure that the stringent positioning requirements may be satisfied.  Furthermore, this PRS overhead may scale up when performing measurement in FR2 and beyond using an increased number of beams.
Observation 3: The DL-PRS overhead can be potentially high in FR2 due to the density of UEs and transmission across all beams. 
Therefore, the PRS resource overhead incurred by the network should be efficiently and dynamically managed, while considering the desired accuracy vs overhead trade-off. Techniques to reduce the PRS transmission overhead across all beams as well as corresponding reporting overhead for a specific UE should also be considered. For example, depending on the approximate location of the UE/group of UEs relative to the TRPs, the PRS can be better optimized for transmission using only a subset/group of beams. Similarly, the corresponding measurement reporting by the UE may also be configured based on this subset/group of beams. Dynamic PRS configurations would efficiently enable such optimizations. 
Proposal 4: Study DL-PRS overhead reduction techniques from the network and UE perspective.  
2.4 Device Efficiency
During the Rel-16 NR positioning study phase [3], it was observed that discussions on performing positioning in RRC_IDLE/INACTIVE state were captured, although it was not treated during the normative work.  A key area of enhancement would be to support energy efficient mechanisms for performing either RAT-dependent UE-based or UE-assisted positioning, which would be in line with the SID objectives and contribute to device efficiency. In Rel-14, NB-IoT devices already supported the capability of performing measurements while in the RRC_IDLE state and could serve as baseline for further enhancements to increase the energy efficiency of a device.
Observation 4: Rel-14 NB-IoT devices already supported the capability of performing location measurements while in RRC_IDLE state.
Current NR positioning procedures related to dedicated measurement configuration and reporting can only operate while in RRC_CONNECTED state and may decrease device efficiency for UEs with limited battery capabilities, which are also required in IIoT applications such as asset tracking management where a device with a 10-15 year battery life is required. The accuracy and latency requirements should also be considered when performing RRC_IDLE/INACTIVE state positioning as the PRS measurement configuration(s) may vary across the different states in terms of PRS resources to be measured as well as reporting delay during a state transition from RRC_IDLE/INACTIVE to RRC_CONNECTED. RAN2 involvement will also be required with respect to RRC_IDLE/INACTIVE positioning to enable corresponding LPP and positioning system information signalling enhancements.
Proposal 5: Consider positioning measurement support for UEs in RRC_IDLE/INACTIVE state
· Related enhancements may also require coordination with RAN2.
2.5 Positioning using Hybrid techniques
According to inbound logistics for indoor autonomous driving (applicable to AGVs), positioning techniques supported with sensors (camera, IMU) have been recommended to achieve a horizontal accuracy <0.3m in line with the agreed performance requirements of the RAN1#101-e meeting [2]. In order to perform effective NR positioning in an indoor and high clutter environment with a large amount of UEs and high probability of NLOS, with the stringent horizontal and vertical accuracy requirements, RAT-dependent positioning techniques would have to be leveraged in a configurable manner with other RAT-dependent/RAT-independent techniques to either improve location accuracy or assist in mitigating the effects of NLOS. Possible enhancements to the measurement and reporting framework for efficient hybridization of the positioning techniques can also be studied. 
Proposal 6: Study efficient DL-PRS configuration, measurement and reporting mechanisms to support configurable Hybrid positioning techniques.  
3 Conclusion
The following observations are presented:

Observation 1: Overall Rel-17 positioning requirements for accuracy and latency are more stringent than Rel-16.

Observation 2: Beam failure events can introduce additional delays in obtaining an accurate location estimate.

Observation 3: The DL-PRS overhead can be potentially high in FR2 due to the density of UEs and transmission across all beams.
Observation 4: Rel-14 NB-IoT devices already supported the capability of performing location measurements while in RRC_IDLE state.
The summarized proposals are as follows:

Proposal 1: UE-based positioning latency enhancements should be studied, which are especially applicable for IIoT scenarios.
Proposal 2: Priority indications can be considered as potential enhancements in order to reduce the positioning latency.

Proposal 3: Explore dynamic signalling mechanisms to enable the LMF and UE to better adapt to changes in the radio environment for reduced latency, e.g. beam failure, identification of NLOS beams.

Proposal 4: Study DL-PRS overhead reduction techniques from the network and UE perspective.

Proposal 5: Consider positioning measurement support for UEs in RRC_IDLE/INACTIVE state

· Related enhancements may also require coordination with RAN2.
Proposal 6: Study efficient DL-PRS configuration, measurement and reporting mechanisms to support configurable Hybrid positioning techniques.  
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